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Core tip: Celiac disease is quite common, being present in
approximately 1% of the population worldwide. Although
it is common, few cases are actually diagnosed because
of the lack or screening and diagnostic tools. In this
review we discuss currently used quantitative techniques
and suggest directions for improved techniques. By using
quantitative methods, it is possible to improve outcomes
because these methods are automated, unbiased, rapid,
and can detect low-level disease that is not evident by
visual inspection of endoscopy images. Therefore, it
may be possibly to more rapidly diagnose the disease to
prevent morbidity by using computerized methods.
Ciaccio EJ, Bhagat G, Lewis SK, Green PH. Quantitative
image analysis of celiac disease. World J Gastroenterol 2015;
21(9): 2577-2581 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i9/2577.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2577

Abstract

INTRODUCTION

We outline the use of quantitative techniques that are
currently used for analysis of celiac disease. Image
processing techniques can be useful to statistically
analyze the pixular data of endoscopic images that is
acquired with standard or videocapsule endoscopy.
It is shown how current techniques have evolved
to become more useful for gastroenterologists who
seek to understand celiac disease and to screen for
it in suspected patients. New directions for focus in
the development of methodology for diagnosis and
treatment of this disease are suggested. It is evident
that there are yet broad areas where there is potential to
expand the use of quantitative techniques for improved
analysis in suspected or known celiac disease patients.

WJG|www.wjgnet.com

Celiac disease afflicts approximately 1% of the
[1]
worldwide population, and there is no cure at present .
The patient, once diagnosed, must undergo a lifelong
[2]
gluten free diet . Gluten is a protein found in wheat,
rye, and barley grains. An autoimmune response
[3]
occurs when gluten is ingested by these patients . The
main location of the autoimmune response is the small
[4]
intestinal mucosa . The resulting immune cascade
damages the small intestinal mucosa, particularly the
proximal portions, i.e., the duodenum and jejunum,
[5]
but the ileum can be affected as well . The villi which
absorb nutrients can become short or blunted, and
the mucosal alterations result in poor absorption of
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[6]

nutrients . Endoscopically, the mucosa shows fissuring
and can have a mosaic appearance. However, not all
patients show these features. The manifestations of
the disease can be systemic as well and can affect
neurological, endocrine, reproductive, hematologic,
cardiovascular, and other systems, as well as lead to
[7,8]
psychiatric issues .
Celiac disease is difficult to diagnose owing to the
[9]
wide variety of symptoms in children and adults .
Patients may be suspected of having the disease if
[10]
celiac serologies are positive . Definitive diagnosis
is currently established by endoscopy with biopsy
[11]
of the small intestine . Often, during standard
endoscopy, four to six biopsies are obtained from the
[12]
[13]
duodenum . However, the atrophy may be subtle ,
and the current resolution of endoscopic imaging
makes the endoscopic detection of villous atrophy
difficult by visual observation alone. If villous atrophy
[14]
is detected, the patient is put on a gluten-free diet .
If villous atrophy resolves the patient is confirmed as
having celiac disease. Yet, a significant proportion of
patients show no change or only slow and/or partial
recovery of mucosal architecture (months or years)
[15]
when put on the diet , and there may likewise be
[16]
little or no change in serology . It is unclear at
present if the incomplete histologic and serologic
recovery reflects continual, surreptitious ingestion of
gluten in some individuals.
Recent efforts have concentrated on the possibility
of using computer-assisted automated analysis to
detect evidence of celiac disease in data obtained from
endoscopic images of patients suspected of having
celiac disease, and to monitor patients already known to
have celiac disease. Although the standard endoscopy
procedure is more commonly used to diagnose celiac
disease, since 2004, videocapsule endoscopy has
been available as an adjunct or alternative method
[17]
for detecting abnormalities of the small intestine .
The videocapsule is swallowed by the patient and
the camera adaptively obtains 2-6 image frames per
second; however the camera angle and illumination
with respect to the small intestinal wall is currently
not controllable. Although it is mostly noninvasive
and can reach all areas of the small intestine during
transit through the gastrointestinal system, the images
obtained using videocapsule endoscopy are also
currently of lower resolution (576 × 576 pixels) than
those obtained by standard endoscopy (up to 632
× 632 pixels). Recent efforts have focused attention
on endoscopy images for automated computational
analysis in the diagnosis and management of celiac
[18,19]
disease
, which will require the selection of
satisfactory quantitative features for analysis.

and the indentations or crypts in the mucosa become
elongated (hyperplastic). The Marsh score is used
to determine the degree of villous atrophy semi[20]
quantitatively . A Marsh score of Ⅰ -Ⅱ suggests
that there is no atrophy of the villi, however there is
an isolated increase in intraepithelial lymphocytes or
accompanying crypt hyperplasia of the small intestinal
mucosa. A Marsh score of Ⅲa - Ⅲc indicates actual
changes to the structure of the villi. On endoscopic
examination of the small intestine of untreated celiac
patients these changes result in fissuring in the small
intestinal mucosa, a mosaic appearance, and scalloping
of the small intestinal folds. All of these changes
can be detected quantitatively in both standard and
videocapsule endoscopy images. The advantage of
using computational means is that there is no bias
from one observer to the next, and subtle differences
that may not be recognized by visual inspection can be
detected. Furthermore, the computer program can be
used to assign a quantitative real number score, which
may be helpful for detecting celiac disease, which
is often manifested as subtle changes in the small
[21]
intestinal mucosa , and to more accurately monitor
progress during treatment of the patients on a glutenfree diet.
Recent work has focused on using microscopic
images to detect differences in mucosal architecture
of celiac patients in areas of suspected villous atrophy,
with respect to control patients who do not have
villous atrophy. Initial work was done using standard
light microscopic images of small intestinal biopsies to
grade the degree of villous atrophy. The ratio of villous
edge-to-piecewise arc length (E/P ratio) was calculated
[22]
from light microscopy images . It was found that the
mean E/P ratio for Marsh Ⅲa patients was 2.76, while
for Marsh Ⅲb it was 1.91, and for Marsh Ⅲc 1.18,
with a significant difference between each class (P <
0.001). Furthermore, since a real-numbered score was
obtained, there was no need to separate the patients
into the classes Ⅲa, Ⅲb, and Ⅲc, as the E/P ratio
itself provided the degree of atrophy on a real-number
scale.
Using videocapsule images, it is possible, using
textural measures, to distinguish areas of the small
intestine with villous atrophy in celiac disease patients
vs control patients without villous atrophy. Digital
image texture is defined as a quantitative measure
of the variability of the image pixels in terms of
their brightness, color, or both. A simple textural
measurement is the standard deviation or variance
in pixel brightness over a specified image area. This
measurement can be used in both standard and
videocapsule endoscopy to distinguish areas of villous
atrophy and other changes of the small intestine
including fissuring and mottled appearance, vs a
[23,24]
normal appearance of the small intestinal mucosa
.
This metric makes sense intuitively - areas with
pathology result in spatial variation in standard

QUANTITATIVE COMPUTERIZED
METHODS
In active celiac disease villi become blunted (atrophied)
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endoscopy and videocapsule endoscopy images,
resulting in a higher standard deviation. Whereas,
when pathology is not present, the small intestinal
mucosa is uniform, resulting in a lesser degree of
standard deviation in pixel brightness.
Another measure of image texture is the degree
of fissuring, which can be defined as the length L of
[25,26]
mucosal fissures per unit area
. Using this measure
in both standard and videocapsule endoscopy images,
increasing L can be found for Marsh grades from Ⅱ,
to Ⅲa, Ⅲb, and Ⅲc, respectively, in both types of
images, with significant differences with respect to
controls (P < 0.001). Frequency or spectral analysis
[27]
has also been found useful for analysis . The
change in image mean over many image frames can
be used to estimate the frequency spectrum, which
is the degree of periodicity over time. If a pattern
is repetitive over regular intervals it is said to be
periodic. Furthermore, in celiac patients undergoing
videocapsule endoscopy, there is a correlation between
longer periodic components and greater textural
[28]
magnitude . Thus areas with greater pathology as
measured by increased degree of texture in these
patients tend to have longer periodicity in image
frequency components, which may be related to lesser
motility. Motility as measured by spatial fluctuations
in the region of darkest pixels in videocapsule image
series, estimated to correspond to the small intestinal
lumen center, has been shown to be significantly less
[28]
in celiacs vs controls .
More recent efforts to quantitate celiac disease
mucosal abnormalities include the use of shape-fromshading in videocapsule endoscopy images to develop
a three-dimensional map of the small intestinal
[29]
mucosal surface . Based on the shape-from-shading
transform, the number of villous protrusions per
image can be shown to be less in celiacs vs controls
(P < 0.001), while the average protrusion width is
greater in celiacs vs controls (P = 0.01), which may be
related to blunting of villi compared to untreated celiac
patients. For improved analysis, the aforementioned
methods for quantitatively distinguishing celiac vs
control images can be combined using an automated
[30]
polling protocol or majority vote .
Recent quantitative work also includes potential
solutions to highly difficult problems. A focus on
scale invariance in the textural descriptors for celiac
disease patients vs controls was done using the
[31]
wavelet transform . It is also possible to correct
for endoscope distortion to improve mucosa-based
[32]
classification of celiac disease in affected patches .
Highly discriminant Fourier filters can also be developed
[33]
and applied for analysis . This latter method was
utilized for the automated classification of magnifying
endoscope images with respect to duodenal imagery
for the diagnosis of celiac disease. There is a high
specificity for detection of mucosal pathology present
in untreated celiac disease using this method.
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Although standard and videocapsule endoscopy
techniques are most commonly used for screening
and analysis of celiac disease patients, enhanced
imaging methods are becoming more accepted and
utilized. These include i-scan technology, in which
image texture, color, and tone are enhanced so that
minute mucosal structures and subtle changes in color
[34]
are more visually apparent . Narrow-band imaging
enables sharper visualization of mucosal structures by
altering the light source with optical filters, particularly
[35]
in the blue and green light bands .
Although automated diagnosis via the use of
standard endoscopic imaging is not yet possible
with good accuracy, methods in the spatial domain
(histogram) and transform domain (wavelets) may
[36]
provide the best classification results . These
methods have a relatively high specificity for detection
of villous atrophy and other mucosal damage in
celiac disease patients not yet on a gluten-free
diet. For improved accuracy, methods of automated
detection will need to overcome difficulties due to
image distortion, varying texture orientation, and in
[37]
developing a satisfactory multiclassifier .
Detection and measurement of villous atrophy
in celiac disease patients including the extent of
involvement, the correlation with clinical presentation,
as well as the response to treatment are matters of
[38]
continuing study . Besides image analysis, additional
measures of quantifying celiac disease associated
mucosal alterations unrelated to imaging include the
quantification of small intestine bacterial overgrowth
from cultures of the intestinal aspirates in celiac
[39]
disease . It is also possible to quantitatively map
T cell epitopes to more completely define antigenic
[40]
peptides . The peptides may change depending on
whether gluten is present in the diet. Such studies will
be important for the development of peptide-based
therapeutics for celiac disease.

LIMITATIONS OF CURRENT METHODS
At the present time, lack of sufficient number of
cases has been a factor in limiting the development of
automated methods. Another difficulty is that maladies
other than celiac disease can manifest as villous
atrophy in the small intestine including giardiasis,
collagenous sprue, immunodeficiency, autoimmune
enteropathy, radiation enteritis, Whipple’s disease,
tuberculosis, tropical sprue, eosinophilic gastroenteritis,
human immunodeficiency virus enteropathy, intestinal
lymphoma, Zollinger-Ellison syndrome, Crohn’s
disease, and food intolerance. Distinguishing villous
atrophy caused by any one of these disorders vs celiac
disease requires further investigation. For patients who
undergo videocapsule endoscopy without biopsy, there
is a problem of confirmation of the presence of villous
atrophy detected by image analysis, though serology
[41]
may be helpful .
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CONCLUSION
We conclude that recent methods to quantify pathologic
features of the small intestinal mucosa in celiac
patients, vs control patients lacking pathology, have
been partially successful in improving the detection
and description of such features. The problem can
be defined as one of detecting regions with greater
texture, and variable texture, in small intestinal
mucosal endoscopy images vs normal images with
uniform and slight textural magnitude, and slight
changes in the difference of spatial magnitude.
Development of appropriate descriptors, which include
actual textural measures, but also frequency and
three dimensional syntactic descriptors, can be useful
to develop appropriate metrics, to discern differences
in celiacs vs controls, and to define ranges in the
degree of pathology in those patients with small
intestinal abnormalities. Because the descriptors are
quantitative, a real-numbered score is obtained that
is not biased with respect to the human observer,
and has the ability to computationally detect subtle
differences, which may indicate celiac disease. Yet,
computational quantitative methods can be biased
in the sense that the choice of descriptors that are
selected can be biased. Unless a performance index
is used to optimize and validate the descriptors
used, these quantitative methods may have limited
usefulness and may only work for distinguishing
certain types of images with pathology vs control
images.
For optimum performance, future studies of the use
of quantitative measures for detection of pathology
in the endoscopic images of actual and suspected
celiac disease patients should be robust to image
characteristics and related to the precise level of the
small intestine where it was obtained, the presence
or absence of suspected areas of pathology, and
camera angle and distance from the mucosal surface.
Although correction and robustness for all of these
variables may prove a formidable challenge, progress
is being made that will lead to improved classification.
As spatiotemporal resolution in the series of acquired
images also improves, it may become possible to
diagnose, or at least to confirm diagnosis, of celiac
disease based on standard endoscopy or even
videocapsule endoscopy images. Furthermore, it may
also be possible to monitor adherence to the glutenfree diet in patients known to have celiac disease.
A greater research effort is therefore recommended
in the use of quantitative computational methods
for characterization of the small intestinal mucosa in
known and suspected celiac disease patients.
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Core tip: The prevalence of cirrhosis in critically ill
patients is increasing worldwide. Cirrhosis leads to
hepatosplanchnic circulatory abnormalities and endorgan damage, which resemble the clinical syndrome of
patients with sepsis. The pathophysiology of cirrhosis
can both predispose patients to, and exacerbate,
sepsis. An understanding of this pathophysiology may
assist critical care providers in the development and
application of treatment modalities.
Prin M, Bakker J, Wagener G. Hepatosplanchnic circulation
in cirrhosis and sepsis. World J Gastroenterol 2015; 21(9):
2582-2592 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i9/2582.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2582

INTRODUCTION

Abstract

The prevalence of severe liver disease among intensive
[1-3]
care unit (ICU) patients ranges from 1.35%-3.3%
and is increasing worldwide. A study of 174 ICUs in the
United Kingdom reported that the number of patients
admitted to ICU with alcoholic liver disease tripled from
[1]
1995 to 2005 . The ICU mortality for patients with
[4-8]
liver disease is high, ranging from 36.6% to 73.6% ,
and the one-year mortality for ICU survivors is as high
[6]
as 68% .
Liver disease exacerbates coexisting diseases.

Hepatosplanchnic circulation receives almost half
of cardiac output and is essential to physiologic
homeostasis. Liver cirrhosis is estimated to affect up
to 1% of populations worldwide, including 1.5% to
3.3% of intensive care unit patients. Cirrhosis leads
to hepatosplanchnic circulatory abnormalities and
end-organ damage. Sepsis and cirrhosis result in
similar circulatory changes and resultant multi-organ
dysfunction. This review provides an overview of the
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Figure 1 Anatomy of the splanchnic, portal and hepatic venous circulation. (With permission: Gelman S, Mushlin PS. Catecholamine-induced changes in the
splanchnic circulation affecting systemic hemodynamics. Anesthesiology 2004, 100: 434-439).

Hepatic cirrhosis is associated with an increased risk
for ICU-associated pneumonia, respiratory failure,
[9,10]
and death
. In both the United Kingdom and the
United States the proportion of sepsis in the setting of
liver disease is increasing and patients with cirrhosis
[11,12]
are more likely to die from sepsis
. The systemic
effects of cirrhosis also increase the morbidity and
[13,14]
mortality of surgery
.
Given the high morbidity of severe liver disease
in critical care, an appreciation of hepatosplanchnic
physiology may help guide intensivists, particularly
those who care for patients with sepsis. This review
provides an overview of the hepatic and splanchnic
circulatory anatomy, examines the factors that
contribute to the circulatory changes of cirrhosis,
reviews the pathophysiology common to cirrhosis and
sepsis, and discusses clinical management in the ICU.

because compensated disease can remain undetected
for many years, up to 1% of populations worldwide
[17]
may have histological cirrhosis . In the United States
[18]
the prevalence of cirrhosis is estimated at 0.15% .

Hepatic circulation

Epidemiology of cirrhosis in the ICU

Cirrhosis may be the result of infectious, autoimmune,
vascular, hereditary, or toxic factors. In Europe and the
United States it is primarily caused by either alcohol
use or infection with hepatitis C virus, while in Asia
and sub-Saharan Africa the most common cause
[15]
is infection with hepatitis B virus . Observational
studies in the United Kingdom and France showed that
the most common cause of cirrhosis among patients
admitted to ICUs was alcoholic hepatitis (43%-78%)
[4,6,16]
followed by viral hepatitis (10%-19%)
.
Although the precise global prevalence is unknown

WJG|www.wjgnet.com

[19]

The liver receives 20% of cardiac output . Total liver
blood flow is approximately 100 mL/min per 100 g
[20]
liver tissue, or 800-1200 mL/min . The liver has a
dual blood supply with blood from the hepatic artery
and portal vein, which together with the bile duct form
the hepatic triad. The hepatic artery is a branch of the
celiac artery, with a pressure similar to aortic pressure
(mean 60-80 mmHg). It carries well-oxygenated
blood to the liver, providing approximately 30% of
hepatic blood flow. The valveless portal vein is a lowpressure/low-resistance system that provides partially
deoxygenated blood from the intestinal bed to the liver,
accounting for 70% of hepatic blood supply. Normal
[21]
mean portal pressures range from 5-10 mmHg
(Figure 1). Oxygen delivery to hepatocytes does not
depend on the proportion of portal versus arterial
[22]
blood flow . Animal models have demonstrated that
normal hepatocyte oxygen supply is approximately 16
mL/min per 100 g liver tissue with an extraction ratio
[22]
of 35% . Oxygen extraction changes with variations
in demand; as oxygen supply decreases the extraction
[22]
can approach 100% .
The unique interaction between the hepatic artery
and portal vein flow, termed the hepatic artery buffer
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[23]

response (HABR) , is essential to maintenance of
hepatic blood flow. The hepatic artery flow increases
[24,25]
in response to decreases in portal venous flow
.
This relationship is unilateral; portal vein flow does
not change in response to alterations of hepatic artery
flow. The HABR is capable of offsetting a 25%-60%
[26,27]
decrease in portal vein flow
.
The HABR is the primary regulator of hepatic artery
flow. Flow does not change in response to metabolic
[28]
activity or blood oxygen content
and myogenic
[29]
autoregulation plays a relatively small role . The
physiologic purpose of HABR is unclear, as hepatic
oxygen supply exceeds demand and oxygen extraction
can increase in response to metabolic changes or
decreased blood supply. Further, the underlying
physiology remains unclear. The role of nitric oxide
synthase (NOS) has been investigated but animal
models have not shown a major contribution to the
[30]
HABR . The HABR is likely regulated by washout of
[26,31,32]
adenosine, mediated through P1-purinoceptors
.

characterized by replacement of hepatic tissue with
fibrosis and regenerative nodules (structurally abnormal
areas of attempted tissue repair), and impaired
liver function. The altered hepatic architecture in
cirrhosis leads to circulatory abnormalities, namely
portal hypertension, splanchnic vasodilation, and
hyperdynamic circulation.

Portal hypertension

Portal hypertension is a pathognomic feature of
liver cirrhosis, defined as an increase in the hepatic
venous pressure gradient (an indirect reflection of the
portocaval gradient in patients with cirrhosis) of more
[41]
than 10 mmHg . Portal hypertension can also be
diagnosed ultrasonographically: hepatic vein pulsatility
flattens from triphasic to monophasic secondary to
histologic reductions in hepatic vein compliance. This
is accompanied by a decrease in portal vein flow and
an increase in the hepatic artery pulsatility index, due
[42]
to the HABR . Portal hypertension can be diagnosed
clinically by the presence of esophageal varices,
patency of the umbilical vein, and the presence of
portocaval shunts (e.g., splenorenal shunts).
The development of portal hypertension is multi
factorial. Hepatic fibrosis plays a role by disrupting
hepatocyte architecture and increasing resistance to
bloodflow. Hepatic sinusoidal pressure is negatively
correlated with the percentage of un-fibrosed portal
[43]
spaces, or “residual portal spaces” . Hepatic fibrosis
is largely caused by hepatic stellate cell injury. When
injured by toxins (e.g., alcohol, hepatitis virus, infection,
acetaminophen) or exposed to platelet activating factor
(PAF), hepatic stellate cells transform into myofibroblast[44]
like cells, releasing collagenⅠand Ⅲ . Other cell types
implicated in fibrosis include myofibroblasts derived
[45]
[46]
from portal vessels
and hematopoietic stem cells .
Fibrosis is also stimulated by inflammatory cytokines
and vasoactive molecules, including chemotactic
protein 1, transforming growth factor-β1, nitric oxide,
[47,48]
endothelin-1 and angiotensin Ⅱ
. These mediators
are increased in liver disease and can further upregulate
their own release, thereby accelerating an inflammatory
cycle.
Circulatory system changes may also contribute
to the development of portal hypertension. Direct
intraoperative measurements have demonstrated that,
in cirrhosis, a basal HABR is continuously activated
[49]
but the acute HABR is impaired . While recent data
suggests that angiotensin Ⅱ is a primary mediator
of the progression from hepatic inflammation to
[48]
fibrosis , the entire renin-angiotensin-aldosterone
[50]
system (RAAS) may also play a role .

Splanchnic circulation

The splanchnic vasculature, comprised of gastric,
small intestinal, colonic, pancreatic, and splenic
vessels arranged in parallel, receives approximately
[33]
25% of cardiac output at rest
and more during
digestion. The major supplying arteries are the celiac,
superior and inferior mesenteric. The capillary beds
of this system form extensive anastamoses. Human
studies of splanchnic blood flow are scarce because
direct measurement of splanchnic vasculature is
almost impossible without surgery. Most studies rely
on indirect measurements and extrapolation from
experimental models.
Splanchnic blood flow is regulated by a combination
of local and systemic factors including paracrine and
endocrine signaling, vasoactive substances, and
sympathetic innervation. Autonomic regulation is a
weak contributor, although it is enhanced in the fed
[34]
state compared to the starved state . In a low-flow
state, splanchnic blood flow decreases in order to
[35]
maintain vital cardiac and cerebral blood supply .
This response occurs even after small-volume he
[36]
morrhage . The splanchnic organs do not produce
lactate early in low-flow states because oxygenation
[35]
is preserved due to high baseline supply . However,
recovery of splanchnic flow is protracted even after
[37]
adequate volume resuscitation .
The hepatosplanchnic vasculature’s active response
to systemic bloodflow contributes to its role as a
blood volume reservoir, and its anatomic position just
distal to the inferior vena cava make it a significant
component of cardiovascular preload. As a capacitance
vessel, it has been shown to pool 2.5% or mobilize
up to 5%-6% of total blood volume in response to
[38-40]
physiologic challenges
.

Splanchnic vasodilation

Splanchnic arteriolar vasodilation with hyperdynamic
flow has been demonstrated in liver disease by
observation of shortened albumin transit times
[51]
through the splanchnic circulation , increased
[52]
splenic and mesenteric bloodflow , and decreased

Circulatory changes of cirrhosis

Liver cirrhosis is the end-stage of chronic liver disease
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[53]

[73]

measured superior mesenteric artery impedance .
Decreased mesenteric artery impedance begins early
in liver disease and worsens with the progression to
[53]
cirrhosis . Splanchnic vasodilation is multifactorial and
not completely understood. The pathogenesis is partly
explained by increased resistance to portal outflow, but
activation of other mediators including the RAAS, nitric
oxide, PAF, vasopressin, and inflammatory molecules
likely plays a role.
Early in liver disease, total blood volume increases
but is largely sequestered in the splanchnic vascular
bed, leading to “splanchnic steal” and systemic
[54-56]
hypovolemia
. Animal models have shown that this
occurs before the development of portal hypertension
[57]
or splanchnic vasodilation . Splanchnic steal is likely
[58]
mediated by the RAAS , a hormone cascade which
leads to volume loading through modulation of renal
sodium retention. Recently an alternate RAAS pathway,
angiotensin-converting-enzyme-2 (ACE-2) has also
been investigated for its role in liver disease. ACE-2
levels are upregulated in cirrhosis, and expression is
[59,60]
directly related to hepatocyte hypoxia
. The ACE-2
system acts downstream at the Mas receptor, which
vasodilates splanchnic vessels. In cirrhosis, blockade of
[60]
this receptor reduces portal pressure .
Nitric oxide (NO) is an endothelial-derived relaxing
factor. Cirrhotic patients not only have increased
expression of NO, but also show increased sensitivity
[61]
to NO-mediated vasodilation . NO causes vasodilation
by stimulating soluble guanylate cyclase to generate
cyclic guanosine monophosphate in vascular smooth
[62]
muscle . It also decreases vascular response to
[63]
vasoconstrictors . In animal models this vasoplegia is
[64]
completely reversed by removal of the endothelium .
The constitutively expressed endothelial isoform of
NOS has been implicated as a major contributor to
splanchnic vascular overexpression of NO and its
[65]
activity precedes splanchnic vasodilatation in rats .
Neuronal NOS is also upregulated in experimental
[66,67]
models of cirrhosis
. In addition to nitric oxide,
other vasodilators suggested to play a role in splanchnic
[68]
dilation include carbon monoxide , plasma calcitonin
[69]
gene related peptide , eicosanoids, bile salts,
[41]
adenosine and substance P .
PAF is a pro-inflammatory molecule that affects
platelet aggregation, vascular permeability, and vascular
tone. Hepatic concentrations of PAF are increased in
[70]
cirrhosis . The effect of PAF on vasculature tone is
regional, and exogenous PAF increases portal pressure
[71]
but decreases systemic arterial blood pressure .
PAF is also neoangiogenic, and may play a role in the
development of the arteriovenous and portocaval
shunts common to cirrhosis.
Endothelin is a paracrine vasoconstrictor, released
by vascular endothelial cells, which is increased
[72]
in cirrhosis . It stimulates hepatic sinusoidal
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macrophages to produce PAF , particularly in the
[74]
setting of cirrhosis . There are least four endothelin
receptors (ETA, ETB1, ETB2, ETC). Endothelin-1 mediated
vasoconstriction occurs through the activation of the
ETA receptor, and the ETB1 receptor stimulates the
[75]
release of nitric oxide . Endothelin-1 also stimulates
[76,77]
catecholamine release
which may contribute to
the elevated levels seen in cirrhosis. In vitro models
have shown a direct relationship between ETA and
[78]
ETB expression and portal pressure . It is unclear if
endothelin is increased in cirrhosis as a consequence
or pathogenic response to splanchnic dilation.
Vasopressin is a neurohypophyseal hormone
that regulates plasma osmolality and increases
vascular resistance in vasodilated states. Cirrhotic
patients are vasopressin deficient, but respond to
exogenous vasopressin (and its analogues terlipressin
[79]
or ornipressin) with increased blood pressure . It is
unclear if vasopressin deficiency precedes or causes
splanchnic dilation.

Hyperdynamic circulation

The hyperdynamic circulation associated with cirrhosis
is characterized by increased heart rate, increased
[80]
cardiac output, and systemic hypotension . The
etiology of hyperdynamic circulation is unclear but may
include (1) desensitization of myocardial β-receptors
in the setting of an activated sympathetic nervous
[81,82]
system
; (2) splanchnic steal that decreases
[83]
the effective circulating volume; (3) anemia ;
[84,85]
and (4) cardiodepressants such as nitric oxide
[86]
and endogenous cannibinoids . Hyperdynamic
circulation is exacerbated by systemic and intrahepatic
angiogenesis, which is mediated by hypoxia, PAF,
vascular endothelial growth factor, and transforming
[87]
growth factor . Portal hypertension-mediated engor
gement of collateral veins (i.e., esophageal varices,
hemorrhoids, caput medusae) also increases the
circulatory surface area.
Observational echocardiographic studies of cirrhotic
patients have noted normal baseline cardiac contractility
but attenuated stress-response, with disturbances of
[88,89]
left diastolic function
. This dysfunction is termed
cirrhotic cardiomyopathy. Cirrhotic cardiomyopathy
is distinct from alcoholic cardiomyopathy which is
characterized by reduced left ventricular contractility
[90]
at baseline . Overt heart failure is rare in cirrhotic
cardiomyopathy. The splanchnic sequestration of blood
volume reduces the cardiac workload and disguises
the symptoms of heart failure; these can be unmasked
by physical or pharmacologic stress (e.g., surgery).
The pathophysiology of cirrhotic cardiomyopathy is not
completely understood but endocannibinoid-receptor
antagonists have improved cardiac contractility in
animal models, suggesting a role for endocannibinoids
[91]
in the pathogenesis of cardiac dysfunction .
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Table 1 Common features and difference of hepatic cirrhosis and sepsis
Cirrhosis
[1-3,124-126]

Prevalence in ICU population
ICU mortality[4-8,127,128]
Clinical presentation[129]

Laboratory findings[129,130]

Bacteremia[94,131-134]
Sources of infection[6,128,135,136]
Respiratory
Abdominal
Bloodstream
Renal/urinary
Skin
Catheter-related
Microbiology[6,128,135,136]
Gram-negative
Gram-positive
Fungi
Mediators associated with disease
progression[47,61,71,72,105,106,137]
Endotoxin levels[138,139]
Protein C activity[140,141]
Mesenteric lymph nodes[95,142]

1

Sepsis

1%-3%
11%-33%
37%-74%
18%-61%
Jaundice
Systemic inflammatory response syndrome (SIRS):
Enlarged collateral veins (i.e., esophageal varices,
Temp < 36 ℃/> 38 ℃
hemorrhoids, caput medusae)
Heart rate > 90
SIRS like presentation possible
RR > 20 or PaCO2 < 32
WBC < 4 k or > 12 k
and infection
↓ Polymorphonuclear cells
↓ or ↑ polymorphonuclear cells
Thrombocytopenia
Thrombocytopenia
Hypoalbuminemia
Increased PT, aPTT, INR
Increased PT, INR
Decreased fibrinogen
Hyperlactatemia
Hypoglycemia
32%-41%
27%-31%
9%-61%
8%-30%
17%-72%
7%-11%
7.1%
4%-5%

60%-64%
15%-19%
13%-15%
11%-14%
7%
5%

52.7%-64%
30%-56%
10%-25%
Endothelin, angiotensin, PAF, NO, TNF-a and
HLA-DR, bacterial DNA, IL-1β, IL-2R, IL-6, IL-8
and IL-10
↑↑
↓↓
+

49%-63%
40%-47%
10%-19%
Endothelin, NO, LPS, LTA, lipoproteins, sTNF,
bacterial DNA, peptidoglycans, IL-6, IL-8, IL-4,
IL-10
↑↑
Predicts outcome
+

1

Sepsis includes patients without cirrhosis classified as having sepsis, severe sepsis, and septic shock. SIRS: Systemic inflammatory response syndrome; PT:
Prothrombin time; aPTT: Activated partial thromboplastin time; INR: International normalized ratio; PAF: Platelet activating factor; NO: Nitric oxide; TNF:
Tumor necrosis factor; HLA: Human leukocyte antigen; IL: Interleukin; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; sTNF: Soluble tumor necrosis
factor.

Cirrhosis and sepsis

to bacteremia, particularly from intestinal bacterial
translocation. Bacteremia increases the risk of
spontaneous bacterial peritonitis which is found in up to
[96]
15% of hospitalized cirrhotic patients
and 3%-3.5%
[97,98]
of asymptomatic outpatients with cirrhosis
, and it
[99]
increases the risk of variceal hemorrhage . Bacterial
translocation occurs in the setting of splanchnic
vasodilation (which increases intestinal mucosal
[100]
permeability)
, bacterial overgrowth secondary to
[101,102]
delayed intestinal transit time
and structural
[103]
damage of intestinal epithelial cells
(Figure 2). iNOS
knockout mice are resistant to bacterial translocation,
suggesting a link between NO and bacterial trans
[104]
location
(Figure 3). Bacterial translocation also
stimulates the release of inflammatory mediators, and
severity of liver disease correlates with levels of these
mediators, including interleukin (IL)-1β, IL-2R, IL-6, IL-8
[105,106]
and IL-10
.
The risk for developing sepsis may also be
secondary to impaired cellular immunity. In a singlecenter study, decreased levels of tumor necrosis
factor (TNF-α) and human leukocyte antigen-DR
were found in patients with acute liver failure and

The circulatory changes in cirrhosis lead to a clinical
syndrome that resembles sepsis (Table 1). Both sepsis
and cirrhosis feature a vasodilated state despite high
levels of endogenous catecholamines, a compensatory
hyperdynamic state with the possibility of cardiac
dysfunction, and splanchnic hyperemia with systemic
hypovolemia. Both cirrhotic and septic patients
frequently present with signs of systemic inflammatory
response syndrome including elevated heart rate,
elevated respiratory rate, and blunted temperature
regulation.
Bacterial infections are a common complication of
[92,93]
cirrhosis
, and are the most common independent
[94,95]
risk factor for death
. A multicenter prospective
cohort study found the highest case fatality rate
was from infections with Clostridium dificile (40%),
respiratory infections (37.5%), and spontaneous
[94]
bacteremia (37%) . In a large epidemiologic survey,
[9]
Foreman et al noted that cirrhosis more than doubles
both the risk of being hospitalized with sepsis and the
risk of death from sepsis.
The increased risk for sepsis may be attributed
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Intestinal permeability

Frequency

Endotoxemia

Severity

Endotoxemia
bacterial translocation

Portal hypertension

Liver dysfunction

Bacterial
translocation

Bacterial infection

Priming of monocytes
increase of NO an TNF-α
Further increase of NO and
TNF-α, systemic vasodilation
and reduced response to
vasoconstrictors, increased
risk of bacterial infections

Variceal bleeding, renal failure
hepatocellular injury
encephalopathy, mortality

Figure 2 Damage to the intestinal barrier leads to bacterial translocation
and endotoxaemia and thus to impairment of liver function and increase
in portal pressure, possibly causing further damage to the gut: a vicious
circle. (With permission: Thalheimer U, Triantos CK, Samonakis DN, Patch D,
Burroughs AK. Infection, coagulation, and variceal bleeding in cirrhosis. Gut
2005; 54: 556-563).

Figure 3 Endotoxaemia, bacterial translocation, and bacterial infection
may be different expressions of the same process at different degrees of
severity, and are associated with increasingly severe complications. NO:
Nitric oxide; TNF-α: Tumor necrosis factor-α. (With permission: Thalheimer U,
Triantos CK, Samonakis DN, Patch D, Burroughs AK. Infection, coagulation,
and variceal bleeding in cirrhosis. Gut 2005; 54: 556-563).

patients with sepsis, in comparison to patients with
[106]
stable cirrhosis . Changes in cellular immunity may
alter the secretion of inflammatory mediators and the
vulnerability to infection.
Liver disease increases the susceptibility for
sepsis, but sepsis also aggravates liver disease. In
animal models of sepsis, portal vein and overall
hepatic flow decreases and angiotensin Ⅱ has
[107,108]
been implicated
. Up to one third of patients
with late septic shock have depleted vasopressin
[109]
levels
resulting in hypotension, vasoplegia, and
catecholamine resistance. These circulatory changes
may affect hepatic blood flow and function. In septic
patients with no previous history of liver disease,
postmortem histopathologic hepatic changes were
found, including portal inflammation, centrilobular
[110]
necrosis, and hepatocellular apoptosis
. Human
studies of hepatosplanchnic flow in sepsis remain
scarce and it is important to note that animal studies
do not always include volume-resuscitated arms,
which would increase their clinical relevance.

ICU scoring systems (e.g., Sequential Organ Failure
Assessment (SOFA), Simplified Acute Physiology Score
Ⅱ) have demonstrated superior mortality prediction in
[117,118]
cirrhotic patients in the ICU
. Recently, two new
scores have been developed for mortality prediction:
a modified SOFA score for Chronic Liver Failure (CLIF[119,120]
SOFA) and the Royal Free Hospital Score
. Single
biomarkers have also shown prognostic value. In
[119]
developing the CLIF-SOFA score, Moreau et al
demonstrated that leukocyte count was independently
associated with acute-on-chronic liver failure and
associated 28-d mortality. Furthermore, in an effort to
identify patients at risk for imminent decompensation,
[121]
López-Velázquez et al
found that bilirubin
concentration alone was an independent predictor of
7-d mortality.
Beyond scoring systems, multiorgan dysfunction
in cirrhosis has been correlated with hospital
mortality: a prospective study of ICU patients with
cirrhosis found that coma and acute renal failure
[8]
were independent predictors of mortality . While
organ dysfunction is reflected in scoring systems,
these findings highlight the importance of assessing
patients for clinical markers of dysfunction other than
those included in scores. Recently a novel method of
transient elastography has been used to measure liver
stiffness, a metric associated with hepatic fibrosis.
In a prospective study of ICU patients, liver stiffness
was highest in patients with decompensated cirrhosis
(compared to other critical illnesses or comorbidities),
and was associated with increased ICU- and post[122]
discharge-mortality
. Transient elastography may
serve as a useful triage tool for critically ill patients
with liver disease.
As noted, the circulatory abnormalities of cirrhosis
predispose patients to multiorgan dysfunction including
heart failure, renal dysfunction, and hemodynamic
instability. Monitoring to predict or prevent this
morbidity has not been identified, nor has the optimal

Critical care considerations

Patients with cirrhosis may be admitted to the ICU
with decompensated disease, after surgery, or with
infection and sepsis. Although the Child-Turcotte[111,112]
Pugh score
has traditionally been used for risk
assessment, the Model for End Stage Liver Disease
[113]
(MELD) score
is now commonly used to assess liver
disease and rank-list patients for liver transplantation.
While the MELD score is an excellent tool for predicting
short-term mortality amongst cirrhotic patients
[114]
awaiting liver transplantation
, data regarding
its predictive power for mortality in hospitalized
[115]
cirrhotic patients has been inconsistent. Teh et al
retrospectively demonstrated increased mortality in
postoperative cirrhotic patients with MELD greater
[116]
than 20, while Oberkofler et al
found no mortality
prediction in a cohort of liver transplant recipients.
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treatment regimen. Notably, a prospective study
of ICU patients with cirrhosis demonstrated 100%
mortality for those with pulmonary artery catheters,
84% mortality for patients requiring mechanical
ventilation, and 89% mortality for those requiring renal
[8]
replacement therapy . These mortality rates likely
reflect a high severity of disease rather than adverse
effects of the monitors themselves. Studies are needed
to determine the most appropriate monitoring and
interventions for ICU patients with cirrhosis.
Given the morbidity and mortality attributable to
sepsis for cirrhotic patients in the ICU, intensivists
should maintain a high index of suspicion for infection.
Early prophylactic antibiotics for patients with cirrhosis
may reduce the incidence of bacterial translocation,
[123]
sepsis, and variceal hemorrhage
. Studies focused
on immune system function and inflammatory
mediators may clarify the pathophysiology common
to cirrhosis and sepsis, and suggest novel therapeutic
interventions.
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CONCLUSION

12

The hepatosplanchnic circulatory system is the largest
blood reservoir in the human body and is essential to
multiple aspects of homeostasis, including nutrient
absorption, endocrine function, and toxin metabolism.
Pathologic splanchnic vasodilation in cirrhosis leads to
hyperdynamic circulation and blunting of the HABR.
These alterations contribute to systemic disease and
perioperative mortality, and resemble pathophysiologic
changes seen in sepsis. Cirrhosis increases the risk
of developing sepsis, and sepsis may exacerbate
cirrhosis. A better comprehension of circulatory
changes in cirrhosis may lead to therapeutic modalities
that improve intensive care management.
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the out of date diagnoses like irritable bowel syndrome
and other so called functional gut disorders. It proposes
the algorithm for imposing specific targeted treatment
according to the etiologies instead of symptomatic
treatment aiming to prevent the long term comorbidities.
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Abstract
Microscopic enteritis (ME) is an inflammatory condition
of the small bowel that leads to gastrointestinal
symptoms, nutrient and micronutrient deficiency. It
is characterised by microscopic or sub-microscopic
abnormalities such as microvillus changes and
enterocytic alterations in the absence of definite
macroscopic changes using standard modern endoscopy.
This work recognises a need to characterize disorders
with microscopic and submicroscopic features, currently
regarded as functional or non-specific entities, to obtain
further understanding of their clinical relevance. The
consensus working party reviewed statements about
the aetiology, diagnosis and symptoms associated with
ME and proposes an algorithm for its investigation and
th
treatment. Following the 5 International Course in
Digestive Pathology in Bucharest in November 2012,
an international group of 21 interested pathologists
and gastroenterologists formed a working party with a
view to formulating a consensus statement on ME. A
five-step agreement scale (from strong agreement to
strong disagreement) was used to score 21 statements,
independently. There was strong agreement on
all statements about ME histology (95%-100%).
Statements concerning diagnosis achieved 85% to
100% agreement. A statement on the management of
ME elicited agreement from the lowest rate (60%) up
to 100%. The remaining two categories showed general
agreement between experts on clinical presentation
(75%-95%) and pathogenesis (80%-90%) of ME. There
was strong agreement on the histological definition
of ME. Weaker agreement on management indicates
a need for further investigations, better definitions
and clinical trials to produce quality guidelines for
management. This ME consensus is a step toward
greater recognition of a significant entity affecting
symptomatic patients previously labelled as non-specific
or functional enteropathy.
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INTRODUCTION
Microscopic inflammatory conditions affecting the
gastrointestinal tract include eosinophilic/ and
lymphocytic oesophagitis, gastritis or enteritis,
[1]
lymphocytic and collagenous gastroenteritis and
[2-5]
other autoimmune disorders . Microscopic enteritis
(ME) is an emergent diagnostic category first described
[6]
in 2009 . Clinically, the condition may be associated
with symptomatic malabsorption, or more subtle
micronutrient deficiencies. At the histological level, villous
structure is largely preserved, but the epithelium is
variably infiltrated by small lymphocytes, and there may
be increases in crypt depth (crypt hyperplasia). These
mucosal abnormalities may extend to subtle microvillous
changes at sub-microscopic level, an increase in plasma
cells, eosinophils and other inflammatory cells is likely to
be present in the lamina propria.
It is increasingly recognised that subtle abnormalities
of small bowel mucosa may be associated with
[7-9]
significant symptoms and malabsorption . Relevant
[10]
aetiologies include coeliac disease , non-coeliac
gluten sensitivity with microscopic or sub-microscopic
[11]
[12]
changes , microvillous inclusion disease , common
[13]
[14]
variable immunodeficiency , tufting enteropathy ,
parasitic infestations or infections like Helicobacter
[15]
pylori (H. pylori) , drugs including non-steroidal antiinflammatory agents (NSAIDs) and inflammatory bowel
[16]
disease (IBD) .
Malabsorption is multifactorial with several
aetiologies. The concept of ME is an attempt to take
the first steps in explaining how specific histological
changes could potentially lead to malabsorption despite
[17,18]
association with only submicroscopic abnormalities
.
The concept of ME has arisen from the mucosal changes
associated with celiac disease, as originally described
in detail by Marsh in 1992 (Marsh 0; Marsh Ⅰ; Marsh
[19]
Ⅱ; and Marsh Ⅲ) . Note that the original Marsh
IV is no longer in use, as it was thought to represent
lymphomatous destruction of the mucosa. However,
following widespread adoption of this classification,
certain laboratories began to question the validity of
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Core tip: This is a global consensus on the classification,
etiology, diagnosis and multidisciplinary treatment of
milder enteropathy. There is no such thing as non-specific.
The consensus on microscopic enteritis (ME) brings an
end to the era of the non-specificities and opens a new
prospect in characterisations of milder enteropathies
including submicroscopic small intestinal mucosal changes
in patients presenting with unexplained malabsorption
syndrome and other category of so called non-specific
gastrointestinal disorders. Recognition of ME is the first
step toward identifying the masked etiologies under
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Figure 1 Legends for micrographs. A: Microscopic enteritis (ME), normal villi with pathological increase of T lymphocytes, HE × 10; B: ME with
immunohistochemistry for CD3 × 10; C: ME; evident pathological number of T lymphocytes in the superficial epithelium of villi. CD3 immunohistochemistry × 40; D:
This diagram is representative of the phases of ME, in addition to the Marsh Ⅰ ("infiltrated") and Marsh Ⅱ ("infiltrated-hyperplastic") lesions, it is important to note
that a histologically normal-appearing mucosa is a part of the ME spectrum, and that its underlying pathological connotations should therefore not be overlooked nor
ignored.

the earlier Marsh categories, dismissing them as “nonspecific”, which was entirely inappropriate.
It has become clear that “non-specific” referred
to multiple aetiological conditions, other than gluten
related disorders, giving rise to identical, or similar,
changes in the mucosa (Marsh 0, Ⅰ , Ⅱ . In other
words, there is a differential diagnosis attached to
Marsh 0-Ⅱ categories which needs to be recognised.
This collection of diseases, now referred to as ME, is
the subject of this paper (Figure 1).
A contentious point in the histological characterisation
of small bowel mucosa is the quantitation of intra
epithelial lymphocytosis (IEL). The normal duodenal
[20,21]
IEL
count remains contentious, with figures ranging
[22-25]
from 11-25 IELs/100 enterocytes
. Marsh used a
computerised method to enumerate absolute values
for IEL, against an invariant structure, the muscularis
mucosae. He showed that the Ferguson technique
(IEL/100 Enterocytes) grossly over-estimates IEL
[23,26]
“counts” by a factor of 2
.
Moreover, he asserted that the IEL population is a
graded characteristic (like height, weight, blood pressure,
acid secretion etc.) and therefore cannot be separated
as “normal” or increased: in other words, there is no
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biphasic IEL population discernible, and the imposition
of arbitrary “IEL cutoff norms” by various pathologists
does not make sense and is therefore inappropriate.
Whether the IEL population is abnormal is dependent on
measurable changes following the appropriate treatment
for the underlying disease. Finally, Marsh recognised
that the IEL population is non-normally distributed, and
therefore should be normalised by log-transformation.
Even so his distributions of IEL counts for controls and
coeliac disease overlapped. These factors complicate the
histological analysis of ME, and ultimately need to be
addressed.
The clinical significance of ME, although not fully
determined, is increasingly being understood particularly
in Crohn’s disease (CD) where the majority of research
has been focused. Recent studies have reported severe
weight loss unrelated to the severity of duodenal
[7,27]
mucosal damages
. Despite growing interest
and understanding of ME, there is little guidance for
clinicians faced with interpreting pathology reports. To
encourage targeted therapy against specific symptoms,
a consensus on key aspects of ME is proposed. This
work was undertaken in recognition of an increasing
need to characterize disorders with microscopic and
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may affect the duodenum, jejunum and/or ileum
with associated micronutrient malabsorption. It is well
known that celiac disease with mild enteropathy is not
necessarily a mild disease, as there is no correlation
[7]
between mucosal lesion and clinical presentation of CD .
Pathological changes can range from mild enteropathy
with sub-microscopic abnormalities [alteration of
enterocytes, shortening of microvilli and increased α/β/
γ/δ T cell receptors (Marsh 0)] to microscopic changes
[increased IEL count (> 20 IEL/100 enterocytes) and/or
crypt hyperplasia (MarshⅠ- Ⅱ)] (agreement: 100%).
Marsh described a spectrum of small intestinal
mucosal changes associated with CD but these are
not specific and may be seen in other inflammatory
[19]
disorders of the small intestine . Truly normal
mucosal architecture and IEL count (Marsh stage 0)
was considered possible but rare for CD. The mucosal
appearance then progressed to an “infiltrative type”,
characterised by normal architecture with increased
IEL infiltration (Marsh stage Ⅰ ),’hyperplastic type,’
characterised by crypt hyperplasia and increased
mitotically active epithelial lymphocytes (Marsh stage
Ⅱ) and “destructive type”, characterised by partial or
complete villous atrophy (Marsh stage Ⅲ). The latter
classification was modified to describe the degree
of villous blunting in Marsh stage Ⅲ destructive
lesions: mild, marked and complete (Ⅲa, Ⅲb and Ⅲ
[25,28,29]
c respectively)
. However, recent evaluations
suggest that destructive lesions cannot be usefully
subdivided into A, B, C subcategories with the basic
tools available to most pathologists, and therefore is
best abandoned.
Nevertheless the original widely used Marsh
classification, seems to be the most reliable way
of evaluating intestinal lesions not limited to CD.
Inflammation associated with ME is better understood
if the original Marsh classification is used as originally
described. Several studies have observed that normal
IEL counts are less than that initially defined by
Marsh and may range between 11 and 25 IELs/100
[5,22-24,30]
enterocytes
.
Before the development of the ‘infiltrative type’
lesion of Marsh stage Ⅰ has occurred, many other submicroscopic abnormalities may occur, including subtle
[31,32]
alteration to enterocytes, shortening of microvilli
and altered ratio of T cell receptor αβ and γδ subsets
[18,33-36]
of IELs
. Interleukin (IL)-2 receptor upregulation
may also be detected in conjunction with IEL T cell
[37]
activation .
These cases, with sub-microscopic changes but
normal mucosal architecture and IEL counts, currently
fall into Marsh stage 0. ME is characterised by mucosal
changes of Marsh stages 0 to Ⅱ and additional
inflammatory changes not described in the current
Marsh classification (Figure 1D).
From these critical studies, important conclusions arise:
(1) A histologically “normal” mucosa doesn’t exclude an
underlying intestinal disease process; and (2) the term

Table 1 Results consensus agreement

Definition
Clinical
Aetiology
Histological
Immunogenetic
Pathogenesis 1-2
Diagnosis 1-3
Investigation
Management

Total responses

Agreement

21/21
21/21
21/21
21/21
21/21
21/21
21/21
21/21
21/21

95%
95%
95%
100%
90%
80%-90%
85%-100%
95%
60%-100%

Comments

submicroscopic presentations. To date, these have
either been categorized as “functional” (clinical) or
“non-specific” (histological), making it difficult to assess
their clinical relevance. The consensus working party
reviewed statements regarding the aetiology, diagnosis
and symptoms associated with ME and to proposed an
algorithm for its investigation and treatment.

RESEARCH
Following the 5th International Course of Digestive
Pathology in Bucharest organised by Carol Davila
University in November 2012 and 2013, a group of
expert pathologists and gastroenterologists from
around the world with an interest in small bowel
disorders formed a working party to formulate a
consensus statement on ME. A 5-step agreement
score (from strongly agree to strongly disagree) was
used independently by 21 experts, who reviewed 20
statements (Table 1).
Each panel member completed a pre-determined
statement form relating to the definition, aetiology,
diagnosis and treatment of ME. Statements were
considered unanimously endorsed if more than 75%
of the panel members shared a similar opinion (agree
and strongly agree or disagree and strongly disagree).
The consensus statements with supporting evidence
are summarised below.

DEFINITION
ME is a histopathological condition that affects the
small bowel and is characterised by microscopic
and sub microscopic changes that may lead to
micronutrient deficiencies (agreement: 95%).
ME is an early stage of mucosal abnormalities
in several inflammatory conditions. It represents a
common finding in patients with intestinal inflammation
from different aetiologies. Recent advances in
immunohistochemical staining techniques highlight submicroscopic changes and enhanced detection of other
microscopic abnormalities described by Marsh and
[17,19]
others
.
The ill-defined mucosal lesions consistent with
ME previously known as functional and non-specific
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[40]

symptoms
in and out of the gastrointestinal tract in
[41-45]
genetically susceptible individuals
.
Subtypes of gluten intolerance have distinct
mechanisms. In CD, ingestion of gluten and related
prolamins stimulates adaptive immunity by tissue
transglutaminase-mediated deamidation, human
leucocyte antigen (HLA)-DQ2 complex formation and
[46-50]
T-cell activation
. In comparison, enteropathic
gluten/wheat allergy results from an IgE-mediated or
cell-mediated reaction to allergenic intra-luminal gluten
[51]
and wheat-proteins .
The nature and timing of reactions following oral or
epicutaneous gluten challenge is crucial for diagnosis.
NCGS is a re-discovered condition applicable to
patients who fail to satisfy diagnostic criteria for CD or
[52,53]
gluten/wheat allergy but benefit from GFD
. The
pathogenesis of NCGS is currently poorly understood
but an enhanced innate immune response has
[11,40,54,55]
been
. Further research should clarify the
differences between NCGS and CD.
ME is a common presenting histological finding in
[7,10,27]
CD
. Symptom severity may not correlate with
[7,27]
the degree of enteropathy in patients with CD
.
Therefore recognition of subtle villous abnormalities
is extremely important so that symptoms are not
attributed inappropriately to a functional disorder. It
should be noted that villous atrophy may be present
in asymptomatic CD or persist despite treatment
and clinical improvement. Similarly, deterioration of
mild enteropathy into frank villous atrophy might
not be associated with deterioration in symptoms or
micronutrient deficiency.

Table 2 Aetiology of microscopic enteritis
Conditions

Ref.

Coeliac disease
Non coeliac gluten sensitivity
Helicobacter pylori
Other infections, parasites
Non-steroidal anti-inflammatory drugs
Bacterial overgrowth
Common variable immunodeficiency
Eosinophilic gastroenteritis
Collageneous gastroenteritis
Microvillous inclusion disease
Autoimmune enteropathy
Autoimmune disorders
Irritable bowel syndrome
Inflammatory bowel disease
Food allergy
Food intolerances
Idiopathic

[7,8]
[52,53]
[15,57]
[92]
[64]
[58-60]
[13]
[90]
[1]
[12]
[68]
[2,15,68]
[3,75]
[16]
[93]
[76]
[94]

“non-specific” should never be used diagnostically since
every biopsy reflects the physiologic or pathological
state of the small intestinal mucosa at the time of
biopsy.

AETIOLOGY
ME is a multifactorial inflammatory process that may
be caused by gluten intolerance, infections (including
H. pylori), drug therapies and other systemic infla
mmatory processes (agreement: 100%).
ME results from an inflammatory process with
several aetiological triggers. Recruitment and activation
of IELs is pivotal and it is likely this is aetiology-specific
with unique pro-inflammatory cytokine profile and
triggering antigens. Established causes of ME include
gluten exposure, infection, drug therapy, systemic
inflammatory conditions and autoimmune diseases.
In most cases an aetiology can be identified. Aziz
[3]
[38]
et al and Brown et al
found a definite cause
for lymphocytic duodenitis (LD) in 66% of their
[3,38]
patients
. Multiple aetiologies may co-exist (Table
2) and a detailed diagnostic workup is imperative.
[39]
Rosinach et al
found more than one initial potential
aetiology in 44% of patients with LD (Table 2).

Infection

Alongside more established associations with peptic
ulceration, non-autoimmune chronic gastritis, primary
gastric mucosa-associated lymphoid tissue (MALT) and
gastric cancer, H. pylori infection is a prominent cause
[56]
of intestinal ME. Mirbagheri et al found that H. pylori
infection was associated with the presence and severity
of microscopic duodenitis in patients with functional
[15,57]
dyspepsia
. A prospective study of 90 patients with
LD attributed H. pylori infection as the single cause
[39]
in 24.4% of cases . Furthermore H. pylori has been
highlighted as the most frequent aetiology in patients
[58,59]
[58]
with LD and abdominal pain
. Santolaria et al
found small bowel bacterial overgrowth caused LD in
[59,60]
22% of patients
(Table 2).
The increased bacterial burden on the small
intestine may cause ME by depleting of essential
nutrients necessary for normal mucosal function and
the subsequent generation of toxic metabolic products.
[61]
Tropical sprue , post-infective malabsorption and
parasite infections including giardiasis and threadworm
[2,62,63]
represent less prevalent infectious causes of ME
.

Gluten related disorders

The gluten related disorders associated with ME are
CD with minimal macroscopic changes, gluten/wheat
allergy and non-coeliac gluten sensitivity (NCGS)
(agreement: 83%).
Gluten related disorders are a major aetiology
for ME affecting the small bowel and other organs
in different ways. Gluten related disorders include
CD, gluten/wheat allergy and NCGS. The triggering
factor is exposure to the protein component of wheat
and associated species of barley, rye and oats. Oats
are safe in most CD patients. Innate and adaptive
immune reactions lead to various abnormalities and

WJG|www.wjgnet.com

Drug therapy

NSAIDs and aspirin therapy are widely recognised
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causes of ME with a prevalence of up to 14%
[4,39]
reported in patients with LD
. Epithelial damage
may result from local exposure to the drug on
ingestion or enterohepatic recirculation and/or due
to systemic actions following absorption. Although in
vitro mechanisms of NSAID-induced intestinal injury
requires further evaluation, villous ischemia caused
by focal slowing of villous blood flow and damage to
surface microvasculature, have been identified in a
[31]
murine model . Prior to mucosal ulceration, villous
shortening and endothelial swelling were observed and
[64]
may represent early NSAID-induced damage . More
recently Olmesartan has been implicated in a severe
[65,66]
sprue like enteropathy
.

in patients with active CD compared with inactive
[72]
disease controls . Future studies should further
characterise the effects of cytokines on mucosal cells,
specifically their absorptive function.
Malabsorption does not correlate with the length
of small bowel micro/macroscopically affected
(agreement: 80%).
Despite a macroscopically normal small bowel,
microscopic and sub-microscopic mucosal abnormalities
consistent with ME may exist with associated
[27]
malabsorption. Brar et al
found that clinical
presentation did not correlate with the degree of villous
atrophy in a retrospective study of 499 patients with
CD. However patients with partial villous atrophy
had greater haemoglobin and bone mineral density
(measured at lumbar spine, hip and distal radius) than
patients with subtotal and total villous atrophy.
This may be explained by ongoing inflammation,
causing progressive bowel damage and cumulative
systemic micronutrient deficiency. Instead, gastrointestinal
symptoms may be the acute manifestation of micronutrient
malabsorption that correlates with the severity of
inflammation at that time. Therefore micronutrient
absorption rate may not correlate with the degree of
villous atrophy since it is not reflective of the duration
of inflammation. Further studies are needed to test this
theory and confirm that micronutrient absorption capacity
does not relate to the degree of macroscopic small bowel
damage.

Systemic inflammatory conditions

Microscopic abnormalities could be the presenting
or at least the early stage of chronic inflammatory
conditions including IBD and microscopic colitis (MC)
(agreement 93%).
Systemic inflammatory conditions implicated in ME
[3]
[67]
include sarcoidosis and IBD . Vidali et al
identified
microscopic duodenitis in 26.6% of patients with
ulcerative colitis and significantly increased CD3+
and CD8+ IELs and lamina propria mononuclear cells
compared with disease free controls. In some cases
ME may be an initial non-specific finding that leads to
diagnosis of a chronic inflammatory condition.

Autoimmune disease

Several autoimmune conditions may be associated with
ME including rheumatoid arthritis, Hashimoto’s thyroiditis,
[15]
Graves’ disease, psoriasis and multiple sclerosis .
Mucosal changes may result from an associated
autoimmune enteropathy characterised by elevated
gut epithelial cell antibodies. The incidence of CD
is greater in patients with autoimmune disease, so
[68]
careful diagnostic workup is needed .

DIAGNOSIS
The term ME can be proposed in cases of Marsh 0Ⅱ mucosal changes with clinical, serological, genetic
and histological data supportive or unsupportive for a
specific aetiology (agreement: 100%).
ME is confined to microscopic or sub-microscopic
small intestinal enteropathy (Marsh 0-Ⅱ) even if the
aetiology is undetermined despite extensive clinical,
serological, genetic and histological investigation. An
underlying aetiology may not be detected on initial
screening so further investigations become necessary
to cover particular suspected diagnoses. Investigations
may cover clinical suspicions according to the
algorithm below.
A diagnosis of underlying aetiology of ME is
dependent upon taking a careful history and detailed
examination in suspected cases (agreement: 93%).
An accurate evaluation of ME requires a careful
history and detailed clinical examination in the first
instance. The findings elicited will help to select further
investigations so that an accurate underlying diagnosis
can be arrived at.
The history should pay particular attention to any
chronic inflammatory conditions, drug therapies and
symptoms affected by dietary changes (agreement:
100%).
Chronic inflammatory disease, drug therapies and

ME AND MALABSORPTION
The malabsorption is due to activation of local and
systemic cytokines leading to inhibition of the uptake
of micronutrients (agreement: 80%).
[27]
Brar et al
found that the clinical presentation
in CD did not correlate with the degree of mucosal
damage. Instead the underlying inflammatory process,
common to each stage of enteropathy, may impair
micronutrient uptake contributing to symptoms. Tumour
necrosis factor α and IL-1, key pro-inflammatory
cytokines, may act directly on the intestinal mucosa
[69,70]
to cause malabsorption
. This has been observed
in non-gastrointestinal malignancies in which systemic
[71]
cytokines are increased .
Similarly IL-6 may impair iron transport in
enterocytes by direct action at the local level or
indirectly via hepcidin induction. Impaired iron
absorption and elevated IL-6 levels were demonstrated
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EMA, tTGA, AgA,
HLA DQ2/8

Positive serology
and or HLA DQ2/8

Coeliac disease

Negative serology
and HLA DQ2/8

Coeliac disease
excluded

Positive

Treat for H. pylori

Negative

Consider other
infections/parasitic
infestation

?NCGS, trial a gluten
free diet

H. pylori tests
ME

NSAIDs other drugs
olmesartan

Withdraw the drug

If all above negative

Exclude: IBD, AE,
EGE, CGE, CVID,
MVID

Figure 2 Algorithm for diagnosis the underlying condition behind microscopic enteritis. HLA: Human leucocyte antigen; EMA: Endomysial antibodies;
tTGA: Tissue transglutaminase antibodies; AgA: Antigliadin antibodies; NCGS: Non coeliac gluten sensitivity; NSAIDs: Non-steroidal anti-inflammatory drugs; IBD:
Inflammatory bowel disease; AE: Autoimmune enteropathy; EGE: Eosinophilic gastroenteritis; CVID: Common variable immunodeficiency; CGE: Collageneous
gastroenteritis; MVID: Microvillous inclusion disease; H. pylori: Helicobacter pylori.

gluten intolerance are common causes of ME and
hence should be evaluated with particular attention to
the history. Occasionally an underlying occult chronic
inflammatory disease may exist and therefore the
practitioner should explore potential extra-intestinal
features including arthritis, inflammatory ocular
disease and dermatological peculiarities. Current and
recently ceased medications should be reviewed,
including NSAIDs angiotensin Ⅱ inhibitors and “over
the counter” medications. Time required for complete
mucosal recovery following the cessation of medications
is unclear. Many patients may have trialled particular
diets in an attempt to alleviate symptoms following
formal medical advice or, increasingly, attempted selfdiagnosis. Others modify diet for weight loss. The effect
of current or previous dietary modifications may provide
useful diagnostic information.
Symptomatic improvement with gluten or lactose
free diet suggests underlying gluten intolerance.
Furthermore a current GFD may influence coeliac
antibody serology results.
The clinical presentation of cases with ME with
different aetiology may include gastrointestinal symptoms
of abdominal discomfort, bloating, steatorrhoea, chronic
diarrhoea and constipation; and systemic symptoms
of lethargy and fatigue. Abnormal liver transaminases,
specific micronutrient deficiency or weight loss may
[73,74]
be present
. Some studies suggest irritable bowel
[3,75]
syndrome (IBS) may present with mild enteropathy
[76]
and Fritscher-Ravens et al demonstrate exposing the
food intolerant cases labelled as IBS to food antigens
may cause immediate breaks, increased intervillous
spaces and IEL in the intestinal mucosa. The symptoms
are clearly similar in both cases with milder enteropathy
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(ME) compared to severe mucosal damages despite the
[73,75,77]
form of underlying conditions
(Figure 2).
Investigations should include routine blood tests
including a renal, liver and bone profile, serum
B12, folate, ferritin and thyroid function tests,
serum immunoglobulins, coeliac serology, H. pylori
assessments (faecal antigen or blood serology) and
HLA typing (agreement: 100%).
Initial investigations may help to establish the
aetiology of ME and should evaluate micronutrient
deficiency. Full blood count, renal and bone profile
including vitamin D (25-OH-D3). Vitamin B12, folate
and ferritin may reveal anaemia, electrolyte imbalance
or specific micronutrient deficiency. Liver function
tests may demonstrate elevated transaminases and
cholestasis suggesting a chronic inflammatory disease
such as primary biliary cirrhosis or sclerosing cholangitis
potentially with concomitant IBD. Thyroid function
tests are important. These investigation are useful
in assessing systemic conditions that may affect any
organs.
Coeliac serology should include anti-tissue trans
glutaminase (anti-tTg) and endomysial antibodies (EMA),
immunoglobulin titres and HLA typing. Several studies
have found that the sensitivity of coeliac antibody
[78,79]
serology is poor in CD with mild enteropathy
.
Detection of HLA DQ2 and to lesser extent DQ8
genotypes (both strongly associated with CD) may
be more useful when investigating patients with
ME for underlying CD. HLA DQ2 and DQ8 genotype
is however present in 25%-40% of the general
population, so their absence is more useful in tending
to exclude CD.
Evaluation for concomitant CD is particularly
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important in patients with pre-existing autoimmune
disease given its increased prevalence and since
[39]
multiple potential ME aetiologies may co-exist . In ME
with negative coeliac serology and no clear alternative
aetiology the authors recommend a trial of GFD for
[80-82]
potential underlying non-coeliac gluten sensitivity
.
[79]
Vande Voort et al
found that 38% of patients with
LD and non-HLA DQ2 or DQ8 genotype improved with
[83]
initiation of GFD. In contrast Biagi et al
recommend
that patients with Marsh Ⅰ or Ⅱ intestinal lesions
should only commence GFD if coeliac antibody serology
becomes positive.
Further investigations should be guided by clinical
suspicion based on the history, examination and initial
serological screen.
Other investigations include colonoscopy, ideally
with intubation of the terminal ileum, and multiple
colonic biopsies to look for MC (agreement: 80%).
MC may rarely be a precursor of IBD. Therefore
colonoscopy, ideally with intubation of the terminal
ileum and multiple biopsies from right and left colon,
may be a useful additional investigation when an
aetiology for ME cannot be identified or in patients
with other potential aetiology who do not respond
to treatment. Microscopic colitis may cause a similar
spectrum of clinical symptoms as ME including
abdominal pain, cramping, bloating and diarrhoea.
Early detection and treatment of IBD will minimise
long term complications.
For ME upper gastrointestinal (GI) endoscopy with
multiple duodenal biopsies (at least four) from the
second part of the duodenum, 2 from first part of
duodenum in cases with high risk for coeliac disease
is required and additional biopsies should be taken to
investigate for helicobacter infection and lymphocytic
gastritis (agreement: 100%).
To detect ME the authors advocate upper GI
endoscopy with at least four duodenal biopsies from
D2. In a retrospective study of 132352 patients without
known CD, a minimum of four biopsies was significantly
more effective at achieving a pathological diagnosis of
CD, defined as Marsh stage ⅢA/B/C, compared with
[84]
less than four biopsies (1.8% vs 0.7%, P < 0.0001) .
Marsh stage Ⅰ and Ⅱ lesions were found in 4.5% of
patients although the cause was not reported. There
may be additional diagnostic yield from including a
duodenal bulb biopsy particularly in patients with patchy
[85]
villous atrophy. Bonamico et al
found that in 16
children with patchy villous atrophy and positive coeliac
serology (EMA, anti-tTg antibodies and HLA-DQ2/DQ8
heterodimers), villous atrophy was detected at the
duodenal bulb in all patients and was the only duodenal
biopsy demonstrating atrophy in 31% of cases.
[86]
Hopper et al
advised at least three duodenal
biopsies including one from the duodenal bulb to
detect villous atrophy in patients with serology
suggestive of CD. Concurrent antral gastric biopsies are
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recommended to assess for lymphocytic gastritis and
H. pylori infection (rapid urease test “RUT”, biopsies
from antrum and corpus), a common treatable cause of
ME. C13 breath test should be considered as sensitivity
of RUT is low. Biopsies from oesophagus and stomach
might also be indicated in dyspeptic patients.
ME can progress to overt coeliac disease in genetically
susceptible patients (agreement: 93%).
Following a diagnosis of ME, regular follow up is
vital to detect initially silent but potentially treatable
aetiology and to evaluate for evolving micronutrient
deficiency. This includes CD which may not be detected
on initial investigations. It is well documented that
initially negative serology for CD may subsequently
become positive. Duodenal abnormalities may
progress from ME to Marsh stage Ⅲ with continued
ingestion of a gluten containing diet in genetically
[17]
susceptible patients .

TREATMENT
Treatment of ME is dependent on the aetiology:
(agreement: 100%).
In coeliac and non-coeliac gluten sensitivity;
dietetic review and initiation of a gluten free diet is the
cardinal intervention (agreement: 100%).
The cardinal intervention for gluten related disorders
[87]
is dietetic review and initiation of GFD . This supersedes
advice that a GFD should only be recommended in CD
patients with severe enteropathy. A GFD should be
trialled to assess possible non-coeliac gluten sensitivity
in patients with ME and no clear alternative aetiology.
In the absence of clinical improvement repeat coeliac
serology and follow-up duodenal biopsies may be
required to assess for histopathological improvement
before the patient is considered gluten tolerant. The
optimal interval of GFD trial prior to repeat biopsy is
poorly established but anecdotally at least six weeks
[3]
seems to be appropriate. Aziz et al initiated a six
week gluten challenge with repeat coeliac serology and
duodenal biopsies in patients with LD of undetermined
aetiology after primary investigation although the
diagnostic yield was unclear.
For treatment of ME, any enteric infections including
H. pylori should be eradicated (agreement: 93%).
Eradicating existing enteric infections is important
both in the management of ME and to reduce
potentially overlapping morbidity from alternative
sources. H. pylori infection is also associated with
peptic ulcer disease, non-ulcer dyspepsia, gastric
cancer and gastric MALT lymphoma. Standard triple
therapy eradication regimen is recommended for H.
[88]
pylori infection in the first instance . Some enteric
infections may cause concomitant microscopic colitis.
[89]
Giardiasis is empirically treated with metronidazole .
Other parasitic infections such as threadworm may
require mebendazole or piperazine therapy.

2600

March 7, 2015|Volume 21|Issue 9|

Rostami K et al . Microscopic enteritis: Bucharest consensus
Wherever possible any drugs associated with ME
should be stopped (NSAIDs, aspirin or angiotensin Ⅱ
inhibitors) (agreement: 93%).
Currently a small group of medications, specifically
NSAIDs, are known to cause ME however this will
expand as clinical experience and understanding of
the condition grows. Olmesartan has been described
associated with severe enteropathy. But mild
enteropathy might also be associated with this drug
and so far this association has not been excluded.
A thorough clinical assessment of drugs and their
indication is essential when looking for the aetiology
of enteropathy with different severity and contributory
medications should be stopped where possible. In
cases of ME where offending medication like NSAIDs
or angiotensin Ⅱ inhibitors cannot initially be ceased
regular review is recommended to assess the ongoing
need for the medication and to detect micronutrient
deficiencies amenable to treatment.
Appropriate diet associated to medical therapy is
required for eosinophilic enteritis (agreement: 93%).
[90]
Eosinophilic enteritis , characterised by unexplained
intestinal mucosal eosinophilia, is often associated
with atopy and food allergies. Elimination of allergenic
foods or initiation of an amino-acid based elemental
diet may provide symptomatic benefit however some
patients may need concomitant treatment with antiinflammatory medications (e.g., oral corticosteroids).
Other causes of ME including systemic inflammatory
conditions and autoimmune disease should be managed
with targeted medical therapy guided by the appropriate
specialist.
It is important to review progress and a repeat
upper GI endoscopy should be considered to confirm
response to therapy (agreement: 87%).
Following initiation of aetiology-targeted treatment
it is important to assess clinical and/or histological
improvement particularly in patients with multiple
potential aetiologies, where a stepwise approach to
treatment with regular review to determine response
is recommended. If there is no improvement despite
treatment the perceived aetiology should be reevaluated. The duration of an ineffective treatment
should be minimised since dietary modifications may
be socially inhibiting and expensive and medical
therapies may cause unpleasant side effects.
Patients should be considered for repeat assessments
including an endoscopy and duodenal biopsies if
symptoms persist (agreement: 87%).
In patients who fail to clinically improve despite
treatment directed at the presumed aetiology,
reassessments including endoscopy and gastroduodenal
biopsies are indicated to evaluate for concomitant
aetiology and to re-evaluate mucosal integrity. There
is no known treatment for idiopathic ME. Regular
assessments are keys to detecting initially undetected
aetiologies and correcting micronutrient deficiencies,
particularly in patients with persistent or worsening
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symptoms. The increased IEL in so called idiopathic
cases may normalise in the majority of cases at six
weeks, although it is unclear whether this improvement
[3]
correlates with symptom resolution . This suggests
idiopathic ME may be self-limiting in a proportion of
cases.
Further work is needed to better define the natural
history and long-term clinical significance of ME,
particularly whether it represents a precursor for more
sinister pathology such as lymphoma which has a well[91]
recognised association with CD . Whilst this remains
unclear the authors advocate that all patients with
ME including those who improve with treatment are
monitored and considered for repeat upper GI endoscopy
if clinically indicated.

SUMMARY AND RECOMMENDATIONS
The number of pathology reports identifying ME
has increased markedly in recent years alongside
advances in immuno-histochemical techniques and an
increasing caseload of patients undergoing endoscopic
investigation. This has created uncertainty amongst
some clinicians faced with interpreting a finding of ME
in the clinical setting. This expert consensus opinion
provides evidence-based recommendations to aid
clinical practice, particularly regarding the diagnosis,
investigation and management of ME.

CONCLUSION
ME is a histopathological condition that affects the small
bowel characterised by microscopic and submicroscopic
changes (Marsh stage 0-Ⅱ). Even sub microscopic
abnormalities may lead to micronutrient deficiencies and
symptoms. ME is associated with several recognised
aetiologies including gluten intolerance, gastrointestinal
infections, allergy, drug therapy, systemic inflammatory
disease like IBD and autoimmune conditions. The
severity of symptoms in Coeliac Disease is unrelated
to the degree of mucosal damage or length of bowel
affected and it clear that there is no correlation between
the degree of mucosal abnormalities and malabsorption.
A diagnosis of ME is indicated when Marsh Ⅰ or Ⅱ
mucosal abnormalities exist. In the presence of gastrointestinal symptoms or evidence of malabsorption, a
Marsh 0 lesion should be subjected to further detailed
examination. Indeed and clinical, serological, genetic
and histological and in some cases imaging data
may all be needed to determine the aetiologies. ME
should be investigated with a thorough history and
examination, a full serological screen and upper GI
endoscopy with gastric biopsies, H. pylori testing and (≥
4) duodenal biopsies from D2 and 2 from D1 in highrisk patients. A colonoscopy with biopsies taken from
both the left and right side may be useful in selected
cases. Treatment should be directed at the suspected
underlying aetiology. Regular reassessment is important
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in all cases particularly if symptoms persist and whilst
the natural history of ME remains unknown. Future
research should further evaluate the clinical significance,
aetiology-specific pathogenesis, natural history, specific
biomarkers and long-term sequelae of ME and the
essential pathological/immunological mucosal features
of each contributory cause.
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REVIEW

Role of periostin and its antagonist PNDA-3 in gastric
cancer metastasis
Guo-Xiao Liu, Hong-Qing Xi, Xiao-Yan Sun, Bo Wei
because it is frequently overexpressed in a variety of
epithelial carcinomas and is functionally involved in
multiple steps of metastasis progression. These include
the maintenance of stemness, niche formation, EMT, the
survival of tumor cells, and angiogenesis, all of which
are indispensable for gastric cancer metastasis. Periostin
has been reported to activate the PI-3K/AKT, Wnt, and
FAK-mediated signaling pathways to promote metastasis.
Therefore, periostin represents a potentially promising
candidate for the inhibition of metastasis. In this review
article, we summarize recent advances in knowledge
concerning periostin, its antagonist PNDA-3, and their
influence on such key processes in cancer metastasis as
maintenance of stemness, niche formation, epithelialto-mesenchymal transition, tumor cell survival, and
angiogenesis. In particular, we focus our attention on the
role of periostin in gastric cancer metastasis, speculate
as to the usefulness of periostin as a therapeutic and
diagnostic target for gastric cancer metastasis, and
consider potential avenues for future research.
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Core tip: Periostin is involved in various signaling
pathways, mediates the critical steps of a wide variety
of human tumors, and is associated with tumor growth,
invasiveness, and metastasis. Although some authors
have written reviews about periostin, they are often
fragmented and not very comprehensive. The purpose of
this review is to summarize the most recent knowledge
of periostin and its antagonist, as well as their structure
and the role they play in cancer metastasis, including the
maintenance of stemness, niche formation, epithelial-tomesenchymal transition, the survival of tumor cells and
angiogenesis, and avenues for future research.

Abstract
The extracellular matrix component periostin is a
secreted protein that functions as both a cell attachment
protein and an autocrine or paracrine factor that signals
through the cell adhesion molecule integrins αvβ3 and
α vβ 5. Periostin participates in normal physiological
activities such as cardiac development, but is also
involved in pathophysiological processes in vascular
diseases, wound repair, bone formation, and tumor
development. It is of increasing interest in tumor biology
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INTRODUCTION
Gastric cancer is the fourth most commonly diagnosed
cancer and the second leading cause of cancer
[1]
death worldwide . Metastases, rather than the
primary tumor, are responsible for the majority of
[2]
cancer deaths . Gastric cancer metastasis is a very
complex process involving epithelial-to-mesenchymal
transition (EMT), extravasation, dissemination in the
circulation, adhesion to and colonization of the distant
site, angiogenesis, and survival. To complete this
journey, gastric cancer cells use numerous strategies,
all of which lead to a common ultimate goal: the
dissemination of gastric cancer cells throughout the
body and their survival to form secondary growths.
These metastases are one of the greatest challenges
[3]
to successful cancer therapy . The prognosis for
gastric cancer with concomitant liver metastasis is
[4]
poor , with a 5-year survival rate as low as 0%-10%
[5]
in unselected cases . In 5.59% of gastric cancer
patients, liver metastases are detected before or
during surgery, while metastases occur in 21.75%
[6-11]
following surgical treatment
.
Gastric cancer metastasis is highly influenced by
tumor microenvironment. For example, a change in
nutrient availability or surrounding pH can influence
[12]
tumor metastasis . Extracellular matrix (ECM)
proteins also play an important role in tumor cell
metastasis by regulating stemness and the proliferation
[13,14]
of cancer stem cells (CSCs)
. Therefore, an
understanding of the roles played by ECM proteins
present in the tumor microenvironment with regards
to their influence on signaling pathways involved in
cell-ECM interactions could aid the prevention and
treatment of tumor metastasis.
The ECM protein periostin [formerly osteoblast
specificity factor 2 (OSF2)] has been implicated in
[15]
the process of gastric cancer metastasis . Initially
identified in the rat osteoblast cell line MC3T3-1,
periostin contains 811 amino acid residues and is
secreted by osteoblasts. It is also a member of the
fasciclin family, and contains an NH2-end signal
peptide sequence, a cysteine domain structure, four
homologous repeats (120-160 amino acids), and
[16]
a hydrophilic COOH-terminal structural domain .
[17]
Research from Coutu et al
has shown that
periostin is a member of a novel vitamin K-dependent
γ-carboxylated protein family characterized by the
presence of fasciclin domains. Periostin participates
in normal physiological processes, including cardiac
development, though it also has pathophysiological
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[19]

roles in vascular diseases , wound repair , bone
[20]
[21]
formation , and tumor development .
Overexpression of periostin has been identified
in various malignancies, including those of the
[22-25]
[26]
[27]
[28]
[29]
pancreas
, bile duct , lung , ovary , colon ,
[30,31]
[32]
breast
, and the head and neck . In contrast,
periostin is a suppressor of bladder cancer metastasis,
with mutational analysis revealing that the C-terminal
[33,34]
region is responsible for this effect
. To date, the
role of periostin in gastric cancer development has
[15,35]
not been studied sufficiently
. Gastric cancers
can be classified into two main histological groups,
[36]
diffuse or intestinal , and these have distinct genetic
and molecular backgrounds, morphologies, and
[37]
clinical features . The expression and function of
periostin appears to differ between these two gastric
cancer subtypes and so further research is needed to
understand this phenomenon.
Periostin is highly expressed in gastric epithelial
tumors and its function is indispensable for successful
[35,38]
angiogenesis and metastasis
. Clinical studies
have demonstrated that high periostin expression or
elevated serological levels of periostin correlate with
[39,40]
tumor metastasis and poor prognosis
. Periostin
participates in and promotes tumor metastasis
through multiple signaling pathways, suggesting that
the development of periostin inhibitors could aid the
prevention of gastric cancer metastasis.
Gastric cancer cells bind to periostin via the
integrins α v β 3 and α v β 5 ; however the epitope
recognized by these integrins has not been formally
[41]
identified. Orecchia et al
have explored whether
particular periostin domains influence tumor growth
and subsequent metastasis. They generated the
monoclonal antibody OC-20 and used recombinant
periostin fragments to characterize the epitope
recognized by this antibody. Their study revealed that
the epitope identified by monoclonal antibody OC-20 is
also the binding site for the integrins αvβ3 and αvβ5, and
is located in the second FAS1 domain of the protein.
Additionally, the use of this antibody in vivo inhibits
tumor growth and angiogenesis. The study also
showed that the FAS1 domain of periostin plays an
important role in tumor progression and subsequent
metastasis. Further, the monoclonal antibody OC-20
could prove useful in further exploring the role of
periostin in the metastasis of gastric cancer and may
contribute to the design of novel anti-metastasis
drugs.

Liu GX, Xi HQ, Sun XY, Wei B. Role of periostin and its
antagonist PNDA-3 in gastric cancer metastasis. World J
Gastroenterol 2015; 21(9): 2605-2613 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2605.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2605

EMT
EMT is critical in the development of tumor metastasis,
facilitating the acquisition of invasive and metastatic
[42-45]
potential by epithelial cells
. EMT was initially
recognized as a key step of morphogenesis during
embryonic development. Emerging evidence indicates
that this important developmental program promotes
tumor recurrence, drug resistance, and metastasis;
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features associated with a poor clinical outcome
for patients with gastric cancer. Periostin has been
demonstrated to be both a marker of metastasis and a
[46]
potent EMT inducer . Analysis of periostin expression
by histology strongly implicates cancer-associated
fibroblasts as the primary source of periostin. Here,
periostin facilitates gastric cancer cell invasion by
promoting EMT and establishing a pre-metastatic
[47]
niche . It has also been shown to promote the
migration of cells that have undergone EMT, thereby
[48]
facilitating their colonization of distant tissues .
Therefore, a better understanding of the signaling
pathways that influence EMT is essential for the
development of novel targeted therapeutics. However,
the mechanism by which periostin induces EMT in
gastric tumor cells remains unclear, and this should be
a major focus of future research.

and destruction by the immune system following
implantation. Periostin has been characterized as a
niche component capable of promoting the survival of
stem cells by enhancing Wnt signaling and promoting
[57]
metastasis . The niche environment can also
promote mutation and evolution of the CSC, thereby
[58]
increasing cell survival and metastatic potential .
The pro-survival effect of periostin on tumor cells and
human microvascular endothelial cells was discovered
by simulating the stress environment encountered
in metastatic tumors. Stress conditions such as
low oxygen, nutritional deficiencies, and reduced
adhesion are very common in metastatic tumors and
[59]
[57]
fast growing tumor masses . Malanchi et al
also
described how tumor cells infiltrating the lung can
induce the expression of periostin in the niche, thereby
initiating the colonization process.
Periostin can be secreted by cells in niches
supporting both normal stem cells and CSCs. Here,
periostin can act as an adhesion protein by facilitating
interaction between the CSC and the niche. This
protects stem cells from being influenced by external
differentiation factors and so maintains them in
an undifferentiated state. CSCs therefore evade
differentiation and apoptosis, preserving their ability
to colonize distant sites. Within the niche, tumor
cells enter a resting state and store energy for later
proliferation. As they adapt to their new environment
within colonized tissues, the proliferation process is
activated.

STEMNESS
Periostin can both induce stemness in tumor cells and
facilitate maintenance of this stemness during the
[49]
initiation of the colonization process . CSCs exhibit a
phenotype similar to that of adult stem cells isolated
from the same tissue, and share the properties of
self-renewal and differentiation with normal stem
[50]
cells . CSCs were first discovered in hematological
[51]
malignancies and have more recently been identified
[52,53]
[54]
in solid tumors
. Dieter et al have described how
tumor invasion is initiated by a small group of CSCs,
suggesting that they are extremely important for
[55]
metastasis. Recently, Vermeulen et al
revealed that
Wnt signaling is important for maintaining stemness
in both normal colon stem cells and in colon cancer
cells. Here, the presence of Wnt activity allows for the
identification of colon CSCs and facilitates screening
of colon tumors for mutations. Further, this study
found that particular cells close to the CSC maintain
this high Wnt activity, and are capable of activating
the Wnt pathway in more differentiated tumor cells,
which then regain clonogenicity or tumorigenicity.
Recently, an interaction between periostin and the Wnt
pathway ligands Wnt1 and Wnt3A was identified in a
CSC population, and new emerging evidence indicates
that EMT may enhance the stemness of CSCs, which
[56]
in turn facilitates metastasis . More clearly defining
the relationship between periostin and CSC stemness
in gastric cancer will aid in elucidating the mechanisms
underlying gastric cancer metastasis.

ANGIOGENESIS
Periostin promotes angiogenesis in tumor metastases,
thereby facilitating survival and proliferation of
tumor cells following their colonization of distant
tissues. Angiogenesis encompasses endothelial cell
proliferation, migration, and tube formation, all of
which are necessary for tumor growth. Periostin
is secreted and signals through the cell adhesion
molecules integrins αvβ3 and αvβ5. In this pathway,
periostin activates the PKB/AKT and FAK/Src signaling
pathways, ultimately leading to increased angiogenesis,
enhanced invasiveness and metastatic ability, and
[39,60]
decreased apoptosis
. The induction of angiogenesis
by periostin is partly achieved through upregulation of
vascular endothelial growth factor (VEGF) receptor 2
(Flk-1/KDR) on endothelial cells by integrin signaling.
VEGF and Flk-1/KDR have also been conclusively shown
to be involved in the induction of angiogenesis during
[61]
solid tumor development . Periostin is differentially
expressed in primary tumors and human colon cancer
metastases, with studies showing that a high level of
periostin expression is associated with metastatic colon
tumor cells. Researchers have also identified elevated
periostin expression in colon cancer cells inoculated
into nude mice. Here, periostin promoted the growth
of liver metastases, suggesting that periostin plays a
significant role in the late stages of cancer progression.

NICHE FORMATION
The role of periostin in promoting adhesion within
the CSC niche is a key component of the metastatic
process. Tumor cells colonizing distant tissues
must successfully interact with the target tissue
microenvironment to establish metastasis. The
expression of certain ECM components is upregulated
in CSCs, which protects tumor cells from detection
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In support of this, periostin secreted by tumor cells
has been shown to induce angiogenesis via paracrine
[59]
signaling during the development of metastases .
Additional support for this is provided by the suggestion
that periostin is a hypoxia-response gene that mediates
cross-talk between gastric cancer cells and endothelial
cells under hypoxic conditions, at least partially through
[62]
the regulation of VEGF expression .

no gastric cancer cell lines express periostin mRNA
[15]
except YCC11 . Cells of this type harbor a unique,
non-benign single-nucleotide variant in RPS6KA6,
which could influence periostin expression via the
activation of CREB, a known inducer of periostin
[66]
expression . These findings suggest that the stroma
is an active participant in gastric cancer metastasis,
and that focusing on the stroma in future research
may help achieve a better understanding of the
mechanisms underlying tumor progression and
facilitate therapeutics based on stromal targets.

CELL SURVIVAL
Metastatic growth is controlled by the dynamic balance
[63]
between cancer cell proliferation and apoptosis .
Therefore, factors that facilitate cell survival or inhibit
programmed cell death contribute to the success of
metastatic colonization. Studies have shown that fewer
apoptotic cells were present in metastatic tumors
that originated from periostin-producing cells when
[59]
compared with control cells in vitro . Consistently,
periostin activated the Akt/PKB pathway in colon
cancer cells through integrins αvβ3 and αvβ5, promoting
[59]
cell survival . To successfully establish at a metastatic
site, tumor cells have to confront and overcome cellular
stresses such as nutrient deprivation and hypoxia
following their arrival. Interestingly, treatment of cells
with an anti-periostin antibody potentiates the effects
of 5-fluorouracil and augments apoptosis induced
[64]
by chemotherapy in colon cancer cells . Gastric
and colon cells arise from the same progenitor cells
during embryogenesis and share many characteristics.
Therefore, periostin could be an effective target for the
diagnosis and treatment of metastatic gastric cancer.

PERIOSTIN REGULATION
Periostin has been found to be potently upregulated by
both bone morphogenetic protein-2 and transforming
[67,68]
growth factor (TGF)-β
. In this context, it appears
that periostin serves as an effector of the pro-metastatic
activity of TGF-β during gastric cancer metastasis.
Periostin has been revealed to be regulated by twist
as well, with twist capable of binding the periostin
promoter to upregulate periostin expression in cancer
[69]
cells . The hypoxia-responsive growth factors FGF-1
and angiotensin Ⅱ also increase periostin expression
in pulmonary arterial smooth muscle cells by activating
the PI3-K/Akt/p70S6K, Ras/MEK1/2/ERK1/2, and
[70]
Ras/p38MAPK signaling pathways . Further, periostin
expression is regulated by IL-4 and IL-13 in lung
fibroblasts, and by Wnt-3 in mouse mammary epithelial
[71,72]
cells
. Pancreatic stellate cells are also stimulated to
secrete periostin by FGF-A, FGF-B, PDGF-aa, and PDGFbb. However, much data concerning periostin regulators
is derived from studies of embryonic or adult processes.
Further research is required to characterize the
regulation of periostin under metastatic conditions. An
understanding of the distinct mechanisms that regulate
periostin in this context will enhance patient evaluation
and facilitate the design of innovative therapeutic
approaches to gastric cancer metastasis.

SOURCE OF PERIOSTIN
The source of periostin in tumors is a matter of
controversy since periostin expression in most tumor
cell lines is low. Interestingly, lower levels of periostin
expression are detected in tumor cell lines when
compared with similar tumor tissues, and periostin
production by non-epithelial cells present in tumors
of gastric origin has been demonstrated via analysis
[15]
of publicly available microarray data sets . Several
independent studies have reported production of
[40,65]
periostin by stromal cells
, whereas others have
detected periostin mRNA in the cytoplasm of cancer
cells. In gastric cancer tissue, fibroblastic stromal
cells present in a dense collagenous matrix show
[47]
strong immunoreactivity for periostin . Here,
+
double-staining for α-SMA and periostin in advanced
+
invasive cancer showed that α-SMA fibroblasts were
embedded in the cancer stroma, which also contained
abundant periostin. Furthermore, periostin mRNA
was detected in fibroblastic stromal cells, but not in
carcinoma cells, suggesting that periostin is produced
by stromal myofibroblasts rather than by neoplastic
cells in gastric cancer. An analysis of publicly available
microarray data sets has subsequently revealed that
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TRANSFORMING GROWTH FACTOR,
BETA-INDUCED
Transforming growth factor, beta-induced (TGFBI)
and periostin are both TGF-β-induced ECM proteins
[73]
possessing FAS1 domains . TGFBI mRNA expression
shows a pattern complementary to that of its highly
[74]
homologous relative, periostin . TGFBI contains an
N-terminal secretory signal peptide and a C-terminal
RGD motif followed by a cysteine-rich domain and
four internal homologous repeats that could serve
as a bridge between cells expressing appropriate
[75,76]
ligands
. TGFBI has been shown to play an
important role in the invasion of colon and pancreatic
cancers. TGFBI is also expressed in mesothelial cells,
especially in those from patients with advanced gastric
cancer. It has been suggested that expression of TGFBI
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in peritoneal mesothelial cells during gastric cancer
is both a novel marker of the metastatic behavior of
gastric cancer and an important component of the
[77]
process of peritoneal carcinomatosis . These effects
have been shown to result from interactions between
the integrin receptors and the FAS1 domain of
[78]
TGFBI . Interestingly, although periostin and TGFBI
share remarkable sequence and structural homology,
the slight differences in their C-terminal domains may
lead to differences in their effects at different stages
of metastasis. TGFBI appears to promote colon cancer
metastasis primarily during extravasation, which is
an early stage of metastasis, by inducing dissociation
of VE-cadherin junctions between endothelial cells
through the activation of the integrin αvβ5-Src signaling
pathway. Therefore, cancers over-expressing TGFBI
may have an increased metastatic potential, leading
[75]
to poor prognosis . Periostin facilitates colon cancer
metastasis by increasing cell survival at a later stage
of cancer metastasis. Therefore, close examination of
the C-terminal domains of periostin may enhance our
understanding of gastric cancer metastasis.

Aptamer-nanoparticle conjugates enable active
controlled delivery of drugs that are incorporated in
the nanoparticles when they are bind to a disease site
because of the aptamer affinity to this site. Aptamers
combined with nanoparticles are nanosystems well
qualified for the development of new biomedical
devices for analytical, imaging, drug delivery, and
many other medical applications. In this way,
nanoparticle-based bioimaging and smart drug delivery
are enabled, especially by use of systematically
developed aptamers for cancer-associated biomarkers.
Most anticancer pharmaceuticals have destructive
effects on both gastric cancer cells and normal cells.
Aptamers can facilitate cell-specific drug delivery in
a selective way to sick gastric cancer cells because
of their specific binding, which can not only enhance
therapeutic effects, but also diminish adverse effects.
Moreover, simultaneous in vivo detection and therapy
for gastric cancer cells lowers the burden for gastric
cancer patients. However, the widespread phenomenon
of possible nonspecific accumulation of nanoparticles
in the liver must be taken into account.

Problems and solutions

NUCLEIC ACID APTAMERS

Although aptamers have a large number of advantages,
it seems strange that they account for only a small part
of modern therapeutic drugs. There main problems
impeding the widespread application of aptamers in
disease and approaches that could significantly expand
the range of aptamer. The average time of aptamer
decay in blood depends on conformational structure
and oligonucleotide concentration. Since such a time is
inappropriate for most therapeutic applications, some
methods for protecting aptamers from degradation by
nucleases have been developed. One of the methods
used to generate nuclease-resistant aptamers is
to perform SELEX with oligonucleotides containing
[79]
modified nucleotides . Furthermore, the removal of
aptamers in vivo via renal filtration complicates their
wide application. Most aptamers can be easily excreted
by kidneys. Conjugation of aptamers with polyethylene
glycol is the best solution to this problem. Additionally,
aptamer generation usually requires purified target
molecules. Some proteins are difficult to purify
because of their chemical properties. Sometimes,
aptamers generated against target proteins expressed
in one kind of cells do not bind to the same proteins
expressed in other kinds of cells as a result of post[91]
translational modifications . The modified SELEX
protocol can be used to select aptamers recognizing
[92,93]
cell-surface proteins
. Aptamers that recognize
particular targets can also bind to molecules with a
similar structure regardless of their high specificity.
Aptamer cross-reactivity can be a barrier to their
therapeutic application, since the possible side effects
may be caused by aptamers interacting with other
proteins; however, this problem can be settled by
performing a SELEX negative selection step with

The potential use of aptamers in cancer therapy was
recognized upon their development almost a quarter
[79]
of a century ago . PNDA-3 is a recently described
modified nucleic acid that can specifically bind to the
third or fourth FAS1 domain structure of periostin
to inhibit its function. The development of targeted
therapy has become a main focus of cancer treatment
[80,81]
in recent years
. Aptamers have many potential
advantages over other therapeutic tools, including
enhanced stability, easy generation and modification,
[82-85]
low immunogenicity, and low toxicity
. Aptamers
often inhibit protein function following specific
binding, and the lack of immunogenicity or toxicity,
high penetrability, and easy clearance, make them
attractive candidates to develop as inhibitors of tumor
[86-88]
metastasis
. The production cost of RNA is lower
than DNA and is difficult to be degraded, so the
selected aptamer is more suitable for treatment in vivo
and diagnosis in vitro. Scientists also combine aptamer
with nanotechnology to develop a smartly-designed
fluorescent probe (aptamer beacon) according to the
character of high affinity and high specificity of the
aptamer, to detect the content of target molecules
through the intensity of the fluorescent signal.
Aptamer is therefore a very promising antagonist
molecule. Aptamers targeting cell-surface proteins
have recently been developed as promising delivery
vehicles, diagnostic tools, and treatment tools for
[89,90]
targeting cancer
.
Aptamers are used as aptamer-nanoparticle
conjugates for smart drug delivery and in combination
with nanoparticles for biomedical sensing and
detection because of their outstanding properties.
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similar molecules in structure.

or RNA molecules designed to bind to proteins and
regulate their activity and function. These aptamers
represent an emerging class of targeted therapeutic
[95,96]
molecules
. While the mutations that cause cancer
change gene expression patterns first, the cell and
tissue morphology changes occur later. Conventional
methods of gastric cancer diagnosis are primarily
focused on morphological abnormalities, and therefore
cannot identify the early stages of gastric cancer.
We have described how a modified DNA aptamer,
PNDA-3, could be modified for in vivo use. PNDA-3
blocks the interaction between periostin and its cell
surface receptors, reducing the activation of signaling
pathways that rely on integrins αvβ3 and αvβ5. This
results in weaker FAK/Src signal pathway activity,
potently inhibiting the maintenance of stemness,
niche formation, EMT, and angiogenesis in cancer
metastasis. These results suggest that molecules
targeting periostin may be promising tools for the
inhibition of cancer metastasis. The study of periostin
may well be a promising direction for future research
into the inhibition of gastric cancer metastasis.

PNDA-3

PNDA-3 blocks the interaction between periostin
and its cell surface receptor. Its use could therefore
facilitate the effective diagnosis and treatment of tumor
metastasis. PNDA-3 impairs the activation of signaling
pathways that rely on ligand binding to integrins αvβ3
and αvβ5. This produces a strong inhibitory effect on
tumor cell adhesion, migration, and implantation in a
mouse model. Importantly, the effect of PNDA-3 on
the inhibition of tumor growth in this model is much
higher in vivo than in vitro. This phenomenon could be
explained by the role of periostin in the niche prior to
colonization. Therefore, the presence of PNDA-3 in the
tumor microenvironment affects the function of not
only cancer cells, but also the surrounding endothelial
and other tumor-related cells.
The effectiveness of periostin antagonism by
PNDA-3 has been assessed in vivo using a tumor
growth and metastasis model that employs metastatic
4T1 cells implanted into female BALB/c mice
mammary fat pads. After 20 d, post-injection tumors
in all mice showed a similar distribution, including
the lymph nodes, liver, spleen, and lungs. However,
large metastases (> 2 mm) were commonly found
in the lung tissue of the control group, with few such
metastases identified in the PNDA-3 treatment group.
Use of a similar approach whereby gastric cancer
cells are implanted into the stomach could enable
the evaluation of PNDA’s efficiency in reducing gastric
cancer metastasis to the liver. Further investigations
revealed an anti-angiogenic effect of PNDA-3, with
microvascular density significantly reduced in the
PNDA-3 treatment group. Therefore, the decreased
activation of signaling pathways that rely on integrins
αvβ3 and αvβ5, such as the FAK/Src pathway, not
only affects tumor metastasis itself, but also inhibits
[94]
angiogenesis within metastases . Employing PNDA-3
in a mouse model of gastric cancer could therefore aid
in understanding how to control liver metastases of
stomach cancer from the source.
To ascertain whether the specificity of PNDA-3 for
periostin is constant in vivo, Cy3-labeled PNDA-3 was
injected intravenously into tumor-bearing mice. Cy3labeled PNDA-3 was detected in areas of metastatic
tumor formation for a period of time, indicating that
it could be used as a novel effective method for the
diagnosis of gastric cancer metastasis. PNDA-3 could
also impair metastasis by inhibiting the function of
periostin, allowing it to function in both the treatment
and prevention of gastric cancer metastasis.
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Abstract
AIM: To investigate perfusion change in contrastenhanced ultrasonography (CEUS) to evaluate liver
fibrosis based on biliary obstruction using an animal
model.
METHODS: New Zealand white rabbits (3-4 kg)
underwent bile duct ligation to form a biliary obstruction
model. We performed liver CEUS and laboratory tests
on the day before the operation (day 0) and every 7
postoperative days until the rabbits were sacrificed.
After CEUS, signal intensity of liver parenchyma
with a time-intensity curve was analyzed. Perfusion
parameters were automatically calculated from regionof-interests, including peak signal intensity, mean
transit time, area under the curve and time to peak.
Histological grades of liver fibrosis were assessed
according to the Metavir score system immediately after
sacrifice. Generalized estimating equations were used
to analyze the association between liver fibrosis grades
and perfusion parameters for statistical analysis. The
perfusion parameters were measured on the last day
and the difference between day 0 and the last day were
evaluated.
RESULTS: From the nine rabbits, histological grades
of liver fibrosis were grade 1 in one rabbit, grade 2 and
3 in three rabbits each, and grade 4 in two rabbits.
Among the four CEUS parameters, only the peak signal
intensity measured on the last day demonstrated a
significant association with liver fibrosis grades (OR =
1.392, 95%CI: 1.114-1.741, P = 0.004). The difference
in peak signal intensity between day 0 and the last day
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also demonstrated an association with liver fibrosis
(OR = 1.191, 95%CI: 0.999-1.419, P = 0.051). The
other parameters tested, including mean transit time,
area under the curve, and time to peak, showed no
significant correlation with liver fibrosis grades.

for other organs, especially for diagnosing focal lesions
[1,5]
and monitoring treatment response .
Previous studies also demonstrated the role
of CEUS for evaluating liver fibrosis because local
and hemodynamic changes accompanied fibrotic
[6]
liver changes . The severity of cirrhosis can be
evaluated with enhanced signal intensity of the liver
[7,8]
parenchyma on CEUS . However, the utility of CEUS
in liver fibrosis from biliary obstruction has not been
evaluated.
Liver fibrosis occurs in adults, but can also occur
in children; however, the causes of liver fibrosis are
different in children compared with adults. The major
indication for liver transplantation in children is biliary
[9]
atresia, which causes biliary cirrhosis , despite the
fact that the pathophysiology of biliary atresia is not
[10]
well known. Hartley et al
commented that biliary
atresia might be a final common phenotype for several
pathogenic processes. Additionally, liver fibrosis
progresses rapidly before and even after performing a
[11]
hepatoportoenterostomy for bile drainage . Therefore,
early and accurate evaluation of liver fibrosis in pediatric
patients with biliary atresia is important. Liver fibrosis
evaluation with CEUS can be particularly useful in
pediatric patients because of the absence of radiation
exposure and because it is easy to perform without
sedation. However, to our knowledge, no previous
studies have evaluated the utility of CEUS for liver
fibrosis caused by biliary obstruction.
Therefore, the aim of this study was to investigate
the feasibility of CEUS to evaluate liver fibrosis
from biliary obstruction by quantitatively assessing
perfusion change using an animal model. We per
formed serial follow-up before and after operation
of biliary obstruction and examined US features and
changes in perfusion parameter patterns from CEUS
that correlated with liver fibrosis induced by biliary
obstruction.

CONCLUSION: This animal study demonstrates that
CEUS can be used to evaluate liver fibrosis from biliary
obstruction using peak signal intensity as a parameter.
Key words: Ultrasonography; Contrast enhanced ultrasound;
Liver cirrhosis; Animals; Bile ducts; Ligation; Rabbits
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Contrast-enhanced ultrasonography (CEUS)
was proposed for the evaluation of liver fibrosis.
However, no previous studies have evaluated the
utility of CEUS for liver fibrosis caused by biliary
obstruction, which can be the major cause of liver
fibrosis in children. Therefore, we investigated the
feasibility of CEUS to evaluate liver fibrosis from biliary
obstruction by quantitatively assessing perfusion
changes in an animal model with bile duct ligation. We
also demonstrated that the parameter of peak signal
intensity from CEUS could be useful to evaluate liver
fibrosis from biliary obstruction.
Shin HJ, Chang EY, Lee HS, Hong JH, Park G, Kim HG,
Kim MJ, Lee MJ. Contrast-enhanced ultrasonography for the
evaluation of liver fibrosis after biliary obstruction. World J
Gastroenterol 2015; 21(9): 2614-2621 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2614.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2614

INTRODUCTION
Contrast-enhanced ultrasonography (CEUS) is an
examination based on blood pool tracer visualization
using ultrasound contrast agents during real-time
ultrasonography (US) imaging. CEUS assessment
can be made by canceling and separating of linear
ultrasound signals from tissues and by utilizing
[1]
non-linear signals from microbubbles . Although
visualization of the microvasculature is limited in
conventional US, computed tomography (CT) and
magnetic resonance imaging (MRI), it becomes
possible through CEUS. Moreover, CEUS can
quantitatively measure blood flow and perfusion using
contrast kinetic curves obtained from quantification
[2]
software . This method had high diagnostic
performance and clinical utility for detecting and
[3,4]
characterizing focal liver lesions . Moreover, the
European Federation of Societies for Ultrasound in
Medicine and Biology documented guidelines for
utilizing CEUS, not only for liver assessment, but also
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MATERIALS AND METHODS
Experimental protocol

This study protocol was approved by our institutional
animal experimental committee and performed
according to local animal care guidelines. Nine male
New Zealand white rabbits that weighed 3-4 kg were
included. Under general anesthesia, the common
bile ducts were ligated with suture material by one
pediatric surgeon (E.Y.C.). The rabbits were maintained
on a standard diet after the operation.
Laboratory tests were also performed before
and after the operation, including measurement
of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and total bilirubin levels.
The upper normal limits of the laboratory tests were
36 IU/L for AST, 72 IU/L for ALT, and 1.0 mmol/L for
total bilirubin. Preoperative tests were performed just
before starting the operation. Postoperative tests were
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Figure 1 Time-intensity curve from contrast enhancement ultrasonography of the liver of a rabbit. The contrast enhancement ultrasonography (CEUS) was
performed with a high frequency linear transducer and the time-intensity curve was automatically presented as an absolute time to echo mean (dB) curve with a curve
fitting method.

performed at the postoperative day 3, day 7, every 7 d,
and the last was performed prior to sacrifice. The time
of sacrifice was agreed upon by the veterinarian (G.P.)
and radiologists according to the rabbits’ condition.

presented absolute time to echo mean (dB) curve with
a curve fitting method (Figure 1). It also automatically
calculated perfusion parameters of the ROI, including
peak signal intensity (PSI, dB), mean transit time
(MTT, s), area under the curve (AUC, dB s) and time
to peak (TTP, s). The values were obtained three times
from the two examinations by the same radiologists
with a blind-check of parameters in the same rabbits.
From the three values, mean values were obtained as
representative values.

Imaging study including CEUS

Abdominal US was performed while the rabbits were
under sedation on the day before the operation (day 0)
and every 7 postoperative days until the rabbits were
sacrificed. Additional examination was performed just
before the sacrifice, if possible.
The imaging study, including CEUS, was performed
using an ultrasound unit (iU22, Philips Medical
Systems, Best, The Netherlands) equipped with a
L12-5 linear transducer (5-12 MHz). All US evaluations
were performed by one of two board-certified
radiologists (M.J.L. and H.J.S.). Before the CEUS study,
intrahepatic bile duct dilatation from successful bile
duct ligation was confirmed on US. For CEUS imaging,
we captured the images of relatively homogeneous
liver parenchyma without shadowing from the bowel or
ribs. Lipid-based ultrasound contrast agent (SonoVue,
Bracco, Milan, Italy) dissolved with a 5-mL physiologic
saline solution was used. Then 0.4 mL of mixed
contrast agent was administered as a bolus into the
ear vein of the rabbit, followed by a 2-mL saline flush.
The images were recorded continuously for three
minutes from the time of contrast injection, and these
procedures were repeated twice. The time interval
between the two CEUS examinations was more than
five minutes.

Pathologic evaluation

Immediately after sacrifice, liver specimens were fixed
in 10% formalin, embedded in paraffin, cut into 3-mmthick sections, and stained with Masson’s trichrome.
Histological grades of liver fibrosis were assessed
[12,13]
according to the Metavir score system
. The
fibrosis score was evaluated from this semiquantitative
classification system as follows: 0 = no fibrosis, 1 =
portal fibrosis without septa, 2 = few septal fibrosis, 3
= numerous septal fibrosis without cirrhosis, and 4 =
[12]
cirrhosis .

Statistical analysis

Histopathologic results were used as a standard
reference. Generalized estimating equations were
used to analyze the association between liver fibrosis
grades and perfusion parameters. The US examination
parameters measured on the last day and the
difference between day 0 (before operation) and
the last day were evaluated. Odds ratios (ORs) with
95%CI were calculated for all parameters. Statistically
significant results were assumed when the P value was
less than 0.05 in all cases. Analysis was performed
using SAS software (version 9.2; SAS Institute Inc.,
Cary, NC, United States).

Image analysis

The cine clips were downloaded in the DICOM format
for offline processing (QLAB software, Philips Medical
Systems, Best, The Netherlands) with a bolus kinetic
model for acquiring the perfusion parameters from the
CEUS examinations. We drew a region-of-interest (ROI)
in the liver parenchyma and avoided hepatic vessels
or dilated bile ducts. The software automatically
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RESULTS
From the nine rabbits, the CEUS and laboratory tests
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Table 1 Laboratory result changes in preoperative and postoperative tests
Preoperative day (day 0)
(n = 9)

Postoperative day 7
(n = 9)

Postoperative day 14
(n = 6)

Postoperative day 21
(n = 2)

24.6 ± 14.0
64.8 ± 28.8
0.2 ± 0.1

94.3 ± 55.1
217.8 ± 94.6
5.4 ± 3.1

46.7 ± 16.9
49.7 ± 10.2
5.7 ± 3.5

55.5 ± 2.1
94 ± 12.7
5.5 ± 1.5

Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Total bilirubin (mmol/L)
Data are presented as the mean ± SD.

Table 2 Liver fibrosis grades and perfusion parameters
Fibrosis grades

Grade 1
(n = 1)

Grade 2
(n = 3)

Mean value on the last day
Peak signal intensity (dB)
10.28
10.53 ± 1.53
Mean transit time (s)
63.27
49.15 ± 6.7
Area under the curve (dB s)
1160.84
945.08 ± 196.93
Time to peak (s)
23.18
20.35 ± 3.26
Mean value difference on the last day and mean value on day 0
Peak signal intensity (dB)
1.63
-0.95 ± 1.1
Mean transit time (s)
2.78
-4.64 ± 7.67
Area under the curve (dB s)
196.26
-272.71 ± 154.65
Time to peak (s)
1.6
1.76 ± 4.96

Grade 3
(n = 3)

Grade 4
(n = 2)

Odds ratio
(95%CI)

P value1

12.64 ± 0.29
45.40 ± 5.91
1146.56 ± 39.96
21.85 ± 3.37

14.35 ± 0.33
45.78 ± 0.97
1406.26 ± 3.36
27.33 ± 3.39

1.392 (1.114-1.741)
0.979 (0.946-1.013)
1.001 (1.000-1.003)
1.052 (0.959-1.154)

0.0042
0.215
0.113
0.284

1.191 (0.999-1.419)
1.001 (0.977-1.026)
1.001 (1.000-1.002)
1.053 (0.969-1.143)

0.051
0.946
0.160
0.222

0.15 ± 1.38
-14.24 ± 13.21
-259.65 ± 267.88
-0.12 ± 3.52

5.2 ± 0.84
4.67 ± 0.57
631.21 ± 92.03
10.42 ± 2.13

1

From generalized estimating equations; 2Statistically significant results were assumed when the P value was less than 0.05. Data are presented as the
estimated mean ± SE.

Peak intensity (dB)

20

decreased during follow-up. However, total bilirubin
levels were persistently elevated during follow-up
(mean: 5.4-5.7 mmol/L).
Before the CEUS study, intrahepatic bile duct
dilatation was detected in all rabbits. On CEUS, the
time-intensity curve was obtained as a typical pattern
after bolus injection, showing an early and rapid rising
slope and a gradual decreasing slope after reaching PSI
(Figure 1). The perfusion analysis results obtained from
this curve are summarized in Table 2. Among the four
perfusion parameters, only PSI measured on the last day
demonstrated a significant association with liver fibrosis
grades (OR = 1.392, 95%CI: 1.114-1.741, P = 0.004)
(Figure 2). The difference between the mean value on
the last day and that of day 0 (before operation) also
indicated that PSI was associated liver fibrosis (OR =
1.191, 95%CI: 0.999-1.419, P = 0.051). The other
parameters including MTT, AUC, and TTP showed no
significant correlation with liver fibrosis grades.

22
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Figure 2 Peak signal intensity and liver fibrosis grade associations. The
peak signal intensity measured on the last day showed significant association
with liver fibrosis grades with an OR = 1.392 (95%CI: 1.114-1.741, P = 0.004).

were performed until postoperative day 7 in two
rabbits, day 10 in one rabbit, day 14 in three rabbits,
day 18 in one rabbit, and day 21 in two rabbits.
Histological grades of liver fibrosis were grade 1 in
one rabbit, grade 2 and 3 in three rabbits each, and
grade 4 in two rabbits. The follow-up duration in each
fibrosis grade was 18 d in fibrosis grade 1, 10-14 d in
grade 2, 7-14 d in grade 3, and 21 d in grade 4.
The laboratory test results are summarized
in Table 1. The AST, ALT, and total bilirubin levels
were within normal range in the initial preoperative
study and all the values were markedly increased
on postoperative day 7. The levels of AST and ALT
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DISCUSSION
Liver cirrhosis is characterized by morphologic and
hemodynamic changes of the general liver. The
morphologic changes include coarse liver parenchymal
echogenicity, liver surface nodularity, left lobe
hypertrophy, enlargement of the hilar periportal space,
and secondary changes from portal hypertension,
[13,14]
such as splenomegaly and ascites
. Hemodynamic
change is due to global change in liver perfusion
that results from sequential changes of arterialized
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capillaries, decreased portal flow and increased arterial
[14-16]
flow that compensates for the other changes
.
Various imaging modalities have been used to evaluate
liver fibrosis to detect morphologic or hemodynamic
changes.
Even though liver biopsy is a gold standard for
diagnosing liver fibrosis, it is limited because of its
[17,18]
invasive nature and sampling errors
. Abdominal
US is commonly performed in clinical practice because
it can evaluate morphologic and hemodynamic
[13]
changes using grayscale and Doppler studies .
Previous studies demonstrated that the accuracy for
[14,19]
detecting liver cirrhosis using US was 82%-88%
.
However, this evaluation has limited accuracy for early
liver fibrosis detection. CT also can be used to evaluate
liver fibrosis and a recent study demonstrated that
early fibrotic change could be detected using perfusion
[20]
CT . However, CT is associated with radiation hazards
and insufficient spatial resolution in small infants,
and is not advantageous because it uses iodinated
[14]
contrast agents . MRI can also be used to evaluate
liver fibrosis and is better than CT. However, MRI is
limited because of the non-linear relationship between
[14]
tracer concentration and acquired signal intensity .
Additionally the cost, need for sedation, and longer
examination time are also important drawbacks of
[13]
MRI in pediatric patients . A Fibroscan showed good
[17]
correlation with liver fibrosis detection ; however,
this method lacks anatomical information. The
acoustic radiation force impulse imaging and shear
wave elastography allow liver fibrosis assessment, but
standard cutoff values between normal and pathologic
conditions have not yet been identified and the
recent report demonstrated that the obtained values
differed according to the frequency of transducers and
[21]
acquisition depths . Therefore, CEUS can be applied
as an optimal tool to assess liver fibrosis because it
includes grayscale images from US and even subtle
perfusion changes can be quantitatively detected from
contrast administration, without radiation exposure or
need for sedation in infants.
Several clinical studies used CEUS for adults
[15,22-26]
[22]
with chronic viral liver disease
. Ridolfi et al
showed that PSI was higher in cirrhosis patients, as in
our study, and TTP and MTT were shorter in cirrhotic
patients compared with the control group. In the other
previous studies, liver transit time was widely used for
[15,23,24,26]
assessing liver fibrosis and cirrhosis
. The liver
transit time was significantly shortened in advanced
liver fibrosis by arteriovenous shunting and arterialized
[14,16,26]
capillaries
.
Two CEUS studies that assessed liver fibrosis
evaluation were performed in an animal model and
[6,27]
had different results
. In these studies, liver fibrosis
was induced by administering carbon tetrachloride
[27]
(CCl4) via intraperitoneal routes. Zhang et al applied
CEUS in rabbits and showed that PSI was decreased
with the development of liver fibrosis, which was
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contrary to our results. In their study, hepatic artery
to vein transmission time was significantly shorter
in the advanced fibrosis group than the other groups.
They suggested that decreased PSI resulted from
decreased sinusoid volume caused by fibrosis and
explained that decreased transit time through the liver
resulted from increased intrahepatic shunts, similar to
[6]
the explanation given in a human study. Ying et al
used CEUS in rats and also demonstrated that PSI was
significantly decreased. However, TTP was significantly
increased in the advanced fibrosis group compared with
the early fibrosis group. They explained that delayed
TTP was obtained from decreased hepatic sinusoidal
volume derived from fibrotic change, which could lead
to reduced liver blood flow velocity, overall decreased
portal vein volume, and a longer perfusion time for liver
parenchyma.
In the literature reviewed, PSI and TTP showed
different results for evaluating advanced liver fibrosis.
The two main explanations for hepatic perfusion
change were decreased sinusoidal volume by fibrotic
change and increased intrahepatic shunt flow causing a
considerable amount of blood bypass. However, these
pathogeneses could vary in our study. Chronic viral
hepatitis in adults and intraperitoneal CCl4 injection in
animals are different conditions compared with the bile
duct ligation used in our study. The former conditions
mainly induce hepatotoxicity, while bile duct ligation
can cause cholestasis, recurrent cholangitis, and biliary
cirrhosis. Previous animal studies revealed that liver
fibrosis from hepatitis resulted from the activated
hepatic stellate cells and portal myofibroblasts which
lead to progressive portal fibrosis, periportal fibrosis
[6,27,28]
and development of regenerative nodules
.
However, liver fibrosis from obstructive cholestasis
is different from this pattern. Obstructive cholestasis
leads to bile duct proliferation and hyperplasia of bile
duct epithelium which aggravates the generation of
profibrogenic cytokine transforming growth factor b to
[29,30]
form a scar
. Moreover, we used rabbits that had
body weights of 3-4 kg, which was similar to full-term
neonates, to evaluate liver fibrosis from biliary atresia.
Using rats as an animal model has limitations because
of their small liver volume. This is because it is more
complicated to avoid small liver vessels for quantitative
CEUS analysis.
In our study, laboratory tests showed that AST and
ALT levels were markedly increased on postoperative
day 7 and decreased during follow-up. However, these
levels did not reach the normal range. Even though
inflammatory changes from bile duct obstruction de
creased gradually during the follow-up, it persisted
in addition to liver fibrosis. This is similar to clinical
conditions in biliary atresia. In children with biliary
atresia, the intrahepatic inflammatory processes
can continue for at least six months after Kasai
portoenterostomy, which might cause progressive
[10,31]
fibrosis and cirrhosis
. Moreover, the progression of
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fibrosis is more likely when cholangitis is recurrent .
[29]
Lee et al
demonstrated that biliary atresia was
characterized by portal tract inflammation and biliary
cirrhosis could develop in late stages. They showed
that patients with biliary atresia had significantly
larger hepatic artery, representing hypertrophic and
hyperplastic changes that resulted from liver fibrosis.
A recent review of hepatic fibrosis and cirrhosis
explained that before an overall decrease in hepatic
perfusion as a late change, hepatic arterial flow
increases as a compensatory response resulting from
arterialization of capillaries and reduced portal venous
[14]
flow . The increased PSI in our study could result
from the increased compensatory hepatic arterial flow
that occurs before advanced liver cirrhosis. However,
we could not evaluate the diameter or Doppler flow
pattern of the hepatic artery from rabbits due to small
size and large variation of rabbit hepatic arteries
detected during the operation. Moreover, bile duct
ligation does not have the same pathophysiology as
biliary atresia. Further studies are needed to validate
the utility of perfusion analysis using CEUS to evaluate
liver fibrosis in children with biliary atresia.
Our study had several limitations. First, the number
of subjects was small. Only one rabbit was included
in fibrosis grade 1. This could lower the statistical
power of our study and could be a key reason why
other parameters, including MTT, AUC and TTP, were
not significantly correlated with fibrosis grade, in
[6,13,22,25]
contrast to other studies
. However, our study
demonstrated the feasibility of CEUS to evaluate
liver fibrosis from biliary obstruction using an animal
model. Though the contrast agent for CEUS has not
been approved yet for pediatric patients, this study
demonstrated the usefulness of CEUS for assessing
liver fibrosis in children with biliary atresia. Second, we
did not evaluate intra- and inter-observer variability
while performing CEUS and achieving perfusion values
from ROI. However, we tried to reduce variability by
evaluating CEUS in the most homogeneous hepatic
parenchyma for 3 min with two contrast injections.
The values from the ROI were obtained three times
to reduce intra-observer variability. Third, different
pharmacokinetics, according to the contrast agent,
[14]
could affect the results of perfusion parameters .
Moreover, a post-processing procedure is required to
obtain perfusion parameters using different software
without standardization. Therefore, additional studies
with a large sample size and including patients with
biliary atresia are necessary to establish the potential
of CEUS for evaluating liver fibrosis from biliary
obstruction.
In conclusion, this animal study demonstrates that
CEUS can be used to evaluate liver fibrosis from biliary
obstruction using PSI. Further studies are needed to
validate the clinical utility of CEUS in the evaluation of
liver fibrosis in children with biliary atresia.
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Background

Contrast-enhanced ultrasonography (CEUS) is an examination based on blood
pool tracer visualization using ultrasound contrast agents during real-time
ultrasonography (US) imaging. CEUS was proposed for the evaluation of liver
fibrosis and previous studies demonstrated the role of CEUS for evaluating liver
fibrosis for detecting local and hemodynamic changes accompanied by fibrotic
liver changes. However, no previous studies have evaluated the utility of CEUS
for liver fibrosis caused by biliary obstruction, which can be the major cause of
liver fibrosis in children.

Research frontiers

Liver cirrhosis is characterized by morphologic and hemodynamic changes
of the general liver. Hemodynamic change is due to global change in liver
perfusion that results from sequential changes of arterialized capillaries,
decreased portal flow and increased arterial flow that compensates for the
other changes. To assess liver fibrosis, the current research hotspot is the
utilization of CEUS in this area because it includes grayscale images from US
and even subtle perfusion changes can be quantitatively detected from contrast
administration, without radiation exposure or need for sedation in infants.

Innovations and breakthroughs

Two previous CEUS studies performed liver fibrosis evaluation in an animal
model and had different results. In these studies, liver fibrosis was induced
by administering carbon tetrachloride via intraperitoneal routes to make
hepatotoxicity. However, to make a liver fibrosis model specifically induced
by obstructive cholestasis, we performed bile duct ligation in rabbits that had
body weights of 3-4 kg, which was similar to full-term neonates, to evaluate
liver fibrosis from biliary atresia. We performed liver CEUS in preoperative
and postoperative days sequentially and obtained perfusion parameters
quantitatively. The parameters were compared with final histopathologic fibrosis
grade according to the Metavir score system immediately after sacrifice.

Applications

The study results suggest that the peak signal intensity measured on the last
day demonstrated a significant association with liver fibrosis grades and the
difference in peak signal intensity between the day before the operation and the
last day also showed an association with liver fibrosis. It implies that CEUS can
be useful to evaluate liver fibrosis induced from biliary obstruction using peak
signal intensity as a parameter.

Terminology

CEUS is a new examination method using real time US to visualize the
administered ultrasound contrast agent which travels the blood stream in the
form of microbubbles. Therefore, CEUS can quantitatively measure blood flow
and perfusion changes using contrast kinetic curves derived from quantification
software.

Peer-review

This is an interesting research study which evaluated the utility of recently
developed CEUS to demonstrate the relationship between perfusion
parameters and liver fibrosis grades. This study also correlated the histological
fibrosis grades with vascular change of the liver using an animal model focused
on liver fibrosis from bile duct obstruction.
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Abstract
AIM: To investigate the performance of the micro
capillary culture method (MCM) in Helicobacter pylori (H.
pylori ) isolation and diagnosis.
METHODS: Microcapillary culture (MC), classical
culture (CC), rapid urease (CLO) test, and histo
pathologic examination (HE) were performed with
biopsy samples. Homogenized biopsy samples were
loaded into capillary tubes and incubated for 48 h at
37 ℃ without providing a microaerophilic environment.
Additionally, three or four loops of the homogenized
sample were inoculated in a ready-to-use selective
medium (Becton Dickinson, Helicobacter Agar, Modified)
specific for the isolation of H. pylori and incubated
at 37 ℃ in a microaerophilic atmosphere provided
by CampyGen (Becton Dickinson, GasPack). Bacteria
reproducing in microcapillary tubes were evaluated in
an inverted microscope and also were evaluated after
performing a CC with the content. Results obtained
by CC, CLO test, and HE were compared with those of
MC. The diagnostic performances of the methods used
in this study were evaluated for specificity, sensitivity,
positive predictive value (PPV), negative predictive
value (NPV), and CI.
RESULTS: H. pylori was found positive by CLO test +
HE and/or CC culture in 26 patient antrum and corpus
biopsy samples. In 25 (25/26) patient biopsy samples,
H. pylori was isolated by MCM, whereas in only 14
(14/26) patient biopsy samples, H. pylori was isolated

2622

March 7, 2015|Volume 21|Issue 9|

Allahverdiyev AM et al . Diagnosis of Helicobacter pylori by microcapillary culture

by CC. CLO test and HE were found positive in 17
(17/26) patient biopsy samples. Comparing the results
of the isolation of H. pylori by MCM, CC, CLO test, and
HE, the sensitivity of the MCM was found as 96%, the
specificity as 80%, the PPV as 83%, the NPV as 95%,
2
and the 95%CI as 0.76 (χ = 31.51, P < 0.01) whereas
2
the sensitivity of the CC was found as 54% (χ = 19.15,
P < 0.01), and the sensitivity of the CLO test and HE
2
were found as 65% (χ = 25.26, P < 0.01).

culture (CC) as well as noninvasive methods such as
serology, 13C-urea breath test, and the stool antigen
[7-9]
test . Of these methods, the cultivation of H. pylori
from gastric biopsies taken from patients is the most
specific and most sensitive. However, cultivation of H.
pylori requires specific agar and special atmospheric
conditions, which hinder its routine use as a diagnostic
method. Whereas, histopathologic detection of H.
pylori in samples obtained from the stomach, corpus,
and antrum has been reported to be a more sensitive
[10]
method than both the CLO test and CC . However,
histopathologic detection requires expert pathologists
for the accurate examination of the samples.
Although a CLO test is economic, fast, and has
more than 90% specificity, this method would return
negative results in cases having an actively bleeding
ulcer and intestinal metaplasia and in patients being
treated with proton pump inhibitor (PPI) medications.
In addition, this method may also return false-positive
results when urease-positive bacteria are present in
the specimen. For these reasons, the CLO test has
[11-13]
13
lower sensitivity
. Although the C-urea breath
test shows high sensitivity for adults, its sensitivity
is lower for children and patients at the beginning
of the disease. Additionally, it requires the use of
gas chromatography and mass spectroscopy, which
increase its cost. Serological tests relying on antibody
detection have 85% sensitivity and 80% specificity
but are considered insufficient for follow-up of the
[8-14]
treatment
.
The H. pylori stool antigen test, which is a
practicable serological method for detection of the
antigen before and after treatment, includes the risk
of false negative results for patients that use PPI
[9-14]
medications and bismuth derivatives
. Despite the
fact that several invasive and noninvasive methods
exist for the diagnosis of H. pylori, none of these have
[15,16]
been accepted as a gold standard
.
Since the primary target for the clinical diagnosis
of H. pylori is the treatment of patients, following up
the development of resistant bacteria strains against
conventional antibiotic therapy is important, both for
preventing cases that are not responding to current
treatment and preventing relapses of the diseases.
Surveillance studies to investigate the antimicrobial
resistance of H. pylori can be performed by isolating
[17]
the bacteria . However, the disadvantages of the
present culture methods do not allow one to easily
[12,15]
perform this type of research
. Therefore, it is crucial
to develop new methods or optimize common methods
so that they are free from these disadvantages.
In our previous study, it was demonstrated that
one microaerophilic microorganism, Leishmania pro
mastigotes, was rapidly grown by microcapillary
culture method (MCM), independent of the number of
[18,19]
parasites
. This method depends on the transfer of a
small number of samples into a hematocrit capillary and
the detection of microaerophilic microorganisms, which
are rapidly grown in this environment. We employ

CONCLUSION: This new microcapillary cultivation
method for H. pylori has high diagnostic sensitivity
compared with CC, HE, and CLO tests.
Key words: Microcapillary culture; Classical culture; New
method; Isolation of Helicobacter pylori ; Comparison
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nowadays, isolation of Helicobacter pylori (H.
pylori ) from gastric tissues by using classical culture is

accepted as the gold standard, according to Maastricht
criteria. Additionally, surveillance of increased or
decreased minimal inhibitory concentration values
of antimicrobial substances, according to applied
treatment policy and geographical regions, may only be
possible with the cultivation of bacteria. On the other
hand, the diagnostic sensitivity of classical culture is
low due to problems in standardization of the medium
in order to provide microaerophylic conditions. In this
study, for the first time, we report the high diagnostic
sensitivity of the microcapillary culture method for
diagnosis of H. pylori .
Allahverdiyev AM, Bagirova M, Caliskan R, Tokman HB,
Aliyeva H, Unal G, Oztel ON, Abamor ES, Toptas H, Yuksel P,
Kalayci F, Aslan M, Erzin Y, Bal K, Kocazeybek BS. Isolation and
diagnosis of Helicobacter pylori by a new method: Microcapillary
culture. World J Gastroenterol 2015; 21(9): 2622-2628 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i9/2622.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2622

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative,
microaerophilic, and spiral-shaped bacterium that
affects more than half of human population worldwide
and is especially more populated in developing
countries. Various difficulties during its diagnosis,
evolution of drug resistant strains, and absence of an
effective vaccine have resulted in the global spread of
H. pylori. H. pylori causes important health disorders
such as chronic gastritis, peptic ulcer, gastric cancer,
[1-6]
and gastric lymphoma .
There are now several invasive methods for the
clinical diagnosis of H. pylori, such as histopathologic
examination (HE), rapid urea (CLO) test, and classical
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observations of the specific motility characteristics
[18,19]
of these microorganisms using a microscope
.
Nowadays, MCM is primarily used for the diagnosis of
Leishmaniasis, and it has been found that this method
is more specific, sensitive, and economical than
conventional culture methods.
Since the MCM may yield microaerophilic conditions
that are essential for the survival of H. pylori, we
suggest that MCM also can be used for the diagnosis
and sufficient production of H. pylori. Furthermore,
we maintain that growth of the bacteria via MCM
could allow for the detection of bacteria in samples
that include only a low number of bacteria and could
decrease contamination risks that arise from the use of
selective media for H. pylori cultivation. However, there
have been no studies in the literature demonstrating
the growth of H. pylori via MCM. Therefore, as a
proof of concept, we investigate for the first time the
efficacy of MCM in diagnosis and isolation of H. pylori
and compare its diagnostic performance with classical
culture, histopathology, and rapid urea tests.

to the Bioengineering Department of Yildiz Technical
University, where they were treated for microcapillary
culture. The cultures were independently performed
in these two laboratories, and the results were
maintained secret until all the subjects had been
screened.

Classical culture

The classical culture was performed in the Microbiology
Laboratory of Cerrahpasa Medical Faculty. Biopsy
samples carried in tubes containing 500 μL brucella
broth (Biolife) with 20% glucose were homogenized
with a glass rod in the same tube in a laminar flow
hood. Three or four loops of this homogenized sample
were inoculated in a ready-to-use selective medium
(Becton Dickinson, Helicobacter Agar, Modified)
specific for the isolation of H. pylori and containing
Columbia agar, 10% defibrinated horse blood, 10
mg/L vancomycin, 10 mg/L amphotericin B, 5 mg/L
cefsulodin, and 5 mg/L trimethroprim and incubated at
37 ℃. The microaerophilic atmosphere was provided
by CampyGen (BD GasPack). After an incubation
period of 72 h, the colony morphology of bacteria
and their Gram-staining characteristics were studied.
Convex, semitransparent, 1-2 mm diameter colonies
with positive catalase, urease, and oxidase activity
were evaluated as H. pylori. Part of these colonies
were inoculated into brucella broth containing 20%
[14,15]
glycerol and stored at -80 ℃
.

MATERIALS AND METHODS
Patients and control group

This diagnostic test study intended for the production
of H. pylori using MCM was conducted with dyspeptic
patients having an endoscopy indication. These
patients were admitted to the endoscopy unit of the
Gastroenterology Department of Cerrahpasa School
of Medicine between September and December
2012. The patient and control groups consisted of
participants that satisfied the following criteria: no
previous infection with H. pylori; no history of gastric
surgery; not having taken H. pylori eradication
treatment, antibiotic, or antisecretory drug within the
last two weeks; not having taken bismuth salts; and
without bleeding and clotting disorders. The patient
group was formed from patients in whom biopsy
samples were found positive by at least two diagnostic
tests, such as histopathology and rapid urease test
and/or CC. The control group was formed of subjects
whose biopsy samples were found negative for H.
pylori by histopathology and rapid urease test, and/
or CC. The present study has been approved by the
Istanbul University Cerrahpasa Faculty of Medicine
Ethical Committee with the document number: 4548.

Microcapillary culture

The microcapillary culture was performed in labo
ratories of the Bioengineering Department of Yildiz
Technical University. Microcapillary tubes (ISOLAB)
were put in a solution of potassium chromate for 1 h
then rinsed with pure water. They were sterilized in a
Pasteur oven at 180 ℃ for 1 h. Biopsy samples carried
in dry ice, in tubes containing 500 μL brucella broth
(Biolife) with 20% glucose, were homogenized with
the same method used in CC. In each microcapillary
tube, 60 μL of the homogenized sample were
transferred, and the ends of the tubes were closed
with sterile silicone. The microcapillary tubes were
incubated at 37 ℃ for 48 h, and no CO2 atmosphere
provider was used. After the incubation period, the end
of three capillary tubes were broken in a laminar flow
in sterile conditions, and the content was transfered
to a ready-to-use selective agar specific for the
isolation of H. pylori ( Becton Dickinson, Helicobacter
Agar, Modified) and containing Columbia agar, 10%
defibrinated horse blood, 10 mg/L vancomycin, 10
mg/L amphotericin B, 5 mg/L cefsulodin, and 5 mg/L
trimethroprim. The media were incubated at 37 ℃ in
a microaerophilic atmosphere provided by CampyGen.
After the incubation period, convex, semitransparent,
1-2 diameter colonies with positive catalase, urease,
and oxidase activity were evaluated as H. pylori.
Additionally, a polymerase chain reaction (PCR)

Sample collection

Three antrum and corpus biopsies were taken from
the patients, one of which was sent to the pathology
laboratory. The remaining two biopsies were placed
immediately in tubes containing 20% brucella broth
with glucose and were transported to two different
laboratories in ice (4 ℃). CC and rapid urease tests
were performed with biopsies transported to the
Microbiology Laboratory of Cerrahpasa Medical
Faculty. The other biopsy samples were transported

WJG|www.wjgnet.com

2624

March 7, 2015|Volume 21|Issue 9|

Allahverdiyev AM et al . Diagnosis of Helicobacter pylori by microcapillary culture
× Loading Dye (Fermentas) and 5 μL amplicon were
loaded into each well. Additionally, 1 μL of 100 bp DNA
ladder, positive and negative controls were loaded into
the appropriate well. Then gel was run for 20 min in 55
mA and 110 V. Bands were visualized in an UV monitor
gel Doc EZ System (Biorad, United States). Bands
similar to that of 110 bp band of the positive control
were accepted as positive.

Statistical analysis

Data were analyzed with SPSS 15.0 statistical software
(Statistical Packages for Social Sciences; SPSS Inc.,
Chicago). Diagnostic performances of methods were
calculated with specificity, sensitivity, PPV, NPV, and
95%CI.

Figure 1 Microscopic view of Helicobacter pylori cultivated in a microcapillary
tube.

performed with the DNA of these strains was used
for the confirmation. The standard strain of H. pylori
26695 (ATCC 700392) was used as a control.

RESULTS
H. pylori was found positive by CLO test + HE and/or
CC in 26 patient antrum and corpus biopsy samples.
In 25 (25/26) patient biopsy samples, H. pylori was
isolated by MCM, whereas in only 14 (14/26) patient
biopsy samples it was isolated by CC. In 17 (17/26)
patient biopsy samples, CLO test and HE were found
positive (Table 1).
In 25 patient biopsy samples, H. pylori was isolated
by MCM, whereas in only 16 (16/25) of them H. pylori
was found positive by CLO test and HE, and in only
nine (9/25) patient biopsy samples H. pylori was
isolated by CC. The presence of H. pylori isolated by
the MCM was confirmed by at least one more method
(Table 1). Comparing the results of the isolation of H.
pylori by MCM, CC, CLO test, and HE, the sensitivity of
the MCM was found as 96%, the specificity was found
as 80%, the PPV was found as 83%, the NPV was
found as 95%, and the ĸ coefficient of concordance
2
was found as 0.76 (χ = 31.51, P < 0.01) (Table 2).
H. pylori was isolated by CC in 14 (14/26) patient
biopsy samples. Nine (9/14) of them were also
found positive by MCM, and five (5/14) of them were
found positive both by MCM, CLO test, and HE. The
sensitivity of the CC was found as 54%, the specificity
was found as 100%, the PPV was found as 100%,
the NPV was found as 68%, and the ĸ coefficient of
2
concordance was found as 0.54 (χ = 19.15, P < 0.01)
(Table 2).
H. pylori was found positive by CLO test and HE
in a total of 17 patient biopsy samples (17/26). In 11
(11/17) of them, H. pylori was isolated by MCM, and in
five (5/17) of them H. pylori was isolated both by MCM
and CC. In one patient biopsy samples, H. pylori was
not isolated by MCM and CC; it was determined only
by CLO test and HE. The sensitivity of the CLO test
and HE was found as 65%, the specificity was found
as 100%, the PPV was found as 100%, the NPV was
found as 74%, and the ĸ coefficient of concordance
2
was found as 0.64 (χ = 25.26, P < 0.01) (Table 2).

Invert microscopy

After an incubation period of 48 h, microcapillary tubes
containing homogenized biopsy samples were removed
from the incubator, and their surfaces were cleaned
by dry linen. The tube was placed on the microscope
table, and the cylindrical surface of the capillary tube
was found with a 10 × ocular and 10 × objective (Figure
1). Then using 20 × and 40 × objective, the presence
of H. pylori was studied through the tube. Spiralshaped, flagellated microorganisms with characteristic
movement of H. pylori were interpreted as H. pylori.

PCR

H. pylori strains isolated by MCM were confirmed
by PCR. For the isolation of the DNA, transparent
colonies (1-2 mm in diameter) were collected in
1.5 mL Eppendorf tubes containing 1 mL PBS. The
Eppendorfs were centrifuged at 3000 g for 15 min.
DNA extraction was performed with a high pure PCR
template preparation kit (Roche Diagnostics GmBH,
Germany), according to the manufacturer’s instruction.
Hp1 (Forward; 5’CTG GAG AGA CTA AGC CCT CC3’)
and Hp2 (Reverse; 5’ATT ACT GAC GCT GAT TGT
GC3’) primers belonging to the 110 bp of 16srRNA gen
region of H. pylori were amplified in a T100 thermal
[20]
cycler (Biorad, United States) . The PCR content
was prepared with a PCR Master Mix kit (Fermentas,
ThermoFisher Scientific, United States) according to
the manufacturer’s instruction. In a total of 50 μL of
reaction volume, 25 μL PCR Master Mix, 3 μL forward
primer, 3 μL reverse primer, 5 μL isolated DNA, and
14 μL PCR grade water were used. The reaction run of
the amplification protocol were one cycle of 95 ℃ for 3
min, 38 cycles of 60 ℃ for 1 min, and 95 ℃ for 30 s;
one cycle of 72 ℃ for 3 min. For the electrophoresis,
2% agarose gel was prepared with 0.6 gr agarose,
2 μL ethidium bromide and 30 mL TAE buffer (40
mmol/L Tris-acetate, 1 mmol/L EDTA, pH 8.0). 1 μL 6
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Table 1 Helicobacter pylori isolation results of 26 biopsies
tested according to different diagnostic methods
Biopsies
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

CC

MCM

HE

CLO

+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

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

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

Table 2 Diagnostic performance parameters of the microcapillary
culture method, classical culture, histopathologic examination and
rapid urease test
H. pylori (+) reference H. pylori (-) control
MCM1
+
Total
CC2
+
Total
HE3 and CLO4 test
+
Total

5
21
26

14
12
26

26
26

17
9
26

26
26

1

Diagnostic performance parameters of microcapillary culture method
(MCM): Sensitivity: 96%, specificity: 80%, positive predictive value (PPV):
83%, negative predictive value (NPV): 95%, kappa: 0.76; 2Diagnostic
performance parameters of classical culture (CC): Sensitivity: 54%,
specificity: 100%, PPV: 100%, NPV: 68%, kappa: 0.54; 3 Diagnostic
performance parameters of histopathologic examination (HE): Sensitivity:
65%, specificity: 100%, PPV: 100%, NPV: 74%, kappa: 0.64; 4Diagnostic
performance parameters of rapid urease (CLO) test: Sensitivity: 65%,
specificity: 100%, PPV: 100%, NPV: 74%, kappa: 0.64. H. pylori: Helicobacter
pylori.

its diagnostic performance was evaluated relative to
CC, HE, and the CLO test. We found the diagnostic
sensitivity of the MCM to be 96%, with a specificity of
80%. The PPV was 83%, the NPV was 95%, and the
ĸ coefficient of concordance was 0.76. According to
these results, the sensitivity of the MCM was higher
than that of CC (54%), HE, and CLO tests (65%). In
contrast, the specificity of MCM (80%) is lower than
the CC (100%). It has been shown that the sensitivity
of the CC is affected by many factors, such as the
density of bacteria, contamination, atmospheric
environment, the use of antibiotics or PPIs, and the
[12,22]
content of medium
. In our study, the diagnostic
sensitivity of the CC was likely subdued because of
these factors. In contrast, the MCM was unaffected by
these, and, additionally, it was found that it provided
a more suitable microaerophilic environment that
increased the growth of the bacteria by facilitating its
adaptation to the environment.
In our previous study, we have shown that Lei
shmania parasites grow better in a microcapillary
environment compared with the classical culture of the
[18]
parasite . In this case, the microculture, together with
higher CO2 concentrations, lower O2 concentrations,
and lower pH, ensures the microaerophilic environment
necessary for the growth of Leishmania parasites. In
addition, the higher parasite load helped to increase
the concentration of autocrine growth factors in the
medium. We believe that similar factors of the MCM
are effective in achieving good H. pylori growth.
[24]
[25]
Blakemore and Wolfe et al noted that some of the
microaerophilic bacteria (named magnetic bacteria)
concentrated in microcapillary tubes, due to changes

CC: Classical culture; HE: Histopathologic examination; CLO: Rapid
urease test; MCM: Microcapillary culture method.

DISCUSSION
Invasive and noninvasive tests can be used for
the in vitro diagnosis of H. pylori, which has a role
in the pathologies of duodenal gastritis, mucosaassociated lymphoid tissue lymphoma, and gastric
[12,21,22]
carsinoma
. The isolation of the bacteria from
gastric tissues by CC as a diagnostic tool is problematic
[22]
due to its low sensitivity . In the CC method, the
incubation conditions, optimization of the media
ingredients, and contamination problems specific to
the biopsy specimen can be cited as the essential
[12,22]
problems
. Although the isolation of H. pylori from
gastric tissues by CC was accepted as a reference
method, according to Maastricht criteria, due to factors
such as late reproduction of the bacteria and low
diagnostic sensitivity of the method, it has not been
[22]
used in the routine diagnosis .
Although there are difficulties with the CC, viable
and active H. pylori strains are a requirement for
several important research efforts, including cagAEPIYA-gastric carcinoma research, the determination of
antimicrobial resistance patterns, and the development
of new treatment options. All of these have highlighted
[17,23]
the importance of the culture method
.
Due to the importance of H. pylori isolation by
culture, the search for an alternative isolation method
is ongoing. In this study, for the first time in the world,
the MCM was used for the diagnosis of H. pylori, and
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to their chemotaxis provided by the magnetic forces of
intracellular iron particles. Similar factors are likely to
be involved in H. pylori growth in microcapillary tubes.
The higher diagnostic sensitivity of MCM can be
evaluated positively when considering the 11 cases in
which the CLO test and HE were found positive and
CC was found negative. Thus, these tissue samples
were found H. pylori positive by the MCM, and, despite
the HE and CLO test also being positive, H. pylori was
found negative in the CC, probably because of the low
density of bacteria. Although the diagnostic sensitivity
of MCM is high, the specificity was lower compared
with the CC. In five cases of the control group, H.
pylori was found positive by MCM; although it should
be noted that, in these cases, the positive results were
also identified by a PCR method. As the molecular
methods for the diagnosis of biopsy samples have yet
to be fully optimized, these cases were evaluated as
H. pylori negative, which classifies these cases as false
positives, according to Maastrich diagnostic reference
methods. However, these findings suggest that it might
be useful to perform future investigations on patients
with dyspeptic complaints and on a large series of H.
pylori negative cases diagnosed by reference methods.
Another striking observation from this study is that,
in nine biopsy samples returning a HE negative result,
H. pylori could be isolated by CC and MCM. Many
reports have referred to false negative histopathology
results due to inappropiate biopsy region selection,
nonhomogenous distribution of bacteria in the tissue,
small amounts of bacteria, or due to the presence of
a very low contrast difference between the biopsy and
[22]
H. pylori . The isolation of H. pylori in these samples
increased the diagnostic performance of this method.
The CLO test, which is used for the diagnosis of
gastritis associated with H. pylori, can result in false
positives for several reasons: (1) contamination by
other urease enzyme producing bacteria; (2) incorrect
implementation of the CLO test during endoscopy; (3)
temporary decrease of bacteria due to antibiotics and
[22]
PPIs; and (4) inappropiate biopsy region . Therefore,
when used alone, the CLO test has low diagnostic
[22]
performance. Lee et al
in 2013 found that the
sensitivity of the CLO test made with either antrum or
corpus samples was 60%-65%. When the test was
performed with both antrum and corpus samples, the
sensitivity reached 85%, although this was still lower
than that reported for the CC method (91%). Here, the
CLO test was found positive in 17 corpus and antrum
samples. H. pylori was isolated by CC and MCM in nine
samples in which the CLO test result was negative.
Thus, we found that MCM outperforms the CLO test
in terms of sensitivity in the laboratory diagnosis of H.
pylori.
In conclusion, our results indicate that this new
cultivation method for H. pylori by microculture is
advantageous with regard to its high diagnostic
sensitivity compared with CC, HE, and CLO
tests, and because the method itself produces
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microaerophilic conditions which eliminate the need
for a microaerophilic environment provider kit; it also
has the property of occupying a very small space in
incubators. Further studies, including a large number
of cases with dyspeptic complaints, are needed before
we can encourage the routine usage of this new
cultivation method for the diagnosis of H. pylori.
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AIM: To investigate GATA5, SFRP2, and ITGA4
methylation in plasma DNA as noninvasive biomarkers
for colorectal cancer (CRC) or adenomas.
METHODS: There were 57 CRC patients, 30 adenomas
patients, and 47 control patients enrolled in this study.
Methylation-specific polymerase chain reaction was
used to determine the promoter methylation status
of GATA5 , SFRP2 , and ITGA4 genes in plasma DNA,
and their association with clinical outcome in CRC.
The predictive ability of GATA5, SFRP2, and ITGA4
methylation, individually or in combination, to detect
CRC or adenomas was further analyzed.
RESULTS: Hypermethylated GATA5 was detected in
plasma in 61.4% (35/57) of CRC cases, 43.33% (13/30)
of adenoma cases, and 21.28% (10/47) of control
cases. The hypermethylation of SFRP2 was detected
in 54.39% (31/57), 40.00% (12/30), and 27.66%
(13/47) in plasma samples from CRC, adenomas,
and controls, respectively. ITGA4 methylation was
detected in 36.84% (21/57) of plasma samples of
CRC patients and in 30.00% (9/30) of plasma samples
from patients with colorectal adenomas, and the
specificity of this individual biomarker was 80.85%
(9/47). Moreover, GATA5 methylation in the plasma
was significantly correlated with larger tumor size (P =
0.019), differentiation status (P = 0.038), TNM stage
(P = 0.008), and lymph node metastasis (P = 0.008).
SFRP2 and ITGA4 methylation in plasma significantly
correlated with differentiation status (SFRP2, P = 0.012;
ITGA4, P = 0.007), TNM stage (SFRP2, P = 0.034;
ITGA4, P = 0.021), and lymph node metastasis (SFRP2,
P = 0.034; ITGA4, P = 0.021). From the perspective of
predictive power and cost-performance, using GATA5
and SFRP2 together as methylation markers seemed
the most favorable predictor for CRC (OR = 8.06;
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95%CI: 2.54-25.5; P < 0.01) and adenomas (OR =
3.35; 95%CI: 1.29-8.71; P = 0.012).

commonly associated with transcriptional silencing of
tumor suppressor genes and have been found to be
[10,11]
crucial in the early phases of CRC carcinogenesis
.
It is widely accepted that CRC develops following
progressive accumulation of genetic and epigenetic
alterations during the transformation of normal mucosa
to a precursor adenoma and ultimately to carcinoma.
Since it takes 7-10 years for an adenoma to progress
to a carcinoma, there is a window of opportunity for
detecting and resecting advanced adenomas or early[12,13]
stage CRC; mass screening aids in this detection
.
Studies have demonstrated that there are higher levels
of freely circulating methylated DNA in the peripheral
blood of CRC patients than in healthy control patients,
and DNA methylation often occurs very early during
[14,15]
CRC carcinogenesis
. Several genes such as DAPK1,
SEPT9, RUNX3, or vimentin have been reported to be
methylated in the serum/plasma of CRC patients and
can potentially be used as epigenetic biomarkers in a
[16-19]
noninvasive manner for early detection of CRC
.
The detection of circulating methylated DNA in the
serum or plasma represents one of the most promising
methods for the early detection and diagnosis of CRC
and adenomas.
For the present study, we propose a panel of genes
that have been reported to be frequently methylated
in CRC and adenoma tissues. However, few studies
have investigated the methylation of these genes
in DNA from plasma samples of CRC patients, in
parallel with samples from healthy individuals and
from patients with adenomas. The genes evaluated
in this study were GATA-binding protein 5 (GATA5),
secreted frizzled-related protein gene 2 (SFRP2), and
integrin, alpha 4 (ITGA4). The methylation-specific
polymerase chain reaction (MSP) technique was used
to analyze the specificity and sensitivity of this method
for detecting CRC and adenomas and to evaluate
the clinical diagnostic significance of these DNA
methylation-based plasma markers.

CONCLUSION: A combination of GATA5 and SFRP2
methylation could be promising as a marker for the
detection and diagnosis of CRC and adenomas.
Key words: Colorectal cancer; GATA binding protein 5;
Secreted frizzled-related protein 2; Integrin, alpha 4;
Hypermethylation; Methylation-specific PCR
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hypermethylated GATA5 was identified as a novel
plasma gene in colorectal cancer (CRC) and adenomas,
and it showed high potential as a biomarker in plasmabased DNA testing. Furthermore, this study suggests that
a combination of GATA5 and SFRP2 methylation could be
used as a promising marker for the detection, diagnosis,
and prognosis of CRC and adenomas.
Zhang X, Song YF, Lu HN, Wang DP, Zhang XS, Huang SL,
Sun BL, Huang ZG. Combined detection of plasma GATA5
and SFRP2 methylation is a valid noninvasive biomarker for
colorectal cancer and adenomas. World J Gastroenterol 2015;
21(9): 2629-2637 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i9/2629.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2629

INTRODUCTION
Colorectal cancer (CRC) is the third most prevalent
cancer and the fourth leading cause of cancer-related
mortality worldwide. Over 1 million new cases are
diagnosed annually worldwide, and approximately
[1]
50% of these patients will die of this disease . The
mean 5-year survival rate for CRC is estimated to be
less than 10% if the cancer is detected at stage IV, but
[2,3]
can be as high as 90% for stage I cases . Therefore,
identifying and treating CRC in its early stage or
with pre-malignant lesions is of great importance
in reducing disease-specific mortality. Currently,
[4,5]
colonoscopy is the gold standard for CRC diagnosis .
However, this procedure is invasive and uncomfortable
to many patients, who are therefore reluctant to
undergo colonoscopy. A significant advance in
screening could be realized by using blood-based
indicators, which could be sensitive and specific for
identifying patients at risk of CRC development. These
patients may benefit from early and/or more frequent
[6,7]
surveillance for CRC .
Recently, epigenetic mutations of specific genes as
marker candidates for the early detection of cancer have
[8,9]
received considerable attention . Aberrant methylation
of CpG islands in the promoter regions of genes are
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MATERIALS AND METHODS
Patients and plasma samples

Fifty seven CRC patients, 30 patients with adenomas,
and 47 control patients with endoscopically normal
colons were enrolled in this study at Li Huili Hospital
(Ningbo, China) between April 2012 and April 2013.
The mean age of the patients in the CRC, adenoma,
and control groups was 56.64 ± 8.27, 57.00 ± 11.27,
and 61.40 ± 12.41 years, respectively. The ratio of
male to female patients was 34:23 in the CRC group,
19:11 in the adenoma group, and 27:20 in the control
group. There were no significant differences in age
and gender between the CRC group, adenoma group,
and control group (data not shown). None of the
enrolled patients had previously received preoperative
chemotherapy or radiation therapy. This study was
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Table 1 Summary of primer sequences and annealing temperatures used for methylation-specific polymerase assays
Gene
GATA5

SFRP2

ITGA4

Primer

Sequence (5'-3')

Annealing
temperature (℃)

MF
MR
UF
UR
MF
MR
UF
UR
MF
MR
UF
UR

TTAGAAATCGAGGAAATCGC
GTAAACCCCCTCGTTACGTA
TGTTTAGAAATTGAGGAAATTGT
CCCATAAACCCCCTCATTACATA
TTTTTGTAGGGGCGTTTTTATAAC
TATCGATATACTCCCCAATACCG
AGATTTTTGTAGGGGTGTTTTTATAAT
ACCTATCAATATACTCCCCAATACCA
TAGAGTTATTTCGCGTTTTGCG
CTTCGAATACTCGCGCTACTT
GTTTAGAGTTATTTTGTGTTTTGTG
AAAACTTCAAATACTCACACTACT

54

Ref.

48
58

[21]

54
56

[22]

50

M: Methylated; U: Unmethylated; F: Forward; R: Reverse.

approved by the ethics committee of Li Huili Hospital
(Ningbo, China), and informed consent was obtained
from all participants. All the patients were diagnosed
with CRC based on pathological and/or cytological
evidence. Tumor stage was determined according
to the tumor node metastasis (TNM) criteria of the
Union for International Cancer Control/American Joint
[20]
Committee on Cancer, 2010 . The plasma samples
were collected prior to treatment in the patient and
control groups. The plasma samples were immediately
isolated by centrifugation at 1000 × g for 10 min and
stored at -80 ℃ until use for DNA extraction.

single cycle at 95 ℃ for 5 min; 10 cycles of 95 ℃ for
30 s, Tm + 8 ℃ (decreasing by 0.8 ℃ for each cycle)
for 60 s, and 72 ℃ for 30 s; 38 cycles of 95 ℃ for 30 s,
Tm for 60 s, and 72 ℃ for 30 s; and a final extension
step for 10 min at 72 ℃. The PCR products were then
electrophoresed on a 2.5% agarose gel and visualized
under ultraviolet illumination (ChemiDoc XRS; BioRad, Hercules, CA, United States). Each experiment
was performed in triplicate to validate the results. The
researchers who performed all the assays were blinded
to all the clinical information.

Statistical analysis

DNA isolation

SPSS 13.0 software (SPSS, Inc., Chicago, IL, United
States) was used for all the statistical analyses. The
sensitivity and specificity with 95%CIs of plasma DNA
assays were calculated. To compare the characteristics
2
of different groups of patients, the χ test or Fisher’
s exact test were used. Odds ratios (ORs) with the
corresponding 95%CIs were used to assess the
association between these methylation genes. P < 0.05
was considered statistically significant.

DNA was isolated from each plasma sample (200 µL)
using the QIAamp DNA Blood mini kit (Qiagen, Hilden,
Germany), according to the manufacturer’s instructions.
Plasma DNA was dissolved in a total volume of 80 µL
of elution buffer (EB) and stored at -20 ℃ until use in
the experiments.

Sodium bisulfite conversion

Sodium bisulfite conversion and DNA recovery
were performed using the Qiagen Epitect Plus DNA
bisulfite kit (Qiagen, Hilden, Germany), according
to the manufacturer’s instructions. DNA was then
resuspended in 30 µL of EB and stored at -20 ℃.

RESULTS
Frequencies of GATA5, SFRP2, ITGA4 promoter
methylation in the plasma of individuals with CRC or
adenomas

MSP

The MSP assay was used to detect the methylation
of DNA extracted from peripheral blood plasma.
Methylation of GATA5, SFRP2, and ITGA4 was observed
in 61.4% (35/57), 54.39% (31/57), and 36.84%
(21/57), respectively, of CRC patients (Figure 1). The
presence of GATA5, SFRP2, and ITGA4 methylation
was detected in 43.33% (13/30), 40.00% (12/30),
and 30.00% (9/30), respectively, of patients with
adenomas. GATA5, SFRP2, and ITGA4 methylation
were detected in 21.28% (10/47), 27.66% (13/47),
and 19.15% (9/47), respectively, of the healthy
controls (Figure 1). The methylation frequency of all
three genes was significantly higher in CRC plasma

The methylation of GATA5, SFRP2, and ITGA4
promoters in the bisulfite-modified DNA was increased
using MSP, and primer pairs were designed to
discriminate between methylated and unmethylated
alleles. The primer sequences used are shown in Table 1.
Each 50 µL reaction mixture consisted of 2 µL of
bisulfite-modified DNA template, 10 µL of 1 × KAPA2G
buffer (Kapa Biosystems, Woburn, MA, United States),
1 µL of 10 mmol/L dNTP mix (Kapa Biosystems),
1 µL of each primer (50 mmol/L), and 0.5 units of
TM
KAPA2G Robust Hotstart DNA polymerase (Kapa
Biosystems). The thermocycler conditions included a
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Percentage of DNA methylation

80

Effect of combining measurement of plasma GATA5,
SFRP2, and ITGA4 methylation for CRC and adenomas
determination

Normal
Adenomas
Cancer

60

samples than in normal plasma samples (GATA5, P
< 0.01; SFRP2, P < 0.01; ITGA4, P = 0.048) (Figure
1). The difference in the levels of GATA5 methylation
in plasma samples from patients with adenomas
compared with that for normal controls was statistically
significant, while no statistically significant difference
was identified between SFRP2 or ITGA4 methylation
levels in the plasma DNA of patients with adenoma
and of normal controls (GATA5, P = 0.039; SFRP2, P =
0.259; ITGA4, P = 0.273). Additionally, there was no
significant difference in the levels of the three genes
in the plasma of CRC and adenoma patients (GATA5,
P = 0.107; SFRP2, P = 0.202; ITGA4, P = 0.426).
Representative agarose gel electrophoresis results of
the MSP for the three genes are shown in Figure 2.

ORs were determined to estimate the predictive index of
methylation status of the three genes in the plasma for
detecting CRC and adenomas. The ORs for GATA5, SFRP2
and ITGA4 methylation and the combined test results
are shown in Table 3. The OR of GATA5 methylation was
the most optimal of the three genes for predicting the
presence of CRC (OR = 5.89; 95%CI: 2.44-14.18; P <
0.01) and adenomas (OR = 2.83; 95%CI: 1.04-7.73;
P = 0.039). The OR for predicting CRC (OR = 8.06;
95%CI: 2.54-25.5; P < 0.01) was higher for combined
detection of GATA5 and SERP2 methylation than
for GATA5 methylation alone (OR = 5.89; 95%CI:
2.44-14.18; P < 0.01). Although the sensitivity decreased
relative to that for single gene detection, the specificity
for CRC increased when the two genes were used
together. If both GATA5 and SFRP2 methylation markers
were detected, the OR of the adenomas (OR = 3.35;
95%CI: 1.29-8.71; P = 0.012) was higher than that
obtained using GATA5 (OR = 2.83; 95%CI: 1.04-7.73;
P = 0.039) or SFRP2 (OR = 1.74; 95%CI: 0.66-4.60;
P = 0.259) methylations individually. Even though the
specificity (65.96%) for predicting adenomas was lower
than when using GATA5 methylation alone (78.72%),
the sensitivity was markedly increased by 20%. Overall,
the combined detection of GATA5 and SFRP2 methylation
appeared to be the most effective predictor of CRC and
adenomas in terms of analytic validity, clinical validity,
and clinical utility.

Correlation between DNA methylation and
clinicopathological features in plasma

DISCUSSION

40

20

0

GATA5

SFRP2

ITGA4

Figure 1 Frequency of detecting methylated DNA in the plasma of colorectal
cancer, adenomas, and control samples.

GATA5 methylation in the plasma correlated
significantly with larger tumor size (P = 0.019),
differentiation status (P = 0.038), TNM stage (P =
0.008), and lymph node metastasis (P = 0.008).
SFRP2 and ITGA4 methylation in plasma correlated
significantly with differentiation status (SFRP2, P =
0.012; ITGA4, P = 0.007), TNM stage (SFRP2, P =
0.034; ITGA4, P = 0.021), as well as lymph node
metastasis (SFRP2, P = 0.034; ITGA4, P = 0.021).
There was no significant trend in the spread to distant
metastasis for all three genes (GATA5, P = 0.151;
SFRP2, P = 0.168; ITGA4, P = 0.620), probably owing
to the small number of CRC patients with distant
metastasis. In adenomas, the methylation status
of the three analyzed genes was independent of
adenoma size (GATA5, P = 0.431; SFRP2, P = 0.201;
ITGA4, P = 1.000), number of adenomas (GATA5,
P = 0.113; SFRP2, P = 0.130; ITGA4, P = 1.000),
and intraepithelial neoplasia (GATA5, P = 0.643;
SFRP2, P = 0.184; ITGA4, P = 0.329). Complete
information regarding the distribution of markers and
the clinicopathologic characteristics of the CRC and
adenoma samples is shown in Table 2.

WJG|www.wjgnet.com

The notion of using molecular tests to detect genetic
and epigenetic abnormalities in blood DNA have been
regarded as simple and noninvasive methods for CRC
and adenomas screening in a large-scale population.
Here, we show that the combined detection of
GATA5 and SFRP2 methylation in plasma maybe an
effective method for screening CRC and pre-cancerous
adenomas.
Epigenetic alterations, leading to genetic silencing,
often occur early in the progression of CRC, even in
precancerous lesions. This suggests that detection
of DNA methylation in plasma is helpful in the early
diagnosis of tumors, evaluation of tumor metastasis
[23]
and prognosis, and guiding clinical treatment .
Among a wide range of commonly methylated
genes in CRC, only a few have undergone clinical
trials for detection of CRC and are commercially
available, such as SEPT9 (ColoVantage®) and vimentin
TM [17,24]
(ColoSure )
. ColoVantage® test is a bloodbased SEPT9 methylated DNA assay with an overall
sensitivity of 90% (45/50) for methylated SEPT9 in
the plasma and specificity of 88% (11/94) in the case
of CRC, but this test only detected 12% (12/104)
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Figure 2 Representative methylation-specific polymerase results of GATA5 (A), SFRP2 (B) and ITGA4 (C) aberrant methylation in colorectal cancer,
adenomas, and control patients. U: Results obtained using unmethylated primers; M: Results obtained using methylated primers.
[17]

TM

did not have cancer. GATA5 methylation was also
independent of clinicopathologic features. Currently,
no report has illustrated a link between GATA5
methylation in plasma and CRC or adenoma. In our
study, GATA5 methylation in plasma displayed the
highest sensitivity among three genes for noninvasive
detection of CRC and intestinal adenoma. The results
showed that methylation of GATA5 was detected in
61.4% (35/57) of CRC patients, 43.33% (13/30) of
patients with adenoma, and in 21.28% (10/47) of
the control patients in plasma samples. Although the
sensitivity and specificity were lower than those in
previous studies involving CRC tissues, these results
still have a high clinical value in the diagnosis of CRC
and adenomas in plasma. Unlike previous reports, our
results revealed that GATA5 methylation in the plasma
was significantly correlated with larger tumor size (P =
0.019), differentiation status (P = 0.038), TNM stage
(P = 0.008), and lymph node metastasis (P = 0.008),
suggesting that GATA5 methylation may also be useful
in determining the prognosis of CRC. However, there
was no significant difference in the levels of the GATA5
gene in the plasma of CRC and adenoma patients.
GATA5 methylation may be involved in the very early
development of CRC, even in precursor adenomas.
Furthermore, the MSP method is a type of qualitative
method, rather than quantitative method (such as
Q-MSP), and could not provide exact values, only the
number with methylation or not, leading to statistical
deviation. Thus, we need to expand our sample size or
use the Q-MSP combined pyrosequencing method to
validate the results in future.
Another interesting gene SFRP2, which is activated
via the Wnt/β-catenin signaling pathway, was also

of adenomas . ColoSure test is a fecal-based
vimentin methylation assay, and a meta-analysis
demonstrated its sensitivity ranging from 38%-88%
and specificity ranging from 73%-100% for CRC in the
feces, but vimentin methylation tests in blood are not
[24]
commercially available yet . However, our preliminary
study revealed that the methylation of SEPT9 and
vimentin in the plasma was extremely low in CRC
patients using the MSP method (data not shown).
The majority of promising blood-based DNA
methylation biomarkers are not commercially available,
but are currently in research, development, or in
clinical trials. A panel of biomarkers is also currently
being investigated, since combinations of robust
biomarkers achieve greater sensitivities than individual
markers, and thus have great potential in diagnosis.
In the current study, we evaluated three methylation
markers, GATA5, SFRP2, and ITGA4 and found that
80.70% (46/57) of patients with CRC, 70.00% (21/30)
of patients with adenomas, and 44.68% (21/47) of
normal controls exhibited at least one methylated gene
in their plasma samples.
GATA5, a zinc-finger transcription regulatory factor
and a member of the GATA family of proteins (GATA1
to GATA6), is known to be functionally involved in cell
lineage specification and cell differentiation during
embryonic development of the heart, lung, urogenital
[25,26]
tract, and gut epithelium
. GATA5 is thought to
be a potential tumor suppressor in gastrointestinal
[27]
tissues , a guiding factor in intestinal epithelial cell
[28]
differentiation , and a mediator of carcinogenesis in
[27]
CRC. Hellebrekers et al
showed GATA5 methylation
in 79% (61/77) of CRC tissues and in 13% (13/100)
of normal colon tissue samples from controls who
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Table 2 Clinicopathological features and DNA hypermethylation in plasma samples of 57 colorectal cancer patients and 30 patients
with adenomas
GATA5
Parameters
Colorectal cancer
Gender
Male
Female
Age, yr
≤ 60
> 60
Tumor size, cm
<5
≥5
Differentiation
Well
Moderately
Poorly
TNM stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Lymph node metastasis
N0
N1–3
Distant metastasis
M0
M1
Location
Colon
Rectum
Adenomas
Tumor size, cm
≤1
>1
Tumor number
1
≥2
Intraepithelial neoplasia
Low
High

SFRP2

ITGA4

n

M

U

P value

M

U

P value

M

U

P value

34
23

20
15

14
8

0.627

21
10

13
13

0.174

10
11

24
12

0.157

28
29

16
19

12
10

0.516

16
15

12
14

0.681

8
13

20
16

0.203

42
15

22
13

20
2

0.019

21
10

21
5

0.266

13
8

29
7

0.123

6
36
15

2
20
13

4
16
2

0.038

2
16
13

4
20
2

0.012

0
11
10

6
25
5

0.007

33
24

15
20

18
4

0.008

14
17

19
7

0.034

8
13

25
11

0.021

33
24

15
20

18
4

0.008

14
17

19
7

0.034

8
13

25
11

0.021

53
4

31
4

22
0

0.151

27
4

26
0

0.168

19
2

34
2

0.620

19
38

10
25

9
13

0.336

12
19

7
19

0.347

6
15

13
23

0.560

14
16

5
8

9
8

0.431

5
7

9
9

0.201

4
5

10
11

1.000

26
4

13
0

13
4

0.113

12
0

14
4

0.13

8
1

18
3

1.000

24
6

11
2

13
4

0.673

8
4

16
2

0.184

6
3

18
3

0.329

investigated as a novel early detection marker in the
[29]
plasma. Tang et al
investigated SFRP2 methylation
in DNA from feces and serum of patients with CRC,
adenoma, or controls. Sensitivity for methylated
SFRP2 in fecal DNA was higher (46% in patients with
adenomas; 84% in patients with CRC) than that for
serum DNA (6% in patients with adenomas; and
67% in patients with CRC). However, serum SFRP2
methylation levels showed markedly higher specificity
in CRCs (94%) than SFRP2 methylation levels in fecal
DNA (54%). Moreover, serum SFRP2 methylation
was significantly associated with poor differentiation
grade (P = 0.019), serosal/subserosal invasion (P <
0.001), lymph node metastasis status (P < 0.001),
and TNM stage (P < 0.001) of CRC. In the current
study, SFRP2 methylation was detected in plasma
samples of 54.39% of CRC patients and 40.00% of
colorectal adenoma patients, and the specificity of
this single biomarker was 72.34%. Similarly, SFRP2
methylation in plasma were significantly correlated
with the differentiation status (P = 0.012), TNM stage (P
= 0.034), and lymph node metastasis (P = 0.034).

WJG|www.wjgnet.com

Integrins are a superfamily of transmembrane
glycoproteins that are involved in cell proliferation,
[30]
differentiation, adhesion, and migration . The
altered expression of ITGA4 has shown a correlation
with transformation or metastasis in several human
[31,32]
cancers
. ITGA4 has been identified as a novel
gene, which is methylated frequently in CRC.
Methylated ITGA4 of tissue is present in 75% of colon
adenomas (n = 27), 92% of colon adenocarcinomas
(n = 69), and 6% of colon mucosa (n = 32).
Methylated ITGA4 in the fecal sample was found in
69% (9/13) of patients with colon adenomas and in
[33]
21% (6/28) of patients with no polyps , but ITGA4
methylation changes in blood have not been previously
investigated. In our study, ITGA4 methylation was
detected in 36.84% (21/57) of CRC, 30% (9/30) of
adenomas, and 19.15% (7/47) of controls. ITGA4
alone could not be considered a unique marker for
cancer detection, because its sensitivity and specificity
are relatively low.
Methylated GATA5, SFRP2, and ITGA4 can be used
together as diagnostic markers for CRC and adenomas
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Table 3 Comparison of predictive ability of GATA5, SFRP2, ITGA4 methylation, when used alone or combined, in colorectal
cancer and adenomas

Adenomas
GATA5
SFRP2
ITGA4
GATA5 or SFRP2
GATA5 or ITGA4
SFRP2 or ITGA4
GATA5 or SFRP2 or ITGA4
GATA5 and SFRP2
GATA5 and ITGA4
SFRP2 and ITGA4
GATA5 and SFRP2 and ITGA4
Colorectal cancer
GATA5
SFRP2
ITGA4
GATA5 or SFRP2
GATA5 or ITGA4
SFRP2 or ITGA4
GATA5 or SFRP2 or ITGA4
GATA5 and SFRP2
GATA5 and ITGA4
SFRP2 and ITGA4
GATA5 and SFRP2 and ITGA4

Sensitivity (95%CI)

Specificity (95%CI)

Odds ratio (95%CI)

P value

43.33% (25.46%-62.57%)
40.00% (22.66%-59.40%)
30.00% (14.37%-49.40%)
63.33% (43.86%-80.07%)
60.00% (40.60%-77.34%)
55.67% (37.43%-74.53%)
70.00% (50.60%-85.27%)
26.77% (12.28%-45.89%)
10.00% (2.11%-26.53%)
13.33% (3.76%-30.72%)
6.67% (0.82%-22.07%)

78.72% (64.34%-89.30%)
72.34% (57.36%-84.38%)
80.85% (66.74%-90.85%)
65.96% (50.69%-79.14%)
65.96% (50.69%-79.14%)
61.70% (46.38%-75.49%)
55.32% (40.12%-69.83%)
91.49% (79.62%-90.00%)
82.46% (70.09%-91.25%)
85.11% (71.69%-93.80%)
93.62% (82.46%-98.66%)

2.83 (1.04-7.73)
1.74 (0.66-4.60)
1.81 (0.62-5.26)
3.35 (1.29-8.71)
2.91 (1.13-7.50)
1.48 (0.92-2.39)
1.57 (1.06-2.33)
3.13 (1.03-9.51)
0.41 (0.10-1.64)
0.88 (0.23-3.31)
1.04 (0.19-5.89)

0.039
0.259
0.273
0.012
0.025
0.114
0.030
0.032
0.231
1.000
1.000

61.40% (47.57%-74.00%)
54.39% (40.66%-67.64%)
36.84% (24.45%-50.66%)
73.68% (60.34%-84.46%)
73.68% (60.34%-84.46%)
70.18% (56.60%-81.57%)
80.70% (68.09%-89.95%)
42.86% (29.71%-50.00%)
6.52% (1.37%-17.90%)
21.05% (11.38%-33.89%)
15.79% (7.48%-27.87%)

78.72% (64.34%-89.30%)
72.34% (57.36%-84.38%)
80.85% (66.74%-90.85%)
65.96% (50.69%-79.14%)
65.96% (50.69%-79.14%)
61.70% (46.38%-75.49%)
55.32% (40.12%-69.83%)
91.49% (79.62%-90.00%)
82.46% (70.09%-91.25%)
85.11% (71.69%-93.80%)
93.62% (82.46%-98.66%)

5.89 (2.44-14.18)
3.12 (1.37-7.12)
2.46 (1.00-6.09)
5.43 (2.33-12.61)
5.43 (2.33-12.61)
3.79 (1.67-8.59)
5.18 (2.16-12.41)
8.06 (2.54-25.5)
0.33 (0.08-1.27)
1.52 (0.55-4.25)
2.75 (0.7-10.82)

and for screening individuals at risk. We used the
MSP assay to evaluate the reliability, sensitivity, and
specificity of GATA5, SFRP2 and ITGA4 methylation
to detect CRC and adenomas. On the basis of the
MSP assay, we found that the three genes (GATA5,
SFRP2, and ITGA4) exhibited high methylation levels
in CRC and adenoma plasma samples. When analysis
of GATA5 and SFRP2 genes was used together for
an assay involving peripheral blood samples, the
respective sensitivities and specificities were 42.86%
and 91.49% for CRC detection (simultaneous detection
of two genes, OR = 8.06; P < 0.01), and 63.33% and
65.96% for adenoma detection (detection of one of
the two genes, OR = 3.35; P = 0.012. The combined
detection of methylated GATA5 and SFRP2 in plasma
will be tested in subsequent studies to evaluate their
clinical performance.
To this end, further studies with larger amounts
of plasma from CRC and adenoma patients will be
needed to validate GATA5, SFRP2, and ITGA4 as
biomarkers for population-based screening of CRC
and pre-neoplastic disease. GATA5 methylation in
plasma is the most frequently detected among the
three genes across all CRC stages and precancerous
lesions. Its combination with SFRP2 may also be useful
for monitoring patients with CRC and adenomas.
Since the sensitivity of the MSP detection method is
low, the pyrosequencing technique will need to be
used to verify whether GATA5 and SFRP2 provide a
feasible and reliable noninvasive screening tool for
CRC and adenomas with the use of blood samples. In
the future, the 5-year survival rate of these patients
will be tracked, and blood from these patients will be

WJG|www.wjgnet.com

< 0.01
< 0.01
0.048
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
0.094
0.419
0.217

periodically collected to explore the clinical value and
significance of GATA5 and SFRP2 in CRC prognosis.

COMMENTS
COMMENTS
Background

Gastric cancer is one of the most frequently diagnosed malignancies in China.
The search for better non-invasive biomarkers for colorectal cancer (CRC)
remains ongoing. Free circulating, tumor-derived methylated DNA is a good
target as a plasma marker for early detection. GATA5, SFRP2 and ITGA4
are potential tumor suppressor genes, and loss of GATA5, SFRP2 or ITGA4
expression are considered a critical step in the genesis and development of
CRC.

Research frontiers

Aberrant methylation of CpG islands at the promoter regions of genes are
commonly associated with transcriptional silencing of tumor suppressor genes
and have been found to be better non-invasive biomarkers for the detection
of CRC. Studies on the correlation of DNA methylation and clinicopathological
characteristics could help clinicians to optimize selection of suitable candidates
for CRC screening.

Innovations and breakthroughs

To date, no report has illustrated a link between GATA5, ITGA4 methylation
in plasma and CRC or adenoma, also no report has analyzed the relationship
between the levels of GATA5 and ITGA4 methylation in plasma and their
clinicopathological characteristics. The current study showed that GATA5
methylation in plasma displayed the highest sensitivity among three genes for
noninvasive detection of CRC and intestinal adenoma. GATA5 methylation in
the plasma significantly correlated with larger tumor size differentiation status,
TNM stage, and lymph node metastasis. Furthermore, using GATA5 and
SFRP2 in plasma together as methylation markers seemed the most favorable
predictor for CRC and adenomas.

Applications

Hypermethylated GATA5 was identified as a novel plasma gene in CRC and
adenomas, and it showed high potential as a biomarker in plasma-based
DNA testing. Furthermore, assessment of SFRP2 genes will be useful to raise
the sensitivity or specificity and could be used as a promising marker for the
detection and diagnosis of CRC and adenomas.
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Terminology

GATA5, a zinc-finger transcription regulatory factor, is known to be functionally
involved in cell lineage specification and cell differentiation during embryonic
development of the heart, lung, urogenital tract, and gut epithelium. SFRP2,
activated via the Wnt/β-catenin signaling pathway, was also investigated as
a novel early detection marker in plasma. ITGA4, has shown correlation with
transformation or metastasis in several human cancers, including in CRC.
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In this study, the authors investigated the feasibility of detecting aberrant
methylation of GATA5, SFRP2, and ITGA4 promoters in plasma DNA as
noninvasive biomarkers for CRC or adenomas, and to evaluate the clinical
utility of these markers.
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ORIGINAL ARTICLE
Basic Study

Effect of bifidobacterium on defensin-5 expression in
intestinal injury of preweaning rats
Wei Wang, Shu-Fen Yang, Li-Hong Ren, Xiu-Xiu Zhang, Shui-Lian Yu
C), a model group (group E) and a treatment group
(group T). Both groups E and T were intraperitoneally
injected with lipopolysaccharide (LPS) at a dose of 5
mg/kg (5 mg/L in normal saline), and group T was
intragastrically administrated with bifidobacterium
9
suspension (2.0 × 10 CFU/mL, 0.5 mL each time, twice
a day, until the end of the experiment) 7 d before LPS
administration. Group C was intraperitoneally injected
with normal saline. After intraperitoneal injection and
intragastric administration, the rats were placed back
to the initial cage to receive breast feeding. The rats
were killed at 2, 6, 12, 24 or 72 h, respectively, after
endotoxin or physiological saline injection to collect
serum and ileal tissue samples. Myeloperoxidase (MPO)
contents in serum and ileum were detected at different
times, and expression of ileal defensin-5 mRNA was
evaluated by reverse transcription-polymerase chain
reaction.
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RESULTS: Serum and ileal MPO contents in group E
were significantly higher than those in group C (serum
contents: 107.50 ± 17.70 vs 157.14 ± 24.67, P <
0.05; ileal contents: 1.03 ± 0.21 vs 1.57 ± 0.33, P <
0.05), which peaked at 12 h and 6 h, respectively. MPO
contents in group T were significantly lower than those
in group E (serum contents: 114.38 ± 24.56 vs 145.25
± 23.62, P < 0.05; ileal contents: 1.25 ± 0.24 vs
1.57 ± 0.33, P < 0.05). The expression of defensin-5
mRNA in group E was significantly higher than that in
group C (0.953 ± 0.238 vs 0.631 ± 0.146, P < 0.05),
which peaked at 2 h, and then decreased gradually.
The expression of defensin-5 mRNA in group T was
significantly lower than that in group E (0.487 ± 0.149
vs 0.758 ± 0.160, P < 0.05) apparently in 24 h. The
expression of defensin-5 mRNA at 2 h in group T was
significantly higher than that in group C (0.824 ± 0.158
vs 0.631 ± 0.146, P < 0.05).

Abstract
AIM: To investigate the protective effect of bifidobacterium
in endotoxin-induced intestinal injury in preweaning
rats.

CONCLUSION: MPO and defensin-5 mRNA increase
in preweaning rats with LPS-induced intestinal injury.
Bifidobacterium protects the gut by inhibiting MPO

METHODS: Preweaning rats were randomly divided into
three groups (n = 40 for each): a control group (group

WJG|www.wjgnet.com
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activity, not by increasing defensin-5 secretion.

from the Key Laboratory of Dairy Science of Northeast
Agricultural University. Escherichia coli (E. coli) (O55:
B5) lipopolysaccharide (LPS) was purchased from
Sigma. Coomassie brilliant blue protein determination
kit and MPO determination kit were purchased from
Nanjing Jiancheng Biological Engineering Research
Institute. Primers for defensin-5 and β-actin were
designed and synthesized by Shanghai Shengneng
Bocai Biological Technology Co. LTD. Reverse
transcription-PCR kit was purchased from Promega
(Beijing, China). Wistar rats were provided by the
Laboratory Animal Center of the Second Affiliated
Hospital of Harbin Medical University.

Key words: Bifidobacterium; Lipopolysaccharide; Ileum;
Myeloperoxidase; Defensin-5
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigated the serum and ileal
contents of myeloperoxidase (MPO) and the expression
of ileal Defensin-5 mRNA in the preweaning rats with
lipopolysaccharide (LPS)-induced intestinal injury.
Serum and ileal MPO contents in the model group
(group E) were significantly higher than those in the
control group (group C) (P < 0.05), which peaked
at 12 h and 6 h, respectively. MPO contents in the
treatment group (group T) were significantly lower
than those in group E (P < 0.05). The expression of
defensin-5 mRNA in group E was significantly upregulated, peaked at 2 h, and then decreased gradually.
The expression of defensin-5 mRNA in group T was
significantly lower than that in group E (P < 0.05).
Serum and ileal MPO contents and ileal expression of
defensin-5 mRNA increased in preweaning rats with
LPS-induced intestinal injury. Bifidobacterium protects
the gut by inhibiting MPO activity, not by increasing
defensin-5 secretion.

Animal model

One hundred and twenty healthy 18-d-old preweaning
Wistar rats, weighing 30.36 ± 6.25 g, were used.
Except the control group (n = 40), all the other rats
were given 5 mg/kg of LPS (5 mg/L in normal saline)
by intraperitoneal injection. After injection, the rats
were placed back to the initial cage to receive breast
feeding.

Animal groups

The animals were randomly divided into three groups
(n = 40 for each): a control group (group C), a model
group (group E) and a treatment group (group T).
Group C received an intraperitoneal injection of 1 mL/
kg of normal saline, and group E and group T received
an intraperitoneal injection of 5 mg/kg of LPS (5 mg/
L). One week before the administration of LPS, group
T was intragastrically given mixed bifidobacterium
9
suspension (2.0 × 10 CFU/mL), 0.5 mL each time,
twice a day, until the end of the experiment. The rats
were killed 2, 6, 12, 24 or 72 h after endotoxin or
physiological saline injection to collect serum and ileal
tissue samples.

Wang W, Yang SF, Ren LH, Zhang XX, Yu SL. Effect of
bifidobacterium on defensin-5 expression in intestinal injury of
preweaning rats. World J Gastroenterol 2015; 21(9): 2638-2644
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i9/2638.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2638

INTRODUCTION
Severe infection is one of the most common causes
of pediatric gastrointestinal dysfunction, and the
pathogenesis is closely related to endotoxin and gut
barrier dysfunction. Bifidobacterium is one of the main
species of beneficial bacteria in the human body, and
participates in host digestion, nutrition, metabolism,
absorption, immunity and resistance to infection.
Especially, bifidobacterium plays an important role
in maintaining the integrity of the intestinal mucosa
barrier. Defensin-5 is a cationic peptide secreted
by Paneth cells in the intestinal mucosa and has an
important role in innate immunity in the gut. In this
study, we investigated the changes in myeloperoxidase
(MPO) contents and defensin-5 in preweaning rats
with endotoxin-induced intestinal injury and explored
the effect of pretreatment with bifidobacterium on
endotoxin-induced intestinal injury.

Methods

After the animals were killed at different time points,
blood samples were collected and centrifuged at 4 ℃ at
3500 r/min for 15 min. The supernatants were stored at
-20 ℃ for further use. In addition, 4-5 cm of the ileum
was taken 3-4 cm away from the ileocecal junction and
divided into two parts. One part was stored at -80 ℃ for
total RNA extraction, and the other part was subjected
to irrigation of lumen contents with cold normal
saline, dried on filter paper, weighed, homogenized
and centrifuged at 4 ℃ at 3000 r/min for 10 min. The
supernatant was stored at -20 ℃ for further use.

Measurements

Serum and ileal MPO contents were determined using
commercial kits according to the manufacturer’s
instructions. To determine the expression of defensin-5
mRNA in the ileum, total RNA was extracted using
one-step guanidinium isothiocyanate method and
reverse-transcribed into cDNA. PCR primers for
defensin-5 were 5′-TGAACCTACCCCAAAAACAGATG-3′

MATERIALS AND METHODS
Materials

Bifidobacterium infantis (KLDS2.0002) was purchased
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Table 1 Serum myeloperoxidase myeloperoxidase contents at different time points in different groups of rats (mean ± SD, U/L)

Group C
Group E
Group T

2h

6h

12 h

24 h

72 h

108.06 ± 15.16
115.70 ± 22.73
110.07 ± 27.98

100.99 ± 14.86
145.25 ± 23.62a
114.38 ± 24.56c

107.50 ± 17.70
157.14 ± 24.67a
132.81 ± 18.08c

103.08 ± 16.48
126.24 ± 22.69a
112.89 ± 19.63

108.06 ± 18.22
106.08 ± 20.28
108.75 ± 21.84

a

P < 0.05 vs group C; cP < 0.05 vs group E.

Table 2 Ileal myeloperoxidase contents at different time points in different groups of rats (mean ± SD, U/g)

Group C
Group E
Group T

2h

6h

12 h

24 h

72 h

0.93 ± 0.21
1.26 ± 0.24a
1.09 ± 0.20

1.03 ± 0.21
1.57 ± 0.33a
1.25 ± 0.24c

1.07 ± 0.23
1.46 ± 0.28a
1.16 ± 0.28c

1.08 ± 0.23
1.28 ± 0.19
1.16 ± 0.21

0.95 ± 0.20
1.11 ± 0.25
1.14 ± 0.22

P < 0.05 vs group C; cP < 0.05 vs group E.

a

(forward) and 5′-TCAGCGGCAACAGAGTATGG-3′
(reverse). The size of the resulting product was 226
bp. PCR cycling parameters were 94 ℃ for 5 min; 35
cycles of 94 ℃ for 30 s, 56 ℃ for 30 s and 72 ℃ for 30
s; and a final extension at 72 ℃ for 7 min. β-actin was
used as an internal standard. PCR primers for β-actin
were 5′-CATCTGCTGGAAGGTGGACA-3′ (forward)
and 5′-GAGAGGGAAATCGTGCGTGAC-3′ (reverse).
The size of the resulting product was 452 bp. PCR
cycling parameters were 94 ℃ for 5 min; 30 cycles
of 94 ℃ for 30 s, 56 ℃ for 40 s and 72 ℃ for 22 s;
and a final extension at 72 ℃ for 7 min. PCR products
were resolved by 2% agarose electrophoresis and
photographed using UV illumination. The results are
expressed as the relative level of defensin-5 to β-actin.

12 h in group T declined significantly compared with
those in group E (1.25 ± 0.24 vs 1.57 ± 0.33; 1.16 ±
0.28 vs 1.46 ± 0.28; P < 0.05) (Table 2).

Expression of defensin-5 mRNA in ileal tissue

Statistical analyses were performed using SPSS 10.0
software. Numerical data are expressed as mean ±
SD. Means between two groups were compared using
the t-test. P-values < 0.05 were considered statistically
significant.

In group C, defensin-5 mRNA was lowly expressed in
ileal tissue. In group E, defensin-5 mRNA expression
significantly increased 2 h after LPS administration,
peaked at 6 h, and gradually declined. Defensin-5
mRNA expression levels at 2, 6 and 12 h were
significantly higher in group E than in group C (0.953
± 0.238 vs 0.631 ± 0.146; 0.972 ± 0.213 vs 0.642 ±
0.154; 0.858 ± 0.198 vs 0.664 ± 0.128; P < 0.05).
In group T, defensin-5 mRNA expression decreased
at 2 h compared with group E, and the decrease was
significant at 6, 12 and 24 h (0.742 ± 0.158 vs 0.972
± 0.213; 0.590 ± 0.167 vs 0.858 ± 0.198; 0.487 ±
0.149 vs 0.758 ± 0.160; P < 0.05). Compared with
group C, defensin-5 mRNA expression was higher at 2
and 6 h in group T (0.824 ± 0.158 vs 0.631 ± 0.146,
P < 0.05 at 2 h), but returned to normal later (Figures
1 and 2, Table 3).

RESULTS

DISCUSSION

Serum MPO content

Gastrointestinal dysfunction plays an important role
in the development and progression of multiple organ
dysfunction syndrome (MODS). The intestine is not
only one of the organs injured in MODS, but also plays
a role in initiating MODS, in which intestinal mucosal
barrier damage plays a key role. Bacterial endotoxin
translocation is closely related to excessive growth
of intestinal opportunistic pathogens, weakened local
immunity in the intestine and intestinal mucosal
mechanical barrier damage. The biological barrier
consisting of intestinal mucosal mechanical barrier and
intestinal flora plays a key role in preventing bacterial
and endotoxin translocation.
MPO is a marker of polymorphonuclear neutrophils,
and its activity reflects the degree of inflammatory

Statistical analysis

Compared with group C, serum MPO contents at 6, 12
and 24 h increased significantly in group E (145.25 ±
23.62 vs 100.99 ± 14.86; 157.14 ± 24.67 vs 107.50
± 17.70; 126.24 ± 22.69 vs 103.08 ± 16.48; P <
0.05). Serum MPO contents at 6 and 12 h in group T
declined significantly compared with those in group E
(114.38 ± 24.56 vs 145.25 ± 23.62; 132.81 ± 18.08
vs 157.14 ± 24.67; P < 0.05) (Table 1).

Ileal MPO content

Compared with group C, ileal MPO contents at 2, 6 and
12 h increased significantly in group E (1.26 ± 0.24 vs
0.93 ± 0.21; 1.57 ± 0.33 vs 1.03 ± 0.21; 1.46 ± 0.28
vs 1.07 ± 0.23; P < 0.05). Ileal MPO contents at 6 and
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Table 3 Relative expression levels of defensin-5 mRNA at different time points in different groups of rats (mean ± SD)

Group C
Group E
Group T

2h

6h

12 h

24 h

72 h

0.631 ± 0.146
0.953 ± 0.238a
0.824 ± 0.158c

0.642 ± 0.154
0.972 ± 0.213a
0.742 ± 0.158e

0.664 ± 0.128
0.858 ± 0.198a
0.590 ± 0.167e

0.607 ± 0.132
0.758 ± 0.160
0.487 ± 0.149e

0.618 ± 0.142
0.780 ± 0.170
0.681 ± 0.151

P < 0.05 vs group C; cP < 0.05 vs group C; eP < 0.05 vs group E.

a
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Figure 1 Expression of defensin-5 mRNA in different groups of rats. M: DNA marker; C: Group C; E1-5: Group E at 2, 6, 12, 24 and 72 h; T1-5: Group T at 2, 6,
12, 24 and 72 h; β-actin = 452 bp; defensin-5 = 226 bp.
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Figure 2 Dynamic expression of defensin-5 mRNA in different groups of rats.
[7]

cell infiltration in the tissue, namely, the degree of
[1]
inflammatory activity . This study found that in the
normal intestinal tissue, serum MPO content was
low. However, MPO activity increased significantly in
group E compared with group C, and the increase
of MPO content in the ileum occurred earlier than
that in serum, suggesting that the accumulation and
activation of a large number of neutrophils in ileal
tissue participate in the occurrence and development
of intestinal tissue injury.
Defensins are an important part of the body’s
innate immune system. Because they have broad
[2]
[3,4]
antibacterial and antiviral
spectrum and do
not generate resistance, defensins are expected to
become a new type of antibacterial drug. Defensin-5
is produced mainly by Paneth cells located at the base
[5,6]
of crypts in the small intestine , and it is mainly
expressed in the jejunum and ileum. Paneth cell alphadefensins secreted into the small intestinal lumen
persist as intact and functional forms throughout
the intestinal tract, suggesting that the peptides
may mediate enteric innate immunity in the colonic
lumen, far from their upstream point of secretion in
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small intestinal crypts . Some defensins inhibit the
biosynthesis of bacterial cell walls by insulating lipid Ⅱ,
while some others inhibit the biosynthesis of bacterial
[8-10]
peptidoglycan by binding to lipid Ⅱ
. Defensin
expression is altered in IBD, and this suggests their
[11]
potential role in IBD pathogenesis . Recombinant
human β-defensins-5 and -6 have been successfully
[12]
expressed in E. coli and purified . A previous
study constructed a eukaryotic vector expressing
human defensin-5, laying a foundation for eukaryotic
expression, production and purification of bioactive
[13]
human defensin-5 protein . Current research shows
that, with some modifications, defensin-5 having a
purity > 95% can be produced to so as to study its
[14]
structure, activity and other applications .
Many previous studies have proved the antibacterial
effects of defensins in vitro or in animal models. A
recent study found that human defensin-5 reduced
[15]
parasite infection in intestinal epithelial cells . Modified
E21R-defensin-5 significantly enhanced the antiviral
[16]
effect of defensin-5 against herpes simplex virus .
Human defensin-5 can resist HIV, providing a new
[17]
avenue for AIDS prevention and treatment . Human
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defensin-5 could also promote the healing of threedegree burns, reduce the bacteria to colonize, and
[18]
promote hair growth . In addition, human defensin-5
and β-defensin-2 can promote and coordinate each
other in normal conditions, and their expression
increases significantly in inflammatory conditions. Their
synergistic effect may be one of the reasons for fallopian
[19]
tube adhesion formation in infertile patients . Different
pathologies of the upper gastrointestinal tract may lead
[20]
to differential expression of defensins in children .
In the gastroesophageal junction, defensin-5 secreted
by metaplastic Paneth cells reduced the expression of
E-cadherin in squamous cells, thus accelerating the
[21]
formation of Barrett’s esophagus . Studies have found
that human defensin-5 promoted intestinal epithelial
[22]
cell apoptosis . In severely obese individuals, Paneth
cell dysfunction resulted in decreased secretion of
defensin-5, which was associated with obesity related
[23]
flora composition changes . Approximately 1/4
of patients undergoing Bricker ileal conduit urinary
diversion had symptomatic urinary tract infection and
increased secretion of defensin-5 by ureter epithelial
cells, suggesting a protective role of innate immunity
[24]
against symptomatic urinary tract infection .
By comparing intestinal tissues between normal
children and those with Crohn’s disease (CD), it
has been found that when the intestinal tract was
exposed to bacteria or their associated antigens,
Paneth cells released defensin-5, and the expression
pattern of defensin-5 mRNA was different in different
[25]
parts and in different pathological conditions . In
the ileum of CD children, defensin-5 expression was
decreased, and this decrease was associated with the
degree of inflammation and induced the metaplasia
[26]
of colonic Paneth cells . Studies have also shown
that defensin-5 expression in the terminal ileum
showed no significant differences among CD children,
colitis children and normal children, but defensin-5
expression in the terminal ileum was significantly
higher in ulcerative colitis children than in CD children
[27]
and normal children .
This study showed that defensin-5 mRNA was lowly
expressed in the ileum tissue of normal preweaning
rats. In group E, defensin-5 expression significantly
increased 2 h after intraperitoneal injection of
endotoxin, peaked at 6 h, still showed a significant
difference compared with the control group at 12 h,
and gradually returned to normal at 24 h and 72 h,
suggesting the protective role of intestinal defensin-5
in abdominal cavity infection.
The gastrointestinal tract is the body’s largest
reservoir of bacteria. In critically ill patients, factors
such as no eating and use of antacids and antibiotics
can damage the micro-ecological stability in the gut,
thus resulting in intestinal flora imbalance, which
is the main reason for bacterial translocation and
[28,29]
enterogenous infection
. Bifidobacterium is the
main species of the biological barrier in the intestinal
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innate immune system, and can strengthen various
lines of gastrointestinal defense through immune
rejection, immune clearance and immune modulation,
thereby exerting anti-infection, anti-inflammatory, and
anti-tumor effects.
In interleukin 10 gene knockout mice (as an
inflammatory bowel disease model), the expression of
α-defensins decreased 7 wk after birth; in mice with
an age less than 11 wk, the production of α-defensins
varied inversely with age. Decreased expression of
α-defensins resulted in ineffective modulation of the
formation of intestinal flora, thus causing inflammatory
[30]
changes . In addition, α-defensins play an important
[31]
role in regulating intestinal flora balance . In induction
therapy in organ transplantation, Paneth cells and
antimicrobial peptides secreted by Paneth cells have an
important role in maintaining the stability of intestinal
[32]
flora . Rebamipide can regulate intestinal flora by upregulating the secretion of ileal defensing-5 and thereby
[33]
alleviate indomethacin induced intestinal injury .
Biopsies of adenomatous polyps in the rectum-sigmoid
colon had a significant reduction of mucosa adherent
[34]
bacteria and an increase in α-defensin secretion .
α-defensins secreted by Paneth cells can not only
mediate gut innate immunity but also determine the
[31]
composition of the intestinal microbiota .
Supplementation of exogenous bifidobacterium can
maintain the population of beneficial intestinal bacteria,
reduce the load of intestinal pathogenic bacteria,
facilitate the restoration of intestinal micro-ecological
balance, repair intestinal epithelial barrier, inhibit the
excessive growth of exogenous pathogenic bacteria,
reduce the production of intestinal endotoxin, promote
the secretion of mucins by intestinal epithelial cells
and immunoglobulin A by Paneth cells, and regulate
[35]
the body’s immune function . In a mouse model of
inflammatory bowel disease, treatment with probiotics
can reduce intestinal inflammation and increase the
secretion of intestinal mucin-2, which is beneficial to
[36]
the recovery of inflammatory bowel disease . Some
studies suggest certain species-specificities of the anti[37]
inflammatory properties of bifidobacteria , while
others found that administration of Bifidobacterium
bifidum protects against necrotizing enterocolitis in a
[38]
neonatal rat model . Bifidobacterium adolescentis
BBMN23 and Bifidobacterium longum BBMN68 were
orally administrated to specific pathogen-free BALB/c
mice at different doses, and the results suggested
that BBMN23 and BBMN68 may improve intestinal
digestion ability and enhance immune barrier function
[39]
in the intestine .
In this study, compared with rats in the model
group, pretreatment with bifidobacterium led
to significant reductions of serum and ileal MPO
contents, reduced the accumulation and activation of
neutrophils, and decreased inflammatory responses,
indicating that bifidobacterium can protect the
intestinal tissue by inhibiting the activity of MPO. After
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supplementation of exogenous bifidobacterium, ileal
defensin-5 mRNA expression increased compared
with the normal group, but significantly decreased
compared with the endotoxin group, suggesting that
bifidobacterium exerts the intestinal protective effect
not via the defensin-5 pathway.
In conclusion, treatment with LPS caused increases
in serum and ileal MPO contents and ileal defensin-5
mRNA expression, suggesting that intestinal
inflammatory responses and innate immune system
were activated. After supplementation of exogenous
bifidobacterium, serum and ileal MPO contents
decreased, and ileal defensin-5 mRNA expression
significantly decreased compared with group E, but
still increased compared with group C, suggesting
that bifidobacterium could exert a protective effect
on the ileum not via the mechanisms associated
with defensin-5 up-regulation. Bifidobacterium may
activate other protective mechanisms in the body
and as a result, Paneth cells do not need secret too
much defensin-5 to control inflammation. The exact
mechanisms remain to be clarified in future studies.

This is a good descriptive study in which the authors analyzed the preventive
effect of bifidobacterium by inhibiting the activity of MPO, reducing the
accumulation and activation of neutrophils, and decreasing inflammatory
responses. Meanwhile, bifidobacterium exerts a protective effect on the ileum
not via the mechanisms associated with defensin-5 up-regulation.
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Angiopoietin and vascular endothelial growth factor
expression in colorectal disease models
Wei-Xin Liu, Shou-Zhi Gu, Shen Zhang, Yi Ren, Li-Xuan Sang, Cong Dai
in rats that received three cycles of 3.5% dextran
sulfate sodium (DSS) in drinking water for 7 d followed
by distilled water for 14 d after intraperitoneal
pretreatment with 20 mg/kg 1,2-dimethylhydrazine
(DMH) (CRC group). Colitis was investigated in rats
that received three cycles of 3.5% DSS in drinking
water for 7 d followed by distilled water for 14 d after
intraperitoneal pretreatment with saline (UC group).
Rats without DSS or DMH treatment served as controls.
Expression of the tyrosine kinase with immunoglobulinlike and EGF-like domains (Tie)-2 and its ligands, Ang-1
and Ang-2, as well as VEGF were evaluated in the
colorectum by Western blotting.
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RESULTS: Compared with rats in the control group,
rats in the CRC and UC groups developed the symptoms
of acute colitis with diarrhea, rectal bleeding, wasting,
and loss of body weight (P < 0.05). In addition, the
mean length of colorectum of CRC and UC rats was
significantly shorter than that of control rats (8.29 ±
0.21 and 8.31 ± 0.86, respectively, vs 12.34 ± 0.12 cm;
P < 0.05). Furthermore, rats in the CRC group, but not
in the UC or control groups, developed multiple tumors
in the colorectal region. Western blot analysis revealed
that rats in the CRC and UC groups had markedly
increased protein levels of Ang-1, Ang-2, Tie-2, and
VEGF in the colorectum compared to rats in the control
group.
CONCLUSION: Increased expression of Ang-1, Ang-2,
Tie-2, and VEGF in ulcerative colitis-derived colorectal
cancer might lead to chronic colitis and pathologic
angiogenesis in rats.

Abstract

Key words: Angiopoietin-1; Angiopoietin-2; Colorectal
cancer; Tie-2; Ulcerative colitis; Vascular endothelial
growth factor

AIM: To investigate angiopoietin (Ang) and vascular
endothelial growth factor (VEGF) expression in rats
with ulcerative colitis (UC) and colorectal cancer (CRC).

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

METHODS: Dysplasia and cancer were investigated
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closely associated with tumor angiogenesis. Moreover,
a close correlation has been found between Ang-2 and
[19,20]
VEGF expression in tumors
. In recent years, the
effect of these angiogenic factors in carcinogenesis has
attracted much attention. However, the exact role of
Ang-1, Ang-2, Tie-2, and VEGF in UC and CRC remains
largely unknown.
Animal models are important for testing the various
hypotheses concerning the etiology and pathogenesis
of UC and CRC, thereby providing insights into the
underlying mechanisms. The rat model induced by
dextran sulfate sodium (DSS) is applicable to study
UC, as the clinical and pathologic features in this
model are very similar to those in patients with UC. In
addition, the 1,2-dimethylhydrazine (DMH)-induced rat
model of CRC is widely used in the study of colorectal
carcinogenesis, bearing histopathologic and molecular
characteristics of tumor genesis that mimic human
[21]
CRC . In the present study, we investigated the
colorectal protein expression of Ang-1, Ang-2, Tie-2,
and VEGF in these models to elucidate their potential
role in the progression from inflammation to malignant
transformation.

Core tip: Colorectal cancer is the most severe complication
in ulcerative colitis. Angiopoietin (Ang)-1, Ang-2, their
receptor, tyrosine kinase with immunoglobulin-like and
EGF-like domains (Tie)-2, and vascular endothelial growth
factor may play a key role in forming vasculature which
is involved in carcinogenesis. In this study, rats with
ulcerative colitis and colorectal cancer had increased
expression of these proteins, which suggests they may
contribute to the development of colon cancer, chronic
colitis, and pathologic angiogenesis in the rat.
Liu WX, Gu SZ, Zhang S, Ren Y, Sang LX, Dai C. Angiopoietin
and vascular endothelial growth factor expression in colorectal
disease models. World J Gastroenterol 2015; 21(9): 2645-2650
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i9/2645.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2645

INTRODUCTION
Colorectal cancer (CRC) is the third most common
malignancy and one of the leading causes of cancer[1,2]
related deaths worldwide . Ulcerative colitis (UC)
is a chronic inflammatory bowel disease of the large
intestine in which the severity and extent of disease
can range from mild proctitis to extensive fulminant
[3,4]
disease . The incidence of CRC has been increasing
in patients with UC, and the risk of CRC increases
[5-8]
with increased extent and duration . However, the
mechanisms underlying the frequent occurrence of
CRC in patients with UC are still elusive.
Angiogenesis is necessary for the initiation
and progression of malignant tumors and thus is
[9,10]
considered as a hallmark of cancer
. In various
hypotheses, the formation of new blood vessels
from the existing vasculature is essential for the
[11-13]
growth and progression from colitis to tumors
.
Both angiopoietin (Ang)-1 and Ang-2 are members
of a family of secreted proteins that bind to an
endothelium-specific receptor tyrosine kinase, namely
the tyrosine kinase with immunoglobulin-like and EGF[14]
like domains (Tie)-2 receptor . Although Ang-1 and
Ang-2 bind to Tie-2 with similar affinity, they exert
[15]
different functions . Ang-1 is constitutively expressed
on blood vessels and is thought to induce stabilization
by maintaining pericyte and smooth cell muscle
coverage, whereas Ang-2 is expressed in regions of
vascular remodeling and antagonizes the effects of
Ang-1, thereby enabling removal of the periendothelial
[16]
cells and destabilizing the vessels . Ang-1/Ang-2
play a critical role in the process of inflammation and
[17]
cancer in various tissues . The vasculature is usually
quiescent under the stabilizing influences of Ang1/
[18]
Tie-2 . In tumors, vascular destabilization allows
vascular endothelial growth factor (VEGF) and other
growth factors to facilitate angiogenesis, with the
alteration in Ang-1/Ang-2 ratio in favor of Ang-2 being
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MATERIALS AND METHODS
Animals and study design

All rats in the study were used strictly in accordance
with the National Institutions of Health Guide for the
Care and Use of Laboratory Animals. Male Wistar rats
(n = 44) weighing 200-220 g, were obtained from the
Experiment Animal Center, China Medical University.
Rats were housed in plastic cages containing cornchip bedding and were maintained on a 12 h light/12
h dark cycle (07:00-19:00 h, light cycle; 19:00-07:00
h, dark cycle) with a room temperature of 22 ± 1 ℃
and a humidity of 65%-70%. Water and food were
available ad libitum. The design of this research was
approved by the China Medical University Animals
Committee (No. 2011-2362).

Experimental protocol

Acute colitis was induced by administration of DSS
(molecular weight 5000; Sigma Aldrich, St. Louis, MO,
United States) at 3.5% (wt/vol) in drinking water for 7
d. Since DSS has a direct toxic effect on epithelial cells
and can lead to erosion with a complete loss of surface
epithelium, we induced a relatively moderate colitis
by administration of 3.5% DSS. The clinical course of
colitis was monitored by a daily disease activity index,
including the three parameters of weight loss, stool
consistency, and perianal bleeding (Table 1).
Rats in the CRC group (n = 15) were subjected to
three cycles of alternating administration of distilled
water containing DSS for 7 d followed by distilled water
for 14 d after intraperitoneal pretreatment with 20
mg/kg 1,2-DMH (Sigma Aldrich). Rats in the UC group
(n = 15) were subjected to three cycles of alternating
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Table 1 Calculation of disease activity index
Score
0
1
2
3
4

Table 2 Disease activity index, colorectal length, and pathology
score in each group (mean ± standard deviation)

Parameter
Weight loss

Stool consistency

Perianal bleeding

None
1%-5%
5%-10%
10%-20%
> 20%

Normal

None

Pasty stools

Occult bleeding

Diarrhea

Gross bleeding

Group
Colorectal cancer
Ulcerative colitis
Control

Disease activity
index

Colon length
(cm)

Pathology score

3.89 ± 0.91a
3.67 ± 0.47a
0.00 ± 0.00

8.29 ± 0.21a
8.31 ± 0.86a
12.34 ± 0.12

5.56 ± 0.12a
5.23 ± 0.41a
0.00 ± 0.00

a

P < 0.05 vs control.

Disease activity index was calculated as cumulative score of the three
parameters.

according to the manufacturer’s instructions (Amersham
of GE Healthcare, Little Chalfont, United Kingdom).
Autoradiographs were quantified by densitometry
software (Total Lab Dynamics Ltd, Newcastle, United
Kingdom), and several time exposures were analyzed
to ensure the linearity of the band intensities.

administration of distilled water containing DSS for 7 d
followed by distilled water for 14 d after intraperitoneal
pretreatment with 0.5 mL saline. Rats in the control
group received distilled water only after intraperitoneal
pretreatment with 0.5 mL saline.

Statistical analysis

Histopathologic study

All experiments were performed with triplicate or
greater samples, and data shown are representative of
five or more independent experiments. The differences
among groups in disease activity index, colon length,
pathology score, and protein expression were eva
luated by one-way analyses of variance followed by
least significant difference tests. Data are expressed
as mean ± SD. All statistical analyses were conducted
using SPSS 16.0 software (SPSS Inc., Chicago, IL,
United States). P < 0.05 was considered as statistically
significant.

Rats were anesthetized with diethyl ether and perfused
through the aorta with physiologic saline, followed
by periodate-lysine-paraformaldehyde. The distal
part of the rectum were removed and immersed
in the same fixative liquid and stored overnight at
4 ℃, then placed in 30% sucrose in 0.01 mol/L PBS
for 6 h at 4 ℃ . The specimens were embedded in
paraffin and then frozen in -80 ℃ until sectioning.
Serial tissue sections (5 µm) of paraffin-embedded
specimens were cut perpendicular to the mucosal
surface and stained with hematoxylin-eosin to assess
the morphology of the tissue. The severity of damage
in the colonic tissue was graded according to the
histopathologic standard scoring system as follows: 0,
normal; 1, focal inflammatory cell infiltration (including
polymorphonuclear leukocytes); 2, inflammatory
cell infiltration, gland dropout, and crypt abscess;
3, mucosal ulceration; and 4, two or more areas of
mucosal ulceration.

RESULTS
Clinical disease activity and colorectal length

Compared with control rats, rats in the CRC and UC
groups developed symptoms of acute colitis with
diarrhea, rectal bleeding, wasting, and loss of body
weight. This was paralleled by a dramatic rise in the
disease activity index starting at day 3 after DSS
induction in the CRC group and day 4 in the UC group.
In addition, the mean length of colorectum of CRC and
UC rats was significantly shorter than that of control
rats (P < 0.05) (Table 2).

Western blotting analysis

Colorectal tissue samples were homogenized at 4 ℃
in 5 vol buffer containing 320 mmol/L sucrose, 1
mmol/L, DL-dithiothreitol, 10 µg/mL leupeptin, 10
µg/mL soybean trypsin inhibitor, 2 µg/mL aprotinin,
and 50 nmol/L Tris (pH 7.0) and centrifuged at 12000
× g for 20 min. The supernatants were diluted and
heated at 95 ℃ for 5 min. After loading (20 µg protein),
proteins were separated in 12 or 14% SDS-PAGE (90
mV). Proteins were transferred to a polyvinylidene
difluoride membrane (Millipore, Billerica, MA, United
States) and incubated with polyclonal rabbit antirat Ang-1 (1:1000), Ang-2 (1:1000), Tie-2 (1:500),
and VEGF (1:1000) antibodies (all from Santa Cruz
Biotechnology, Dallas, TX, United States). After
incubating with peroxidase secondary antibody, proteins
were visualized on X-ray film by chemiluminescence
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Histopathology scores

In the control group, colonic membrane structure was
intact, without epithelial sloughing, trimmed glands,
and with only a few red blood cells appearing in the
mucosa. In the CRC and UC groups, slight damage to
the epithelium was observed, with trimmed glands, a
few glands detaching, as well as some red blood cells
and inflammatory cells appearing in the mucosa (Figure
1). Histopathologic scores in the CRC and UC groups
were significantly higher than in the control group (Ps
< 0.05) (Table 2). However, there was no significant
difference in the histopathologic scores between the
CRC and the UC groups.
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A

B

C

D

Figure 1 Hematoxylin and eosin staining of colons obtained from rats in each group. A: Normal colonic histology (× 20); B: Colonic histology from a rat with
ulcerative colitis (× 20); C: Dysplastic lesion in a rate with colorectal cancer (× 200); D: Cancer lesion in a rat with colorectal cancer (× 200).

Incidence and distribution of dysplasia and cancer

DISCUSSION

Rats in the CRC group developed multiple tumors in
the colorectal region. Eleven of fifteen rats had at least
one dysplasia and/or cancer lesion; gross lesions were
noted in nine rats. These lesions were dome shaped
and ranged from 1.5 to 3.5 mm in size, which mainly
appeared in the distal portion of the large intestine,
then in the middle portion, and none in the proximal
part. Most tumor tissues were tubular lesions with
atypical severe cellular and structural high-grade
dysplasia. A small number of lesions revealed relatively
moderate dysplasia. Eight samples of dysplasia were
categorized as low-grade dysplasia, and three samples
were categorized as high-grade dysplasia. Among the
rats with dysplasia and/or cancer, the incidence of
dysplasia and/or cancer was 18.18, 27.27 and 54.55%
in the proximal, middle and distal colon segments,
respectively. Furthermore, 63.64% rats with dysplasia
and/or cancer had lesions limited to only one colon
segment, 27.27% of rats had lesions in two different
segments, and 9.09% of rats had lesions in all three
segments. No sign of tumor development was detected
in UC or control groups.

The administration of DMH and/or DSS in rats
induces CRC and UC with histopathology very similar
[22,23]
to that seen in humans
. The study of animal
models allows us to better understand the cause and
mechanisms of UC and CRC. Clinical study of large
patient populations and the introduction of specialized
instrumentation such as colonoscopy have helped
to answer questions regarding epidemiology and
anatomic changes, but these are limited methods for
investigating the molecular mechanisms underlying the
disease in humans. CRC in patients with UC develops
mainly on the left side of the large intestine and
transverse colon. In our experiment, DSS and DMH
induced colitis-related tumors that were predominantly
in the distal part of colon. In patients with UC,
dysplasia was found in two or more segments in
42%-75% of the cases, and the incidence of multiple
[24-26]
synchronous cancers varied from 22% to 50%
. Our
results show that dysplasia was present in two or more
segments in 36.36% of the rats, and the incidence of
synchronous cancers was 27.27%.
Although Ang has been suggested to play a role
in the initiation of angiogenesis and progression from
inflammation to cancer, the role of Ang-1, Ang-2, Tie-2,
and VEGF in UC and CRC, particularly the relationship
between Ang and Tie systems, has not been fully
clarified. Our study shows that Ang-1, Ang-2, Tie-2,
and VEGF were expressed in normal epithelium,

Protein levels of Ang-1, Ang-2, Tie-2 and VEGF

As shown in Figure 2, the protein levels of Ang-1,
Ang-2, Tie-2, and VEGF were markedly increased
in the CRC and UC groups as compared to controls.
However, the differences did not reach statistical
significance.
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Ang-2
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Tie-2
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VEGF
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b-actin

42 kD

1

2

be acknowledged that the difficulties in drawing clear
boundaries among usual and atypical hyperplasia, lowgrade DCIS, and the small size of the lesions limit the
accuracy of quantitative immunohistochemistry, and
mask the difference between UC and CRC.
In conclusion, our findings suggest that Ang-2
expression may negatively regulate angiogenesis and
decrease vascular permeability by stabilizing epithelial
cells and increasing periendothelial support. Ang-2 is
an important mediator of neoplastic and nonneoplastic
angiogenesis, but its precise role in this process
remains to be elucidated. Sequential expression of
Ang-1, Ang-2, Tie-2, and VEGF has been shown to
be crucial for successful angiogenesis. Therefore,
any interruption or disturbance in this balanced
expression will likely significantly affect the angiogenic
process. Such a disturbance could occur at the level
of continuous Tie-2 activation (by Ang-1) or by Tie-2
interruption (soluble Tie-2, Tie-2 receptor antagonists).
Future studies are required to provide further insight
into this complex process.
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Colorectal cancer (CRC) is the most severe complication in ulcerative colitis
(UC). Angiopoietin (Ang)-1, Ang-2, tyrosine kinase with immunoglobulin-like and
EGF-like domains (Tie)-2 and vascular endothelial growth factor (VEGF) may
play a key role in forming vasculature that is involved in carcinogenesis.

0.2
0.1
0.0

Research frontiers
Ang-1

Ang-2

Tie-2
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Figure 2 Protein expression in colorectum. Representative Western
blots and quantitation of angiopoietin (Ang)-1, Ang-2, tyrosine kinase with
immunoglobulin-like and EGF-like domains-2 (Tie-2), and vascular endothelial
growth factor (VEGF) (normalized to β-actin). Lane 1: Group A (colorectal
cancer); Lane 2: Group B (ulcerative colitis); Lane 3: Group C (control). Error
bars represent standard deviation.

The results indicate that Ang-2 and Tie-2 may be involved in the early induction
of proinflammatory factors, which may contribute to the development of colon
cancer. Furthermore, the expression of Ang-2, Tie-2, and VEGF in UC-derived
CRC might lead to chronic colitis and pathologic angiogenesis in rat.

Applications

Further research concerning Ang-1, Ang-2, Tie-2, and VEGF in UC and CRC
might unravel the underlying pathogenesis of UC and CRC.

Terminology

but there were differential expression patterns in
epithelial/tumor and endothelial cells depending on
the stage of disease. It has also been suggested that
a decrease in Ang-1 and increase in Ang-2 would
result in destabilization of the vessels, thereby allowing
the vessels to be acted upon by other angiogenesis
factors, such as VEGF. The current data show that
although vascular Ang-1 remained constant at the
earliest stages of hyperplasia, there was a decrease
in the epithelial expression of Ang-1, suggesting less
available ligand for binding to Tie-2 on the endothelial
cell surface. Simultaneously, there was an increase
in both epithelial and endothelial Ang-2, which may
compete with Ang-1 for Tie-2 binding, resulting in
vascular destabilization. As some studies have reported
a significant increase in epithelial VEGF expression
at this early stage in colon cancer development, our
data suggest that the Ang and Tie-2 pathway may act
in conjunction with VEGF to stimulate the angiogenic
switch at the onset of hyperplasia. However, it must

WJG|www.wjgnet.com

Angiogenesis is necessary for the initiation and progression of malignant
tumors and thus is considered as a hallmark of cancer.

Peer-review

In the present study, the authors investigated the protein expression of Ang-1,
Ang-2, Tie-2, and VEGF in colons of rats with UC and CRC to elucidate the
potential role of these factors in the progression from inflammation to malignant
transformation. The study is well designed, and results are interesting.
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AIM: To investigate the protective effect of clodronatecontaining liposomes against severe acute pancreatitis
(SAP)-triggered acute gastric mucosal injury (AGMI) in
rats.
METHODS: Clodronate- and phosphate-buffered
saline (PBS)-containing liposomes were prepared by
reverse-phase evaporation. The SAP rat model was
established by injecting sodium taurocholate into the
pancreatic subcapsular space. Sprague-Dawley rats
were randomly divided into three groups: control (C),
SAP plus PBS-containing liposome (P) and SAP plus
clodronate-containing liposome (T). Serum tumor
necrosis factor (TNF)-α levels were estimated by
ELISA. Pathological changes in the gastric mucosa and
pancreas were observed by hematoxylin and eosin
(HE) staining. Apoptotic cells were detected by terminal
deoxynucleotidyl transferase dUTP nick end labeling
staining. The numbers of macrophages in the gastric
mucosa were analyzed by CD68 immunohistochemical
staining.
RESULTS: The liposomes had a mean diameter of 150
± 30 nm. The TNF-α levels were significantly higher
in the P group than that in the C group (2 h, 145.13
± 11.50 vs 23.2 ± 2.03; 6 h, 245.06 ± 12.11 vs 30.28
± 6.07, P < 0.05), and they were significantly lower
in the T group than that in the P group (2 h, 93.24
± 23.11 vs 145.13 ± 11.50; 6 h, 135.18 ± 13.10 vs
245.06 ± 12.11, P < 0.05). The pathological scores of
the pancreas were lower in the T group than in the P
group (2 h, 1.88 ± 0.83 vs 4.13 ± 0.83; 6 h, 2.87 ± 0.64
vs 6.25 ± 0.88, P < 0.01). The pathological scores of
the gastric mucosa were also lower in the T group than
in the P group (2 h, 1.12 ± 0.64 vs 2 ± 0.75; 6 h, 1.58
± 0.53 vs 3 ± 1.31, P < 0.05). In addition, increased
CD68 levels were observed in the gastric mucosa of
the P group compared with the C group. Clodronate-
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containing liposomes decreased the CD68 levels in the
mucosa of the T group. The apoptotic indexes of the
gastric mucosa were higher in the T group than in the
P group (2 h, 15.7 ± 0.92 vs 11.5 ± 1.64; 6 h, 21.12 ±
1.06 vs 12.6 ± 2.44, P < 0.01).

Clodronate belongs to the bisphosphonate (BP)
family of drugs, and it is a potent inhibitor of osteo
[17,18]
porosis and other diseases
. As with other BPs,
clodronate liposomes are readily phagocytosed by
[19]
[20]
macrophages . Van Rooijen et al
reported that
clodronate could selectively inhibit the viability of
macrophages by inducing apoptosis. Once clodronate
is incorporated within liposomes, it is phagocytosed
by macrophages, resulting in selective depletion of
[21]
macrophages .
In this study, we investigated the effect of clod
ronate-containing liposomes on AGMI. Our results
provide the basis for a new strategy for SAP treatment.

CONCLUSION: Gastric macrophages contribute to
the pathogenesis of gastric injury in SAP. Clodronatecontaining liposomes have protective effects against
AGMI in rats with SAP.
Key words: Pancreatitis; Clodronate disodium; Macrophage;
Gastric mucosal injury
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS
Materials and reagents

Core tip: In this study, we investigated the protective
effect of clodronate liposomes against severe acute
pancreatitis (SAP)-triggered acute gastric mucosal injury
in rats. Our results revealed that gastric macrophages
are involved in the pathogenesis of gastric injury in
SAP. Moreover, clodronate-containing liposomes have
protective effects against gastric mucosal injury in
rats with SAP. Therefore, the blockade of macrophage
infiltration may represent a novel therapeutic strategy
for the treatment of SAP.

Forty-eight Sprague-Dawley (SD) rats (weight, 350-385
g) were provided by the Jiangsu University. Sodium
taurocholate was obtained from Sigma (Sigma,
United States). Clodronate was obtained from Weijing (Shanghai Wei-jing Technology Enterprise Co.,
Ltd.). The terminal deoxynucleotidyl transferase dUTP
nick end labeling (TUNEL) assay kit was purchased
from Roche (In situ Apoptosis Detection Kit; Cat.
No. 11684817910; Roche, Switzerland). The CD68
immunohistochemical kit was purchased from
Fuzhou Maxim Company (China), and tumor necrosis
factor (TNF)-α was purchased from Invitrogen Corp.
(Carlsbad, California, United States).

Dang SC, Wang H, Zhang JX, Cui L, Jiang DL, Chen RF, Qu
JG, Shen XQ, Chen M, Gu M. Are gastric mucosal macrophages
responsible for gastric injury in acute pancreatitis? World J
Gastroenterol 2015; 21(9): 2651-2657 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2651.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2651

Preparation of clodronate- and phosphate-buffered
saline-containing liposomes

Clodronate and phosphate-buffered saline (PBS)
(control) liposomes were prepared by reverse[20]
phase evaporation, as described previously . The
suspensions were stored in an inert atmosphere of
nitrogen until use. The concentration of encapsulated
clodronate was determined using an ultraviolet
spectrophotometer. The liposomes were dissolved in 4
mL of sterilized PBS (5 mg/mL). The suspension was
shaken gently before administration (dosage, 20 mg/
[22]
kg) to the rats, as described by Brigham et al
and
[23]
Zhang et al .

INTRODUCTION
Severe acute pancreatitis (SAP) is often complicated
by systemic inflammatory response syndrome (SIRS),
eventually leading to dysfunction of multiple organs,
including the liver, lungs, kidneys, intestine, and
[1-4]
stomach . Up to 50% of patients with SAP may have
[5]
stress-related acute gastric mucosal injury (AGMI) .
Despite intensive research and clinical investigations,
the pathogenesis of AGMI induced by SAP remains
unclear. SAP-induced AGMI may be associated with
ischemic reperfusion injury, excessive release of inflam
matory mediators, microcirculatory disturbance, and
[6-11]
oxidative stress
.
Recent research has revealed that activated ma
crophages secrete inflammatory cytokines such as
TNF-α and IL-6 etc., which results in gastric mucosal
[12-15]
injury
. Increased apoptosis in the gastric mucosa
is known to be responsible for SAP-associated mucosal
[16]
dysfunction . Gastric mucosal macrophages secrete
inflammatory factors, and therefore play a key role
in AGMI. Hence depleting macrophages may reduce
gastric mucosal damage in SAP.

WJG|www.wjgnet.com

Animal models and experimental groups

The rats were housed in individual cages maintained
at 21-23 ℃ and 60% ± 10% humidity. The rats
were acclimatized for 1 wk before commencement of
any experimental procedure, and allowed access to
standard rat chow and water. All animal experiments
were conducted in compliance with the guidelines
specified by the Institutional Ethics Board. The rats
were randomly divided into three groups: C group
(control), P group (SAP + PBS-liposome), and T group
(SAP + clodronate-liposome). These groups were
further divided into two subgroups each: 2 h and 6 h
(n = 8 in each group). The rat model with SAP was
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established by injecting sodium taurocholate (2 mL/kg
body weight) into the pancreatic subcapsular space.
PBS-containing liposomes (2 mL/kg body weight)
were injected into the rats of the P group very slowly
through the tail vein. Similarly, clodronate-containing
liposomes were injected into the T-group rats, and
normal saline into the C-group rats. At 2 and 6 h
after the injections, the animals were sacrificed and
the gastric mucosa and pancreas were harvested. No
mortalities were observed at 2 and 6 h.

value less than 0.05 was considered statistically
significant.

RESULTS
Characterization of liposomes by electron microscopy

The spherical and mainly unilamellar liposomes had
similar size distributions, as assessed by transmission
electron microscopy (TEM). The liposomes had a mean
diameter of 150 ± 30 nm. The encapsulation yield of
the liposomes was 26%.

Analysis of TNF-α level

Comparison of serum TNF-α levels

To assess the TNF-α level, blood was collected from
the superior mesenteric vein. Serum TNF-α level was
estimated using an ELISA kit. The data were expressed
as pg/mL.

The serum TNF-α levels were higher in the P group
than in the C group (2 h, 145.13 ± 11.50 vs 23.2 ±
2.03; 6 h, 245.06 ± 12.11 vs 30.28 ± 6.07, P < 0.05).
The serum TNF-α levels were significantly decreased
in the T group, compared with the P group (2 h, 93.24
± 23.11 vs 145.13 ± 11.50; 6 h, 135.18 ± 13.10 vs
245.06 ± 12.11, P < 0.05).

Pathological examination

Pancreatic and gastric tissue samples (4-µm thick)
were fixed in 10% buffered formalin for 24 h. The
paraffin-embedded tissue sections were then stained
with hematoxylin and eosin (HE), and observed by
a morphologist who was blinded to the experiments.
The pancreatic pathological score was determined
[24]
according to Kaiser’s scoring criteria . The degree
of pathological injury was assessed under a light
microscope (each sample was blindly evaluated by a
pathologist). The degree of gastric mucosa injury was
[25]
scored according to the Masuda criteria , with slight
modifications, as follows: normal, 0; injury in the
surface epithelium, 1; congestion and edema in the
upper mucosa, 2; congestion, hemorrhage, and edema
in the middle and lower mucosa, 3; structural disorder
or necrosis in the upper mucosal glands, 4; and deep
necrosis and ulceration, 5. The average injury score for
each rat was calculated from 10 random fields.

Clodronate-containing liposomes protect the pancreas
from damage caused by SAP

No significant changes were observed in the pancreas
of the C group rats upon gross observation. Visible
bloody ascites, pancreatic edema, hemorrhage, and
necrosis were observed in the abdominal cavity of
rats in the P group, and mild morphological changes
in the pancreas, small amount of ascites, and visible
pancreatic focal hemorrhage were observed in the
T group. Microscopically, the rats in the C group
showed normal pancreatic histology; the pancreas of
the P-group rats were faintly edematous, with some
inflammatory cell infiltration (at 2 h). Adipose tissue
surrounding the pancreas, moderate hemorrhage,
necrosis, and pancreatic acinar cells and tissues were
also observed (at 6 h). The rats in the T group had
mild pancreatic interstitial edema and neutrophil and
mononuclear cell infiltration. However, no significant
hemorrhage or necrosis was observed (Figure 1).
The pancreatic histological scores were significantly
different in the P and T groups, compared with the C
group (2 h, 4.13 ± 0.83, 1.88 ± 0.83 vs 1 ± 0.53; 6 h,
6.25 ± 0.88, 2.87 ± 0.64 vs 1.25 ± 0.46, P < 0.01).
The pathological change in the T group was less severe
than that in the P group (2 h, 1.88 ± 0.83 vs 4.13 ±
0.83; 6 h, 2.87 ± 0.64 vs 6.25 ± 0.88, P < 0.01).

TUNEL staining of gastric mucosa

Apoptosis of the tissue samples was detected by
TUNEL staining according to the manufacturer’s
protocol. Data were presented as the average results
of three sections per tissue per rat.

Immunohistochemistry for macrophage marker (CD68)
in the gastric mucosa

Gastric mucosal macrophage infiltration in the rats was
assessed by CD68 immunohistochemical staining using
a commercial monoclonal anti-rat CD68 (macrophage
marker) antibody.

Clodronate-containing liposomes relieve SAP-induced
pathological changes in the gastric mucosa

Statistical analysis

The mucosal surface of the C-group rats was smooth,
with no significant abnormality, and the gastric
mucosal glands were of consistent size and shape,
and were neatly arranged in a single column. No
inflammatory cell infiltration into the mucosal layer
was detected. In the SAP group, extensive edema,
leucocyte infiltration, and disoriented/asymmetrical
gastric tubes were observed at 2 h after SAP induction.

The Statistical Product and Service Solutions software
(version 19.0) was used for the analyses. All values
were reported as the mean ± SD. One-way analysis
of variance was performed in cases where equal
variance was assumed. Otherwise, a nonparametric
test (Kruskal-Wallis test) was used. AGMI grading
was analyzed using the Mann-Whitney U test. A P
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Control group

SAP + PBS liposome

SAP + clodronate liposome

C

E

B

D

F

6h

2h

A

Figure 1 Pathological changes in the pancreas. The pancreas of rats in the C group showed no morphological changes (A, B); Significant inflammatory cell
infiltration was observed in the P group (C, D); Mild pancreatic edema, hemorrhage, and inflammatory cell infiltration were observed in the T group (E, F). Original
magnification: × 200. SAP: Severe acute pancreatitis; PBS: Phosphate-buffered saline.

At 6 h, these pathological changes were even more
pronounced. The T-group rats had reduced number of
inflammatory cells in the gastric mucous layer, neatly
arranged gastric glands, and mucus thickening, and
showed recovery of glandular structure. The severity
of the pathological scores in the P and T groups were
significantly higher than that in the C group (2 h, 2 ±
0.75, 1.12 ± 0.64 vs 0.13 ± 0.35; 6 h, 3 ± 1.31, 1.58
± 0.53 vs 0.25 ± 0.46, P < 0.05). The severity score
of the P group was significantly higher than that of the
T group (P < 0.05; Figure 2).

layers of the stomach, particularly in the muscularis
mucosa and the vascular system of the P-group rats.
Clondronate administration significantly decreased the
staining of CD68, particularly in the muscularis mucosa
of the T group, compared with the P group (Figure 4).

DISCUSSION
The results of the present study confirmed that SAP
is associated with complications such as SIRS, MODS,
AGMI, and local pathogenesis within the pancreas.
SAP-induced pathological changes in the stomach
worsen over time. Diffused microcirculatory disorders
(MCDs) may play a key role in the development of
AGMI. However, the underlying mechanism is still
unknown. AGMI causes disturbance of microcirculation,
which can damage the gastric mucosa and lead to
vasoconstriction, shunting, leukocyte adherence,
increased blood viscosity, and coagulation. Oxygen
free radicals, ischemia-reperfusion injury, and various
inflammatory mediators are the principal mediators of
the transformation of AGMI from a local inflammatory
process to a systemic illness. The excessive proin
flammatory cytokine release associated with AGMI is
responsible for the deterioration of local and systemic
[10]
functions . During the last decade, several studies
have indicated that macrophages are the initial
mediators of SAP, which eventually leads to multiple
[26-29]
organ failure
. Therefore, treating SAP by depleting
the infiltrating macrophages has attracted immense
interest.
Mediators of inflammation, produced by macro
phages, induce an inflammatory cascade, and cause

Ratio of apoptosis of macrophages in the gastric
mucosa, as assessed by TUNEL staining

Additional evidence of apoptosis in the gastric mucosa
was obtained by a TUNEL assay. There were significant
differences regarding the number of apoptotic cells
between the C and P groups (2 h, 3.38 ± 2.12 vs 11.5
± 1.64; 6 h, 4 ± 2.9 vs 12.6 ± 2.44, P < 0.05). The
apoptotic cell index of the mucosal macrophages in the
T group at 2 and 6 h was significantly higher than that
in the P group (2 h, 15.7 ± 0.92 vs 11.5 ± 1.64; 6 h,
21.12 ± 1.06 vs 12.6 ± 2.44, P < 0.05; Figure 3).

CD68 immunohistochemistry

Immunostaining for CD-68 revealed that the gastric
tissue was under homeostatic conditions in the C
group. Macrophage numbers were decreased in the
gastric tissue sections obtained from the T group.
Normal mucosa with basal levels of CD68 expression
was observed in the C group. Intense staining of
CD68-positive cells was observed in the muscularis,
submucosa (muscularis mucosa), and mucosa

WJG|www.wjgnet.com
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Control group

SAP + PBS liposome

SAP + clodronate liposome

C

E

B

D

F

6h

2h

A

Figure 2 Morphological changes in the gastric mucosa. Gastric sections with normal mucosa, histopathologically graded as 0-1 (A, B); Gastric sections with
mucosa necrosis, histopathologically graded as 3-4 (C, D); Slightly damaged gastric mucosa was observed in the group treated with drug-containing liposomes (E, F).
Original magnification: × 200. SAP: Severe acute pancreatitis; PBS: Phosphate-buffered saline.
Control group

SAP + PBS liposome

SAP + clodronate liposome

C

E

B

D

F

6h

2h

A

Figure 3 Terminal deoxynucleotidyl transferase dUTP nick end labeling analysis of apoptosis in each group. Apoptosis was not observed in the gastric
mucosa of the C group (A, B); The apoptotic cell indices of the mucosal cells were higher in the T group (C, D) than in the P group (E, F), 2 and 6 h after induction of
severe acute pancreatitis. Original magnification: × 200. SAP: Severe acute pancreatitis; PBS: Phosphate-buffered saline.

SAP, interleukin (IL)-1β stimulates the expression
of phospholipase A-1 (PLA-2), and triggers vascular
migration of monocytes to the site of infection. MCD,
nitrous oxide, and reactive oxygen species are crucial
[32-34]
mediators of AGMI
.
In this study, we investigated the possible con

gastric mucosal injury and gastric dysfunction. TNF-α,
produced by macrophages, results in injury to multiple
organs and causes inflammation, edema, ischemia,
hemorrhage, and neutrophilic leucocytes accumulation.
The neutrophilic leucocytes in turn secrete various
[30,31]
pro-inflammatory factors
. At the early stage of
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Control group

SAP + PBS liposome

SAP + clodronate liposome
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Figure 4 Number of macrophages observed in the gastric mucosa. Macrophages were detected immunohistochemically using anti-CD68 antibodies. CD68positive cells were rarely seen in the control rats (A, B); Numerous CD68-positive cell clusters were observed in the P group (C, D); Fewer CD68-positive cells were
observed in the T group compared with the P group (E, F). Original magnification: × 200. SAP: Severe acute pancreatitis; PBS: Phosphate-buffered saline.

Innovations and breakthroughs

tribution of gastric mucosal macrophages to the severity
of induced SAP. TNF-α level was notably increased
in the P group, and this increase was suppressed by
clodronate in the T group rats (P < 0.01). Less severe
gastric mucosal damage was observed in the T group
compared with the P group (P < 0.01).
Gastric tissue injury was closely correlated with
CD68 expression, indicating that gastric mucosal
macrophages are involved in the pathogenesis of
gastric mucosa injury in SAP. Depletion of macrophages
by liposome-encapsulated clodronate inhibited infla
mmation and gastric injury in rats with SAP. This might
serve as the basis for a new therapeutic strategy for
the treatment of SAP and SAP-induced gastric mucosa
injury.
In conclusion, our study revealed that macrophages
might be the main mediators of SAP-induced AGMI,
and that depletion of macrophages can markedly
reduce gastric inflammation.

In the present study, the authors examined whether liposomes containing
clodronate could prevent the development of SAP-induced gastric mucosal
injury by modulating the inflammatory process.

Applications

This is an experimental study designed to detect the infiltration of macrophages
into the gastric mucosa in SAP and to evaluate the effects of clodronatecontaining liposomes on gastric mucosal macrophages. The authors concluded
that clodronate-containing liposomes protected SAP rats against gastric
mucosal injury.

Terminology

Clodronate belongs to the bisphosphonate family of drugs. Bisphosphonate
clodronate could selectively inhibit the viability of macrophages by inducing
apoptosis.

Peer-review

The manuscript is interesting and reports important data on acute pancreatitis.
In the Discussion, the authors report that clodronate-containing liposomes
induce apoptosis in macrophages.
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AIM: To compare characteristics and outcomes of
resected and nonresected main-duct and mixed
intraductal papillary mucinous neoplasms of the
pancreas (IPMN).
METHODS: Over a 14-year period, 50 patients who
did not undergo surgery for resectable main-duct or
mixed IPMN, for reasons of precluding comorbidities,
age and/or refusal, were compared with 74 patients
who underwent resection to assess differences in rates
of survival, recurrence/occurrence of malignancy, and
prognostic factors. All study participants had dilatation
of the main pancreatic duct by ≥ 5 mm, with or
without dilatation of the branch ducts. Some of the
nonsurgical patients showed evidence of mucus upon
perendoscopic retrograde cholangiopancreatography
or endoscopic ultrasound and/or after fine needle
aspiration. For the surgical patients, pathologic analysis
of resected specimens confirmed a diagnosis of IPMN
with involvement of the main pancreatic duct or of
both branch ducts as well as the main pancreatic duct.
Clinical and biologic follow-ups were conducted for all
patients at least annually, through hospitalization or
consultation every six months during the first year of
follow-up, together with abdominal imaging analysis
(magnetic resonance cholangiopancreatography or
computed tomography) and, if necessary, endoscopic
ultrasound with or without fine needle aspiration.
RESULTS: The overall five-year survival rate of
patients who underwent resection was significantly
greater than that for the nonsurgical patients (74%
vs 58%; P = 0.019). The parameters of age (< 70
years) and absence of a nodule were associated with
better survival (P < 0.05); however, the parameters of
main pancreatic duct diameter > 10 mm, branch duct
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diameter > 30 mm, or presence of extra pancreatic
cancers did not significantly influence the prognosis.
In the nonsurgical patients, pancreatic malignancy
occurred in 36% of cases within a mean time of 33
mo (median: 29 mo; range: 8-141 mo). Comparison
of the nonsurgical patients who experienced disease
progression with those who did not progress showed
no significant differences in age, sex, symptoms,
subtype of IPMN, or follow-up period; only the size
of the main pancreatic duct was significantly different
between these two sub-groups, with the nonsurgical
patients who experienced progression showing a
greater diameter at the time of diagnosis (> 10 mm).

Taking into consideration the probability that
IPMN will become malignant, surgical resection of the
pancreatic lesion(s) is recommended to prevent the
malignant transformation. Most cases of branch-duct
IPMNs are benign, with the reported malignancy rates
ranging from 18% to 25% and an estimated risk of
[6-10]
invasive carcinoma of 15%
. Conversely, MPD and
mixed IPMN cases are frequently malignant, with the
reported rates of carcinoma being between 60% and
70% and an estimated risk of invasive carcinoma of
[11-14]
50%
.
MPD IPMN requires surgical resection, especially
when a preoperative sign of a high risk for malignancy
is present, such as dilatation of the MPD (> 10
[3,13,14]
mm)
and/or mural nodules [detected by
[13-15]
endoscopic ultrasound (EUS)]
, or any other
findings suggestive of malignancy [detected in
[3]
fine-needle aspirates (FNA)] . However, in the
absence of such signs, a short-term follow-up is
indicated, usually involving magnetic-resonance
cholangiopancreatography (MRCP) or EUS every
[3]
three to six months . Unfortunately, the signs/factors
predictive of malignancy in MPD or mixed IPMN
have not been well defined to date, and remain a
subject of controversy, despite the publication of a
[3]
recent consensus in 2012 . Recent studies have
suggested that the MPD or mixed IPMN cases with
lower likelihood of malignancy (i.e., MPD < 10-15
mm, no mural nodules, and negative cytology) may
be managed conservatively because of the low level
[16-18]
progression, which can last several years
.
Surgical resection of MPD IPMN is the most
frequently recommended treatment, but the benefitrisk ratio should be considered before applying it to
any patient. The surgical intervention may include
major pancreatic resection, such as the Whipple
procedure, or total pancreatectomy, as in cases of
multifocal lesions. However, these procedures carry
their own risks of mortality and morbidity, with the
[19]
respective estimates being 0%-5% and 30%-50% .
In addition, the following two aggravating factors
should be considered in patients with IPMN as they
are conditions for developing a pancreatic fistula after
resection: (1) the age at diagnosis (the mean age for
[19,20]
diagnosis of IPMN is 66 years
, which suggests that
the risk of possible comorbidities may increase surgical
risks and thus may represent a contraindication
for resection); and (2) the quality of the adjacent
pancreatic parenchyma and MPD, which are often
[19]
normal .
In the present study, we performed a comparative
analysis of all patients with MPD or mixed IPMN who
had undergone surgical resection and who were
unfit for surgery (according to precluding conditions
and patient refusal). The patients’ characteristics,
outcomes, and prognostic factors were assessed for
relation to the surgical resection treatment.

CONCLUSION: Patients unfit for surgery have a 36%
greater risk of developing pancreatic malignancy of the
main-duct or mixed IPMN within a median of 2.5 years.
Key words: Main-duct intraductal papillary mucinous
neoplasms; Pancreatic surgery; Prognosis; Natural
history; Risk of malignancy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent studies have suggested that main-duct
and mixed intraductal papillary mucinous neoplasms
(IPMN) of the pancreas can be managed conservatively.
We compared two groups of patients with resectable
main-duct or mixed IPMN who had or had not undergone
surgery. Significantly more patients who underwent
the resection procedure survived, compared to the
nonsurgical patients. Main-duct or mixed IPMN, when
surgery is not possible, is associated with a 36% greater
risk of developing pancreatic malignancy within a median
time of 2.5 years. Dilatation of the main pancreatic duct
is predictive of progression of malignancy.
Daudé M, Muscari F, Buscail C, Carrère N, Otal P, Selves J,
Buscail L, Bournet B. Outcomes of nonresected main-duct
intraductal papillary mucinous neoplasms of the pancreas. World
J Gastroenterol 2015; 21(9): 2658-2667 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2658.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2658

INTRODUCTION
Intraductal papillary mucinous neoplasia (IPMN) of the
pancreas is characterized by adenomatous proliferation
of the pancreatic-duct epithelium and may involve
the main pancreatic duct (MPD), the branch ducts, or
[1,2]
both . IPMN cases are classified into the following
three types, according to the structure from which they
[3]
are derived: MPD, branch duct, and mixed . Without
exception, however, all IPMN cases are considered to
[4,5]
be potentially malignant .
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of patients.
The EUS, EUS FNA biopsy, and ERCP were
[10,14,21,22]
performed
by an experienced operator
using an EUM-160, UE-160 or GF-UC140T echoendoscope and a TJF endoscope (Olympus, Hamburg,
Germany). FNA were obtained using a USN1 22G
needle biopsy (Cook Medical, Limerick, Ireland). Some
of the nonsurgical patients underwent a pancreatic
sphincterotomy and mucus evacuation with a
[23]
balloon catheter . EUS was performed at the time
of diagnosis for 81% of the patients, including 38
patients who also underwent FNA procedures. ERCP
was performed in 30 (40%) patients.
The data recorded from the imaging evaluations
included maximal diameters of the MPD and branchduct cyst, the properties of the tissue component
surrounding the MPD, mural nodules and/or tissue
thickening of the MPD and/or the branch-duct cyst wall
(mainly detected by EUS), localization of the branchduct lesions, and maximal diameter of the side-branch
IPMN. In addition, the following data were recorded
for all surgical patients: type of resection, pathologic
findings, tumor stage, postoperative complications,
and mortality.

MATERIALS AND METHODS
Patients and inclusion criteria

A total of 124 successive patients with MPD or mixed
IPMN eligible for pancreatic surgery (i.e., a resectable
IPMN at imaging) were admitted into our tertiary care
center between January 1998 and November 2012.
Among these patients, 50 did not undergo surgery,
with 10 refusing the procedure and 40 displaying
contraindications related to age and/or comorbidities;
these 50 patients were included in a nonsurgical
group and used for comparison with the remaining
74 patients who underwent surgery (and resection)
and comprised the surgical group. Any patient who
was found to have a nonresectable invasive malignant
IPMN caused by a locally advanced and/or metastatic
disease (as detected in cross-sectional imaging and
EUS, including evidence of invasion of extra-pancreatic
structures, ascites or peritoneal carcinomatosis, or
distant metastasis) was excluded from the analysis.
All included patients had dilatation of the MPD ≥ 5
mm, with or without dilatation of the branch ducts and
without evidence of tissular obstruction of the MPD.
In addition, some of the nonsurgical patients showed
evidence of mucus by a perendoscopic retrograde
cholangiopancreatography (ERCP) or EUS and/or after
FNA. In the surgical patients, pathologic analysis of
the resected specimens confirmed a diagnosis of IPMN
with involvement of the MPD or of both the branch
ducts as well as the MPD.
Decisions on the management of all patients were
made systematically during multidisciplinary meetings
that were attended by surgeons, gastroenterologists, a
pathologist, and a radiologist. The possibility of surgery
was evaluated according to the patient’s symptoms, the
localization and extension of the IPMN lesion(s), the age
of the patient, the presence or absence of comorbidities,
the American Society of Anesthesiologists score, and
receipt of informed consent.

Clinical and imaging follow-up

Clinical and biologic follow-ups were conducted at
least annually for all patients, through hospitalization
or consultation every six months during the first
year of follow-up, together with abdominal imaging
(MRCP or CT, and if necessary EUS with or without
FNA). The clinical data recorded were weight loss,
presence of diabetes, jaundice, abdominal pain or
acute pancreatitis, time between diagnosis of IPMN
and a new event, death and cause of death, and
time between diagnosis of IPMN and death. Criteria
collected during the imaging follow-up evaluations
were increase or stability of the dilatation of the MPD
and/or side-branch cysts, occurrence of a tissue
mural nodule (MPD and/or branch-duct cysts) or
tissue component of the pancreas, and involvement
of adjacent or distant organs. The overall comparative
analysis study was conducted in December 2013,
i.e., at 12 mo after inclusion of the last patient. Each
patient provided informed written consent for study
participation, in accordance with the rules of the French
Society of Gastroenterology-SNFGE and EndoscopySFED (http://www.sfed.org/Fiches-d-Informations).

Data collection and imaging at study inclusion

Data were recorded retrospectively, and included
patient age, sex, medical history (including other
possible neoplasias), circumstances at diagnosis,
symptoms related to IPMN, date of diagnosis, and
biologic data (including hepatic enzyme concentrations
and lipasemia). Between 1998 and 2001, all of
the patients were examined by a single-phase CT
examination, but after 2001 the routine was changed
to performance of a helical triple-phase CT scan
with the focus on the pancreas and its surrounding
tissues (with each pancreatic section being effectively
collimated into 3 mm sections at a pitch of 1.5).
MRCP was performed with a 1T superconducting
magnetic-resonance unit (Magnetom Impact;
Siemens, Erlangen, Germany), using a half-Fourier
single-shot turbo spin-echo sequence as described
[10,14]
previously
. All patients received a CT scan at the
time of diagnosis, and MRCP was performed on 66%
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Statistical analysis

Qualitative and quantitative data were analyzed using
2
Student’s t, χ , or Fisher’s exact tests, as appropriate,
with GraphPad-Instat 3.1a software (GraphPad
Software Inc., La Jolla, CA, United States). Actuarial
survival analyses, according to the Kaplan-Meier
model, were calculated using R software, version
2.15.0. Comparison of survival rates between the
surgical and nonsurgical groups was performed using
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Table 1 Main characteristics of patients n (%)
Characteristic
Age at diagnosis (yr), mean ± SD (range)
Sex ratio, male:female
Associated non-pancreatic cancers2
Symptoms
Acute pancreatitis
Diabetes
Jaundice
Others
Fortuitous
Localization of IPMN
Head
Body
Tail
Diffuse
Involvement of branch duct (mixed forms)
Maximal diameter of main duct at diagnosis, mm
mean ± SD (median)
Tissue nodule or wall thickening at imaging3
Malignant invasive IPMN
Follow-up after diagnosis (mo), median (range)
Death

Total population, n = 124 Surgical patients, n = 74

Nonsurgical patients, n = 50

P value1
< 0.01
0.57
0.02
0.12
0.06
0.10
0.76
0.10
0.12

64.4 ± 9.0 (33-82)
74:50
26 (22.0)
96 (77.5)
45 (36.0)
15 (12.0)
13 (10.4)
23 (18.5)
28 (22.5)

61.2 ± 7.0 (33-73)
46:28
10 (13.5)
61 (82.5)
32 (43.0)
12 (16.0)
7 (13.5)
10 (13.5)
13 (17.5)

69.0 ± 8.0 (58-2)
28:22
16 (32.0)
35 (70.0)
13 (36.0)
3 (6.0)
6 (12.0)
13 (26.0)
15 (30.0)

93 (75.0)
12 (9.5)
10 (8.0)
9 (7.5)
101 (81.5)
7.6 ± 0.4 (6)

58 (78.5)
6 (8.5)
5 (6.5)
5 (6.5)
59 (79.0)
7.2 ± 0.4 (6)

35 (70.0)
6 (12.0)
5 (10.0)
4 (8.0)
42 (84.0)
8.3 ± 0.9 (6)

0.29
0.54
0.52
1.00
0.64
0.19

36 (29.0)
62 (50.0)
24 (162-6)
41 (33.0)

21 (28.0)
41 (55.5)
24 (162-9)
19 (26.0)

15 (30.0)
21 (40.0)4
30 (141-6)
22 (44.0)

0.84
0.19
0.85
0.05

1

Nonsurgical vs surgical groups; 2Lung: n = 5, prostate: n = 7, hemopathy: n = 3, mammary: n = 3, colon: n = 2, miscellaneous: n = 6; 3Main pancreatic duct or
branch-duct cyst, or both, mainly visualized by endoscopic ultrasound; 4Occurrence during follow-up in 18 patients. IPMN: Intraductal papillary mucinous
neoplasm.

the log-rank test. Univariate and multivariate analyses
of prognostic factors were carried out using the logrank test, the Wald test, and Cox’s model. Only
variables with a P < 0.2 in the univariate analysis were
included in the subsequent multivariate analysis. A
P-value < 0.05 was considered statistically significant.

showed results of “not contributive” or “normal” in
11 (22%) cases, but revealed lesions of low-grade
dysplasia in eight (11%) cases, lesions of high-grade
dysplasia in three (6%) cases, and adenocarcinoma
in three (6%) cases. For the surgical patients, IPMN
with invasive adenocarcinoma occurred in 41 (55%)
cases, high-grade dysplasia IPMN in 11 (15%) cases,
and intermediate or low-grade dysplasia IPMN in 22
(30%) cases. The resection margins were considered
incomplete (R1) in four patients; all other cases were
considered as complete R0 resections (94.5%).

RESULTS
General characteristics of patients

The main characteristics of the patients are shown
in Table 1 and stratified according to the surgical
and nonsurgical grouping. The were no statistically
significant differences between the two groups for sex,
symptoms, morphologic criteria (MPD size, branch
duct involvement, lesion localization, MPD diameter,
presence of nodules and thickening of the wall of
the MPD and/or side-branch cyst), rate of invasive
malignancy, or the follow-up period. However, the
nonsurgical patients were significantly older and had
a greater rate of extra-pancreatic cancer history.
Mortality was also greater in the nonsurgical group,
but the difference was not statistically significant.
Among the surgical patients, 52 underwent a Whipple
procedure (70%), with six having undergone a total
pancreatectomy, 15 having undergone a left (spleno)pancreatectomy, and one having undergone a central
pancreatectomy.

Follow-up of nonsurgical patients

Eighteen (36%) patients developed degenerative
invasive IPMN during the follow-up period; the
median time to progression was 29 mo (range:
8-141 mo) after the initial diagnosis. Patients who
developed degenerative IPMN frequently (89%)
had a major change in their clinical status [i.e., the
appearance of jaundice, carcinomatous ascites, a
painful disease, or bowel obstruction (Table 2)],
though two patients had no symptoms. Imaging
features for these conditions were pancreatic-tissue
infiltration with or without peritoneal carcinomatosis
(n = 6), involvement of the common bile duct (n =
10), and/or hepatic metastasis (n = 2). Eight (44%)
patients showed an increase in MPD size during the
follow-up. Carcinomatous transformation was proven
in 16 cases upon a new EUS-guided FNA biopsy of a
tissular mass, a pancreatic-juice sample during ERCP,
or a biopsy during laparotomy. Of the 21 patients
with degenerative IPMN (shown by three patients
at the time of diagnosis and 18 during the follow-

Histologic criteria

Cytologic samples were taken from 25 (50%) of the
nonsurgical patients, and the presence of mucus
was confirmed in all cases. The cytologic analyses
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Table 2 Characteristics of nonsurgical patients with progression of malignancy in the main duct or mixed intraductal papillary
mucinous neoplasm of the pancreas
Age, yr

Sex

Localization

At diagnosis
Symptoms

72
76
73
71
80
72
78
69
71
66
82
82
67
54
67
77
80
76

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

Head
Head
Head
Diffuse
Head
Diffuse
Body
Head
Head
Body
Head
Head
Diffuse
Head
Tail
Head
Head
Body

Clinical outcome

Time until progression, mo

Jaundice
Jaundice
Ascites
None
Jaundice
Occlusion
Ascites
Jaundice
Jaundice
Ascites
Jaundice
Painful
Jaundice
Jaundice
None
Jaundice
Jaundice
Painful

141
129
61
59
65
49
40
39
30
28
24
12
12
12
12
9
8
8

Size of the main duct, mm

Acute pancreatitis
Pain
Acute pancreatitis
Acute pancreatitis
Fortuitous
Fortuitous
Pain, weight loss
Fortuitous
Weight loss
Fortuitous
Pain, weight loss
Fortuitous
Jaundice
Pain
Fortuitous
Fortuitous
Weight loss
Pain

10
7
14
10
6
60
5.5
7
6
15
10
6
10
17
5
5.5
6
7

M: Male; F: Female.

Table 3 Comparison of the main characteristics of patients in the nonsurgical subgroup with and without progression of malignancy
of the main duct or mixed intraductal papillary mucinous neoplasm of the pancreas n (%)
Characteristic
Age1 (yr), mean ± SD
Sex, male:female
With symptoms
Size of the MPD (mm),
mean ± SE (median)1
Mixed form
Size of the BD1 (mm),
mean ± SE (median)1
Tissue nodule or wall thickening2
Follow-up time after diagnosis (mo),
median

Nonresected IPMN with malignant
progression, n = 18

Nonresected IPMN without malignant
progression, n = 32

P value

73.0 ± 7
9:9
11 (61)
11.5 ± 3.0 (7.0)

68.5 ± 8.0
19:13
24 (75)
6.9 ± 0.4 (5.7)

0.06
0.56
0.34
< 0.05

13 (72)
27.3 ± 4.3 (25.0)

29 (90)
22.2 ± 2.6 (17.0)

0.11
0.30

8 (44)
29

7 (22)
30

0.11
0.6

1

At diagnosis; 2MPD and/or branch-duct cyst. BD: Branch duct; IPMN: Intraductal papillary mucinous neoplasm; MPD: Main pancreatic duct.

up period), five received palliative chemotherapy
and one underwent a subsequent R1 resection. The
other nonsurgical patients did not receive any other
treatments (except surgical bypass or biliary stenting)
because of their poor general condition (World Health
Organization score ≥ 3).
Twenty-nine (58%) of the total nonsurgical patients
did not show signs of disease progression or any new
clinical or radiologic events/signs within a median
follow-up time of 30 mo (range: 12-141 mo). The
characteristics of the nonsurgical IPMN patients with
disease progression are compared to those of the
nonsurgical patients who did not progress in Table 3.
These two subgroups of patients appeared similar in
terms of age, sex, symptoms, subtype of IPMN and
follow-up period; there was, however, a significant
difference between the two subgroups for the MPD
size, with the progressive disease subgroup having
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greater size at the time of diagnosis (P < 0.05) (Table 3).

Follow-up of surgical patients

The postoperative course of patients who underwent
surgery had a complication rate of 20%. The
complications included pancreatic fistula (n = 5),
gastroparesis (n = 5), anastomotic leakage (n =
3), abscess in the pancreatectomy site (n = 2),
postoperative ileus (n = 1), acute pancreatitis (n =
1), infarction of the upper part of the spleen (n =
1), and severe imbalance of diabetes (n = 1). No
postoperative deaths occurred. Among the 41 patients
who had degenerative invasive IPMN, all five who had
received an R1-margin resection were given palliative
chemotherapy. For the other 37 patients, all of who
received an R0 resection, 18 were given adjuvant
chemotherapy. Sixteen (22%) patients, including
the five R1 cases, presented with disease recurrence
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1.0

Table 4 Analysis of prognostic factors in 124 patients with
a resected or nonresected main-pancreatic duct and mixed
intraductal papillary mucinous neoplasm of the pancreas
Univariate analyses by
log-rank test
RR (95%CI)
Surgery
No (50)
1
Yes (74)
0.48 (0.26-0.88)
Age at diagnosis
< 70 yr (83)
1
2.36 (1.26-4.40)
≥ 70 yr (41)
Extra-pancreatic cancer
No (98)
1
Yes (26)
1.66 (0.86-3.22)
MPD size > 10 mm
No (100)
1
Yes (24)
1.66 (0.86-3.22)
Nodule1
No (88)
1
Yes (36)
2.42 (1.17-5.00)
BD size > 30 mm
No (94)
1
Yes (30)
1.08 (0.51-2.29)
Fortuitous
No (96)
1
Yes (28)
1.19 (0.58-2.45)
Acute pancreatitis
No (79)
1
Yes (45)
0.68 (0.35-1.30)

P value

Survival probability

Variable (n )

0.8

Multivariate analyses by
Cox’s model
HR (95%CI)

0.02

P value
0.08

1
0.54 (0.27-1.09)
0.01

0.4
0.2

No surgery

0.13
1
1.72 (0.86-3.46)

0.13

0.0
0

-

0.13
-

0.01
1
2.71 (1.29-5.69)

0.85

15

20

Surgery

74

52

33

26

19

11

No surgery

50

31

17

8

4

2

Figure 1 Kaplan-Meier analysis of overall survival times depending on
treatment. Nonsurgical (nonresected; solid line) and surgical (resected; dashed
line) main-pancreatic duct and mixed intraductal papillary mucinous neoplasm
patients.

-

0.63

10

At risk
-

0.01

5

t /yr

-

-

0.24

nodule or thickening of the MPD or side-branch cyst
wall were significantly associated with better survival
(the global log-rank score and Wald test from the
multivariate analyses was 0.0016) (Table 4).
Figure 2 shows the survival curves generated
according to the patients’ age for the entire study
series. The survival curves are similar for the surgical
and nonsurgical groups, with a cumulative probability
of better survival when age was < 70 years, but the
results of log-rank testing did not reach statistical
significance. Figure 3 shows the survival curves
depending on the presence of a mural nodule and/or
thickening of MPD or side-branch cyst wall (obtained
at imaging, mainly using EUS and/or CT scans and
an MRI). Among other factors, main pancreatic duct
size > 10 mm, branch duct size > 30 mm, presence
of extra-pancreatic cancers or acute pancreatitis, and
fortuitous diagnosis did not significantly influence the
prognosis.

-

1

Nodule and wall thickening of MPD and/or branch-duct cysts. BD:
Branch duct; MPD: Main pancreatic duct.

after a median time of 15 mo (range: 10-68 mo). The
initial histologic analyses of these 16 patients showed
degenerative invasive IPMN in 15 cases (N1 status in
seven cases), and high-grade dysplasia in one case. All
these latter patients with recurrence received palliative
chemotherapy. Fifty-eight (78%) of the total surgical
patients showed no recurrence of their disease after a
median follow-up of 26 mo (range: 12-162 mo).

Mortality, survival, and prognostic factors

The overall number of deaths in the study series was
41 (33%). In the nonsurgical group, the causes of
death (n = 22, 44%) were development of invasive
pancreatic carcinoma (n = 17), severe cardiac disease
(n = 4), and severe acute pancreatitis after an ERCP
procedure (n = 1). For the 19 (26%) surgical patients
who died, the causes of death were development of
invasive pancreatic carcinoma after recurrence (n =
16), severe cardiac disease (n = 1), lung carcinoma (n
= 1), and gastrointestinal bleeding (n = 1).
The overall survival of surgical patients was
significantly superior to that of the nonsurgical
patients (Table 4). This difference was also statistically
significant when we considered only the diseaserelated deaths in both groups of patients (data not
shown). Survival curves generated according to receipt
of surgical resection are shown in Figure 1. Among the
prognostic factors, age < 70 years and absence of a
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Surgery
0.6

DISCUSSION
In the present study, we compared the clinical
outcomes of patients with resectable MPD or mixed
IPMN who had or had not undergone surgical resection.
Our results confirmed the importance of surgery to
treat this subtype of IPMN. The alternative wait-andwatch attitude seems to be a highly questionable
approach for some patients. More than one-third of
our nonsurgical patients developed invasive pancreatic
carcinoma within three years, and mortality among
these patients was mainly caused by carcinomatous
progression of the IPMN.
In our study, 50 patients were followed who had
resectable MPD IPMN, but whose comorbidities, older
age, antecedents of previous carcinoma and/or patient
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A

B

1.0

0.8
Survival probability

Survival probability

0.8

1.0

Age < 70 yr

0.6
0.4

Age > 70 yr

0.2

Age < 70 yr

0.6

Age > 70 yr

0.4
0.2

0.0

0.0
0

5

10

15

0

20

5

10

t /yr
At risk
83

60

38

30

10

9

Age < 70 yr

59

45

Age > 70 yr

41

22

11

5

2

1

Age > 70 yr

15

8

32

19

12

1.0
0.8

Survival probability

20

At risk

Age < 70 yr

C

15

t /yr

Age < 70 yr

0.6
0.4
Age > 70 yr
0.2
0.0
0

5

10

15

20

t /yr
At risk
Age < 70 yr

24

15

13

13

2

1

Age > 70 yr

26

18

10

6

2

1

Figure 2 Kaplan-Meier analysis of overall survival times depending on age. A: Both nonsurgical (nonresected) and surgical (resected); B: Surgical; and C:
Nonsurgical main-pancreatic duct and mixed intraductal papillary mucinous neoplasm patients (solid line: patients aged < 70 years; dashed line: patients aged > 70 years).

refusal led to a conservative approach. The statistically
significant differences between the patients in the
surgical and nonsurgical groups were age, previous
history of extra-pancreatic cancer, and mortality. A
significant increase in extra-pancreatic cancer has
[24-26]
already been reported in the literature
. In most
cases, a diagnosis of extra-pancreatic cancer preceded
that of IPMN. The relationship between IPMN and
extra-pancreatic cancer remains controversial and, at
the present time, it is not considered during routine
[3]
screening of this population .
In the nonsurgical group, most cases of pancreatic
carcinoma were diagnosed through the presentation of
clinical symptoms, with concomitant radiologic signs of
malignancy. We made a subgroup comparison of the
nonsurgical patients whose disease had progressed
toward invasive carcinoma and those whose disease
did not progress, with each subgroup having the
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same follow-up period. The only clinical or anatomic
characteristic examined that was found to be a
predictive factor for progression was the initial size
of the MPD. Indeed, in the subgroup of nonsurgical
patients whose disease progressed to degenerative
IPMN, the mean size of the MPD was > 10 mm, as
[16,18]
previously reported
.
We also performed an investigation to individualize
the prognostic factors among the entire study series.
Surgical resection, age, and the presence of a nodule
were found to significantly influence the prognosis
after univariate analysis.
Age (> 70 years) was significantly associated
with a worse prognosis. This finding may reflect
the fact that the patients in the nonsurgical group
were significantly older than those in the surgical
group, but may also be related to the general clinical
observation that malignancy is more common in older
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Table 5 Results from followed patients with non-operated main-duct or mixed intraductal papillary mucinous neoplasm of the
pancreas
Ref.

Patients, n

Malignant progression

Time to progression in month,
mean (range)

Predictors of malignant progression

20
20
20
70
50

40%
20%
40%
13%
36%

(20-35)
32 (17-65)
30 (18-46)
42 (12-108)
33 (8-141)

None1
Dilatation of the MPD > 10 mm
Dilatation of the MPD > 15 mm; diffuse lesions
Diffuse dilatation of the MPD2
Dilatation of the MPD > 10 mm

Uehara et al[17], 2010
Takuma et al[18], 2011
Ogura et al[16], 2013
Roch et al[36], 2014
Present study

Intraductal papillary mucinous neoplasm with lower likelihood of malignancy at baseline; 2Also included an increase in serum carbohydrate antigen 19-9
and alkaline phosphatase levels, absence of extra pancreatic cyst. MPD: Main pancreatic duct.
1

cases, the initial size of the MPD could be considered
in greater depth, as well as the presence of mural
nodules (and wall thickening), the sizes of which were
not defined. However, in our study, only 28% of the
surgical patients had a nodule at imaging. Despite an
invasive malignant IPMN having been detected on the
resected specimen of most patients (data not shown),
more than 50% of the invasive malignant IPMNs were
free of nodules or wall thickening.
The limitations of our study include its retrospective
nature and the long period of inclusion of cases. The
long period of patient-inclusion may have induced a
bias related to differences in imaging and morphologicexamination techniques over time. However, in our
scheme of inclusion, the proportions of patients who did
and did not undergo surgery were similar annually (data
not shown). In addition, the retrospective collection of
data and the long period of inclusion rendered it difficult
to standardize some of the radiologic features, such as
size and shape of the mural nodules and branch-duct
cyst/MPD wall thickening.
The strengths of our study, however, are the
extended follow-up period used to examine this patient
population and the presence of a control group during
the same period. Table 5 details the previous studies
(including the present study) that have investigated
and followed non-operated MPD and mixed IPMN
[16-18,36]
patients
. The percentages of IPMN cases that
progressed toward malignancy ranged from 13% to
40%, with a mean time to progression of 30 to 42
mo and dilatation of the MPD as a common predictive
factor for this progression.
In conclusion, this study confirms that the best
treatment for mixed IPMN or MPD IPMN, which are
risk factors for malignancy, is surgical resection, as
this approach offers a 74% survival rate at five years.
In resectable MPD and mixed IPMN, and when factors
that prevent resection are not present, a watch-andwait attitude is not appropriate; surgical pancreatic
resection is warranted. If a close follow-up is discussed,
or in cases where there is patient refusal, we found
that malignancy progression occurred in 36% of
these patients within a median time < 2.5 years, with
survival at five years being only 58%. Except for the
size of the MPD at diagnosis (> 10 mm in diameter),

1.0

Survival probability

0.8

No nodule

0.6
Nodule

0.4
0.2
0.0
0

5

10

15

20

t /yr
At risk
No nodule

87

68

Nodule

37

13

48

29

15

9

Figure 3 Kaplan-Meier analysis of overall survival times depending on
nodules. Presence (dashed line) or absence (solid line) of tissular nodules
[and/or wall thickening of main-pancreatic duct (MPD) or branch-duct cysts] at
diagnosis in both nonsurgical (nonresected) and surgical (resected) MPD and
mixed intraductal papillary mucinous neoplasm patients.
[27]

patients . Recently, age has been also implicated as
a contributing factor to mortality from IPMN, but as
independent from the evolution of IPMN itself when
[28]
other comorbidities are taken into account .
Among the other potential prognostic factors
examined in this study, the contribution of increased
branch-duct size has been reported by many
[13-15,29-34]
others
. Yet, the results from recent works
do not support its characterization as a definitive
[12,35]
[35]
prognostic factor
. Kawakubo et al demonstrated
that the presence of a hypo-attenuating area (assessed
by CT) significantly increased the risk for pancreatic
cancer-specific mortality among IPMN patients (for
both branch-duct and MPD IPMN). Moreover, the
authors showed that cyst diameter, main-pancreatic
duct diameter, and the presence of a mural nodule
were not significantly associated specifically with
[35]
mortality from pancreatic cancer . The collective
results in the literature to date highlight the difficulty
in determining definitive criteria that can predict
malignancy and prognosis.
From our current study of MPD or mixed IPMN
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no specific factor was found that could strongly predict
progression of malignancy. Thus, it is difficult to isolate
a subgroup that could be conservatively managed.
Therefore, if there is no contraindication (caused
by comorbidities and/or age), surgery should be
systematically discussed.

4

COMMENTS
COMMENTS
Background

5

Without exception, all intraductal papillary mucinous neoplasms of the
pancreas (IPMN) cases are considered to be potentially malignant. In most
cases, however, branch-duct IPMNs are benign, with malignancy rates
reported between 18% and 25% and having a 15% risk of invasive carcinoma.
Conversely, main-pancreatic duct and mixed IPMN cases are frequently
malignant, with their reported rates of carcinoma reaching 60%-70%, and
having a 50% risk of invasive carcinoma.

6

Research frontiers

Main-pancreatic duct IPMN requires surgical resection, especially when
the preoperative signs of a high risk for malignancy are present, including
dilatation of the main pancreatic duct by > 10 mm, mural nodules (detected by
endoscopic ultrasound), or suspicion of malignancy (detected in fine-needle
aspirates). Recent studies have suggested that main-pancreatic duct or mixed
IPMN, with a lower likelihood of malignancy, could be managed conservatively
because of the low rate of progression, which can last over several years.

7

8

Innovations and breakthroughs

In resectable main-pancreatic duct and mixed IPMN, and in the absence of
factors that prevent resection, if a close follow-up is discussed or in cases
where there is patient refusal, we found that malignancy progression occurred
in 36% of these patients within a median time < 2.5 years and with a survival
rate at five years of only 58%.

9

Applications

Except for the size of the main pancreatic duct (>10 mm in diameter), no
specific factor could strongly predict progression of malignancy in non-operated
main-duct IPMN. Consequently, it is difficult to isolate a subgroup of patients
who are amenable to surgery that could be conservatively managed. In these
conditions, if there is no contraindication (caused by comorbidities and/or age),
surgery should be systematically discussed.

10

Terminology

11

IPMN of the pancreas is characterized by adenomatous proliferation of the
pancreatic duct epithelium and may involve the main pancreatic duct, the
branch ducts, or both (mixed form).

Peer-review

In this study, the clinicopathologic characteristics and outcomes of resected
and nonresected main-duct and mixed IPMN of the pancreas have been
investigated. This is a good paper for clinicians working in this field in terms of
its novel insights into the clinical properties and therapeutic approach.

12
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Abstract
AIM: To measure the prognostic significance of absolute
monocyte count/absolute lymphocyte count prognostic
score (AMLPS) in patients with gastric cancer.
METHODS: We retrospectively examined the com
bination of absolute monocyte count (AMC) and absolute
lymphocyte count (ALC) as prognostic variables in a
cohort of 299 gastric cancer patients who underwent
surgical resection between 2006 and 2013 and were
followed at a single institution. Both AMC and ALC
were dichotomized into two groups using cut-off points
determined by receiving operator characteristic curve
analysis. An AMLPS was generated, which stratified
patients into three risk groups: low risk (both low AMC
and high ALC), intermediate risk (either high AMC or low
ALC), and high risk (both high AMC and low ALC). The
primary objective of the study was to validate the impact
of AMLPS on both disease-free survival (DFS) and overall
survival (OS), and the second objective was to assess
the AMLPS as an independent prognostic factor for
survival in comparison with known prognostic factors.
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RESULTS: Using data from the entire cohort, the
most discriminative cut-off values of AMC and ALC
selected on the receiver operating characteristic curve
were 672.4/μL and 1734/μL for DFS and OS. AMLPS
risk groups included 158 (52.8%) patients in the lowrisk, 128 (42.8%) in the intermediate-risk, and 13
(4.3%) in the high-risk group. With a median followup of 37.2 mo (range: 1.7-91.4 mo), five-year DFS
rates in the low-, intermediate-, and high-risk groups
were 83.4%, 78.7%, and 19.8%, respectively. And fiveyear OS rates in the low-, intermediate-, and high-risk
groups were 89.3%, 81.1%, and 14.4%, respectively.
On multivariate analysis performed with patient- and
tumor-related factors, we identified AMLPS, age, and
pathologic tumor-node-metastasis stage as the most
valuable prognostic factors impacting DFS and OS.

treatment. A variety of high-risk features, including
tumor stage, resection margin, and nodal status, are
considered to be important in determining cancer
[3]
recurrence and survival . In addition, a few serum
tumor markers have been found to be associated
with poor prognosis and are therefore useful for
monitoring and predicting early recurrence and poor
[4]
prognosis . The outcomes of patients with cancer
are determined not only by tumor-related factors but
also by host-related factors, particularly the systemic
[5,6]
inflammatory response
. Laboratory markers of
systemic inflammation have been investigated as
both prognostic and predictive biomarkers in several
cancer populations. With respect to gastric cancer,
[7]
the modified Glasgow Prognostic Score , mean
[8]
platelet volume (MPV) , absolute neutrophil count
[9]
[9]
(ANC) , absolute monocyte counts (AMC) , absolute
[9]
lymphocyte count (ALC) , neutrophil-lymphocyte
[10-13]
[12]
ratio (NLR)
, and platelet-lymphocyte ratio (PLR)
have been reported as independent prognostic factors
in gastric cancer. Assessment of the inflammatory
response to the tumor may be easier and morecost effective in clinical practice, and the addition of
inflammatory factors to tumor-associated factors
would be expected to help in disease management.
Recently, the role of monocytes in combination
with peripheral lymphocytes has been assessed
as a biomarker in lymphomas. In some of those
reports, each AMC and ALC was divided into two to
create a prognostic index, and it was shown to be an
independent prognostic factor for survival in diffuse
[14-18]
large B-cell lymphoma (DLBCL)
. However, to our
knowledge, there is limited data available on whether
such a prognostic index at diagnosis has prognostic
value in other malignancies, including gastric cancer.
Therefore, the aim of the present study is to mea
sure the prognostic significance of a preoperative
combination of AMC and ALC by using this prognostic
index in a cohort of patients with resectable primary
gastric cancer.

CONCLUSION: AMLPS identified patients with a poor
DFS and OS, and it was independent of age, pathologic
stage, and various inflammatory markers.
Key words: Monocytes; Absolute lymphocyte count;
Stomach neoplasms
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our findings suggest that the absolute mo
nocyte count (AMC) and absolute lymphocyte count
(ALC) prognostic score combined by AMC and ALC can
predicts survival and identify gastric cancer patients
with a poor overall survival, and this prognostic score
is independent of age, pathologic stage, and various
inflammatory markers.
Eo WK, Jeong DW, Chang HJ, Won KY, Choi SI, Kim SH,
Chun SW, Oh YL, Lee TH, Kim YO, Kim KH, Ji YI, Kim A,
Kim HY. Absolute monocyte and lymphocyte count prognostic
score for patients with gastric cancer. World J Gastroenterol
2015; 21(9): 2668-2676 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i9/2668.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2668

MATERIALS AND METHODS
We retrospectively evaluated 299 patients undergoing
potentially curative resection of gastric cancer in a
single institution between June 2006 and April 2013.
No patient refused authorization to use his or her
medical records for research. No patients were lost
to follow-up. Approval for the retrospective review
of these records was obtained from the Kyung Hee
University Hospital at Gangdong Institutional Review
Board (IRB file number 2014-02-027), and it was
performed in accordance with Korean regulations and
the Declaration of Helsinki.
Information regarding patient demographics was
collected for analysis. Laboratory measurements,
including complete blood counts (CBCs) and bio
chemical profiles, were performed within seven
days before surgery as part of the routine workup.

INTRODUCTION
Gastric cancer is a major public health problem,
because it represents one of the major causes of cancer
mortality worldwide. Despite a result of advances in
surgical treatment, the role of surgery as mainstay
[1]
treatment is limited to around a quarter of all patients ,
and overall survival (OS) of patients who undergo
surgery progressively diminishes as stage increases,
ranging from 75% for stage Ⅰ to 35% or less for
[2]
stage Ⅱ and beyond ; accurately predicting patients’
prognoses is needed to improve patient survival and to
provide important information to the patients.
After curative resection for gastric cancer, pathologic
analysis of tumor-related factors guides prognosis and
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Venous peripheral blood samples for measurement of
CBCs were drawn just before the operation to avoid
any inflammatory effects of preoperative sequential
evaluation, such as gastroscopy, colonoscopy, or eso
phagogastrography. If several preoperative CBCs
were obtainable, the one which was examined on the
nearest date before the operation was taken. Two
millimeters of venous blood were collected into tubes
containing dipotassium ethylenedinitrotetra-acetic acid
(EDTA), and all measurements were performed within
30 min after blood collection on a standard Coulter
counter model LH 750 (Beckman Coulter Inc., CA,
United States).
The tumors were staged according to the tumorth
node-metastasis (TNM) criteria from the 7 edition of
the International Union Against Cancer’s classification
[19]
of malignant tumors . Patients were treated with
curative surgical resection with D2 lymphadenectomy.
All resections were conducted by a specialized gastric
cancer surgeon who routinely operates on more than
50 new cases per year and who has two or more
consecutive years of surgical practice. Those who had
concurrent second malignancies or prior malignancies
within the previous five years (other than in situ or
non-melanoma skin cancers) were excluded. Those
who had received neoadjuvant chemotherapy or who
received a blood product transfusion within one month
before resection were also excluded to avoid possible
effects of such treatments on preoperative laboratory
profiles. Patients were excluded if they were human
immunodeficiency virus-positive, had evidence of
infection, or had concomitant autoimmune disease
treated with immunosuppressive therapies affecting
their ALC and AMC values.
AMC and ALC were obtained from a standard
complete blood count and a differential count was
performed manually. Each AMC and ALC was divided
into two groups (high and low) by using cut-off points
determined by receiver operating characteristic (ROC)
curve analysis for survival, and the prognostic index,
AMC/ALC prognostic score (AMLPS), was generated.
The AMLPS stratified patients into three risk groups:
low risk (both low AMC and high ALC), intermediate
risk (either high AMC or low ALC), and high risk (both
high AMC and low ALC).
The primary objective of the study was to validate
the impact of AMLPS on both disease-free survival
(DFS) and OS. The second objective was to assess
the AMLPS as an independent prognostic factor for
survival in comparison with known prognostic factors.
The following prognostic factors were evaluated in this
study: age, gender, tumor size, TNM stage, lymphatic
or vascular invasion, serum albumin concentration,
AMC, ALC, hemoglobin concentration, platelet count,
MPV, NLR, PLR, and AMLPS.
DFS was defined as the time (in months) from the
date of surgery to the date of relapse, death from any
cause, or last follow-up. OS was defined as the time (in
months) from the date of surgery to the date of death

WJG|www.wjgnet.com

from any cause or last follow-up. Patients without
relapse or death were censored at time of the last
known follow-up.

Statistical analysis

P values for the comparison of the mean difference
for continuous variables were obtained by using
analysis of variance (ANOVA) with post-hoc pairwise
comparisons (Scheffe’s test); P values from an in
dependent test for categorical variables were obtained
2
by using a χ test. OS was analyzed using the KaplanMeier method. Differences between survival curves
were tested for statistical significance using a twotailed log-rank test. The Cox proportional hazards
model was used for univariate analysis. Variables
with a P value < 0.05 in the univariate analysis were
included in the multivariate analysis. The multivariate
Cox proportional hazards model was used to identify
the most valuable prognostic factors affecting survival.
All P values presented are two-sided and statistical
significance was declared at P < 0.05. Data were
analyzed using SPSS statistical software (version 18.0,
SPSS Inc., Chicago, Ill., United States).

RESULTS
Baseline characteristics of the patients are displayed
in Tables 1 and 2. The median age at diagnosis
was 59 years (range: 25-92 years). Male patients
comprised 65.2% of the subjects in this study. Tubular
adenocarcinoma was diagnosed in 62.5% of the
patients. The median longitudinal tumor diameter
was 3.0 cm (range: 0.2-20.0 cm). The most frequent
location of the tumor was in the lower third of the
stomach (58.9%). Stage Ⅰ , Ⅱ , and Ⅲ disease
comprised 59.9%, 20.1%, and 20.1% of the cases,
respectively. The median AMC and ALC at diagnosis
were 458.2/μL (range: 31.0-1618.5/μL) and 1879.2/
μL (range: 341.0-5271.7/μL), respectively. The median
hemoglobin concentration was 13.1 g/dL (range:
5.7-17.9 g/dL). The median platelet count and MPV
were 235000/μL (range: 54000-577000/μL) and 7.8
fL (range: 5.9-10.9 fL), respectively. The median NLR
and PLR were 2.0 (range: 0.4-25.6) and 122.5 (range:
34.3-1190.6), respectively. The median serum albumin
concentration was 4.1 g/dL (range: 2.4-5.1 g/dL).
Using data from the entire cohort, we selected cutoff points for the AMC and ALC to predict the survival
outcomes from the ROC curve analysis. The most
discriminative cut-off values of AMC and ALC on the
ROC curve were 672.4/μL (sensitivity 23.08, specificity
89.88, AUC 0.560, P = 0.1791) and 1734/μL (sensitivity
59.62, specificity 65.18, AUC 0.602, P = 0.0253),
respectively, for DFS. In terms of OS, the most
discriminative cut-off values of AMC and ALC on the
ROC curve were 672.4/μL (sensitivity 26.19, specificity
89.88, AUC 0.577, P = 0.1189) and 1734/μL (sensitivity
64.29, specificity 64.98, AUC 0.625, P = 0.0129),
respectively.
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A

Table 1 Demographics and tumor-related factors in patients
with gastric cancer n (%)

90
Survival probability (%)

Variable
59 (25-92)
195:104 (65.2:34.8)
148 (49.5)
79 (26.4)
58 (19.4)
14 (4.7)
3.0 (0.2-20.0)

Mean ± SD
6857.5 ± 2358.8
4180.8 ± 2054.4
480.6 ± 180.1
1980.8 ± 633.9
12.8 ± 2.2
91.6 ± 7.5
245.4 ± 71.8
7.9 ± 0.8
2.4 ± 1.9
138.0 ± 85.8
4.1 ± 0.4

B

203 (67.9)
96 (32.1)

50
40
30
20

0

20

40

60

80

100

Overall survival

100
90

287 (96.0)
12 (4.0)
168 (56.2)
29 (9.7)
73 (24.4)
29 (9.7)

80
70

AMLPS
0
1
2

60
50
40
30
20
10

199 (66.6)
39 (13.0)
25 (8.4)
36 (12.0)

0

0

20

40

60

80

100

t (mo)

Figure 1 Absolute monocyte count/absolute lymphocyte count prognostic
score predict the disease-free survival (A) and overall survival (B) in patients
with gastric cancer. AMLPS: 0, low-risk; 1, intermediate-risk; 2, high-risk. AMLPS:
absolute monocyte count/absolute lymphocyte count prognostic score.

179 (59.9)
60 (20.1)
60 (20.1)

stratified patients into three risk groups depending on
the AMLPS: low-risk (both AMC ≤ 672.4/μL and ALC
> 1734/μL), intermediate-risk (either AMC > 672.4/μL
or ALC ≤ 1734/μL) and high-risk (both AMC > 672.4/
μL and ALC ≤ 1734/μL). AMLPS risk groups included
158 (52.8%) patients in the low-, 128 (42.8%) in the
intermediate-, and 13 (4.3%) in the high-risk groups.
In order to evaluate the relevance of the AMLPS,
we compared the different categories of AMLPS with
the baseline characteristics. The variables used for the
ANOVA analysis showed normal distribution. Significant
mean differences between the low- and high-risk
groups were obtained for the following continuous
variables: tumor size, serum albumin concentration,
AMC, ALC, hemoglobin concentration, NLR, and PLR.
Whereas, significant mean differences for categorical
variables were obtained for pathologic T category,
pathologic TNM stage, and vascular invasion (Table 3).
With a median follow-up of 37.2 mo (range:
1.7-91.4 mo), AMLPS had significant effects on survival
rates: five-year DFS rates in the low-, intermediate-,
and high-risk groups were 83.4%, 78.7%, and 19.8%,
respectively, and five-year OS rates in the low-,
intermediate-, and high-risk groups were 89.3%,
81.1%, and 14.4%, respectively (Figure 1).
Univariate analysis for DFS identified a significant

Median (range)
6500.0 (1900.0-19500.0)
3718.4 (1064.0-17100.0)
458.2 (31.0-1618.5)
1879.2 (341.0-5271.7)
13.1 (5.7-17.9)
92.8 (56.7-109.4)
235 (54.0-577.0)
7.8 (5.9-10.9)
2.0 (0.4-25.6)
122.5 (34.3-1190.6)
4.1 (2.4-5.1)

SD: Standard deviation; ANC: Absolute neutrophil count; AMC: Absolute
monocyte count; ALC: Absolute lymphocyte count; MCV: Mean corpuscular
volume; MPV: Mean platelet volume; NLR: Neutrophil/lymphocyte count
ratio; PLR: Platelet/lymphocyte count ratio.

Either AMC or ALC as a single parameter appeared
to have a limited ability to identify patients in the poorrisk category. Therefore, we combined the baseline
AMC with the baseline ALC as dichotomized variables
to obtain a host immunity-related prognostic index of
survival, AMLPS, in patients with gastric cancer. We

WJG|www.wjgnet.com

AMLPS
0
1
2

60

t (mo)

Table 2 Host-related factors in patients with gastric cancer

WBC (/μL)
ANC (/μL)
AMC (/μL)
ALC (/μL)
Hemoglobin (g/dL)
MCV (fL)
Platelet (× 103/μL)
MPV (fL)
NLR
PLR
Albumin (g/dL)

70

0
28 (9.4)
90 (30.1)
176 (58.9)
5 (1.7)

TNM: Tumor node metastasis.

Variable

80

10

Survival probability (%)

Median age (range, yr)
Male: female
Lauren’s classification
Intestinal
Diffuse
Mixed
Unknown
Median tumor size (range), cm
Location
Upper1/3
Mid1/3
Lower1/3
Diffuse
Lymphatic invasion
Negative
Positive
Vascular invasion
Negative
Positive
T category
T1
T2
T3
T4
N category
N0
N1
N2
N3
TNM stage
Ⅰ
Ⅱ
Ⅲ

Disease-free survival

100
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Table 3 Clinical characteristics according to the absolute monocyte count/absolute lymphocyte count prognostic score in patients
with gastric cancer
4

Low risk (n = 158)

Variable

n (%)
Age (yr)
Gender
Male
Female
Tumor size (cm)
T category
T1-2
T3-4
N category
N0
N1-3
TNM stage
Ⅰ-Ⅱ
Ⅲ

Lymphatic invasion
Negative
Positive
Vascular invasion
Negative
Positive
Albumin (g/dL)
AMC (/μL)
ALC (/μL)
Hemoglobin (g/dL)
Platelet (× 103/μL)
MPV (fL)
NLR
PLR

Mean ± SD

4

n (%)

3.7 ± 2.91

High risk (n = 13)

n (%)

Mean ± SD

56.4 ± 10.71
99 (62.7)
59 (37.3)

4

Intermediate risk (n = 128)

61.2 ± 12.22
85 (66.4)
43 (33.6)

4.3 ± 3.21

P value

Mean ± SD

11 (84.6)
2 (15.4)

117 (74.1)
41 (25.9)

76 (59.4)
52 (40.6)

4 (30.8)
9 (69.2)

111 (70.3)
47 (29.7)

83 (64.8)
45 (35.2)

5 (38.5)
8 (61.5)

133 (84.2)
25 (15.8)

99 (77.3)
29 (22.7)

7 (53.8)
6 (46.2)

117 (74.1)
41 (25.9)

81 (63.3)
47 (36.7)

5 (38.5)
8 (61.5)

156 (98.7)
2 (1.3)

120 (93.8)
8 (6.3)

11 (84.6)
2 (15.4)

64.0 ± 10.11,2

0.0006
0.2602

7.1 ± 5.12

0.0005
0.0008

0.0565

0.0200

0.0102

0.0105

4.2 ± 0.31
459.1 ± 110.01
2283.8 ± 423.11
13.4 ± 1.91
248.8 ± 66.61
8.0 ± 0.91
1.7 ± 0.71
111.8 ± 35.31

4.0 ± 0.42
478.3 ± 226.91
1661.2 ± 685.92
12.4 ± 2.32
238.7 ± 78.01
7.9 ± 0.81
2.9 ± 2.62
165.0 ± 116.32

3.7 ± 0.53
765.5 ± 93.92
1444.9 ± 219.52
10.2 ± 2.53
270.1 ± 67.01
7.6 ± 0.91
4.2 ± 2.62
191.6 ± 58.32

< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.2219
0.2373
< 0.0001
< 0.0001

1,2,3

Means with the same letter are not significantly different; 4AMLPS (AMC/ALC prognostic score) was defined as low-risk (both AMC ≤ 672.4/μL and
ALC > 1734/μL), intermediate-risk (either AMC > 672.4/μL or ALC ≤ 1734/μL) and high-risk (both AMC > 672.4/μL and ALC ≤ 1734/μL). P values for
comparison of mean difference for continuous variables were obtained by analysis of variance with post-hoc test of Scheffe; P values for independent test
for categorical variables were obtained by χ 2 test. TNM: Tumor node metastasis; SD: Standard deviation; ANC: Absolute neutrophil count; AMC: Absolute
monocyte count; ALC: Absolute lymphocyte count; MCV: Mean corpuscular volume; MPV: Mean platelet volume; NLR: Neutrophil/lymphocyte count
ratio; PLR: Platelet/lymphocyte count ratio.

difference for both continuous and categorical
variables, including age, tumor size, T-category,
N-category, TNM stage, lymphatic invasion, vascular
invasion, serum albumin concentration, AMC, ALC,
hemoglobin concentration, platelet count, MPV, NLR,
PLR, and AMLPS (high- vs intermediate-risk groups,
and high- vs low-risk groups) (Table 4). Using the
multivariate Cox proportional hazards model, the only
predictors for DFS were age (HR = 3.33; 95%CI:
1.50-7.40; P = 0.0032), TNM staging system (HR =
4.69; 95%CI: 2.15-10.24; P = 0.0001), AMLPS (highvs intermediate-risk groups; HR = 0.23; 95%CI:
0.10-0.56; P = 0.0011), and AMLPS (high- vs low-risk
groups; HR = 0.40; 95%CI: 0.18-0.90; P = 0.0274;
Table 4).
Using univariate analysis for OS, significant dif
ferences for both continuous and categorical variables
were obtained in the same variables as in DFS (Table 5).
In the multivariate analysis, the only predictors for OS
were age (HR = 2.34; 95%CI: 1.25-4.37; P = 0.0083),
TNM staging system (HR = 5.53; 95%CI: 2.96-10.34;
P < 0.0001), AMLPS (high- vs intermediate-risk
groups; HR = 0.17; 95%CI: 0.06-0.45; P = 0.0004),
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and AMLPS (high- vs low-risk groups; HR = 0.30;
95%CI: 0.13-0.71; P = 0.0057; Table 5).

DISCUSSION
[9]

Approximately 30 years ago, Bruckner et al reported
that pretreatment ANC, AMC, and ALC are independent
indicators of prognosis for patients with metastatic
gastric cancer. In their report, the combination of
ANC and ALC also predicted a noticeable difference in
[9]
OS . Since that report, the use of ANC and ALC as
prognostic factors in gastric cancer has been validated,
usually by combining the two values to determine the
[10-12]
NLR
. In addition, the role of ALC in combination
[20,21]
with platelet count has been reported
. On the
other hand, the prognostic value of AMC in gastric
cancer has not been validated to the best of our
knowledge.
Recently, the AMC and ALC were combined to
generate a score that was shown to be prognostic
[14-17]
for survival in DLBCL
. Contrary to conventional
prognostic indices, this scoring system does not
incorporate patient and tumor characteristics, which
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Table 4 Relationship between clinicopathologic characteristics, the systemic inflammatory or immunologic response, and disease-free
survival in gastric cancer
Variable

Univariate analysis

Age (yr)
Tumor size (cm)
T category (T1-2 vs T3-4)
N category (N0 vs N1-3)
TNM Stage (Ⅰ-Ⅱ vs Ⅲ)
Lymphatic invasion
Vascular invasion
Albumin (g/dL)
AMC (/mL)
ALC (/mL)
Hemoglobin (g/dL)
Platelet (× 103/μL)
MPV (fL)
NLR
PLR
AMLPS1
High- vs intermediate-risk2
High- vs low-risk3

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

3.32 (1.50-7.35)
4.92 (2.79-8.69)
7.26 (3.82-13.81)
5.16 (2.87-9.27)
8.93 (5.08-15.69)
3.63 (2.08-6.32)
2.96 (1.17-7.47)
0.29 (0.16-0.51)
2.06 (1.08-3.92)
0.37 (0.21-0.64)
0.32 (0.19-0.56)
2.45 (1.41-4.26)
0.38 (0.18-0.77)
2.18 (1.22-3.88)
2.94 (1.68-5.13)

0.0032
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.0214
< 0.0001
0.0285
0.0004
< 0.0001
0.0015
0.0080
0.0085
0.0002

3.33 (1.50-7.40)

0.0032

4.69 (2.15-10.24)

0.0001

0.11 (0.05-0.26)
0.24 (0.11-0.52)

< 0.0001
0.0004

0.23 (0.10-0.56)
0.40 (0.18-0.90)

0.0011
0.0274

1

AMLPS (AMC/ALC prognostic score) was defined as low-risk (both AMC ≤ 672.4/μL and ALC > 1734/μL), intermediate-risk (either AMC > 672.4/μL
or ALC ≤ 1734/μL) and high-risk (both AMC > 672.4/μL and ALC ≤ 1734/μL); 2Statistically significant after adjusting for age, tumor size, T category, N
category, TNM stage, lymphatic invasion, vascular invasion, serum albumin concentration, hemoglobin concentration, platelet count, MPV, NLR, PLR, and
low-risk AMLPS; 3Statistically significant after adjusting for age, tumor size, T category, N category, TNM stage, lymphatic invasion, vascular invasion,
serum albumin concentration, hemoglobin concentration, platelet count, MPV, NLR, PLR, and intermediate-risk AMLPS. Hazard ratio (HR) was obtained
by Cox’s proportional hazard model. TNM: Tumor node metastasis; AMC: Absolute monocyte count; ALC: Absolute lymphocyte count; MPV: Mean
platelet volume; NLR: Neutrophil/lymphocyte count ratio; PLR: Platelet/lymphocyte count ratio.

Table 5 Relationship between clinicopathologic characteristics, the systemic inflammatory or immunologic response, and overall survival
in gastric cancer
Variable

Univariate analysis

Age (yr)
Tumor size (cm)
T category (T1-2 vs T3-4)
N category (N0 vs N1-3)
TNM Stage (Ⅰ-Ⅱ vs Ⅲ)
Lymphatic invasion
Vascular invasion
Albumin (g/dL)
AMC (/mL)
ALC (/mL)
Hemoglobin (g/dL)
Platelet (× 103/μL)
MPV (fL)
NLR
PLR
AMLPS1
High- vs intermediate-risk2
High- vs low-risk3

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

2.68 (1.46-4.92)
4.47 (2.38-8.37)
5.12 (2.63-9.98)
3.57 (1.92-6.64)
6.28 (3.41-11.55)
2.88 (1.56-5.28)
2.71 (0.97-7.63)
0.27 (0.14-0.52)
2.41 (1.21-4.79)
0.31 (0.16-0.58)
0.40 (0.22-0.73)
2.11 (1.14-3.93)
0.52 (0.28-0.97)
2.21 (1.17-4.19)
3.18 (1.70-5.97)

0.0016
< 0.0001
< 0.0001
0.0001
< 0.0001
0.0007
0.0583
0.0001
0.0125
0.0003
0.0030
0.0188
0.0415
0.0155
0.0003

2.34 (1.25-4.37)

0.0083

0.08 (0.03-0.21)
0.20 (0.09-0.44)

< 0.0001
< 0.0001

0.17 (0.06-0.45)
0.30 (0.13-0.71)

5.53 (2.96-10.34)

< 0.0001

.

.

0.0004
0.0057

1

AMLPS (AMC/ALC prognostic score) was defined as low-risk (both AMC ≤ 672.4/μL and ALC > 1734/μL), intermediate-risk (either AMC > 672.4/μL
or ALC ≤ 1734/μL) and high-risk (both AMC > 672.4/μL and ALC ≤ 1734/μL); 2Statistically significant after adjusting for age, tumor size, T category, N
category, TNM stage, lymphatic invasion, vascular invasion, serum albumin concentration, hemoglobin concentration, platelet count, MPV, NLR, PLR, and
low-risk AMLPS; 3Statistically significant after adjusting for age, tumor size, T category, N category, TNM stage, lymphatic invasion, vascular invasion,
serum albumin concentration, hemoglobin concentration, platelet count, MPV, NLR, PLR, and intermediate-risk AMLPS. Hazard ratio (HR) was obtained
by Cox’s proportional hazard model. TNM: Tumor node metastasis; AMC: Absolute monocyte count; ALC: Absolute lymphocyte count; MPV: Mean
platelet volume; NLR: Neutrophil/lymphocyte count ratio; PLR: Platelet/lymphocyte count ratio.
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[8]

contributes to the simplicity of this score. Instead, it
is formed by laboratory values related to a patient’s
adaptive immune response. In previous reports, the
nomenclature of the scoring system differed between
studies: an absolute monocyte and lymphocyte pro
[14,18]
gnostic index
, an absolute monocyte/lymphocyte
[15]
count prognostic score , an absolute monocyte and
[16]
lymphocyte prognostic score , and an immunological
[17]
index . All of the scoring systems stratified patients
into three risk groups: low risk (both low AMC and high
ALC), intermediate risk (either high AMC or low ALC),
and high risk (both high AMC and low ALC). In most
of the studies, both AMC and ALC were dichotomized
into high and low groups by using predefined cut-off
[14,15,17]
[16]
points
developed by Wilcox et al
to enable
comparison between studies irrespective of optimal cutoff points.
[16]
In the study by Wilcox et al , the cut-off point
for AMC (630/μL) was determined by ROC curve
analysis, whereas the cut-off point for ALC (1000/μL)
was determined by the fact that it has been utilized
[22-25]
in many previous studies on lymphoma
. In some
of those studies, the choice of 1000/μL as the cut-off
point for ALC was supported by the fact that it yielded
[23,25]
the greatest differential in survival
. On the other
[18]
hand, in a study by Huang et al , the cut-off points
of both AMC and ALC were determined by ROC curve
analysis.
Based on previous reports, we initially evaluated
the predefined cut-off point (630/μL for AMC and
1000/μL for ALC) according to the report by Wilcox
[16]
et al
in our cohort, but using this value, no patient
belonged to the high-risk group. When comparing
low- and intermediate-risk groups with the log-rank
test, no statistical significance was obtained for factors
predicting DFS (P = 0.3295) or OS (P = 0.1315). In
addition, when dichotomizing AMC and ALC by using
the predefined value for gastric cancer described by
[9]
Bruckner et al (300 to 900/μL vs others for AMC,
and < 1500/μL vs ≥ 1500/μL for ALC) and combining
them to produce three risk groups of AMLPS, the
log-rank test revealed no statistical significance in
predicting DFS (P = 0.1725) or OS (P = 0.0640).
In our study, both AMC and ALC were dichotomized
into two groups by using cut-off points that were
determined by ROC curve analysis for survival (672.4/
μL for AMC and 1734/μL for ALC), and an AMLPS with
three risk groups were generated, revealing statistical
significance for predicting DFS and OS.
In our study, we also intended to analyze the role
of host-related factors together, including the serum
albumin concentration, platelet count, MPV, NLR, and
PLR, to avoid confounding effects. In gastric cancer,
serum albumin is reportedly a significant factor
[13]
for survival . The platelet count is a convenient
parameter within the blood cell count that can help to
predict patients’ survival. MPV is a laboratory marker
associated with platelet function, and a role for MPV
as possible biomarker in the early diagnosis and
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monitoring of gastric cancer has been suggested .
The NLR also reflects inflammatory status. An elevated
NLR has been reported to be a convenient biomarker
to identify patients with a poor prognosis in primary
[10-12]
gastric cancer
. The PLR has been introduced as a
prognostic scoring system in various cancers, including
[20,21]
gastrointestinal cancer
. In a recent report, PLR
was an independent prognostic factor for OS rates
in patients with advanced gastric cancer treated
[12]
with chemotherapy . In our study, the relationship
between DFS and the serum albumin concentration,
platelet count, MPV, NLR, or PLR showed statistical
significance in univariate analysis, but none reached
statistical significance in multivariate analysis. In
addition, the relationship between OS and the various
inflammatory markers mentioned above also showed
statistical significance in univariate analysis, but they
also did not reach statistical significance in multivariate
analysis. Therefore, the AMLPS was independent of
previously evaluated inflammatory markers.
Though the detailed mechanism still remains unclear,
monocytes are known to promote tumorigenesis and
[26]
angiogenesis and suppress the host immune response
to cancer, which may explain why elevated monocyte
[27]
counts in solid tumors confer a negative prognosis .
Monocytes in the circulation are an important source
of soluble mediators, which may help support the
[16,28]
evolution of malignant cells
. Lymphocytes are
[29]
markers of host immune competence , and they also
act as mediators of antibody-dependent cell-mediated
[30]
cytotoxicity ; as a result, lymphopenia may be is an
adverse prognostic feature for gastric cancer. In our
study, higher percentages of cases for T3-4, N1-3,
and stage Ⅲ were observed from low-risk to high-risk.
In similar fashion a decreased percentages for T1-2,
N0, and stage Ⅰ-Ⅱ were observed from low-risk to
high-risk, supporting the balance between immune
surveillance (ALC) versus tumor growth (AMC).
The results of this study should be interpreted
cautiously, as they have several limitations. It was a
retrospective study with a relatively small sample size
and a relatively short median follow-up period. As we
mentioned before, different investigators have used
different cut-off values for the evaluation of ALC and
AMC, and their unification for clinical application may
[31]
require further exploration . In addition, the AMC
and ALC levels may vary in the same patient from day[31]
to-day, not static . To overcome this limitation, we
evaluated AMLPS together with well-known predictors
like serum albumin concentration, platelet count, MPV,
[32]
NLR, and PLR . In addition, data of CBCs just before
the operation was collected to avoid any inflammatory
effects of preoperative serial evaluation following
diagnosis. Finally, we could not reach a conclusion
whether three risk groups can be changed if venous
blood is taken for AMC and ALC several times before
operation. The reason is that only one preoperative
data of CBC was available in most of the patients, and
even though several preoperative CBCs were available,
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6

the result may have been affected by preoperative
procedures.
In conclusion, the AMC and ALC were combined
to generate a prognostic score, the AMLPS, which is a
simple tool that could be used as a prognostic model
for patients with gastric cancer. This prognostic score
was independent of various inflammatory factors, age,
and pathologic stage. These results should be validated
in prospective trials.

7

8
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ORIGINAL ARTICLE
Retrospective Study

Effect of longer battery life on small bowel capsule
endoscopy
George Ou, Neal Shahidi, Cherry Galorport, Oliver Takach, Terry Lee, Robert Enns
METHODS: A retrospective study was performed at a
tertiary, university-affiliated hospital in Vancouver, Canada.
Patients who underwent CE with either PillCam™ SB2 or
SB2U between 01/2010 and 12/2013 were considered
for inclusion. SB2 and SB2U share identical physical
dimensions but differ in their battery lives (8 h vs 12
h). Exclusion criteria included history of gastric or small
bowel surgery, endoscopic placement of CE, interrupted
view of major landmarks due to technical difficulty or
significant amount of debris, and repeat CE using same
system. Basic demographics, comorbidities, medications,
baseline bowel habits, and previous surgeries were
reviewed. Timing of major landmarks in CE were
recorded, and used to calculate gastric transit time, small
bowel transit time, and total recording time. A complete
CE study was defined as visualization of cecum. Transit
times and completion rates were compared.
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RESULTS: Four hundred and eight patients, including
208 (51.0%) males, were included for analysis. The
mean age was 55.5 ± 19.3 years. The most common
indication for CE was gastrointestinal bleeding (n =
254, 62.3%), followed by inflammatory bowel disease (n
= 86, 21.1%). There was no difference in gastric transit
times (group difference 0.90, 95%CI: 0.72-1.13, P =
0.352) and small bowel transit times (group difference
1.07, 95%CI: 0.95-1.19, P = 0.261) between SB2U and
SB2, but total recording time was about 14% longer
in the SB2U group (95%CI: 10%-18%, P < 0.001)
and there was a corresponding trend toward higher
completion rate (88.2% vs 93.2%, OR = 1.78, 95%CI
0.88-3.63, P = 0.111). There was no statistically
significant difference in the rates of positive findings (OR
= 0.98, 95%CI: 0.64-1.51, P = 0.918).
CONCLUSION: Extending the operating time of CE
may be a simple method to improve completion rate
although it does not affect the rate of positive findings.

Abstract
AIM: To determine if longer battery life improves
capsule endoscopy (CE) completion rates.

WJG|www.wjgnet.com

Key words: Capsule endoscopy; Battery life; Completion
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rate; Positive finding; Transit time

identical physical dimensions (26 mm × 11 mm). It is
conceivable that completion rate would improve with
longer CE operating time, but to date there has not
been any study that examined specifically the impact
of battery life on CE completion rate. We therefore
sought to determine the clinical impact of longer
battery life on CE in terms of completion rate and rate
of positive findings.

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

Core tip: This is the first study, to our knowledge, to
specifically examine the effect of battery life on capsule
endoscopy completion rate (i.e. , complete visualization
of the entire small bowel). Capsule endoscopies
performed using SB2U had longer recording time and
a corresponding trend toward higher completion rate
than the older-generation SB2. As the two systems are
identical in dimensions, there was no difference in the
transit times. There was no difference in the rates of
positive findings. A randomized controlled trial would
be necessary to confirm the diagnostic advantage of
longer battery life in capsule endoscopy.

MATERIALS AND METHODS
Design and patient population

This is a retrospective analysis of patients who under
went small bowel capsule endoscopy at a universityaffiliated tertiary care centre (St. Paul’s Hospital,
Vancouver, British Columbia, Canada) between
January 2010 and September 2013. Inclusion criteria:
Patients who underwent CE using either PillCam™ SB2
or SB2U (Given Imaging, Yoqneam, Israel), which are
identical in terms of dimensions and image quality.
SB2U is also known as SB2EX in some markets. Our
institution switched from SB2 to SB2U in July 2011.
Exclusion criteria: History of gastric or small bowel
surgery, endoscopic placement of capsule endoscope,
interrupted view of major landmarks due to technical
difficulty or significant amount of debris, and repeat
CE using same system (i.e., only the first CE was
included if the patient underwent repeat CE using the
same system, but if two CEs had been performed
using different systems then both were included). This
study was approved by University of British Columbia
Providence Health Care Research Ethics Board.

Ou G, Shahidi N, Galorport C, Takach O, Lee T, Enns R. Effect
of longer battery life on small bowel capsule endoscopy. World
J Gastroenterol 2015; 21(9): 2677-2682 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2677.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2677

INTRODUCTION
Small bowel capsule endoscopy (CE) is non-invasive
means of assessing the small bowel mucosa for
numerous indications such as obscure gastrointestinal
bleeding, small bowel Crohn’s disease, celiac
[1-5]
disease, and polyposis syndrome . While it offers
excellent diagnostic utility compared to other imaging
[6-10]
modalities
, a major limitation of the technology
is the finite battery life, which ranges from 8 to 12 h
[2,4]
depending on the system used . CE is incomplete
in approximately 16.5% of the cases, defined as
the failure of capsule entry into the cecum prior to
cessation of battery life, which thus leaves a segment
[3]
of the distal small bowel unexamined .
As CE lacks a means of self-propulsion and relies
primarily on bowel motility for transit, previous studies
have evaluated various methods to enhance bowel
motility in an attempt to improve completion rate;
[11]
[12,13]
however, purgatives , prokinetics
, and chewing
[14,15]
gum
have shown mixed results, and thus currently
there is no recommendation for the routine use of any
[1,16]
of these measures to improve CE completion rate
.
In fact, enhancing bowel motility may not be the
optimal approach because shorter bowel examination
time by the CE may potentially be associated with
[17]
reduced diagnostic yield .
Fortunately, with the advances in technology, newer
generations of CE promise longer battery life without
[4,18-20]
sacrificing image quality
. PillCam™ SB2U is a
newer generation CE that promises 12 h of operating
time compared to 8 h of its predecessor, SB2. The
extended battery life is accomplished while maintaining

WJG|www.wjgnet.com

Small bowel capsule endoscopy procedure

As per standard protocol at our institution, all patients
are asked to stop any oral iron supplementation five
days prior to the procedure, and to undergo bowel
preparation with clear liquid-only diet and 2 L poly
ethylene glycol plus electrolyte solution the day before
the procedure. Following capsule endoscope ingestion,
patients were permitted to resume clear fluids after 2
h and solid food after 4 h. Motility-altering agents were
not used during the procedure unless patients were
previously taking these medications. Each CE was
reviewed on real-time viewer after 7-8 h of recording
to determine the progress if the battery had not ceased
to function. If the capsule endoscope was felt to be in
the colon, then the study was terminated; otherwise
it was allowed to continue until the battery runs
out or at the next assessment if deemed complete.
Data images were downloaded and independently
reviewed by a single experienced gastroenterologist
and the gastrointestinal therapeutics fellow/research
assistant. If discrepancy existed among the reviewers,
a consensus was reached.

Data extraction

Data collected included demographics, indications
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Statistical analyses were performed using SAS 9.3
(SAS Institute Inc., Cary, NC, United States). Statistical
significance was defined as p-value less than 0.05.

Table 1 Exclusions
Other capsule endoscopy system
History of gastrointestinal surgery proximal to ileocecal valve
Endoscopic placement
Repeat procedure with same system
Aborted procedure due to inability to swallow
Technical difficulty with data transmission gap
Debris obscuring identification of landmarks

140
101
7
6
2
3
2

RESULTS
Between January 2010 and September 2013, 668
small bowel CEs were performed, of which 528 were
performed using either PillCam™ SB2 or SB2U; 120
were excluded due to meeting exclusion criteria and
408 were included for analysis (Table 1). This group
of patients consisted of 208 (51.0%) males, and the
mean age was 55.5 ± 19.3 years. Two patients in
the SB2 group retained the CE in the stomach during
the duration of the study but eventually passed the
capsule endoscope; these two patients were excluded
from analyses of bowel transit times. None of the
included patients in the SB2U group experienced
any adverse event. The most common indication for
CE was gastrointestinal bleeding (n = 254, 62.3%),
followed by inflammatory bowel disease (IBD) (n =
86, 21.1%). The mean Charlson comorbidity index,
unadjusted for age, was 1.0 ± 1.6. Twenty CEs (4.9%)
were performed on an inpatient basis. There was no
statistically significant difference between the SB2
and SB2U groups in terms of baseline characteristics
and comorbidities, although there was a trend toward
higher proportion of IBD cases in the SB2U group
(25.7% vs 15.6%, P = 0.051) (Table 2).
In the unadjusted analysis, there was no statistically
significant difference between SB2 and SB2U in terms
of median GTT (P = 0.794) or median SBTT (P = 0.669).
Total recording time was significantly longer in the
SB2U group (P < 0.001) and there was a trend toward
higher completion rates in the SB2U group (P = 0.076).
However, rates of positive findings on CE were not
statistically different (P = 0.905) (Table 3).
In the adjusted analysis, there was again no
difference in terms of GTT (P = 0.352) and SBTT
(P = 0.261), or positive findings rates (P = 0.918).
However, total recording time was estimated to be
14% longer in the SB2U group (95%CI: 10%-18%, P
< 0.001), and there was a corresponding trend toward
higher completion rate in the SB2U group (OR = 1.78,
95%CI: 0.88-3.63, P = 0.111) (Table 4).

for CE, medical comorbidities and prior abdominal/
pelvic surgery, use of agents that alter bowel motility,
any significant bowel habit changes at the time of
procedure, inpatient/outpatient status, type of capsule
endoscope, small bowel transit time (SBTT), gastric
transit time (GTT) and total recording time. GTT is
defined as the time between first gastric image and
first duodenal image. Similarly, SBTT is defined as
the time between the first duodenal image and the
first cecal image. In cases of incomplete small bowel
examination, the SBTT is censored at the time of
last recorded image. Total recording time is defined
as the entire length of video recording until either
the capsule camera’s battery runs out, or the study
was terminated based on real-time finding that the
capsule camera likely had entered the colon and thus
concluded the small bowel examination. Capsule
completion rates, rates of positive findings, SBTT, GTT,
and total recording time were compared between the
two groups.
Primary outcome was CE completion rate to the
cecum. Secondary outcome was the rate of positive
findings, defined as any culprit lesion felt to explain the
signs/symptoms for which the procedure was indicated
(e.g., vascular lesion for gastrointestinal bleeding,
ulcerated lesion for inflammatory bowel disease).

Statistical analysis

Baseline characteristics were summarized as mean
and standard deviation, or median and quantiles, for
continuous variables; whereas categorical values were
described as frequency and percentage. Comparisons
of the baseline characteristics between SB2 and SB2U
groups were conducted using Wilcoxon rank-sum test,
Chi-square test, or Fisher’s exact test as appropriate.
Linear regression analysis was used to compare
the SB2 and SB2U groups in terms of transit time
and battery life. GTT, SBTT and total recorded time
were log transformed to satisfy the required normality
assumption of linear regression. The comparison was
adjusted for age, gender, indications, inpatient status,
use of narcotics, previous abdominal/pelvic surgery,
bowel habit, diabetes and connective tissue disease. To
compare the completion rate between groups, logistic
regression adjusted for the same set of variables
as above was considered. To compare the rates of
positive findings, logistic regression adjusted for age,
[21]
gender, Charlson comorbidity index
and indications
was employed.

WJG|www.wjgnet.com

DISCUSSION
Small bowel CE is an excellent non-invasive means
of assessing for small bowel pathology, but appro
[3]
ximately 16.5% of CEs are incomplete . Finite battery
life poses a major limitation to its clinical use, as
incomplete examination of the small bowel results in
diagnostic uncertainty, particularly in cases without
[22,23]
significant findings on CE
. This often necessitates
further investigations to examine the distal portion of
the small bowel that was not visualized.
In theory there are two ways to improve CE
completion rates: increasing bowel motility and hence
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Table 2 Basic Information n (%)
Variable
Male
Age
Mean ± SD
Median (IQR)
Range
Indication
Gastrointestinal bleeding
Inflammatory bowel disease
Abdominal pain, radiological abnormality, history of obstruction
Others1
Inpatient
Previous abdominal/pelvic surgery
Use of narcotics or prokinetics
None
Narcotics
Prokinetics
Bowel habit
Normal
Constipation
Diarrhea
Alternating
Connective tissue disease
Diabetes mellitus
Charlson index score (unadjusted for age)
Mean ± SD
Median (IQR)
Range

All (n = 408)

SB2 (n = 186)

SB2U (n = 222)

P value

208 (51.0)

93 (50.0)

115 (51.8)

0.717
0.602

55.5 ± 19.3
60.0 (44.0, 70.0)
(9.0, 90.0)

56.6 ± 17.3
59.5 (47.0, 69.0)
(15.0, 90.0)

54.6 ± 20.9
60.0 (41.0, 70.0)
(9.0, 88.0)

254 (62.3)
86 (21.1)
47 (11.5)
21 (5.1)
20 (4.9)
171 (41.9)

121 (65.1)
29 (15.6)
23 (12.4)
13 (7.0)
8 (4.3)
83 (44.6)

133 (59.9)
57 (25.7)
24 (10.8)
8 (3.6)
12 (5.4)
88 (39.6)

371 (90.9)
33 (8.1)
4 (1.0)

168 (90.3)
17 (9.1)
1 (0.5)

203 (91.4)
16 (7.2)
3 (1.4)

342 (83.8)
14 (3.4)
41 (10.0)
11 (2.7)
16 (3.9)
73 (17.9)

154 (82.8)
8 (4.3)
19 (10.2)
5 (2.7)
9 (4.8)
28 (15.1)

188 (84.7)
6 (2.7)
22 (9.9)
6 (2.7)
7 (3.2)
45 (20.3)

1.0 ± 1.6
0.0 (0.0, 2.0)
(0.0, 10.0)

1.0 ± 1.5
0.0 (0.0, 2.0)
(0.0, 7.0)

1.1 ± 1.7
0.0 (0.0, 2.0)
(0.0, 10.0)

0.051

0.607
0.310
0.641

0.848

0.382
0.171
0.819

1

Polyposis syndrome, cancer/lymphoma screening/surveillance, abnormal bowel movement, reflux, pancytopenia, refractory celiac disease, recurrent
vomiting. IQR: Interquartile range; SD: Standard deviation.

Table 3 Unadjusted analysis
Variable

All
(n = 408)

Table 4 Adjusted analyses
SB2
(n = 186)

SB2U
(n = 222)

P value

Variable
GTT
SBTT
Total recorded time

GTT, minutes
0.794
Mean ± SD
35.4 ± 44.5
35.0 ± 41.5
35.7 ± 47.0
Median (IQR) 19.5 (10.7, 41.9) 19.5 (10.6, 42.7) 19.5 (10.9, 41.8)
Range
(0.1, 417.2)
(0.1, 262.8)
(0.4, 417.2)
SBTT, hours
0.669
Mean ± SD
4.1 ± 2.2
3.9 ± 1.6
4.3 ± 2.6
Median (IQR) 3.9 (2.7, 4.8)
3.9 (2.8, 4.5)
3.9 (2.5, 4.9)
Range
(0.3, 14.5)
(0.3, 7.8)
(0.5, 14.5)
Total recorded
< 0.001
time, h
Mean ± SD
8.4 ± 1.8
7.7 ± 0.5
9.0 ± 2.2
Median (IQR) 7.9 (7.9, 8.2)
7.9 (7.8, 7.9)
8.2 (8.0, 8.6)
Range
(3.6, 16.1)
(3.8, 8.0)
(3.6, 16.1)
Completion
0.076
No
37 (9.1)
22 (11.8)
15 (6.8)
Yes
371 (90.9)
164 (88.2)
207 (93.2)
Result
0.905
Negative
279 (68.7)
127 (69.0)
152 (68.5)
Positive
127 (31.3)
57 (31.0)
70 (31.5)

Completion
Positive findings

P value

0.90 (0.72-1.13)
1.07 (0.95-1.19)
1.14 (1.10-1.18)
Odds ratio (95%CI)
1.78 (0.88-3.63)
0.98 (0.64-1.51)

0.352
0.261
< 0.001
0.111
0.918

GTT: Gastric transit time; SBTT: Small bowel transit time.

MiroCam (IntroMedic, Seoul, South Korea), a CE
system capable of 11-h recording time, may have
higher completion rates compared to the 8-h PillCam
[18,19]
SB2 (Given Imaging, Yoqneam, Israel)
. However,
MiroCam also differed from PillCam SB2 in its physical
dimensions, which certainly could have had an impact
on CE transit. To our knowledge, our study is the
first to assess solely the effect of battery life on CE
completion rate.
The results of our study suggest that utilizing a
capsule endoscope with longer operating time may
be a simple yet effective way of improving completion
rates. Although our results did not reach statistical
significance, there was a clear trend towards higher
completion rate by extending the mean operating
time by one hour with the help of real-time viewer to
determine if the cecum had been reached.

IQR: Interquartile range; GTT: Gastric transit time; SBTT: Small bowel
transit time; SD: Standard deviation.

the speed of CE transit, or increasing the recording
time. Even though motility-enhancing agents have
not shown convincing benefit, we now have CE
systems that are capable of longer recording times.
In fact, previous studies have demonstrated that

WJG|www.wjgnet.com

Group difference (95%CI)
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Of the 15 CEs that were not complete in the SB2U
group, 6 were disconnected between 8 h and 9 h
either per patient preference or based on real-time
identification of features suggestive of colonic mucosa
by the research assistant/gastrointestinal therapeutics
fellow; the remaining 9 were disconnected by the
patients at home late at night after at least 10 h of
recording, usually before bed time or after the recorder
has powered down due to loss of signal (i.e., battery
outage). It is possible that a statistically significant
difference in the completion rates between SB2U and
SB2 may have been detected had the CEs not been
disconnected prematurely. Assuming the 6 CEs would
have been complete with extended recording times,
the completion rate of SB2U could have been as high
as 95.9% (P = 0.004). However, the optimal recording
duration remains to be determined, as premature
disconnections confound this study’s ability to draw
such conclusion.
While the real-time viewer is a valuable tool, the
ability to distinguish small bowel mucosa from that of
the cecum may be limited as was the case with the 6
CEs that were disconnected before reaching cecum.
The combination of slow transit and single-frame
viewing, as well as debris obscuring the view can make
distinction between ileal mucosa from cecal mucosa
difficult at times. An alternative approach would be
recording until the battery runs out. This is particularly
important in patients at risk of slower bowel motility,
such as those with history of abdominal/pelvic
surgery, diabetes mellitus, altered bowel anatomy, and
[24-27]
inpatients
. Subgroup analyses of completion rates
among patients at risk of slower bowel motility was not
performed due to small sample sizes. Further studies
are needed to confirm this.
There was a trend towards employing CE more
frequently in the investigation of IBD after the
transition to SB2U, due to CE’s high sensitivity and
[6-8]
specificity for small bowel Crohn’s disease . However,
this did not appear to affect the CE completion rates.
The percentages of patients with “narrowing and
regional transit abnormality”, which can be seen in
stricturing Crohn’s disease, were also not significantly
different between SB2 and SB2U (9.7% vs 6.3%, P =
0.607). This is not surprising as CE is usually reserved
for those with subtle findings that may not be easily
detected on other imaging modalities.
There was no difference between the two groups
in terms of positive findings rates despite the longer
recording time in the SB2U group. Given that SB2U’s main
advantage over SB2 is the ability to identify potential
lesions in distal ileum, a larger sample size would
be necessary to detect any difference. In addition,
the value of a complete CE study lies in the ability to
exclude lesions without needing further investigation
to assess the distal small bowel that would otherwise
be unexamined in an incomplete study. This has
significant implications in resource utilization.

WJG|www.wjgnet.com

Our study has a number of limitations in addition to
not assessing the full potential of the SB2U CE system
as described above. The study is retrospective in nature
and reflects single-centre experience. We also did not
include patients with altered bowel anatomy as it was
not possible to determine the extent of anatomical
changes in these patients. In addition, we did not
include those who had endoscopic placement of capsule
endoscope based on anticipated bowel dysmotility in
the referral history or previously failed CE. It is possible
that these patient populations would benefit most from
the extended recording time of the SB2U. Randomized
controlled trials are necessary to assess for this. Finally,
this study did not assess the impact that longer battery
life has on the endoscopist’s CE reading time. However,
anecdotally the 14% increase in average recording
time did not increase the reviewing time significantly.
This is partly due to slower motility in the distal bowel,
which frequently results in identical images that are
filtered by the CE software.
In summary, our study demonstrates a trend
towards increased completion rates using CE with a
longer battery life in patients without altered bowel
anatomy. Extending the operating time of CE may
be a simple method to improve completion rates. A
randomized controlled trial may be necessary to confirm
this. In the meanwhile, efforts to increase the operating
efficiency of CE should be encouraged. When given two
CE systems with identical physical dimensions, use of
the CE with longer battery life should be considered (e.g.,
12-h SB2U vs 8-h SB2; 12-h SB3 vs 8-h SB3EX).

COMMENTS
COMMENTS
Background

Capsule endoscopy does not completely visualize the small bowel
approximately 16.5% of the time, primarily due to limited battery life. Incomplete
examination may require additional investigations.

Research frontiers

As technology advances, newer capsule technology such as PillCamTM SB2U
offers a longer battery life without sacrificing image quality or physical size
compared to its predecessor, SB2. This provides a unique opportunity to
examine the effect of battery life on capsule completion rate.

Innovations and breakthroughs

SB2U has longer battery life than SB2 while maintaining identical size and
image quality. With longer operating time, SB2U showed a trend toward higher
rate of visualizing the entire length of small bowel. There was no difference
in the rates of positive findings, but further investigations can potentially be
avoided.

Applications

Using capsule endoscopy with longer battery life may be a simple way to
improve study completion rate.

Terminology

Capsule endoscopy is a non-invasive means of visualizing the small bowel with
high diagnostic value. It utilizes a wireless capsule camera that captures images
of the inside of the small bowel and transmits the data to a recorder, which can
then be downloaded to a workstation to be reviewed by an endoscopist.

Peer-review

This is a retrospective study evaluating the effect of longer battery life on small
bowel capsule endoscopy. Authors conclude that there was a trend toward higher
completion rate with longer battery life without affecting the diagnostic yield.
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Abstract

concurrent disease could be reasonably followedup after resection of the gastric lesion by endoscopic
submucosal dissection.

AIM: To study how lymph node metastasis (LNM)
risk is stratified in undifferentiated-type early gastric
cancer (undiff-EGC) dependent on combinations of risk
factors.

Asakawa Y, Ohtaka M, Maekawa S, Fukasawa M, Nakayama
Y, Yamaguchi T, Inoue T, Uetake T, Sakamoto M, Sato T,
Kawaguchi Y, Fujii H, Mochizuki K, Hada M, Oyama T,
Yasumura T, Omata K, Nishiyama A, Naito K, Hata H, Haba
Y, Miyata K, Saitoh H, Yamadera Y, Miura K, Kawaoi A, Abe
T, Tsunoda H, Honda Y, Kurosaki M, Enomoto N. Stratifying
the risk of lymph node metastasis in undifferentiated-type early
gastric cancer. World J Gastroenterol 2015; 21(9): 2683-2692
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i9/2683.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2683

METHODS: Five hundred and sixty-seven cases with
undiff-EGC undergoing gastrectomy with lympha
denectomy were examined retrospectively. Using
clinicopathological factors of patient age, location, size,
an endoscopic macroscopic tumor form, ulceration,
depth, histology, lymphatic involvement (LI) and
venous involvement (VI), LNM risk was examined and
stratified by conventional statistical analysis and datamining analysis.
RESULTS: LNM was positive in 44 of 567 cases (7.8%).
Univariate analysis revealed > 2 cm, protrusion, submucosal (sm), mixed type, LI and VI as significant
prognostic factors and > 2 cm and LI-positive were independent factors by multivariate analysis. In preoperatively evaluable factors excluding LVI, sm and > 2 cm
were independent factors. According to the depth and
size, cases were categorized into the low-risk group
[m and ≤ 2 cm, 0% (LNM incidence)], the moderaterisk group (m and > 2 cm, 5.6%; and sm and ≤ 2
cm, 6.0%), and the high-risk group (sm and > 2 cm,
19.3%). On the other hand, LNM occurred in 1.4% in
all LI-negative cases, greatly lower than 28.2% in all
LI-positive cases, and LNM incidence was low in LInegative cases even in the moderate- and high-risk
groups.

INTRODUCTION
Recently, technique of endoscopic submucosal dis
section (ESD) has advanced and ESD has become
prevalent as an excellent treatment modality in terms
of low-invasiveness, functional preservation of the
stomach, and postoperative quality of life, in particular,
as curative treatment for differentiated-type early
gastric cancer (EGC). Meanwhile, compared with the
differentiated-type, undifferentiated-type EGC (undiffEGC) is expected to have high incidence of lymph
node metastasis (LNM), and it has been thought that
surgery with lymphadenectomy is necessary and there
is no indication of ESD.
[1]
However, Gotoda et al reported in 2000 that
undiff-EGC with the conditions of mucosal cancer (m),
ulceration (UL)(-), ≤ 2 cm, and lymphatic-vascular
involvement (LVI)(-) had a risk of LNM at 0% (95%CI:
0-2.6), which suggested a potential indication of ESD
for undiff-EGC. Although reports focusing on LNM risk
factors in undiff-EGC have been increasing, it was
verified in a number of cases (3843 cases) in 2009
that LNM was markedly rare within the conditions
[2]
proposed by Hirasawa et al . According to this report,
the Japan Gastric Cancer Society constructed Gastric
[3]
Cancer Treatment Guidelines 2010 , and the lesions
satisfying the above mentioned expanded criteria,
which are considered an indication for ESD, have been
treated by ESD.
Meanwhile, undiff-EGC with low LNM risk has
been the focus of exploration, and it has been poorly
elucidated how high the LNM risk is in the cases that
fail to satisfy the criteria of the guidelines. Surgery
with lymphadenectomy is recommended in cases
with potentially positive LNM in undiff-EGC, but the
incidence of LNM was 2.8%-10.6% even in undiff[1,2]
EGC without satisfying the indication for ESD , and
LNM was absent in almost 90% of cases. Therefore,
should identification of the 90% of cases with low LNM
risk be possible, even without the indication for ESD,
unnecessary surgery and lymphadenectomy may
be avoided in the elderly and those with a variety of

CONCLUSION: LNM-related factors in undiff-EGC
were depth and size preoperatively while those were LI
and size postoperatively. Among these factors, LI was
the most significantly correlated factor.
Key words: Undifferentiated-type early gastric cancer;
Lymph node metastasis; Lymphatic involvement; Datamining analysis; Stratification
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The lymph node metastasis (LNM) risk in
cases with undifferentiated-type early gastric cancer
was evaluated and stratified using preoperatively
as well as postoperatively evaluable factors. In
preoperatively evaluable factors, the risk of LNM was
predicted based on the size and depth and categorized
into the low-risk group: mucosal cancer (m) and
≤ 2 cm, 0% (LNM incidence) (95%CI: 0-2.3), the
moderate-risk group: m and > 2 cm, 5.6% (95%CI:
2.6-11.7); submucosal invasion (sm) and ≤ 2 cm, 6.0%
(95%CI: 3.2-11.1), and the high-risk group: sm and >
2 cm, 19.3% (95%CI: 13.8-26.4). However, when the
postoperatively evaluable factor of LI was included,
cases with further lower or higher risk could be
stratified even in the moderate- and high-risk groups.
Some high-risk cases for surgery due to old age and
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concurrent diseases with a high risk for surgery.
In the present study, we elucidated LNM risk
factors in a number of cases with surgically-resected
undiff-EGC and analyzed clinicopathological factors by
introduction of data mining, in addition to conventional
statistical analysis, to classify risk groups by combinations
of risk factors.

for 50% or more was defined as the histological type of
the tumor. When an undifferentiated-type was mixed with
a differentiated-type, such histology was defined as mixed
type and subjected to analysis. Histological examinations
including the diagnosis of LI and VI were performed with
routine hematoxylin and eosin (H and E) staining in each
institution.
These paper-based patho-histological information
obtained at surgery (location, size, macroscopic type,
UL, depth, histology, existence of mixed-type, LI and
VI) were collected at the University of Yamanashi, and
were used for the analysis.

MATERIALS AND METHODS
Patients

The subjects comprised 567 cases that underwent
gastrectomy with lymphadenectomy for undiff-EGC
which was diagnosed by biopsy before an operation
between March 1983 and April 2012 at University of
Yamanashi Hospital and its collaborating institutes
(Fujiyoshida Municipal Medical Center, Social Insurance
Yamanashi Hospital, Kofu National Hospital, Kofu
Kyoritsu Hospital, Social Insurance Kajikazawa Hospital,
Yamanashi Prefectural Central Hospital, Kofu Municipal
Hospital, Yamanashi Kosei Hospital, and Kanoiwa
General Hospital). No cases received endoscopic
therapy such as ESD or endoscopic mucosal resection
prior to gastrectomy. Then, clinicopathological cha
racteristics which were considered relevant with local
LNM were retrospectively investigated.
Clinicopathological factors were categorized as
follows: patient age (≤ 60 years or > 60 years),
location [upper third (upper), middle third (middle), or
lower third (lower) of the stomach], size (maximum
diameter ≤ 2 cm or > 2 cm) (evaluation criterion at 2
cm according to the indication criteria for endoscopic
treatment), an endoscopic macroscopic tumor type
(protrusion, flat, or depression), UL (positive or
negative), depth [mucosal (m) or submucosal (sm)],
histology, and lymphatic involvement (LI) (positive or
negative).
Cases were categorized into five groups macroscopically:
type Ⅰ (protruded), type Ⅱa (superficially elevated),
type Ⅱb (flat), type Ⅱc (superficially depressed), and
Ⅲ (depressed). Protrusion type was subcategorized
into type Ⅰ, Ⅱa, Ⅰ plus Ⅱa, Ⅰ plus Ⅱc, and Ⅱa plus Ⅱc.
Meanwhile, flat or depressed types were subcategorized
into type Ⅱb, Ⅲ, Ⅱc, Ⅱb plus Ⅱc, Ⅱa plus Ⅱc, Ⅱb plus Ⅱ
c, Ⅱc plus Ⅰ, Ⅱc plus Ⅱa, Ⅱc plus Ⅱb, Ⅱc plus Ⅲ, and Ⅲ
plus Ⅱc.

Ethical review

The protocol of this retrospective study was approved
by the ethical committee of University of Yamanashi
Hospital, which waived the requirement for written
informed consent since the study was a retrospective
data analysis with appropriate consideration given to
patient risk, privacy, welfare, and rights. According to
[5]
the Declaration of Helsinki , this study was carried
out.

Statistical analysis

RESULTS
Details of the patients

In 567 patients with undiff-EGC, local LNM was
observed in 7.8% (44/567). The details of the patients
were as follows: average age, 59.9 years; males,
55.1% (n = 132); location: middle, 61.2% (n = 347);
and the form: flat or depression, 93.1% (n = 528). UL
was present in 23.4% (n = 132) and depth limited to
mucosa was in 54.7% (n = 310). With regard to the
histological type, “sig” and “por” accounted for 55.5%
(n = 315) and 43.3% (n = 246), respectively, and the
mixed type was observed in 17.8% (n = 101) (Table 1).

Histology

According to the Japanese Classification of Gastric
[4]
Carcinoma , diagnosis was made in each institute by a
certified pathologist. Resected specimens were fixed in
formalin and sectioned serially by 3 to 5-mm thickness,
and then subjected to histological examination.
Histologically, signet ring cell carcinoma (sig), poorly
differentiated adenocarcinoma (por), and mucinous
adenocarcinoma (muc) were defined as undifferentiated[3]
types . When two or more histological types were present
in the tumor, the predominant histological type accounting
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2

Univariate analysis was performed by the χ test or
Fisher’s exact test. Multivariate analysis was done
according to the multiple logistic analysis with the
factors extracted as significant by univariate analysis.
A P value less than 0.05 was considered significant.
Population rates and their 95% confidence intervals
®
were calculated with JMP 10 Modeling and Multivariate
Methods (SAS Institute Inc. Cary, NC, United States).
Decision tree analysis was used for data-mining
analysis and a decision tree was constructed based on
the LNM-related factors. SPSS Decision Tree Version 18
(IBM, Tokyo, Japan) was used for statistical analysis.
2
According to χ Automatic Interaction Detection
algorithm, classification tree models predicting LNM
[6,7]
were constructed . The decision tree was verified by
10-fold cross validation.

LNM risk factors

Univariate analysis on LNM risk factors extracted size >
2 cm, protrusion, sm, and the mixed type in histology,
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Table 1 Characteristics of 567 patients included in the study
n (%)
Factor

Table 2 Univariate analysis of risk factors for lymph node
metastasis in patients with undifferentiated-type early gastric
cancer

Value

Age, yr, mean ± SD
Gender
Male
Female
Location
Upper
Middle
Lower
Size, mm, mean ± SD
Form
Protrusion
Flat or depression
Ulceration
Depth
Mucosal (m)
Submucosal (sm)
Histology
Sig
Por
Muc
Mixed type
Lymphatic involvement
Venous involvement
Lymph node metastasis

59.9 ± 12.3

Factor

312 (55.1)
255 (44.9)

Age
≤ 60 yr

> 60 yr
Gender
Male
Female
Location
Upper
Middle
Lower
Size
≤ 2 cm
> 2 cm
Form
Protrusion
Flat or depression
Ulceration
Absent
Present
Depth
Mucosal (m)
Submucosal (sm)
Histology
Sig
Por
Muc
Mixed type
No
Yes
Lymphatic involvement
Negative
Positive
Venous involvement
Negative
Positive

72 (12.7)
347 (61.2)
148 (26.1)
26.8 ± 17.6
39 (6.9)
528 (93.1)
132 (23.4)
310 (54.7)
257 (45.3)
315 (55.5)
246 (43.4)
6 (1.1)
101 (17.8)
135 (23.8)
47 (8.3)
44 (7.8)

Mixed type; histological mixture of differentiated and undifferentiated
components; undifferentiated-predominant type. Sig: Signet ring cell
carcinoma; Por: Poorly differentiated adenocarcinoma; Muc: Mucinous
adenocarcinoma.

LI-positive, and VI-positive (Table 2). Multivariate
analyses were performed with the factors extracted
by univariate analysis with UL, which included in the
guidelines (Table 3), with preoperatively evaluable
factors by endoscopic findings except LI and VI and
postoperatively evaluable factors including LI and VI.
Analysis with preoperatively evaluable factors
revealed that > 2 cm (OR = 5.00, 95%CI: 2.03-12.30)
and sm (OR = 4.37, 95%CI: 2.00-9.55) were
independent LNM-related factors. Meanwhile, analysis
with postoperatively evaluable factors showed that
> 2 cm (OR = 3.62, 95%CI: 1.39-9.46) and LI (OR
= 40.70, 95%CI: 11.37-145.69) were independent
factors and LI, in particular, showed high OR (Table 3).
Cases were categorized into three LNM risk groups
(high, moderate, or low) by a combination of size and
depth, two preoperatively evaluable factors extracted
by multivariate analysis (Figure 1A). Cases with ≤ 2
cm and m showed 0% (0/161) (95%CI: 0.0-2.3) as
incidence of LNM and were categorized as the low-risk
group. LNM was observed in 5.6% (6/107) (95%CI:
2.6-11.7) in cases with ≤ 2 cm and sm and in 6.0%
(9/149) (95%CI: 3.2-11.1) in those with > 2 cm and
m, and they were categorized as the moderate-risk
group. LNM was observed in 19.3% (29/150) (95%CI:
13.8-26.4) in those with > 2 cm and sm, and they
were categorized as the high-risk group. There was a
significant difference in the incidence of LNM between
any two groups. The incidence of LNM was significantly

WJG|www.wjgnet.com

Patients
(LNM)
n (%)

Lymph node metastasis
Positive
Negative
n = 44 n = 523

P value

0.118
296 (6.1)
271 (9.6)

18
26

278
245

312 (8.3)
255 (7.1)

26
18

286
237

72 (8.3)
347 (5.8)
148 (12.2)

6
20
18

66
327
130

268 (2.2)
299 (12.7)

6
38

262
261

39 (20.5)
528 (6.8)

8
36

31
492

435 (7.1)
132 (9.9)

31
13

404
119

310 (2.9)
257 (13.6)

9
35

301
222

315 (6.7)
246 (9.3)
6 (0)

21
23
0

294
223
6

466 (6.2)
101 (14.9)

29
15

437
86

432 (1.4)
135 (28.1)

6
38

426
97

520 (6.5)
47 (21.3)

34
10

486
37

0.573

0.050

< 0.001

0.002

0.306

< 0.001

0.592

0.003

< 0.001

< 0.001

Values in parentheses are percentages of patients with lymph node
metastasis (LNM). Sig: Signet ring cell carcinoma; Por: Poorly differentiated
adenocarcinoma; Muc: Mucinous adenocarcinoma.

higher in cases > 2 cm than in those ≤ 2 cm.
The LNM rate was compared with three posto
peratively evaluable factors of size, depth and LI (Figure
1B). The incidence of LNM was 1.4% (95%CI: 0.6-3.0)
in the LI-negative cases and 28.2% (95%CI: 5.0-43.2)
in the LI-positive cases, and it was significantly higher
in the latter. Taken together, there was no case with
LI(+), ≤ 2 cm, and m, and LI was negative in all cases
with ≤ 2 cm and m, which had the incidence of LNM at
0% (0/161) (95%CI: 0-2.3).
Although there was no significant difference
between subgroups in LI-negative cases, LI-positive
cases had a higher incidence of LNM and there was a
significant difference between the LI-negative and LIpositive cases. Cases with ≤ 2 cm and sm and those
with > 2 cm and m in the moderate-risk group showed
the incidence of LNM at 5.6% (95%CI: 2.6-11.7) and
6.0% (95%CI: 3.2-11.1), respectively. Meanwhile,
they revealed the incidence of LNM to be as low as
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Table 3 Multivariate analysis of risk factors for lymph node metastasis in patients with undifferentiated-type early gastric cancer
Factor

Without lymphatic-vascular involvement

Size of tumor (> 2 cm)
Form (protrusion)
Depth (submucosal)
Ulceration
Mixed type
Lymphatic involvement
Venous involvement

P value

5.00 (2.03-12.30)
0.58 (0.23-1.46)
4.37 (2.00-9.55)
1.38 (0.66-2.84)
1.63 (0.80-3.35)
-

< 0.001
0.245
< 0.001
0.394
0.180
-

3.62 (1.39-9.46)
0.72 (0.25-2.06)
0.46 (0.14-1.58)
1.40 (0.61-3.22)
2.01 (0.87-4.67)
40.7 (11.37-145.69)
0.84 (0.32-2.24)

0.009
0.534
0.218
0.426
0.103
< 0.001
0.733

6/268
0/161
6/107

2.2 (1.0-4.8)
0.0 (0.0-2.3)
5.6 (2.6-11.7)

> 2 cm

(overall)
mucosal
submucosal

38/299
9/149
29/150

12.7 (9.4-16.9)
6.0 (3.2-11.1)
19.3 (13.8-26.4)

Positive

Depth

Proportion of patients with lymph node metastasis (%)
(95%CI)

No./Total
No

(overall)
mucosal
submucosal
> 2 cm
mucosal
submucosal

6/432
0/161
1/63
3/141
2/67

1.4 (0.6-3.0)
0.0 (0.0-2.3)
1.6 (0.3-8.5)
2.1 (0.8-6.1)
3.0 (0.8-10.3)

(overall)
mucosal
submucosal
mucosal
> 2 cm
submucosal

38/135
NA
5/44
6/8
27/83

28.2 (21.3-36.3)
NA
11.4 (5.0-24.0)
75.0 (40.9-92.9)
32.5 (23.4-43.2)

≤ 2 cm

≤ 2 cm

0

20

40
60
LNM (%)

80

P < 0.001

Size

P < 0.001

Subgroup
Lymphatic
involvement
negative

30

P = 0.004

B

10
20
LNM (%)

P = 0.002

0

P < 0.001

(overall)
mucosal
submucosal

P = 0.004

≤ 2 cm

P < 0.001

No./Total No Proportion of patients with lymph node metastasis (%)
(95%CI)

P = 0.001

Depth

OR (95%CI)

P = 0.001

Subgroup
Size

P value

P = 0.001

A

With lymphatic-vascular involvement

OR (95%CI)

P < 0.001
P = 0.006

100

Figure 1 Lymph node metastasis. A: In each subgroup of undifferentiated-type gastric adenocarcinoma. The figure demonstrates incidence of lymph node
metastasis (LNM) with 95%CIs in subgroups classified by gastroscopic findings (size and depth) of undifferentiated-type gastric adenocarcinoma. The dashed lines
represent incidence of LNM (%) in cases ≤ 2 cm and > 2 cm. A P value with a significant difference between two groups is shown. LNM was absent in the mucosal
≤ 2 cm group. The LNM rate was significantly higher in the > 2 cm group than in the > 2 cm group and higher in submucosal cancer than in mucosal cancer; B: In
each subgroup with and without lymphatic involvement (LI) of undifferentiated-type gastric adenocarcinoma. The figure demonstrates incidence of LNM with its 95%CI
in subgroups classified by size, depth, and LI in undifferentiated-type gastric adenocarcinoma. The dashed lines represent incidence of LNM (%) with or without LI.
There was no case with LI-positive, ≤ 2 cm, and mucosal, which was referred to as not applicable (NA). A P value with a significant difference between two groups
is shown. There was no significant difference in the LNM rate among LI-negative groups. The LNM rate was significantly lower in the LI-negative group than in the LIpositive group. The LNM rate (LI-positive, ≤ 2 cm, and submucosal) was relatively low at 11.4%.

1.6% (95%CI: 0.3-8.5) and 2.1% (95%CI: 0.8-6.1),
respectively, when LI was negative, and they were
categorized into the low-risk group. Similarly, cases
with > 2 cm and sm with LNM in 19.3% (95%CI:
13.8-26.4) in the high-risk group revealed the
incidence of LNM at as low as 3.0% (95%CI: 0.8-10.3)
when LI was negative (Figure 1A and B).

related risk factors that were not extracted with the
conventional statistical analysis. With LNM as the
outcome, a decision tree was constructed with nine
preoperatively evaluable factors of age, gender,
location, size, form, UL, depth, histology, and the
mixed type in all 567 cases with undiff-EGC (Figure
2A). According to the decision tree, three factors of
depth, size, and location were extracted and cases
were categorized into five subgroups with great
difference in the incidence of LNM, from 0% to 32.6%,
by combinations of the three factors: (Subgroup 1) m
and ≤ 2 cm, 0% (0/161); (Subgroup 2) m and > 2
cm, 6.0% (9/149); (Subgroup 3) sm and ≤ 2 cm, 5.6%

LNM risk factors by data mining

Since data mining is a method for discovering mea
ningful patterns or information through the analysis
of large set of data, decision tree analysis, a method
for data mining, was introduced to extract LNM-
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A

LNM+

n = 567

LNM-

7.8%
(5.8%-10.3%)

Mucosal

Submucosal

Depth

n = 310

n = 257

P < 0.01
13.6%
(9.0%-17.1%)

2.9%
(1.5%-5.4%)

≤ 2 cm

> 2 cm
Size

n = 161

≤ 2 cm

> 2 cm
Size

n = 149 n = 107

P < 0.01

n = 150

P < 0.01

0%
(0.0%-0.2%)

6.0%
(3.2%-11.1%)

5.6%
(2.6%-11.7%)

Subgroup 1

Subgroup 2

Subgroup 3

19.3%
(13.8%-26.4%)

n = 46

M/U

L
Location

n = 104

P = 0.02
32.6%
(20.9%47.0%)

13.5%
(8.2%-21.3%)
Subgroup 4

B

Subgroup 5

n = 567
7.8%
(5.8%-10.3%)

Negative

n = 432

Positive

LI

n = 135

P < 0.01

1.4%
(0.6%-3.0%)

28.1%
(21.3%-36.3%)

Subgroup 1

Mucosal

Depth

n =8

P < 0.01

75.0%
(40.9%-92.9%)

Submucosal

n = 127
25.2%
(18.5%-33.4%)

Subgroup 2
No

n = 97

Mixed type

Yes

n = 30

P < 0.01
18.6%
(12.1%-27.4%)
Subgroup 3

46.7%
(30.2%63.9%)
Subgroup 4

Figure 2 Decision tree analysis. A: Preoperatively evaluable factors. Based on nine factors of age, gender, location, size, form, ulcer, depth, histology, and mixedtype, 567 cases were classified into five subgroups. Boxes indicate the factors used for splitting with cut-off points. Pie charts indicate the rate of lymph node
metastasis in each group. Numbers show the rate of lymph node metastasis with 95%CI; B: Postoperatively evaluable factors. Based on 11 factors of age, gender,
location, size, form, ulcer, depth, histology, mixed-type, lymphatic involvement, venous involvement, and lymph node metastasis, 567 cases were classified into four
subgroups on the decision tree. Boxes indicate the factors used for splitting with cut-off points. Pie charts indicate the rate of lymph node metastasis in each group.
Numbers shows the rate of lymph node metastasis with 95%CI. LNM: Lymph node metastasis; M/U: Middle/upper third of the stomach; L: Lower third of the stomach;
LI: Lymphatic involvement.
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Table 4 Studies for factors and their conditions required for low incidence of lymph node metastasis in patients with
undifferentiated-type early gastric cancer
Ref.

Country

Condition for low LNM incidence
Size (cm)

Depth

LI

VI

UL

Yamao et al[8]
Gotoda et al[1]
Ye et al[9]

Japan
Japan
South Korea

<3
≤2
< 2.5

LI(-)
LI(-)
LI(-)

VI(-)
VI(-)
NS

UL(-)
UL(-)
NS

Li et al[10]
Ha et al[11]
Hirasawa et al[2]
Kunisaki et al[12]
1
Lee et al[13]
This study

China
South Korea
Japan
Japan
South Korea
Japan

≤2

m
m
m
sm1
m
m
m
m
m
m

LI(-)
LI(-)
LI(-)
LI(-)
LI(-)
LI(-)

VI(-)
NT
VI(-)
VI(-)
NS
NS

NT
NT
UL(-)

<2
≤2
≤2
≤2
≤2

NS
NS

Other

Sig
Por
Male

Pts in the
condition

Pts with LNM

LNM (95%CI)

277
141
131

1
0
0

0.36% (0.06-2.02)
0% (0-2.6)
0% (0-2.28)

201
77
310
84
124
161

1
0
0
0
4
0

0.5% (0.08-2.76)
0% (0-4.75)
0% (0-0.96)
0% (0-4.37)
3.2% (1.26-8.00)
0% (0-2.33)

1

Study for patients with poorly differentiated adenocarcinoma. LNM: Lymph node metastasis; m: Mucosal cancer; sm: Submucosal cancer; Pts: Patients;
LVI: Lymph-vascular involvement; LI: Lymphatic involvement; VI: Venous involvement; UL: Ulceration; NS: Not significant; NT: Not tested.

(6/107); (Subgroup 4) sm, > 2 cm, and upper/middle,
13.5% (14/104); and (Subgroup 5) sm, > 2 cm, and
lower, 32.6% (15/46). Interestingly, lower location was
related with LNM in cases with sm and > 2 cm.
Next, a decision tree was constructed with 11
factors including postoperatively evaluable factor LI
and VI (Figure 2B). Three factors of LI, depth, and the
mixed type were extracted and cases were categorized
into four subgroups. The incidence of LNM was 1.4%
(6/432) in Subgroup 1 with LI(-), 75.0% (6/8) in
Subgroup 2 with LI(+) and m, 18.6% (18/97) in
Subgroup 3 with LI(+), sm, and the mixed type(-),
and 46.7% (14/30) in Subgroup 4 with LI(+), sm, and
the mixed type(+). Among the cases with LI(+), sm,
and the mixed type(+), those with > 2 cm had LNM
in 32.5% (27/83), which was significantly higher than
11.3% (5/44) in cases with ≤ 2 cm.

and LI and size were independent risk factors including
postoperatively evaluable factors.
UL, currently included in the expanded criteria for
ESD in the treatment guidelines for gastric carcinoma,
had no evident correlation with LNM by univariate
[14]
and multivariate analysis. Akamatsu et al
reported
that intramucosal laminated structure could not
be maintained in cases with UL(+) and the risk for
submucosal invasion was higher, which suggested
the contribution of increased invasion risk of UL(+)
to elevated LNM risk. Meanwhile, among the eight
papers cited previously, only two reports by Kunisaki
[12]
[15]
et al
and Kim et al
showed that UL(+) was a
risk factor for LNM, making us to speculate that the
accurate pathological diagnosis of UL might be difficult.
However, UL(+) is not considered important as a risk
factor for LNM under the current status of diagnosis.
Likewise, though it is speculated that biological
characters of undifferentiated gastric cancers are
different dependent on histology, histology was not
considered as a risk factor for LNM when restricted to
undiff-EGC in this analysis. On the other hand, most
previous reports evaluated VI as LVI altogether and it
was unclear if VI was an independent risk factor. In the
present study, VI and LI were strong confounders and
univariate analysis revealed that VI was related with
LNM, but multivariate analysis showed that VI was not
an independent factor.
Previous papers failed to show how much combinations
of these risk factors would increase the risk for LNM.
In the present study, cases were categorized into
the three risk groups according to the combinations
of preoperatively evaluable factor size and depth,
extracted by multivariate analysis: the low-risk group
(LNM, 0%), ≤ 2 cm and m; the moderate-risk group,
≤ 2 cm and sm (LNM, 5.6%) and > 2 cm and m
(LNM, 6.0%); and the high risk group, > 2 cm and
sm (LNM, 19.3%). Any two groups had a significant
difference in the incidence of LNM. The low-risk group
had an absolute indication for ESD, while the high-risk
group should be treated, in principle, by surgery. The

DISCUSSION
In this study, LNM risk factors in 567 cases that under
went gastrectomy for undiff-EGC were investigated and
the following points were elucidated: (1) Three factors
of LI, size, and depth were the most critical factors
for LNM; (2) No LNM was observed in 161 cases that
satisfied the condition of three factors for low LNM
rates as described above [m, ≤ 2 cm, and LI(-)];
and (3) LNM risk other than the condition for low
LNM rates, which had been poorly investigated, was
stratified, and cases that failed to satisfy the condition
of m and ≤ 2 cm had LNM in up to 3.0% (95%CI:
0.8-10.3) as long as LI was negative, which suggested
that the risk was not so high.
[1,2,8-13]
Previous papers
on LNM-related factors in
undiff-EGC in a scale of ≥ 500 cases were consistent
in that size, depth, VI and LI were related with LNM,
although the conditions were slightly different one
another (Table 4). In our study, multivariate analysis
revealed that size and depth were independent
risk factors among preoperatively evaluable factors
excluding postoperatively evaluable factors (LI and VI),
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moderate-risk group may have a relative indication for
ESD under certain conditions.
On the other hand, when postoperatively evaluable
factor LI was added to the combination of size and
depth, cases were divided into two groups with a
statistical significance in the incidence of LNM by the
presence or absence of LI. The LNM rate was 0% in
the low-risk group with ≤ 2 cm and m that showed
LI(-) in all cases. Meanwhile, the LNM rate was 11.4%
in cases with LI(+) and 1.6% in cases with LI(-) in the
moderate-risk group with ≤ 2 cm and sm, while it was
75% in cases with LI(+) and 2.1% in cases with LI(-)
in the moderate-risk group with > 2 cm and m. The
LNM rate was 32.5% in cases with LI(+) and 3.0% in
those with LI(-) in the high-risk group with > 2 cm and
sm. Taken together, the risk for LNM was divided into
two group according to the presence or absence of LI,
which clarified the importance of LI.
Although LI was considered the most correlated
factor with LNM among the three factors and the
importance of LI for the risk of LNM has been shown
in other reports, there is a large difference among
institutes in the diagnostic rate of LI and the LNM rate
[2,8-13,15]
in cases with LI(+)
. In the present study, LI was
positive in 23.8% overall, and LNM was observed in
28.2% of the LI(+) cases, whereas LNM was present
only in 1.4% in LI(-) cases. The outstanding correlation
of LI with LNM in this study was considered attributable
to accurate pathological diagnosis and it was presumed
that experienced pathologists thoroughly examined
LI. Theoretically, LI is a prerequisite for LNM, and
establishment of highly sensitive diagnostic methods,
similar to the diagnosis by experienced pathologists,
will greatly reduce the necessity of surgery intended
for lymphadenectomy. Diagnosis of LI is limited as
[16]
long as hematoxylin-eosin staining is employed ,
and addition of immunostaining specific for lymphatic
vessels, such as immunostaining with D2-40 antibody,
[17,18]
increased diagnostic accuracy
. It is necessary to
accurately evaluate LI in the obtained specimens, to
develop a new modality, and to establish an evaluation
method.
In the present study, clinicopathological factors
related with LNM in undiff-EGC were investigated by
a decision tree analysis for data mining. Data mining
is a technique to extract useful information from
massive data. Based on clinicopathological factors
in each individual case with different conditions, it
was successful to practically present the risk of LNM
and categorize cases into subgroups by decision
tree analysis using preoperatively (Figure 2A) and
postoperatively evaluable factors (Figure 2B). Three
factors of LI, size, and depth, among the five extracted
factors, were almost similar with Gotoda’s criteria for
the condition of low incidence of LNM [m, ≤ 2 cm, and
LI(-)], which demonstrated the utility of data mining
analysis. Stratification by data mining extracted the
mixed type and location other than the independent
factors of LI, size, and depth extracted by multivariate

WJG|www.wjgnet.com

analysis (Figure 2A and 2B). Though it has attracted
attention that the mixed type has a higher risk for
[19-22]
LNM than the pure undifferentiated-type
, our
analysis among postoperatively evaluable factors
disclosed that the mixed type increases the LNM risk
in the limited condition of cases with LI(+) and sm.
Among preoperatively evaluable factors, location was
extracted and incidence of LNM tended to be higher in
cases with > 2 cm and sm at the lower location than in
those at the middle/upper location (32.6% vs 13.5%).
With regard to the relationship between location and
LNM, some reports have demonstrated a correlation
but there has been no consensus. Analysis from this
[13,15,23]
point of view will be necessary
.
The information of the risk for LNM is important
and useful for determining treatment such as ESD
and surgery in cases with a high risk for surgery
including the elderly. Although a five-year survival
after curative resection by surgery was higher than
[24]
90% in all ages , it was 54%-55% after curative
resection of EGC by surgery in the elderly 80 years or
older, and other causes of death accounted for a large
[25]
proportion . On the other hand, a five-year survival
in the elderly 80 years or older was 80% by curative
resection by ESD and 66.7% by non-curative resection
[26]
without additional surgery , and it was higher by
ESD than by surgery. It was estimated that a fiveyear survival in the general population aged 80 years
[27]
in Japan was 69% . The five-year survival at 66.7%,
obtained by local therapy such as ESD for EGC, even
non-curative resection, was comparable to 69% in
the general population aged 80 years. In our study,
as long as LI was negative, the incidence of LNM was
10% at the highest, and it was likely that local therapy
was curative in 90% cases or more. Even in cases
that fail to satisfy the criteria in the guidelines for ESD,
it may be appropriate to predict incidence of LNM,
control lesions locally by ESD, and follow-up cases,
when gastrectomy provides shorter life prognosis than
average life expectancy in the elderly.
In this study, it is a limitation that the pathological
information excluding LI and VI obtained from postoperative
resected tissue is assumed to be preoperatively evaluable
by endoscopy while preoperative diagnosis of the
depth, in particular, is sometimes considered difficult.
However, it was reported that the diagnostic accuracy
of the depth was as high as 92% with the recently[28]
advanced endoscopic ultrasound (EUS) , and we also
disclosed that the accuracy to be around 90% with the
EUS through the analysis of small number of cases (data
not shown). Considering these advances in diagnosis,
the present LNM prediction model might be applicable
in clinical practice though further prospective study is
warranted.
In conclusion, we could stratify the LNM risk in
cases with undiff-EGC using preoperatively as well
as postoperatively evaluable factors. The treatment
modality should be determined after careful estimation
of the LNM risk as well as the surgical risk dependent
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on each different individual.
9

COMMENTS
COMMENTS
Background

Undifferentiated-type early gastric cancer (undiff-EGC) fulfilling the criteria of
≤ 2 cm, mucosal, lymphatic-vascular involvement-negative, and ulcerationnegative is recently treated by endoscopic submucosal dissection (ESD) since
lymph node metastasis (LNM) is rare. On the other hand, it is elusive how LNM
risk is increased in undiff-EGCs falling outside the criteria.

10

Research frontiers

11

Recent researches are focusing on establishing and confirming the condition
for ESD procedure that guarantee safety from LNM in the treatment of undiffEGCs. In particular, a large phase Ⅱ study is ongoing in Japan to prove longterm safety and effectiveness of ESD in undiff-EGCs. On the other hand,
previous studies did not show how LNM risk is increased with ESD in the
combinations of risk factors.

12

Innovations and breakthroughs

13

LNM risk in undiff-EGC was stratified both in preoperative and postoperative
conditions by introduction of data mining, in addition to conventional statistical
analysis.

Applications

14

With the information of individual risk for LNM in undiff-EGC, patients with poor
physiological conditions due to concurrent diseases or old age could choose
therapies considered as most appropriate.

Terminology

15

Data mining is a method for discovering meaningful patterns or information
through the analysis of large set of data and it is applicable to clinical judgment.
ESD is a technique for “en bloc” resection of superficial tumors of the
gastrointestinal tract.

16

Peer-review

The authors demonstrated the risk of LNM in undiff-EGC by well-designed
analyses having high statistical power.
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ORIGINAL ARTICLE
Retrospective Study

Clinical usefulness of endoscopic ultrasonography for the
evaluation of ulcerative colitis-associated tumors
Kiyonori Kobayashi, Kana Kawagishi, Shouhei Ooka, Kaoru Yokoyama, Miwa Sada, Wasaburo Koizumi
METHODS: The study group comprised 13 patients
with 16 ulcerative colitis (UC)-associated tumors
for which the depth of invasion was preoperatively
estimated by EUS. The lesions were then resected
endoscopically or by surgical colectomy and were
examined histopathologically. The mean age of the
subjects was 48.2 ± 17.1 years, and the mean duration
of UC was 15.8 ± 8.3 years. Two lesions were treated
by endoscopic resection and the other 14 lesions
by surgical colectomy. The depth of invasion of UCassociated tumors was estimated by EUS using an
ultrasonic probe and was evaluated on the basis of the
deepest layer with narrowing or rupture of the colonic
wall.
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RESULTS: The diagnosis of UC-associated tumors
by EUS was carcinoma for 13 lesions and dysplasia
for 3 lesions. The invasion depth of the carcinomas
was intramucosal for 8 lesions, submucosal for 2, the
muscularis propria for 2, and subserosal for 1. Eleven
(69%) of the 16 lesions arose in the rectum. The
macroscopic appearance was the laterally spreading
tumor-non-granular type for 4 lesions, sessile type for
4, laterally spreading tumor-granular type for 3, semipedunculated type (Isp) for 2, type 1 for 2, and type
3 for 1. The depth of invasion was correctly estimated
by EUS for 15 lesions (94%) but was misdiagnosed
as intramucosal for 1 carcinoma with high-grade
submucosal invasion. The 2 lesions treated by
endoscopic resection were intramucosal carcinoma and
dysplasia, and both were diagnosed as intramucosal
lesions by EUS.
CONCLUSION: EUS provides a good estimation of the
invasion depth of UC-associated tumors and may thus
facilitate the selection of treatment.

Abstract

Key words: Ulcerative colitis; Colitis-associated tumor;
Diagnosis of invasion depth; Selection of treatment;
Endoscopic ultrasonography

AIM: To evaluate the clinical usefulness of endoscopic
ultrasonography (EUS) for the diagnosis of the invasion
depth of ulcerative colitis-associated tumors.
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depth of tumor invasion in a series of patients with UCassociated tumors.

Core tip: The results of large studies evaluating
endoscopic ultrasonography (EUS) for the diagnosis
of ulcerative colitis (UC)-associated tumors have
not been reported previously. The aim of this study
was to evaluate the usefulness of EUS for UCassociated tumors. The study group comprised 16 UCassociated tumors for which the depth of invasion was
preoperatively estimated by EUS. The depth of invasion
was correctly estimated by EUS for 15 lesions (94%).
The 2 mucosal lesions treated by endoscopic resection
were both diagnosed correctly. EUS provides a good
estimation of the invasion depth of UC-associated
tumors and may thus facilitate the selection of
treatment.

MATERIALS AND METHODS
Subjects

The study group comprised 13 patients with 16 UCassociated tumors for which the depth of invasion
was preoperatively estimated by EUS from August
1995 through June 2014 at Kitasato University East
Hospital. All tumors were then treated by endoscopic
resection or surgical colectomy and were diagnosed
histopathologically. The mean age of the patients at
the time of UC-associated tumor diagnosis was 48.2 ±
17.1 years (range: 27-70), and the mean duration of
UC was 15.8 ± 8.3 years (range: 7-38). The extent of
UC was pancolitis in 11 patients and left-sided colitis
in 2. Clinically, UC was characterized by repeated
flare-ups and remissions in 10 patients and chronic
persistent disease in 3. One patient had previously
undergone a total colectomy with ileorectostomy.
Endoscopic examination at the time of EUS showed
signs of mild inflammation of the mucosa surrounding
7 UC-associated tumors (44%). All of these lesions
predominantly showed mucosal redness, edema, and
erosion, with no signs of severe inflammation, such
as deep ulcers or spontaneous bleeding. The mucosa
surrounding the 9 other lesions (56%) appeared to
be in a remission phase. Of the 16 UC-associated
tumors, 14 were treated by surgical colectomy and 2
by endoscopic resection [endoscopic mucosal resection
(EMR), 1 lesion; endoscopic submucosal dissection
(ESD), 1 lesion].

Kobayashi K, Kawagishi K, Ooka S, Yokoyama K, Sada M,
Koizumi W. Clinical usefulness of endoscopic ultrasonography
for the evaluation of ulcerative colitis-associated tumors. World
J Gastroenterol 2015; 21(9): 2693-2699 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2693.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2693

INTRODUCTION
Ulcerative colitis (UC) is a chronic, refractory, infla
mmatory bowel disease with repeated flare-ups
occurring mainly in young persons. Patients with longterm UC are known to be at increased risk for UCassociated tumors (carcinoma and dysplasia) arising
[1,2]
from inflamed mucosa . UC-associated carcinomas
are often detected at an advanced stage and
accompanied by intestinal obstruction, leading to a poor
prognosis. Early detection and appropriate treatment
are therefore required to improve the outcomes of
patients with UC-associated tumors.
In the management of colorectal disease, endo
scopic ultrasonography (EUS) is used to evaluate the
[3-6]
invasion depth of carcinomas, select treatment
,
[7,8]
and qualitatively diagnose submucosal tumors .
Because surgery has conventionally been indicated
for the treatment of UC-associated tumors, including
dysplasia, EUS has not played an important role
[9]
in the selection of treatment . However, recent
treatment guidelines for UC proposed in Europe and
North America recommend endoscopic resection as a
treatment option for protruding-type, adenoma-like
dysplasia with no evidence of cancer or dysplasia of
[10,11]
the surrounding mucosa
. However, as the decision
to perform endoscopic resection must be based on an
accurate preoperative estimation of the depth of tumor
invasion, EUS is expected to play an increasingly more
important role in the management of UC-associated
tumors. Here, we retrospectively evaluate the
diagnostic usefulness of EUS for the assessment of the
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Methods for EUS

To evaluate the invasion depth of UC-associated
tumors by EUS, the involved portion of the intestine
was filled with de-aerated water after the completion
of conventional endoscopy. EUS was performed using
a 20 MHz ultrasonic probe (UM-DP20-25R or UM3R,
Olympus, Tokyo, Japan) for 15 lesions and a 12 MHz
ultrasonic probe (UM2R, Olympus, Tokyo, Japan)
for 1 lesion. All EUS examinations of UC-associated
tumors were performed by endoscopists who had
at least 10 years of experience in colonoscopy. Prior
to colonoscopy and EUS, the patients were given an
adequate explanation about the examination objectives
and procedures, and written informed consent was
obtained.
The normal wall of the large intestine is visualized
as a 5-layer structure. The hyperechoic first layer
from the luminal side and the hypoechoic second layer
correspond to the boundary echo and the mucosa; the
hyperechoic third layer corresponds to the submucosa
(submucosal layer), the hypoechoic fourth layer to the
muscularis propria, and the hyperechoic fifth layer to
[12]
the subserosa or serosa (adventitia) . The depth of
invasion of the UC-associated tumors was estimated

2694

March 7, 2015|Volume 21|Issue 9|

Kobayashi K et al . EUS for ulcerative colitis-associated tumors
The histologic diagnosis of the tumors was
carcinoma for 13 lesions and dysplasia for 3. The
depth of invasion of the carcinomas was intramucosal
(pTis) for 8 lesions, submucosal (pT1) for 2, the
muscularis propria (pT2) for 2, and subserosal (pT3)
for 1. On the basis of the risk of metastasis, tumors
with a submucosal vertical invasion depth of less
than 1000 µm were defined as cancer with lowgrade submucosal invasion, whereas tumors with
a submucosal vertical invasion depth of 1000 µm
or greater were defined as cancer with high-grade
[15]
submucosal invasion . The 2 submucosal carcinomas
both exhibited high-grade submucosal invasion. The
histopathological diagnosis of the carcinomas was welldifferentiated tubular adenocarcinoma for 9 lesions,
moderately differentiated tubular adenocarcinoma for
3, and a mixture of mucinous carcinoma and poorly
differentiated adenocarcinoma for 1. The grade of
atypia of the 3 dysplastic lesions was high-grade
dysplasia for 2 lesions and low-grade dysplasia for 1.

Table 1 Comparison between the invasion depth of ulcerative
colitis-associated tumors on endoscopic ultrasonography (u)
and on histopathological examination (p)

pM
pSM-H
pMP
pSS

uM

uSM-H

11
1

1

uMP

uSS

2
1

M: Mucosa; SM-H: Submucosa-high grade; MP: Muscularis propria; SS:
Subserosa.

by EUS on the basis of tumor-induced narrowing
of the wall layer structure or the deepest layer with
disruption, similar to sporadic colorectal cancer. On
EUS, the degree of submucosal invasion by cancer
that invaded the wall of the large intestine (submucosal
cancer) was classified as low-grade submucosal
invasion for lesions with mild tumor-induced narrowing
of the superior margin of the third layer (submucosa)
and as high-grade submucosal invasion for lesions
with severe narrowing or disruption of the third layer,
with no changes of the fourth (muscularis propria)
[4]
or fifth layers . The internal echo level of the UCassociated tumors was evaluated as hyperechoic if
it was equivalent to the echo level of the third layer
of the normal colorectal wall, as hypoechoic if it was
equivalent to the echo level of the fourth layer, and as
isoechoic if it was between the echo levels of the third
and fourth layers.

Invasion depth diagnosis by EUS

The UC-associated tumors were depicted as a welldemarcated mass on EUS, similar to sporadic colorectal
cancer and adenoma. The internal echo was isoechoic
for 15 lesions and hypoechoic for 1 and was relatively
homogeneous. The depth of invasion was accurately
diagnosed by EUS for 15 lesions (94%); in contrast,
the depth of invasion was misdiagnosed by EUS as
intramucosal for 1 LST-NG lesion arising in the rectum
(Table 1). On biopsy, this lesion was diagnosed as welldifferentiated tubular adenocarcinoma, and surgery
was performed. Histopathologically, the submucosal
invasion depth was 1600 µm, indicating high-grade
submucosal invasion.
Two of the UC-associated tumors diagnosed by EUS
were endoscopically resected. The macroscopic types
were LST-G and Is (sessile), and the tumor diameters
were 18 mm and 12 mm, respectively. The depth of
invasion on EUS was evaluated to be intramucosal for
both lesions. The histopathological diagnosis was lowgrade dysplasia (Figure 1) and intramucosal cancer.

Study variables

After resection, the UC-associated tumors were
examined histopathologically. The depth of invasion
of the UC-associated tumors according to EUS was
compared with that according to histopathological
examination of the resected specimens to evaluate the
diagnostic accuracy of EUS. Our institutional review
board approved the study protocol. Continuous data
are presented as the mean ± SD.

RESULTS
Histopathological findings

DISCUSSION

The number of lesions detected by EUS in patients
with UC-associated tumors was 1 in 11 patients, 2 in
1 patient, and 3 in 1 patient. Eleven lesions (69%)
originated in the rectum, 2 in the sigmoid colon, 2 in
the transverse colon, and 1 in the ascending colon.
The macroscopic type of the UC-associated tumors
[13]
according to the Paris Endoscopic Classification
and
[14]
the Japanese Classification of Colorectal Carcinoma
was laterally spreading tumor-non-granular type (LSTNG) for 4 lesions, sessile type (Is) for 4, laterally
spreading tumor-granular type (LST-G) for 3, semipedunculated type (Isp) for 2, type 1 for 2, and type
3 for 1. The mean tumor diameter was 3.4 ± 1.8 cm
(range: 1.2-8.0).
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Among colorectal diseases, EUS is most often used
to evaluate colorectal cancer, as the depth of invasion
of colorectal cancer can be objectively evaluated on
the basis of changes in the layer structure of the large
intestinal wall using this technique. We previously
reported that EUS facilitates the selection of treatment
[4]
for early colorectal cancer .
In patients with UC, the thickness of the large
intestinal wall and changes in the layer structure
at inflamed sites on EUS are closely related to
disease severity, as evaluated both clinically and
[16]
endoscopically . EUS has also been reported to be
useful for predicting a response to medical treatment
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A

B

C

D

Figure 1 Lesion accurately diagnosed by endoscopic ultrasonography. A: Colonoscopic image, showing a flat tumor with a multinodular surface in the rectum; B:
On endoscopic ultrasonography, the tumor was localized to the first and second layers of the rectal wall, with no marked changes in the third layer beneath the tumor.
An intramucosal lesion was diagnosed; C: Macroscopic appearance of a specimen obtained by endoscopic submucosal dissection after spraying with indigo carmine
solution; D: The histopathological diagnosis was low-grade dysplasia.
[16-19]

and the risk of flare-ups
. In contrast to Crohn’s
disease, the intestinal inflammation associated with
UC is usually confined to the mucosa and submucosa
of the colorectal wall. In severe cases of UC requiring
surgical treatment, however, intestinal inflammation
may extend to the muscularis propria or deeper,
occasionally leading to toxic megacolon. We previously
performed basic studies of surgical specimens of UC
and reported that the depth of intestinal inflammation
according to EUS was usually consistent with that
[16]
revealed by histopathological examination . We
also reported that many patients with UC in whom
intestinal inflammation extends to the muscularis
propria or deeper layers on EUS do not clinically
[16]
respond to medical therapy and require surgery .
In the present study, we evaluated the diagnostic
accuracy of EUS to assess the invasion depth of UCassociated tumors. Although this was a small study
performed in a single center, our results suggest that
EUS is useful for estimating the invasion depth of
UC-associated tumors, similar to sporadic cases of
colorectal cancer, and can thus facilitate the selection
of treatment. To our knowledge, the only previous
study that used EUS to evaluate UC-associated tumors
[20]
was a case report by Shimizu et al , reporting
that EUS was useful for the detection and diagnosis
of UC-associated invasive carcinoma arising in the
rectum. Results of large studies evaluating EUS for the
diagnosis of UC-associated tumors have not yet been
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reported. Although we studied only 16 UC-associated
tumors and used criteria designed to evaluate the
invasion depth of sporadic colorectal cancer to estimate
the depth of invasion of UC-associated tumors by EUS,
the depth of invasion was correctly diagnosed by EUS
for all but 1 lesion. A retrospective review of the EUS
images of the lesion for which high-grade submucosal
invasion was not correctly diagnosed showed evidence
suggesting invasion of the submucosa by cancer.
With regard to the treatment strategy for UCassociated tumors, surgical therapy has been indicated
for the treatment of not only invasive cancer but
[21]
also high-grade dysplasia . However, low-grade
dysplasia repeatedly detected by endoscopic biopsy
has a high risk of being associated with cancer or highgrade dysplasia at other sites of the large intestine,
[22]
and surgery has therefore been recommended .
[9]
Blackstone et al reported that lesions referred to as a
dysplasia-associated lesion or mass (DALM) in patients
with UC are frequently associated with cancer and
that surgery should therefore be considered. However,
[23]
Odze
classified DALM into well-demarcated
adenoma-like DALM and poorly demarcated nonadenoma-like DALM and claimed that the former can
be resected endoscopically, irrespective of the grade of
atypia, provided that there is no evidence of cancer or
dysplasia in other parts of the large intestine. Recent
guidelines for the management of UC in Western
[10,11]
countries
have also begun to acknowledge

2696

March 7, 2015|Volume 21|Issue 9|

Kobayashi K et al . EUS for ulcerative colitis-associated tumors
endoscopic resection as a treatment option for
adenoma-like DALM unaccompanied by dysplasia or
findings suggestive of cancer in other sites of the large
intestine. The difficulty in distinguishing protruding
adenoma-like DALM from sporadic adenoma by
endoscopic examination and the recent progress in
techniques for endoscopic resection such as ESD most
likely also contributed to this revision of the guidelines.
After endoscopic resection of adenoma-like DALM
associated with UC, close endoscopic surveillance is
mandatory, even though the risk of cancer developing
in other sites of the colon has been reported to be
[24-26]
low
. Surgery for UC is often associated with
postoperative complications such as bowel dysfunction,
negatively affecting the quality of life of an appreciable
proportion of patients. Thus, an accurate preoperative
endoscopic diagnosis is essential, and the number
of lesions for which endoscopic resection is indicated
may be relatively small. However, we believe that
endoscopic therapy will play an increasingly important
role in the treatment of UC-associated tumors in the
future.
The ability to detect and qualitatively diagnose UCassociated tumors using endoscopy has been enhanced
by combining conventional endoscopic examinations
with the evaluation of tumor pit patterns on chro
[27-30]
moendoscopy and magnifying endoscopy
. The
invasion depth of UC-associated tumors is currently
evaluated on the basis of the findings of conventional
endoscopy and biopsy. However, an accurate
estimation of the invasion depth of UC-associated
tumors is sometimes precluded by the presence of
unevenness or ulceration of the surrounding mucosa
caused by the chronic inflammation associated with
UC. Compared with sporadic colorectal cancer, UCassociated cancer is more often associated with poorly
differentiated adenocarcinoma and may thus deeply
invade the colon, with fewer changes of the surface
mucosa. Accordingly, the invasion depth of such
lesions may be difficult to estimate solely on the basis
of conventional endoscopic findings, and EUS would
most likely be helpful.
In our study, many lesions evaluated by EUS were
found to be dysplasia or cancer limited to the mucosa,
and the depth of invasion was accurately diagnosed
by EUS, with the exception of 1 carcinoma with highgrade submucosal invasion. Therefore, even in patients
with UC-associated tumors, combining EUS with
conventional endoscopy may facilitate the selection
of treatment and help to decide whether endoscopic
resection is indicated for the management of adenoma[31]
like DALM. Smith et al
performed EUS using an
ultrasonic probe before EMR of an adenoma-like
DALM and confirmed that there was no submucosal or
deeper invasion or lymph-node metastasis.
Our study has several important limitations. It
was a small, retrospective study performed in a single
center. To our knowledge, however, the results of
EUS in a series of patients with UC-associated tumors

WJG|www.wjgnet.com

have not been reported previously. On the basis of
our results, we conclude that EUS provides a good
estimation of the invasion depth of UC-associated
tumors. Although none of the patients in our study
had severe UC requiring surgery, the presence of
deep ulcers or inflammation can obscure the structure
[16]
of the colonic wall on EUS . Deep invasion by
carcinomas also leads to a narrowing or rupture of the
colonic wall structure on EUS, which can be difficult
to distinguish from histologic changes caused by
inflammation accompanying UC-associated tumors.
Nonetheless, UC-associated tumors are depicted as a
localized mass on EUS, and this feature may facilitate
differential diagnosis from changes associated with
diffuse intestinal inflammation. Further studies of a
larger number of patients are needed to draw firm
conclusions. The histopathological findings of resected
specimens obtained from patients undergoing surgery
for UC-associated tumors should be strictly compared
with the findings according to EUS to analyze
histopathological changes related to the apparent
invasion depth of UC-associated tumors by EUS.

COMMENTS
COMMENTS
Background

Patients with long-term ulcerative colitis (UC) are well known to be at increased
risk for UC-associated tumors arising from inflamed mucosa. Conventionally,
total colectomy was performed when UC-associated tumors were diagnosed,
and the role of endoscopic ultrasonography (EUS) was limited. However,
recent treatment guidelines for UC proposed in Europe and North America
recommend that the presence or absence of tumorous lesions in other parts of
the colorectum should be rigorously evaluated on endoscopy before treatment
and have begun to recommend endoscopic resection as a treatment option for
protruding-type adenoma-like dysplasia.

Research frontiers

In the management of colorectal disease, EUS is useful to evaluate the invasion
depth of sporadic carcinomas and adenomas, select treatment, and qualitatively
diagnose submucosal tumors. The research hotspot of this article is to clarify
the diagnostic usefulness of EUS for the assessment of the depth of tumor
invasion in a series of patients with UC-associated tumors.

Innovations and breakthroughs

The only previous study that used EUS to evaluate UC-associated tumors was
a case report. Results of large studies evaluating EUS for the diagnosis of UCassociated tumors have not yet been reported. This is the first study to show
that EUS can be used for diagnosis of the depth of invasion as well as for the
selection of treatment in relatively many patients with UC-associated tumors.

Applications

This study results suggest that EUS is useful for estimating the invasion
depth of UC-associated tumors, similar to sporadic cases of colorectal cancer.
Therefore, even in patients with UC-associated tumors, combining EUS with
conventional endoscopy may facilitate the selection of treatment and help
to decide whether endoscopic resection is indicated for the management of
protruding-type adenoma-like dysplasia.

Terminology

The diagnostic criteria used to evaluate the invasion depth of UC-associated
tumors by EUS in our study were similar to those used for sporadic colorectal
cancer. In our series, the invasion depth of all but 1 UC-associated tumor was
correctly assessed by EUS. This finding suggests that the diagnostic criteria used
to estimate the invasion depth of sporadic colorectal cancer by EUS can be used
to some extent to evaluate UC-associated tumors. However, in the presence of
severe active inflammation or fibrosis of the intestine surrounding UC-associated
tumors, which was not found in our series, the diagnostic criteria might not be
able to be used. Further studies of larger numbers of cases are needed.

2697

March 7, 2015|Volume 21|Issue 9|

Kobayashi K et al . EUS for ulcerative colitis-associated tumors

Peer-review

15

REFERENCES

16

In this paper, Kobayashi et al evaluated the clinical usefulness of EUS for
diagnosis of the invasion depth of UC-associated tumors, and concluded that
EUS provides a good estimation of the invasion depth of UC-associated tumors.
This paper is well written and the content of the paper is interesting.

1
2

3

4

5

6

7

8

9

10

11

12
13

14

Eaden JA, Abrams KR, Mayberry JF. The risk of colorectal cancer
in ulcerative colitis: a meta-analysis. Gut 2001; 48: 526-535 [PMID:
11247898 DOI: 10.1136/gut.48.4.526]
Lakatos L, Mester G, Erdelyi Z, David G, Pandur T, Balogh M,
Fischer S, Vargha P, Lakatos PL. Risk factors for ulcerative colitisassociated colorectal cancer in a Hungarian cohort of patients with
ulcerative colitis: results of a population-based study. Inflamm
Bowel Dis 2006; 12: 205-211 [PMID: 16534422 DOI: 10.1097/01.
MIB.0000217770.21261.ce]
Saitoh Y, Obara T, Einami K, Nomura M, Taruishi M, Ayabe
T, Ashida T, Shibata Y, Kohgo Y. Efficacy of high-frequency
ultrasound probes for the preoperative staging of invasion depth in
flat and depressed colorectal tumors. Gastrointest Endosc 1996; 44:
34-39 [PMID: 8836714 DOI: 10.1016/S0016-5107(96)70226-2]
Kobayashi K, Kida M, Katsumata T, Yoshizawa S, Yokoyama K,
Sada M, Igarashi M, Saigenji K. Clinical usefulness of endoscopic
ultrasonography for the diagnosis of early colorectal cancer and
selecting the treatment procedure. Dig Endosc 2003; 15: 298-305
Akasu T, Kondo H, Moriya Y, Sugihara K, Gotoda T, Fujita S,
Muto T, Kakizoe T. Endorectal ultrasonography and treatment of
early stage rectal cancer. World J Surg 2000; 24: 1061-1068 [PMID:
11036283 DOI: 10.1007/s002680010151]
Hizawa K, Suekane H, Aoyagi K, Matsumoto T, Nakamura S,
Fujishima M. Use of endosonographic evaluation of colorectal tumor
depth in determining the appropriateness of endoscopic mucosal
resection. Am J Gastroenterol 1996; 91: 768-771 [PMID: 8677946]
Kobayashi K, Katsumata T, Yoshizawa S, Sada M, Igarashi M,
Saigenji K, Otani Y. Indications of endoscopic polypectomy for
rectal carcinoid tumors and clinical usefulness of endoscopic
ultrasonography. Dis Colon Rectum 2005; 48: 285-291 [PMID:
15714250 DOI: 10.1007/s10350-004-0765-y]
Kameyama H, Niwa Y, Arisawa T, Goto H, Hayakawa T. Endo
scopic ultrasonography in the diagnosis of submucosal lesions of
the large intestine. Gastrointest Endosc 1997; 46: 406-411 [PMID:
9402113 DOI: 10.1016/S0016-5107(97)70032-4]
Blackstone MO, Riddell RH, Rogers BH, Levin B. Dysplasiaassociated lesion or mass (DALM) detected by colonoscopy in
long-standing ulcerative colitis: an indication for colectomy.
Gastroenterology 1981; 80: 366-374 [PMID: 7450425]
Farraye FA, Odze RD, Eaden J, Itzkowitz SH. AGA technical
review on the diagnosis and management of colorectal neoplasia
in inflammatory bowel disease. Gastroenterology 2010; 138:
746-774, 774.e1-4; quiz e12-13 [PMID: 20141809 DOI: 10.1053/
j.gastro.2009.12.035]
Biancone L, Michetti P, Travis S, Escher JC, Moser G, Forbes A,
Hoffmann JC, Dignass A, Gionchetti P, Jantschek G, Kiesslich R,
Kolacek S, Mitchell R, Panes J, Soderholm J, Vucelic B, Stange
E. European evidence-based Consensus on the management of
ulcerative colitis: Special situations. J Crohns Colitis 2008; 2:
63-92 [PMID: 21172196 DOI: 10.1016/j.crohns.2007.12.001]
Kimmey MB, Martin RW, Haggitt RC, Wang KY, Franklin DW,
Silverstein FE. Histologic correlates of gastrointestinal ultrasound
images. Gastroenterology 1989; 96: 433-441 [PMID: 2642877]
The Paris endoscopic classification of superficial neoplastic lesions:
esophagus, stomach, and colon: November 30 to December 1,
2002. Gastrointest Endosc 2003; 58: S3-S43 [PMID: 14652541
DOI: 10.1016/S0016-5107(03)02159-X]
Japanese Society for Cancer of the Colon and rectum. Japanese
Classification of Colorectal Carcinoma 2nd edition. Tokyo:
Kanehara & Co, 2009: 5-6

WJG|www.wjgnet.com

17
18

19

20

21

22

23
24

25

26

27

28

29

30

2698

Kitajima K, Fujimori T, Fujii S, Takeda J, Ohkura Y, Kawamata H,
Kumamoto T, Ishiguro S, Kato Y, Shimoda T, Iwashita A, Ajioka
Y, Watanabe H, Watanabe T, Muto T, Nagasako K. Correlations
between lymph node metastasis and depth of submucosal
invasion in submucosal invasive colorectal carcinoma: a Japanese
collaborative study. J Gastroenterol 2004; 39: 534-543 [PMID:
15235870 DOI: 10.1007/s00535-004-1339-4]
Yoshizawa S, Kobayashi K, Katsumata T, Saigenji K, Okayasu I.
Clinical usefulness of EUS for active ulcerative colitis. Gastrointest
Endosc 2007; 65: 253-260 [PMID: 17258984 DOI: 10.1016/
j.gie.2005.10.037]
Shimizu S, Tada M, Kawai K. Endoscopic ultrasonography in
inflammatory bowel diseases. Gastrointest Endosc Clin N Am
1995; 5: 851-859 [PMID: 8535634]
Higaki S, Nohara H, Saitoh Y, Akazawa A, Yanai H, Yoshida
T, Okita K. Increased rectal wall thickness may predict relapse
in ulcerative colitis: a pilot follow-up study by ultrasonographic
colonoscopy. Endoscopy 2002; 34: 212-219 [PMID: 11870572
DOI: 10.1055/s-2002-20293]
Tsuga K, Haruma K, Fujimura J, Hata J, Tani H, Tanaka S, Sumii
K, Kajiyama G. Evaluation of the colorectal wall in normal subjects
and patients with ulcerative colitis using an ultrasonic catheter probe.
Gastrointest Endosc 1998; 48: 477-484 [PMID: 9831835]
Shimizu S, Myojo S, Nagashima M, Okuyama Y, Sugeta N, Saka
moto S, Kutsumi H, Otsuka H, Suyama Y, Fujimoto S. A patient with
rectal cancer associated with ulcerative colitis in whom endoscopic
ultrasonography was useful for diagnosis. J Gastroenterol 1999; 34:
516-519 [PMID: 10452687 DOI: 10.1007/s005350050306]
Kornbluth A, Sachar DB. Ulcerative colitis practice guidelines in
adults (update): American College of Gastroenterology, Practice
Parameters Committee. Am J Gastroenterol 2004; 99: 1371-1385
[PMID: 15233681 DOI: 10.1111/j.1572-0241.2004.40036.x]
Bernstein CN, Shanahan F, Weinstein WM. Are we telling
patients the truth about surveillance colonoscopy in ulcerative
colitis? Lancet 1994; 343: 71-74 [PMID: 7903776 DOI: 10.1016/
S0140-6736(94)90813-3]
Odze R. Diagnostic problems and advances in inflammatory bowel
disease. Mod Pathol 2003; 16: 347-358 [PMID: 12692200 DOI:
10.1097/01.MP.0000064746.82024.D1]
Rubin PH, Friedman S, Harpaz N, Goldstein E, Weiser J, Schiller
J, Waye JD, Present DH. Colonoscopic polypectomy in chronic
colitis: conservative management after endoscopic resection of
dysplastic polyps. Gastroenterology 1999; 117: 1295-1300 [PMID:
10579970 DOI: 10.1016/S0016-5085(99)70279-9]
Engelsgjerd M, Farraye FA, Odze RD. Polypectomy may be adequate
treatment for adenoma-like dysplastic lesions in chronic ulcerative
colitis. Gastroenterology 1999; 117: 1288-1294; discussion 1488-1491
[PMID: 10579969 DOI: 10.1016/S0016-5085(99)70278-7]
Hurlstone DP, Sanders DS, Atkinson R, Hunter MD, McAlindon
ME, Lobo AJ, Cross SS, Thomson M. Endoscopic mucosal
resection for flat neoplasia in chronic ulcerative colitis: can we
change the endoscopic management paradigm? Gut 2007; 56:
838-846 [PMID: 17135310 DOI: 10.1136/gut.2006.106294]
Kiesslich R, Fritsch J, Holtmann M, Koehler HH, Stolte M, Kanzler
S, Nafe B, Jung M, Galle PR, Neurath MF. Methylene blue-aided
chromoendoscopy for the detection of intraepithelial neoplasia
and colon cancer in ulcerative colitis. Gastroenterology 2003; 124:
880-888 [PMID: 12671882 DOI: 10.1053/gast.2003.50146]
Matsumoto T, Nakamura S, Jo Y, Yao T, Iida M. Chromoscopy
might improve diagnostic accuracy in cancer surveillance for
ulcerative colitis. Am J Gastroenterol 2003; 98: 1827-1833 [PMID:
12907339 DOI: 10.1111/j.1572-0241.2003.07580.x]
Sada M, Igarashi M, Yoshizawa S, Kobayashi K, Katsumata T,
Saigenji K, Otani Y, Okayasu I, Mitomi H. Dye spraying and
magnifying endoscopy for dysplasia and cancer surveillance in
ulcerative colitis. Dis Colon Rectum 2004; 47: 1816-1823 [PMID:
15622573 DOI: 10.1007/s10350-004-0682-0]
Nishiyama S, Oka S, Tanaka S, Hayashi N, Hayashi R, Nagai
K, Ueno Y, Shimamoto F, Arihiro K, Chayama K. Is it possible
to discriminate between neoplastic and nonneoplastic lesions in

March 7, 2015|Volume 21|Issue 9|

Kobayashi K et al . EUS for ulcerative colitis-associated tumors

31

ulcerative colitis by magnifying colonoscopy? Inflamm Bowel
Dis 2014; 20: 508-513 [PMID: 24412994 DOI: 10.1097/01.
MIB.0000441199.33325.75]
Smith LA, Baraza W, Tiffin N, Cross SS, Hurlstone DP.

Endoscopic resection of adenoma-like mass in chronic ulcerative
colitis using a combined endoscopic mucosal resection and cap
assisted submucosal dissection technique. Inflamm Bowel Dis
2008; 14: 1380-1386 [PMID: 18465807 DOI: 10.1002/ibd.20497]
P- Reviewer: Caviglia RD, Iizuka M, Moussata D, Sipos F
S- Editor: Ma YJ L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

2699

March 7, 2015|Volume 21|Issue 9|

World J Gastroenterol 2015 March 7; 21(9): 2700-2710
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i9.2700

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Mucinous phenotype and CD10 expression of primary
adenocarcinoma of the small intestine
Reiko Kumagai, Kenichi Kohashi, Shunsuke Takahashi, Hidetaka Yamamoto, Minako Hirahashi,
Kenichi Taguchi, Kenichi Nishiyama, Yoshinao Oda
First decision: October 29, 2014
Revised: November 13, 2014
Accepted: December 20, 2014
Article in press: December 22, 2014
Published online: March 7, 2015

Reiko Kumagai, Kenichi Kohashi, Shunsuke Takahashi,
Hidetaka Yamamoto, Minako Hirahashi, Yoshinao Oda,
Department of Anatomic Pathology, Pathological Sciences,
Graduate School of Medical Sciences, Kyushu University,
Fukuoka 812-8582, Japan
Kenichi Taguchi, Department of Pathology, National Hospital
Organization Kyushu Cancer Center, Fukuoka 811-1395, Japan
Kenichi Nishiyama, Division of Pathology, Japanese Red Cross
Fukuoka Hospital, Fukuoka 815-8555, Japan
Author contributions: Kumagai R and Kohashi K performed
the experiments, and the statistical analysis and drafted the
manuscript; Kumagai R and Takahashi S carried out the
experiments and analyzed the data; Kumagai R and Nishiyama
K collected the data; Yamamoto H gave technical support
and conceptual advice; Hirahashi M, Taguchi K and Oda Y
participated in the design of the study and helped to draft the
manuscript.
Ethics approval: The study was reviewed and approved by the
Institutional Review Board of Kyushu University (IRB#25-191).
Informed consent: Informed consent was not obtained, but
this study is not an interventional study and we completely
anonymized or omitted all the information that might disclose the
identity of the subjects.
Conflict-of-interest: The authors declare that there are no
conflicts of interest to disclose.
Data sharing: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Yoshinao Oda, Department of
Anatomic Pathology, Pathological Sciences, Graduate School of
Medical Sciences, Kyushu University, Maidashi 3-1-1, Higashiku, Fukuoka 812-8582, Japan. oda@surgpath.med.kyushu-u.ac.jp
Telephone: +81-92-6426061
Fax: +81-92-6425968
Received: October 11, 2014
Peer-review started: October 13, 2014

WJG|www.wjgnet.com

Abstract
AIM: To clarify the correlation with phenotypic ex
pression, clinicopathological features, genetic alteration
and microsatellite-instability status in small intestinal
adenocarcinoma (SIA).
METHODS: The cases of 47 patients diagnosed with
primary SIAs that were surgically resected at our
institution in 1975-2005 were studied. We reviewed
clinicopathological findings (age, gender, tumor
size, gross appearance, histological morphologic
type, invasion depth, lymphatic permeation, venous
invasion, and lymph node metastasis), and the
immunohistochemical expression of MUC5AC, MUC6,
MUC2, CD10, and mismatch-repair (MMR) proteins
(MLH1 and MSH2). We analyzed KRAS and BRAF gene
mutations, and the microsatellite instability (MSI)
status. The immunohistochemical staining of CD10,
MUC2, MUC5AC and MUC6 was considered positive
when distinct staining in > 5% of the adenocarcinoma
cells was recorded. To evaluate of MMR protein
expression, we used adjacent normal tissue including
lymphoid follicles, inflammatory cells, and stromal cells
as an internal positive control. Sections without nuclear
staining in the tumor cells were considered to have lost
the expression of the respective MMR protein.
RESULTS: There were 29 males and 18 females
patients (mean age 59.9 years, range: 23-87 years).
Tumors were located in the duodenum in 14 cases
(30%), the jejunum in 21 cases (45%), and the ileum
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in 12 cases (25%). A phenotypic expression analysis
revealed 20 MUC2-positive tumors (42.6%), 11
MUC5AC-positive (23.4%), 4 MUC6-positive (8.5%),
and 7 CD10-positive (14.9%). The tumor sizes of the
MUC2(+) tumors were significantly larger than those
of the MUC2(-) tumors (mean, 5.7 ± 1.4 cm vs 4.7 ±
2.1 cm, P < 0.05). All three tumors with adenomatous
component were positive for MUC2 (P < 0.05). Polypoid
appearance was seen significantly more frequently in
the CD10(+) group than in the CD10(-) group (P <
0.05). The tumor size was significantly larger in the
CD10 (+) group than in the CD10(-) group (mean, 5.9
± 1.4 cm vs 5.0 ± 2.1 cm, P < 0.05). Of 34 SIAs with
successfully obtained MSI data, 4 were MSI-high. Of the
4 SIAs positive for both MUC5AC and MUC2, 3 showed
MSI-H (75%) and 3 were mucinous adenocarcinoma
(75%). KRAS mutations were detected in 4 SIAs. SIAs
had KRAS mutation expressed only MUC2, but were
negative for MUC5AC, MUC6 and CD10.

represents 75% of the length and 90% of the mucosal
[1,2]
surface of the gastrointestinal tract . Despite major
advances in imaging and therapeutic techniques, the
prognosis of SIAs remains dismal, with an overall
[3,4]
5-year survival rate of 25%-30% .
Mucins are a family of high-molecular-weight,
heavily glycosylated proteins that are widely produced
by epithelial tissue. In the alimentary canal, MUC2
is produced by goblet cells of the small and large
intestinal mucosa, and MUC5AC is produced by
gastric foveolar epithelium. MUC6 is produced by the
gastric pyloric gland and duodenal Brunner’s glands.
Compared to normal mucosa, adenocarcinomas
occasionally produce different types of mucin. Some
researchers have reported that in gastric carcinoma
(GC) or colorectal carcinoma (CRC), the mucin phe
notype was related to the tumor growth pattern,
appearance, aggressiveness, prognosis, genetic alter
nation and microsatellite instability (MSI) status. For
example, it was reported that MUC2-positive CRCs
[5]
have a relatively favorable prognosis , whereas loss
[6]
of MUC2 was an adverse prognostic factor in CRCs .
MUC5AC was often found to be expressed in CRCs with
MSI-high (MSI-H) and/or mucinous adenocarcinomas,
and intriguingly, this type of CRCs often express MUC2
[7,8]
as well .
The “serrated pathway” is an evolving pathway in
the carcinogenesis of CRC, characterized by BRAF gene
[9]
mutations and MSI-H . Sessile serrated adenomas,
considered precursors of MSI-H CRCs, often express
both MUC2 and MUC5AC, the same as MSI-H CRCs
[10]
do .
It has been suggested that not only mucin ex
pression but also CD10 expression, which is usually
seen in the brush border of the small intestinal villi, are
correlated with aggressive biological behavior of CRCs.
CD10-positive CRCs in particular were suggested to
be prone to the development of metastasis to the
[11,12]
liver
. Analyses of the mucin core proteins and
CD10 expression in adenocarcinomas of the alimentary
canal are thus important to determine these tumors’
biological behavior and carcinogenesis.
In SIAs, however, the phenotypic expressions of
mucin core proteins and CD10 have not been esta
blished, and the clinicopathological features and
pathogenesis of SIAs are less known than those of
CRCs.
The purposes of the present study were to evaluate
the mucin core proteins and CD10 expression of
primary SIAs and to clarify their correlation with the
phenotypic expression, clinicopathological features,
biological behavior, genetic alterations and MSI status.

CONCLUSION: These findings suggest that the
phenotypic expression of SIAs is correlated with their
biological behavior, genetic alteration, and MSI status.
Key words: Small intestine; Adenocarcinoma; Mucin;
CD10; Microsatellite instability
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study analyzed the immunohistochemical
expression of mucin core proteins (MUC5AC, MUC6
and MUC2), CD10 and mismatch-repair proteins
(MLH1, MSH2), microsatellite instability (MSI), and
the mutational status of KRAS and BRAF in 47 primary
small intestinal adenocarcinoma. We suggest that
the mucin phenotype and CD10 expression of small
intestinal adenocarcinoma correlates with biological
behavior, genetic alteration, and MSI status. Notably,
the preservation of CD10 expression may be correlated
with favorable biological behavior. The SIA with coexpression of MUC5AC and MUC2 was correlated with
MSI-H status and mucinous adenocarcinoma, similar to
colorectal carcinoma.
Kumagai R, Kohashi K, Takahashi S, Yamamoto H, Hirahashi M,
Taguchi K, Nishiyama K, Oda Y. Mucinous phenotype and CD10
expression of primary adenocarcinoma of the small intestine.
World J Gastroenterol 2015; 21(9): 2700-2710 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i9/2700.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2700

INTRODUCTION

MATERIALS AND METHODS

Primary small intestinal adenocarcinomas (SIAs) are
rare, accounting for only about 0.8% of all malignant
gastrointestinal tumors, although the small intestine
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Patients

The cases of 47 patients diagnosed with primary SIAs
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that were surgically resected and diagnosed at the
Department of Anatomic Pathology, Graduate School
of Medical Sciences, Kyushu University (Fukuoka,
Japan) between January 1975 and December 2005
were studied.
To prevent confusion with the findings of carcinomas
in neighboring organs, all carcinomas involving the
pylorus, ileocecal valve, and ampulla of Vater were
excluded from the analysis. The cases of patients
diagnosed with hereditary nonpolyposis colorectal
cancer (HNPCC), familial adenomatous polyposis
(FAP), celiac disease or inflammatory bowel disease
(IBD) were also excluded. The study was approved by
the Institutional Review Board of Kyushu University
(IRB#25-191).

Table 1 Primers used in this study
Primer
KRAS
BRAF
BAT25
BAT26
D2S123
D5S346
D17S250

5’-GGCCTGCTGAAAATGACTGA-3’
5’-GTTGGATCATATTCGTCCAC-3’
5’-CCTTTACTTACTACACCTCAG-3’
5’-CATCCACAAAATGGATCCAG-3’
5’-TCGCCTCCAAGAATGTAAGT-3’
5’-TCTGCATTTTAACTATGGCTC-3’
5’-TGACTACTTTTGACTTCAGCC-3’
5’-AACCATTCAACATTTTTAACCC-3’
5’-GAAACAGGATCCTGCCTTTA-3’
5’-GGACTTTCCACCTATGGGAC-3’
5’-GACTCACTCTAGTATAAATCGGG-3’
5’-GAGCAGATAAGACAGTATTACTAGTT-3’
5’-GGGAAGAATCAAATAGACAAT-3’
5’-GCTGGCCATATATATATTTAAACC-3’

1

Forward primers for microsatellite instability (MSI) analysis were
fluorescently-labeled with 6-carboxyfluorescein (6-FAM).

Histological evaluation

The surgically resected small intestine specimens
were each fixed in 10% formalin and examined
macroscopically. The entire tumor tissue was sliced in
a serial fashion at approx. 3 to 5 mm thickness, and
the tissue slices were routinely processed to paraffin
blocks and stained with hematoxylin and eosin (HE).
Clinicopathologic findings (patient age, gender, tumor
size, gross appearance, histological morphologic
type, invasion depth, lymphatic permeation, venous
invasion, and lymph node metastasis) were reviewed.
Representative sections were also used for the
subsequent immunohistochemical stains and molecular
analysis.

Sections were viewed by three independent
observers (R.K., K.K. and M.H.) with conflicts resolved
using a conference microscope.

Mutational analysis for KRAS and BRAF

Genomic DNA was extracted from paraffin sections
using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA),
according to the manufacturer’s instructions. To detect
KRAS mutation in exon 2, and BRAF mutation in exon
15, we performed a polymerase chain reaction (PCR)
[15]
followed by sequencing, as described . The primer
sets used are listed in Table 1.

Immunohistochemistry

MSI analysis

Immunohistochemical staining was performed using
4-μm-thick formalin-fixed, paraffin-embedded tissue
sections and the primary antibodies for CD10 (56C6,
dilution 1:100, Leica, Newcastle, United Kingdom),
MUC2 (Ccp58, dilution 1:200, Leica), MUC5AC (CLH1,
dilution 1:200, Leica), MUC6 (CLH5, dilution 1:200,
Leica,), MLH1 (G168-728, dilution 1:50, BD Bioscience,
San Diego, CA) and MSH2 (FE11, dilution 1:200,
Oncogene Research Products, La Jolla, CA). A biotinfree, horseradish peroxidase (HRP) enzyme-labeled
polymer method (Envision+ system; Dako, Carpinteria,
CA) was used, with hematoxylin counterstaining.
The immunohistochemical staining of CD10,
MUC2, MUC5AC and MUC6 was considered positive
when distinct staining in more than 5% of the
adenocarcinoma cells was recorded, in reference to the
[13,14]
phenotypic expressions of previous studies
. The
adenomatous area of the SIAs was excluded in the
evaluation of immunohistochemical staining.
For the evaluation of mismatch-repair (MMR) protein
expression (i.e., MLH1 and MSH2), adjacent normal
tissue including lymphoid follicles, inflammatory cells,
and stromal cells was used as an internal positive
control. Sections without nuclear staining in the tumor
cells were considered to have lost the expression of
the respective MMR protein.
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Forward
Reverse
Forward
Reverse
Forward1
Reverse
Forward1
Reverse
Forward1
Reverse
Forward1
Reverse
Forward1
Reverse

DNA isolated from the adenocarcinomas and nonneoplastic normal mucosa was amplified. The
MSI status was determined using the Bethesda
panel established by the United States National
Cancer Institute, including mononucleotide (BAT25
and BAT26) and dinucleotide (D2S123, D5S346,
[16]
D17S250) repeats . The primer sets used are listed
in Table 1. PCR products were separated on an ABI
310 automated sequencer (Applied Biosystems,
Warrington, United Kingdom). The data analysis was
done by GeneScan software (Applied Biosystems).
Tumors with two or more of the markers exhibiting
instability were classified as MSI-H. Tumors with only
one marker exhibiting instability were classified as
MSI-low (MSI-L), and those showing no markers with
instability were classified as microsatellite stable (MSS).

Statistical analysis

All calculations were made using JMP Statistical
Discovery Software (version 8.0; SAS, Cary, NC). We
2
used Fisher’s exact test, the χ test or Wilcoxon signedrank test to evaluate the association between the
phenotypic expression and clinicopathological features
or genetic alteration. The results were considered
significant when the P value was < 0.05. The statistical
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tubulo-villous structure.

Table 2 Clinicopathological findings of all 47 cases of small
intestinal adenocarcinomas n (%)

Expressions of mucin core proteins and CD10

The phenotypic expression analysis of the 47 SIAs
revealed 20 tumors (42.6%) positive for MUC2, 11
tumors (23.4%) positive for MUC5AC, 4 tumors (8.5%)
positive for MUC6, and 7 tumors (14.9%) positive for
CD10. The correlations between clinicopathological
features and the expressions of mucin core proteins
and CD10 are summarized in Table 3.
All mucin core proteins were expressed in the
cytoplasm of the tumor cells. The tumor sizes of the
MUC2(+) tumors were significantly larger than those
of the MUC2(-) tumors (mean, 5.7 ± 1.6 cm vs 4.7
± 2.2 cm, P < 0.05). All 3 tumors with adenomatous
component were positive for MUC2 (P < 0.05). The
MUC5AC(+) SIAs were more prevalent in the males
than the females (9 males vs 2 females). The ages of
the patients in the MUC6(+) group tended to be higher
than those of the MUC6(-) group (mean, 76.3 ± 10.0
years vs 58.7±15.9 years).
CD10 expression was observed along the luminal
surface of the tumor glands. In the CD10(+) group,
CD10 was more frequently expressed in the superficial
areas of the adenocarcinomas than in their deep
area, and the deep area of the CD10-negative
adenocarcinomas showed the same tubular shape but
more high-grade atypia compared to the surperficial
area of the CD10-positive adenocarcinomas (Figure
1). Polypoid appearance was seen significantly
more frequently in the CD10(+) group compared to
the CD10(-) group (P < 0.05). The tumor size was
significantly larger in the CD10(+) group than in the
CD10(-) group (mean, 5.9 ± 1.4 cm vs 5.0 ± 2.1 cm,
P < 0.05). The invasion depth was significantly deeper
in the CD10(-) group than in the CD10(+) group
(T1 vs T2-T4, P < 0.05). The incidence of lymphatic
permeation tended to be less in the CD10(+) group
than in the CD10(-) group (Figure 2).
We found 16 SIAs that expressed only intestinal
markers (MUC2 and/or CD10), 7 SIAs that expressed
only gastric markers (MUC5AC and/or MUC6), and
6 SIAs that expressed both gastric and intestinal
markers, including 4 SIAs that were positive for both
MUC5AC and MUC2.

All cases (n = 47)
Age (yr)
Mean (range)
Gender
Male
Female
Gross appearance
Polypoid
Ulcerative
Size (cm) (mean)
Location
Duodenum
Jejunum
Ileum
Histological subtype
Tubular2
Poorly
Mucinous
Invasion depth3
T1
T2
T3
T4
Lymphatic permeation
Venous invasion
Adenomatous component

59.9 (23-87)1
29
18
12
35
5.13
14
21
12
33
9
5
2
4
18
23
33 (70)
12 (26)
3 (6)

1

Age of one patient was unknown; 2"Tubular" contains well or moderately
differentiated Adenocarcinoma; 3UICC TNM classification is used.

methods of this study were reviewed by Mototsugu
Shimokawa from Clinical Research Institute, National
Hospital Organization Kyushu Cancer Center.

RESULTS
Clinicopathological findings

The clinicopathological findings of the 47 SIAs are
shown in Table 2. There were 29 male and 18 female
patients with a mean age of 59.9 years (range 23-87
years). Tumors were located in the duodenum in 14
cases (30%), the jejunum in 21 cases (45%), and the
ileum in 12 cases (25%). The tumor showed polypoid
growth in 12 cases, and ulcerative growth in 35 cases.
The tumor size ranged from 1.5 to 10.0 cm (mean, 5.1
cm). Two tumor invaded the lamina propria mucosae
or the submucosa (pT1, classified invasion depth
according to the UICC TNM classification of malignant
[17]
tumors ), 4 tumors invaded the muscularis propria
(pT2), 31 tumors invaded into the subserosa (pT3),
and 10 tumors had perforated the visceral serosa or
directly invaded other organs (pT4). Of the 25 tumors
resected with lymph nodes, 16 had lymph node
metastases (data not shown). Thirty-three tumors
were well or moderately differentiated (tubular), 9
were poorly differentiated, and 5 were mucinous
adenocarcinomas. Lymphatic permeation was detected
in 33 tumors (70%), and venous invasion was
detected in 12 tumors (26%). Three tumors had an
adjacent adenomatous component, which showed a

WJG|www.wjgnet.com

Expression of MLH1 and MSH2

Four of the 47 cases could not be evaluated for MLH1
due to poor staining quality. One of the remaining 43
tumors showed loss of MLH1, and 2 of the 47 tumors
showed loss of MSH2.

MSI analysis

MSI data were obtained from 34 tumors. The
phenotypes were MSI-H in 4 tumors (12%), MSI-L
in 8 tumors (24%), and MSS in 22 tumors (64%).
Immunohistochemical loss of MMR protein was
detected in 2 of 4 MSI-H tumors (1 tumor showed loss
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Table 3 Clinicopathological features and expression of mucin core proteins and CD10
MUC5AC

Age (yr)
Mean ± SD
(range)
Gender (male/female)
Gross appearance
(polypoid/ulcerated)
Size (cm)
Location
(duodenum/jejunum/ileum)
Histological subtype
(tubular2/poorly/mucinous)
Invasion depth3
T1
T2
T3
T4
Lymphatic permeation n (%)
Venous invasion n (%)
Adenomatous component n (%)

MUC6

MUC2

CD10

Positive
(n = 12)

Negative
(n = 35)

Positive
(n = 4)

Negative
(n = 43)

Positive
(n = 20)

Negative
(n = 27)

Positive
(n = 7)

Negative
(n = 40)

63.4 ± 15.11
(35-85)
10/2

58.8 ± 16.5
(23-87)
19/16

76.3 ± 10.01
(67-87)
3/1

58.7 ± 15.9
(23-85)
26/17

62.3 ± 15.3
(38-87)
9/11

58.0 ± 16.71
(23-81)
18/9

60.1 ± 15.1
(38-87)
3/4

59.8 ± 16.51
(23-85)
27/14

3/9
5.3 ± 2.2

9/26
5.1 ± 1.9

2/2
5.0 ± 1.8

10/33
5.1 ± 2.0

6/14
5.7 ± 1.6a

6/21
4.7 ± 2.2a

4/3a
5.9 ± 1.4a

8/32a
5.0 ± 2.1a

2/5/5

12/16/7

2/1/1

12/20/11

6/11/3

8/10/9

4/2/1

10/19/11

6/3/3

27/6/2

3/0/1

30/9/4

13/2/5

10/7/0

7/0/0

29/9/5

0
2
2
8
10 (83)
3 (25)
0 (0)

2
2
16
15
23 (66)
9 (26)
3 (9)

0
2
0
2
2 (50)
1 (25)
1 (25)

2
2
18
21
31 (72)
11 (26)
2 (5)

2
2
6
10
12 (60)
5 (25)
3 (15)a

0
2
12
13
21 (78)
7 (26)
0 (0)a

2a
2a
1a
2a
3 (43)
2 (29)
2 (29)a

0a
2a
17a
21a
30 (75)
10 (25)
1 (3)a

1

Age of one patient was unknown; 2"tubular" contains well or moderately differentiated adenocarcinoma; 3UICC TNM classification is used. aP < 0.05 vs
positive group and negative group in the same mucin core protein or CD10. In comparison invasion depth, T1 vs T2-T4).

Table 4 Summarized data of microsatellite instability status, expression of mismatch repair proteins and KRAS mutations
MSI

Case 6
Case 36
Case 31
Case 34
Case 12
Case 28
Case 24
Case 40
Case 25
Case 5
Case 44
Case 38
Case 41
Case 20
Case 46

MSI-H
MSI-H
MSI-H
MSI-H
MSI-L
MSI-L
MSI-L
MSI-L
MSI-L
MSI-L
MSI-L
MSI-L
MSS
MSS
MSS

Expression of MMR protein

KRAS mutation

MLH1

MSH2

base exchange
(codon)

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

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

GGT>GAT(12)
GGC>GAC(13)
GGT>GAT(12)
GGT>GTT(12)

Age

Gender

55
85
67
71
69
41
60
35
53
23
87
67
45
59
40

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

MSI: Microsatellite instability; MSI-H: MSI-high; MSI-L: MSI-low; MMR: Mismatch repair; M: Male; F: Female.

status findings are summarized in Table 4. KRAS
mutations were prevalent in 11% (4 of 37) of the
tumors. The most prevalent KRAS mutation was GGT
> GAT(G12D) within codon 12, which was detected
in 2 cases. One case showed GGT>GTT(G12V) within
codon 12, and one case showed GGC>GAC(G13D)
within codon 13. The data of KRAS mutation and
clinicopathological features is shown in Table 5. No
BRAF V600E mutation was found in any cases.

of MLH1, and the other showed loss of MSH2), 1 of
8 MSI-L tumors (loss of MSH2), and no MMS tumors
(Table 4).
The data of MSI status and clinicopathological
features is shown in Table 5. The MSI-H SIAs were
composed of 2 well differentiated adenocarcinomas
and 2 mucinous adenocarcinomas (Figure 3). The
tumor size was significantly larger in MSI-H SIAs than
in MSI-L and MSS SIAs (mean 7.7 ± 1.1 cm vs 5.1 ±
2.0 cm, P < 0.05).

Correlations among the mucin phenotype, CD10
expression, genetic alteration and MSI status

Frequency and associations of tumor gene mutations

Three of the 4 SIAs with KRAS mutation were positive
for only MUC2, but negative for MUC5AC, MUC6 and

The mutation analysis was successfully conducted in
37 of the 47 cases. The genetic mutations and MSI
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A

B

C

D

E

F

Figure 1 Representative CD10-positive small intestinal adenocarcinoma case. A: Well differentiated adenocarcinoma (pointed by arrows) (HE stain, × 12.5); B:
CD10-positive glands were seen in the superficial area and the edge of the adenocarcinoma (left, pointed by arrows), while CD10-negative glands were seen in the
center or deep area of the tumor (right) (CD10, × 12.5); C, D: These glands in the surface area were positive for CD10 (HE stain and CD10, × 200); E, F: Other glands in
the deeper invasive area were negative for CD10 and showed more evident loss of nuclear polarity compared to the CD10-positive glands (HE stain and CD10, × 200).

CD10 (75%). Three of the 4 SIAs positive for both
MUC5AC and MUC2 showed MSI-H (75%) (Table 6).
One of the 4 MSI-H SIA was immunohistochemically
negative for all antibodies (MUC5AC, MUC6, MUC2 and
CD10).

CD10 in the brush border. On the other hand, except
for intestinal metaplasia of the stomach, the normal
gastric foveolae and the colorectal epithelium show no
CD10 expression.
In our evaluation of the distribution of CD10, we
observed CD10 expression in the superficial area of
the SIAs. The expression diminished with greater
depth and was not detected in the deepest area of
[13]
almost all of the CD10(+) SIAs. Yao et al
reported
that the CD10 expression of CRCs was more frequently
observed in the center or deep area of the tumors than
their periphery. The distribution of CD10-positive areas
seemed to be opposite in SIAs and CRCs.
Regarding the CD10 expression of advanced
CRCs, the significant correlations have been reported
between CD10 expression and a high incidence of
[11,12,20]
liver metastasis
, and between CD10 expression

DISCUSSION
CD10 is a membrane-bound, zinc-containing metal
loendopeptidase, that is expressed in a wide variety
of normal and neoplastic cells including pre-cursor B
and T cells, follicle center B cells in the hematopoietic
system, myoepithelial cells of the breast and
salivary glands, basaloid cells of the prostatic gland,
glomerular cells of the kidney, and stromal cells
[18,19]
in the endometrium
. In the alimentary canal,
normal small intestine shows immunoreactivity for

WJG|www.wjgnet.com
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A

B

C

D

E

F

Figure 2 Representative CD10-negative small intestinal adenocarcinoma case. A: Normal small intestinal mucosa was observed on the right side, whereas the
adenocarcinoma was observed on the left side (HE stain, × 12.5); B: Normal mucosa was positive for CD10, but adenocarcinoma was negative for CD10 (CD10, ×
12.5); C: The brush border of the normal mucosa was positive for CD10 (CD10, × 100); D: This SIA case showed a poorly differentiated adenocarcinoma (HE satin, ×
200); E: Lymphatic permeation was frequently seen (HE stain, × 200); F: The carcinoma cells were negative for CD10 (CD10, × 200).
[13]

[21]

and venous invasion . Carl-McGrath et al
reported
that CD10 was significantly up-regulated in GCs
and lymph node metastases. Although the concrete
function of CD10 in carcinogenesis remains unclear,
the acquisition of CD10 expression correlates with
the malignant potential in CRCs and GCs. In the
present study, the incidence of lymphatic permeation
tended to be lower in the CD10(+) SIAs than in the
CD10(-) SIAs, regardless of the tendency for larger
tumor sizes in the CD10(+) SIAs. The CD10-positive
adenocarcinoma glands showed lower atypia than
the CD10-negative adenocarcinoma glands did in the
same SIAs. These results suggest that CD10(+) SIAs
are less aggressive than CD10(-) SIAs, and that the
loss of CD10 expression in SIAs may be correlated
with the phenotypic dedifferentiation and malignant
phenotype.

WJG|www.wjgnet.com

The relationship between mucin phenotype and
clinicopathological or biological features has been
[7,8,11-14,22-25]
investigated in various types of GC and CRC
.
It is well established that MUC2 expression is related
[5,6,25]
to the progression or prognosis of CRC
, an
association that suggests that the expression of
MUC2 is also related to the biological behavior of SIA.
Although in the present study the tumor sizes of the
MUC2(+) SIAs were significantly larger than those
of the MUC2(-) SIAs, the frequency of lymphatic
permeation tended to be lower in the MUC2(+)
SIAs than in the MUC2(-) SIAs. Poorly differentiated
adenocarcinomas were prevalent in the MUC2(-) SIA
group. From these findings, we infer that MUC2(-)
SIAs are more aggressive than MUC2(+) SIAs. Loss of
MUC2 expression in SIAs may also be correlated with
malignant potential.
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Table 5 Clinicopathological features, microsatellite instability status and KRAS mutation
KRAS

MSI

Age (yr)
Gender (male/female)
Gross appearance (polypoid/ulcerated)
Size (cm)
Location (duodenum/jejunum/ileum)
Histological subtype (tubular2/poorly/mucinous)
Invasion depth3
T1
T2
T3
T4
Lymphatic permeation n (%)
Venous invasion n (%)
Adenomatous component n (%)

MSI-H
(n = 4)

MSI-L/MSS
(n = 30)

Mutational type
(n = 4)

Wild type
(n = 33)

69.5 ± 12.3
4/0
1/3
7.7 ± 1.1a
0/2/2
2/0/2

59.6 ± 15.91
16/14
6/24
5.1 ± 2.0a
7/15/8
22/6/2

53.3 ± 13.2
1/3
2/2
4.4 ± 1.0
1/2/1
4/0/0

60.8 ± 16.21
22/11
9/24
5.5 ± 2.0
9/15/9
22/8/3

0
0
2
2
3 (75)
1 (25)
0 (0)

1
2
13
14
23 (77)
9 (30)
1 (3)

0
0
1
3
4 (100)
1 (25)
0 (0)

1
3
13
15
22 (67)
10 (30)
2 (6)

1

Age of one patient was unknown; 2"Tubular" contains well or moderately differentiated adenocarcinoma; 3UICC TNM classification is used. aP < 0.05 vs
control.

Table 6 Summarized data of 4 small intestinal adenocarcinomas with co-expression of MUC5AC and MUC2

case 6
case 29
case 31
case 36

Age

Gender

Location

Histological
subtype

Invasion depth

Lymphatic
permeation

Venous
invasion

Lymph node
metastasis

MSI

55
61
67
85

m
m
m
m

Jejunum
Jejunum
Ileum
Ileum

Tubular
Mucinous
Mucinous
Mucinous

T3
T4
T4
T4

+
+
+

-

No data
No data
-

MSI-H
MSS
MSI-H
MSI-H

MSI: Microsatellite instability; MSI-H: MSI-high; MSS: Microsatellite stable; M: Male.

The serrated neoplastic pathway of CRCs is
characterized by BRAF mutation, abnormal DNA
methylation, and MSI-H status, and some authors
suggested that serrated polyps were the precursor of
[9,26]
MSI-H CRCs
. The MUC5AC+/ MUC2+ mucinous
phenotype is common in serrated polyps (including
hyperplastic polyps and serrated adenomas) and
[10,27,28]
[28]
MSI-H CRCs
. Arai et al
also demonstrated
a higher proportion of MSI-H in mucinous adeno
carcinoma. In the present study, we observed the
4 SIAs that expressed both MUC5AC and MUC2,
and these 4 SIAs contained 3 MSI-H tumors and 3
mucinous adenocarcinomas. The data suggested that
the co-expression of MUC5AC and MUC2 in SIAs was
also correlated with MSI-H tumors and mucinous
adenocarcinomas as in CRCs.
We did not detect any serrated polyps or any
[29]
mutations in codon 600 of BRAF gene. Fu et al
investigated 99 duodenal adenocarcinomas and
detected no BRAF mutation among them, and
therefore they suggested that BRAF mutations are
not involved in MSI-H duodenal adenocarcinomas. In
other investigations, the BRAF mutations were rare
[30,31]
in SIAs
. In the carcinogenesis of SIAs, it is still
unclear whether there is a serrated neoplastic pathway
as same as in CRCs.
The present study revealed that 4 of 34 (12%).
SIAs had microsatellite instability. This result is in line

WJG|www.wjgnet.com

with reports by other investigators, who described
[32-35]
the frequency of MSI-H of SIAs of 5% to 30%
.
We also found that 2 of 4 MSI-H tumors showed the
immunohistochemical loss of MMR protein expression,
which affected MLH1 in 1 case and MSH2 in 1 case.
[36]
Mangold et al
reported that 32% of CRCs from
MLH1 mutation-carrier patients showed partly positive
or weak staining of MLH1. In the present study, we
considered only the completely negative staining of
MLH1 as the loss of MLH1 protein, and thus some of
the SIAs we assessed as positive for MLH1 protein
[35]
could be false-positive. Planck et al
investigated a
large population-based series of 89 SIAs, and eight of
15 MSI-H tumors expressed both MLH1 and MSH2.
We suggest that the immunohistochemical staining of
MLH1 and MSH2 proteins is generally useful to detect
MSI-H SIAs, but a molecular analysis is necessary to
detect some MSI-H SIAs.
Previous studies detected KRAS mutations
[32,34,37-39]
in 14%-83% of SIA cases
. We detected
mutations in KRAS codon 12 and codon 13 in 4 of 37
SIAs. The frequency and the location were in line with
those of the previous studies. Three of the 4 present
SIAs with KRAS mutations were positive for only MUC2
(75%). We found a tendency for the SIAs with KRAS
mutations to have the colonic phenotype.
In conclusion, we suggest that the mucinous
phenotype and CD10 expression of SIAs also correlates

2707

March 7, 2015|Volume 21|Issue 9|

Kumagai R et al . Phenotypic expression of small intestinal adenocarcinoma

A

B

C

D

E

F

G

120

120

H
Normal

Normal

120

120

Tumor

Tumor

WJG|www.wjgnet.com

2708

March 7, 2015|Volume 21|Issue 9|

Kumagai R et al . Phenotypic expression of small intestinal adenocarcinoma

I

140

160

140

160

Normal
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Figure 3 Small intestinal adenocarcinoma with microsatellite instability-high (case 36). A: The tumor produced abundant mucin (HE stain, × 20); B: The tumor
focally showed signet ring-like carcinoma cells (HE stain, × 200); C: The carcinomatous gland was composed of columnar cells with intracytoplasmic mucin (HE
stain, × 200); D: These glands were positive for MUC2 (MUC2, × 200); E: positive for MUC5AC (MUC5AC, × 200); F: But negative for MUC6 (MUC6, × 200). In these
microsatellites, the tumor was unstable. Microsatellite analysis of paired normal and tumor DNA using G: BAT25; H: BAT26; I: D17S250.

with the tumors’ biological behavior, genetic alteration,
and MSI status. In particular, the preservation of CD10
expression, correlated with larger tumor size, polypoid
appearance and less lymphatic permeation, features
that are suggestive of less aggressive biological
behavior. The co-expression of MUC5AC and MUC2
of the SIAs was correlated with the MSI-H status and
mucinous adenocarcinoma, as in CRCs.
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Abstract
AIM: To investigate the efficacy of neoadjuvant
chemoradiotherapy (NACRT) for resectability of locally
advanced gastric cancer (LAGC).
METHODS: Between November 2007 and January
2014, 29 patients with LAGC (clinically T3 with
distal esophagus invasion/T4 or bulky regional node
metastasis) that were treated with NACRT followed
by D2 gastrectomy were included in this study.
Resectability was evaluated with radiologic and
endoscopic exams before and after NACRT. Using threedimensional conformal radiotherapy, patients received
45 Gy, with a daily dose of 1.8 Gy. The entire tumor
extent and the regional metastatic lymph nodes were
included in the gross tumor volume. Patients presenting
with a resectable tumor after NACRT received a total or
subtotal gastrectomy with D2 dissection. The pathologic
tumor response was evaluated using Japanese
Gastric Cancer Association histologic evaluation
criteria. Postoperative morbidity was evaluated using
the National Cancer Institute-Common Terminology
Criteria for Adverse Events version 4.0. Overall survival
(OS) and progression-free survival (PFS) rates were
estimated using a Kaplan-Meier analysis and compared
using the log-rank test.
RESULTS: All patients were assessed as unresectable
cases. Twenty-four patients (24/29; 82.8%) showed
LAGC on positron emission tomography-computed
tomography (CT) and contrast-enhanced CT, whereas
four patients (4/29; 13.8%) with vague invasion or
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abutment to an adjacent organ underwent diagnostic
laparoscopy. One patient (1/29; 3.4%), initially
assessed as a resectable case, underwent an “open and
closure” after the tumor was found to be unresectable.
Abutment to an adjacent organ (34.5%) was the most
common reason for NACRT. The clinical response rate
one month after NACRT was 44.8%. After NACRT, 69%
(20/29) of patients had a resectable tumor. Of the 20
patients with a resectable tumor, 18 patients (62.1%)
underwent a D2 gastrectomy. The R0 resection rate
was 94.4% and two patients (2/18; 11.1%) showed a
complete response. The median follow-up duration was
13.5 mo. The one-year OS and PFS rates were 72.4
and 48.9%, respectively. The one-year OS, PFS, local
failure-free survival, and distant metastasis-free survival
were higher in patients with a resectable tumor after
NACRT (P < 0.001, P < 0.001, P < 0.001, and P = 0.078,
respectively). No grade 3-4 late treatment-related
toxicities or postoperative mortalities were observed.

treatment, the five-year overall survival (OS) for
advanced gastric cancer with adjacent organ invasion is
[2]
< 15% . To prevent recurrence and improve survival
in gastric cancer patients, adjuvant treatments with
radical surgery have been implemented. In European
countries, perioperative chemotherapy is considered
standard treatment based on the results from the
Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC) trial. In the United States,
postoperative chemoradiotherapy (CRT) is considered
standard treatment based on the Southwest Oncology
Group 9008/Intergroup 0116 (SWOG 9008/INT 0116)
[3,4]
trial .
Despite adjuvant treatment, the outcome of locally
[5]
advanced gastric cancer (LAGC) remains poor .
To overcome the limitations of adjuvant treatment,
a neoadjuvant approach has been investigated.
In phase II clinical trials involving neoadjuvant
chemotherapy (NAC), however, the outcomes were not
[6,7]
satisfactory . Therefore, the addition of radiotherapy
to NAC (NACRT) was used to improve local control. In
the Preoperative Chemotherapy or Radiochemotherapy
in Esophagogastric Adenocarcinoma Trial (POET)
where NACRT was compared with NAC, NACRT
[8]
displayed a higher rate of pathologic response . In
the CRT for Oesophageal Cancer Followed by Surgery
Study (CROSS) trial, which compared NACRT followed
by surgery versus surgery alone, NACRT followed by
[9]
surgery resulted in improved survival . The previous
trials, however, did not include advanced gastric
disease, and the efficacy of NACRT in LAGC thus
remains unclear.
In East Asia, radical gastrectomy and D2 dissection
(D2 gastrectomy) are considered standard surgical
procedures. The Adjuvant Chemoradiation Therapy in
Stomach Cancer (ARTIST) trial failed to demonstrate
a survival benefit of adjuvant CRT in patients treated
with a D2 gastrectomy; therefore, postoperative
chemotherapy is currently considered the standard
[10]
treatment . Clinical trials evaluating NAC followed
by D2 gastrectomy are underway. Nevertheless,
conclusive data on NACRT in LAGC have not been
established so far. The aim of the present study was to
investigate the role of NACRT in the treatment of LAGC
in Asian patients. We also evaluated postoperative
morbidity following NACRT.

CONCLUSION: NACRT with D2 gastrectomy showed
a high rate of R0 resection and promising local control,
which may increase the R0 resection opportunity
resulting in survival benefit.
Key words: Advanced gastric cancer; D2 gastrectomy;
Neoadjuvant chemoradiotherapy; Combined modality
therapy; Treatment outcome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In locally advanced gastric cancer (LAGC),
R0 resection is a well-established predictive factor. To
achieve R0 resection, neoadjuvant approaches have
been attempted. Studies of neoadjuvant chemotherapy
followed by radical gastrectomy and D2 dissection
have resulted in favorable outcomes and large studies
of neoadjuvant chemotherapy are underway. Data on
neoadjuvant chemoradiotherapy (NACRT) in LAGC are
limited. This retrospective study was performed to
investigate the efficacy of NACRT in LAGC. We found
that NACRT increased the chance for an R0 resection
and potentially enhanced survival in LAGC.
Kim MS, Lim JS, Hyung WJ, Lee YC, Rha SY, Keum KC,
Koom WS. Neoadjuvant chemoradiotherapy followed by
D2 gastrectomy in locally advanced gastric cancer. World J
Gastroenterol 2015; 21(9): 2711-2718 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2711.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2711

MATERIALS AND METHODS
Patients

We retrospectively reviewed the medical records
of patients who were treated with NACRT between
November 2007 and January 2014. Gastric cancer was
histologically confirmed via endoscopic biopsy in all
patients. Endoscopic and radiologic exams were used
to evaluate resectability before and after NACRT. In the
case of tumors with definite invasion or abutment to an
adjacent organ, diagnostic laparoscopy was omitted.

INTRODUCTION
Although the incidence of gastric cancer has decreased
worldwide, it is still the second most common cancer
and the third most common cause of cancer-related
[1]
death in South Korea . Even with the use of aggressive
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When the invasion or abutment was vague, diagnostic
laparoscopy was implemented. The institutional review
board of the Yonsei University College of Medicine
approved this study.

Table 1 Patient and tumor characteristics n (%)
Characteristics
Age (in years)
Sex
Male
Female
Performance status
ECOG 0
ECOG 1
Tumor location
Upper
Mid
Lower
Upper-Mid
Mid-Lower
Upper-Lower
Pathology
Adenocarcinoma
Signet ring cell
carcinoma
Adeno-signet-ring
cell carcinoma
Differentiation
Well differentiated
Moderately
differentiated
Poorly differentiated
Bormann type
1
2
3
4
AJCC Clinical T stage
T3
T4a
T4b
AJCC Clinical N stage
N0
N1
N2
N3a
AJCC Clinical Stage
2b
3a
3b
3c

Treatment

The NAC regimen for each patient was determined by
a medical oncologist. All patients underwent threedimensional conformal radiotherapy (RT). Gross
tumor volume (GTV) was delineated using enhanced
CT, positron emission tomography (PET)-CT, and
endoscopic images. If the tumor abutted adjacent
organs or extended to the esophagogastric junction
or adjacent organs, the entire tumor extent was
included in the GTV. Regional metastatic lymph nodes
were included in the GTV. Clinical target volume was
GTV plus a 5-10 mm margin, and the planning target
volume was the clinical target volume plus a 7 mm
margin. The radiation dose was 45 Gy with a daily
dose of 1.8 Gy. The liver, kidneys, spinal cord, and
small bowel were delineated as organs at risk.
The standard surgical procedure was total or subtotal
gastrectomy with D2 dissection. When resection of an
adjacent organ was inevitable, a combined resection
was performed. Adjuvant chemotherapy was used. If
the tumor was unresectable after NACRT, sequential
chemotherapy was used.

Evaluation of response and treatment-related toxicity

After NACRT, all patients received a radiologic exam
to assess tumor resectability and response. When
resectability was difficult to assess using a radiologic
approach, an endoscopic exam and diagnostic
laparoscopy were used. The pathologic tumor response
was evaluated using the Japanese Gastric Cancer
Association (JGCA) histologic evaluation criteria, which
are as follows: Grade 1a, viable tumor cells more than
2/3 of the tumorous area; Grade 1b, viable tumor cells
more than 1/3, but less than 2/3, of the tumorous
area; Grade 2, viable tumor cells less than 1/3 of
the tumorous area; Grade 3, no viable tumor cells
remain. We evaluated treatment-related toxicity with
the National Cancer Institute-Common Terminology
Criteria for Adverse Events version 4.0.

D2
No D2
P value
gastrectomy gastrectomy

53 (40-74)

54 (42-74)

53 (40-69)

23 (79.3)
6 (20.7)

13 (72.2)
5 (27.8)

10 (90.9)
1 (9.1)

2 (6.9)
27 (93.1)

1 (5.6)
17 (94.4)

1 (9.1)
10 (90.9)

7 (24.1)
0 (0)
11 (37.9)
3 (10.3)
0 (0)
8 (27.6)

2 (11.1)
0 (0)
9 (50)
3 (16.7)
0 (0)
4 (22.2)

5 (45.4)
0 (0)
2 (18.2)
0 (0)
0 (0)
4 (36.4)

19 (65.5)
6 (20.7)

13 (72.2)
2 (11.1)

6 (54.5)
4 (36.4)

4 (13.8)

3 (16.7)

1 (9.1)

3 (13)
10 (43.5)

2 (12.5)
6 (37.5)

1 (14.3)
4 (57.1)

10 (43.5)

8 (50)

2 (28.6)

1 (3.4)
3 (10.3)
22 (75.9)
3 (10.3)

0 (0)
3 (16.7)
13 (72.2)
2 (11.1)

1 (9.1)
0 (0)
9 (81.8)
1 (9.1)

2 (6.9)
20 (69)
7 (24.1)

2 (11.1)
11 (61.1)
5 (27.8)

0 (0)
9 (81.8)
2 (18.2)

6 (20.7)
6 (20.7)
16 (55.2)
1 (3.4)

2 (11.1)
4 (22.2)
12 (66.7)
0 (0)

4 (36.4)
2 (18.2)
4 (36.4)
1 (9.1)

5 (17.2)
3 (10.3)
18 (62.1)
3 (10.3)

2 (11.1)
2 (11.1)
12 (66.7)
2 (11.1)

3 (27.3)
1 (9.1)
6 (54.5)
1 (9.1)

0.929
0.362

> 0.999

0.172

0.257

0.619

0.311

0.385

0.177

0.741

AJCC: American joint committee on cancer; ECOG: Eastern cooperative
oncology group. Results are presented as median with range in
parentheses and number with column percentages in parentheses.

RESULTS

Statistical analysis

The statistical methods used on this study were
reviewed by Ha Yan Kim, a biostatistician, in Biostatistics
Collaboration Unit, Yonsei University College of Medicine,
2
Seoul, South Korea. χ tests and Fisher’s exact tests were
used for comparing D2 gastrectomy group with no D2
gastrectomy group in patient and tumor characteristics.
OS and progression-free survival (PFS) were calculated
using the Kaplan-Meier method and compared by using
a log-rank test. A P < 0.05 was considered statistically
significant. All statistical analyses were performed by
using SPSS version 20.0 (IBM Corp., Armonk, NY, United
States).

WJG|www.wjgnet.com

Total

Clinical characteristics

A total of 29 patients were analyzed with a median
age of 53 year (range: 40-74 year). All patients were
assessed as unresectable cases. Twenty-four patients
(24/29; 82.8%) showed LAGC on a PET-CT and
contrast-enhanced CT prior to NACRT administration.
Four patients (4/29; 13.8%) with vague invasion or
abutment to an adjacent organ underwent a diagnostic
laparoscopy. One patient (1/29; 3.4%) underwent an
“open and closure” due to tumor infiltration into the
perigastric area and distal esophagus. Patient data and
tumor characteristics are summarized in Table 1. The
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A

B

C

D

Figure 1 Computed tomography images of locally advanced gastric cancer. A: Direct tumor invasion of an adjacent organ; B: Tumor abutment with an adjacent
organ; C: Bulky regional node metastasis; D: Invasion of the distal esophagus.

44.8%), 5-FU/cisplatin (9/29; 31%).
Following ICT, all patients showed stable disease
on radiologic or endoscopic exams. The first radiologic
or endoscopic evaluation was performed within the
first month after NACRT. The clinical response was
as follows: 44.8% (13/29) of patients exhibited a
partial response, 41.4% (12/29) of patients had stable
disease, and 13.8% (4/29) of patients presented with
progressive disease (PD). Twenty patients (20/29;
69.0%) presented with a resectable tumor after
NACRT (Figure 2). Of the 20 patients, four received
ICT and NACRT and 16 received NACRT as their first
treatment. The patients presenting with a resectable
tumor after NACRT had similar clinical characteristics
to those with an unresectable tumor after NACRT.
In total, 18/29 (62%) patients underwent a D2
gastrectomy. The median interval between NACRT
and surgery was 2.9 mo (range: 2.1-8.0 mo).
Seven patients (7/18; 38.9%) received a subtotal
gastrectomy and 11 patients (11/18; 61.1%) received
a total gastrectomy. Of the 18 patients who underwent
surgery, 17 (94.4%) patients underwent an R0
resection. One patient underwent an R2 resection due
to peritoneal carcinomatosis.
A radiologic exam revealed a single metastatic
lesion on the liver in one patient who exhibited clinical
PD after NACRT. The lesion was completely dissected
by wedge resection during the gastrectomy. There
were no viable tumor cells in the liver specimen upon
a pathologic evaluation.
Tumor pathologic response according to the JGCA

Table 2 Cause for neoadjuvant chemoradiotherapy administration
n (%)
Cause

Value

Invasion of distal esophagus
Abutment to adjacent organ
Invasion of adjacent organ
Extensive node metastasis
Other

6 (20.7)
10 (34.5)
8 (27.6)
4 (13.8)
1 (3.4)

lower portion of the stomach was the most common
tumor location (11/29; 37.9%). All patients had locally
advanced disease characterized as clinically T3 with
distal esophagus invasion/T4 or bulky regional node
metastasis (Figure 1). The clinical T stage was from T3
to T4b. Six patients (6/29; 15.8%) had clinically N0
disease and 23 patients (23/29; 79.3%) had clinically
N1-3 disease.
NACRT was most commonly administered due to
abutment with an adjacent organ (10/29; 34.5%),
while invasion of an adjacent organ (8/29; 27.6%)
was the second most common reason (Table 2).

Treatment response and resectability after NACRT

Of the 29 patients, six (20.7%) received induction
chemotherapy (ICT) prior to NACRT, and 23 (79.3%)
received NACRT as their first treatment. The ICT
regimens were TS-1/cisplatin (33.3%) or docetaxel/
cisplatin/5-FU (66.7%). The NACRT regimen was
heterogeneous. Approximately 76% of patients
received cisplatin-based NACRT: TS-1/cisplatin (13/29;

WJG|www.wjgnet.com
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Patients with AGC (n = 40)
Refused treatment (n = 2)
M1 stage (n = 9)
NACRT (n = 29)
[ICT + NACRT (n = 6) , NACRT (n = 23)]

Resectable tumors (n = 20)
[after ICT + NACRT (n = 4), after NACRT (n = 16)]

Unresectable tumors (n = 9)
[after ICT + NACRT (n = 2), after NACRT (n = 7)]

Refused OP (n = 1)
F/U loss (n = 1)
D2 gastrectomy (n = 18)

PD (n = 3)
Primary PD: 1
DM: 2

R0 resection (n = 17)

Unresectable tumor (n = 6)
[PR (n = 2) , SD (n = 4)]

Sequential chemotherapy

R2 resection (n = 1)

PD (n = 6)
Primary PD: 1
DM: 3
Primary PD and DM: 2

Figure 2 Treatment flow chart. AGC: Advanced gastric cancer; DM: Distant metastasis; F/U: Follow-up; ICT: Induction chemotherapy; NACRT: Neoadjuvant
chemoradiotherapy; OP: Operation; PD: Progressive disease; PR: Partial response; SD: Stable disease.

histologic evaluation criteria was evaluable in 14
patients; pathologic responses of Grade 1a, 1b, 2, and
3 were observed in 4 (28.6%), 3 (21.4%), 5 (35.7%),
and 2 (14.3%) patients, respectively.
After completion of NACRT, nine patients still had
an unresectable tumor. Three patients presented with
PD: one patient with a primary PD and two patients
with distant metastases (DM). Although two patients
exhibited partial response and four patients had stable
disease, they were classified as unresectable and
received sequential chemotherapy. Upon evaluation
after sequential chemotherapy, one patient exhibited
PD in the primary lesion, three patients had DM,
and two patients had PD in the primary lesion and
synchronous DM (Figure 2).

mo. The one-year PFS of the 11 patients who did not
receive a radical surgery was 12.8%, and the median
PFS was 5.2 mo (P < 0.001) (Figure 3B).
Recurrence after surgery or disease progression
without surgery was observed in 19/29 patients (65.5%):
two patients (6.9%) had local failure (LF) only, four
patients (13.8%) had LF and synchronous DM, and 13
patients (44.8%) had DM only. Peritoneal carcinomatosis
was observed in seven patients (7/29; 24.1%). LF did
not occur in patients who received an R0 resection, and
the nine documented recurrences in those patients were
DM only: lung (n = 1), liver (n = 3), liver and pancreas (n
= 1), peritoneal carcinomatosis (n = 3), and neck node
(n = 1). Of the 12 patients who did not receive an R0
resection, six patients (50.0%) had LF.
The one-year LF-free survival (LFFS) was 75.9%
and the median time to LF has not yet been reached.
The one-year DM-free survival (DMFS) was 57.9%
and the median time to DM was 12.9 mo. The oneyear LFFS and DMFS of patients who underwent
radical surgery were higher than those patients who
did not receive radical surgery (one-year LFFS: 100%
vs 27.3%; P < 0.001; and one-year DMFS: 68.4% vs
33.8%; P = 0.078). The difference in DMFS, however,
was not significant.

Survival and patterns of failure

The median follow-up duration was 13.5 mo (range:
2.1-79.8 mo). The one-year OS of all patients was
72.4% and the median OS was 21.2 mo. Of the 18
patients who underwent a radical surgery, the oneyear OS was 87.7%, and the median OS was 34.3
mo. The one-year OS of the 11 patients who did not
receive a radical surgery was 45%, and the median OS
was 11.5 mo (P < 0.001) (Figure 3A).
The one-year PFS of all patients was 48.9% and
the median time to progression was 9.9 mo. The oneyear PFS of the 18 patients who received a radical
surgery was 68.4%, and the median PFS was 13.8

WJG|www.wjgnet.com

Treatment-related toxicity

All patients completed NACRT. Six patients (6/29;
20.7%) presented with acute NACRT-related toxicities
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Figure 3 Patient survival following neoadjuvant chemoradiotherapy with or without surgery. A: Overall survival; B: Progression-free survival.

greater than grade 3, including leukopenia, nausea,
anorexia, epigastric pain, and dysphagia. The grade 4
toxicity was dizziness. The most common toxicity was
gastrointestinal toxicity (grade 1-2: nausea, anorexia,
epigastric pain, dysphagia). Late NACRT-related
toxicity greater than grade 3 did not occur.
The median postoperative hospital stay was 8
d (range: 6-27 d). Five (27.8%) of the 18 patients
who received radical surgery had acute postoperative
morbidity. Most of the morbidity was grade 1. Three
patients had grade 1 serous drainage, one patient had
a grade 1 wound seroma, and one patient had a grade
1 fever. One patient developed hypovolemic shock
and pleural effusion, and recovered after hydration
and antibiotic therapy. Seven days after surgery, the
patient developed an abdominal abscess induced by a
pancreatic fistula. Ten days after surgery, the patient
presented with a wound dehiscence and underwent resuturing. There was no late postoperative morbidity
or treatment-related mortality. Any treatment related
toxicity did not cause drop out from planned surgery.

resectable tumor after NACRT and the R0 resection
rate was 94.4%. Although there is no definite standard
for resectability at diagnosis of LAGC, all patients in
this study had locally far advanced disease (clinically
T3/4 and/or bulky metastatic lymph nodes), and initial
resectability was lower than that published in previous
studies; the R0 resection rate was comparable with
[11,14-16]
previous studies
.
The major pathologic response rate after NACRT
was higher than that of NAC. The major pathologic
response rate ranged from 15% to 39% in previous
[5-7]
NAC studies . In the present study, the pathologic
response of JGCA Grade 1b and above was 71.4% and
two patients had pathologic complete response.
One of the main reasons for the addition of RT to
NAC is local control. In this study, we also observed
promising local control. A phase Ⅲ clinical trial recently
[12]
reported on the pattern of recurrence after NACRT .
NACRT significantly reduced loco-regional recurrence
from 34% to 14%, with only a 1% in-field recurrence.
In a Japanese pilot study, no LF was observed after
[17]
NACRT . Other studies have also reported low LF
[11,13]
and high local control rates after NACRT
. In this
study, the one-year LFFS was 100% and no LF was
observed during the follow-up period in the patients
who received NACRT followed by radical surgery.
Peritoneal carcinomatosis occurred in 24.1% of the
[18-20]
patients, which is lower than previously published
.
[17]
Inoue et al
explained the reason for this low rate
of peritoneal carcinomatosis. After the tumor cells
exposed to the peritoneum or near lymphatics were
treated with NACRT, they underwent necrosis and were
covered with fibrous tissue. The fibrous tissue may
prevent the spread of tumor cells in the peritoneum.
Therefore, patients treated with NACRT developed
peritoneal carcinomatosis less frequently than those
without NACRT.
DM represented the major pattern of recurrence
in the present study. Seventeen patients (58.6%)
had DM. To the best of our knowledge, there has not
yet been a comparative study to determine which
chemotherapy sequence is more effective, ICT or
adjuvant chemotherapy. We can only suggest that

DISCUSSION
This study showed a high rate of R0 resection and
favorable pathologic response in Asian patients with
LAGC using NACRT followed by D2 gastrectomy.
Patients who underwent curative surgery showed
superior outcomes when compared to those who did
[11]
not undergo surgery . However, radical surgery
in LAGC patients is limited due to the high risk for
postoperative morbidity and mortality and a low rate
[2]
of R0 resection . In previous prospective studies
of NACRT, NACRT-treated patients showed a higher
rate of pathologic complete response and pathologic
response when compared with NAC. Moreover, the R0
resection rate was also higher in patients treated with
[8,12]
NACRT
. R0 resection has been reported to be a
[13]
predictive factor for survival. Klautke et al
reported
a two-year survival rate of 42% in R0 resected
patients, whereas R1 resected patients and those that
were not operated on had a survival rate of 0%. In
this study, 20 patients (69%) were found to have a
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more intensive systemic chemotherapy is needed to
reduce DM. The results of ongoing phase Ⅲ studies
of NAC will provide further insight (JCOG0501;
NCT00252161, PRODIGY; NCT01515748).
In the current study, all patients completed NACRT
and did not suffer from treatment-related death.
Acute postoperative complications were manageable
and no late postoperative morbidity or mortality was
observed. Although surgeons are often concerned
about postoperative morbidity and mortality following
NACRT, a phase Ⅲ NACRT trial showed no difference
in the rate of postoperative morbidity between the
treatment arms, and recent NACRT studies have
[5,9,11,17,21]
reported tolerable toxicity and safety
.
In previous studies, grade 3-4 postoperative
[13,17,21-25]
morbidity ranged from 0 to 71.4%
. Only
one patient, who developed an abdominal abscess,
presented with grade 3 postoperative morbidities
(hypovolemic shock, pneumonia, wound dehiscence)
in this study.
Grade 3-4 postoperative mortality ranging
from 0 to 12% has been documented in previous
[13,17,21-26]
studies
. In the Japan Clinical Oncology Group
9501 trial, which compared D2 and D3 gastrectomy,
the mortality rate was 0.8%. In our study, all patients
who received radical surgery underwent radical node
dissection, but treatment-related mortality did not
occur.
We compared clinical response after NACRT with
the pathologic response. Out of 18 patients, 9 (50%)
showed discordance between the clinical and pathologic
response. Six patients had a better pathologic
response, whereas three patients had a worse
pathologic response when compared with the clinical
response. One patient with clinical stable disease had
pathologic PD (peritoneal carcinomatosis) that was
not found on the radiologic exam prior to surgery.
Despite improvement of radiologic imaging techniques,
evaluations with radiologic exams have a limited
[27]
accuracy. Leake et al
highlighted the substantial
value of diagnostic laparoscopy in staging patients with
gastric cancer, even in the era of advanced radiologic
[21]
techniques. Trip et al
emphasized the need for
accurate staging of peritoneal carcinomatosis before
radical surgery. Both studies recommended diagnostic
laparoscopy in LAGC patients.
Our study had a few limitations. This was a small
retrospective study that included heterogeneous
chemotherapy regimens. The follow-up duration was
relatively short compared to previous studies. In some
patients, the resectability at diagnosis was determined
using radiologic imaging only and a defined standard
for resectability has not been established. Therefore,
the initial resectability had limited accuracy.
Despite the limitations mentioned above, NACRT
followed by D2 gastrectomy in LAGC patients showed
a favorable pathologic response and promising
local control. NACRT in LAGC may increase the
opportunity for an R0 resection and, thus, for survival.
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A large prospective study of NACRT followed by D2
gastrectomy is needed to validate the efficacy of this
approach.
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Background

In locally advanced gastric cancer (LAGC), R0 resection is a well-established
predictive factor for survival. To achieve R0 resection, neoadjuvant approaches
have been attempted. Studies of neoadjuvant chemotherapy followed by radical
gastrectomy and D2 dissection (D2 gastrectomy) showed favorable outcomes,
and large studies of NAC are currently in progress.

Research frontiers

Studies on the efficacy of neoadjuvant chemoradiotherapy (NACRT) in LAGC
patients are limited. In this study, the authors document the efficacy of NACRT
in an Asian cohort with LAGC.

Innovations and breakthroughs

Tumor resectability was evaluated using radiologic, endoscopic and
laparoscopic exams before and after NACRT administration. Patients diagnosed
with unresectable LAGC were treated with NACRT followed by D2 gastrectomy.
Patients received 45 Gy radiation with a daily dose 1.8 Gy. After NACRT,
resectable tumors were observed in 69% of patients. The one-year overall and
progression-free survival rates were higher in patients with a resectable tumor
after NACRT. NACRT followed by D2 gastrectomy in LAGC yielded a higher
pathologic response than that of previous NAC studies. NACRT also showed
a high rate of R0 resection and local control with tolerable toxicities and no
treatment-related mortality. NACRT in LAGC may increase the opportunity for
R0 resection resulting in a survival benefit.

Applications

This study showed that NACRT in LAGC patients may increase the likelihood
for R0 resection and potentially improve survival. The results presented in this
study may serve as a foundation for a prospective study on NACRT.

Terminology

D2 gastrectomy refers to total or subtotal gastrectomy and a D2 dissection. In
East Asia, a D2 gastrectomy is the standard surgical procedure for advanced
gastric cancer.

Peer-review

In this study, the authors evaluated the efficacy of NACRT on the resectability
of LAGC in 29 patients that were assessed (via radiologic and endoscopic
examinations) as unresectable cases. NACRT in LAGC may increase the
opportunity for R0 resection resulting in a survival benefit. Although this is a
retrospective study, treatment of LAGC is a critical concern and the results are
clearly demonstrated. The results from this study are of clinical relevance and
may serve as the foundation for future prospective studies.
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December 2011. To reduce the risk of embolism, each
injection consisted of 0.1-0.5 mL of 0.5 mL N-butyl-2cyanoacrylate diluted with 0.5 or 0.8 mL Lipiodol. The
primary outcome was incidence of hemostasis after
variceal obliteration and the secondary outcome was
complication of the procedure.

Seak Hee Oh, Seung Jin Kim, Kang Won Rhee, Kyung Mo Kim,
Department of Pediatrics, Asan Medical Center Children’s Hospital,
University of Ulsan College of Medicine, Seoul 138-736, South
Korea
Author contributions: Oh SH wrote the manuscript; Kim KM
designed the study; all the others contributed in supplementing the
manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Kyung Mo Kim, MD, Department of
Pediatrics, Asan Medical Center Children’s Hospital, University
of Ulsan College of Medicine, 388-1 Pungnap-Dong, SongpaGu, Seoul 138-736, South Korea. kmkim@amc.seoul.kr
Telephone: +82-2-30103380
Fax: +82-2-4733725
Received: September 23, 2014
Peer-review started: September 23, 2014
First decision: October 14, 2014
Revised: October 28, 2014
Accepted: December 5, 2014
Article in press: December 8, 2014
Published online: March 7, 2015

RESULTS: The 21 patients experienced 47 episodes of
active gastric variceal bleeding, including rebleeding,
for which they received a total of 52 cyanoacrylate
injections. Following 42 bleeding episodes, hemostasis
was achieved after one injection and following
five bleeding episodes it was achieved after two
injections. The mean volume of each single aliquot
of cyanoacrylate injected was 0.3 ± 0.1 mL (range:
0.1-0.5 mL). Injection achieved hemostasis in 45 of 47
(95.7%) episodes of acute gastric variceal bleeding.
Eleven patients (52.4%) developed rebleeding events,
with the mean duration of hemostasis being 11.1 ±
11.6 mo (range: 1.0-39.2 mo). No treatment-related
complications such as distal embolism were noted with
the exception of abdominal pain in one patient (4.8%).
Among four mortalities, one patient died of variceal
rebleeding.
CONCLUSION: Endoscopic variceal obliteration using
a small volume of aliquots with repeated cyanoacrylate
injection was an effective and safe option for the
treatment of gastric varices in children.

Abstract

Key words: Cyanoacrylate; Gastric varix; Children;
Endoscopic variceal obliteration; Complication

AIM: To evaluate the efficacy and safety of N-butyl2-cyanoacrylate in treating acute bleeding of gastric
varices in children.

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

METHODS: The retrospective study included 21
children with 47 episodes of active gastric variceal
bleeding who were treated by endoscopic injection
of N-butyl-2-cyanoacrylate at Asan Medical Center
Children’s Hospital between August 2004 and
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Core tip: This is the first pediatric study using
cyanoacrylate injection for acute gastric bleeding. The
findings support its applicability to pediatric group.
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from the parents of all the patients and the study was
approved by our Internal Review Board.
Causes of portal hypertension included biliary
atresia in nine patients (43%), extrahepatic portal vein
obstruction (EHPVO) in five patients (24%), congenital
hepatic fibrosis in two patients (10%), and Wilson’s
disease, autoimmune hepatitis, Budd-Chiari syndrome,
hepatic vein occlusion, and liver cirrhosis due to
cytomegalovirus hepatitis in one each of the remaining
five patients.
Treatments prior to EVO included EVL in 10 patients
(47.6%) and endoscopic injection sclerotherapy (EIS)
with ethanolamine in two (9.5%). In particular, five of
the younger and smaller patients (23.8%) failed the
EVL due to difficulties in approach. The mean pediatric
end-stage liver disease (PELD) score for the 16
patients younger than 12 years was 3.9 ± 12.8 (range:
-7-47), and the mean model for end-stage liver
disease (MELD) score for the five patients who were
12 years or older was 12.0 ± 3.0 (range: 9-17). Of
the 21 patients, 16 (76.2%) were diagnosed with GOV
type 1 (GOV1) and five with GOV2, with none having
isolated gastric varices (IGV) according to the Sarin
[17]
classification . Varices were categorized according to
their size as grade Ⅰ-Ⅳ (Ⅰ, < 3 mm; Ⅱ, 4-6 mm;
Ⅲ, 7-10 mm; Ⅳ, > 10 mm). Most varices were of
the largest size at the time of the first procedure, with
12 patients (57.1%) having grade Ⅲ or Ⅳ varices.
Morphological classification showed that 15 patients
(71.4%) could be classified as having Form 2 (F2,
tubular and beaded) and six (28.6%) as having Form
[18]
3 (F3, nodular) varices (Table 1) . Esophageal varices
of ≥ grade Ⅱ were noted among 16 (76.1%) children
with GOV1 and GOV2.
Active gastric variceal bleeding (visible bleeding
or clotted blood over a gastric varix) was confirmed
within 24 h using diagnostic esophagogastroscopy, in
addition to the presence of large gastric varices and
other sources of bleeding that are often present with
hematemesis and melena. All patients received EVO
as the secondary prophylaxis. Before active gastric
bleeding developed, eight patients (38.1%) were
taking β-blockers as primary prophylaxis.

Oh SH, Kim SJ, Rhee KW, Kim KM. Endoscopic cyanoacrylate
injection for the treatment of gastric varices in children. World
J Gastroenterol 2015; 21(9): 2719-2724 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2719.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2719

INTRODUCTION
Endoscopic variceal ligation (EVL) has been shown
to be effective and safe as first-line treatment of
[1-3]
esophageal variceal bleeding in adults and children .
No method has become standardized, however, for
[1]
the treatment of gastric variceal bleeding in children .
There have been no multicenter randomized controlled
trials (RCTs), and only a few single-center RCTs,
[4-6]
in adults
. The Baveno V consensus suggests
endoscopic variceal obliteration (EVO) with N-butyl2-cyanoacrylate (histoacryl) and EVL as first-line
treatments for gastroesophageal varices (GOV) and for
[1]
isolated gastric varices in adults .
Although pediatric experts have also recommended
EVO with N-butyl-2-cyanoacrylate for the management
of bleeding from GOV in children, evidence for the
management of gastric variceal bleeding in children
is limited to case reports and uncontrolled case
[2]
series . In addition, the natural course and anatomy
of gastric varices were only recently understood due
to the development of interventional radiological
[7-9]
procedures . As mortality and rebleeding rates are
[10-12]
higher for gastric than for esophageal varices
,
endoscopic treatment guidelines must be established
for gastric variceal bleeding in children. EVL is
often not applicable to small children because their
small pharynxes cannot adapt to conventional
banding devices, resulting in esophageal injury from
[13]
overtubes .
Despite EVO with cyanoacrylate being more
[14]
applicable to small children , caution is needed
prior to its use for gastric varices in children. Fatal
complications, such as systemic embolism, have
been observed in patients treated with cyanoacrylate
[15,16]
for variceal bleeding
. This study evaluated the
hemostatic effectiveness and safety of EVO with
cyanoacrylate in the treatment of gastric variceal
bleeding in children.

Treatment methods

EVO is not a well-established procedure, especially
in children, so it was performed only in children who
had developed gastric variceal bleeding. Efforts were
focused on minimizing the risk of distant emboli,
especially when treating small varices. The location
and type of each gastric varix was endoscopically
evaluated before the procedure, and the target
[8,9]
varices were determined . The injection catheter
was inserted through the endoscope and the needle
was inserted directly into each gastric varix. It was
difficult to determine flow direction, even with GOV1,
[8,9]
most of which drains into esophageal varices
.
Although fluoroscopic examination and endoscopic

MATERIALS AND METHODS
Between August 2004 and December 2011, 21
patients with gastric varices were managed using
EVO with cyanoacrylate within 48 h after conservative
management of gastric variceal bleeding at Asan
Medical Center Children’s Hospital. These 21 patients
consisted of 8 boys and 13 girls, of median age 9 years
(range: 9 mo-18 years). The mean height and weight
of the children were 120 ± 26 cm and 21 ± 14.4 kg,
respectively. Informed, written consent was obtained
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A

Table 1 Baseline characteristics of the 21 patients treated
with cyanoacrylate injection therapy n (%)
Clinical characteristics
Male/female
Age (yr), median
Height (cm), mean
Weight (kg), mean
Etiology of the gastric varices
Biliary atresia
Portal vein thrombosis
Congenital hepatic fibrosis
Budd-Chiari syndrome
Autoimmune hepatitis
Wilson’s disease
Hepatic vein obstruction
Liver cirrhosis due to cytomegalovirus
infection
mean PELD score (< 12 yr), mean
mean MELD score (≥ 12 yr), mean
Receiving β-blocker medication
Sarin classification of the gastroesophageal
varices
GOV1
GOV2
Grade of the gastric varices
Grade Ⅰ
Grade Ⅱ
Grade Ⅲ
Grade Ⅳ
Form of the gastric varices
F1
F2
F3

n = 21
8 (38.0)/13 (62.0)
8.7 (0.8-17.7)
120 ± 26
21 ± 14.4
9 (42.8)
5 (23.7)
2 (9.5)
1 (4.8)
1 (4.8)
1 (4.8)
1 (4.8)
1 (4.8)

B

3.9 ± 12.8
12.0 ± 3.0
8 (38.1)

16 (76.2)
5 (23.8)
0 (0)
9 (42.9)
8 (38.1)
4 (19.0)

Figure 1 Endoscopic and radiographic images in one patient with extrahepatic
portal vein obstruction. A: Intravariceal injection of cyanoacrylate. The
intravariceal pressure was highest at the top of the variceal dome, leading to
immediate extrusion of injected cyanoacrylate and massive uncontrollable
bleeding. Thus, it was safer to first inject cyanoacrylate on the side of the varix; B:
Chest X-ray after injection showing injected cyanoacrylate and Lipiodol without
undesired embolism.

0 (0)
15 (71.4)
6 (28.6)

PELD: Pediatric end-stage liver disease; MELD: Model for end-stage liver
disease.

injection. Unsuccessful hemostasis was defined as
death or the need to change the therapy due to (1)
fresh hematemesis or naso-gastric aspiration that
removed ≥ 100 mL of fresh blood ≥ 2 h after the
procedure; (2) development of hypovolemic shock; or
(3) a 3 g/L drop in hemoglobin within any 24 h period
[2,20]
in the absence of transfusions
.
Rebleeding was defined as unsuccessful secondary
prophylaxis, clinically significant rebleeding from portal
hypertensive sources after day 5, or recurrent melena
or hematemesis resulting in (1) hospital admission;
(2) blood transfusion; (3) a 3 g/L drop in hemoglobin
concentration; or (4) death within 6 wk. Treatmentrelated complications included (1) unplanned hos
pitalization or additional inpatient management; (2)
death directly attributed to treatment; (3) treatmentassociated infection such as pneumonia or peritonitis;
(4) gastric perforation; and (5) distant embolization.

ultrasonography could determine the size and location
of collateral blow flow, neither was performed.
The EVO protocol in the present study was
[19]
based on that used to treat adults . Cyanoacrylate
was repeatedly injected until the varices began to
occlude, as determined by probing with a blunt probe.
Cyanoacrylate injections were performed using the
GIF series (Olympus Co., Tokyo, Japan) and disposable
23-gauge injection needle catheters (1.650 mm in
length) (Figure 1). Each injection consisted of 0.1-0.5
mL of 0.5 mL N-butyl-2-cyanoacrylate mixed with 0.5
or 0.8 mL Lipiodol (cyanoacrylate:Lipidol=1:1 or 1:1.6)
(Guerbet, Aulnay-Sous-Bois, France). As small injection
[19]
volumes are recommended when treating adults , a
small aliquot of a thick mixture of cyanoacrylate was
preferentially used in treating children. It was also to
minimize the number of injections and the amount of
cyanoacrylate administered. The presence of distant
emboli following treatment was reevaluated on chest
and abdominal X-rays.

RESULTS
Hemostatic outcomes

Outcome measures

The 21 patients experienced 47 episodes of active
gastric variceal bleeding, including rebleeding, for
which they received a total of 52 cyanoacrylate
injections (mean number of sessions per episode 1.1
± 0.3). Following 42 bleeding episodes, hemostasis

Successful hemostasis of active gastric variceal
bleeding has been defined, according to the Baveno
[1,2]
V criteria
as an absence of upper gastrointestinal
bleeding for the first 120 h (5 d) after cyanoacrylate
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[21,22]

bleeding from GOV in children
. However, the
applicability of these treatment modalities for GOV in
small children is limited due to insufficient evidence,
technical difficulties, low success rates, and frequent
[13,23-25]
complications
. For example, a banding device
has not been developed for small children, whereas
the overtubes of conventional devices may cause
[13]
esophageal injury . Moreover, the device tip often
does not reach the bleeding loci of GOV due to the
[23]
angled position of the fundus in children . In addition,
EIS is problematic in controlling acute GOV bleeding,
especially from fundal varices (GOV2 and IGV1), with
[24]
lower primary hemostasis rates .
N-butyl-2-cyanoacrylate (histoacryl) is a tissue
adhesive agent that rapidly hardens from a liquid form
[26]
to a solid upon contact with hydroxyl ions in water .
Intravariceal injection of this compound, therefore,
causes the varix to occlude rapidly upon contact with
[23]
blood . Although there have been only three case
series on the use of N-butyl-2-cyanoacrylate for gastric
[14,22,27]
varices in children
, studies in adults suggest
that N-butyl-2-cyanoacrylate can be a promising
alternative to EVL and EIS for controlling acute GOV
bleeding. Recently, two large retrospective studies
reported primary hemostasis rates of 95%-100% after
cyanoacrylate injection for the control of acute GOV
[19,28]
bleeding in adults
. In addition, a RCT found that
the success rate of primary hemostasis in patients with
acute GOV bleeding was higher with cyanoacrylate
[6]
injection than with EIS (89% vs 62%) , and two RCTs
showed that the success rates of primary hemostasis
for adults with acute GOV bleeding were similar
or higher for cyanoacrylate injection than for EVL
[4,29]
(87%-93% vs 45%-93%)
.
We found that the success rate of primary
hemostasis in children was 95.7% in this study, similar
to recent findings in adults. Cyanoacrylate was found
to be effective in treating esophagogastric varices in
children < 2 years old and < 10 kg; in that study, four
children (19%) underwent EVO instead of EVL because
[14]
of a device entry failure . The overall rebleeding rate
(52.4%) in this study was as high as the rate after EIS
[30-32]
in adults (25%-70%)
. However, the rebleeding
rate was 23.8% one year after the first injection of
cyanoacrylate, similar to rebleeding rates of 22%-41%
[6,33,34]
after 15-24 mo in adults
. Therefore, the efficacy
of cyanoacrylate injection in primary hemostasis of
acute GOV bleeding in children was high, although
methods are needed to reduce the high rebleeding
rate.
Several precautions must be taken during the
endoscopic use of N-butyl-2-cyanoacrylate. Careful
techniques are needed to prevent injury to the
endoscopist’s eye and to prevent blocking the biopsy
channel of the endoscope. In addition, excessive
dilution of cyanoacrylate carries a risk of fatal
cerebral or pulmonary embolism. Small, relatively
concentrated aliquots are therefore recommended for
[19,35,36]
injection
. Most patients in this present study

Table 2 Results in the 21 patients who received cyanoacrylate
injections n (%)
No. of sessions
1
2
≥3
mean no. of sessions
mean single aliquot of cyanoacrylate
injection volume (mL) (range)
Successful hemostasis
mean follow-up duration (mo)
Number of rebleeding episodes
mean duration of hemostasis after EVO
(mo)
Number of patients with rebleeding
within < 12 m
Treatment-related complications

Value
42 (89.3)
5 (10.7)
0 (0)
1.1 ± 0.3
0.3 ± 0.1 (0.1-0.5)
45 (95.7)/47 (95.7)
30.2 ± 25.5
11 (52.4)/21 (52.4)
11.1 ± 11.6
5 (23.8)/21 (23.8)
1 (4.8)/21 (4.8)

EVO: Endoscopic variceal obliteration.

was achieved after one injection and following
five bleeding episodes it was achieved after two
injections. The mean volume of each single aliquot
of cyanoacrylate injected was 0.3 ± 0.1 mL (range:
0.1-0.5 mL). Successful hemostasis was achieved
after 45 of the 47 episodes (95.7%). In one of the
two patients who failed to achieve bleeding control,
EVO was interrupted due to hypotension caused by
massive bleeding from a large fundal varix, whereas
the second patient presented with a double aortic arch
and tracheoesophageal narrowing, resulting in a failed
endoscopic approach. The mean follow-up period
was 30.2 ± 25.5 mo (range: 0.1-101.0 mo). Eleven
(52.4%) patients developed rebleeding events, and
the mean duration of hemostasis after EVO was 11.1
± 11.6 mo (range: 1.0-39.2 mo). Five patients (23.8%)
developed rebleeding episodes within one year. The
success rate of secondary prophylaxis after primary
EVO was 47.6% (Table 2).

Complications and mortality

Treatment-related complications developed in only
one patient (4.8%), whose hospitalization had to be
extended because of abdominal pain and distension.
Other complications, such as treatment-associated
infection, gastric perforation, and distant emboli, did
not occur. One patient was first suspected of having
a pulmonary embolism, but it was later shown to be
a pulmonary abscess and fistula between the distal
esophagus and left lower lung that was complicated
by previous esophageal variceal band ligation. During
the follow-up, three patients received liver transplants,
one underwent a Rex-shunt operation, and four
died. Causes of death included variceal rebleeding in
one patient, anaphylactic shock in one patient, and
progression to hepatic failure in two patients.

DISCUSSION
In general, EIS and EVL have been used to treat acute
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were injected with a 1:1 mixture of cyanoacrylate and
Lipiodol, and most were initially injected with 0.25-0.5
mL cyanoacrylate to prevent systemic embolisms. X-ray
evaluation after the procedure showed the presence of
Lipiodol in the upper esophagus along the esophageal
varix, so small children were injected with a very small
aliquot (0.2 mL) of a thick mixture of cyanoacrylate
and Lipiodol. Distant emboli can be prevented by
injecting small aliquots multiple times until variceal
occlusion is achieved. No patient in the present study
experienced distant emboli.
EVO-related complications and systemic em
bolic events, such as cerebral stroke, portal vein
embolization, splenic infarction, and pulmonary
embolism, have been reported in 4.6% of patients,
along with bleeding ulcers in 2%-8% and sepsis
in 1%-14%. These complications, however, are
not usually life-threatening rates and are generally
reversible. More frequently, mild complications, such
as pyrexia (10%-35%) and chest or abdominal pain
[37]
(5%-30%), have been reported . Of our 21 patients,
only one developed abdominal pain and distension,
with no other patient experiencing complications.
Hydrolization of cyanoacrylate results in the production
[38]
of toxic substances, such as formaldehyde , which
[39]
has been shown carcinogenic in an animal model .
A similar tissue adhesive, 2-octyl cyanoacrylate,
is available, showing similar efficacy and safety as
N-butyl-2-cyanoacrylate in controlling GOV bleeding in
[40]
adults .
Portal hypertension in children is usually caused
by biliary atresia and EHPVO and may have clinical
consequences in the development of esophageal/
gastric varices. Fortunately, the mortality rate (0%-8%)
due to variceal bleeding is not as high in children
[41]
as in adults . Approximately 40% of children with
biliary atresia develop variceal bleeding within 5
years, compared with 49% of patients < 16 years
old and 76% of patients < 24 years old with EHPVO.
Of 139 children with biliary atresia, 125 (90%) were
diagnosed with portal hypertension; of the latter, 87
(70%) developed varices and 25 (20%) developed
[42]
variceal bleeding . In adults, the incidence of gastric
varices (14%-36%) is lower than that of esophageal
varices, but gastric varices result in more severe
bleeding, a higher mortality rate (25%-55%), and
[10-12]
a higher incidence of rebleeding (26%-89%)
.
Currently, there are not enough pediatric studies on
this issue.
In conclusion, this study suggests that endoscopic
vascular obliteration using N-butyl-2-cyanoacrylate
may be effective in children for the initial hemostasis
of bleeding due to gastric varices, with a low rate of
complications. This study was limited, however, by its
inclusion of a small number of patients. The efficacy
and safety of tissue adhesives, such as N-butyl-2cyanoacrylate and 2-octyl-cyanoacrylate, for acute
gastric variceal bleeding require validation in large,
multicenter RCTs.
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METHODS: The medical records and endoscopic
reports of the patients who underwent endoscopic
ultrasound-guided biliary drainage (EUS-BD) owing to
failed endoscopic retrograde cholangiopancreatography
in our institute between June 2011 and January 2014
were collected and reviewed. All the procedures were
performed in the endoscopic suite under intravenous
sedation with propofol and full anaesthetic monitoring.
Then we used the Soehendra stent retriever as new
equipment for neo-tract creation and dilation when
performing EUS-BD procedures. The patients were
observed in the recovery room for 1-2 h and transferred
to the regular ward, patients’ clinical data were
reviewed and analysed, clinical outcomes were defined
by using several different criteria. Data were analysed
by using SPSS 13 and presented as percentages,
means, and medians.

Abstract

CONCLUSION: Soehendra stent retriever could be
used as an alternative instrument for biliary access in
endoscopic ultrasound guided biliary drainage.

RESULTS: A total of 12 patients were enrolled.
The most common indications for EUS-BD in this
series were failed common bile duct cannulation,
duodenal obstruction, failed selective intrahepatic duct
cannulation, and surgical altered anatomy for 50%,
25%, 16.7%, and 8.3%, respectively. Seven patients
underwent EUS-guided hepaticogastrostomy (58.3%),
and 5 underwent EUS-guided choledochoduodenostomy
(41.7%). The technical success rate was 100%,
while the clinical success rate was 91.7%. Major and
minor complications occurred in 16.6% and 33.3% of
patients, respectively, but there were no procedurerelated death.

AIM: To assess the feasibility and safety of the use
of soehendra stent retriever as a new technique for
biliary access in endoscopic ultrasound-guided biliary
drainage.
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creation; Endoscopic ultrasound-guided biliary drainage;
Endoscopic ultrasound-guided hepaticogastrostomy

and balloon dilation for biliary access in EUS-BD owing
to concerns about complications, especially perforation
and bile leakage. To date, the author has had more
experience with a non-cauterized and graded dilatation
technique by using the self-made, tapered-tip,
Teflon catheter, which provided high success and low
[9,10]
complication rates
. However, the limitations of selfmade, tapered-tip, Teflon catheters for biliary access
warrant the use of alternative equipment in some
cases. The Soehendra stent retriever was first used
for biliary stent retrieval. It was recently proven useful
in many therapeutic applications, especially dilatation
of a tightly strictured pancreatic duct, bile duct, and
puncture hole in patients who underwent EUS-guided
[11-13]
cystogastrostomy
. Therefore, the authors were
very grateful to share our experiences about using this
well-designed multi-purposes equipment in EUS-BD
procedures.

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

Core tip: Endoscopic ultrasound-guided biliary drai
nage is considered an alternative treatment for the
patients who failed endoscopic retrograde cholangio
pancreatography. We proposed that the technical
and clinical success rate, including complications
were related to the techniques of biliary access which
demonstrated an impressive outcomes using the
selfmade-tapered tip Teflon catheters for neo-tract
creation. In this case series, we would like to shared our
experiences using Soehendra stent retrievers as a new
technique for biliary access in endoscopic ultrasoundguided biliary drainage.
Prachayakul V, Aswakul P. Feasibility and safety of using
Soehendra stent retriever as a new technique for biliary access
in endoscopic ultrasound-guided biliary drainage. World J
Gastroenterol 2015; 21(9): 2725-2730 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2725.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2725

MATERIALS AND METHODS
This study was approved by Siriraj Institutional Review
Board committee. The medical records and endoscopic
reports of the patients who underwent EUS-BD owing
to failed ERCP in our institute between June 2011
and January 2014 were collected and reviewed. All
patients underwent EUS-BD performed by a single
endoscopist (VP) and provided informed consent
before the procedures. All the procedures were
performed in the endoscopic suite under intravenous
sedation with propofol and full anaesthetic monitoring.
The patient was in the left lateral decubitus position,
and the procedure was carried out step-by-step as
follows: First, the endoscopist performed the EUS
survey and chose the punctured site depending on
the site of biliary obstruction and the reasons for
performing the procedures, including endoscopic
ultrasound guided-choledochoduodenostomy (EUSCD) for distal biliary obstruction and endoscopic
ultrasound guided-hepaticogastrostomy (EUS-HG)
for hilar obstruction. Curvilinear echoscope (GF UC140P, Olympus, Tokyo, Japan) were used in all cases
(Figure 1). Second, the common bile duct or left intrahepatic duct (segment Ⅱ or Ⅱ) were punctured by
using a 19-gauge needle (EchoTip® ultra, Cook Ireland,
Limerick, Ireland), and bile was aspirated to confirm
the correct position. Contrast media injection was
performed to obtain more details on cholangiographs
(Figure 2). Third, either a 0.035 Jagwire (Jagwire™,
Boston Scientific, Alajuela, Costa Rica) or a 0.025 Visiguidewire (Visi-Glide™, Terumo Corporation, Shizuoka,
Japan) was inserted and negotiated to achieve the
desired position of the guidewire. A 7-Fr Soehendra
stent retriever (Soehendra Stent Retriever™, Cook
Medical, Bloomington, NJ, United States) was used to
create the enterobiliary tract, followed by an 8.5-Fr or
10-Fr Soehendra retriever, tapered-tip Teflon dilator, or
Soehendra dilators (Soehendra Biliary Dilator Catheter™,

INTRODUCTION
Endoscopic ultrasound-guided biliary drainage
(EUS-BD), both choledochoduodenostomy and he
paticogastrostomy, is considered an alternative
treatment for patients with difficult malignant
biliary obstruction in whom endoscopic retrograde
cholangiopancreatography (ERCP) for palliative biliary
drainage failed.
EUS-BD is currently comparative or superior
to conventional percutaneous transhepatic biliary
drainage in some retrospective studies. This procedure
has been reported effective and safe when performed
by experts, with 85%-100% success rates and
[1-8]
5%-35% complication rates
. The important
systematic procedures were localization and puncture,
followed by guidewire negotiation into the desired
position, followed by biloenteric fistula creation and
dilatation by using an over-the-guidewire technique,
and finally stent placement. However, the important
issues of high success and low complication rate
of EUS-BD makes it an appropriate technique for
biliary access. The techniques for biliary access were
classified into neotract creation with cauterized or
non-cauterized and neotract dilatation with graded
or balloon dilation. Many studies have reported
techniques and equipment used in these procedure.
The common techniques for biliary access included
using a needle knife to create the neotract followed
by balloon dilatation with different balloon types.
However, the authors usually do not use cauterization
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Figure 1 Sonographic view of the dilated intrahepatic duct.

Figure 4 Fluoroscopic view of self-expandable metal stent.

Figure 2 Cholangiogram showed dialted left intrahepatic ducts.

Figure 5 Endoscopic view after stent deployment.

Figure 3 Enterobiliary tract initiation by using the Soehendra stent
retriever.

room for 1-2 h and transferred to the regular ward;
abdominal radiography was performed for all patients
within 48-72 h. The patients’ physical examination
and laboratory test results including clinical status
were recorded in their medical files. The procedural
sequence is shown in Figures 1-5. The patients’ clinical
data until the last follow-up date were reviewed
and analysed, and telephone calls to collect more
amount of clinical information were made. The clinical
outcomes were defined by using several different
criteria. Technical success was defined as the ability
to complete the procedure until stent placement.
Clinical success was defined as improvement of the
overall clinical manifestations of the patients in terms
of adequate biliary drainage and improvement of
clinical well-being. Adequate biliary drainage was
defined as normalization of the total bilirubin level
within 4 wk of follow-up. Complications were classified
as minor complications (pneumoperitoneum or
pneumopericardium that was spontaneously resolved
within 7 d, leakage of contrast media detected during
the procedure without any abdominal signs) and major
complications (morbidity related to the procedure that
prolonged the hospital stay or the needed therapeutic
interventions for treatment). The data were analysed
by using SPSS 13 and presented as percentages,
means, and medians.

Cook Medical; Figure 3). After that, the fully covered
self-expandable metal stent (FCSEMS, 60-100 mm)
were placed depending on the EUS-BD location (Figures
4 and 5). We generally used a 60-mm FCSEMS for
EUS-CD and an 80-100-mm for EUS-HG. All the
procedures were done under fluoroscopic monitoring.
The stent positions were checked, and the bleeding
was controlled. Abdominal fluoroscopy to detect
pneumoperitoneum or pneumomediastinum was
performed in all cases.
The patients were observed in the recovery
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Table 1 Patients enrolled in using soehendra stent retriever in endoscopic ultrasound-guided biliary drainage
No/sex/age (yr)

Diagnosis

Procedures No. of needle
passes

Stent type (fully
covered SEM, mm)

Complications

53
90
101
116

7
7
10
29

30
87
95
54
74
80

8
15
5
6
11
13

122

7

71

27

1/M/68
2/M/58
3/F/48
4/M/46

PCA
CCA
CCA
CCA

EUS-CD
EUS-HG
EUS-HG
EUS-HG

1
1
1
3

10 × 60
10 × 100
10 × 80
10 × 100

5/F/76
6/M/74
7/F/77
8/F/61
9/F/57
10/M/68

PCA
PCA
PCA
CCA
PCA
CCA

EUS-HG
EUS-CD
EUS-CD
EUS-CD
EUS-HG
EUS-HG

1
1
1
1
2
1

10 × 80
10 × 60
10 × 60
10 × 60
10 × 100
10 × 100

11/F/67

Periampullary
CA
Cervical CA

EUS-HG

2

10 × 100

No
No
No
Bile leakage with intra-abdominal
collection2,3
Pneumoperitoneum1
Pneumoperitoneum1
No
No
No
Bleeding from hepatic artery
pseudoaneurysm2,3
Pneumoperitoneum1

EUS-CD

1

10 × 60

Pneumoperitoneum1

12/F/54

Procedure time Hospital stay
(min)
(d)

Minor complication; 2Major complication; 3Required radiological interventions for treatment: percutaneous drainage for case No. 4 and hepatic artery
aneurysm embolization for case No. 10. PCA: Pancreatic cancer; CCA: Cholangiocarcinoma; CA: Carcinoma; EUS-HG: Endoscopic ultrasound-guided
hepaticogastrostomy; EUS-CD: Endoscopic ultrasound-guided choledochoduodenostomy.
1

33.3% of patients, respectively. The mean hospital
stay was 12.1 d (range: 5-29 d). None of the patients
died of procedure-related complications. The patients’
details and complications are shown in Table 1.
C

DISCUSSION

B

A

The high success and low complication rates of EUSBD make it an appropriate technique for biliary access.
Herein, we reported a special technique of using a
self-made, tapered-tip, Teflon catheter for graded
dilatation instead of using the cauterized instrument
such as needle knife during enterobiliary tract creation
to minimize the tissue damage and allow time for
[10]
gradual expansion of the SEMS . The cited study
revealed high technical and clinical success rates of
100% and 91% respectively, with lower complications,
only 6%, compared with the conventional methods by
using a needle knife followed by balloon dilation with
85%-100% success rates and 5%-35% complication
[2-8]
rates . However, the self-made, tapered-tip, Teflon
catheter for biliary access had limitations in some
cases, and this instrument was not a commercial
product; therefore, the use of alternative equipment
should be considered. Interestingly, the Soehendra
stent retriever has been used to retrieve the previous
plastic stent while keeping the guidewire in place for
easier stent exchange. Later on, some endoscopists
reported the use of this instrument for negotiating
the ERCP tract, such as biliary stent placement, in
patients with very tight biliary and pancreatic duct
[11]
strictures owing to benign or malignant obstruction .
Recently, some endosonographers also reported using
[12,13]
it to create the neotract for EUS-guided drainage
.
Regarding the characteristics of the tip of the
Soehendra stent retriever - slim style (Figure 6) and
ability to function as a drill, the authors tried using

Figure 6 Characteristics of the tip of the instrument. A: Soehendra stent
retriever (7 Fr); B: Self-made tapered tip Teflon catheter (7 Fr); C: Soehendra
stent dilator (7 Fr).

RESULTS
A total of 12 patients were enrolled in the present
study. The mean age was 62.8 years (range: 46-77
years), and seven were women. The diagnoses were
pancreatic cancer, cholangiocarcinoma, periampullary
carcinoma, and cervical cancer with liver metastasis
in 41.7%, 41.7%, 8.3%, and 8.3%, respectively.
The most common indications for EUS-BD in this
series were failed common bile duct cannulation
(50%), duodenal obstruction (25%), failed selective
intrahepatic duct cannulation (16.7%), and surgically
altered anatomy that failed on enteroscopic approach
(8.3%). Most of the patients were positioned in the left
lateral decubitus position. Seven patients underwent
EUS-HG (58.3%), and 5 patients underwent EUSCD (41.7%). The mean procedure time was 81.1 min
(range: 30-122 min). The technical success rate was
100%, and the clinical success rate was 91.7%. The
major and minor complications occurred in 16.6% and
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authors usually do not use cauterization and balloon dilation for biliary access
in EUS-BD due to concerns about complications, especially perforation and
bile leakage. Despite experience with a non-cauterized and graded dilatation
technique using the self-made, tapered-tip, Teflon catheter, which provided high
success and low complication rates, there are still some limitations of these
instruments in some particular cases.

this instrument for neotract creation. In the present
study, we demonstrated the feasibility of using the
Soehendra stent retriever as a new instrument for
neotract creation with the technical and clinical success
rates of 100% and 91.7%, respectively, comparable
to those of previous reports. In this case series, the
authors used the Soehendra stent retriever for initial
neotract creation by drilling mechanism and followed
by Soehendra dilators for neotract dilatation. However,
considering the mechanism of this instrument via the
drilling effect, the authors realized that there could be
more tissue damage compared to the simple graded
dilatation effect. Although the complication reported
in this series was higher(major 16% and minor
33%) than the previous one (which was only 6%),
especially pneumoperitoneum, the authors showed
that pneumoperitoneum, comprising one-third of
the minor complications, spontaneously disappeared
within a week and required no other interventions.
Major complications occurred in 2 patients, including
patient No. 4, who developed clinical signs of sepsis
and localized peritonitis about 5 d after the procedure.
A computed tomography scan of this patient showed
accumulation of fluid next to the stomach; this
fluid was successfully drained via a percutaneous
technique, and it cultured positive for Enterococcus
faecalis. The patient gradually recovered, and he
was discharged 29 d after the procedure. Patient No.
10 developed upper gastrointestinal bleeding after
the procedure; the bleeding was traced to a hepatic
artery aneurysm, and it was successfully treated via
[14]
angioembolisation . Nevertheless, compared to other
reports of the complications caused by EUS-BD, which
[1-8]
accounted for 6%-35% , the complication rate using
this instrument was still acceptable. Therefore, we
recommend using the Soehendra stent retriever as a
new alternative instrument for the creation and dilation
of enterobiliary tract access in EUS-BD.
The authors endorse this instrument, which is
a commercial product that might be benefit and
adapted, as an alternative option for neotract creation
with high technical and clinical success rates as well
as a complication rate that did not differ from those of
previous reports of EUS-BD, especially after failure to
use a tapered-tip dilator prior to balloon dilation.

Research frontiers

Regarding the characteristics of the tip of Soehendra stent retriever which
was slim including an ability to function as a drill. The authors demonstrated
this particular instrument as an alternative option for neotract creation (non
cauterization technique).

Innovations and breakthroughs

The Soehendra stent retriever was first used for biliary stent retrieval. It was
recently proven useful in many therapeutic applications. The authors endorse
this instrument, which is a commercial product that might be benefit and
adapted, as an alternative option for neotract creation with high technical and
clinical success rates of 100% and 91.7% respectively as well as a complication
rate that did not differ from those of previous reports of EUS-BD.

Applications

Soehendra stent retriever is an alternative instrument for non-cauterized
neotract creation technique in EUS-BD.

Terminology

EUS-BD which are EUS guided-choledochoduodenostomy or EUS guidedhepaticogastrostomy, is considered an alternative treatment for patients with
biliary obstruction in whom ERCP for failed palliative biliary drainage. The
important systematic procedures were localization and puncture, followed by
guidewire negotiation into the desired position, followed by biloenteric fistula
creation and dilatation by using an over-the-guidewire technique, and finally
stent placement.

Peer-review

Authors developed this non-cauterized and graded dilatation technique for
biliary access in concern of complication, perforation and bile leakage, instead
of knife and balloon dilatation method to create neotract. However the result
of this study showed no advantage compared to old technique. However the
use of commercial product may be a benefit and be adapted for other expert
interventional endoscopist.
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Abstract
A I M : To i n v e s t i g a t e a n e w m o d i f i c a t i o n o f
pancreaticoduodenectomy (PD)-a mesh-like running
suturing of the pancreatic remnant and Braun’s
enteroenterostomy.
METHODS: Two hundred and three patients underwent
PD from 2009 to 2014 and were classified into two
groups: Group A (98 patients), who received PD with a
mesh-like running suturing for the pancreatic remnant,
and Braun’s enteroenterostomy; and Group B (105
patients), who received standard PD. Demographic data,
intraoperative findings, postoperative morbidity and
perioperative mortality between the two groups were
compared by univariate and multivariate analysis.
RESULTS: Demographic characteristics between
Group A and Group B were comparable. There were
no significant differences between the two groups
concerning perioperative mortality, and operative blood
loss, as well as the incidence of the postoperative
morbidity, including reoperation, bile leakage, intraabdominal fluid collection or infection, and postoperative
bleeding. Clinically relevant postoperative pancreatic
fistula (POPF) and delayed gastric emptying (DGE) were
identified more frequently in Group B than in Group A.
Technique A (PD with a mesh-like running suturing of
the pancreatic remnant and Braun’s enteroenterostomy)
was independently associated with decreased clinically
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relevant POPF and DGE, with an odds ratio of 0.266
(95%CI: 0.109-0.654, P = 0.004) for clinically relevant
POPF and 0.073 (95%CI: 0.010-0.578, P = 0.013) for
clinically relevant DGE.

some debate surrounding most measures regarding
decreasing POPF, and the best way to restore
pancreatic digestive continuity remains controversial.
The incidence of complications after pancreatojejunal
anastomosis remains high. Using the definition and
grading system for POPF defined by the International
Study Group of Pancreatic Fistula (ISGPF), the
incidence of clinically significant POPF was about
[1,2]
20.0% . DGE is a paresis (partial paralysis) of the
stomach, resulting in a longer time of food remaining
in the stomach than normal. DGE is not a fatal
complication after PD, but it may significantly prolong
[3]
the hospitalization and increases costs . Some
modified digestive reconstructive procedures have
[4]
been reported to reduce DGE. Nikfarjam et al found
that classic PD combined with antecolic anastomosis
and retrogastric vascular omental patch was associated
with a significant reduction in incidence of DGE. Many
attempts have been made to reduce and prevent DGE,
but there is lack of convincing evidence for improved
outcomes with any of these efforts. A high incidence of
[5,6]
DGE still exists, up to 38%-57% . Therefore, much
work still needs to be done to reduce postoperative
complications after PD.
One of most important determinants of POPF
is how to manage the pancreatic remnant. Soft
pancreatic remnants are vulnerable to development
of pancreatic leakage because of shear forces from
tying of the sutures. Based on pancreatic surgery in
animal experiments, running sutures of the pancreatic
remnant may reduce bleeding and oozing of the
surface of pancreatic transection, and avoid cutting
the pancreatic remnant through improving its tensile
strength. In addition, alimentary reconstruction
by duodenojejunostomy or gastrojejunostomy
may strongly affect the incidence of DGE. Some
[7,8]
authors
have reported that Braun or Roux-en-Y
reconstruction results in a lower incidence of DGE, but
others have found no significant difference regarding
the incidence between either of the two procedures
[5]
following PD . Our previous experiences concerning
digestive reconstruction after gastrectomy showed
that the Braun procedure probably results in better
patient recovery and less DGE. Good modifications
are built on values of patient health, satisfaction of
doctors and patients, and low social and medical costs.
Therefore, in the present study, a new modification
of PD was performed: mesh-like running suturing
of the pancreatic remnant and additional Braun’
s enteroenterostomy between the afferent and
efferent limbs. Thus, the purpose of our study was to
determine the clinical impact of this modification of PD.

CONCLUSION: An additional mesh-like running
suturing of the pancreatic remnant and Braun’s
enteroenterostomy during PD decreases the incidence
of postoperative complications and is beneficial for
patients.
Key words: Pancreaticoduodenectomy; Delayed gastric
emptying; Braun’s enteroenterostomy; Running suture;
Postoperative pancreatic fistula
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: How to reduce postoperative morbidity after
pancreaticoduodenectomy (PD) is a pressing problem.
A new modification of PD, mesh-like running suturing
of the pancreatic remnant and an additional Braun’s
enteroenterostomy, was performed in our center. The
procedure significantly reduced the postoperative
complications, including pancreatic fistula and clinically
relevant delayed gastric emptying. These surgical
techniques are safe and effective, and are easily
mastered by surgeons, which improves outcomes of PD
and offers major economic and social benefits.
Meng HB, Zhou B, Wu F, Xu J, Song ZH, Gong J, Khondaker
M, Xu B. Continuous suture of the pancreatic stump and Braun
enteroenterostomy in pancreaticoduodenectomy. World J
Gastroenterol 2015; 21(9): 2731-2738 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2731.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2731

INTRODUCTION
Pancreaticoduodenectomy (PD) remains the typical
surgical procedure for pancreatic cancer and
periampullary malignancy. Despite improvements
in the operative technique, suture materials,
and perioperative management, the incidence of
[1]
postoperative complications after PD remains high ,
even in experienced hands. How to reduce postoperative
morbidity is a major and pressing problem.
Postoperative pancreatic fistula (POPF) and
delayed gastric emptying (DGE) after PD are
important complications that might affect mortality,
morbidity, medical costs, and hospital stay.
POPF is associated with the surgical technique of
pancreatojejunostomy. To prevent pancreatic leakage
from pancreatojejunostomy, many measures have
been proposed: duct ligation or duct occlusion,
administration of octreotide, main pancreatic
duct drainage, or different reconstructions of the
pancreatojejunal anastomoses. However, there is
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MATERIALS AND METHODS
Clinical data

From January 2009 to March 2014, data for 203
patients who underwent PD were prospectively
documented in our database. These data were
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retrieved and analyzed in the current study. Of the
203 patients, 98 underwent a modified PD with
Child’s gastrointestinal reconstruction plus Braun’s
enteroenterostomy (details in the following surgical
procedures: Technique A), and 105 received typical
PD with Child’s gastrointestinal reconstruction (details
in the following surgical procedures: Technique B).
Only the patients operated upon by two experienced
surgeons were included, to reduce the effect of a
confounding variable from surgeons. Patients were
excluded if they received neoadjuvant chemotherapy,
had distant metastases (e.g., in the liver), or
underwent vascular reconstruction. All patients
were followed up, and postoperative management
and complications were documented. The data
collected for all patients included demographic
characteristics, surgical variables (e.g., operative
time and intraoperative blood loss), postoperative
hospital stay, postoperative complications, reoperation
rates, mortality and morbidity. All study participants,
or their legal guardians, provided informed written
consent prior to study enrollment. Informed consent
concerning partial data used in the analysis was not
obtained from the participants, because the data were
analyzed anonymously. Review of patients’ records
was approved by the Institutional Review Board,
th
Shanghai 10 People’s Hospital.

was performed in an antecolic manner and an additional
Braun’s enteroenterostomy between the afferent and
efferent limbs was performed (Figure 1B).
Technique B (Group B): PD was performed in the
standard fashion, and similar to Technique A, but
without a mesh-like running suture of the pancreatic
remnant and Braun’s enteroenterostomy.
Postoperative management between the two
groups was similar. Somatostatin analogs were
administered to all patients. The median time for
removal of intra-abdominal flow drains was comparable
between the two groups: 9 d for Technique A and 9.5
d for Technique B.

Definition of postoperative outcomes

To evaluate the efficacy of the surgical technique for
pancreatojejunal anastomosis, the definition of the
pancreatic fistula is important. The ISGPF definition
[9]
of POPF was adopted and defined as follows : the
concentration of amylase from the drainage fluid was
> 3 times the upper limit of serum amylase on or after
postoperative day (POD) 3. POPF was divided into three
types: Grade A, fistula was transient with good clinical
conditions; Grade B, fistula led to infections that needed
persistent drainage; and Grade C, fistula resulted in
poor prognosis and was associated with reoperation.
Grade B or C was regarded as clinically relevant POPF.
A suggested definition of DGE from the International
Study Group of Pancreatic Surgery (ISGPS) was used in
[10]
our study . DGE was defined as three grades: Grade
A, patients could not tolerate solid oral intake after
POD 7; Grade B, patients could not tolerate solid oral
intake after POD 14; and Grade C, patients could not
tolerate solid oral intake after POD 21. In the studies of
[5]
[7]
Sakamoto et al and Nikfarjam et al , Grade A was
regarded as a non-clinically relevant complication. Grade
A was affected by the timing of food service, which was
affected by the surgeon’s preference and removal of
nasogastric tubes. Therefore, Grades B and C DGE were
considered as clinically relevant complications in our
study. Other complications were defined according to
[11]
Clavien and Dindo’s report .

Surgical procedures and postoperative management

Once resectability was ascertained after exploration,
standard PD with distal gastrectomy was performed.
After removal of samples, Child’s gastrointestinal
reconstruction was recommended. The first jejunal
loop was used to perform pancreatojejunostomy
through the mesocolon. Pancreatojejunal anastomoses
were performed, preferably in an end-to-end manner.
If the pancreatic stump was too big and also not
suitable for end-to-end anastomosis, an end-toside anastomosis was performed. Subsequently, the
common hepatic duct was anastomosed into the same
jejunal loop in an end-to-side manner with running
4-0 PDS Ⅱ (Ethicon Johnson and Johnson) sutures of
the back wall and running or interrupted sutures of the
front wall. The distance between hepaticojejunostomy
and pancreatic anastomosis was 5-7 cm. After
hepaticojejunostomy, gastrointestinal continuity was
restored by gastrojejunostomy in an antecolic manner
in all patients. Flow drains were placed routinely. Two
different digestive reconstructive techniques were
performed.

Statistical analysis

Continuous values were presented as the mean ±
2
standard deviation. The χ test was conducted for
categorical variables and Student’s t test was used for
continuous variables. The influence of a given variable
on the development of POPF and DGE was investigated
using logistic regression.
The statistical methods of this study were reviewed
by Li-Wei Wang from Jilin University.

Technique A (Group A): The Child technique
was performed in the standard fashion, but with
some modifications. After placement of a pancreatic
duct drain, the pancreatic remnant was sutured
in a mesh-like running suture style with 5-0
PROLENE Polypropylene Suture. An end-to-end
pancreaticojejunostomy was accomplished by a double
layer interrupted suture (Figure 1A). Gastrojejunostomy
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RESULTS
Demographic data

Group A group comprised 98 patients, aged 45-81
years, and Group B comprised 105 patients, aged
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A

B

Placement of a pancreatic duct drain

Mesh-like running suture of pancreatic
remnant
Braun jejunojejunostomy

Figure 1 Key surgical procedures of the technique. A: Management of the pancreatic remnant; B: Braun enteroenterostomy in pancreaticoduodenectomy.

Table 1 Demographic data

Table 2 Histopathological diagnoses in the two groups
Technique
B group
(n = 105)

t /χ 2

P value

Male/female
57/41
68/37
Mean age (yr)
61.95
60.3
Karnofsky performance
91
96
status > 90
Body mass index
22.04 ± 1.40 21.94 ± 1.31
Preoperative pain
48
53
Diabetes
10
9
Previous abdominal surgery
8
10

0.933
1.224
0.142

0.334
0.223
0.706

0.526
0.045
0.159
0.132

0.600
0.831
0.690
0.716

Variable

Technique
A group
(n = 98)

Histopathological diagnosis

Pancreatic adenocarcinoma
Ampullary or duodenal cancer
Bile duct cancer
Neuroendocrine tumor or carcinoid
tumor
Intraductal papillary mucinous
neoplasm
Pancreatic solid pseudopapillary
tumor
Pancreatic cystadenoma or
cystadenocarcinoma
Common bile duct adenoma
Duodenal adenoma
Inflammation
GIST
Pancreatic adenosquamous carcinoma
Pancreatic tuberculosis
Pancreatic hamartoma
Pancreatic islet hyperplasia
Pancreatic adenocarcinoma and
mucinous carcinoma
Pancreatic Acinar cell carcinoma
Papillary carcinoma of duodenum

33-84 years. The demographic data are shown in Table
1. There were no significant differences between the
two groups regarding sex, age, preoperative Karnofsky
score, body mass index, preoperative pain, diabetes,
and previous abdominal surgery. All pancreatic
surgical cases were elective, and were completed by
experienced surgeons. Of the 203 PD procedures, 131
were performed for pancreatic diseases: 102 were
malignant pancreatic tumors, while the remaining 29
were benign tumors. Details of the histopathological
diagnoses are shown in Table 2. The demographic
characteristics between the two groups were
comparable.

43
30
14
0

47
11
8
6

90
41
22
6

2

6

8

0

4

4

1

11

12

0
1
3
2
0
0
1
1
0

1
1
0
0
2
1
0
0
1

1
2
3
2
2
1
1
1
1

0
0

2
4

2
4

B received standard PD with a Child digestive
reconstruction. Ninety-eight patients in Group A
underwent the addition of Braun’s enteroenterostomy
and a running suture of the pancreatic stump. The

Surgical procedures and operative details

Two hundred and three patients in Groups A and
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Technique A Technique Total
group
B group
(n = 98) (n = 105)
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Table 3 Surgical details
Variable

Technique A group
(n = 98)

Technique B group
(n = 105)

t /χ 2

P value

303.03 ± 55.24
330.89 ± 302.74
23 ± 2.83
98
98

281.20 ± 51.67
342.23 ± 311.34
16 ± 2.67
105
105

2.91
0.26
18.13
NA
NA

< 0.05
0.79
< 0.01
NA
NA

Operating time (min)
Estimated blood loss (mL)
Mean time of pancreatic anastomosis (min)
Drainage of pancreatic juice
Abdominal drainage
NA: Not applied.

Table 4 Postoperative complications and hospital stay
Variable
Perioperative mortality
Re-operation
Overall complications
Breakdown of pancreatojejunostomy
Clinically relevant POPF
DGE (Grade B and C)
Bile Leakage
Intra-abdominal fluid collection or infection
Upper GI bleeding
Intra-abdominal bleeding
Wound infection
Pneumonia or pleural effusion
Urinary tract infection
Hospital stay (d)

Technique A group
(n = 98)

Technique B group
(n = 105)

1
1
37
0
7
1
3
20
4
3
9
12
2
18.45 ± 9.48

1
0
59
0
24
14
7
22
5
2
8
9
3
19.86 ± 10.04

t /χ 2
0.002
1.077
6.911
NA
9.674
11.23
1.407
0.009
0.055
0.282
0.022
0.395
0.006
1.0271

P value
0.961
0.299
0.009
NA
0.002a
0.001a
0.236
0.924
0.814
0.595
0.882
0.530
0.937
0.306

a

P < 0.05, technique A group vs technique B group. NA: Not Applied; POPF: Postoperative pancreatic fistula; DGE: Delayed gastric emptying.

105 patients in Group B did not receive Braun’s
enteroenterostomy or continuous sutures. The operative
time and the mean time of pancreatic anastomosis
of Group A were longer than those of Group B, while
operative blood loss and drainage were similar between
the two groups (Table 3).

and postoperative bleeding. Some complications that
probably developed consequently after operative
intervention but were not linked directly to the
surgical technique were also compared. There were no
significant differences in pneumonia, pleural effusion,
or urinary tract infection between Groups A and B.
No significant difference between the two groups was
identified regarding hospital stay, even with a shorter
stay trend in Group A (Table 4).
Grade B or C fistula was regarded as CR-POPF;
Grades B and C DGE were regarded as clinically
relevant complications. Clinically relevant POPF
occurred in 15.27% of patients. Clinically relevant
POPF (Grades B and C) was identified more
frequently in Group B than in Group A (22.86% vs
7.14%, P = 0.002). Multivariate analysis was also
done when controlling for confounding factors, and
only the type of operation (Technique A) was an
independent risk factor associated with clinically
relevant POPF, with an odds ratio (OR) of 0.266
(95%CI: 0.109-0.654, P = 0.004). Clinically relevant
DGE occurred in 7.40% of patients. Higher clinically
relevant DGE (Grades B and C) was identified
more often in Group B than in Group A (13.33% vs
1.02%, P = 0.001). Multivariate analysis showed
that Technique A was an independent risk factor for
clinically relevant DGE, with an OR of 0.073 (95%CI:
0.010-0.578, P = 0.013), when controlling the risk

Postoperative course

Octreotide was administered subcutaneously in all
patients. Perioperative mortality, defined as death
within 30 d after surgery, was 1.0% among all patients.
There was no significant difference in perioperative
mortality between the two groups: the one death
in Group A was from postoperative hemorrhage,
while the one in Group B was from severe abdominal
infection and postoperative hemorrhage. Postoperative
morbidity included POPF, DGE, bile leakage,
postoperative bleeding, intra-abdominal fluid collection
or infection, and wound complications. The overall
incidence of postoperative complications, excluding
Grade A DGE, was 47.30%. Postoperative morbidity in
Group B was higher than that in Group A (56.20% vs
37.75%, respectively). Reoperation was performed in
one patient in Group A because of abdominal wound
dehiscence, while no patient was reoperated upon
in Group B. No significant difference was identified
between the two groups concerning reoperation, bile
leakage, intra-abdominal fluid collection or infection,
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factors clinically relevant to POPF.

there was a higher incidence of diabetes mellitus in
patients with duct occlusion. Drainage of the main
pancreatic duct might be potentially beneficial in
[15,16]
reducing POPF
. A pancreatic duct drain was placed
in all our patients. As time has passed, some surgical
modifications, such as pancreaticogastrostomy, have
been proposed to reduce the incidence of POPF.
[1]
Topal et al reported that pancreaticogastrostomy
is more efficient than pancreaticojejunostomy in
reducing the incidence of POPF. In that study, 19.8%
of patients in the pancreaticojejunostomy group
and 8.0% in the pancreaticogastrostomy group
[1]
had clinically relevant POPF . We did not attempt
pancreaticogastrostomy. All patients in our center
underwent pancreaticojejunostomy after PD. However,
a small modification for pancreaticojejunostomy was
made: continuous suture of the pancreatic stump in
a mesh-like style before pancreaticojejunostomy. Of
98 cases using this modified pancreaticojejunostomy,
seven (7.14%) suffered from clinically relevant POPF
(Group A). Standard pancreaticojejunostomy was
performed in 105 cases during the same time period
(Group B). There were no significant differences
between the two groups in terms of demographics
and laboratory data. However, the incidence of POPF
(Grade B or C) in Group A was significantly lower than
that in Group B. Multivariate analysis also showed
that Technique A was an independent risk factor for
the development of POPF. Possible causes for why
Technique A significantly reduced the incidence of
POPF are as follows. (1) continuous suture of the
pancreatic remnant ensures good hemostasis and
avoids pancreatic juice extravasation from the cut
surface of the pancreas; (2) the pancreatic stump,
after continuous suture, has greater tensile strength,
which could avoid cutting the pancreatic remnant and
tangential shear forces during tying when performing
pancreaticojejunostomy. This makes it easier to
perform pancreaticojejunostomy in patients with soft
pancreatic tissue; and (3) Braun’s enteroenterostomy
in Technique A decreases biliopancreatic limb pressure
and reduces the likelihood of pressure developing in
the limb, which avoids corrosion and inflammation of
the pancreatic remnant because of reflux of pancreatic
juice, with all types of activated kinases, bile and
intestinal fluid.
Braun’s enteroenterostomy in Technique A not
only reduced the incidence of POPF, but also the
development of postoperative DGE. Only one (1%)
patient developed postoperative DGE (Grades B and
C) in Group A. The incidence of DGE in Group A was
significantly lower than that in Group B. Clinically
relevant DGE might be initiated by an obstruction, such
[5]
as anastomotic edema or stenosis , limb volvulus,
gastric irritant effects and adhesions. In addition, any
potential block from the level of gastroenterostomy
after standard reconstruction could increase biliary and
pancreatic anastomotic outflow pressures, resulting
in increased risks of pancreatic and biliary fistula and

DISCUSSION
The incidence of postoperative complications after PD
[1,12]
remains high; up to 50%-60%
. Pancreatic fistula
and DGE are the two most troublesome postoperative
complications. Severe POPF may need reoperation
and could lead to death; however, DGE is not a fatal
complication after PD, but may significantly prolong
[3]
hospitalization and increase costs . The incidence of
POPF is highly associated with the management of
the pancreatic remnant, and digestive reconstruction
is one of the most important determinants of
postoperative DGE. Today, standard PD without meshlike suturing of the pancreatic remnant and Braun’s
enteroenterostomy between the afferent and efferent
limbs, in most clinical centers, is a routine procedure
for the treatment of pancreatic and periampullary
malignant tumors. We modified this standard PD
procedure by introducing continuous suture of the
pancreatic stump with a mesh-like style and an
additional Braun’s enteroenterostomy. We showed
that this modified procedure significantly decreased
the incidence of POPF and DGE, and it could be
recommended in the clinic.
Considerable controversy exists concerning
pancreatic resection. Postoperative administration of
synthetic somatostatin analogs has been proposed to
reduce the incidence of POPF by inhibiting exocrine
pancreatic secretions; however, it is controversial. A
[12]
recent meta-analysis
showed that somatostatin
analogs might reduce perioperative morbidity, but
further well-designed trials are needed to confirm this
finding. Therefore, somatostatin and its analogs are
used routinely for postoperative management after
PD in our center. Although some studies have shown
that intra-abdominal drainage does not improve
[13]
postoperative outcomes after pancreatic resection ,
it still needs large and well-designed trials to confirm
this. Based on our previous evidence, the incidence
of intra-abdominal fluid collection or infection, even
if with the placement of drainage after pancreatic
resection, is up to 20%. Therefore, all patients
included in the present study accepted intra-abdominal
drains to detect early anastomotic complications. In
addition, some surgeons prefer to place a tube into
the bile duct to divert the bile after pancreatic head
[14]
resection. Herzog et al showed that a T tube cannot
prevent biliary leakage. No tube was put into the bile
duct to prevent hepaticojejunostomy leakage in any of
our patients.
To date, pancreatojejunal anastomosis remains
one of the most troublesome problems of pancreatic
resection, and more effective skills are need to
resolve it. Pancreatic duct occlusion was proposed
to reduce exocrine pancreatic secretions to protect
pancreatojejunal anastomosis; however, pancreatic
fistulas were more frequent after duct occlusion and
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Braun’s enteroenterostomy is recommended, which reduces the incidence of
postoperative complications and is beneficial for patients.

intra-abdominal sepsis. Braun enteroenterostomy
is carried out between the afferent and efferent
limbs, distal to the gastroenterostomy. It potentially
stabilizes the gastroenterostomy and helps prevent
twisting and angulation. This anastomosis also may
reduce kinking and edema of the gastroenterostomy
and divert food from the afferent limb. In addition,
it has been reported that Braun anastomosis might
[17]
decrease bile reflux through the bypass
and reduce
exposure of the gastric mucosa to irritants because
it directs pancreatic and biliary juice away from the
stomach. Moreover, Braun enteroenterostomy is
[18]
reported to reduce loop obstruction
and ease the
[19]
passage of food. Meanwhile, Qu et al
reported that
pancreatic fistula is a clinical risk factor predictive of
DGE. Therefore, our lower incidence of DGE in Group
A might also have been associated with the lower
incidence of POPF because of continuous suture of the
pancreatic stump with mesh-like style and Braun’s
enteroenterostomy.
The postoperative morbidity rate after PD is
50%-60%, while only a small number of complications,
such as POPF and DGE, significantly alter the
postoperative course and hospital stay. Continuous
suture of the pancreatic stump with mesh-like style
and Braun’s enteroenterostomy during PD significantly
reduced the postoperative complications, including
clinically relevant POPF and DGE. These surgical
techniques are safe and effective, easily mastered by
surgeons, improve the outcomes of PD and offer major
economic and social benefits. A randomized control
trial is required to confirm the above conclusions;
however, from the current data, an additional mesh-like
running suturing of the pancreatic remnant and Braun’
s enteroenterostomy, which reduces the incidence
of postoperative complications and is beneficial for
patients, could be recommended.

Terminology

Braun’s enteroenterostomy is a type of anastomosis between the afferent and
efferent limbs.
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AIM: To investigate the dynamic changes of serum
hepatitis B surface antigen (HBsAg) levels apportioned
by the same hepatic parenchyma cell volume (HPCV),
namely, hepatic cell quantities.
METHODS: Serum HBsAg levels were detected by
electrochemiluminescence and serum HBsAg levels
apportioned by the same HPCV were figured out
according to the theory of sphere geometry. HBsAg
levels were compared among different liver inflammation
grades, as well as different hepatic fibrosis stages.
RESULTS: In hepatitis B e antigen-negative chronic
hepatitis B, serum HBsAg levels in liver histological
inflammation grades 1-4 were 3.66 ± 0.40, 3.74 ± 0.35,
3.74 ± 0.26 and 3.71 ± 0.34 log10 COI (cut off index),
respectively, and there were no differences before
apportion (P = 0.640). Serum HBsAg levels apportioned by
the same HPCV were 5.57 ± 0.62, 5.98 ± 0.65, 6.59 ± 0.50
and 6.81 ± 0.84 log10 COI, respectively, and there were
significant differences after apportion (P < 0.001). Serum
HBsAg levels in hepatic fibrosis stages Ⅰ-Ⅳ were 3.66
± 0.43, 3.75 ± 0.33, 3.71 ± 0.28 and 3.75 ± 0.26 log10
COI, respectively, and there were no differences before
apportion (P = 0.513). Serum HBsAg levels apportioned
by the same HPCV were 5.53 ± 0.66, 5.98 ± 0.53, 6.29
± 0.46 and 7.06 ± 0.48 log10 COI, respectively, and there
were significant differences after apportion (P < 0.001).
CONCLUSION: Serum HBsAg levels apportioned by
the same HPCV (hepatic cell quantities), rather than
serum HBsAg levels, increase with liver inflammation
grades and hepatic fibrosis stages.
Key words: Serum hepatitis B surface antigen; Chronic
hepatitis B; Hepatic parenchyma cell quantities; Liver
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inflammation grades; Hepatic fibrosis stages

levels apportioned by the same hepatic parenchyma
cell volume (HPCV), namely hepatic cell quantities, in
different liver histological inflammation grades (1-4) as
well as different hepatic fibrosis stages (Ⅰ-Ⅳ). This will
help clarify the pathogenesis of HBeAg-negative CHB,
monitor the progression of the disease and provide a
theoretic basis for optimization of antiviral therapy.

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

Core tip: Hepatitis B surface antigen (HBsAg)-negative
chronic hepatitis B patients always feature increasing
liver fibrosis and decreasing hepatic parenchyma cells.
Does it influence the circulating HBsAg released into the
serum? It requires research on the condition that the
impact of fibrous volume on hepatic cell quantities should
be deducted. It turns out that there were significant
differences in serum HBsAg levels apportioned by
the same hepatic cell quantities among different liver
histological inflammation grades, as well as different
hepatic fibrosis stages. In conclusion, although hepatitis
B virus replication place - hepatic cell quantities - were
shrinking while fibrosis progresses, its replication and
expression became more active rather than declined or
silenced.

MATERIALS AND METHODS
Patients

One hundred and sixty patients with HBeAg-negative
CHB recruited from January 2008 to October 2012 in
the admission office, Third Affiliated Hospital of Sun
Yat-sen University, Guangzhou, China, were studied.
There were 131 males and 29 females with a median
age of 38.7 years (range: 13-67 years). All patients
received no antiviral therapy such as nucleosides,
interferon or thymosin during the study. None of the
individuals included had hepatitis C virus, hepatitis D
virus, hepatitis E virus or human immunodeficiency
virus co-infection. Further exclusion criteria were
end-stage liver insufficiency, autoimmune disorders,
immunosuppressive treatment and malignancies.

Wu ZQ, Tan L, Liu T, Gao ZL, Ke WM. Evaluation of
changes of serum hepatitis B surface antigen from a different
perspective. World J Gastroenterol 2015; 21(9): 2739-2745
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i9/2739.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2739

Ethics statement

All the 160 HBeAg-negative CHB patients in our
retrospective investigation had been informed of
possible complications with liver biopsies clearly before
the invasive operation, such as local tissue injury, bile
duct injury, bleeding, postoperative pain, anesthesia
accident and other unexpected possible situations.
The liver biopsies, which were not done for the study,
were part of standard diagnosis and treatment for
these patients. All patients had gave informed consent
for every diagnosis and treatment, including the
liver biopsies to be performed. All patients’ data we
used were fully anonymized. None of the authors
of this study had any involvement with the patients
or performed any liver biopsies. Because this is a
retrospective study to collect existing data of our own
department, we did not seek approval by any ethics
committee.

INTRODUCTION
According to global advances in the chronic hepatitis B
(CHB) research at present, testing for serum hepatitis
B surface antigen (HBsAg) is still very important
[1]
in diagnosis of hepatitis B virus (HBV) infection .
HBsAg clearance is the desired end point of clinical
[2]
treatment for CHB . In the natural course of CHB,
as many researches demonstrated, serum HBsAg
titers usually rise up again in hepatitis B e antigen
(HBeAg) negative hepatitis patients except the
[3]
immune tolerance phase . Thus, HBsAg monitoring
can be used as a sign of HBV reactivation to determine
[4,5]
the risk of disease activity
. In HBeAg-negative
patients who have HBV DNA levels < 2000 IU/mL,
HBsAg level < 10 IU/mL is the strongest predictor of
[6]
HBsAg loss . During the antiviral therapy, monitoring
serum HBsAg levels dynamically may have high value
for prediction of sustained virological response and
[7-10]
HBsAg clearance
. Patients with HBeAg-negative
CHB are older and have more advanced liver disease
since these patients represent a later stage in the
[11,12]
natural course of chronic HBV infection
. With the
continually increasing liver fibrosis and decreasing
hepatic parenchyma cells, less and less place the amount of hepatic parenchyma cells - can be
provided to HBV replication. Does it influence the
circulating HBsAg released into the serum? Therefore,
it is necessary to figure out the dynamic expression
pattern of serum HBsAg levels, and the serum HBsAg

WJG|www.wjgnet.com

Serum HBsAg quantitation

Quantitative detection were performed with Elecsys
(Roche Diagnostics GmbH, Mannheim). The judgment
standards are stated as follows: reference ranges of
HBsAg, anti-HBs, HBeAg, anti-HBe and anti-HBc are <
1.0 (cut off index, COI), 0-10 IU/L, < 1.0 COI, > 1.0
COI and > 1.0 COI, respectively. The test results of
COI values read positive within the reference ranges
while negative without it.

Liver histopathological diagnosis and measurements of
hepatic fibrosis proportion

Liver biopsies in 160 HBeAg-negative CHB patients
were performed with an automatic gun mating 16G
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needle guided by an Esaote AU4 color Doppler system
(Esaote, United States). The obtained section of
each sample was about 20 mm in length. The biopsy
specimens were fixed with Bouin’s solution, embedded
in paraffin, and stained with hematoxylin-eosin and
Masson’s trichrome. Liver histological inflammation
grades and hepatic fibrosis stages were diagnosed
according to the Desmet VJ chronic hepatitis classification
[13]
by liver pathologists at our hospital .
Using JVC-KY-F30B3-CCD lens (Japan) and Zeiss
Axiotron microscope (Carl Zeiss Inc, Germany), the
measurements of hepatic fibrosis proportion were
performed with an automatic imaging analysis system
(KONTRON IBAS 2.5, Germany). Five fields of each
microscopic view were randomly selected at four
corners and the center of hepatic tissue section for
calculation of average fibrous percentages in different
fibrosis stages. This means that totally 200, 245, 120
and 155 microscopic views were averaged to calculate
the fibrous percentages in hepatic fibrosis stages Ⅰ[14]
Ⅳ, respectively . The images were magnified 400
times by a microscope. The average fibrosis proportion
percents in different fibrosis stages were exactly the
average fibrous percentages of section at those four
fibrosis stages.

cell area is equal to root of the ratio of internal smaller
circle hepatic parenchyma cell area (A) to pi (π),
2/1
namely R = (A/π) . The radii of the rotundity hepatic
parenchyma cell area in hepatic fibrosis stages Ⅰ2/1
2/1
Ⅳ are (91.69%/3.14)
= 0.5404, (88.57%/3.14)
2/1
= 0.5311, (85.03%/3.14)
= 0.5204 and
2/1
(79.27%/3.14) = 0.5023, respectively. Further,
3
as the formula of sphere volume (V) is V = 4/3πR ,
the three-dimensional sphere HPCV values are V1
3
3
= 4/3πR1 = 4/3 × 3.14 × 0.5404 = 66.07%, V2
3
3
= 4/3πR2 = 4/3 × 3.14 × 0.5311 = 62.72%, V3 =
3
3
4/3πR3 = 4/3 × 3.14 × 0.5204 = 59.00% and V4 =
3
3
4/3πR4 = 4/3 × 3.14 × 0.5023 = 53.06% in hepatic
fibrosis stages Ⅰ-Ⅳ, respectively. Accordingly, the
crescent hepatic fibrosis volumes in hepatic fibrosis
stages Ⅰ-Ⅳ are 100% - 66.07% = 33.93%, 100%
- 62.72% = 37.28%, 100% - 59.00% = 41.00%
and 100% - 53.06% = 46.94%, respectively. The
reasoning and computational processes are shown in
Figure 1.

Calculation of serum HBsAg levels apportioned by the
same HPCV in different liver inflammation grades and
hepatic fibrosis stages

By dividing the logarithms of HBsAg by the percentage
of HPCV in each hepatic fibrosis stage that they
located, we got the logarithm values of serum HBsAg
apportioned by the same HPCV (hepatic cell quantities).

Calculation of HPCV by the fibrosis proportion in
different hepatic fibrosis stages

The liver consists of a majority of hepatic parenchyma
cells, a minority of sinusoidal endothelial cells, Kupffer
cells and mesenchymal cells. Therefore, the HPCV
can almost represent the quantities of hepatocytes.
According to the basic principles of microscope, the
100% circle area of microscopic view under the
microscope in hepatic fibrosis stages Ⅰ, Ⅱ, Ⅲ or Ⅳ was
mainly made up of two parts: the proportion of hepatic
parenchyma cell area and corresponding proportion
of hepatic fibrosis area. Based on automatic imaging
analysis in our previous research, the area proportions
of hepatic fibrosis were 8.31% ± 2.90%, 11.43% ±
2.76%, 14.97% ± 5.88% and 20.73% ± 4.44% in
[14]
hepatic fibrosis stages Ⅰ-Ⅳ, respectively , while the
corresponding proportions of hepatic parenchyma cell
area were 91.69%, 88.57%, 85.03%, and 79.27%,
respectively.
According to the principles of liver histopathological
section and the circle view of microscope, each
circular image of hepatic parenchyma cells and hepatic
fibrous tissues under the microscope was classified
into internal smaller circle hepatic parenchyma cell
area and peripheric lunular fibrous tissues area. What
means that the 100% circle area of microscopic view
= 91.67%, 88.57%, 85.03% and 79.27% of internal
smaller rotundity hepatic parenchyma cell area +
8.31%, 11.43%, 14.97% and 20.73% of peripheric
lunular fibrous tissues area in hepatic fibrosis stages ⅠⅣ, respectively.
2
Because the rotundity area formula is A = πR , the
radius (R) of internal smaller circle hepatic parenchyma
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Statistical analysis

Statistical analyses were performed using SPSS 13.0
software. Serum HBsAg levels were logarithmically
transformed for analysis. Correlation analysis between
liver inflammation grades and hepatic fibrosis stages
2
was done using χ test. The comparisons among more
than two groups in serum HBsAg levels and HBsAg
levels apportioned by the same HPCV in hepatic fibrosis
stages Ⅰ-Ⅳ were done using ANOVA test. P values <
0.008 (0.05/6) were considered significant.

RESULTS
Characteristics of pathologic distribution in 160 HBeAgnegative CHB patients

Overall, the distribution of liver inflammation grades
was similar to that of the corresponding hepatic fibrosis
stages in HBeAg-negative CHB patients in pathologic
diagnosis (Figure 2). The milder the liver inflammation
grades, the milder the hepatic fibrosis stages. Likewise,
the severer the liver inflammation grades, the severer
the hepatic fibrosis stages. Liver inflammation grades
2
correlated well with hepatic fibrosis stages (χ = 187.635,
P < 0.001).

Dynamic changes of serum HBsAg levels and serum
HBsAg apportioned by the same HPCV in different
inflammation grades and fibrosis stages

In HBeAg-negative CHB, there was no obvious rule for
dynamic changes of serum HBsAg levels no matter
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Fibrosis stage Ⅰ:
91.69% hepatic
parenchyma cell
area

66.07% hepatic
parenchyma cell
volume

33.93% hepatic
fibrosis volume

8.31% hepatic
fibrosis area
∵A1 = πR12;
∴R1 = (A1/π)1/2 = (91.69%/3.14)1/2 = 0.5404; V1 = 4/3πR13 = 4/3 × 3.14 × 0.54043 = 0.6607 = 66.07%.
Fibrosis stage Ⅱ:
88.57% hepatic
parenchyma cell
area

62.72% hepatic
parenchyma cell
volume

11.43% hepatic
fibrosis area

37.28% hepatic
fibrosis volume

∵A2 = πR22;
∴R2 = (A2/π)1/2 = (88.57%/3.14)1/2 = 0.5311; V2 = 4/3πR23 = 4/3 × 3.14 × 0.53113 = 0.6272 = 62.72%.
Fibrosis stage Ⅲ:
85.03% hepatic
parenchyma cell
area

59.00% hepatic
parenchyma cell
volume

14.97% hepatic
fibrosis area

41.00% hepatic
fibrosis volume

∵A3 = πR32;
∴R3 = (A3/π)1/2 = (85.03%/3.14)1/2 = 0.5204; V3 = 4/3πR33 = 4/3 × 3.14 × 0.52043 = 0.5900 = 59.00%.
Fibrosis stage Ⅳ:
53.06% hepatic
parenchyma cell
volume

79.27% hepatic
parenchyma cell
area

20.73% hepatic
fibrosis area

46.94% hepatic
fibrosis volume

∵A4 = πR42;
∴R4 = (A4/π)1/2 = (79.27%/3.14)1/2 = 0.5023; V4 = 4/3πR43 = 4/3 × 3.14 × 0.50233 = 0.5306 = 53.06%.

Figure 1 Sketch map of calculation of hepatic parenchyma cell volume.

among different liver inflammation grades or hepatic
fibrosis stages. However, serum HBsAg levels apportioned
by the same HPCV (hepatic cell quantities) elevated with
the increasing inflammation grades and fibrosis stages
(Table 1). There was no differences in serum HBsAg levels
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no matter among different liver inflammation grades or
hepatic fibrosis stages (F = 0.564, P = 0.640 and F = 0.768,
P = 0.513, respectively; Table 2). However, there were
significant differences in serum HBsAg levels apportioned
by the same HPCV among inflammation grades 1-4 and
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absolutely an indispensible indicator during the process
[22]
of individualized therapy and follow-up .
HBeAg-negative CHB patients are older and have
more advanced liver disease since these patients
represent a later stage in the natural course of chronic
[11,12]
HBV infection
. With the continually increasing liver
fibrosis and decreasing hepatic parenchyma cells, less
and less place - HPCV (hepatic cell quantities) - can be
provided to HBV replication. It influences the circulating
HBsAg released into serum probably. Therefore, it
is necessary to figure out the dynamic expression
pattern of serum HBsAg levels, and the serum HBsAg
levels apportioned by the same HPCV (hepatic cell
quantities) on the condition that the impact of fibrous
volume on HPCV (hepatic cell quantities) should be
deducted in liver inflammation grades 1-4, as well as
hepatic fibrosis stages Ⅰ-Ⅳ, respectively.
The liver consists of a majority of hepatic parenchyma
cells, a minority of sinusoidal endothelial cells, Kupffer
cells and mesenchymal cells. Therefore, the HPCV can
almost represent the quantities of hepatocytes. We
obtained the area proportions of hepatic fibrosisⅠ-Ⅳ
based on automatic imaging analysis in our previous
research. Furthermore, according to the principles of
liver histopathological section and the rotundity view of
microscope, each circular image of hepatic parenchyma
cells and hepatic fibrous tissues under the microscope
was classified into internal smaller rotundity hepatic
parenchyma cell area and peripheric lunular fibrous
tissues area. The percentages of HPCV in hepatic fibrosis
stagesⅠ-Ⅳ were calculated exactly on the basis of
conversion from rotundity area to three-dimensional
sphere volume. The reasoning and computational
processes are shown in Figure 1.
As this study indicated, in patients with HBeAgnegative CHB, there was no differences in serum HBsAg
levels, but significant differences in serum HBsAg levels
apportioned by the same HPCV among inflammation
grades 1-4 and fibrosis stagesⅠ-Ⅳ (P < 0.000 for both,
[23]
Table 2). A study by Ke et al
has shown that the
serum HBV DNA levels apportioned by the same HPCV
increased along with the advanced liver inflammation
grades when deducting the impact of fibrous volume on
HPCV (hepatic cell quantities) in different fibrosis stages
in both HBeAg-positive and negative CHB. Their finding
corresponds well with this study. This may suggest that
escalation of HBV replication in hepatocytes promotes
the expression of serum HBsAg, aggravates the T cell
mediated specific immune injury to the liver and results
in more serious inflammation activities.
This study also showed that liver inflammation
grades correlated well with hepatic fibrosis stages in
HBeAg-negative hepatitis B (P < 0.000, Figure 2).
While the liver inflammation grade was G1 or G2, the
hepatic fibrosis stage was almost the milder S1 or S2.
While the liver inflammation grade was G3 or G4, the
hepatic fibrosis stage was almost the severer S3 or S4
as well. Because serious liver inflammation grades are
often accompanied by accumulated serious hepatic
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Figure 2 Distribution of liver inflammation grades and hepatic fibrosis
stages in 160 hepatitis B e antigen-negative chronic hepatitis B patients.
χ 2 = 187.635, P < 0.000.

Table 1 Dynamic changes of serum hepatitis B surface antigen
and serum hepatitis B surface antigen apportioned by the same
hepatic parenchyma cell volume in different inflammation
grades and fibrosis stages
Case, n
G1
G2
G3
G4
S1
S2
S3
S4

Serum HBsAg

Serum HBsAg apportioned by

(log10 COI)

the same HPCV (log10 COI)

3.66 ± 0.40
3.74 ± 0.35
3.74 ± 0.26
3.71 ± 0.34
3.66 ± 0.43
3.75 ± 0.33
3.71 ± 0.28
3.75 ± 0.26

5.57 ± 0.62
5.98 ± 0.65
6.59 ± 0.50
6.81 ± 0.84
5.53 ± 0.66
5.98 ± 0.53
6.29 ± 0.46
7.06 ± 0.48

44
54
35
27
53
40
30
37

Data are shown as mean ± SD. HBsAg: Hepatitis B surface antigen; HPCV:
Hepatic parenchyma cell volume; G: Liver inflammation grade; S: Hepatic
fibrosis stage; COI: Cut off index.

fibrosis stagesⅠ-Ⅳ (F = 27.354, P < 0.000 and F =
57.077, P < 0.000, respectively; Table 2).

DISCUSSION
So far serum HBsAg is still the most main and classic
[1]
marker in the diagnosis of active infection with HBV .
HBsAg clearance is the desired end point of clinical
[15]
treatment for CHB . Baseline serum HBsAg level is the
[16]
most effective predictor of HBsAg clearance . As some
[17,18]
studies showed
, there is a good correlation among
intrahepatic cccDNA levels, HBV DNA and HBsAg levels
released into peripheral blood. Serum HBsAg can not
only reflect the activity of virus replication indirectly, but
[19,20]
also evaluate the damage of hepatocytes in CHB
.
Owing to the fact that a rapid on-treatment decline of
serum HBsAg levels predicts the effects of anti-HBV
[21]
therapy , such as HBeAg serological conversion and
HBsAg clearance, the dynamic monitoring of HBsAg is

WJG|www.wjgnet.com
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Table 2 Statistical analysis of dynamic changes of serum hepatitis B surface antigen and serum hepatitis B surface antigen
apportioned by the same hepatic parenchyma cell volume in different inflammation grades and fibrosis stages

G +G
G1 + G3
G1 + G4
G2 + G3
G2 + G4
G3 + G4
G1 to G4
1

2

Serum HBsAg

Serum HBsAg apportioned by HPCV

0.233
0.307
0.575
0.960
0.655
0.712
F = 0.564
P = 0.640

0.002
0.000
0.000
0.000
0.000
0.194
F = 27.354
P = 0.000

Serum HBsAg

Serum HBsAg apportioned by HPCV

0.186
0.497
0.222
0.613
0.947
0.663
F = 0.768
P = 0.513

0.000
0.000
0.000
0.024
0.000
0.000
F = 57.077
P = 0.000

S +S
S1 + S3
S1 + S4
S2 + S3
S2 + S4
S3 + S4
S1 to S4
1

2

HBsAg: Hepatitis B surface antigen; HPCV: Hepatic parenchyma cell volume; G: Liver inflammation grades; S: Hepatic fibrosis stages.

virological response and HBsAg clearance.

fibrosis, the serum HBsAg levels apportioned by
the same HPCV increased as the severity of hepatic
fibrosis stages developed though the HPCV (hepatic
cell quantities) shrank from hepatic fibrosis stage Ⅰ to
Ⅳ.
In conclusion, serum HBsAg levels apportioned by
the same HPCV (hepatic cell quantities), rather than
serum HBsAg levels, increased with the advance of
liver inflammation grades and hepatic fibrosis stages
on the condition that the impact of fibrous volume on
HBV replication place – HPCV - was deducted in HBeAgnegative hepatitis B. Although HBV replication place
- HPCV - was shrinking while HBeAg-negative CHB
progresses, its replication and expression became more
active rather than declined or silenced. Understanding
the dynamic changes of HBsAg apportioned by the
same HPCV throughout the natural history of CHB
represents a step forward in further investigation of HBV
viral lifecycle and the influence of host immune response.
Compared to HBV DNA, quantitative HBsAg assays are
[24]
easy to perform and relatively inexpensive . Monitoring
the dynamic changes of serum HBsAg apportioned by
the same HPCV may predict HBsAg clearance more
accurately and effectively. Maybe we should consider the
liver inflammation grades and hepatic fibrosis stages
in patients with HBeAg-negative CHB which represents
a later stage in the natural course of chronic HBV
infection when comes to anti-HBV therapy. It seems
that only applying effective and low-resistant antiviral
drugs to HBeAg-negative CHB patients with advanced
liver inflammation and fibrosis, regardless of serum
HBsAg levels, can control liver inflammation activity and
reverse the formation of liver fibrosis suitably.

Innovations and breakthroughs

This study brings hepatic parenchyma cell volume (HPCV) - the HBsAg
replication place - into account. We think it is necessary to figure out the
dynamic expression pattern of serum HBsAg levels, and the serum HBsAg
levels apportioned by the same HPCV (hepatic cell quantities) on the condition
that the impact of fibrous volume on HPCV (hepatic cell quantities) should be
deducted.

Applications

Monitoring the dynamic changes of serum HBsAg apportioned by the same
HPCV may help predict HBsAg clearance and supply antiviral therapy more
accurately and effectively.

Terminology

HPCV, namely, hepatic cell quantities, provides the replication place to HBV
in the liver. Changing of HPCV (hepatic cell quantities) in natural course of
HBeAg-negative CHB may influence the serum HBsAg titers.

Peer-review

The article researched the dynamic changes of serum HBsAg from a new
perspective. It took the HBV replication place - HPCV (hepatic cell quantities)
which may affect the serum HBsAg level - into consideration. The research
method which referenced mathematics is very innovative. The research
suggested that hepatic cell quantities were shrinking while fibrosis progresses, but
serum HBsAg expression became more active rather than declined or silenced.

REFERENCES
1
2

3
4

COMMENTS
COMMENTS

5

Background

Serum hepatitis B surface antigen (HBsAg) is the most main and classic marker
in diagnosis of hepatitis B virus (HBV) infection. HBsAg clearance is the desired
end point of clinical treatment for chronic hepatitis B (CHB). Baseline serum
HBsAg level is the most effective predictor of HBsAg clearance. Serum HBsAg
level is the hotspot in CHB research field recently.

6

Research frontiers

The global advances in CHB research suggest that dynamic monitoring of
HBsAg titers may have high value for prediction of HBV reactivation, sustained

WJG|www.wjgnet.com

2744

Merrill RM, Hunter BD. Seroprevalence of markers for hepatitis
B viral infection. Int J Infect Dis 2011; 15: e78-121 [PMID:
21130675 DOI: 10.1016/j.ijid.2010.09.005]
European Association For The Study Of The Liver. [EASL
clinical practice guidelines. Management of chronic hepatitis B].
Gastroenterol Clin Biol 2009; 33: 539-554 [PMID: 19481389 DOI:
10.1016/j.gcb.2009.03.002]
Liang TJ. Hepatitis B: the virus and disease. Hepatology 2009; 49:
S13-S21 [PMID: 19399811 DOI: 10.1002/hep.22881]
Nguyen T, Thompson AJ, Bowden S, Croagh C, Bell S, Desmond
PV, Levy M, Locarnini SA. Hepatitis B surface antigen levels
during the natural history of chronic hepatitis B: a perspective
on Asia. J Hepatol 2010; 52: 508-513 [PMID: 20206400 DOI:
10.1016/j.jhep.2010.01.007]
Jaroszewicz J, Calle Serrano B, Wursthorn K, Deterding K,
Schlue J, Raupach R, Flisiak R, Bock CT, Manns MP, Wedemeyer
H, Cornberg M. Hepatitis B surface antigen (HBsAg) levels in the
natural history of hepatitis B virus (HBV)-infection: a European
perspective. J Hepatol 2010; 52: 514-522 [PMID: 20207438 DOI:
10.1016/j.jhep.2010.01.014]
Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, Kuo SF,
Liu CH, Chen PJ, Chen DS, Kao JH. Determinants of spontaneous
surface antigen loss in hepatitis B e antigen-negative patients with
a low viral load. Hepatology 2012; 55: 68-76 [PMID: 21858846
DOI: 10.1002/hep.24615]

March 7, 2015|Volume 21|Issue 9|

Wu ZQ et al . Hepatitis B surface antigen monitoring
7

8

9

10

11
12

13

14

15

Wursthorn K, Jung M, Riva A, Goodman ZD, Lopez P, Bao W,
Manns MP, Wedemeyer H, Naoumov NV. Kinetics of hepatitis
B surface antigen decline during 3 years of telbivudine treatment
in hepatitis B e antigen-positive patients. Hepatology 2010; 52:
1611-1620 [PMID: 20931556 DOI: 10.1002/hep.23905]
Brunetto MR, Moriconi F, Bonino F, Lau GK, Farci P, Yurdaydin
C, Piratvisuth T, Luo K, Wang Y, Hadziyannis S, Wolf E, McCloud
P, Batrla R, Marcellin P. Hepatitis B virus surface antigen levels:
a guide to sustained response to peginterferon alfa-2a in HBeAgnegative chronic hepatitis B. Hepatology 2009; 49: 1141-1150
[PMID: 19338056 DOI: 10.1002/hep.22760]
Moucari R, Mackiewicz V, Lada O, Ripault MP, Castelnau C,
Martinot-Peignoux M, Dauvergne A, Asselah T, Boyer N, Bedossa
P, Valla D, Vidaud M, Nicolas-Chanoine MH, Marcellin P. Early
serum HBsAg drop: a strong predictor of sustained virological
response to pegylated interferon alfa-2a in HBeAg-negative
patients. Hepatology 2009; 49: 1151-1157 [PMID: 19115222 DOI:
10.1002/hep.22744]
Sonneveld MJ, Rijckborst V, Boucher CA, Hansen BE, Janssen
HL. Prediction of sustained response to peginterferon alfa-2b
for hepatitis B e antigen-positive chronic hepatitis B using ontreatment hepatitis B surface antigen decline. Hepatology 2010; 52:
1251-1257 [PMID: 20830787 DOI: 10.1002/hep.23844]
Hadziyannis SJ, Vassilopoulos D. Hepatitis B e antigen-negative
chronic hepatitis B. Hepatology 2001; 34: 617-624 [PMID:
11584355]
Brunetto MR, Oliveri F, Coco B, Leandro G, Colombatto P, Gorin
JM, Bonino F. Outcome of anti-HBe positive chronic hepatitis B in
alpha-interferon treated and untreated patients: a long term cohort
study. J Hepatol 2002; 36: 263-270 [PMID: 11830339]
Chen M, Sällberg M, Hughes J, Jones J, Guidotti LG, Chisari FV,
Billaud JN, Milich DR. Immune tolerance split between hepatitis B
virus precore and core proteins. J Virol 2005; 79: 3016-3027 [PMID:
15709022]
Xie SB, Yao JL, Zheng SS, Yao CL, Zheng RQ. The levels of
serum fibrosis marks and morphometric quantitative measurement
of hepatic fibrosis. Hepatobiliary Pancreat Dis Int 2002; 1:
202-206 [PMID: 14607739]
Liaw YF, Chu CM. Hepatitis B virus infection. Lancet 2009; 373:
582-592 [PMID: 19217993 DOI: 10.1016/S0140-6736(09)60207-5]

16

17
18

19
20

21
22

23

24

Arai M, Togo S, Kanda T, Fujiwara K, Imazeki F, Yokosuka O.
Quantification of hepatitis B surface antigen can help predict
spontaneous hepatitis B surface antigen seroclearance. Eur J
Gastroenterol Hepatol 2012; 24: 414-418 [PMID: 22273987 DOI:
10.1097/MEG.0b013e328350594d]
Locarnini S, Bowden S. Hepatitis B surface antigen quantification:
not what it seems on the surface. Hepatology 2012; 56: 411-414
[PMID: 22454331 DOI: 10.1002/hep.25732]
Chan HL, Wong VW, Tse AM, Tse CH, Chim AM, Chan HY,
Wong GL, Sung JJ. Serum hepatitis B surface antigen quantitation
can reflect hepatitis B virus in the liver and predict treatment
response. Clin Gastroenterol Hepatol 2007; 5: 1462-1468 [PMID:
18054753]
Ben Slama N, Ahmed SN, Zoulim F. [HBsAg quantification:
virological significance]. Gastroenterol Clin Biol 2010; 34 Suppl 2:
S112-S118 [PMID: 21095514 DOI: 10.1016/S0399-8320(10)70030-0]
Brunetto MR, Oliveri F, Colombatto P, Moriconi F, Ciccorossi
P, Coco B, Romagnoli V, Cherubini B, Moscato G, Maina AM,
Cavallone D, Bonino F. Hepatitis B surface antigen serum
levels help to distinguish active from inactive hepatitis B virus
genotype D carriers. Gastroenterology 2010; 139: 483-490 [PMID:
20451520 DOI: 10.1053/j.gastro.2010.04.052]
Viganò M, Lampertico P. Clinical implications of HBsAg
quantification in patients with chronic hepatitis B. Saudi J Gastroenterol
2012; 18: 81-86 [PMID: 22421711 DOI: 10.4103/1319-3767.93805]
Janssen HL, Sonneveld MJ, Brunetto MR. Quantification of
serum hepatitis B surface antigen: is it useful for the management
of chronic hepatitis B? Gut 2012; 61: 641-645 [PMID: 22180061
DOI: 10.1136/gutjnl-2011-301096]
Ke WM, Xie SB, Li XJ, Zhang SQ, Lai J, Ye YN, Gao ZL, Chen
PJ. There were no differences in serum HBV DNA level between
HBeAg-positive and HBeAg-negative chronic hepatitis B with
same liver histological necroinflammation grade but differences
among grades 1, 2, 3 and 4 apportioned by the same hepatic
parenchyma cell volume. J Viral Hepat 2011; 18: 637-645 [PMID:
21794025 DOI: 10.1111/j.1365-2893.2011.01444.x]
Kim H, Oh EJ, Kang MS, Kim SH, Park YJ. Comparison of the
Abbott Architect i2000 assay, the Roche Modular Analytics E170
assay, and an immunoradiometric assay for serum hepatitis B virus
markers. Ann Clin Lab Sci 2007; 37: 256-259 [PMID: 17709690]
P- Reviewer: Sazci A, Wang ZC S- Editor: Yu J
L- Editor: Wang TQ E- Editor: Liu XM

WJG|www.wjgnet.com

2745

March 7, 2015|Volume 21|Issue 9|

World J Gastroenterol 2015 March 7; 21(9): 2746-2753
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i9.2746

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Retrospective Study

Tenofovir disoproxil fumarate is superior to lamivudine plus
adefovir in lamivudine-resistant chronic hepatitis B patients
Dan-Hong Yang, Yuan-Jun Xie, Nian-Feng Zhao, Hong-Ying Pan, Ming-Wei Li, Hai-Jun Huang
METHODS: We retrospectively analyzed the efficacy of
switching to tenofovir disoproxil fumarate in suboptimal
responders to lamivudine plus adefovir. Charts were
reviewed for LAM-resistant chronic hepatitis B (CHB)
patients who visited the Zhejiang Province People’s
Hospital and The First Affiliated Hospital, College of
Medicine, Zhejiang University, from June 2009 to May
2013. Patients whose serum hepatitis B virus (HBV)
DNA remained detectable despite at least 6 mo of
LAM plus ADV combination therapy were included.
Patients with a suboptimal response to LAM plus ADV
were randomized to switch to TDF monotherapy (300
mg/d orally; TDF group) or to continuation with LAM
(100 mg/d orally) plus ADV (10 mg/d orally; LAM plus
ADV group) and were followed for 48 wk. Serum HBV
DNA was determined at baseline and weeks 4, 12, 24,
36, and 48. HBV serological markers and biochemistry
were assessed at baseline and weeks 12, 24, and 48.
Resistance surveillance and side effects were monitored
during therapy.

Dan-Hong Yang, Hong-Ying Pan, Hai-Jun Huang, Department
of Infectious Diseases, Zhejiang Provincial People’s Hospital,
Hangzhou 310014, Zhejiang Province, China
Yuan-Jun Xie, The Third Affiliated Hospital of Zhejiang Chinese
Medical University, Hangzhou 310053, Zhejiang Province, China
Nian-Feng Zhao, Ming-Wei Li, Department of Infectious
Diseases, The First Affiliated Hospital, College of Medicine,
Zhejiang University, Hangzhou 310003, Zhejiang Province,
China
Author contributions: Yang DH designed the study, analyzed
the data, and drafted the manuscript; Xie YJ, Zhao NF and Pan
HY collected the data; Pan HY was also involved in drafting the
manuscript; Li MW and Huang HJ performed the experiments.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Hong-Ying Pan, MD, Director, De
partment of Infectious Diseases, Zhejiang Provincial People’s
Hospital, No. 158 Shangtang Road, Hangzhou 310014, Zhejiang
Province, China. panhy2014@163.com
Telephone: +86-571-85893602
Fax: +86-571-85131448
Received: July 26, 2014
Peer-review started: July 26, 2014
First decision: August 15, 2014
Revised: September 8, 2014
Accepted: December 5, 2014
Article in press: December 8, 2014
Published online: March 7, 2015

RESULTS: Fifty-nine patient were randomized to switch
to TDF (n = 28) or continuation with LAM plus ADV (n
= 31). No significant differences were found between
the groups at baseline. Prior to TDF therapy, all patients
had been exposed to LAM plus ADV for a median of
11 mo (range: 6-24 mo). No difference was seen in
baseline serum HBV DNA between the two groups [5.13
± 1.08 log10 copies/mL (TDF) vs 5.04 ± 31.16 log10
copies/mL (LAM + ADV), P = 0.639]. There was no
significant difference in the rates of achieving complete
virological response (CVR) at week 4 between the TDF
and LAM + ADV groups (17.86% vs 6.45%, P = 0.24).
The rate of achieving CVR in the TDF and LAM plus
ADV groups was 75% vs 16.13% at week 12, 82.14%
vs 22.58% at week 24, 89.29% vs 25.81% at week
36, and 96.43% vs 29.03% at week 48, respectively
(P < 0.001). The rate of alanine aminotransferase
normalization was significantly higher in the TDF
than in the LAM plus ADV group at week 12 (75% vs

Abstract
AIM: To assess the efficacy of tenofovir disoproxil
fumarate (TDF) in lamivudine (LAM)-resistant patients
with a suboptimal response to LAM plus adefovir (ADV).
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17.86%, P < 0.001), but not at week 24 (78.57% vs
54.84%, P = 0.097) or 48 (89.26% vs 67.74%, P =
0.062). Patients were hepatitis B e antigen (HBeAg)
positive at baseline. There was no significant difference
in HBeAg negativity between the TDF and LAM plus
ADV groups at week 48 (4% vs 0%, P = 0.481). There
were no drug-related adverse effects at week 48 in
either group.

in 15%-30% of patients after 1 year of LAM treatment
[4]
and reached 70% after 5 years . Drug-resistant HBV
mutants lead to treatment failure and progression to
[5]
liver disease . Many CHB patients commenced antiviral treatment with LAM in China, which resulted in virological breakthrough and development of genotypic
resistance during treatment. Adefovir dipivoxil (ADV),
which was approved by the United States Food and
Drug Administration in 2002, is effective for both wildtype and YMDD-mutant HBV and has been a standard
rescue treatment for patients with LAM-resistant HBV
[6,7]
infection . Unfortunately, a substantial proportion of
patients treated with the LAM-plus-ADV combination
[5]
show a suboptimal virological response , especially
when therapy is started at a time of high viral load, or
after the emergence of mutations causing resistance
[8,9]
to both ADV and LAM . ADV-resistant HBV strains
have been reported after switching to or adding ADV
[10,11]
in patients with LAM resistance
.
Tenofovir disoproxil fumarate (TDF), which has
been approved in the United States and Europe for
[12]
the treatment of CHB since 2009 , is an oral NA
with the most potent activity against HBV and a high
genetic barrier to resistance. It is also recommended
for patients who have developed resistance to lami
[13,14]
vudine, entecavir, or telbivudine
. In patients with
LAM-resistant CHB, treatment with TDF was well
tolerated without significant adverse events such
as renal toxicity and showed an excellent antiviral
[15]
activity . TDF alone or combined with LAM exerted
[16,17]
greater viral reduction than ADV
for LAMresistant HBV infection without developing phenotypic
[18,19]
resistance
. Owing to its potent antiviral activity
and high genetic barrier to the development of resis[20-22]
tance for up to 6 years
, TDF is recommended as
first-line therapy for HBV-infected patients in recently
[12,13,23]
published guidelines
.
However, experience with TDF in Asian countries,
including China, is limited because this drug has not
yet been approved for the treatment of CHB in that
region. Many CHB patients in China have undergone
sequential treatment with LAM, ADV, and/or LAM
plus ADV combination to manage antiviral resistance
of HBV. Treatment of these patients has begun to
emerge as an important and difficult issue for clinicians. The efficacy of TDF treatment in patients with
LAM-resistant CHB who show a suboptimal response
to LAM plus ADV is not well known. In this study,
we evaluated the efficacy and safety of switching to
TDF monotherapy relative to those continuing LAM
plus ADV combination therapy in patients with LAMresistant HBV and a suboptimal response to ongoing
treatment with LAM plus ADV.

CONCLUSION: Switching to TDF monotherapy was
superior to continuous add-on therapy in patients with
LAM-resistant CHB with a suboptimal response to LAM
plus ADV.
Key words: Hepatitis B virus; Adefovir; Lamivudine;
Tenofovir disoproxil fumarate; Viral resistance
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We retrospectively assessed the efficacy
of switching to tenofovir disoproxil fumarate (TDF)
monotherapy and continuous lamivudine (LAM) plus
adefovir (ADV) combination therapy in LAM-resistant
chronic hepatitis B (CHB) patients with suboptimal
response to LAM plus ADV. Switching to TDF was
effective and safe for LAM-resistant CHB patients and
exerted stronger antiviral activity than continuous
add-on therapy at week 48. Our findings suggest that
suboptimal responders to LAM plus ADV should be
switched as soon as possible to antiviral agents with
higher potency, and TDF would be a viable option.
Yang DH, Xie YJ, Zhao NF, Pan HY, Li MW, Huang HJ.
Tenofovir disoproxil fumarate is superior to lamivudine plus
adefovir in lamivudine-resistant chronic hepatitis B patients.
World J Gastroenterol 2015; 21(9): 2746-2753 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i9/2746.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2746

INTRODUCTION
Nucleoside/nucleotide analogs (NAs), which inhibit
reverse transcription by hepatitis B virus (HBV) polymerase, are an important class of drugs that changed
the treatment paradigm and prognosis of chronic
hepatitis B (CHB).
Oral NA therapy has advantage over interferon
therapy because of its potent antiviral effects, good
[1]
tolerance, lower side-effect profile, and convenience .
Previous studies have shown that lamivudine (LAM) is
effective in patients with cirrhosis and CHB. However,
the clinical benefit of LAM has a low genetic barrier
to resistance. Resistance to LAM was attributed to
substitution of methionine in the tyrosine-methionineaspartate-aspartate (YMDD) motif in the HBV
polymerase by valine or isoleucine, known as the
[2,3]
rtM204V/I mutations . LAM resistance was observed
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MATERIALS AND METHODS
Patients

Patients eligible for this study were men and women,
aged 18-65 years, positive for serum hepatitis B virus
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immunoassay (Abbott ARCHITECT i2000 SR analyzer;
Abbott Diagnostics, Chicago, IL, United States).
Written informed consent was given to participate
by all of the patients. The study protocol conformed
to the ethical guidelines of the 1975 Declaration of
Helsinki for clinical studies.

LAM 100 mg once daily, LAM-resistant

LAM 100 mg + ADV 10 mg once daily

Virological assay

Suboptimal response at least 6 mo (n = 59)

Switching to TDF 300 mg once
daily (n = 28)

Serum HBV DNA load was assessed by real-time fluorescent quantitative polymerase chain reaction (PCR)
using a Lightcycler PCR system (FQD-33A; Bioer) in
strict accordance with the instructions provided in
the reagent kit (Shenzheng PG Biotech Co. Ltd.). The
detection limit was approximately 1000 viral genome
copies/mL. Measurements of serum HBV DNA levels
were made at weeks 0, 4, 12, 24, 36, and 48 during
treatment. Complete virological response (CVR) was
3
defined as serum HBV DNA level ≤ 10 copies/mL.
Genotypic resistance to LAM and ADV was determined at baseline by direct sequencing of the PCR
[24]
amplification products . To detect the mutations,
the upstream primer 5’-CTCCAATCACTCACCAACAC-3’
and the downstream primer 5’-GGGTTTAAATGTATACCCA-3’ were used for PCR amplification, and
the primer 5’-GTAATTCCCATCCC-3’ was used for sequencing. All primers were synthesized by Shanghai
Sangon Company (Shanghai, China). PCR amplifications were performed in a PTC-200 Peltier thermal
cycler (MJ Research, Watertown, MA, United States)
with an initial denaturation of 5 min at 94 ℃, followed
by 35 amplification cycles of 94 ℃ for 45 s, 55 ℃ for
45 s, and 72 ℃ for 1 min, with a final extension of
5 min at 72 ℃. PCR products were purified by using
QIAquick PCR Purification Kit according to the manufacturer’s instructions (Qiagen, Valencia, CA, United
States). Sequence analysis of the PCR products was
performed with DYEnamic ET Dye Terminator Cycle
Sequencing Kit (Amersham Bioscience, United States)
in a MegaBACE 500 DNA analysis system (Amersham
Biosciences Corporation) according to the manufacturer’s instructions. Sequence analysis software was
used to analyze the results.

Continuous LAM 100 mg + ADV
10 mg once daily (n = 31)

Figure 1 Flow diagram comparing switching to tenofovir disoproxil fumarate
monotherapy and continued lamivudine plus adefovir in lamivudineresistant chronic hepatitis B patients with a suboptimal response to
lamivudine plus adefovir. LAM: Lamivudine; ADV: Adefovir; TDF: Tenofovir
disoproxil fumarate.

surface antigen (HBsAg) for at least 6 mo. Inclusion
criteria were confirmed resistance to LAM and serum
HBV DNA level > 1000 copies/mL after combination
treatment with LAM (100 mg/d) plus ADV (10 mg/d) for
at least 6 mo that was ongoing at the time of randomization. Patients were excluded if they were co-infected
with hepatitis A virus, hepatitis C virus, hepatitis D
virus, hepatitis E virus, or human immunodeficiency
virus; had causes of liver disease other than HBV; had
intravenous drug abuse, pregnancy, malignancy, chronic
renal failure; or other serious medical illness that might
interfere with this trial. Patients were also excluded
if they had received prior treatment with an antiviral
agent other than LAM and/or ADV.

Study design

Charts were retrospectively reviewed for patients with
CHB and LAM resistance who visited the Zhejiang
Province People’s Hospital and The First Affiliated Hospital, College of Medicine, Zhejiang University, from
June 2009 to May 2013. Patients were randomized
to switch to TDF (300 mg/d orally; TDF group) or
continuation with LAM (100 mg/d orally) plus ADV (10
mg/d orally; LAM plus ADV group). All patients were
followed with clinical examinations and routine laboratory tests and were evaluated at baseline and at
weeks 4, 12, 24, 36, and 48. HBV DNA levels, serum
alanine aminotransferase (ALT), and HBV markers
were quantified. All samples were analyzed for HBV
resistance mutations (Figure 1). At each visit, patients
were evaluated for compliance with study medication and adverse events. Serum ALT (upper limit of
normal: 40 U/L), creatinine, and phosphorus levels
were tested by routine automated techniques using
an Olympus AU5400 automated analyzer (Olympus,
Tokyo, Japan). HBsAg, hepatitis B e antigen (HBeAg),
and hepatitis B e antibody (anti-HBe) were assessed
at baseline and at week 48, by chemiluminescence

WJG|www.wjgnet.com

Statistical analysis

Statistical analyses were performed with SPSS
version 13.0 (Chicago, IL, United States). All data are
expressed as mean ± SD with a range for continuous variables, and a number with percentage for
categorical variables unless otherwise indicated. The
cumulative probabilities of virological and biochemical
responses were evaluated using the Kaplan-Meier
analysis. The log-rank test was used to evaluate
differences between the two groups. Between-group
comparisons of continuous variables were determined
using independent t tests, and categorical variables
2
were compared using the χ test or Fisher’s exact
test as appropriate. A P value < 0.05 was considered
statistically significant.
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Table 1 Baseline clinical characteristics of the study patients
Variable
Age1 (yr)
Male gender, n (%)
Initial ALT1 (U/L)
Serum creatinine1 (μmol/L)
Serum phosphorus1 (mmol/L)
HBeAg positivity, n (%)
Cirrhosis, n (%)
Serum HBV DNA1 (log10 copyies/mL)
Prior LAM + ADV therapy (mo)
Median
Range (mix-max)
LAM resistance mutation, n (%)
rtM204I/V
rtL180M
rtM204I/V + rtL180M
ADV resistance mutation, n (%)
rtN236T
rtA181T
rtA181V
Unknown2

Total (n = 59)

TDF (n = 28)

LAM + ADV (n = 31)

P value

36.36 ± 10.14 (18-58)
54 (91.52)
101.54 ± 26.14
94.61 ± 18.92
1.14 ± 0.23
52 (88.14)
5 (8.49)
5.08 ± 1.11

35.81 ± 9.85 (18-56)
26 (92.9)
98.25 ± 28.16
89.85 ± 18.83
1.14 ± 0.22
25 (89.29)
2 (7.14)
5.13 ± 1.08

32.06 ± 8.36 (21-58)
28 (90.32)
104.94 ± 24.33
98.82 ± 16.65
1.16 ± 0.25
27 (87.10)
3 (9.68)
5.04 ± 31.16

0.656
0.698
0.542
0.340
0.740
1.000
0.932
0.639

11
6-24
47 (79.66)
15 (25.42)
4 (6.78)
28 (47.46)
3 (5.08)

11
6-22
23 (82.14)
6
2
15
1 (3.57)
0
1
0
4

12
8-24
24 (77.42)
9
2
13
2 (6.45)
1
0
1
5

0.653

1.000

1

mean ± SD; 2Patients with virological breakthrough during continued LAM treatment without detection of any known genotypic resistance mutation to
LAM (rtM204V/I or rtL180M) or ADV (rtN236T, rtA181T, or rtA181V). TDF: Tenofovir disoproxil fumarate; LAM: Lamivudine; ADV: Adefovir; ALT:
Alanine aminotransferase; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen.

91.52% of the patients were male. Fifty-two patients
were HBeAg positive (88.14%) with a mean baseline
serum HBV DNA level of 5.08 ± 1.11 log10 copies/mL.
All patients were exposed to LAM plus ADV combination treatment for a median of 11 mo (range: 6-24
mo). Additionally, the rate of HBeAg positivity, the
pattern of YMDD mutation, ADV-resistant strain, age,
and duration of prior LAM plus ADV treatment were
also comparable between the two study groups. The
two treatment groups were well balanced for baseline
characteristics. In LAM plus ADV treated patients,
ADV was used as an add-on therapy in an attempt
to suppress LAM-resistant strains; however, the
patients developed viral breakthrough with or without
genotypic resistance to ADV, or showed a suboptimal
virological response.

Cumulative probability of continued
virological response

1.0

0.8
TDF
LAM + ADV

0.6

0.4

0.2

0.0
0

10

20
30
40
Weeks of treatment

50

Figure 2 Comparison of cumulative probability of complete virological
response in patients undergoing therapy with tenofovir disoproxil
fumarate or lamivudine plus adefovir. Tenofovir disoproxil fumarate (TDF)
alone is represented by the medium weight line; lamivudine plus adefovir
(LAM plus ADV) combination is shown by the dotted line; and both arms by the
dashed line (P < 0.001). Baseline serum HBV DNA level showed no difference (P
= 0. 639). LAM: Lamivudine; ADV: Adefovir; HBV: Hepatitis B virus.

Virological response

HBV DNA concentrations in the TDF group declined
continuously during treatment, whereas viral loads
in the LAM plus ADV group remained distributed
over a wide range throughout treatment (Figure 2).
The number of patients who achieved virological re3
sponse (serum HBV DNA < 10 copies/mL) gradually
increased in the TDF group during treatment, from
five (17.86%) at week 4, to 21 (75%) at week 12,
23 (82.14%) at week 24, 25 (89.29%) at week 36,
and 27 (96.43%) at week 48 (Figure 2). In contrast,
with continued LAM plus ADV combination therapy,
only two (6.45%), five (16.13%), seven (22.58%),
eight (25.81%), and nine (29.03%) patients showed
a virological response at weeks 4, 12, 24, 36, and
48, respectively (Figure 3). The proportion of patients
achieving HBV DNA undetectability was significantly

RESULTS
Baseline patient characteristics

We included 59 patients who had been treated with
LAM plus ADV and developed resistance to LAM. Of
these patients, 28 (47.45%) were switched to TDF
(300 mg) monotherapy, and 31 (52.55%) continued
to receive combination therapy with LAM (100 mg)
plus ADV (10 mg; Table 1). The baseline demographic
and disease characteristics of the two treatment
groups were well balanced (Table 1). The average age
was 36.36 ± 10.14 years (range: 18-58 years), and
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LAM + ADV n = 31

120%

Table 2 Biochemical, virological, and serological responses n (%)

TDF n = 28
96.43%

100%
82.14%

80%

Value for patient group

89.29%

TDF
(n = 28)

75.00%

Normalization of ALT1
Week 12
21 (75.00)
Week 24
22 (78.57)
Week 48
25 (89.26)
HBV DNA undetectability (< 103 copies/mL)
Week 4
5 (17.86)
Week 12
21 (75.00)
Week 24
23 (82.14)
Week 36
25 (89.29)
Week 48
27 (96.43)
HBeAg loss at week 48
1 (4)

60%
40%
20%

22.58%

17.86% 16.13%

25.81%

29.03%

6.45%
0%

4

12

24
Weeks of treatment

36

48

Figure 3 Proportions of patients exhibiting virological response (serum
Hepatitis B virus DNA concentration < 103 copies/mL) in the tenofovir
disoproxil fumarate and lamivudine plus adefovir treatment groups. No
significant difference was noted at 4 wk between the two groups (P > 0.05).
The rate of undetectability was significantly greater in the tenofovir disoproxil
fumarate (TDF) group than in the lamivudine plus adefovir (LAM plus ADV)
group at 12, 24, 36, and 48 wk (P < 0.001). LAM: Lamivudine; ADV: Adefovir.

P value

5 (17.86)
17 (54.84)
21 (67.74)

< 0.001
0.097
0.062

2 (6.45)
5 (16.13)
7 (22.58)
8 (25.81)
9 (29.03)
0

0.240
< 0.001
< 0.001
< 0.001
< 0.001
0.481

1

The alanine aminotransferase (ALT) reference range was < 50 U/L. TDF:
Tenofovir disoproxil fumarate; LAM: Lamivudine; ADV: Adefovir; HBV:
Hepatitis B virus; HBeAg: Hepatitis B e antigen.

12, and their HBV DNA levels rebounded to 1000
copies/mL at week 24 (but no patient had resistance
to TDF). The two patients were switched to Truvada
(TDF plus emtricitabine) therapy and continued to
show a decline in HBV DNA levels and achieved
undetectability (< 1000 copies/mL) at week 48. The
HBV DNA levels in two HBeAg-positive patients (one
9
was male and one was female) were 10 copies/L at
baseline before LAM therapy. The two patients were
aged 42 and 56 years and had a family history of
hepatitis B. They experienced LAM monotherapy for
> 2 years and LAM plus ADV for > 8 mo. The serum
HBV DNA titer increased to 7 log10 copies/mL before
switching to TDF and LAM resistance mutations were
found in two patients.
The nine patients with virological breakthrough
during continued LAM treatment had no detection
of any known genotypic resistance mutation to LAM
(rtM204V/I or rtL180M) or ADV (rtN236T or rtA181T
or rtA181V). Four of these patients were switched to
TDF monotherapy and achieved a virological response
(serum HBV DNA concentration < 1000 copies/mL)
at week 48. Five patients continued LAM plus ADV
combination therapy and serum HBV DNA was ≥
1000 copies/mL at week 48.

greater in the TDF group than in the LAM-plus-ADV
group at weeks 12, 24, and 48 (P < 0.001; Table 2).
Only one patient with the rtA181V/T mutant strain did
not achieve CVR in the TDF group at week 48, but his
serum HBV DNA level decreased to 1000 copies/mL
with a reduction of 3 log10 copies/mL accomplishing
near CVR. One of 25 (4%) patients in the TDF group
and none of 27 in the LAM plus ADV group became
HBeAg negative at week 48 (P > 0.05), and 1/25 (4%)
in the TDF group and none of 27 in the LAM plus ADV
group became HBeAg negative at week 48 (P > 0.05)

Biochemical and serological responses

The proportion of ALT normalization was higher in the
TDF monotherapy group than in the LAM plus ADV
combination therapy at week 12 (75% vs 17.86%,
P < 0.001), but there was no significant difference
at week 24 (78.57% vs 54.84%, P = 0.097) or 48
(89.26% vs 67.74%, P = 0.062). Among patients
who were HBeAg positive at baseline, 1/25 (4%) in
the TDF group and none of 27 in the LAM plus ADV
group became HBeAg negative at week 48, and there
was no significant difference between the two groups
(P = 0.481) (Table 2). No patient achieved HBeAg seroconversion at week 48 in either of the two groups.

Adverse effects

Adverse effects were similar in both groups. There
were no clinically significant adverse events during
TDF monotherapy. No patient in the TDF group had
early discontinuation or dose reduction. No patient
experienced ALT flares, increased creatinine (> 123
μmol/L), or serum phosphorus levels < 1.6 mmol/L
during the treatment period. Two patients had serious
oral ulcers in the TDF group. All these adverse events
were considered as unrelated to the study medication. No patient required termination or interruption
of therapy.

Resistance surveillance

Paired baseline and week 48 samples from all study
patients with detectable serum HBV DNA were analyzed for HBV resistance mutations. In the LAM plus
ADV group, ADV mutations detected at baseline were
retained at week 48, and two patients had developed
the mutations of rtA181V (1/31) and rtN236T (1/31).
No patients retained ADV mutations in the TDF group.
Two patients in the TDF group had a CVR at week
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was thought to be rapid and potent suppressive activity of TDF and insufficient potency of LAM plus ADV
combination therapy in LAM-resistant CHB patients.
However, in another study, the presence of ADV resistance was considered to decrease the efficacy of TDF.
In the current study, one patient with the rtA181V/T
mutant strain did not reach CVR, but the effect of
ADV resistance on the antiviral efficacy of TDF cannot
be concluded from the results of this study because
of the small sample size, and this should be explored
in further research.
As a result of the high rate of undetectable DNA in
the TDF group, we observed a significant difference
at week 12, when the rate of ALT normalization
was increased rapidly to 75% (21/28) in the TDF
group, and > 17.86% (5/31) in the LAM plus ADV
groups. The rate of HBeAg loss did not differ at 48
wk between the TDF and LAM plus ADV groups (4%
vs 0%, P > 0.05) in patients who were positive for
HBeAg. It appears that a greater HBV DNA reduction
may not necessarily accelerate HBeAg loss.
TDF was well tolerated during the treatment
period, and no renal toxicity was observed after 48
wk of TDF monotherapy. However, many postmarketing observations found that TDF is associated with
nephrotoxicity, including increased serum creatinine
levels, hypophosphatemia, renal insufficiency or
[33]
failure, and Fanconi syndrome. Ezinga et al
reported that parameters of kidney tubular dysfunction
(KTD) were frequently observed in patients receiving
long-term, TDF-containing, combination antiretroviral
therapy. KTD is associated with higher TDF plasma
concentrations. Renal function should be monitored
closely during long-term use of TDF.
This study had some limitations. This was a
retrospective analysis without placebo control or
blinding. Although objective endpoints (virological
and biochemical) were used and drug adherence
was ascertained, the lack of blinding might have
caused the study patients to pay extra attention to
their symptoms or caused the investigators to be
more likely to report adverse events. The number
of subjects included was small (n = 28), and the
follow-up period (48 wk) was relatively short.
Thus, longer-duration follow-up assessments are in
progress. Further studies with larger sample sizes
are necessary to remedy these shortcomings and to
elucidate the long-term outcomes of TDF treatment.
Although the genotype of HBV could be a factor
affecting the efficacy of antiviral agents, we did
not perform an analysis of the genotype. However,
previous studies have documented that most patients
with LAM-resistant CHB in China have genotype B/C.
Therefore, these results could be applicable to our
study patients, and can represent genotype B/C HBV[34-36]
infected patients
.
In conclusion, our results suggest that LAMresistant CHB patients with a suboptimal response to
LAM plus ADV should be switched as soon as possible

DISCUSSION
This study is the first report that provides a direct
comparison of the antiviral efficacy of switching to
TDF monotherapy and continuous LAM plus ADV
combination therapy in LAM-resistant CHB patients
with a suboptimal response to LAM plus ADV. The
results clearly showed that treatment for 48 wk with
TDF monotherapy significantly suppressed HBV replication in LAM-resistant CHB patients with a suboptimal response to LAM plus ADV combination therapy.
In contrast, continuation of the combination of LAM
plus AVD provided little antiviral benefit. LAM plus
ADV combination therapy has been recommended as
one of the treatment options for patients with LAM[8,25]
resistant HBV infection
. This combination therapy
may reduce the development of LAM-resistant mutations. However, because continued LAM treatment
has no effect on virological response in patients with
LAM-resistant HBV infection, the LAM plus ADV combination does not result in greater antiviral efficacy
[25]
than that offered by ADV monotherapy . ADV has
modest potency in suppressing HBV DNA replication,
therefore, a substantial proportion of patients show
an inadequate or suboptimal virological response
during treatment with LAM plus ADV. Response to
LAM plus ADV was especially reduced in patients with
high viral loads and mutations causing resistance to
both drugs (e.g., rtA 181V/T with or without rtN236T)
[26-28]
at the initiation of treatment
.
The efficacy of TDF in the treatment of prior NA[17,18,23]
refractory HBV infection has been evaluated
.A
TDF-containing treatment regimen suppressed HBV
DNA in CHB patients with multiple treatment failures
with NA therapy, regardless of genotypic resistance
[29-31]
or previous treatment regimens
. It seemed
that TDF would be a promising candidate for LAMresistant patients with a suboptimal response to LAM
[32]
plus ADV . Our present data show that switching
to TDF is highly effective and safe for patients with
LAM-resistant CHB and a suboptimal response to
LAM plus ADV, and exerts stronger anti-HBV activity
than continuous add-on therapy. Treatment of 28
patients with subsequent TDF monotherapy resulted
in 82.14% CVR at week 24 and 96.43% at week 48.
Continuing LAM + ADV offered little antiviral benefit
to patients with LAM-resistant HBV infection with
a suboptimal response to LAM plus ADV, and only
29.03% of patients who continued on LAM plus ADV
achieved a virological response at week 48. HBV DNA
undetectability was significantly greater in the TDF
group than in the LAM plus ADV group at weeks 12,
24, 36, and 48 (Table 2; P < 0.01). The cumulative
probability of CVR in the TDF group was higher than
that in the LAM plus ADV group (Figure 2; P < 0.01).
This phenomenon was observed up to 48 weeks.
[32]
Patterson et al
reported a CVR rate of 64% at 96
wk of TDF rescue therapy in CHB patients following
failures of both LAM and ADV treatment. The result
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to antiviral agents with higher potency, and TDF
monotherapy would be a viable option for this group
of patients.
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Hospital Affiliated to Henan University of Science and
Technology between September 2003 and September
2010. All gastrectomy operations were divided into
two groups: radical resection (gastrectomy and
simultaneous resection of hepatic metastases, n = 31),
and palliative resection (gastrectomy without hepatic
resection, n = 18). All 49 patients had chemotherapy
catheter implantation in the hepatic artery via the
gastroduodenal artery. Postoperative complications
and cumulative survival rates of the two groups were
compared and analyzed.

Abstract

Core tip: Late-stage gastric cancer with liver metastases
is difficult to treat surgically. We developed a new
surgical procedure that included radical resection
of gastric cancer and liver metastases, followed
by implantation of a hepatoarterial catheter for
postoperative infusion chemotherapy. Hepatoarterial
infusion chemotherapy is a common procedure for liver

RESULTS: There was no significant difference in the
number of perioperative complications between the
radical and palliative resection groups (6 and 3 cases,
respectively, P > 0.05). The incidence of long-term
complications including ileus (3 in the radical resection
and 2 in the palliative resection groups) and anastomosis
(2 cases in each group) was not significantly different (P
> 0.05). The cumulative survival rate was significantly
lower in the palliative resection group (P < 0.05).
CONCLUSION: Radical gastrectomy with resection
of hepatic metastases and hepatoarterial catheter
implantation is the recommended surgery for late-stage
gastric cancer patients with hepatic metastases.
Key words: Gastric cancer; Hepatic metastases; Cumulative
survival curve; Radical gastrectomy; palliative gastrectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To determine the optimal type of surgery for latestage gastric cancer with hepatic metastases.
METHODS: We retrospectively analyzed 49 gastrectomies
for late-stage gastric cancer conducted in the First
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cancer. Systemic and infusion chemotherapy resulted
in a better cumulative survival rate in our study. We
suggest that radical resection of gastric cancer and liver
metastases with hepatoarterial catheter implantation is
a better choice for late-stage gastric cancer.

Table 1 Classification of hepatic metastases from gastric
cancer proposed by the Japanese Gastric Cancer Association
H-0
H-1
H-2
H-3

Yao GL, Fan YG, Zhai JM, Lu BS, Liu KL. Radical gastrectomy
with hepatoarterial catheter implantation for late-stage gastric
cancer. World J Gastroenterol 2015; 21(9): 2754-2758 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/i9/2754.
htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2754

Table 2 Baseline characteristics

Number of patients
Sex (M/F)
Age (yr)

INTRODUCTION
Gastric cancer is a common cancer worldwide and
accounts for 5.2% of all cancer deaths. In China, more
than half the cases of gastric cancer are advanced
when patients first present with abdominal symptoms.
Hepatic metastasis is common in advanced gastric
cancer and often results in death. The surgical
approach to advanced gastric cancer with hepatic
metastases remains debatable. Consequently, the aim
of the current study was to determine the optimal type
of surgery for patients with advanced gastric cancer
and liver metastases.

Liver metastases
H1
H2
Location of tumor
Gastric antrum
Body of stomach
Gastric fundus and cardia
Whole stomach
Pattern of gastrectomy
Proximal gastrectomy
Distal gastrectomy
Total gastrectomy
Pattern of reconstruction
Billroth Ⅱ
Roux-en-Y
Gastric remnant esophageal
anastomose

MATERIALS AND METHODS
We conducted a retrospective study of all the
operations performed in the First Hospital Affiliated to
Henan University of Science and Technology, China
for advanced gastric cancer with hepatic metastases
from September 2003 to September 2010. All patients
included in the study were diagnosed by pathological
analysis and computed tomography. The exclusion
criteria included patients suffering from gastric
cancer without hepatic metastases, and those with
gastrointestinal anastomosis or laparotomy only,
without gastrectomy. Patients with gastric cancer with
multiple metastases in both lobes of the liver were also
excluded. The surgical approaches included radical
gastrectomy with dissection of hepatic metastases or
palliative gastrectomy only, without hepatectomy.
Forty-nine patients, diagnosed histologically,
met the inclusion criteria. All patients were ChildPugh Class A. Patients were divided into two surgical
groups: radical resection (gastrectomy with resection
of the hepatic metastases) and palliative resection
(gastrectomy without hepatotomy). In the radical
resection group, 13 patients had total gastrectomy,
three had proximal gastrectomy, and 15 had distal
gastrectomy. In the palliative resection group, six
patients had total gastrectomy, five had proximal
gastrectomy, and seven had distal gastrectomy. The
liver metastases were classified according to The
[1]
Japanese Gastric Cancer Association (Table 1) .
According to the classification, H-0 and H-3 did not
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No liver metastases
Liver metastases limited to one lobe of the liver
Isolated diverse metastases in both lobes of the liver
Multiple distributed metastases in both lobe of the liver

Radical
resection
group

Palliative
resection
group

P value

31
19/12
56.2 ± 14.3
(22-83)

18
13/5
59.1 ± 12.7
(34-79)

N/A
0.541
0.632

24
7

10
8

15
8
6
2

7
5
5
1

3
15
13

5
7
6

12
16
3

5
8
5

0.124

0.892

0.255

0.251

meet our criteria. All 49 patients were H-1 and H-2
cases. In the radical resection group, there were 10
left lateral sectionectomies, five left hepatectomies,
four right hepatectomies, and 12 irregular hepa
tectomies. All 49 patients had chemotherapy
catheter implantation in the hepatic artery via the
gastroduodenal artery. All patients had hepatic arterial
infusion (HAI) chemotherapy with 5-fluorouracil
(5-FU) and systemic chemotherapy with CF or XELOX
following surgery. Surgery in both groups of patients
was performed by two experienced surgeons.
The characteristics of the two groups are listed in
Table 2. The baseline characteristics were analyzed
2
using the χ test and Student’s t test where appropriate.
The between-group difference in sex was compared by
Student’s t test, and the other factors were analyzed
using Fisher’s exact test. The Kaplan-Meier test was
used to analyze survival curves. All statistical analyses
were conducted using SPSS version 16.0 statistical
software and P ≤ 0.05 was considered statistically
significant.

RESULTS
Of the 49 patients included in the present study, 46
had satisfactory recovery and good follow-up of 3-5
years, and three were lost. The follow-up of all patients
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Survival functions

Table 3 Postoperative complications
Radical resection Palliative resection P value
group
group
6

3

0
0
0
4
2
6
3
2
1

0
0
0
3
0
5
2
2
1

0.8

0.567
Cum survival

Perioperative
complications
Perioperative death
Anastomotic leakage
Liver failure
Pneumonia
Biliary leakage1
Long-term complication
Ileus
Anastomosis2
Chemotherapy Catheter
blockage

0.6
0.4
0.2

0.503

0.0
0

10

20
30
40
Survival time

50

60

Figure 1 Cumulative survival rate for radical resection group (Group 1)
and palliative resection group (Group 2). Significantly longer survival was
observed for the radical resection group.

1

Two cases in the radical resection group had biliary leakage. Both
recovered and were discharged at 10 and 14 d postoperatively, once
leakage stopped; 2Two cases in each group suffered from anastomosis with
moderate to severe discomfort. Both complained of acid regurgitation,
eructation or bloating; both of which were alleviated after 2-4 wk
domperidone and omeprazole.

groups was significantly different (Figure 1, P = 0.002).
One patient in the radical resection group presented
with tumor recurrence 1 year postoperatively and
consequently required a second operation, including
total gastrectomy with six cycles of postoperative
chemotherapy with docetaxel, cisplatin and 5-FU. This
patient unfortunately suffered tumor recurrence again,
with multiple liver metastases, 6 mo after the second
operation and died 10 mo later.
In the radical resection group, two patients died
due to brain infarction 1 and 2 years postoperatively,
and another patient died due to severe pneumonia and
respiratory failure 4 years after the operation. All other
deaths in both groups were due to tumor recurrence
or metastases.

was terminated in September 2013. The endpoint
of the follow-up was death. There were no serious
complications, perioperative hemorrhage, anastomotic
leakage, perioperative deaths or postoperative hepatic
dysfunction in either group. In the radical and palliative
resection groups there were four and three cases of
pneumonia, respectively; all of these patients suffered
from fever and expectoration postoperatively, and
all recovered well following administration of antiinflammatory agents. In the radical resection group
there were two cases of biliary leakage, however, as
the leakages were not serious, they were discharged
10 and 14 d postoperatively, respectively, once leakage
ended.
One serious long-term complication was post
operative ileus, with three cases in the radical
resection group and two in the palliative resection
group; however, all recovered well. There were two
cases of anastomotic inflammation in each group, with
complaints of repeated acid regurgitation, eructation,
or bloating immediately after the operation. These
complaints subsided following 2-4 wk treatment with
Motilium and omeprazole. There was no significant
difference between the two groups in the incidence of
the above-mentioned postoperative complications (P =
0.503). The complications of the two groups are listed
in Table 3.
The median survival rate was 2 and 1 year for
the radical resection and palliative resection groups,
respectively. The 1-, 3- and 5-year cumulative survival
rate was 66.7%, 23.3% and 16.7%, respectively, for
the radical resection group. Five patients in the radical
resection group were still alive after 5 years followup and two of these patients were tumor free. The 1-,
2- and 3-year cumulative survival rate was 31.2%,
6.3% and 0%, respectively, for the palliative resection
group. The cumulative survival rate between the two
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Group
1
2
1-censored
2-censored

1.0

DISCUSSION
Advanced gastric cancer with liver metastases is
associated with high mortality rates with 4%-14%
of patients having liver metastases at their first
[2]
diagnosis of gastric cancer following poor prognosis .
Controversy remains in almost every aspect of
this field. The Medical Research Council Adjuvant
[3]
Gastric Infusional Chemotherapy (MAGIC) trial trial
recommended perioperative chemotherapy because
it could improve 5-year survival rate. However, the
[4]
following study of EORTC demonstrated no advantage
in 5-year survival, with only an improvement of R0
resection rate. Controversy also existed in terms
of the optimal surgical choice for advanced gastric
[5]
[6]
cancer. Reports by Imamura et al and Ambiru et al
of a 5-year survival rate of 0 and 5%, respectively,
following extensive gastrectomy with hepatectomy
due to advanced gastric cancer with liver metastases
rendered this particular operation controversial. One
of the reasons for such poor outcomes include the
fact that some of the patients suffered from multiple
or simultaneous extrahepatic metastases at the time
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[7]

of surgery , possibly increasing the difficulty of the
[8]
operation . Additional studies have focused on this
[9]
dilemma with exciting results. Koga et al reported a
5-year survival rate of 42% in patients that underwent
extensive gastrectomy with hepatectomy. Lim et
[10]
al
reported two patients with advanced gastric
cancer with liver metastases who were alive without
tumor recurrence 8 years after surgery. In addition,
[11]
Munekage et al
reported an even longer survival
time without tumor recurrence of 10 years following
extensive gastrectomy with liver metastases resection.
The present study evaluated whether extensive
resection is a viable option for patients suffering from
advanced gastric cancer with liver metastases.
Of the 49 operations for advanced gastric cancer
analyzed in the present study, 31 patients underwent
radical resection with hepatectomy and 18 patients
underwent palliative resection without resection of
liver metastases. The perioperative and long-term
complications in both groups were similar. Radical
resection did not result in increased incidence of severe
complications such as perioperative death due to
serious hemorrhage, serious biliary leakage, or severe
inflammation. Long-term complications including
intestinal obstruction and anastomotic inflammation
were easily treatable and did not affect quality of life.
There was however a significantly higher cumulative
survival rate in the radical resection with hepatectomy
group compared with the palliative resection group.
Although 16.7% of the radical resection group,
including two patients that did not experience tumor
recurrence, survived > 5 years postoperatively, all
patients in the palliative resection group without
hepatectomy died within 3 years postoperatively. Such
[12]
results are in accordance with previous studies .
HAI chemotherapy is an optimal choice for liver
metastases because it derives its blood from the liver
arterial system. 5-FU is a rational drug for HAI due to
its short half-life, steep dose-response curve, high total
body clearance, and high hepatic extraction. So, we
routinely implanted a pump for HAI during and after
the operation. HAI for liver metastases is also widely
accepted, with a good outcome. The CALBG study
shown a significant increase in survival time, with a
longer time to hepatic progression for unresectable
[13]
colorectal cancer . For the radical resection patients,
HAI with systemic chemotherapy also showed a
significantly better outcome compared to systemic
[14]
[15]
chemotherapy alone . Power and Kemeny
also
recommended combination of HAI and systemic
chemotherapy in order to increase disease-free
survival and hepatic disease-free survival.
The current study had several limitations including a
systemic bias. Two different surgeons, with potentially
varying opinions and criteria, conducted the operations
in the two groups analyzed. This may have resulted in
bias in the choice of surgery and thereby significantly
skewed the results. It remains clear, regardless, that
radical resection is a viable option for patients with
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liver metastases located in one lobe of the liver or in
the same segment of the liver. It is important to note,
[16]
however, that patients with > 4 metastases
or with
[17]
metastases > 4 cm remain at risk of poor prognosis.
In conclusion, the current study indicates that, if all
liver metastases can be removed immediately, radical
gastrectomy and hepatectomy with hepatoarterial
catheter implantation is a viable option for late-stage
gastric cancer with liver metastases. In addition,
postoperative delivery of HAI chemotherapy is
efficient and safe. Systemic chemotherapy with HAI
chemotherapy after radical resection of gastric cancer
may lead to better results.

COMMENTS
COMMENTS
Background

Surgery for late-stage gastric cancer is controversial, especially when liver
metastases are involved. Radical resection of gastric cancer and liver
metastases with postoperative systemic chemotherapy cannot provide
satisfactory results. Liver recurrence is always found soon after the operation
and may lead to death later. Hepatoarterial infusion (HAI) chemotherapy is
considered to be a better choice for liver cancer. So, the authors developed
a new surgical approach for late-stage gastric cancer that included radical
resection of gastric cancer and all metastases, with additional implantation of a
hepatoarterial catheter for postoperative infusion chemotherapy.

Research frontiers

Many studies have focused on surgery and chemotherapy for gastric cancer.
Which is the best surgical approach for late-stage gastric cancer has not
reached a consensus yet. Chemotherapy regimen is also controversial. The
hotspots in this field are to find a better surgical approach that leads to less
recurrence and prolonged survival, especially, when liver metastases are
present.

Innovations and breakthroughs

The authors developed a novel surgical approach to radically resect gastric
cancer and liver metastases and associated lymph nodes, followed by
implantation of a hepatoarterial catheter. Using the catheter, hepatoartery
infusion chemotherapy was administered, which may be the main improvement
in the procedure. HAI chemotherapy is common for liver cancer. This
study showed good results after this surgery with systemic and infusion
chemotherapy.

Applications

The simultaneous systemic and infusion chemotherapy can provide better
results. The key point is the implantation of the hepatoarterial catheter during
the operation.

Terminology

The authors defined late-stage gastric cancer as gastric cancer with liver
metastases. Late-stage gastric cancer is difficult to treat and has a high rate of
recurrence. Additional implantation of a hepato-arterial catheter makes infusion
chemotherapy easy. This is a common method for liver cancer, which provides
better results.

Peer-review

Treatment outcome of solid cancer might depend on the volume of tumor
burden. Better survival in the group of radical surgery and intra-arterial
chemotherapy than that in the group of palliative surgery and chemotherapy
could be explained by the difference in tumor burden between both groups.
Results of this study may provide useful information to oncologists who always
prefer systemic chemotherapy for gastric cancer patients with liver metastasis.

REFERENCES
1
2

2757

Japanese Gastric Cancer Association. Japanese Classification of
Gastric Carcinoma - 2nd English Edition - Gastric Cancer 1998; 1:
10-24 [PMID: 11957040]
Shin A, Kim J, Park S. Gastric cancer epidemiology in Korea. J

March 7, 2015|Volume 21|Issue 9|

Yao GL et al . Gastrectomy with hepatoarterial catheter implantation

3

4

5

6

7

8

9

Gastric Cancer 2011; 11: 135-140 [PMID: 22076217 DOI: 10.5230/
jgc.2011.11.3.135]
Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de
Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ, Iveson TJ,
Smith DB, Langley RE, Verma M, Weeden S, Chua YJ; MAGIC
Trial Participants. Perioperative chemotherapy versus surgery alone
for resectable gastroesophageal cancer. N Engl J Med 2006; 355:
11-20 [PMID: 16822992]
Schuhmacher C, Gretschel S, Lordick F, Reichardt P, Hohenberger
W, Eisenberger CF, Haag C, Mauer ME, Hasan B, Welch J, Ott
K, Hoelscher A, Schneider PM, Bechstein W, Wilke H, Lutz MP,
Nordlinger B, Van Cutsem E, Siewert JR, Schlag PM. Neoadjuvant
chemotherapy compared with surgery alone for locally advanced
cancer of the stomach and cardia: European Organisation for
Research and Treatment of Cancer randomized trial 40954. J Clin
Oncol 2010; 28: 5210-5218 [PMID: 21060024 DOI: 10.1200/
JCO.2009.26.6114]
Imamura H, Matsuyama Y, Shimada R, Kubota M, Nakayama
A, Kobayashi A, Kitamura H, Ikegami T, Miyagawa SI, Kawasaki
S. A study of factors influencing prognosis after resection of
hepatic metastases from colorectal and gastric carcinoma. Am
J Gastroenterol 2001; 96: 3178-3184 [PMID: 11721768 DOI:
10.1111/j.1572-0241.2001.05278.x]
Ambiru S, Miyazaki M, Ito H, Nakagawa K, Shimizu H, Yoshidome
H, Shimizu Y, Nakajima N. Benefits and limits of hepatic resection
for gastric metastases. Am J Surg 2001; 181: 279-283 [PMID:
11376587]
Marrelli D, Roviello F, De Stefano A, Fotia G, Giliberto C, Garosi
L, Pinto E. Risk factors for liver metastases after curative surgical
procedures for gastric cancer: a prospective study of 208 patients
treated with surgical resection. J Am Coll Surg 2004; 198: 51-58
[PMID: 14698311 DOI: 10.1016/j.jamcollsurg.2003.08.013]
Tiberio GA, Coniglio A, Marchet A, Marrelli D, Giacopuzzi
S, Baiocchi L, Roviello F, de Manzoni G, Nitti D, Giulini SM.
Metachronous hepatic metastases from gastric carcinoma: a
multicentric survey. Eur J Surg Oncol 2009; 35: 486-491 [PMID:
19171450 DOI: 10.1016/j.ejso.2008.12.017]
Koga R, Yamamoto J, Ohyama S, Saiura A, Seki M, Seto Y,
Yamaguchi T. Liver resection for metastatic gastric cancer: experience
with 42 patients including eight long-term survivors. Jpn J Clin Oncol
2007; 37: 836-842 [PMID: 17928333 DOI: 10.1093/jjco/hym113]

10

11

12

13

14

15
16

17

Lim JK, Ahn JB, Cheon SH, Chang H, Jung JY, Rha SY, Roh JK,
Noh SH, Kim HG, Chung HC, Jeung HC. Long-term survival after
surgical resection for liver metastasis from gastric cancer: two case
reports. Cancer Res Treat 2006; 38: 184-188 [PMID: 19771280
DOI: 10.4143/crt.2006.38.3.184]
Munekage M, Okabayashi T, Hokimoto N, Sugimoto T, Maeda
H, Namikawa T, Dabanaka K, Kobayashi M, Araki K, Hanazaki
K. A case with synchronous multiple liver metastases from
gastric carcinoma: postoperative long-term disease-free survival.
Langenbecks Arch Surg 2009; 394: 749-753 [PMID: 19002484 DOI:
10.1007/s00423-008-0434-z]
Chen L, Song MQ, Lin HZ, Hao LH, Jiang XJ, Li ZY, Chen YX.
Chemotherapy and resection for gastric cancer with synchronous
liver metastases. World J Gastroenterol 2013; 19: 2097-2103 [PMID:
23599631 DOI: 10.3748/wjg.v19.i13.2097]
Kemeny NE, Niedzwiecki D, Hollis DR, Lenz HJ, Warren RS,
Naughton MJ, Weeks JC, Sigurdson ER, Herndon JE, Zhang C,
Mayer RJ. Hepatic arterial infusion versus systemic therapy for
hepatic metastases from colorectal cancer: a randomized trial of
efficacy, quality of life, and molecular markers (CALGB 9481). J
Clin Oncol 2006; 24: 1395-1403 [PMID: 16505413]
Kemeny N, Huang Y, Cohen AM, Shi W, Conti JA, Brennan
MF, Bertino JR, Turnbull AD, Sullivan D, Stockman J, Blumgart
LH, Fong Y. Hepatic arterial infusion of chemotherapy after
resection of hepatic metastases from colorectal cancer. N Engl
J Med 1999; 341: 2039-2048 [PMID: 10615075 DOI: 10.1056/
NEJM199912303412702]
Power DG, Kemeny NE. The role of floxuridine in metastatic liver
disease. Mol Cancer Ther 2009; 8: 1015-1025 [PMID: 19383854
DOI: 10.1158/1535-7163.MCT-08-0709]
Shirabe K, Shimada M, Matsumata T, Higashi H, Yakeishi Y,
Wakiyama S, Ikeda Y, Ezaki T, Fukuzawa S, Takenaka K, Kishikawa
K, Ikeda T, Taguchi K, Maehara Y, Sugimachi K. Analysis of the
prognostic factors for liver metastasis of gastric cancer after hepatic
resection: a multi-institutional study of the indications for resection.
Hepatogastroenterology 2003; 50: 1560-1563 [PMID: 14571786]
Sakamoto Y, Sano T, Shimada K, Esaki M, Saka M, Fukagawa
T, Katai H, Kosuge T, Sasako M. Favorable indications for
hepatectomy in patients with liver metastasis from gastric cancer.
J Surg Oncol 2007; 95: 534-539 [PMID: 17219383 DOI: 10.1002/
jso.20739]
P- Reviewer: Coccolini F, Nakajima T S- Editor: Ma YJ
L- Editor: O’Neill M E- Editor: Wang CH

WJG|www.wjgnet.com

2758

March 7, 2015|Volume 21|Issue 9|

World J Gastroenterol 2015 March 7; 21(9): 2759-2769
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i9.2759

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Observational Study

Fecal microbes, short chain fatty acids, and colorectal
cancer across racial/ethnic groups
Christina M Hester, Venkatakrishna R Jala, Morgan GI Langille, Shahid Umar, K Allen Greiner,
Bodduluri Haribabu
Christina M Hester, K Allen Greiner, Department of Family
Medicine Research Division, University of Kansas Medical
Center, Kansas City, KS 66160, United States
Christina M Hester, Shahid Umar, K Allen Greiner, University
of Kansas Cancer Center, University of Kansas Medical Center,
Kansas City, KS 66160, United States
Venkatakrishna R Jala, Bodduluri Haribabu, James Graham
Brown Cancer Center and Department of Microbiology and
Immunology, University of Louisville, Louisville, KY 40202,
United States
Morgan GI Langille, Department of Pharmacology, Dalhousie
University, Halifax, NS B3H 4R2, Canada
Shahid Umar, Department of Molecular and Integrative
Physiology, University of Kansas Medical Center, Kansas City,
KS 66160, United States
Author contributions: Hester CM and Jala VR contributed
equally as first authors on the manuscript, they contributed
toward design, sample collection, analysis, and writing; Umar S,
Greiner KA and Haribabu B contributed to design, analysis and
writing; and Langille MGI contributed to analysis and writing.
Supported by The University of Kansas Cancer Center,
U54CA154253 from the National Cancer Institute at the NIH,
the University of Kansas Clinical Translational Science Program
(Frontiers, CA123245 from the National Cancer Institute at NIH),
1R01CA138623 from the NCI at NIH, and the James Graham
Brown Cancer Center, University of Louisville.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Christina M Hester, PhD, Assistant
Professor, Department of Family Medicine Research Division,
University of Kansas Medical Center, Kansas City, MS 3064, 3901
Rainbow Boulevard, KS 66160, United States. chester@kumc.edu
Telephone: +1-913-9456733
Fax: +1-913-5882095
Received: April 14, 2014
Peer-review started: April 15, 2014

WJG|www.wjgnet.com

First decision: June 10, 2014
Revised: July 12, 2014
Accepted: August 13, 2014
Article in press: August 28, 2014
Published online: March 7, 2015

Abstract
AIM: To investigate differences in microbes and short
chain fatty acid (SCFA) levels in stool samples from
Hispanic and non-Hispanic African American, American
Indian, and White participants.
METHODS: Stool samples from twenty participants
were subjected to analysis for relative levels of viable
bacteria and for SCFA levels. Additionally, the samples
were subjected to 16S rRNA gene pyrosequencing for
identification of bacteria present in the stool. We used a
metagenome functional prediction technique to analyze
genome copy numbers and estimate the abundance of
butyrate kinase in all samples.
RESULTS: We found that African Americans had
significantly lower levels of acetate, butyrate, and total
SCFAs than all other racial/ethnic groups. We also found
that participant microbial profiles differed by racial/
ethnic group. African Americans had significantly more
Firmicutes than Whites, with enriched Ruminococcaceae .
The Firmicutes /Bacteroidetes ratio was also significantly
higher for African Americans than for Whites (P =
0.049). We found Clostridium levels to be significantly
and inversely related to total SCFA levels (P = 0.019)
and we found Bacteroides to be positively associated (P
= 0.027) and Clostridium to be negatively associated
(P = 0.012) with levels of butyrate. We also identified a
correlation between copy number for a butyrate kinase
predicted from 16S rRNA gene abundance and levels of
butyrate in stool.
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CONCLUSION: The identified differences in gut
flora and SCFA levels may relate to colorectal cancer
mortality differentials and may be useful as targets for
future clinical and behavioral interventions.

associated with colorectal cancer tissue and not normal
[21,22]
colon tissue
. The exact role of bacteria in CRC
development is still unclear, but the evidence supports
both protective and harmful roles for both bacteria and
[24]
their metabolites in CRC .
In terms of bacteria playing a positive role
in the colon, bacteria such as Lactobacillus and
Bifidobacter species have beneficial effects in the gut.
The byproducts of their fermentation activities are
[25]
short chain fatty acids (SCFAs) , such as acetate,
n-butyrate, propionate, and valerate. These SCFAs are
utilized by epithelial cells in the gut and/or excreted in
stool. Butyrate has anti-proliferative properties in vitro
[26]
and anti-cancerous properties in mouse models .
Thus, the influence of diet on the composition of the
microbiota as well as the exposure to metabolites
produced by gut bacteria (such as SCFAs), thereby
influences the intestinal epithelium in ways that
[27-29]
could reduce or increase CRC risk
. Improved
understanding of SCFA differences among individuals
should aid future approaches to understanding and
reducing CRC risk in various population groups.
Research to assess the interplay among human
behavior, environment, gut flora, bacterial metabolites,
and genetics will promote understanding of cancer
development and will be valuable for uncovering
approaches for eliminating racial/ethnic colorectal
cancer disparities. This pilot study was designed
to collect preliminary information to determine
whether microbial and/or microbial metabolite (SCFA)
differences exist across a racially/ethnically mixed
sample of adults over age 50 years. We report findings
for short chain fatty acids and for 16S pyrosequencing
from stool samples in self-identified Hispanics and nonHispanic African Americans, American Indians, and
Whites.

Key words: Colorectal cancer; Short chain fatty acids;
Racial/ethnic disparities; Butyrate; Microbiota
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This brief report describes analysis of stool
samples from 20 adult participants aged 50 years and
above using 16S rRNA pyrosequencing. We found
significantly lower short chain fatty acid levels and
significantly different microbial profiles in African
Americans vs Whites. We also found a significant
correlation between the predicted butyrate kinase levels
based on 16S rRNA gene abundance and stool levels
of butyrate. These results should be useful in future
analysis of colorectal cancer incidence and mortality
differentials across racial/ethnic groups.
Hester CM, Jala VR, Langille MGI, Umar S, Greiner
KA, Haribabu B. Fecal microbes, short chain fatty acids,
and colorectal cancer across racial/ethnic groups. World J
Gastroenterol 2015; 21(9): 2759-2769 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2759.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2759

INTRODUCTION
[1-6]

Colorectal cancer (CRC) is preventable and curable
but remains the second most common cause of cancer
[7]
death in the United States . African Americans suffer
greater incidence and mortality due to CRC than
other racial/ethnic groups in the United States and
have a much lower five-year survival rate than whites
[8-12]
(56% vs 65% for whites)
. African Americans
are diagnosed with CRC at later stages than others,
despite nearly equal rates of CRC screening. Although
biological factors may play an important contribution
to CRC disparities, there is a lack of information about
the identity and relative contribution of these biological
factors, especially microbial factors, to CRC in this
group.
Bacteria in the human intestinal tract break down
[13,14]
food into useable nutrients
, modulate the immune
[15-17]
system
, and protect the intestinal epithelium
[18]
from infection by pathogens . They also contribute
to disease, both directly and indirectly. Recent
studies have begun to examine differences in gut
bacteria profiles between individuals with and without
[19-24]
[20]
CRC
. Sobhani et al
reported higher levels of
Bacteroides and Prevotella in the stool of patients
with CRC than in the stool of patients with normal
colonoscopy. Recent studies have found Fusobacterium
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MATERIALS AND METHODS
Ethics Statement

This study was reviewed and approved by the
University of Kansas Medical Center Human Subjects
Committee. Written, informed consent was obtained
from all participants prior to engaging in any study
activities.

Recruitment, participant data, and sample collection

This study was funded by a small pilot award from
the University of Kansas Cancer Center. The available
funds limited our sample size to a convenience sample
of twenty participants. Participants were recruited
through databases maintained by the University of
Kansas Medical Center Department of Family Medicine
Research Division. Eligibility criteria included age 50-70
years and willing to perform study requirements.
Exclusion criteria included acute medical illness,
current gastrointestinal bleed, history of adenomatous
polyps, CRC, first degree relative with CRC < age 60
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years, inherited polyposis/non-polyposis syndrome,
inflammatory bowel disease, cognitive impairment or
inappropriate affect or behavior.
Twenty participants were recruited, five from
each of four different racial/ethnic groups: Hispanics
and non-Hispanic African Americans, American
Indians, and Whites. We used these four self-declared
categories as Hispanics all selected “other” for race,
whereas non-Hispanic African Americans, American
Indians, and Whites all declared a listed racial category.
We combined race and ethnicity into race/ethnicity
to indicate that both ethnicity and race are taken into
account in the categorization of participants.
The participants were administered informed
written consent; given a brief demographic and
truncated food frequency survey (i.e., How often do
you eat vegetables? Daily, Weekly, Monthly, Rarely,
or Never; How many servings of vegetables and/or
vegetable juices do you usually have during a single
day? None, 1, 2-3, 4 or more); and were given a kit
to collect stool to be sent for comprehensive stool
analysis (CSA). Participants were instructed to collect
their stool within two to three days of recruitment and
send it to Doctor’s Data Laboratory, Inc. The CSA kit
contained gloves, a collection container, and two vials,
one empty and one containing a preservative. The
participant collected his or her stool in the container,
then used spoons attached to the tube caps to transfer
stool to both vials. The samples were then submitted
to Doctor’s Data Laboratory, Inc, for analysis.
The Doctor’s Data CSA assesses a number of
variables including species of bacteria and yeast
that could be cultured from the sample. For this
study, we recorded SCFA information (proportions
of acetate, propionate, butyrate and valerate; the
level of n-butyrate; and the total level of detected
SCFAs in mg/mL of stool); stool pH; and the
quintile values of the following bacteria: Bacteroides
fragilis group, Bifidobacterium species, Clostridium
species, Enterococcus species, Escherichia coli,
and Lactobacillus species. The CSA panel also
includes a guaiac based test for fecal occult blood.
Their quantitation methods detect SCFAs by gas
chromatography and viable bacteria by culture based
methods. Cultured bacterial isolates are identified
using Vitek-2 or MALDI-TOF mass spectrometry.
Detection of viable, culturable bacteria was done to
complement the results of total bacterial identification
by pyrosequencing.

analysis by pyrosequencing, reducing the number from
20 to 19 total participants.) The 16S ribosomal RNA
gene was amplified using 16S rRNA specific primers
(v1-v3), 27f (AGAGTTTGATCCTGGCTCAG) and 534r
(ATTACCGCGGCTGCTGG) on the isolated genomic
DNA (10 ng). These primers were anchored with
adapters and Multiplex Identifiers (MIDs; 10 bp long)
to distinguish various samples in a single 454 pyro
sequencing reaction. An average of 3250 high quality
sequences per sample were obtained and the microbial
classification was performed using GreenGenes
reference data base (gg_otus-4feb2011) using QIIME
[30]
tools (www.qiime.org) . Briefly, the sequences were
rarified (to standardize the sequences across the
samples with uneven sampling) at 1500 randomly
selected sequences per sample. The sequences
reference picked into 97% OTUs using the GreenGenes
reference dataset gg_otus_4feb2011. The OTUs were
classified taxonomically by using the GreenGenes
reference database at various taxonomic ranks
(phylum, order, class, family, genus, and species).

Metagenome functional predictions of the microbial
butyrate pathway

Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States (PICRUSt)
was used to predict metagenome functional content
from the 16S rRNA gene surveys (http://picrust.
[31]
github.com) . PICRUSt uses information from
reference genome databases and ancestral state
reconstruction to predict functional categories based
on 16S rRNA gene sequences. The predicted copy
number abundance of K00929, butyrate kinase, which
catalyzed one of the last metabolic steps in butanoate
metabolism, ko00650, was correlated with the amount
of actual butyrate detected in the stool samples using
Spearman correlation.

Statistical analysis

Because our sample size was limited, we determined
the power of our sample with respect to our predetermined sample size to detect differences in
total SCFA levels. The sample size of 20 participants
provides 72% power for one sided test and 61%
power for a two sided test at 5% significance to detect
an effect size of 0.5 with a standard deviation of 4 mg/
mL. Because population values for total SCFA levels are
not available, the midrange of the Doctor’s Data, Inc.,
reference range of total SCFA levels, 9 mg/mL, was
used as the “population average” for calculating power.
The reference range is 4-14 mg/mL; an average of
9 ± 4 mg/mL is consistent with average total SCFAs
from 60 individuals having undergone CSA in studies
performed since the completion of this one (Hester
and Greiner, unpublished data).
Statistical analysis of participant survey and CSA
data was performed with SPSS version 20 software.
Mean SCFA levels (individual and total) and pH, by

16S rRNA gene pyrosequencing analysis

The fecal samples from 19 diverse participants
(Hispanic, n = 4; non-Hispanic African American, n =
5; non-Hispanic American Indian, n = 5; non-Hispanic
White, n = 5) were collected, and the fecal bacterial
genomic DNA was isolated using maxwell tissue DNA
isolation kit (Promega). (The quantity of stool provided
by one of the Hispanic participants was insufficient for

WJG|www.wjgnet.com
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Table 1 Participant characteristics n (range or %)
Characteristic
Age, mean (range)1,2
Age group, yr
50-59
60-69
70-79
BMI, mean ± SD1,2
Sex
Male
Female
Marital status3
Married
Widowed
Never married/other
Education level4
Some high school and below
High school grad/GED
Some college or tech school
College grad and above
Insurance5
Yes
No

AA

AI

Hispanic

White

All groups

61.8 (50-72)

59.4 (50-75)

54.4 (50-59)

63.8 (57-74)

59.9 (50-75)

2
1
2
33.6 ± 7.7

3
1
1
29.8 ± 4.4

5
0
0
32.2 ± 8.2

1
3
1
34.8 ± 4.0

11 (55)
5 (25)
4 (20)
32.7 (22.8-43.9)

1
4

2
3

2
3

1
4

6 (30)
14 (70)

4
0
1

4
1
0

3
1
1

2
1
2

13 (65)
3 (15)
4 (20)

0
0
2
3

0
0
3
2

2
3
0
0

0
0
4
1

2 (10)
3 (15)
9 (45)
6 (30)

4
1

4
1

1
4

4
1

14 (70)
6 (30)

1

By one-way ANOVA, there was no statistically significant difference among racial/ethnic groups in age (P = 0.319) or BMI (P = 0.649); 2By independent
samples t test, there was no statistically significant difference between African Americans and others in age or BMI; 3By χ 2 with Fisher’s exact test, there
was no significant difference in marital status across racial/ethnic groups or between African Americans and others; 4By χ 2 with Fisher’s exact test, there
was a statistically significant difference in education level among the racial/ethnic groups (P = 0.008). There was no significant difference in education level
between African Americans and others; 5By χ 2 with Fisher’s exact test, there was no significant difference in insurance status across racial/ethnic groups or
between African Americans and others. AA: African Americans; AI: American Indians.

0.008).
By one way ANOVA, there was no significant
difference in SCFA levels, either individual or total,
among all four racial/ethnic groups (Figure 1A).
However, we identified a statistically significant
difference in mean acetate, n-butyrate, and total
SCFA levels between African Americans and all others
(Figure 1B). The four participants testing positive for
occult blood in stool were referred for follow up (no
significant difference in FOBT positive by racial/ethnic
group or African Americans and all others).
Figure 2 depicts the mean pH by race/ethnicity and
for African Americans vs others. The mean pH of the
samples among the racial/ethnic groups was not found
to differ statistically by ANOVA (P = 0.275; Figure 2A),
although African Americans had the highest mean pH
of all groups. The mean stool pH of African Americans
was higher than that for all others, but this difference
was also not statistically significantly different by
independent samples t test, equal variances not
assumed (P = 0.082; Figure 2B).
Backwards stepwise regression yielded some
bacterial variables that were associated with total and
individual SCFA levels (Table 2). With total SCFA (mg/
mL stool) as the dependent variable, and the quintile
levels (0-4) of Bacteroides, Bifidobacteria, Clostridium,
Escherichia coli, Enterococci, and Lactobacillus as the
independent variables, only Clostridium remained in
the model as significant (P = 0.019, B = -3.164). For
each unit of increase in Clostridium, total SCFA levels
decreased by 3.164 mg/mL. With butyrate as the

racial/ethnic group, were compared by one way
ANOVA. Additionally, the mean SCFA levels and pH
for African Americans vs all others were compared by
independent samples t test. Relationships between
SCFAs and bacterial levels detected by CSA were
identified by backwards stepwise regression analysis.
Bacterial levels determined by CSA, the food frequency
questions, and servings per day were analyzed by race
2
using χ with Fisher’s exact test.
The percentages of phylum from sequences were
plotted using GraphPad prism, and statistical analysis
was performed using unpaired two-tailed t test using
GraphPad Prism 4.0 software. Spearman correlations
for the PICRUSt analysis were also performed with
GraphPad Prism 4.0 software.

RESULTS
Participants and comprehensive stool analysis

Participant characteristics are listed in Table 1.
Twenty participants completed the intake survey and
submitted stool for CSA. By one way ANOVA, there
were no statistically significant differences in mean
age or BMI among the four racial/ethnic groups
2
represented. By χ analysis with Fisher’s exact test,
there were no statistically significant differences
among the groups for sex, marital status, or insurance
status. There was a statistically significant difference
in education level among the racial/ethnic groups
2
identified by χ with Fisher’s exact test with Hispanics
having the lowest level of educational attainment (P =
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A
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Total SCFAs

12
African American
Other
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4
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1
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1
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Total SCFAs

Figure 1 Levels of individual and total short chain fatty acids by race/ethnicity. All values are in mg/mL of stool. A: The levels of short chain fatty acids (SCFAs)
in stool across all four racial/ethnic groups; B: The levels of SCFAs for African Americans vs those of all other races/ethnicities. 1Statistically significant difference by
independent samples t test, two sided, equal variances not assumed. Acetate: P = 0.045; Butyrate: P = 0.043; Total SCFAs: P = 0.039.
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Figure 2 Stool pH by race/ethnicity. A: Stool pH across all four racial/ethnic groups; B: Stool pH for African Americans vs those of all other races/ethnicities.

dependent variable and the same bacterial levels listed
previously as the independent variables, Bacteroides (P
= 0.027, B = 0.347) and Clostridium (P = 0.012, B =
-0.880) remained in the model as significant. For each
unit increase in Bacteroides, there is a corresponding
increase of 0.347 mg/mL of butyrate, and for each
unit increase of Clostridium, there is a decrease of 0.88

WJG|www.wjgnet.com

mg/mL of butyrate. Finally, for the dependent variable
of acetate, with the bacterial levels as independent
variables, only Clostridium remained in the model (P
= 0.001, B = -2.294). For each unit of increase of
Clostridium, there is a decrease of 2.294 mg/mL of
acetate.
Levels of viable bacteria detected by CSA were
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average of 3250 sequences per sample. These were
analyzed using QIIME 1.5.0 pipeline as described in
the methods. The 16S rRNA gene analyses showed
substantial inter individual variability among different
ethnic groups. Most of the gut microflora in the
analyzed samples was composed of Firmicutes.
However, there were significant differences in microbial
content among participants of different racial/ethnic
groups at phylum level (Figure 3A) despite the limited
number of samples. The Firmicutes phylum was
significantly increased in African Americans compared
to Whites (P = 0.0443). Among Firmicutes, bacteria
belonging to Ruminococcaceae were increased in
African Americans. The data revealed a significant
difference (increase) in the ratio of Firmicutes/
Bacteroidetes phylum in African Americans compared
to Whites (P = 0.0439) (Figure 3B). We observed
high levels of Subdoligranulum genus (belongs to
Ruminococcaceae) in two African American subjects
(AM012559: 71% and TT041061: 61%). Interestingly,
we also observed high levels of Akkermansia
muciniphila (mucin degrading bacteria) in two White
participants (MB071445: 43% and SW041237: 24%),
whereas it was completely absent in the Hispanic
participants.

Table 2 Backwards stepwise regression identifies relationships
between short chain fatty acids and bacterial levels measured
by comprehensive stool analysis
Variables
Total SCFAs (D)
Clostridium (I)
Acetate (D)
Clostridium (I)
Butyrate (D)
Bacteroides (I)
Clostridium (I)

B

P value

-3.164

0.0191

-2.294

0.0011

0.347
-0.880

0.0271
0.0121

1

Statistically significant difference detected among or between groups. (D):
Dependent variable; (I): Independent variable.

2

compared using χ with Fisher’s exact test. There were
no significant differences in any bacterial level detected
in the analysis by race or by African Americans vs
others (data not shown).
In Table 3, differences in food intake are
reported among the different racial/ethnic groups
and between African Americans and all others. The
percent of participants reporting most frequent intake
of vegetables, fruit, cultured foods, and probiotic
containing foods (percent reporting daily intake shown;
weekly, monthly, rarely, or never are not shown) and
highest number of servings of fruit and vegetables per
day are also shown (percent reporting consumption of
4 or more daily servings shown; 0, 1, or 2-3 servings
are not shown). There was a statistically significant
difference in vegetable intake frequency among racial/
ethnic groups (P = 0.003) and in vegetable servings
reported by African Americans vs others (P = 0.027).
There was no significant difference in reported fruit
intake frequency or servings among racial/ethnic
groups (P = 0.664 and P = 0.375 respectively). While
African Americans and others did not differ in fruit
intake frequency (P = 0.736), African Americans
reported significantly more fruit servings per day than
all others (P = 0.031). We also evaluated whether
there were differences in reports of frequency of
intake of cultured foods (i.e., yogurt, sauer kraut) or
foods labeled as containing probiotics. For frequency
of cultured food intake, there was no statistically
significant difference revealed among groups (P =
0.450) or between African Americans vs others (P =
0.128). For foods containing probiotics, there was a
statistically significant difference in reported frequency
of intake among racial/ethnic groups (P = 0.047), but
there was no difference between African Americans
and all others (P = 1.000).

Predicted functional content potential of microbial
butanoate metabolism

PICRUSt was used to predict metagenomes from 16s
rRNA sequence data and to correlate actual metabolite
levels from the stool with the predicted abundances
of genes involved in butanoate metabolism across all
of the samples. The analysis with PICRUSt revealed
that KO K00929, a butyrate kinase that completes the
last reaction in the butanoate metabolism pathway,
correlated in its predicted copy number across the
sampled subjects with the experimentally identified
stool levels of butyrate by metabolomics (Spearman
r = 0.52, P = 0.023) (Figure 4A). In addition, when
grouping the samples by race/ethnicity, the median
abundance of KO K00929 was lowest in African
Americans and American Indians, coinciding with the
actual measured butyrate levels (Figure 4B).

DISCUSSION
The current study was a pilot study to analyze SCFA
and microbiota composition in a small group of
individuals over age 50 and from four racial/ethnic
groups. The mean total SCFA levels were significantly
lower in African Americans compared to other groups.
This may be important given that a recent study by
[29]
Ou et al , found that SCFAs (acetic acid, propionic
acid, butyric acid) were significantly reduced in
African Americans compared to native Africans. There
is a wealth of evidence supporting the beneficial
effects of butyrate in reducing colon cancer risk
with anti-inflammatory, immunomodulatory effects

Bacterial taxa analysis

To evaluate the microbiota composition of each of
the stool samples, 16S ribosomal RNA (v1-v3 region)
sequencing was performed using the Roche-454
Junior sequencing platform. High quality 16S rRNA
sequences from all 19 samples were obtained with an
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Table 3 Dietary intake by race/ethnicity and by African Americans vs all others
Food frequency question

Percent reporting “daily” intake (frequency) or ≥ 4 servings/d (servings)

Frequency2
Vegetables
Fruit
Cultured Food
Foods with probiotics
Servings3
Vegetables
Fruit

Race/ethnicity

AA or all others

AA

AI

Hispanic

White

P value1

P value1

100
80
0
0

0
40
20
0

40
40
20
20

80
40
40
0

0.0034
0.664
0.450
0.0474

0.205
0.736
0.128
1.000

40
40

0
0

0
0

0
0

0.375
0.119

0.0274
0.0314

χ , Fisher’s exact test; 2Frequency responses were the following: daily, weekly, monthly, rarely, never. All responses were included in the analyses;

1 2
3

Servings responses were the following and were requested per day: none, 1, 2-3, 4 or more. All responses were included in the analyses; 4Statistically
significant difference detected among or between groups. AA: African Americans; AI: American Indians.
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Figure 3 Human gut microbiota analysis from different racial/ethnic groups. The 16S rRNA gene (v1-v3 regions) was sequenced from fecal samples using 454
Jr. sequencing and analyzed using QIIME platform. A: The phylum distribution among different groups was generated by comparing with the GreenGene (gg_otus4feb2011) data base; B: The ratio of Firmicutes and Bacteroidetes is represented among different racial/ethnic groups. Statistics were performed using unpaired twotailed t test using Graphpad Prism 4.0 software (aP < 0.05 vs control).
[28,32]

and down regulating Wnt signaling events
.
There is also strong epidemiological evidence linking
high fat consumption to high risk of colon cancer.
Epidemiological data continues to suggest that African
Americans have higher risk of developing colon cancer
than others. It is possible that lower SCFAs in African
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Americans might explain why African Americans have
higher risk of colon cancer and higher CRC mortality
as well. Additionally, SCFAs reduce the pH of stool,
[33]
and a recent study by Ohigashi et al
found that
the stool from CRC patients had lower levels of acetic
acid, butyric acid, propionic acid, and valeric acid
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A

hemicellulose components of plant material in the
[34]
gut environment . These bacteria decompose
the substrates such that the host can easily digest,
ferment, and convert into SCFAs for absorption.
The mean average Ruminococcaceae family
was increased in African Americans, while the
Lachnospiraceae family was decreased compared
to Whites. The major reported bacteria in the
Ruminococcaceae family are Ruminococcus, Fae
calibaterium, Anaerotruncus and Subdoligranulum.
In our studies, we observed increased mean average
of Subdoligranulum genus in African Americans
compared to whites. Subdoligranulum bacteria
have been significantly associated with colon tumor
[19]
tissue , in some cases. It is important to note that
bacteria belonging to Lachnospiraceae family such
as Eubacterium rectale, Eubacterium ventriosum,
Coprococcus sp. and Roseburia sp. have been
associated with the production of butyrate necessary
[35,36]
for the health of colonic epithelial tissue
and shown
to be present at very low levels in inflammatory bowel
[37]
disease . The results presented here suggest that
decreased (mean average) levels of Lachnospiraceae
and butyrate levels in African Americans might offer
an explanation for their increased risk for developing
colon cancer.
The ratio of Firmicutes/Bacteriodetes has been
associated with obesity and age. Studies have reported
that the Firmicutes/Bacteroidetes ratio is significantly
different between infants and adults (0.4 and 10.9
respectively) and between adults and elderly (10.9 and
[38]
0.6 respectively) . Previously, the ratio of Firmicutes/
Bacteroidetes was found to be significantly increased
[39]
in obese adults and subjects with type 2 diabetes ,
suggesting it could be the result of dysbiosis arising
from adaptation of individual microbial communities
[40]
to long-term metabolic dysfunction . Our studies
suggest a significant increase in the ratio of Firmicutes/
Bacteroidetes in African Americans compared to
Whites and Hispanics, perhaps providing clues as to
the risk factors for obesity linked colon cancer and
the influence of the microbiota on these disorders in
African Americans. [In the current study, there was
not a significant difference in BMI (Table 1) or diabetes
(data not shown) among groups or between African
Americans and others. The gut flora could be one of
the risk factors for CRC in African Americans; however,
with substantial variation in individual samples, one
must be cautious in interpreting microflora data and
its association with disease states. Further studies
with large cohorts will be needed to establish the
correlations and causative links between race/ethnicity
and health status.
The PICRUSt analysis was used to take microbial
data and predict expected metabolite pathways based
on 16S rRNA sequences. Results corroborated findings
from stool analysis butyrate levels, suggesting validity
of the methodology and that increased butyrate levels
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Figure 4 PICRUSt analysis of 16S rRNA and correlating with experimental
butyrate levels. A: Spearman Correlation analysis suggest moderately strong
correlation (r = 0.52) prediction of K00929 pathway (butanoate pathway) vs
experimental butyrate levels with significant P value (P = 0.023); B: Box plot
indicating relative abundance of KO K00929 across ethnic groups (* = mean; +
= points beyond 25th-75th percentile).

and significantly higher pH than the stool of healthy
controls. Interestingly, we observed here that the
stool SCFA content is lower and pH is higher for
African Americans than for participants of other races/
ethnicities (Figure 2).
The microbial analysis from this study supports
the notion that substantial variation exists in microbial
composition among individual subjects. Defining the
composition of a “healthy microbiota” has become a
major topic of discussion in microbiota research. It is
possible that a commensal for one individual can be a
pathogen for another based on factors such as general
health, environment, and genetic background. The
main goal of this study was to evaluate the variation
in microbiota and SCFA levels among different racial/
ethnic groups. The microbial analysis suggests a
significant increase in Firmicutes in African Americans
compared to Whites and Hispanics. The microbial
genome analysis also revealed that members of
the Lachnospiraceae and Ruminococcaceae families
play an important role in degrading cellulose and
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could be partially caused by changes in the microbial
organisms within the sample. The observed variation
between butyrate levels and butyrate metabolism gene
copy abundances is likely due to not only PICRUSt
estimations, but that butyrate levels can be changed by
gene regulation within the same group of organisms.
Future studies that utilize metatranscriptomics could
lead to an improved understanding of whether gene
regulation or selection of different organisms has
a greater effect on microbial butyrate production.
Further applications of the PICRUSt methodology will
be useful in efforts to identify metabolic pathways and
their correlation with 16S rRNA sequences in groups
suffering high CRC incidence and mortality.
Limitations of this pilot study include the small
sample size and the convenience sampling frame
that resulted in younger Hispanic participants who
had significantly lower educational attainment than
the participants in other groups. Also, 70% of the
participants in this study (across all groups) were
female, and future studies should be more sexbalanced. Unfortunately, we did not collect information
about the socioeconomic status of our participants. As
education and socioeconomic status can drive dietary
and health decisions, it will be important to collect this
information in future studies. Despite these limitations,
this pilot study was primarily performed to begin to
investigate whether or not differences exist in the stool
SCFA and bacteria levels in the different racial/ethnic
groups represented herein, and we contend that our
data suggest that further study of the differences we
have observed here is warranted.
The results presented here suggest that racial/
ethnic variations in the colonic environment resulting
from differences in microbiota and the production
of metabolites by these bacteria could be important
factors related to and possibly influencing long-term
CRC risk. Our preliminary evidence for racial/ethnic
differences in these factors in our small sample will
need to be followed up by larger-scale longitudinal
studies designed to untangle the relationships among
diet, race/ethnicity, the intestinal microbiota and the
compounds produced by these organisms, allowing
for the ultimate development of novel interventions
and therapies that can be targeted to those with the
highest colorectal cancer risk.

with statistical analysis. The authors would also like
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AIM: To compare the sensitivity and specificity of
CDX2 and alcian blue (AB) pH 2.5 staining in identifying
esophageal intestinal metaplasia.
METHODS: One hundred and ninty-nine biopsies
from 186 patients were retrospectively reviewed and
categorized as Barrett’s esophagus (BE) (n = 108);
non-Barrett’s esophagus (NBE) (n = 48); columnar
blue cells (CB) and esophageal glands (EG) (n = 43).
The biopsies were stained with AB and immunostained
for CDX2 using a mouse monoclonal antibody from
Biogenex (clone CDX2-88) and the Ventana Discovery
X automated immunostainer. The positive and negative
predictive value of each group was used to determine
the predictive power of CDX2 and AB in diagnosing
intestinal metaplasia.
RESULTS: All of the 108 BE biopsies (100%) were
positive for AB and 102 of them (94.4%) were positive
for CDX2. The six BE patients (5.6%) who failed to
stain with CDX2 were found to have lost the focus
of intestinal metaplasia upon deeper sectioning for
immunostaining. Both AB and CDX2 were negative in 43
out of 48 (89.6%) NBE cases. Five NBE patients (10.4%)
were falsely positive for AB due to the presence of EG
and CB in these biopsies. These cases were all CDX2
negative. In addition, 5 AB negative NBE were found
to be CDX2 positive. Based on these results the CDX2
immunostain had similar sensitivity but higher specificity
(100% vs about 91%) than AB in detecting intestinal
type metaplasia in these samples. Our data shows that
CDX2 has a better PPV in detecting intestinal metaplasia
as compared to AB (95.6% vs 71.5%, respectively).
CONCLUSION: CDX2 has a better positive predictive
value than AB in detecting intestinal metaplasia. CDX2
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may be useful when challenged by gastro-esophageal
biopsies containing mimikers of BE.

maximizing the potential for early therapeutic
intervention and positively impacting clinical outcomes.
The specificity of CDX2 Immunohistochemistry in the
[3]
setting of intestinal metaplasia is well known . As
such CDX2 should offer significant advantages over
conventional AB staining in the diagnostic work-up of
esophageal biopsies.
CDX2 is a homeobox transcription factor and
member of the caudal-related family of CDX homeobox
genes whose expression in mouse intestine was
[4]
originally identified and characterized by James et al
[5]
and Beck et al some 20 years ago. Throughout the
gastrointestinal tract, it is expressed in the epithelium
distal to the stomach during both embryological
development as well as during adult life playing a role
[4,6,7]
in stem cell differentiation
.
In the esophagus CDX2 is expressed in the setting
of columnar intestinal metaplasia consistent with its
role in development and a finding that can be exploited
diagnostically. Indeed, esophageal CDX2 expression
has been associated with columnar metaplasia both
with and without intestinal metaplasia, and it has
been speculated that its expression can even precede
[8]
metaplastic change . Further in the progression
to adenocarcinoma CDX2 has also been shown
to undergo down regulation, similar to that of a
“tumors suppressor gene”, supporting its mechanistic
role in carcinogenesis and its diagnostic role in the
identification of metaplastic precancerous epithelium.
As such CDX2 is not merely a surrogate of esophageal
adenocarcinoma risk but a direct tissue biomarker
capable of identifying the precursor lesion of Barrett’s
[9]
esophageal adenocarcinoma .
In this study, we tested the value of CDX2 immuno
stain in distinguishing true intestinal metaplasia when
challenged by the presence of false alcian blue (AB)
positive CB and EG in small biopsies.

Key words: Barrett’s esophagus; Alcian blue pH 2.5;
CDX2; Intestinal metaplasia; Esophageal glands;
Columnar blue cell
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our data show that the use of CDX2 immunostain
in biopsies performed to rule out esophageal intestinal
metaplasia (Barrett esophagus) has the advantage
of discriminating between Barrett’s esophagus and
esophageal glands. The latter is typically strongly positive
for alcian blue (AB) pH 2.5 but negative for CDX2. CDX2
also discriminates between BE and columnar blue cells
which are also positive for AB. Our data shows that
CDX2 has a better positive predictive value in detecting
intestinal metaplasia as compared to AB (95.6% vs
71.5% respectively). These results support the utility of
CDX2 stain in the correct diagnosis of Barrett esophagus.
Johnson DR, Abdelbaqui M, Tahmasbi M, Mayer Z, Lee HW,
Malafa MP, Coppola D. CDX2 protein expression compared to
alcian blue staining in the evaluation of esophageal intestinal
metaplasia. World J Gastroenterol 2015; 21(9): 2770-2776
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i9/2770.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2770

INTRODUCTION
In 2014 there were an estimated 18170 cases of
esophageal cancer in the United States and 15450
deaths, highlighting the importance of cancer prevention
[1]
and of early detection of precursor lesions . As such,
the timely and accurate evaluation of esophageal
biopsies for evidence of premalignant change such as
intestinal metaplasia is an integral component of upper
gastrointestinal tract cancer surveillance and patient
management. When identified Barrett’s metaplastic
changes warrant continued surveillance which involves
ongoing histopathologic review of new biopsies over
time and their comparison to previous biopsies for
[2]
evidence of progression . Even when the lesion of
interest has been accurately biopsied, subsequent
histologic examination can be challenging due to the
small size of the biopsy as well as technical artifacts
which may distort tissue morphology. In addition, the
presence of esophageal glands (EG) and of columnar
blue cells (CB) are known mimikers of Barrett’s
esophagus (BE) which stain strongly positive for AB and
be the source of false positive BE.
Therefore, reliable, highly sensitive and specific
tissue biomarkers of premalignant change can be
crucial for diagnostic decision making, thereby

WJG|www.wjgnet.com

MATERIALS AND METHODS
Subjects

This study was approved by the Institutional Review
Board at the Moffitt Cancer Center.
We retrospectively studied all patients, between the
ages of 18-85 years, who underwent upper endoscopy
to rule out Barrett’s at the Florida Digestive Health
Specialists and at the Moffitt Cancer Center over a
12 mo period. 199 biopsies from 186 patients were
studied. The patients had a median age of 61.7 years
(ranged from 34 to 85), 117 were male and 69 were
female.
In this study BE was defined as the presence of
goblet cells by HE staining which also showed AB
reactivity. CB were defined as nongoblet columnar
epithelial cells that were also AB positive. EG
were identified by HE staining and AB as well. The
designation non-Barrett’s esophagus (NBE) refers to
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Immunohistochemistry data analysis

Table 1 CDX2 and alcian blue pH 2.5 staining in in detecting
intestinal metaplasia n (%)
1

Pathology

BE, 108 biopsies
NBE, 48 biopsies
EG/CB, 43 biopsies

Alcian blue

CDX2

Positive, 108 (100)
Negative, 43 (89.6),
Positive, 5 (10.4)3
Positive, 43 (100)

Positive 102 (94.4)2
Negative 43, (89.6),
Positive 5 (10.4)4
Negative 43 (100)

1

The CDX2 stained samples were examined by two
independent observers (DC and MA), and a consensus
score was reached for each sample. The positive
reaction of CDX2 was scored as positive if any glandular
cell nucleus stained.

Statistical analysis

The positive and negative predictive value of each
group was calculated. The PPV and NPV were used
to determine the predictive power of CDX2 vs AB
in determining the accurate diagnosis of intestinal
metaplasia.

2

199 total biopsies from 186 patients; 6 BE biopsies lost focal intestinal
metaplasia upon deeper sectioning for CDX2 immunohistochemistry;
3
10.4% “false positives”, determined to be negative for CDX2 staining;
4
Five of NBE biopsies tested positive for CDX2. BE: Barrett’s esophagus;
NBE: Non-Barrett’s esophagus; EG: Esophageal glands; CB: Columnar
blue cells.

RESULTS

those cases that did not show evidence of goblet cells
by HE staining and AB staining. All of the specimens
were preserved in 10% buffered formalin prior to
embedding in paraffin.
The HE stain biopsies slides and the corresponding
AB stains, previously done, were reviewed and the
cases were categorized as follows: 108 biopsies with
histologically evident goblet cells (BE), 48 biopsies
without histologic evidence of goblet cells (NBE),
43 biopsies containing EG, and CB. These cases
were then stained for CDX2 following manufacturer
recommendations.

We reviewed a total of 199 esophago-gastric biopsies
from 186 patients. The results are summarized in
Table 1 below. All of the 108 BE biopsies (100%)
were positive for AB and 102 of them (94.4%) were
positive for CDX2 (Figure 1). The 6 BE patients (5.6%)
who failed to stain with CDX2 were determined, in
fact, to have lost the focus of intestinal metaplasia
upon deeper sectioning for immunostaining (i.e.,
false negative CDX2 signal due to tissue loss). Fortythree out of 48 (89.6%) NBE cases were negative for
both AB and CDX2. Five NBE patients (10.4%) were
falsely positive for AB. This false positive AB stain
was attributed to the presence of EG and CB in these
biopsies. Each of these five false positives (100%)
were consistently negative for CDX2 confirming the
absence of BE in these cases (Figures 2 and Figure
3A and 3B). In addition, 5 NBE cases (AB negative)
resulted positive for CDX2 (Figure 4).
Our data shows that CDX2 has a better PPV in
detecting intestinal metaplasia as compared to AB
(95.6% vs 71.5%, respectively).

Immunohistochemistry

The tissues were stained for CDX2 using a mouse
monoclonal antibody against CDX2 (Clone CDX2-88,
Biogenex, Fremont, CA) at a 1:5 dilution (incubation
at 31 ℃, 32 min), using the Ventana automated
immunostainer Discovery XT (Ventana Medical
Systems Inc. Tucson, Arizona).
The slides were dewaxed by heating at 55 ℃ for
30 min and by 3 washes, 5 mineach with xylene.
Tissues were rehydrated by a series of 5-min washes
in 100%, 95% and 80% ethanol and distilled water.
Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide for 20 min. After blocking with
universal blocking serum (Ventana Medical Systems
Inc., Tucson, Arizona) for 30 min, the samples were
incubated with the primary antibody at 4 ℃ overnight.
The samples were then incubated with biotin-labeled
secondary antibody and streptavidin-horseradish
peroxidase for 30 mineach (Ventana Medical Systems).
The slides were developed with 3,3’-diaminobenzidine
tetrahydrochloride substrate (Ventana Medical Systems
Inc.) and counterstained with hematoxylin (Ventana
Medical Systems Inc. Tucson, Arizona). The tissue
samples were dehydrated and coversliped. Standard
cell conditioning (following the Ventana proprietarian
recommendations) was used for antigen retrieval. The
specificity of the anti-CDX2 antibody was reported by
the manufacturer. Negative control was included by
using non immune mouse sera and omitting the CDX2
antibody during the primary antibody incubation step.
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DISCUSSION
The results of this study provide further evidence that
CDX2 immunostain is a sensitive and specific maker
for intestinal metaplasia in the esophagus and that it
offers significant advantages, over conventional AB
staining, in the detection of BE on esophageal biopsies.
The identification of goblet cells is a prerequisite
for the diagnosis of BE which the American College of
Gastroenterology defines as “a change in the distal
esophageal epithelium of any length that can be
recognized as columnar type mucosa at endoscopy
and is confirmed to have intestinal metaplasia by
[10]
biopsy” . One of the roles of the pathologists when
dealing with an esophago-gastric biopsy is to identify
the intestinal metaplasia. The other is to identify
and to grade dysplasia. In questionable cases, or
when dealing with small biopsies, it is customary for
the pathologists to obtain a special stain for AB that
highlights the intracytoplasmic acidic mucin of goblet
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A

B

C

Figure 1 An example of Barrett mucosa showing numerous goblet cells (A) which are positive for alcian blue pH 2.5 stain (B) and CDX2 (C). Magnification ×
200.

A

B

Figure 2 Biopsy showing glands with columnar blue cells on the alcian blue pH 2.5 staining (A) while the same cells are negative when stained with CDX2
(B). Magnification × 200.

In practice, nuclear expression of transcription factors
offers several distinct advantages over cytoplasmic
“differentiation” markers. In our experience, trans
cription factors generally yield an “all or none” signal,
with the vast majority of positive cases and the nuclear
localization of the signal is much less likely to be
confused with biotin or other sources of false-positive
cytoplasmic signals.
Prior studies have reported CDX2 expression in
[25,26]
BE
. In this survey, CDX2 was a highly sensitive
and specific tissue biomarker for intestinal type
metaplasia (BE), equivalent to that of AB staining with
regard to sensitivity and superior to AB in terms of

cells, the marker for intestinal metaplasia. However,
[11-13]
the presence of EG and of CB
are known mimikers
of BE and stain strongly positive for AB. Both EG and
CB may make the interpretation of small biopsies
problematic and be the source of false positive BE.
Several aspects of CDX2 make it a particularly good
tissue biomarker in the evaluation of premalignant
[14-17]
lesions in the esophagus
. This marker has been
consistently reported in gastric intestinal metaplasia and
[18-21]
in intestinal type gastric adenocarcinomas
while
it is not expressed in normal esophageal and gastric
[22-24]
epithelial cells
are CDX2 negative. As a transcription
factor, CDX2 shows a nuclear immunostaining pattern.
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A

B

C

Figure 3 Image of esophageal glands with associated esophageal gland ducts (A) strongly positive for alcian blue pH 2.5 staining (B) but are negative for
CDX2 (C). Magnification × 200.

A

B

Figure 4 Esophago-gastric mucosa showing negativity for intestinal metaplasia on the alcian blue pH 2.5 staining (A), but strong positivity on the CDX2
immunostain (B). Magnification × 200.

specificity (AB alone approximately 91% specific as
there were 5 false positive NBE biopsies with AB alone
all of which were correctly identified with CDX2 when
the biopsy evaluations were performed controlling for:
(1) the integrity of the tissue when deeper sections are
cut for immunostaining to ensure that focal intestinal
metaplasia seen on HE STAINING is not lost in the
recuts; and (2) the recognition EG and or CB in the
biopsies.
Overall, the positive predictive value in detecting
intestinal metaplasia for CDX2 was 95.6% and
for AB it was 71.5%. Thus, the adjunct of CDX2
immunostaining can significantly assist in the correct
evaluation of esophago-gastric biopsies performed to

WJG|www.wjgnet.com

rule out intestinal metaplasia.
Moving forward, the positive CDX2 stain in 5 NBE
cases is intriguing and may indicate the early detection
of BE by CDX2. This finding as been observed also by
[8]
others suggesting that CDX2 positivity in esophageal
columnar mucosa may be detectable prior to goblet
cells. The clinical implications of this finding require
further investigation.
In conclusion, our study further supports the use
of CDX2 immuno stain as a useful marker in the
diagnosis of BE. The stain proves to be particularly
useful especially in situations where the pathologist is
challenged by small biopsies containing mimikers of BE
CB and/or EG.
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COMMENTS
COMMENTS
Background

In 2014 there were an estimated 18170 cases of esophageal cancer in the
United States and 15450 deaths, highlighting the importance of cancer
prevention and of early detection of precursor lesions. Esophageal cancer
surveillance and patient management relies heavily on the accurate evaluation
of esophageal biopsies for evidence of premalignant change such as intestinal
metaplasia. In the histological examination of esophageal biopsies, it is
essential to identify columnar metaplasia particularly intestinal type (Barrett’s
esophagus, BE), a known precursor of adenocarcinoma of the esophagus, the
most common type of esophageal cancer.

3
4
5

Research frontiers

This task can be challenging on small biopsies. When columnar metaplasia
has an intestinal phenotype as evidenced by the presence of goblet cells, the
alcian blue (AB) pH 2.5 staining can be helpful. However, AB lacks specificity
as non-metaplastic, mucin containing esophageal glands (EG) and nongoblet columnar cells (columnar blue cells, CB) also stain positive. Another
marker that correlates with intestinal metaplasia in the esophagus is CDX2, a
transcription factor normally found in the intestine but which is also expressed
in the esophagus undergoing intestinal metaplasia. It has been suggested
that CDX2 may offer significant advantages over AB staining. With this study
we provide further evidence supporting the utility of CDX2 staining in the
diagnosis of esophageal intestinal metaplasia as compared to conventional AB
staining.

6

7

8

Innovations and breakthroughs

The identification of goblet cells is a prerequisite for the diagnosis of BE which
the American College of Gastroenterology defines as “a change in the distal
esophageal epithelium of any length that can be recognized as columnar
type mucosa at endoscopy and is confirmed to have intestinal metaplasia by
biopsy”. One of the roles of the pathologists when dealing with an esophagogastric biopsy is to identify the intestinal metaplasia. The other is to identify and
to grade dysplasia. In questionable cases or when dealing with small biopsies,
it is customary for the pathologists to obtain a special stain for AB that highlights
the intracytoplasmic acidic mucin of goblet cells, the marker for intestinal
metaplasia. However, the presence of EG and of CB are known mimikers of BE
which stain strongly positive for AB. They may make the interpretation of small
biopsies problematic and be the source of false positive BE.

9

10

11
12

Applications

Our data shows that CDX2 has a better positive predictive value than AB in
detecting intestinal metaplasia (95.6% vs 71.5%, respectively). CDX2 may
be useful when challenged by small gastro-esophageal biopsies containing
mimikers of BE.

13

Terminology

BE is a metaplastic process induced by gastric acid peptic content, eroding
the esophageal squamous mucosa and it is characterized by the presence of
goblet cells. AB is a special stain highlighting the acidic (intestinal type) mucin
contained in BE. CDX2 is a homeobox transcription factor and member of
the caudal-related family of CDX homeobox genes and it is expressed in the
epithelium distal to the stomach during both embryological development as
well as during adult life. In the esophagus CDX2 is expressed in the setting of
columnar intestinal metaplasia.
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Peer-review

This is a good retrospective study in which the authors analyzed the sensitivity
and specificity of CDX2 immunostain in the diagnosis of BE, as compared to
conventional AB stain. The reults are interesting and show that CDX2 is more
specific than AB in identifying BE, avoiding false positive diagnoses of BE. This
is important as it affects patient care.
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AIM: To assess the efficacy of immunotherapy with
expanded activated autologous lymphocytes (EAALs)
in gastric cancer.
METHODS: An observational study was designed to
retrospectively analyze the clinical data of 84 gastric
cancer patients, of whom 42 were treated by EAAL
immunotherapy plus conventional treatment and
another 42 only received conventional treatment
(control group). EAALs were obtained by proliferation
of peripheral blood mononuclear cells from patients
followed by phenotype determination. Clinical data
including age, gender, clinical stage, chemotherapeutic
regimens, hospitalization, surgical, radiotherapy, and
survival data were collected along with EAAL therapy
details and side effects. Patients were followed and the
relationship between treatment and overall survival
(OS) data obtained for the immunotherapy and control
groups were compared retrospectively. The safety of
EAAL immunotherapy was also evaluated.
RESULTS: After in vitro culture and proliferation, the
percentages of CD3+, CD3+CD8+, CD8+CD27+,
CD8+CD28+, and CD3+CD16+/CD56+ cells increased
remarkably (P < 0.05), while the percentages of CD3+CD4+,
CD4+CD25+, and CD3-CD16+/CD56+ (natural killer
cells) were overtly decreased (P < 0.05); no significant
change was observed in CD4+CD25+CD127- cells
(P = 0.448). Interestingly, OS in the immunotherapy
group was significantly higher than that in the control
group, with 27.0 and 13.9 mo obtained for the two
groups, respectively (P = 0.028, HR = 0.573, 95%CI:
0.347-0.945). These findings indicated a 42.7% decrease
in the risk of death. In addition, we found that clinical
stage and application of EAAL immunotherapy were
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independent prognostic factors for gastric cancer
patients. Indeed, the OS in stage Ⅲc and Ⅳ patients
that had received surgery was prolonged after EAAL
immunotherapy (P < 0.05). Importantly, in vitro induction
and proliferation of EAAL were easy and biologically safe.

Although TILs have been shown to improve IL-2
therapeutic responses in about one third of patients
[19]
with metastatic melanoma , the rather complex
preparation process of autologous TILs limits their
application in routine clinical practice. It is known that
CIK cells exhibit potent cytotoxicity against a variety of
tumor cells, including autologous and allogeneic acute
[20]
myeloid leukemic (AML) targets
as well as various
[21]
types of solid cancers .
Interestingly, a method was developed to isolate
T lymphocytes from cancer patients with immobilized
anti-CD3 monoclonal antibodies; the resulting expanded
activated autologous lymphocytes (EAALs, all CD3+
and HLA-DR+) were shown to be a heterogeneous cell
population containing about 30% of CD4+ and 60% of
[22]
CD8+ cells . Importantly, the same research group
demonstrated that EAALs can reduce postsurgical
recurrence rates of hepatocellular carcinoma (HCC) in a
randomized clinical trial, indicating that EAAL adoptive
immunotherapy is a safe and feasible treatment that
[23]
can improve outcomes for HCC after surgery . These
findings demonstrated the superiority of EAALs over
other immune cells used in adoptive immunotherapy:
in addition to decreasing the frequency of recurrence
by 18% compared with controls, EAALs showed a
[22,23]
mean expansion index of 1560-fold
.
The potential benefits of EAALs in gastric cancer
have not been explored. Therefore, this study aimed to
further define EAAL phenotypic traits and examine the
clinical effects of EAALs in a case-control observational
study where overall survival time of gastric cancer
patients was assessed retrospectively.

CONCLUSION: Overall, EAAL adoptive immunotherapy
might prolong the OS in gastric cancer patients.
Key words: Adoptive immunotherapy; Gastric cancer;
expanded activated autologous lymphocytes; Lymphocytes;
Observational study
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We undertook a retrospective analysis of
patients with gastric cancer to perform an observational
study on whether expanded activated autologous
lymphocytes (EAALs) improved treatment outcomes.
The results provide the first evidence for EAALs being an
effective treatment regimen in gastric cancer. The therapy
was straightforward and showed good safety, and overall
survival may be improved with EAAL treatment in gastric
cancer patients.
Zhang gq, Zhao H, Wu JY, Li JY, Yan X, Wang G, Wu LL,
Zhang XG, Shao Y, Wang Y, Jiao SC. Prolonged overall survival
in gastric cancer patients after adoptive immunotherapy. World
J Gastroenterol 2015; 21(9): 2777-2785 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2777.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2777

MATERIALS AND METHODS

INTRODUCTION

Generation of EAALs

Activated lymphocytes were generated using an
anti-CD3 monoclonal antibody (OKT3) and IL-2 as
[24]
described previously . Briefly, 50 to 100 ml of
peripheral blood was collected from each patient, and
peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll-Hypaque gradient centrifugation.
The isolated PBMCs were washed and resuspended
in RPMI-1640 culture medium (Gibco, Grand Island,
United States) containing 10% serum from human
blood group AB plasma supplemented with 700 U/ml
of IL-2. The PBMC suspension was then placed in a
flask coated with immobilized anti-CD3 antibody and
incubated for one week. Afterwards, the lymphocyte
suspension was transferred to a gas permeable bag for
two more weeks. The resulting activated lymphocytes
were harvested, passed through a 100 μm filter
membrane and resuspended in 100 mL normal saline
containing 1% human serum albumin for intravenous
and/or intrapleural infusion.

Adoptive cellular immunotherapy has been considered
an important antitumor treatment for many years.
In this process the patient’s own peripheral immune
cells are collected and proliferated in vitro to produce
larger quantities by the thousands with enhanced
antitumor ability. The cells are then infused back
into the patient, in this way the patient’s active or
passive immunity is strengthened and tumor cells are
killed. Adoptive cellular immunotherapy is suitable for
immunocompromised patients, such as those who
have received high-dose chemotherapy, radiotherapy,
[1,2]
and/or bone marrow transplantation .
Interestingly, various in vitro proliferated effector
[3,4]
cells, such as lymphokine-activated killer (LAK) cells ,
[5]
anti-CD3 induced activated killer (CD3AK) cells ,
[6-9]
activated natural killer (NK) cells , dendritic cells
[10,11]
[12,13]
(DCs)
, tumor-infiltrating lymphocytes (TILs)
,
[14-16]
and cytokine-induced killer (CIK) cells
, have
shown some anti-tumor effects. However, subsequent
large scale clinical trials have failed to demonstrate
any advantage in the use of LAK cells in combination
with large IL-2 doses over IL-2 monotherapy for the
[17,18]
treatment of melanoma and renal cell carcinoma
.
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Peripheral blood lymphocytes and EAAL phenotype
determination

Fasting venous blood samples (2-3 ml) were drawn
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in EDTA-Na2 anticoagulant tubes, during the morning,
from gastric cancer patients before EAAL generation.
After red blood cell hemolysis, blood samples were
mixed with 10 μl fluorescence labeled antibodies,
including CD3-FIT, CD8-APC, CD4-PerCP-Cy5.5, CD27®
PerCP-Cy5.5, CD28-PE, CD25-PE, CD127-Alexa Fluor
647, CD16-PE, CD56-APC and their isotype negative
controls (BD Biosciences, United States), respectively,
and incubated in the dark at room temperature for
20 min. Samples were analyzed by flow cytometry
on a BD Accuri C6 (BD Biosciences, United States). A
5
total of 5 × 10 EAALs were washed twice with PBS,
resuspended in 100 μL PBS, and labeled with 10 μl
fluorescence antibodies as described above. After two
more washes, EAAL samples were resuspended in 1
mL PBS for flow cytometry.

reviewing system, and the patients were histologically
or cytologically diagnosed with gastric cancer and had
a life expectancy > 12 wk with an Eastern Cooperative
Oncology Group (ECOG) performance status score of
0-2. Patients with an ECOG score > 2, an incomplete
medical history, or who were lost to follow-up were
excluded. All patients agreed to their treatment
regimen and signed informed consent. Forty-two of
these patients had undergone adoptive EAAL cellular
immunotherapy and constituted the EAAL group.
Clinical data including age, gender, clinical stage,
chemotherapeutic regimens, and hospitalization,
surgical, radiotherapy, and survival data were collected
along with EAAL therapy details and side effects by
medical record review. In parallel, 42 patients were
selected for the control group from the China PLA
General Hospital electronic medical reviewing system
as histologically confirmed gastric cancer patients
who were admitted to the same hospital in the same
first admission month as the EAAL patients, and had
experienced surgery, chemotherapy or radiotherapy.
Patients with a history of cell therapy and ECOG > 2
were excluded. The control candidates were grouped
and numbered according to their clinical cancer stages,
and were randomly selected to match the number
of the patients as EAAL patients using the Statistical
Package for Social Science (SPSS) 17.0 (SPSS Inc.,
Chicago, IL, United States). Clinical data were collected
in the same fashion and those with incomplete medical
history or lost to follow-up were substituted.
Patients were followed and the relationship between
treatment and overall survival (OS), from the diagnosis
(nearly identical to the start of chemotherapy because
the patients underwent the treatment soon after the
diagnosis) until death or last follow-up, of gastric
cancer patients was retrospectively analyzed in the
EAAL and control groups. In addition, the safety of
EAAL immunotherapy was evaluated.

Cell survival and proliferation assessment

Cell survival was calculated by estimating the number
of live cells. A cell suspension was stained with typan
blue solution, and undyed cells were regarded as live.
Cell survival rate was calculated as undyed cells/total
cells × 100%.
The proliferation of the cells was estimated as
proliferation multiplicity. Isolated PBMCs from the patients
were appropriately diluted and cultured. Before and after
culture, a cell suspension was counted using a counting
chamber under a microscope. The total cell number
was calculated by the cell concentration multiplied by
the volume, and the cell proliferation multiplicity was
calculated as the ratio of cell numbers before and after
culture.

Bio-safety of EAAL assessment

According to the safety requirement of an important
®
cellular immunotherapy product, PROVENGE (Dendreon
Corporation, Settle, WA, United States), which was
approved by United States Food and Drug Administration
in April, 2010, and China’s pharmacopeia, the sterility
test for bacteria and fungi was performed during the
culturing of EAALs. Upon the day when the EAALs
were harvested and ready to be delivered back the
cancer patients, Gram staining, sterility and bacterial
endotoxin tests were performed. Negative for sterility
test and endotoxin concentration < 2.5 EU/ml in EAAL
cells were regarded as the criteria for EAAL treatment.

Statistical analysis

Statistical analyses were performed using SPSS
17.0. Summary statistics were given for patient
characteristics and treatment administration. Fre
quencies were reported as number and percentage.
Phenotypes of lymphocyte cells in peripheral blood
and harvested EAALs were expressed as means ±
SD, and comparisons between groups were made
by self-paired t tests. Comparisons of basic clinical
characteristics between the immunotherapy and control
2
groups were carried out by the Pearson χ test. OS
was analyzed by the Kaplan-Meier method and the
differences in the distributions were compared by the
log-rank test. Factors that might affect patients’ OS
were analyzed by the COX multivariate regression
method. Subgroup analysis was used to analyze the
OS in different subgroups of patients who had received
EAAL immunotherapy. A p value < 0.05 was considered
statistically significant.

Patients, treatments and trial design

The treatment regimen and the retrospective casecontrol study were both approved by the Medical Ethics
Committee of PLA General Hospital, China. All of the
included patients signed written informed consent. The
patients enrolled in the present study were admitted
to our hospital from October 2006 to December 2009.
The inclusion criteria for the EAAL treatment group
were as follows; the patients received EAAL therapy
according to the cell therapy records accessed through
the China PLA General Hospital electronic medical
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A

B

C

D

Figure 1 Morphology of expanded activated autologous lymphocytes at different proliferation times. Peripheral blood lymphocytes from gastric cancer
patients were cultured in vitro and stimulated. A: day 2, × 10 magnification; B: day 3, × 10 magnification; C: day 5, × 10 magnification; D: day 14, × 40 magnification.

cells (P = 0.448, Table 2).

Table 1 Expanded activated autologous lymphocyte cell
properties
Property

Baseline clinical characteristics of the patients

Eighty-four patients were enrolled in the study (aged
40-85 years). Among the 58 screened patients who
had undergone EAAL therapy from October 2009
to December 2012, 42 were included in the EAAL
group. The cellular immunotherapy ranged from 2-24
treatments, total immunotherapy times were 242, and
median immunotherapy times were 5. Based on clinical
stage at the beginning of the study the EAAL group
was further subdivided: 10 patients with stage Ⅰ and
Ⅱ disease formed EAAL group 1; 12 individuals with
stage Ⅲa and Ⅲb disease constituted EAAL group
2; 20 patients with stage Ⅲc and Ⅳ disease were
included in EAAL group 3. Control subgroups with
corresponding number of patients were obtained
after random selection from 246 patients fulfilling the
inclusion criteria for the control group.
The EAAL group was composed of 34 males and 8
females, while 33 males and 9 females constituted the
control group. The patient age in the EAAL and control
groups was 57.54 ± 11.93 and 58.98 ± 11.17 years,
respectively, indicating that this parameter was similar
in both groups (P = 0.740). Patients were further
subdivided into < 60 and ≥ 60 years.
According to the number of chemotherapy cycles
patients were divided into subgroups with ≤ 6 and
> 6 cycles. Finally, surgery and radiotherapy status
of patients allowed the formation of Yes and No
subgroups. Detailed basic clinical characteristics of

Value

Proliferation time (d)
Number of cells before proliferation (106/L)
Number of cells after proliferation (109/L)
Proliferation multiplicity
Survival rate of cells

13.55 ± 1.25
7.65 ± 1.52
8.76 ± 1.82
1156.57 ± 167.88
97.57% ± 0.94%

RESULTS
Proliferation of EAALs

A representative example of T cell proliferation from
a patient in the EAAL cohort is shown in Figure 1.
Initially, cells were attached to sidewalls of the culture
flask, gradually becoming larger and round, and
forming colonies. On about day 14, adherent cells and
colonies fell off, forming a cell suspension (Figure 1).
After 13.55 ± 1.25 d of culture, the total cell number
6
6
9
went from about 7.65 × 10 ± 1.52 × 10 to 8.76 × 10
9
± 1.82 × 10 , and the proliferation multiplicity obtained
by calculating the difference in cell number before and
after culture was 1156.57 ± 167.88. The survival rate
of effector cells was 97.57% ± 0.94% (Table 1).
After in vitro culture and proliferation, the percentages
+
+
+
+
+
+
+
of CD3 , CD3 CD8 , CD8 CD27 , CD8 CD28 , and
+
+
+
CD3 CD16 /CD56 cells increased remarkably (P < 0.05),
+
+
+
+
+
while those of CD3 CD4 , CD4 CD25 , CD3 CD16 /
+
CD56 (NK cells) were overtly decreased (P < 0.05); no
+
+
significant change was observed in CD4 CD25 CD127
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Table 2 Phenotypes of lymphocytes before and after in vitro
culture
Before (%)

After (%)

P valuea

CD3+
CD3+CD4+
CD3+CD8+
CD8+CD28+
CD3-CD16+/CD56+
CD3+CD16+/CD56+
CD45RA+
CD45RO+
CD4+CD25+
CD4+CD25+CD127CD29+
CD4+CD29+

67.39 ± 7.55
33.22 ± 11.57
27.85 ± 8.51
13.19 ± 6.08
28.12 ± 12.10
9.19 ± 6.42
60.84 ± 8.26
46.53 ± 10.01
5.61 ± 4.19
1.00 ± 0.46
62.15 ± 8.77
20.11 ± 5.97

96.71 ± 3.85
10.17 ± 8.83
79.33 ± 13.58
51.01 ± 15.34
5.56 ± 6.48
12.73 ± 7.65
9.74 ± 5.87
94.32 ± 4.57
3.17 ± 2.15
0.94 ± 1.50
93.04 ± 3.98
12.36 ± 7.55

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.019
< 0.001
< 0.001
0.002
0.448
< 0.001
< 0.001

Without EAAL

P = 0.028

HR = 0.573 (95%CI: 0.347-0.945)

0.8
Cum survival

Phenotype

With EAAL

Survival functions

1.0

0.6
0.4
0.2
0.0

13.9
0

27.0
20

40

60

80

OS (mo)

Figure 2 Comparison of overall survival between the expanded activated
autologous lymphocyte and control groups. EAAL: Expanded activated
autologous lymphocyte.

a

P < 0.05 vs the phenotype before in vitro culture.

Table 3 Basic clinical characteristics of patients treated
with or without expanded activated autologous lymphocyte
adoptive immunotherapy

the enrolled patients are summarized in Table 3 and
statistical analysis showed that there were no significant
differences between the two groups in these parameters
(P > 0.05).

they were radically resected stageⅠpatients, with postsurgery adjuvant chemotherapy in 13 patients, with
first-line chemotherapeutic regimens in 16 patients, with
second-line or combined chemotherapeutic regimens
in 16 patients, and with both first-line and second-line
regimens in 7 patients.
Patients in the control group received a total 264
cycles of chemotherapeutic regimens with a median
of 6 cycles per patient, while 3 patients received no
chemotherapy. Six patients were administered postsurgery adjuvant chemotherapy alone; 16 individuals
used first-line chemotherapeutic regimens, and 17
patients were treated with second-line or combined
chemotherapeutic regimens.
Chemotherapeutic regimens utilized in the study
population included mFLOFOX6 (oxaliplatin, fluorouracil,
leukovorin), mDCF (taxotere, cisplatin, fluorouracil),
DF (taxotere, fluorouracil), mECF (epirubicin, cisplatin,
fluorouracil), XELOX (oxaliplatin, capecitabine), SOX
(oxaliplatin, tegafur/gimeracil/oteracil capsule), FOLFIRI
(CPT-11, fluorouracil, leukovorin), capecitabine alone,
and tegafur/gimeracil/oteracil capsule alone.
Patients were further subdivided according to the
number of chemotherapy cycles received (≤ 6 and
> 6 cycles), their status of surgery, and radiotherapy
(negative or positive). Clinical characteristics are
detailed in Table 3 and no statistical significance was
found between the two groups (P > 0.05 for all).

Chemotherapeutic features

Kaplan-Meier survival analysis

Characteristic
Patient number
Age (yr)
< 60
≥ 60
Sex
Male
Female
Stage
Ⅰ and Ⅱ
Ⅲa and Ⅲb
Ⅲc and Ⅳ
Surgery
Yes
No
Radiotherapy
Yes
No
Chemotherapy
≤ 6 cycles
> 6 cycles

P value

Patients treated
with EAALs (n )

Patients treated
without EAALs (n )

42

42

24
18

22
20

0.661

34
8

33
9

0.786

10
12
20

9
11
22

0.909

33
9

37
5

0.242

8
34

4
38

0.212

19
23

24
18

0.275

EAALs: Expanded activated autologous lymphocytes.

At the last follow-up on December 31, 2012, 28 (28/42,
66.7%) patients had died in the EAAL immunotherapy
group, indicating a median OS of 27.0 mo. In the control
group, 36 (36/42, 85.71%) patients had died and the
median OS was 13.9 mo. All deaths were associated
with tumor progression. Further analysis showed that
OS time in the EAAL group was significantly higher than
that obtained for the control group (P = 0.028, HR =
0.573, 95%CI: 0.347-0.945, Figure 2). The 1- to 5year survival rates were 80.95%, 54.35%, 41.10%,

Patients in the EAAL group received a total 288
cycles of chemotherapeutic regimens with a median
of 7 cycles per patient, while 2 patients received
no chemotherapy. Seven patients received postsurgery adjuvant chemotherapy alone and EAAL
treatment afterwards; 13 individuals used first-line
chemotherapeutic regimens in combination with
EAAL treatment and 20 patients received second-line
or combined chemotherapeutic regimens. EAAL cell
therapy was administered alone in 2 patients because
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Table 4 Comparison of survival rates in gastric cancer patients with or without expanded activated autologous lymphocyte
immunotherapy
Group

n

Immunotherapy group

42

Control group

42

P value

1 yr survival rate (%)

2-yr survival rate (%)

3-yr survival rate (%)

4-yr survival rate (%)

5-yr survival rate (%)

(95%CI)

(95%CI)

(95%CI)

(95%CI)

(95%CI)

80.95
(69.08-92.83)
61.9
(47.22-76.59)
> 0.05

54.35
(39.16-69.54)
33.33
(19.08-47.59)
> 0.05

41.1
(25.79-56.41)
16.67
(5.40-27.94)
> 0.05

36.54
(20.52-52.55)
11.11
(0-22.75)
> 0.05

25.05
(7.78-42.33)
11.11
(0-22.75)
> 0.05

Table 5 Subgroup analysis
RR (95%CI)

P value

13.4
13.9

0.65 (0.333-1.272)
0.502 (0.233-1.079)

0.209
0.078

20.0
30.5

15.0
13.9

0.439 (0.146-1.32)
0.625 (0.355-1.099)

0.143
0.103

60.0
49.3
14.0

62.2
28.4
10.0

1.212 (0.293-5.013)
0.358 (0.128-1.003)
0.484 (0.251-0.933)

0.791
0.051
0.03a

36.0
19.7

15.4
9.4

0.561 (0.319-0.986)
0.265 (0.069-1.015)

0.045a
0.053

60.0
22.0

43.5
13.4

0.382 (0.094-1.55)
0.624 (0.364-1.069)

0.178
0.086

27.0
30.5

10.0
18.4

0.544 (0.255-1.159)
0.554 (0.28-1.093)

0.115
0.089

Subgroup

Median OS (mo)
Immunotherapy group

Control group

25.8
46.5

Age (yr)
< 60
≥ 60
Gender
Male
Female
Clinical stage
Ⅰ and Ⅱ
Ⅲa and Ⅲb
Ⅲc and Ⅳ
Surgery
Yes
No
Radiotherapy
Yes
No
Chemotherapy cycles
≤ 6 cycles
> 6 cycles
a

P < 0.05 was considered statistically significant.

36.54% and 25.05%, respectively, in the EAAL group,
and 61.90%, 33.33%, 16.67%, 11.11% and 11.11%,
respectively, in controls. These data suggest a slightly
better 1- to 5-year patient survival in the immunotherapy
group compared with the control group, although the
differences were not statistically significant (P > 0.05 for
all, Table 4).

Safety assessment of EAAL immunotherapy

Subgroup analysis

DISCUSSION

Fifty grade 1 or 2 and self-limiting adverse events
developed in 242 EAAL transfers (Table 7). No patient
showed pulmonary or renal symptoms, sign of infection,
hepatic function deterioration, or autoimmune disorder.
There was no treatment-related death recorded.

Results of subgroup analyses are displayed in Table 5.
For the subgroup composed of clinical stage Ⅲb and IV
patients, the median OS was longer in the EAAL group
than in the controls (14.0 mo vs 10.0 mo, P = 0.03). In
addition, for patients who underwent surgery, the median
OS was longer in EAAL treated individuals than the control
group (36.0 mo vs 15.4 mo, P = 0.045). However, other
subgroups showed no significant differences in median OS
between the EAAL and control groups (P > 0.05).

Tumor cells adopt diverse mechanisms to escape
tumor-specific immunity in the neoplastic process. The
pathological interactions between cancer cells and host
immune cells create an immunosuppressive network,
not only in the tumor microenvironment, but also
[25,26]
systemically
. Transfusion of an adequate quantity
of lymphocytes, which are capable of recognizing and
lysing tumor cells, is the basis for successful adoptive
[27,28]
cell therapy
. Previous reports have suggested
that T-cells from non-tumor-bearing hosts can boost
anti-tumor immunity to break the morbid equilibrium
[29,30]
formed between tumor cells and the host
. Indeed,
cell transfer therapy for cancer has been recognized
as the fourth anticancer modality after operation,
[31]
chemotherapy, and radiotherapy . However, the use

COX multivariate regression analysis

COX multivariate regression analysis showed that gender,
age, cancer stage, surgery, radiotherapy, chemotherapy,
and EAAL immunotherapy were independent risk factors
for OS in gastric cancer patients (Table 6).
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specific, the high expression of CD3, CD8, CD27, CD28,
CD56 and CD16 in EAALs implies that a large number
of EAALs have the potential to exert or improve antitumor effects.
In order to further characterize the clinical effect of
EAALs, we adopted a case-control study to retrospectively
analyze whether EAALs could prolong the OS of gastric
cancer patients. We demonstrated that the baseline
clinical features were similar and comparable in the
EAAL and control groups. Interestingly, the KaplanMeier survival analysis showed that median OS time
was significantly longer in EAAL treated individuals
than in the control group (P = 0.028, HR = 0.573,
95%CI: 0.347-0.945), indicating a 42.7% decrease
in the risk of death in gastric cancer patients after
treatment with EAALs. In addition, EAAL immunotherapy
seemed to improve 1- to 5-year survival rates in gastric
cancer patients, although the differences did not reach
statistical significance.
We demonstrated by COX multivariate regression
analysis that clinical stage and EAAL immunotherapy
were independent risk factors for OS in gastric cancer
patients. The hazard ratios for clinical stages Ⅰ and Ⅱ
were 0.050 (95%CI: 0.019-0.131) and 0.172 (95%CI:
0.083-0.358), respectively, suggesting that stage Ⅰ and
Ⅱ patients might live longer than patients with more
advanced stage disease. These data corroborated
[38,39]
previous reports and clinical observations
. The
hazard ratio for application of EAAL immunotherapy was
2.249 (1.274-3.969), which suggested that patients
receiving EAAL immunotherapy could live 2.249 times
longer than those in the control group.
In the subgroup analysis, the OS in clinical stages
Ⅲc and Ⅳ patients who had received surgery could be
prolonged by EAAL immunotherapy (P < 0.05). The OS
was also improved by EAAL immunotherapy in other
subgroups, but the difference was not significant (P >
0.05). These findings indicate that advanced or locally
advanced gastric cancer patients might benefit more
from EAAL immunotherapy.
As for safety of EAAL immunotherapy, the most
common adverse reactions were fever (10.74%) and chill
(5.37%). Other adverse reactions included headache,
nausea, itching, rash, tachycardia and diarrhea, with
low incidence rates of no more than 3%. Importantly,
all the adverse reactions were of grade 1 or 2 and selflimiting, suggesting a good safety profile for EAAL
immunotherapy.
In conclusion, the in vitro induction and pro
liferation method described in this study was easy and
highly efficient, with good repeatability and biological
safety. Our data suggest that EAAL immunotherapy
might prolong the OS in gastric cancer patients.
Meanwhile, a good level of safety was obtained for
EAAL cellular immunotherapy with only mild adverse
reactions. However, this study was a retrospective
observational study. Prospective cohort clinical studies
with larger sample sizes are required for confirmation

Table 6 COX multivariate regression analysis of gastric
cancer patients
Factor

Wald

P value

HR

95%CI

Gender
Age
Clinical stage
Clinical stage (1)
Clinical stage (2)
Surgery
Chemotherapy cycles
Radiotherapy
Application of EAALs

2.527
1.799
41.852
37.267
22.155
0.474
0.069
0.581
7.819

0.112
0.180
< 0.001
< 0.001a
< 0.001a
0.491
0.793
0.446
0.005a

1.723
0.659

0.881-3.369
0.359-1.212

0.050
0.172
0.777
1.083
1.386
2.249

0.019-0.131
0.083-0.358
0.378-1.595
0.597-1.966
0.599-3.209
1.274-3.969

a

P < 0.05 was considered statistically significant. EAALs: Expanded activated
autologous lymphocytes.

Table 7 Adverse events n (%)
Event
Fever
Chill
Headache
Nausea
Itching
Rash
Tachycardia
Diarrhea

Immunotherapy patients
1
(n = 42)

Number of EAAL cellular
transfers (n = 242)

8 (19.05)
4 (9.52)
3 (7.14)
2 (4.76)
1 (2.38)
1 (2.38)
1 (2.38)
1 (2.38)

26 (10.74)
13 (5.37)
5 (2.07)
2 (0.83)
1 (0.41)
1 (0.41)
1 (0.41)
1 (0.41)

1

Five patients showed more than one type of event attributed to immunotherapy.
EAAL: Expanded activated autologous lymphocyte.

of several immune cell types has been hampered by
serious drawbacks including the poor efficacy and/or
[17-19]
the complexity of cell propagation
. Interestingly,
these shortcomings can be overcome through infusion
of a large number of EAALs, as demonstrated in
[23]
HCC . An additional advantage of EAALs is that their
use presents no risk of violating medical ethics since
the effector cells originate from the patient’s PBMCs.
Herein, we assessed a variety of molecular markers
to further characterize EAAL phenotypes. We found that
+
+
+
CD3 and CD3 CD8 T lymphocytes represented more
than 95% and 80% of total EAALs, respectively, while
+
+
−
+
+
the proportions of CD3 CD4 and CD3 CD16 /CD56 NK
+
+
+
+
cells were relatively low. CD8 CD27 and CD8 CD28
+
+
+
cytotoxic T lymphocytes (CTLs) and CD3 CD16 /CD56
T lymphocytes are essential effector cells, which play an
[32-34]
important role in anti-tumor immunity
. Therefore,
the high contents described above for these cell types in
EAALs may result in increased anti-tumor immunity.
The expression of regulatory T cell (Treg) specific
[35,36]
transcription factors such as Foxp3
was not assessed
in this study. However, the rather low percentage
+
+
(0.80% ± 1.59%) of CD4 CD25 CD127 T cells, which
+
+
+
[37]
were considered CD4 CD25 Foxp3 cells , implied
the extremely low proportion of Treg cells in EAALs.
These findings indicate that EAAL would not suppress
immunity in patients.
As a result, although not all lymphocytes are tumor-
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of these findings.
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AIM: To determine the resistance patterns of Heli
cobacter pylori (H. pylori ) strains isolated from patients
in Beijing and monitor the change of antibiotic resistance
over time.

METHODS: In this prospective, serial and crosssectional study, H. pylori cultures were successfully
obtained from 371 and 950 patients (never receiving
eradication) during 2009-2010 and 2013-2014, res
pectively. Resistance to amoxicillin, clarithromycin,
metronidazole, levofloxacin, tetracycline, and rifampicin
was determined by Epsilometer test.
RESULTS: The resistance rates of isolates obtained
during 2009-2010 were 66.8%, 39.9%, 34.5%, 15.4%,
6.7%, and 4.9% to metronidazole, clarithromycin,
levofloxacin, rifampicin, amoxicillin and tetracycline,
respectively; and the corresponding rates for isolates
during 2013-2014 were 63.4%, 52.6%, 54.8%, 18.2%,
4.4% and 7.3%, respectively. The resistance rates
to clarithromycin and levofloxacin were significantly
increased after four years. In 2009-2010, 14.6%
of H. pylori isolates were susceptible to all tested
antibiotics, with mono (33.7%), double (28.3%),
triple (16.7%), quadruple (6.2%), quintuple (0.3%)
and sextuple resistance (0.3%) also being detected.
In 2013-2014, 9.4% were susceptible to all tested
antibiotics, and mono (27.6%), double (28.4%), triple
(24.9%), quadruple (7.3%), quintuple (2.3%) and
sextuple resistance (0.1%) was also observed. More
multiple resistant H. pylori isolates were found during
2013-2014. Gender (to levofloxacin and metronidazole),
age (to levofloxacin) and endoscopic findings (to
clarithromycin) were independent factors influencing
antibiotic resistance.
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CONCLUSION: H. pylori resistance to commonly used
antibiotics in Beijing is high with increased multiple
antibiotic resistance.

The aim of this study was to determine the
resistance rates and patterns of H. pylori strains
isolated from patients with dyspepsia and to monitor
the change of antibiotic resistance over time.

Key words: Helicobacter pylori ; Antibiotic resistance;
Beijing; Dyspeptic symptoms

MATERIALS AND METHODS

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

This is a prospective, single-centre, serial, crosssectional observational study.

Core tip: Because the antimicrobial susceptibility
of Helicobacter pylori (H. pylori ) strains continues
to change over time, it is very important to obtain
updated information on antibiotic resistance by dynamic
monitoring and serial detection, which is critical to the
selection of the most optimal therapeutic regimens for
eradication of H. pylori infection. This study provided
us the comprehensive and up-to-date data about
antibiotic resistance of H. pylori . It was showed that H.
pylori resistance to commonly used antibiotics in China
is high with increased multiple antibiotic resistances.
Therefore, the eradication of H. pylori infection remains
a challenge in China.

Study population

From August 2009 to February 2010 and from April
2013 to March 2014, patients undergoing upper
endoscopy due to dyspeptic symptoms in a tertiary
hospital in Beijing, China were enrolled in the study.
Patients were included by clinical gastroenterologists if
they were of 18 to 70 years old and had not received
treatment for eradication of H. pylori infection prior to
study entry.
Exclusion criteria were: (1) patients who had re
ceived proton pump inhibitors, H2 receptor antagonists,
bismuth salts or antibiotics during the four weeks prior
to study entry; (2) patients with malignant tumors of
the digestive system; (3) patients who had undergone
gastrointestinal tract surgery; (4) patients whose
conditions were complicated by severe heart, lung,
blood, liver or kidney dysfunction; and (5) patients
who would not comply to the study.

Zhang YX, Zhou LY, Song ZQ, Zhang JZ, He LH, Ding Y.
Primary antibiotic resistance of Helicobacter pylori strains
isolated from patients with dyspeptic symptoms in Beijing:
A prospective serial study. World J Gastroenterol 2015;
21(9): 2786-2792 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i9/2786.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2786

Ethical consideration

The study was approved by the independent Ethics
Committee of Peking University Health Science
Center (IRB00001052-0709) and was carried out
in accordance with the ethical guidelines of the
Declaration of Helsinki and Good Clinical Practices.
Written informed consent was obtained from each
patient prior to study enrollment.

INTRODUCTION
Although studies on Helicobacter pylori (H. pylori) have
been carried out since thirty years ago, eradication
of H. pylori infection remains a challenge, mainly
because of the significantly increasing prevalence of
[1,2]
its resistance to antibiotics . A suitable therapeutic
regimen for H. pylori infection should be based on
the specific conditions of patients, especially the
antibiotic resistance, in order to achieve better longterm efficacy. In China, there is a high prevalence of H.
[3,4]
pylori infection and gastric cancer .
Because the antimicrobial susceptibility of H.
pylori strains continues to change over time, it is
very important to obtain updated information on
antibiotic resistance by dynamic monitoring and serial
detection, which is critical to the selection of the most
optimal therapeutic regimens for eradication of H.
pylori infection. However, the recent information on
such studies conducted in Chinese patients is lacking
and most studies have investigated only a few types
[5]
of antibiotics . Therefore, further studies with large
sample sizes and serial observations are urgently
needed to provide comprehensive and up-to-date
information on the antibiotic resistance of H. pylori.

WJG|www.wjgnet.com

Study methods

After obtaining general information, a gastric mucosal
biopsy specimen from the antrum was collected from
each patient during upper endoscopy to check the
presence of H. pylori by rapid urease test (HPUT-H102,
San Qiang Biological and Chemical Co., Fujian, China).
If a patient tested positive, two mucosal biopsy
specimens (one from the autrum and the other form
the corpus) were put into the same vial for the culture
of H. pylori. Two additional specimens (one from the
antrum and the other form the corpus) were obtained
for histological haematoxylin and eosin staining, and
gastritis was evaluated using the updated Sydney
[6]
system .

Isolation and identification of H. pylori

Briefly, gastric mucosal biopsy specimens were stored
in brain heart infusion broth (Oxoid, Basingstoke,
United Kingdom) with 5% glycerin at -80 ℃ and
were transported with dry ice to the laboratory at the
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that could influence the antibiotic resistance of H.
pylori isolates, such as gender (male vs female), age
groups (18-35 vs 36-50 vs 51-75 years of age) and
endoscopic findings (peptic ulcer disease vs nonulcer disease). Patients with duodenal or/and gastric
ulcer were considered as having peptic ulcer disease;
those without ulcers were considered as patients
with non-ulcer dyspepsia. Thereafter, binary logistic
regression was used to analyze the relationships
between independent variables (gender, age groups
and endoscopic findings) and dependent variables
(antibiotic susceptibility or resistance) with backward
likelihood ratio analysis, which determined independent
influencing factors for the antibiotic resistance of
H. pylori. The odds ratio (OR) and 95% confidence
interval (CI) of different variables related to antibiotic
resistance were calculated. Differences with P-values
less than 0.05 from a 2-tailed test were considered
statistically significant.

Table 1 Characteristics of the patients with Helicobacter
pylori positive culture
Characteristic
Gender (male/female), n
Age (yr), mean ± SD
Endoscopic findings, n
Peptic ulcer
Gastric erosions
No macroscopic abnormality
Histological findings, n
Non-atrophic gastritis
Atrophic gastritis

2009-2010
(n = 371)

2013-2014
(n = 950)

P value

185/186
41.9 ± 13.4

485/465
42.9 ± 13.2

0.698
0.215

60
75
236

184
200
566

0.320

245
126

664
286

0.174

National Institute for Communicable Disease Control
and Prevention, Beijing, China. Frozen samples were
thawed at room temperature for 30 min, ground and
cultivated on a Columbia agar (Oxoid, Basingstoke,
United Kingdom) plate supplemented with 5%
defibrinated sheep blood, 3 μg/mL trimethoprim, 2.5
μg/mL vancomycin, 2 μg/mL amphotericin B and 2 μg/
mL polymyxin B. The cultured plates were incubated in
a microaerobic atmosphere (5% oxygen, 10% carbon
dioxide and 85% nitrogen). After culture, translucent
colonies of about 0.5-2 mm from selective agar plates
were Gram-stained and tested for urease, catalase
and oxidase activities. The organisms were identified
as H. pylori if the isolates demonstrated curved Gramnegative rods, which were similar to Helicobacter,
along with positive urease, catalase and oxidase
reactions.

RESULTS
In 2009-2010, 450 patients were H. pylori positive
as determined by the rapid urease test and bacterial
cultures were successfully obtained for 371 (82.4%)
patients. In 2013-2014, 1105 patients were H. pylori
positive and bacterial cultures were successfully
obtained for 950 (86.0%) patients. No significant
differences were observed in the rates of positive
culture, general characteristics and endoscopic and
histological findings of the study population between
the two groups (Table 1).

Antibiotic susceptibility testing

Overall antibiotic resistance

The antibiotic resistance of H. pylori isolates was
[7]
determined by the Epsilometer test (E-test) . According
to the clinical breakpoints for H. pylori proposed by the
European Committee on Antimicrobial Susceptibility
[8]
Testing (EUCAST) , the resistance breakpoints for
amoxicillin, clarithromycin, metronidazole, levofloxacin,
tetracycline and rifampicin were defined as > 0.12, >
0.5, > 8, > 1, > 1 and > 1 mg/L, respectively. After
storing H. pylori isolates at -80 ℃ for two weeks,
susceptibility testing for amoxicillin was performed
again. All the cultures and tests were conducted at the
National Institute for Communicable Disease Control
and Prevention of Chinese Center for Disease Control
and Prevention.

In 2009-2010, the resistance rate of 371 H. pylori iso
lates to metronidazole (66.8%) was highest, followed by
clarithromycin (39.9%), levofloxacin (34.5%), rifampicin
(15.4%), amoxicillin (6.7%) and tetracycline (4.9%). In
2013-2014, the resistance rate of 950 H. pylori isolates
was also highest to metronidazole (63.4%), followed
by levofloxacin (54.8%), clarithromycin (52.6%),
rifampicin (18.2%), tetracycline (7.3%) and amoxicillin
(4.4%). The resistance rates to clarithromycin and
levofloxacin in 2013-2014 were significantly higher than
those in 2009-2010, while no significant difference was
found in the resistance rates to other four antibiotics
(Figure 1).

Multiple antibiotic resistances

Statistical analysis

In 2009-2010, 14.6% of H. pylori isolates were
susceptible to all tested antibiotics. Monoresistance
(33.7%), double resistance (28.3%), triple resistance
(16.7%), quadruple resistance (6.2%), quintuple
resistance (0.3%) and sextuple resistance (0.3%)
were also observed. In 2013-2014, 9.4% of H. pylori
isolates were susceptible to all tested antibiotics, and
mono resistance (27.6%), double resistance (28.4%),
triple resistance (24.9%), quadruple resistance (7.3%),

All statistical analyses were performed using the
statistical software SPSS (version 18.0; SPSS
Inc., Chicago, IL, United States). Frequencies and
percentages were used to describe the antimicrobial
resistance of H. pylori isolates. Between-group
differences were evaluated using Student’s t test for
2
continuous variables and Pearson’s χ or Fisher’s exact
test for categorical variables. Univariate analyses
were performed for the determination of factors
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80%

60%

P < 0.05
52.6%

P < 0.05

33.7%

2009-2010 (n = 371)
2013-2014 (n = 950)

54.8%

39.9%

40%

34.5%

18.2%

20%

6.7%
4.4%

7.3%
4.9%

AMX

TET

0%

2009-2010 (n = 371)
2013-2014 (n = 950)

24.9%

P < 0.05
20%

16.7%
14.6%

10%

15.4%

P < 0.05

28.3%
28.4%
27.6%

30%
Resistance rate

66.8%
63.4%

Resistance rate

P < 0.05

40%

9.4%

7.3%
6.2%

2.3% 0.3%
0.3%
0.1%

0%
MTZ

CLA

LEV

RIF

P < 0.05

All

Isolate

Double

Triple

Quadruple Quintuple

Sextuple

susceptible resistance resistance resistance resistance resistance resistance

Figure 1 Comparisons of overall antibiotic resistance rates between the
two groups. AMX: Amoxicillin; CLA: clarithromycin; LEV: Levofloxacin; MTZ:
Metronidazole; RIF: Rifampicin; TET: Tetracycline.

Figure 2 Comparisons of multiple antibiotic resistance rates between the
two groups.
AMX + CLA + MTZ + LEV + TET
Sextuple resistance

Table 2 Multiple resistance patterns in the Helicobacter
pylori isolates n (%)
Multiple resistance pattern

2009-2010
(n = 371)

2013-2014
(n = 950)

36 (9.7)
29 (7.8)
15 (4.0)
13 (3.5)
3 (0.8)
3 (0.8)
2 (0.5)
2 (0.5)
1 (0.3)
1 (0.3)
0
0
0

79 (8.3)
94 (9.9)
14 (1.5)
40 (4.2)
3 (0.3)
2 (0.2)
11 (1.2)
4 (0.4)
5 (0.5)
2 (0.2)
8 (0.8)
5 (0.5)
1 (0.1)

34 (9.2)
7 (1.9)
6 (1.6)
4 (1.1)
4 (1.1)
2 (0.5)
2 (0.5)
1 (0.3)
1 (0.3)
1 (0.3)
0
0
0
0

171 (18.0)
16 (1.7)
4 (0.4)
18 (1.9)
1 (0.1)
11 (1.2)
2 (0.2)
0
0
3 (0.3)
10 (1.1)
1 (0.1)
1 (0.1)
1 (0.1)

12 (3.2)
4 (1.1)
4 (1.1)
1 (0.3)
1 (0.3)
1 (0.3)
0
0
0

38 (4.0)
9 (0.9)
8 (0.8)
8 (0.8)
0
0
3 (0.3)
2 (0.2)
1 (0.1)

1 (0.3)
0

17 (1.8)
3 (0.3)

Double resistance
CLA + MTZ
MTZ + LEV
MTZ + RIF
CLA + LEV
AMX + MTZ
MTZ + TET
CLA + RIF
AMX + CLA
CLA + TET
AMX + RIF
LEV + RIF
LEV + TET
AMX + LEV
Triple resistance
CLA + MTZ + LEV
CLA + MTZ + RIF
AMX + CLA + MTZ
MTZ + LEV + RIF
CLA + MTZ + TET
CLA + LEV + RIF
AMX + MTZ + LEV
AMX + MTZ + RIF
AMX + CLA + LEV
CLA + LEV + TET
MTZ + LEV + TET
AMX + CLA + RIF
CLA + TET + RIF
MTZ + TET + RIF
Quadruple resistance
CLA + MTZ + LEV + RIF
AMX + CLA + MTZ + LEV
CLA + MTZ + LEV + TET
MTZ + LEV + TET + RIF
AMX + MTZ + LEV + TET
AMX + MTZ + LEV + RIF
AMX + CLA + MTZ + RIF
CLA + MTZ + TET + RIF
CLA + LEV + TET + RIF
Quintuple resistance
CLA + MTZ + LEV + TET + RIF
AMX + CLA + MTZ + LEV + RIF
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0
1 (0.3)

2 (0.2)
1 (0.1)

AMX: Amoxicillin; CLA: Clarithromycin; LEV: Levofloxacin; MTZ:
Metronidazole; RIF: Rifampicin; TET: Tetracycline.

quintuple resistance (2.3%) and sextuple resistance
(0.1%) were also observed. Markedly, more multiple
resistant H. pylori isolates were found in 2013-2014
(Figure 2). In the clarithromycin-resistant isolates
in 2013-2014, 70.8% and 60.8% of isolates were
also resistant to metronidazole and levofloxacin,
respectively. In the metronidazole-resistant isolates,
levofloxacin-resistant isolates were detected in 63.3%
of isolates. The multiple resistance patterns are shown
in Table 2.

Factors influencing antibiotic resistance

Univariate analysis showed that there was a significant
difference in the resistance rate to clarithromycin
between the patients with peptic ulcer disease
and non-ulcer dyspepsia. There were significant
differences in the resistance rates to metronidazole
and levofloxacin between men and women. Moreover,
the significant difference in levofloxacin resistance rate
was observed among different age groups. Multivariate
analysis demonstrated that the above-mentioned
factors were independent factors influencing the
antibiotic resistance of H. pylori (Table 3).

DISCUSSION
The results from the present study revealed that the
treatment of H. pylori infection remains a challenge
in China due to the high rates of H. pylori resistance
to commonly used antibiotics. Furthermore, multiple
antibiotic resistance patterns were also commonly
observed in the H. pylori isolates investigated. The
rates of clarithromycin and levofloxacin resistance were
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Table 3 Influencing factors of antibiotic resistance of Helicobacter pylori isolates
Resistance rate (%)

Amoxicillin
Clarithromycin
Metronidazole
Levofloxacin
Tetracycline
Rifampicin

Gender
Male (n = 670),
female (n = 651)

Age (yr)
18-35 (n = 496),
36-50 (n = 378),
51-75 (n = 447)

Endoscopic findings
PUD (n = 244),
NUD (n = 1077)

5.1, 5.1
4.2, 5.3, 5.8
2.9, 5.6
46.6, 51.6
50.8, 48.7, 47.4
36.5, 51.9a (OR = 1.822; 95%CI: 1.364-2.433)
59.4, 69.4a (OR =1.504; 95%CI: 1.195-1.891)
63.3, 62.2, 67.3
58.6, 65.6
43.6, 54.8a (OR =1.518; 95%CI: 1.219-1.891) 42.9, 53.4, 52.3a (OR =1.199; 95%CI: 1.053-1.365)
45.1, 50.0
7.2, 6.0
6.7, 4.5, 8.3
6.1, 6.7
19.0, 15.8
16.7, 16.9, 18.6
20.9, 16.6

a

P < 0.05, the significant difference in levofloxacin resistence rate was observed among different age groups. PUD: Peptic ulcer disease; NUD: Non-ulcer
disease; OR: Odds ratio; CI: Confidence interval.

further significantly increased in the last four years and
multi-resistant strains became more common.
In the present study, resistance to clarithromycin
in 2013-2014 was identified in 52.6% of H. pylori
isolates. According to the Maastricht Ⅳ /Florence
[2]
consensus report , the clarithromycin-based standard
triple therapy is unsuitable for eradication of H. pylori
in China, only if susceptibility testing for H. pylori is
performed before treatment to confirm the lack of
resistance to this specific antibiotic. Some studies
have found that sequential and concomitant therapies
are effective treatment options for patients who show
clarithromycin resistance. Thus, these therapies can
be recommended for patients from regions with high
[2,9-12]
clarithromycin-resistance rates
. Unfortunately,
meta-analyses also showed that dual resistance to
clarithromycin and metronidazole could reduce the
abilities of sequential and concomitant therapies to
[13,14]
eradicate H. pylori
, which indicated that these
therapies could only be used in regions with high
rates of isolated clarithromycin resistance. Our recent
[15]
findings also confirmed this . The data in this study
showed a high rate of resistance to metronidazole
(70.8%) in clarithromycin-resistant isolates. Based
on these results, it is reasonable to speculate that
sequential and concomitant therapies are not suitable
for the management of H. pylori infection in China.
In recent years, because of the high resistance to
clarithromycin and metronidazole, levofloxacin has
been extensively studied in patients with H. pylori
infection. Moreover, levofloxacin has been proven to
[16-18]
be effective in eradicating H. pylori in some trials
.
Nevertheless, these studies were mainly conduced in
regions where the levofloxacin resistance was lower.
In this study, the resistance rate of H pylori isolates to
levofloxacin was found to be as high as 54.8% with
a highly combined resistance to clarithromycin and
metronidazole, indicating that levofloxacin-containing
therapy might not be a good choice for the initial
empiric treatment of H. pylori in China.
In the current study, the H. pylori isolates were
found to be relatively susceptible to tetracycline
with an overall resistance rate of 4.9%-7.3%, which
suggested that tetracycline could be used in the initial
treatment of H. pylori infection in China. It is generally
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thought that the increase in dosage and dosing
frequency of metronidazole can reduce high-level
[1,19]
resistance to metronidazole
. Nowadays, bismuth
salts have widely been used in clinical practice because
they are easily obtained in China. Therefore, the
classic quadruple therapy consisting of metronidazole,
tetracycline, bismuth and proton pump inhibitors can
be suggested as the best empirical first-line regimen
for H. pylori eradication in China, which is consistent
with the recommendations of the Maastricht Ⅳ /
[2]
Florence consensus report . Unfortunately, tetracycline
is not generally available in China, which has affected
its clinical application. Although semisynthetic
tetracycline derivatives including minocycline are easily
obtainable in the clinic, it is still uncertain whether
these derivatives can be used as alternatives to
tetracycline for the treatment of H. pylori infection.
In this study, the rate of resistance to amoxicillin
was relatively low, suggesting that amoxicillin should
be fully utilized in the eradication of H. pylori infection.
With the general increase in the rate of resistance to
commonly used antibiotics, dual therapy (proton pump
inhibitor plus amoxicillin) drew attention again, but the
[20,21]
study results were not consistent and conclusive
.
[20]
Shirai et al
have shown a very good eradication
efficacy in their study, but rabeprazole and amoxicillin
should be administered four times a day. Up to now,
no related research has been reported in China.
Rifampicin is rarely used for the treatment of H.
pylori infection In China. In the present study, the
high rate of resistance (18.2%) to this drug in the H.
pylori isolates studied may be due to its frequent use
in the treatment of tuberculosis in China, where a high
prevalence of tuberculosis infection is observed.
The study results revealed that the clarithromycin
resistance rate of H. pylori isolates was significantly
higher in the patients with non-ulcer disease than with
peptic ulcer disease, which was consistent with the
[22,23]
results of previous studies
. Additionally, resistance
to levofloxacin and metronidazole was more frequent
in women and in middle-aged and elderly patients.
Such a phenomenon may be related to the more
frequent use of levofloxacin and metronidazole in
these patients, especially in women with gynecological
diseases. Antimicrobial resistance is closely dependent
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on antimicrobial use. In Western countries, the
commercialization of quinolones as levofloxacin
is more recent than that of clarithromycin, and
levofloxacin is strictly limited to use as an antibiotic.
Therefore, the resistance rate to levofloxacin of H.
[2]
pylori is relatively low . However, in China over the
past 30 years, quinolones are widely used as the nonprescription drugs even in animal husbandry and
aquaculture, which results in such a high resistance
rate. Recently, restrictions in the use of levofloxacin
were just demanded.
The antimicrobial susceptibility of the H. pylori
isolates was determined by the E-test in the current
study, primarily because this method was easily
performed, especially in a clinical study with large
sample size. Although some previous studies have
suggested that the rate of metronidazole resistance
[24,25]
may be overestimated by E-test
, the results were
not consistent or conclusive. A high resistance rate
to metronidazole was also found in a recent study
conducted in the southeast coastal region of China by
[26]
the reference agar dilution method .
In this study, two gastric mucosal biopsy specimens
(one from the autrum and the other from the corpus)
were put into the same vial for the culture of H.
pylori. Due to the restrictions of research funding
and study conditions, the cultures of H. pylori from
the mucosal specimens of the antrum and corpus
were not obtained and tested. Hence, the difference
in the antimicrobial resistance profile of H. pylori
isolates obtained according to the location could not
be analyzed. This might have underestimated the
antimicrobial resistance rates, which was the potential
limitation of this study.
The comprehensive and up-to-date information on
H. pylori resistance obtained in this study will be very
helpful to select the most optimal eradication regimens
in both China and other regions with a high prevalence
of antibiotic resistance. With the current rates of
resistance, the priority would be to get new drugs
and/or improved methods of detection of resistance.
The use of a more accessible and comfortable method
[27]
to obtain H. pylori was already suggested , and
progress in molecular detection of resistance from
[28]
faecal samples is a very promising line of research.
In conclusion, a prospective serial study was
carried out with a large sample size to determine the
resistance patterns of H. pylori isolates from Chinese
patients and to monitor the changes in antibiotic
resistance over time. It was showed that H. pylori
resistance rates to commonly used antibiotics in China
are high with increased multiple antibiotic resistance.
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Abstract
AIM: To compare the tolerability of magnifying narrow
band imaging endoscopy for esophageal cancer
screening with that of lugol chromoendoscopy.
METHODS: We prospectively enrolled and analyzed
51 patients who were at high risk for esophageal
cancer. All patients were divided into two groups: a
magnifying narrow band imaging group, and a lugol
chromoendoscopy group, for comparison of adverse
symptoms. Esophageal cancer screening was performed
on withdrawal of the endoscope. The primary endpoint
was a score on a visual analogue scale for heartburn
after the examination. The secondary endpoints were
scale scores for retrosternal pain and dyspnea after the
examinations, change in vital signs, total procedure
time, and esophageal observation time.
RESULTS: The scores for heartburn and retrosternal
pain in the magnifying narrow band imaging group
were significantly better than those in the lugol
chromoendoscopy group (P = 0.004, 0.024, respectively,
ANOVA for repeated measures). The increase in heart
rate after the procedure was significantly greater in the
lugol chromoendoscopy group. There was no significant
difference between the two groups with respect to other
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vital sign. The total procedure time and esophageal
observation time in the magnifying narrow band imaging
group were significantly shorter than those in the lugol
chromoendoscopy group (450 ± 116 vs 565 ± 174, P =
0.004, 44 ± 26 vs 151 ± 72, P < 0.001, respectively).

by conventional endoscopic white light imaging alone.
Lugol chromoendoscopy has been used to detect
superficial esophageal cancer. However, staining of the
esophagus with lugol often causes mucosal irritation
[8-10]
leading to retrosternal pain and discomfort
.
These adverse symptoms may prevent patients from
undergoing endoscopy periodically. Current reports
suggest that the sensitivity and specificity of narrow
band imaging (NBI) endoscopy for detecting superficial
esophageal cancer were comparable to those of lugol
[11-13]
chromoendoscopy
. NBI endoscopy is recently
being used more frequently in esophageal screening.
Moreover, NBI might not cause adverse symptoms after
endoscopy. In order to detect superficial esophageal
cancer, it is important to offer high-risk patients the
[7]
esophageal screening endoscopy periodically . Thus,
comfortable and easy esophageal screening endoscopy
is required, but the tolerability of esophageal screening
endoscopy has rarely been studied.
The aim of this study was to compare the tolerability
of the magnifying NBI endoscopy for esophageal
screening in patients at high risk for esophageal cancer
with that of lugol chromoendoscopy.

CONCLUSION: Magnifying narrow band imaging
endoscopy reduced the adverse symptoms compared
with lugol chromoendoscopy. Narrow band imaging
endoscopy is useful and suitable for esophageal cancer
screening periodically.
Key words: Narrow band imaging; Lugol; Adverse
symptoms; Visual analogue scale score; Tolerability
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We conducted prospective randomized study
to determine whether magnifying narrow band imaging
(NBI) endoscopy would reduce the adverse symptoms
compared with lugol chromoendoscopy. Total, 51
patients who were at high risk for esophageal cancer
were enrolled. All patients were divided into two groups
for comparison of adverse symptoms. The visual
analogue scale scores for heartburn and retrosternal
pain in the magnifying NBI group were significantly
better than those in the lugol chromoendoscopy
group. Magnifying NBI endoscopy reduced the adverse
symptoms compared with lugol chromoendoscopy. NBI
endoscopy is very useful and suitable for screening
esophageal cancer patients periodically.

MATERIALS AND METHODS
Study protocol

This study was designed as a randomized controlled
trial and was conducted in Tsuyama Chuo Hospital,
Japan. The study protocol was approved by the ethics
Committee of the Tsuyama Chuo Hospital, and was
registered in the University Hospital Medical Network
Clinical Trials Registry as number UMIN 000012097.
The inclusion criteria included more than six
[5,7]
points in HRA-F score for esophageal cancer
or a
past history of head and neck squamous cell cancer.
Patients were excluded if they had a history of iodine
hypersensitivity or severe organ failure. Written
informed consent was obtained from all patients before
enrollment.
Randomization of the participants was carried
out using sealed envelopes. Before endoscopy,
participants were randomly assigned to the magnifying
NBI endoscopy group (NBI group) or the lugol
chromoendoscopy group (Lugol group).

Yamasaki Y, Takenaka R, Hori K, Takemoto K, Kawano S,
Kawahara Y, Okada H, Fujiki S, Yamamoto K. Tolerability of
magnifying narrow band imaging endoscopy for esophageal
cancer screening. World J Gastroenterol 2015; 21(9): 2793-2799
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i9/2793.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2793

INTRODUCTION
Esophageal cancer is the sixth most common cause
[1]
of cancer-related mortality worldwide . The overall
5-year survival rate in patients with esophageal cancer
[2]
is about 15% . However, superficial esophageal
cancer is becoming treatable and curable due to recent
[3,4]
technical improvements in endoscopy . Thus, it is
important to detect esophageal cancer at an early
stage. It was reported that the health risk appraisalflushing (HRA-F) score was useful to identify patients
[5]
who were at high risk for esophageal cancer . In
addition, it was reported that patients who had
primary head and neck cancer had a high incidence
[6]
of esophageal cancer . Therefore, periodic screening
of these patients by endoscopy would be expected to
[7]
provide great benefits .
Detection of superficial esophageal cancer is difficult
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Endoscopic procedure and patient monitoring

All procedures were carried out using magnifying
endoscopes (GIF-H260Z, Olympus Optical, Tokyo,
Japan) and a standard video endoscope system
(EVIS LUCERA, Olympus Optical) by two endoscopists
(Y.Y and R.T, with more than 5 years’ experience
of conventional endoscopy). They had experienced
more than 2000 esophagogastroduodenoscopies,
and had more than 4 year of experience with NBI.
R.T had specialist qualifications from the Japan
Gastroenterological Endoscopy Society. These
cases were divided almost equally between the two
endoscopists. All procedures were carried out without
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sedation. The endoscopic screening examination
was performed on withdrawal of the endoscope
by using either magnifying NBI endoscopy or lugol
chromoendoscopy. All parts of the esophagus, which
included the distance from the cervical esophagus to
the esophagogastric junction, were evaluated.
Blood pressure, heart rate and peripheral arterial
oxygen saturation (SpO2) were measured before
and after the procedure. The esophageal observation
time required for the cancer screening on withdrawal
of the endoscope and the total procedure time
were measured. The presence of gag reflex during
esophageal observation was monitored by a medical
staff uninvolved with the procedure.
In the NBI group, a magnifying examination was
conducted to evaluate the intra-epithelial papillary
capillary loops (IPCL) pattern and background
coloration when abnormal mucosal areas were iden
tified by non-magnifying NBI endoscopy. If dilated and
tortuous IPCL patterns and brownish color changes
[14,15]
in the areas between IPCL were observed
, we
defined the area as an abnormal lesion. In the Lugol
group, a 1.2% lugol solution was sprayed over the
entire esophageal mucosa. A well demarcated,
unstained area was defined as a lugol-voiding lesion
(LVL). After examination, a 2.5 % sodium thiosulfate
hydrate solution was sprayed over the esophageal
mucosa to bleach the lugol.

our medical office.

Endpoints

The primary outcome variable was VAS score for
heartburn after the examination. The secondary
outcome variables were VAS scores for retrosternal
pain and dyspnea after the examinations, change
in vital signs after the examination, presence of gag
reflex during esophageal observation, total procedure
time, and esophageal observation time.

Sample size

A preliminary pilot study was conducted to estimate
the standard deviation (SD) of the VAS score for
heartburn after the examination. With an assumed SD
of 15 mm, the study sample size was calculated at 48
patients in order to have an 80% power with two-sided
α levels of 0.05 to detect any differences in VAS scores
between the two groups. The final sample required
was 52 patients in order to accommodate an attrition
rate of 10%.

Statistical analysis

Histological evaluation

Biopsy specimens were obtained using disposable
forceps from well demarcated brownish areas with
abnormal IPCL and brownish color change, or from
LVL greater than 5mm in diameter. All specimens were
evaluated by a single experienced pathologist, who
was blinded to the clinical backgrounds of the patients.
Histological observations were classified into four
categories according to the World Health Organization
[16]
classification : Squamous cell carcinoma (SCC),
high-grade intraepithelial neoplasia (HGIN), low-grade
intraepithelial neoplasia (LGIN), and negative for
neoplasia (no atypia).

RESULTS
Between March 2012 and December 2013, 52
consecutive patients were enrolled in this study at
Tsuyama Chuo Hospital. They were randomized into
two groups prior to their endoscopy procedure. Among
those, 1 patient was excluded because a completed
questionnaire was not received. Thus, 51 patients were
analyzed. Twenty-five patients were assigned to the
NBI group and 26 patients to the Lugol group. There
were no differences in clinical characteristics between
the two study groups (Table 1).

Pain and discomfort measurement

A 100-mm visual analogue scale (VAS) consisting
of a horizontal line 100 mm in length was used
for measuring patient heartburn, retrosternal
pain and dyspnea (0 mm = painless, 100 mm =
[17]
extremely painful) . Patients recorded the level
of the experienced symptoms at four time points:
immediately, 1 h, 6 h and 24 h after the examination.
The VAS scores were the distance measured to the
nearest millimeter from the left end of the line to the
point of the patient’s mark. A questionnaire was given
to the patients to take home to complete as instructed
at intervals of 1, 6 and 24 h, and the completed forms
were then mailed to the hospital the following day. The
completed questionnaires were subsequently mailed to
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Results are presented as mean values ± SD. The χ
test and Fisher’s exact test were used to compare
categorical data, and the Wilcoxon’s rank sum test
was used to compare continuous data. ANOVA was
used for repeated measures statistical analysis of VAS
scores for heartburn, retrosternal pain and dyspnea.
Wilcoxon’s rank sum test was used to compare VAS
scores at each measurement point.
The JMP (version 8) software package (SAS
Institute, Cary, North Carolina, United States) and
Prism version 5.0 (GraphPad Software, San Diego, CA,
United States) were used for statistical analyses, and
a P value less than 0.05 was considered significant.
The statistical methods of this study were reviewed by
Yasushi Yamasaki from Tsuyama Chuo Hospital.

VAS scores of the two groups

The mean VAS scores for heartburn, retrosternal pain
and dyspnea after the examinations are shown in
Figures 1, 2 and 3. The VAS scores for heartburn and
retrosternal pain in the NBI group were significantly
better than those in the Lugol group (P = 0.004,
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Lugol

2.5

Table 1 Patient characteristics

NBI
Age, yr
Male/female, n
HRA-F score
Past history of head and neck
cancer, n
Previous EGD, times

60 ± 11
25/0
8±1
0

61 ± 8
25/1
8±1
1

0.597
1.000
0.277
1.000

4±3

3±2

0.475

Mean VAS score (mm)

NBI (n = 25) Lugol (n = 26) P value

Clinical parameters

Values are mean ± SD unless otherwise noted. The HRA-F score was made
from an HRA model for esophageal cancer that includes a questionnaire
about alcohol flushing[5]. EGD: Esophagogastroduodenoscopy; HRA-F:
Health risk appraisal-flushing; NBI: Narrow band imaging.

6

8

0.755

1

5

0.190

7

16

0.024

1
1
450 ± 116
44 ± 26

3
6
565 ± 174
151 ± 72

0.5

1

6

24

Figure 1 Mean visual analogue scale scores for heartburn at corresponding
measure points immediately, 1 h, 6 h and 24 h after examination in the
narrow band imaging group and Lugol group. Visual analogue scale (VAS)
scores in the narrow band imaging (NBI) group were significantly better than those
in the Lugol group (P = 0.004, Lugol group vs NBI group, ANOVA for repeated
measures). VAS scores for heartburn at 1 h and 6h after the examinations were
better in the NBI group than those in the Lugol group (bP < 0.01, Lugol group vs
NBI group, Wilcoxon’s rank sum test).
Lugol

2.5
0.609
0.099
0.004
< 0.001

Mean VAS score (mm)

NBI
2.0
b

1.5
1.0
0.5
0.0

Table 3 Biopsy results

0
1

6

1
0

5
1

0.099

6

24

Figure 2 Mean visual analogue scale scores for retrosternal pain. Visual
analogue scale (VAS) scores in the NBI group were significantly better than
those in the Lugol group (P = 0.024, Lugol group vs NBI group, ANOVA for
repeated measures). VAS scores for heartburn at 1 h after the examinations
were better in the NBI group than those in the Lugol group (bP < 0.01, Lugol
group vs NBI group, Wilcoxon’s rank sum test).

HGIN: High grade intraepithelial neoplasia; LGIN: Low grade intraepithelial
neoplasia; SCC: Squamous cell carcinoma.

significantly greater in the Lugol group. There was
no significant difference between the two groups
with respect to increase in blood pressure, decrease
in SpO2 and the presence of gag reflex. The total
procedure time in the NBI group was significantly
shorter than that in the Lugol group (P = 0.004), and
the esophageal observation time in the NBI group was
also significantly shorter than that in the Lugol group (P
< 0.001).
There was no significant difference between the
two endoscopists with respect to the mean VAS scores
for heartburn, retrosternal pain and dyspnea after
the examinations, procedure time and change of vital
signs in each group.

0.024, respectively, ANOVA for repeated measures).
There were no differences in the VAS scores for
dyspnea between the two groups (ANOVA for repeated
measures).
Comparison by Wilcoxon’s rank sum test at each
measurement point showed that the VAS scores for
heartburn at 1h and 6h after the examinations were
better in the NBI group than those in the Lugol group (P
< 0.01). Similarly, the VAS scores for retrosternal pain
and dyspnea at 1h after the examination were better
in the NBI group than those in the Lugol group (P <
0.01, P < 0.05, respectively).

Other end points

Histological findings in biopsy specimens

The results of other endpoints are shown in Table 2.
The increase in heart rate after the procedure was

WJG|www.wjgnet.com

1

t/h

NBI (n = 25) Lugol (n = 26) P value

Biopsy from esophageal
lesion, n
Biopsy result, n
No atypia or LGIN
HGIN or SCC

b

1.0

t/h

Values are mean ± SD unless otherwise noted. DBP: Diastolic blood
pressure; HR: Heart rate; SBP: Systolic blood pressure.

Variables

b

0

NBI (n = 25) Lugol (n = 26) P value

Increase in SBP after procedure
(> 20 mmHg), n
Increase in DBP after
procedure (> 20 mmHg), n
Increase in HR after procedure
(> 20 bpm), n
Decrease in SpO2 (> 3 %), n
Gag reflex, n
Total procedure time, second
Esophageal observation time,
second

1.5

0.0

Table 2 Change in vital signs and procedure time
Variables

2.0

The results of biopsies are shown in Table 3. Seven
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3.0

Lugol

2.5

NBI

different endoscopy procedures for the screening of
esophageal cancer. In this study, we concluded that
magnifying NBI endoscopy was more suitable than
lugol chromoendoscopy. In addition, the procedure
time in the NBI group was significantly shorter, and the
increase in heart rate was significantly less than the
corresponding values in the Lugol group. To remove an
effect of biopsy, we evaluated the adverse symptoms
and esophageal observation time in 44 patients without
biopsy. Twenty-four patients in the NBI group and 20
patients in the Lugol group were compared. The mean
esophageal observation time in the NBI group was
39 ± 14 s, and that in the Lugol group was 122 ± 34
s (P < 0.001). In the same way, the VAS scores for
heartburn in the NBI group were significantly better
than those in the Lugol group (P = 0.021, ANOVA for
repeated measures). There were no differences in
the VAS scores for retrosternal pain between the two
groups (P = 0.074, ANOVA for repeated measures).
These results enhanced the reliability of our conclusion
(data not shown).
The accuracy of NBI endoscopy in screening
for esophageal cancer has been reported to be
comparable to that of lugol chromoendoscopy.
Especially, the specificity of NBI endoscopy with
or without magnifying imaging was higher than
[11,12]
that of lugol chromoendoscopy
. Although lugol
chromoendoscopy is the current gold standard for
screening for esophageal cancer, NBI endoscopy might
be the first-choice endoscopy for screening in the
future. NBI endoscopy is useful for screening because
this modality is less likely to cause adverse symptoms
and requires a short time to observe the esophagus. It
was reported that NBI is easily applied with a modicum
[22]
of experience . A little training makes it possible to
detect brownish areas in magnifying NBI. In this study,
NBI endoscopy was performed with a mean time of 39
s enough to observe the entire esophagus if there was
no well demarcated brownish area.
Nevertheless, NBI endoscopy alone is not sufficient
for checking high risk patients for esophageal cancer
throughout life. A few SCC, which were flat, 5-10mm
in diameter, multiple synchronous and located in the
upper esophagus, were missed by NBI endoscopy
[11,12,23]
in past studies
. These lesions were detected
by lugol chromoendoscopy. In addition, the severity
of LVLs, especially when present in large numbers
and large sizes, were reported to be precursors for
[6,24,25]
esophageal cancers
, but NBI endoscopy has been
unable to predict the risk for esophageal cancer. Thus,
for the initial endoscopy for esophageal screening
of patients at high risk for esophageal cancer, lugol
chromoendoscopy is recommended as best suited
to predict the risk for esophageal cancer and to
determine the intervals for surveillance and screening
endoscopy. Then, from the second endoscopy on, we
recommend that NBI endoscopy should be periodically
performed as a painless screening procedure.
Even though we successfully revealed the tolerability

2.0
1.5
a

1.0
0.5
0.0
0

1

6

24

t/h

Figure 3 Mean visual analogue scale scores for dyspnea. There were no
differences between the two groups (ANOVA for repeated measures). Visual
analogue scale (VAS) scores for dyspnea at 1 h after the examinations were
better in the NBI group than those in the Lugol group (aP < 0.05, Lugol group vs
NBI group, Wilcoxon’s rank sum test).

lesions in 7 patients underwent endoscopic biopsy.
One lesion was detected by NBI, and 6 lesions were
detected by lugol staining. Of these, only one lesion
in the Lugol group was histologically confirmed to be
HGIN or SCC. There were no differences in biopsy
specimens from esophageal lesions between the two
groups.

DISCUSSION
In this prospective study, we demonstrated that
magnifying NBI endoscopy reduced adverse symptoms
in esophageal cancer screening compared with lugol
chromoendoscopy. In the NBI group, the VAS scores
for heartburn and retrosternal pain after endoscopy
were significantly better than those in the Lugol group.
Several reports have indicated that staining by
lugol can damage the mucosa of the esophagus
and stomach, leading to adverse symptoms such as
[8-10]
heartburn and retrosternal pain
. In addition, it can
even induce erosion or ulceration in the esophagus and
[18-20]
stomach due to hypersensitivity to lugol
. Although
sodium thiosulfate solution was reported to decrease
adverse symptoms induced by lugol solution in the
esophagus and stomach, these symptoms were not
[9,10]
completely eliminated
. In fact, more than half of
the patients who received sprayed sodium thiosulfate
solution after lugol chromoendoscopy reported some
acute adverse symptoms, and 13% of the patients
reported late adverse symptoms, which occurred more
[10]
than 30 min after endoscopy .
By contrast, NBI endoscopy is easily activated
by pushing a button on the endoscope without
[21,22]
using any solution
. Thus, NBI endoscopy has
been considered to be more suitable than lugol
chromoendoscopy. However, no comparative study
had been carried out to confirm the adverse symptoms
after NBI endoscopy or lugol chromoendoscopy.
Therefore, we conducted a randomized prospective
study to compare the adverse symptoms of the two
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of the magnifying NBI endoscopy for esophageal
cancer screening, there are several limitations to
this study. First, this study is a single-center analysis
performed by only two endoscopists. A multicenter
trial may be required to generalize these results
globally. Second, the concentration of lugol solutions
could possibly affect the adverse symptoms. Although
a lower concentration of lugol solution, especially less
than 1%, might reduce the symptoms, it might make
LVLs unclear.
In conclusion, we have conducted the first
randomized controlled study to compare the tolerability
of the magnifying NBI endoscopy with that of lugol
chromoendoscopy in esophageal cancer screening.
The NBI endoscopy reduced the adverse symptoms,
total procedure time and esophageal observation time
compared with lugol chromoendoscopy.

4

5

6

7

COMMENTS
COMMENTS
Background

Detection of superficial esophageal cancer is difficult by conventional
endoscopic white light imaging alone. Lugol chromoendoscopy has been used
to detect superficial esophageal cancer as gold standard. However, staining
of the esophagus with lugol often causes adverse symptoms. These adverse
symptoms may prevent patients from undergoing endoscopy periodically.
Current reports suggest that the sensitivity and specificity of narrow band
imaging (NBI) endoscopy for detecting superficial esophageal cancer were
comparable to those of lugol chromoendoscopy. NBI might not cause adverse
symptoms after endoscopy. However, no study has compared the tolerability of
NBI endoscopy and lugol chromoendoscopy.
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9

Research frontiers

10

The current research hotspot is whether NBI reduce adverse symptoms after
endoscopy or not.

Innovations and breakthroughs

Previous reports indicated that lugol chromoendoscopy can damage the
mucosa of the esophagus and stomach, leading to adverse symptoms.
However, symptom after NBI endoscopy is unclear. In this study, NBI
endoscopy reduced adverse symptoms in esophageal cancer screening
compared with lugol chromoendoscopy. In addition, the procedure time by NBI
endoscopy was significantly shorter than that by lugol chromoendoscopy.

11

Applications

The study results indicate that the authors can perform esophageal cancer
screening by NBI endoscopy painlessly. In future, NBI endoscopy might be the
first-choice endoscopy for esophageal cancer screening.

12

Terminology

NBI is an innovative optical technology that can clearly visualize the
microvascular structure of the organ surface. Especially NBI detected
squamous cell carcinoma as well demarcated brownish area.

Peer-review

13

This study aimed to compare the tolerability of magnifying NBI and lugol
chromoendoscopy in the screening of esophageal cancer. The authors
found the magnifying NBI had less adverse symptoms, less affecting HR and
shorter procedure time. These results suggest that NBI endoscopy should be
periodically performed as a painless screening procedure.
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AIM: To explore the effect of intravariceal-mucosal
sclerotherapy using small dose of sclerosant on the
recurrence of esophageal varices.
METHODS: We randomly assigned 38 cirrhotic
patients with previous variceal bleeding and high
variceal pressure (> 15.2 mmHg) to receive endoscopic
variceal ligation (EVL) and combined intravariceal and
esophageal mucosal sclerotherapy (combined group)
using small-volume sclerosant. The end-points of the
study were rebleeding and recurrence of esophageal
varices.
RESULTS: During a median follow-up period of 16 mo,
varices recurred in 1 patient in the combined group as
compared with 7 patients in the EVL group (P = 0.045).
Rebleeding occurred in 3 patients in the EVL group
as compared with 1 patient in the combined group
(P = 0.687). No patient died in the two groups. No
significant differences were observed between the two
groups with respect to serious adverse events.
CONCLUSION: Intravariceal-mucosal sclerotherapy
using small dose of sclerosant is more effective than
EVL in decreasing the incidence of variceal recurrence
for cirrhotic patients.
Key words: Variceal bleeding; Endoscopic variceal
ligation; Endoscopic injection sclerotherapy; Variceal
pressure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Kong DR et al . Intravariceal-mucosal sclerotherapy
in cirrhotic patients with high variceal pressure. In
order to improve the accuracy of injection, we used a
transparent plastic cap to fix to the tip of endoscope.

Core tip: Intravariceal-mucosal sclerotherapy has more
advantages compared to endoscopic variceal ligation
alone in decreasing the incidence of variceal recurrence
for cirrhotic patients with high variceal pressure.

MATERIALS AND METHODS
Ethics statement

Kong DR, Wang JG, Chen C, Yu FF, Wu Q, Xu JM. Effect of
intravariceal sclerotherapy combined with esophageal mucosal
sclerotherapy using small-volume sclerosant for cirrhotic
patients with high variceal pressure. World J Gastroenterol
2015; 21(9): 2800-2806 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i9/2800.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2800

The study was performed after obtaining informed
written consent from all patients and approval from
the Ethics Committee of Anhui Medical University
(Current Controlled Trials number: Clinical Trial
Registry - TRC-08000252).

Selection of patients

Between January 2008 and June 2012, a prospective,
randomized trial was conducted in 324 cirrhotic
patients with previous variceal bleeding and high
variceal pressure. Of these 324 patients, 38 who
agreed to participate in the study were enrolled (Figure
1). Liver cirrhosis had been diagnosed in the patients
according to clinical, biochemical, endoscopic,
histological, or ultrasonographic criteria. Variceal
pressure measurement was performed at the time of
upper gastrointestinal endoscopy. Patients with the
variceal pressure less than 15.2 mmHg or Child-Pugh
class C were excluded from the study. Patients with
portal vein thrombosis, treatment with beta-blockers,
previous endoscopic treatment of varices (EVL or
EIS), multifocal hepatocellular carcinoma, severe
clotting defects, hepatic encephalopathy grade Ⅲ and
Ⅳ, previous surgical portosystemic shunts or TIPS
were also excluded from the study.

INTRODUCTION
Portal hypertension is a serious complication of
decompensated hepatic cirrhosis, with a high
risk of mortality and poor prognosis due to eso
[1]
phageal variceal bleeding . Despite advances in
pharmacotherapy and endoscopic treatment in
arresting acute esophageal variceal bleeding, the
rebleeding rate remains high and is still one of the
major life-threatening events involved in the natural
[2]
course of esophageal variceal bleeding . Previous
studies have demonstrated that both endoscopic
variceal ligation (EVL) and endoscopic injection
sclerotherapy (EIS) had a similar efficiency to prevent
acute variceal bleeding. Despite optimal repeated EVL,
it is difficult to prevent variceal recurrence due to the
collaterals around the varices, which is associated
[3]
with the risk of rebleeding . However, patients who
accepted EIS with a complete blockade of varices and
perforating vein had relapse-free varices within two
[4]
years . EIS is usually accompanied by a higher rate
of complications such as injection-induced bleeding,
post-injection esophageal ulceration following delayed
bleeding, and esophageal perforation, which are
associated with the use of high volumes of sclerosant,
especially large-volume injection that was thought to
[5,6]
be intravariceal but was actually paravariceal . To
avoid the complications of EIS, the present policy is to
use small volumes of sclerosant as varices decrease in
[7]
size .
Previous studies have verified that variceal pressure
is not only the best parameter for predicting rupture
of varices, but also a useful guide for assessing the
effect of pharmacotherapy or transjugular intrahepatic
portosystemic shunting (TIPS) in patients with portal
[5,8,9]
hypertension
. It is more difficult to prevent
variceal recurrence and rebleeding in cirrhotic patients
receiving treatments with higher variceal pressure
[5,10]
than lower pressure
. In this paper, we therefore
designed a study to explore whether the combined
intravariceal and esophageal mucosal sclerotherapy
using lower volumes of sclerosant can efficiently
prevent variceal recurrence and rebleeding than EVL

WJG|www.wjgnet.com

Variceal pressure measurement

Measurement of variceal pressure was carried out
during upper gastrointestinal endoscopy by using
a previously described noninvasive technique
[Esophageal Varix Manometer (EVM); Treier Endoscopie
AG, Beromünster, Switzerland]. EVM was connected
to a pressure transducer and variceal pressure was
recorded by a workstation which was invented by our
[11]
team . Before variceal pressure measurement, all
patients were sedated with 5 mg diazepam and 20 mg
N-butylscopolamine intravenously. In previous studies,
variceal pressure values measured by this method
were found to have a good correlation with those
[12,13]
by needle puncture measurement
. The largest
varix of the distal esophagus was chosen for variceal
pressure measurement. The same endoscopist (Dr.
Kong) performed all the pressure measurements. The
variceal pressure was recorded as the mean of five
pressure determinations which were taken during the
procedure.
The scales in the balloon markers (5-mm intervals)
were used to assess variceal size. The maximal
variceal size and esophageal variceal findings were
recorded as proposed by the Japanese Society for
[14]
portal hypertension .
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324 patients with previous history of bleeding
were admitted for esophageal varices

271 were excluded
86 were in Child-Pugh Class C
35 had isolated gastric varices
57 had small varices
11 were old than 75 yr
20 had previous medication or EVL
14 had hepatocellular carcinoma
17 had portal-vein thrombosis
5 had prehepatic portal hypertension
16 declined to participate
10 for other reasons

53 were large esophageal varices and
underwent variceal pressure measurements

15 were excluded
3 for technical failure
12 had variceal pressure < 15.2 mmHg

38 underwent randomization

20 were assigned to receive EVL and were
included in the analysis

18 were assigned to receive combined therapy
and were included in the analysis

Figure 1 Screening and randomization of patients. EVL: Endoscopic variceal ligation.

Treatment

(Figure 2). All endoscopic operations were conducted
by a single physician (Dr. Kong) with 26 years of
endoscopic experience. After 2 wk, one session of
esophageal mucosal sclerotherapy near the cardia
using lauromacrogol of 0.5 mL per site was applied
until all small varices were obliterated. The mucosa
injection was performed in a counterclockwise, upward
direction. To identify the exact location and depth of
injection, we preferred to use a transparent plastic cap
fixed to the tip of endoscope.

Patients who fulfilled the inclusion criteria were
immediately randomized to either an EVL group or
a combined group using consecutively numbered
envelopes that contained the treatment assignments,
which were generated by a system using computerallocated random digit numbers. The excluded
patients were not involved in this study. Patients
randomized to the EVL group underwent serial (every
2-3 wk) band ligation (Speedband Superview Super
7 Multiple Band Ligator) until all esophageal varices
were obliterated or were significantly reduced to small
residual varices (F1). Patients in the combined group
underwent serial (every 1-2 wk) sequential endoscopic
injection sclerotherapy, by means of an intravariceal
injection, until the varices completely disappeared or
were significantly reduced to small residual varices
(F1). The sclerosant used was 1% lauromacrogol
injection (Tianyu Chang’an Corp., Xian, China). No
more than 5 mL of sclerosant was injected into each
site, and the total did not exceed 20 mL per treatment
session. In order to improve the accuracy of injection,
a transparent plastic cap (Cook medical, Bloomington,
United States) was fixed to the tip of an endoscope

WJG|www.wjgnet.com

Evaluation of the effectiveness of treatment

“Eradication” was defined as the disappearance of
varices after treatment, including thrombosed varices
(F0, RC0). “Residue” means residual varices with F
or RC after treatment. “Recurrence” was defined as
the reappearance of eradicated varices (F0, RC0) with
F and/or RC. Gastric varices were defined as gastric
[14]
fundal varices .

Follow-up

Patients were assessed clinically at baseline, one and
three months after randomization, and every three
months thereafter. Upper endoscopy was performed
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A

Table 1 Demographic profile of the study population

Sex
M
F
Age (yr)
Child-Pugh grade
A
B
Etiology
HBV-related
Alcohol
PBC
Cryptogenic
VP (mmHg)
Varix grade
F2
F3

B

EVL group

Combined group

(n = 20)

(n = 18)

14
6
53.55 ± 13.72

9
9
52.94 ± 14.96

9
11

8
10

10
2
2
4
21.60 ± 3.25

10
1
2
4
22.04 ± 3.87

10
10

9
11

P value
0.208

0.897
0.875

1.000

0.274
0.612

VP: Variceal pressure; PBC: Primary biliary cirrhosis; EVL: Endoscopic
variceal ligation; HBV: Hepatitis B virus.

with the variceal pressure more than 15.2 mmHg
who were admitted to our hospital for study eligibility.
A total of 271 patients were excluded (Figure 1), and
the remaining 38 patients were randomly assigned to
either the EVL group (20 patients) or the combined
group (18 patients). There were no significant
differences in baseline characteristics between the
two groups at the time of entry into the study (Table 1).

Figure 2 Endoscopic injection sclerotherapy with a transparent plastic
cap to fix to the tip of endoscope. A: Endoscopic injection sclerotherapy
through the working channel of the cap-assisted endoscope; B: Compression
on the varices with the cap to reduce blood spouting from the injection site.

at the first visit, at 6 mo, and every 6 mo thereafter.
Patients were followed until death up to a maximum
of 2 years of follow-up or until the end of the study.
The median follow-up after treatment was 16 mo.

Variceal findings after endoscopic therapy

In the EVL group, banding started at the gastroesophageal
junction and then continued proximally for 2 cm. The
banding was repeated at 2-3 wk intervals for the first 6
wk when possible, unless extensive esophageal ulcers
occurred or delays resulted from complications, and
treatment was then performed every 4 wk until the
esophageal varices were eradicated or were significantly
reduced to small residual varices (F1). Eighteen (90%)
patients in the EVL group had obliteration of varices,
and 2 (10%) patients had varices that decreased in
size.
In the combined group, the sites of injections were
confined to the distal esophagus and intended for
intravariceal injection. One session of sclerotherapy
using lauromacrogol of 5 mL per injection until the
total quantity of 20 mL was applied. The treatment
was repeated at 1-2 wk intervals until the varices
were eradicated or were significantly reduced to
small residual varices (F1). After that, one to three
sessions of esophageal mucosal sclerotherapy above
the dentate line using lauromacrogol of 0.5 mL per
injection until the total quantity of 5 mL was applied.
At last, varices were successfully eradicated in all
patients in the combined group.
There was no statistically significant difference
between the two groups of patients with regards to

Study endpoints

The primary end point was significant variceal
rebleeding, and secondary end points were treatmentrelated complications and mortality. Variceal rebleeding
was defined as vomiting blood or black stool, with an
associated drop in hematocrit by 10%, in the absence
of any other source of gastrointestinal hemorrhage on
endoscopy.

Statistical analysis

All data analyses were performed with SPSS (version
10; SPSS, Inc., Chicago, IL, United States). All
quantitative data were tested for normal distribution.
Quantitative data are expressed as mean ± SD and
were compared using Student’s t-test if the data were
normally distributed. Categorical data were examined
using Fisher’s exact test. P < 0.05 was considered to
indicate statistical significance.

RESULTS
Baseline data

We screened 324 decompensated cirrhotic patients

WJG|www.wjgnet.com
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In the Western countries, EVL is the first endoscopic
method of choice for preventing variceal rebleeding
since it has been shown to be superior to sclerotherapy
in terms of quicker eradication of esophageal varices
[15]
and fewer complications . However, in patients
treated by EVL, it is difficult to prevent variceal
recurrence and rebleeding because the obliteration
[16]
of paraesophageal varices is not possible . Trials
suggest that sclerotherapy is followed by a lower
rate of variceal recurrence and rebleeding rate in
comparison with EVL. For this reason, sclerotherapy
may obliterate paraesophageal varices and decrease
[17-19]
variceal recurrence
.
The remnant small varices after EIS is technically
difficult to be eliminated by repeated intravariceal
sclerotherapy, because it is harder to achieve the
[20]
intravariceal injection . With repeated normal dose
of sclerosant injection, the incidence of complications
include injection-induced bleeding, post-injection
esophageal ulceration following delayed bleeding,
and esophageal perforation may be also obviously
increased. However, the small dose of esophageal
mucosal sclerotherapy produces sclerosis on remnant
small varices and submucosal fibrosis in the esophagus
simultaneously, which will eradicate the varices
completely and reduce the risk of rebleeding from
the esophageal varices, but not cause esophageal
[6,20]
stenosis or dysphagia
. In practice, techniques and
complications of sclerotherapy vary and are operatordependent.
In the present study, we attempted the combination
of accurate esophageal intravariceal and mucosa
injection. In the combined endoscopic therapy, small
dose of esophageal mucosal sclerotherapy was added
to intravariceal sclerotherapy after the reduction of
variceal size to small or near disappearance. Here
we also present a transparent plastic cap-assisted
endoscopy that may determine the exact location and
depth of injection during esophageal intravariceal and
mucosal sclerotherapy. We found that compression
on the varices with the transparent plastic cap may
reduce blood spouting from the injection site.
There were also a small number of variceal
recurrences in our patients treated by the combination
of intravariceal and esophageal mucosal sclerotherapy
(5.6%), but the rate of variceal recurrence was
significantly lower than in patients treated only by
ligation (35%). Rebleeding was verified more frequently
in the EVL group (15%) than in the combined group
(5.6%) in the follow-up period, but the difference was
not statistically important. Retrosternal chest pain,
low-grade fever and chest pain were temporary in
our patients. Although the rates of complications and
adverse effects were similar in two groups, the events
associated with EVL were more severe, including fatal
bleeding from ligation-induced esophageal ulcers in
two patients. No serious side effects, such as severe
dysphagia, esophageal stenosis and heavy bleeding
of esophageal ulcers, were found in the combined

Table 2 Follow-up characteristics

Rebleeding
Eradication
Time to eradication (d)
Recurrence
Mortality

Combined group

EVL group

(n = 18)

(n = 20)

1
18
48.5 ± 21.7
1
0

3
18
56.1 ± 30.5
7
0

P value
0.606
0.488
0.749
0.045a
1.000

a

P < 0.05, combined group vs EVL group, Student’s t test. EVL: Endoscopic
variceal ligation.

the days for variceal eradication (56.1 ± 30.5 d in the
EVL group vs 48.5 ± 21.7 d in the combined group).
Thereafter, in both groups of patients follow-up
endoscopic examination was applied every 6 mo to
detect recurrence of esophageal varices. For patients
with recurrent esophageal varices, a repeated session
of endoscopic therapy was performed in both groups
of patients. When rebleeding from the esophageal
varices was encountered, immediate endoscopy and
repeated sessions of sclerotherapy were performed in
both groups until the varices were obliterated.
Variceal recurrence was verified more frequently
in the EVL group (35%) than in the combined group
(5.6%, P < 0.05) during the follow-up period (Table
2). Variceal bleeding occurred in 4 of 38 (10.5%)
patients (combined group, 3; EVL group, 1; P > 0.05)
(Table 2). Two patients experienced severe bleeding
from post-EVL bleeding episodes in the EVL group
one week after ligation. In the combined group, one
patient had slight bleeding from sclerosis-induced
esophageal ulcers.
Deterioration of portal gastropathy and gastric
varices did not occur in any patient of the two groups
in the observed periods.
All complications, such as retrosternal chest pain,
low-grade fever and chest pain, were similar and
temporary in two groups (combined group, 2/18; EVL
group, 2/20). No patients died in either group in the
follow-up period (Table 2).

DISCUSSION
Patients who survive an episode of acute variceal
hemorrhage have a very high risk of rebleeding and
death. It is therefore essential that patients who
have recovered from acute variceal bleeding should
[5]
undergo secondary prophylaxis . Previous studies
have demonstrated that the cirrhotic patients with
a high risk of variceal bleeding were associated with
[7]
variceal pressure ≥ 15.2 mmHg . In cirrhotic
patients with higher variceal pressure, varices and
blood flow through the vessels are greater than in
[8]
those with lower variceal pressure . In order to
eradicate the varices and reduce recurrent varices
in patients with higher variceal pressure, choosing
proper endoscopic treatment is important.
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therapy. On the other hand, the reported frequency
of complications of EIS varies greatly between series
and is markedly related to the experience of operators,
the frequency of EIS and completeness of follow[20]
up examinations . Esophageal mucosal ulceration
is the most common endoscopic finding, occurring
in up to 90% of patients within 24 h of injection and
healing rapidly in most cases. In previous studies,
ulceration was regarded as a desired effect of EIS,
because the development of scar tissue after ulceration
[5,21,22]
helps to obliterate varices
. Chronic deep ulcers
are relatively rare, and they tend to develop more
frequently when large volumes of sclerosant and/or
short intervals between sessions are used. In our study,
transparent plastic cap-assisted endoscopy can be used
for determining the exact location and depth of injection
during EIS, and compressing on the varices with the
cap could reduce blood spouting from the injection site.
The limitation in our study was small sample size,
which probably yielded inadequate statistical power.
To reduce heterogeneity, we randomized only those
cirrhotic patients with large varices (≥ F2) and variceal
pressure ≥ 15.2 mmHg. A large prospective followup study of our patients is underway to investigate
the combined method of EIS and esophageal mucosal
sclerotherapy after EIS, including assessment of using
a transparent plastic cap-assisted endoscopy.
In conclusion, the combined method of EIS and
esophageal mucosal sclerotherapy after EIS have
more advantages compared to EVL alone, but more
extensive studies are required.
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lymphocyte ratio (NLR) and the outcome of patients
with pancreatic cancer.

Jian-Jun Yang, Zhi-Gao Hu, Song-Qing He, Sheng-Guang
Yuan, Laboratory of Hepatobiliary and Pancreatic Surgery,
Affiliated Hospital of Guilin Medical University, Guilin 541001,
Guangxi Zhuang Autonomous Region, China
Wu-Xiang Shi, Te Deng, Department of Epidemiology and
Biostatistics, School of Public Health, Guilin Medical University,
Guilin 541004, Guangxi Zhuang Autonomous Region, China
Song-Qing He, Guangxi Key Laboratory of Molecular Medicine
in Liver Injury and Repair, Guilin 541001, Guangxi Zhuang
Autonomous Region, China
Author contributions: Yang JJ and Hu ZG performed the
research and wrote the paper; He SQ and Yuan SG designed the
study; Shi WX and Deng T analyzed the data; and Yang JJ and
Hu ZG contributed equally to this work.
Supported by Natural Science Foundation of Guangxi Province,
No. 2013GXNSFAA019196 (in part); and the Science and
Technology Planning Project of Guilin City, No. 20100128-5.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Song-Qing He, MD, Laboratory of
Hepatobiliary and Pancreatic Surgery, Affiliated Hospital of
Guilin Medical University, Guilin 541001, Guangxi Zhuang
Autonomous Region, China. dr_hesongqing@163.com
Telephone: +86-773-2809503
Fax: +86-773-2862270
Received: July 1, 2014
Peer-review started: July 2, 2014
First decision: July 21, 2014
Revised: August 8, 2014
Accepted: October 15, 2014
Article in press: October 15, 2014
Published online: March 7, 2015

METHODS: Studies evaluating the relationship
between the peripheral blood NLR and outcome of
patients with pancreatic cancer published up to May
2014 were searched using electronic databases,
including PubMed, Web of Science, Embase and Ovid.
A meta-analysis was performed to pool the hazard
ratios (HRs) or odds ratios (ORs) and their 95%
confidence intervals (CIs) using either a fixed-effects
model or a random-effects model to quantitatively
assess the prognostic value of NLR and its association
with clinicopathological parameters.
RESULTS: Eleven studies containing a total of 1804
patients were eligible according to our selection
criteria, and combined hazard ratios indicated that
high NLR was a poor prognostic marker for pancreatic
cancer patients because it had an unfavorable impact
on the overall survival (OS) (HR = 2.61, 95%CI:
1.68-4.06, P = 0.000) and cancer specific survival
(HR = 1.66, 95%CI: 1.08-2.57, P = 0.021). Subgroup
analysis revealed that high NLR was associated with
poor OS in patients with mixed treatment (HR =
4.36, 95%CI: 2.50-7.61, P = 0.000), chemotherapy
(HR = 2.08, 95%CI: 1.49-2.9, P = 0.000), or surgical
resection (HR = 1.2, 95%CI: 1.00-1.44, P = 0.048).
Additionally, high NLR was significantly correlated with
tumor metastasis (OR = 1.69, 95%CI: 1.10-2.59, P =
0.016), poor tumor differentiation (OR = 2.75, 95%CI:
1.19-6.36, P = 0.016), poor performance status (OR
= 2.56, 95%CI: 1.63-4.03, P = 0.000), high cancer
antigen 199 (OR = 2.62, 95%CI: 1.49-4.60, P = 0.000),
high C-reactive protein (OR = 4.32, 95%CI: 2.71-6.87,
P = 0.000), and low albumin (OR = 3.56, 95%CI:
1.37-9.27, P = 0.009).

Abstract

CONCLUSION: High peripheral blood NLR suggested
a poor prognosis for patients with pancreatic cancer,

AIM: To conduct a meta-analysis evaluating the
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and it could be a novel marker of survival evaluation
and could help clinicians develop therapeutic strategies
for pancreatic cancer patients.

molecular markers are still not in widespread use
because they are not applicable for external validation
and are not routinely measured in the clinic. Therefore,
seeking novel, convenient and practical biomarkers is
necessary.
An increasing body of evidence shows that systemic
inflammation activation exerted by cancer cells
anticipates tumor progression via inducing cancer
proliferation and metastasis or promoting angiogenesis
[9-11]
and repairing DNA damage
. Several systemic
inflammatory biomarkers have been investigated
to predict the prognosis in various cancers, such as
[12]
C-reactive protein (CRP) , neutrophil-to-lymphocyte
[13]
ratio (NLR) , platelet-to-lymphocyte ratio, and
[14]
modified Glasgow Prognostic Score . Among these
biomarkers, elevated NLR has been shown to be the
most valuable for predicting the prognosis of various
[15-17]
cancer types besides pancreatic cancer
. Several
studies have evaluated the correlation between high
NLR and the outcome of patients with pancreatic
cancer, but the conclusions are not consistent, which
may be due to the different sample size, NLR cutoff
value, different treatments or genetic heterogeneity
in these studies. Therefore, it is necessary to conduct
a meta-analysis that combines these studies and to
identify the prognostic value of NLR in patients with
pancreatic cancer. In this research, we pooled the data
from eligible studies that focus on the relationship
between elevated NLR and the overall survival (OS)
or cancer specific survival (CSS) in patients with
pancreatic cancer; we also investigated the correlation
between elevated NLR and clinicopathological
parameters in pancreatic cancer.

Key words: Neutrophil to lymphocyte ratio; Pancreatic
cancer; Overall survival; Cancer specific survival;
Clinicopathological features; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We performed a meta-analysis to evaluate the
relationship between the peripheral blood neutrophil
to lymphocyte ratio (NLR) and outcome of patients
with pancreatic cancer. The results showed that high
NLR was a poor prognostic marker and high NLR was
associated with poor overall survival in patients with
mixed treatment, chemotherapy, or surgical resection.
Furthermore, high NLR was significantly correlated
with tumor metastasis, poor tumor differentiation, poor
performance status, high carbohydrate antigen 199,
high C-reactive protein, and low albumin. This is the
first comprehensive and detailed analysis for evaluating
the prognostic value of the NLR and its association
with the clinicopathological features for pancreatic
cancer patients. NLR might be a novel marker of the
survival evaluation for pancreatic cancer patients.
Ya n g J J , H u Z G , S h i W X , D e n g T, H e S Q , Yuan SG.
Prognostic significance of neutrophil to lymphocyte ratio in
pancreatic cancer: A meta-analysis. World J Gastroenterol
2015; 21(9): 2807-2815 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i9/2807.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2807

MATERIALS AND METHODS
Study selection

INTRODUCTION

We searched for relevant studies that focused on the
relationship between NLR and the outcome of patients
with pancreatic cancer using Pubmed, Embase, Ovid,
and Web of Science databases in May 2014. The
search strategy was conducted with the following terms:
(neutrophil to lymphocyte ratio or NLR) AND (pancreatic
cancer or pancreatic tumor), and only studies in
English were reviewed. The references in the relevant
studies were also searched. If there were doubts about
the original articles, we asked the authors to supply
additional information. Two investigators extracted all
data from the original articles, and consensuses were
reached by discussion if there were disagreements.

As one of the most common cancers with a high degree
of malignancy, pancreatic cancer is the fourth leading
[1]
cause of cancer-related death worldwide . Although
therapeutic strategies have been improved in recent
years, the prognosis of pancreatic cancer patients
remains disappointing. Only 4% of pancreatic cancer
patients live five years or longer after diagnosis, and
80%-85% of diagnosed patients lose the opportunity
[2]
for radical surgery . Currently, individual treatment for
[3,4]
pancreatic cancer receives substantial attention . To
take appropriate measures for individual treatment in
patients with pancreatic cancer, looking for biomarkers
for evaluating the prognosis is especially urgent. On
one hand, traditional prognostic markers for pancreatic
cancers are clinicopathological parameters, most
of which are determined after surgery, and these
clinicopathological features are invalid for predicting
pancreatic cancer prognosis before treatment. On the
other hand, with the progress in molecular pathology,
large cohorts of molecules have been suggested to
[5-8]
predict pancreatic cancer prognosis ; however, these
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Inclusion and exclusion criteria

Studies meeting the following criteria were included:
(1) the NLR was measured with a peripheral blood test
before treatment; (2) the relationship between the NLR
and outcome of patients with pancreatic cancer was
provided; and (3) when the same authors reported the
same patient populations in different articles, only the
most comprehensive one was included. Studies with
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the following were excluded: (1) reviews, meetings,
abstracts, expert opinions, and case reports; (2)
overlapping data; and (3) data were not extracted.

using Egger’s test; significant bias existed if Ρ < 0.05.

Outcomes and clinicopathological feature definitions

Selection and characteristics of studies

RESULTS
After searching comprehensive literature and checking
references lists, 66 studies that mentioned the
association between the NLR and pancreatic cancer
were reviewed, of which 55 were excluded because
they are either reviews, reference abstracts, or
irrelevant to the patient outcomes. One study on the
association between the NLR and DFS was acceptable;
however, it was excluded because there was only one
publication with a DFS assessment, meaning that
[20]
there was not enough data for pooling . Finally,
ten studies conducted in five countries (China,
United Kingdom, Australia, Ireland, and Japan) met
[21-30]
the inclusion criteria
. One of them reported
two groups of pancreatic cancer patients, and the
relationship between the NLR and CSS was available
[30]
in each group ; therefore, 11 groups, consisting of
1804 patients, were eligible for the meta-analysis.
The basic characteristics of the included studies are
shown in Table 1. The NLR cutoff values ranged from
2.3 to 5, and the sample sizes ranged from 65 to 474.
The prognostic impact of high NLR on the OS was
evaluated in eight studies (Figure 1A). Three studies
evaluated the NLR for outcomes of patients who had
undergone surgery, chemotherapy, radiotherapy or
the combination of these treatments (grouped as
[22,24,26]
the mixed treatment group)
; four studies that
evaluated NLR for palliative chemotherapy outcomes
[21,23,27,28]
were classified as the chemotherapy group
;
and one study that evaluated the NLR for outcomes
of patients who had undergone surgical resection
[25]
was defined as the surgical resection group .
The prognostic impact of high NLR on the CSS was
assayed in three groups of patients (Figure 1B). The
HR data for nine groups were provided in the original
multivariate analysis, while the data for the other two
groups were deduced from survival curves. The scores
of all groups, which were estimated by the NewcastleOttawa quality assessment scale, indicated that a
favorable methodology was used in each study.

The NLR was defined as the pretreatment blood
neutrophil count divided by the lymphocyte count.
The mixed treatment group was defined as patients
treated with combined therapies or different people
with different therapies. The chemotherapy group was
defined as those patients receiving chemotherapy
according to the original article description. The
surgical resection group was defined as those patients
who underwent surgery. Distant tumor metastasis was
defined as either originally reported or TNM Ⅳ stage.
Elevated CA199, CRP, and low albumin levels were
defined as originally reported. A poor performance
status was defined as those with two-point scores or
more. Tumor differentiation was separated into two
groups, those with poor differentiation were grouped
as poor, and the remainders were moderate. The OS,
CSS, and disease free survival (DFS) were used as
reported in the original article.

Qualitative assessment

All of the studies included in this research were assessed
by referring to the Newcastle-Ottawa quality assessment
[18]
scale (NOS) for cohort studies .

Meta-analysis

All calculations of the extracted data were performed
using Stata 11.0; eligible studies were divided into
two groups to evaluate the relationship between the
NLR and the outcome of patients using the data for
OS or CSS. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were pooled to obtain the effective
value. If HRs and 95%CIs were directly provided in
the original studies, crude data were used; otherwise,
they were extracted from the survival curves according
[19]
to the methods reported by Tierney et al . For the
analysis of the correlation between high NLR and
clinicopathological features, odds ratios (ORs) and the
95%CIs were pooled to obtain the effective value.
Heterogeneity between studies was evaluated using
the χ ² and Ι² tests. If Ι² ≥ 50% and Ρ < 0.1, there
was significant heterogeneity; afterwards, subgroup
analysis was performed using a random-effects
model to combine the effective value. If there was no
heterogeneity, a fixed-effects model was used to pool
the HRs or ORs. An HR > 1 indicated a poor prognosis
in patients with a high NLR; an OR > 1 demonstrated
that a high NLR was correlated with poor tumor
differentiation, a high incidence of distant tumor
metastasis, poor performance status, high level of
CRP, high levels of CA199, and low levels of albumin.
The pooled HR or OR was considered to be statistically
significant at Ρ < 0.05 if 95%CIs did not overlap “1”.
Publication bias was evaluated in each combined study
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Prognostic impact of the NLR on the OS

HRs from eight groups of patients were combined to
evaluate the prognostic impact of the NLR on OS. We
found that a high NLR was a poor prognostic marker for
pancreatic cancer patients because it had an unfavorable
impact on the OS (HR = 2.61, 95%CI: 1.68-4.06, Ρ =
0.000, Figure 1A), and significant heterogeneity was
observed among these groups (χ ² = 45.71, Ι² = 84.7%,
Ρ = 0.000). When subgroup analysis was conducted
according to therapy, the following interesting results
were observed: combined data from three groups
of patients with different therapies indicated that
high NLR significantly correlated with poor OS (HR =
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Table 1 Baseline characteristics of the included studies
Ref.
Martin et al[21]
Wang et al[22]
Xue et al[23]
Sugiura et al[24]
Bhatti et al[25]
Aliustaoglu et al[26]
Teo et al[27]
An et al[28]
Szkandera et al[29]
Stotz et al[30]
Stotz et al[30]

Country

Treatment

Austria
China
Japan
Japan
United Kingdom
Japan
Ireland
China
Austria
Austria
Austria

Chemo
Mix
Chemo
Mix
Sur
Mix
Chemo
Chemo
Mix
Mix
Sur

NLR cutoff, n
5
5
5
4
4
5
3
5
2.3
5
5

HR estimation
HR
HR
HR
Survival curve
HR
Survival curve
HR
HR
HR
HR
HR

Outcome Sample/high
measured
NLR, n
OS
OS
OS
OS
OS
OS
OS
OS
CCS
CCS
CCS

124/64
177/32
252/40
83/36
84/13
65/9
85/58
89/16
474/271
261/79
110/37

HR(95%CI)
1.6 (1.07-2.4)
2.537 (1.313-4.902)
1.92 (1.27-2.9)
6.4 (2.85-14.34)
1.2 (1.01-1.449)
5.42 (2.96-9.91)
2.93 (1.59-5.64)
4.489 (1.372-14.692)
1.24 (1.01-1.51)
2.532 (1.64-3.91)
1.611 (1.024-2.534)

Study quality
(points)
8/9
6/9
6/9
8/9
7/9
7/9
5/9
7/9
7/9
6/9
7/9

Studies evaluated mixed treatment (Mix), chemotherapy (Chemo), or surgical resection (Sur). Study quality is listed using the results of the NewcastleOttawa questionnaire. HR: Hazard ratio; OS: Overall survival; CSS: Cancer specific survival; NLR: Neutrophil to lymphocyte ratio.

A

Study ID
Mix
De-Shen Wang (2012)
Teiichi Sugirua (2013)
Mehmet Aliustaoglu (2010)
2
Subtotal (I = 49.5%, P = 0.138)

HR (95%CI)

%weight

2.54
6.40
5.42
4.36

(1.31-4.90)
(2.85-14.34)
(2.96-9.91)
(2.50-7.61)

12.05
10.62
12.59
35.26

Chemo
Xin An (2010)
Peng Xue (2014)
Min Yuen Teo (2013)
Martin (2014)
2
Subtotal (I = 31.7%, P = 0.222)

4.49
1.92
2.93
1.60
2.08

(1.37-14.69)
(1.27-2.90)
(1.59-5.64)
(1.07-2.40)
(1.49-2.90)

7.53
14.40
12.30
14.48
48.71

Sur
Imran Bhatti (2010)
2
Subtotal (I = %, P = )

1.20 (1.01-1.45)
1.20 (1.00-1.44)

16.03
16.03

2.61 (1.68-4.06)

100.00

HR (95%CI)
2.53 (1.64-3.91)
1.61 (1.02-2.53)
1.24 (1.01-1.51)
1.66 (1.08-2.57)

%weight
30.40
29.61
39.98
100.00

2

Overall (I = 84.7%, P = 0.000)
Note: weights are from random effects analysis
0.25

B

1

2.5

5

Study ID
M Stotz (2013)
M Stotz(2) (2013)
Joanna Szkandera (2013)
2
Overall (I = 77.4%, P = 0.012)
Note: weights are from random effects analysis
0.25

1

2.5

5

Figure 1 Forest plots. A: Meta-analysis of the association between high neutrophil to lymphocyte ratio (NLR) and overall survival; B: Meta-analysis of the association
between high NLR and cancer specific survival. Results are presented as individual and combined hazard ratios (HR) and 95%CI. Chemo: Chemotherapy; Sur:
Surgical resection; Mix: Mixed treatment.

4.36, 95%CI: 2.50-7.61, Ρ = 0.000, Figure 1A), and
there was no significant heterogeneity (χ ² = 3.96, Ι
² = 49.5%, Ρ = 0.138). The combined data from four
groups revealed that high NLR significantly correlated
with poor OS in patients undergoing chemotherapy
(HR = 2.08, 95%CI: 1.49-2.9, Ρ = 0.000, Figure 1A),
and no significant heterogeneity was detected (χ ² =
4.39, Ι² = 31.7%, Ρ = 0.222, Figure 1A). Data from
one group demonstrated that high NLR significantly
correlated with poor OS of patients undergoing surgical

WJG|www.wjgnet.com

resection (HR = 1.2, 95%CI: 1.00-1.44, Ρ = 0.048,
Figure 1A).

Prognostic impact of the NLR on the CSS

Significant heterogeneity was observed in three groups
of patients when the prognostic impact of the NLR
on the CSS was evaluated (χ ² = 8.84, Ι² = 77.4%,
Ρ = 0.012, Figure 1B). The synthesized HR data
with a random-effects model revealed that high NLR
was associated with poor CSS (HR = 1.66, 95%CI:
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A

Study ID

NLR and tumor metastasis

OR (95%CI)

De-shen Wang (2012)
Teiichi Sugirua (2014)
Peng Xue (2013)
Min Yuen Teo (2013)
2
Overall (I = 0.0%, P = 0.577)

2.74
1.38
1.58
1.23
1.69

0.25

B

1

Study ID

2.5

De-shen Wang (2012)
Peng Xue (2014)
Min Yuen Teo (2013)
Teiichi Sugirua (2013)
Martin HL (2014)
2
Overall (I = 0.0%, P = 0.768)

C

1

Study ID

2.5

D

Elevated NLR
Events/total
3.78 (1.31-10.87)
7/32
1.94 (0.80-4.71)
18/36
1.34 (0.27-6.57)
2/40
2.50 (0.82-7.57)
21/58
3.21 (1.40-7.36)
24/60
2.56 (1.63-4.03)
72/226

2.04 (0.73-5.68)
2.18 (1.05-4.53)
9.90 (1.24-79.17)
2.62 (1.49-4.60)

Study ID

2.5

NLR and high CRP

0.25

OR (95%CI)
5.78 (2.51-13.26)
4.50 (2.22-9.11)
2.78 (1.08-7.12)
4.32 (2.71-6.87)

1

Study ID

21.18
25.60
28.72
24.50
100.00

Normal NLR
Events/total
10/145
16/47
8/212
5/27
11/64
50/495

%weight
12.33
30.28
10.53
18.99
27.87
100.00

Elevated NLR
Events/total
26/31
14/40
16/58
56/129

Normal NLR
Events/total
102/142
42/212
1/27
145/381

%weight

Elevated NLR
Events/total
22/32
24/40
40/58
86/130

Normal NLR
Events/total
40/145
53/212
12/27
105/384

%weight

37.91
55.73
6.35
100.00

5

De-shen Wang (2012)
Peng Xue (2014)
Min Yuen Teo (2013)
2
Overall (I = 0.0%, P = 0.515)

E

OR (95%CI)

OR (95%CI)

De-shen Wang (2012)
Peng Xue (2014)
Min Yuen Teo (2013)
2
Overall (I = 2.1%, P = 0.360)
1

%weight

5

NLR and high CA199

0.25

Normal NLR
Events/total
70/145
21/47
152/212
14/27
257/431

5

NLR and poor performance status

0.25

(1.19-6.32)
(0.58-3.31)
(0.69-3.62)
(0.49-3.06)
(1.10-2.59)

Elevated NLR
Events/total
23/32
19/36
32/40
33/58
107/166

2.5

27.67
41.21
31.12
100.00

5

NLR and low albumin

OR (95%CI)

Elevated NLR
Events/total
6.65 (2.63-16.82)
12/32
1.54 (0.75-3.15)
14/40
5.03 (1.88-13.48)
45/58
3.56 (1.37-9.27)
71/130

De-shen Wang (2012)
Peng Xue (2014)
Min Yuen Teo (2013)
2
Overall (I = 72.3%, P = 0.027)

Normal NLR
Events/total
12/145
55/212
11/27
78/384

%weight
32.24
36.70
31.05
100.00

Note: weights are from random
effects analysis
0.25

F

Study ID

1

2.5

5

NLR and tumor differentiation

De-shen Wang (2012)
Imran Bhatti (2010)
2
Overall (I = 0.0%, P = 0.864)
0.25

1

2.5

OR (95%CI)

Elevated NLR
Events/total
2.92 (0.92-9.23)
17/21
2.52 (0.75-8.50)
6/13
2.75 (1.19-6.36)
23/34

Normal NLR
Events/total
67/113
18/71
85/184

%weight
57.14
42.86
100.00

5

Figure 2 Forest plots. A: Meta-analysis of the association between high neutrophil to lymphocyte ratio (NLR) and tumor metastasis; B: Meta-analysis of the
association between high NLR and poor performance status; C: Meta-analysis of the association between high NLR and high carbohydrate antigen 199 (CA199); D:
Meta-analysis of the association between high NLR and high C-reactive protein (CRP); E: Meta-analysis of the association between high NLR and low albumin; F:
Meta-analysis of the association between high NLR and tumor differentiation. Results are presented as individual and combined odds ratio (OR) and 95%CI.

with a high incidence of distant tumor metastasis (OR
= 1.69, 95%CI: 1.10-2.59, Ρ = 0.016, Figure 2A). Five
studies reported a connection between high NLR and
poor performance status; conjoined data showed that
high NLR was associated with poor performance status
(OR = 2.56, 95%CI: 1.63-4.03, Ρ = 0.000, Figure

1.08-2.57, Ρ = 0.021, Figure 1B).

NLR and tumor clinicopathologic parameters

The correlation between the NLR and tumor distant
metastasis was reported in four studies, and the
combined data indicated that high NLR was associated
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Furthermore, lymphocyte infiltration in advanced
stages of pancreatic cancer is, to some extent, lower
[31,32]
than that in the early stages
; therefore, elevated
NLR may be a potential indicator for the prognosis of
pancreatic cancer.
In our meta-analysis, we evaluated the prognostic
value of NLR in patients with pancreatic cancer. Combined
HRs revealed that elevated NLR is associated with poor
OS as well as CSS in patients with pancreatic cancer,
either receiving mixed treatment or chemotherapy.
The mechanism underlying the potential prognostic
value of NLR is mainly due to the significance of the
infiltrated neutrophils and lymphocytes. The systemic
inflammatory response from cancer cells promotes
the infiltration of neutrophils, which provides a
favorable tumor environment for cancer progression
by secreting interleukin-2 (IL-2), interleukin-6 (IL-6),
interleukin-10 (IL-10), tumor necrosis factor α (TNF-α)
[33,34]
and vascular endothelia growth factor (VEGF)
.
VEGF, as a known pro-angiogenic factor, especially
promotes angiogenesis and contributes to cancer
development. However, increased TNF-α and IL-10
levels lead to a decrease in the lymphocyte count
[35-37]
as well as lymphocyte dysfunction
. It is well
known that lymphocytes are important in the immune
[38]
defense against cancer cells . The infiltration of
4+
CD T cells is essential for the immune activation
8+
[39]
8+
of CD T cells , and activated CD T cells can
induce apoptosis of cancer cells and exert cytotoxic
[40]
activity against them . Furthermore, the number of
4+
8+
CD help T cells is relatively low compared to CD
[41]
suppressor T lymphocytes in pancreatic cancer . A
decreased lymphocyte count results in an inadequate
immunologic reaction to cancer cells, resulting in
a poor prognosis. In general, the relative ratio of
elevated neutrophils and decreased lymphocytes could
be a scientific marker for evaluating the systemic
inflammatory response and outcome of individuals;
NLR, as a potential indicator of prognosis, is valuable
to some degree.
We also evaluated the relationship between
the elevated NLR and clinicopathological features;
synthesized data suggested that increased NLR was
significantly associated with distant tumor metastasis,
poor tumor differentiation, high CRP, high CA199,
low albumin, and poor performance status. Of all
these factors, distant tumor metastasis and tumor
differentiation, which are traditionally poor predictors
of patients with pancreatic cancer, are correlated with
[42]
oncologic phenotypes . High CRP level, a systemic
inflammatory marker, was reported as a prognostic
[43-45]
indicator in a variety of cancers
. We found that elevated
NLR was associated with high CRP, contributing to a poor
OS and CSS in patients with pancreatic cancer. Low
albumin level, as an independent prognostic marker, has
[46]
been demonstrated in renal cell carcinoma ; the serum
albumin level is modulated by systemic inflammation and
the prognostic role of serum albumin combined with CRP
[47]
has been reported in various cancers . In our meta-

Filled funnel plot with pseudo 95%CIs

theta, filled

2

1

0

-1
0

0.2

0.4

0.6

s.e. of: theta, filled

Figure 3 Funnel plot adjusted using a trim and fill method for overall
survival. Diamonds: Included studies; diamonds in squares: Presumed missing
studies.

2B). Three studies reported a correlation between high
NLR and high CA199, high CRP, or low albumin. The
synthesized data from these reports showed that high
NLR was related to high CA199 (OR = 2.62, 95%CI:
1.49-4.60, Ρ = 0.000, Figure 2C), high CRP (OR =
4.32, 95%CI: 2.71-6.87, Ρ = 0.000, Figure 2D), or
low albumin (OR = 3.56, 95%CI: 1.37-9.27, Ρ =
0.009, Figure 2E). The association between the NLR
and tumor differentiation was reported in two studies,
and pooled data showed that high NLR was correlated
with poor tumor differentiation (OR = 2.75, 95%CI:
1.19-6.36, Ρ = 0.016, Figure 2F).

Publication bias

Publication bias was assessed using the Begg’s
funnel plot and Egger’s linear regression test. Studies
evaluating the impact of high NLR on the OS in
patients yielded an Egger’s test score of Ρ = 0.009,
indicating a significant publication bias. Therefore,
it was necessary to use a trim and fill method to
recalculate the combined HRs. The stability of the
assembled data was revealed because the results did
not change significantly (HR = 1.84, 95%CI: 1.22-2.78,
Ρ = 0.004, Figure 3). Studies evaluating the impact
of high NLR on CSS showed an absence of publication
bias (Ρ = 0.237); moreover, reports assessing the
correlation of high NLR with high CA199 (Ρ = 0.291),
high CRP (Ρ = 0.638), low albumin (Ρ = 0.207),
poor performance status (Ρ = 0.414), high incidence
of tumor distant metastasis (Ρ = 0.322), or tumor
differentiation (Ρ = 0.317) also showed no publication
bias.

DISCUSSION
The systemic inflammatory response from cancer
cells is involved in cancer progression and malignant
[10]
transformation . Increasing evidence shows that
infiltration of the neutrophils around the tumor is
associated with poor survival of patients, whereas
lymphocyte infiltration predicts better prognosis.
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analysis, we showed that high NLR is associated with
low albumin, which also indicated that NLR is a potential
indicator of the prognosis. Finally, we also found
that increased NLR was connected with low albumin
and poor performance status, both of which were
correlated with the physical condition of the individual
[48]
patients . To the best of our knowledge, the systemic
inflammatory response is related to the progressive
nutritional decline in patients and subsequent poor
outcomes. We found that elevated NLR was associated
with low albumin and poor performance status, which
accounts for a poor OS and CSS in patients with
pancreatic cancer. Interestingly, a large cohort study
reported a newly derived NLR (dNLR) composed of
white cell and neutrophil counts had similar prognostic
[49]
value as the NLR in various cancer types . The
prognostic role of dNLR was also verified in pancreatic
[29]
cancer . Future studies and clinical practice should pay
more attention to this universally available dNLR.
It is worth noting that there are still some defects
in our meta-analysis. First, there was heterogeneity
among studies evaluating the relationship between
the NLR and OS or CSS. However, we supposed that
heterogeneity is due to the non-uniform cutoff value
of NLR (range: 2.3-5). There is clinical heterogeneity
because studies differ in treatment. Second, this nonuniform cutoff value may not be applicable for clinic
use; therefore, our study warrants further confirmation
in large sample cohort studies with a definitive NLR
cutoff value. Third, there is potential publication bias
because all of the included studies reported positive
results; however, when a trim and fill method was
used, the recalculated results indicated the stability of
the combined data. Because only English publications
were included, language bias also needs to be
considered.
In conclusion, we found that elevated NLR is
associated with poor OS and poor CSS in patients
with pancreatic cancer. Because pretreatment blood
testing is inexpensive and routinely measured in the
clinic, NLR may be a widely used indicator to evaluate
the prognosis of pancreatic cancer. Additionally, NLR
might potentially and extensively be used as a novel
predictive factor in pancreatic cancer; however, our
selected studies that evaluated the prognostic role
of NLR were all retrospective analysis. Additional
large cohorts of prospective studies are needed to
confirm the NLR as a potential predictor of prognosis
in pancreatic cancer. Additionally, targeting systemic
inflammation may also be a useful strategy for
pancreatic cancer patients with increased NLR.
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N-acetylcysteine treats intravenous amiodarone induced
liver injury
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DILI and the therapeutic action of IV NAC are both
unknown, this case strongly implies at least some
commonality. Because IV amiodarone is indicated for
the treatment of serious cardiac arrhythmias in an
intensive care unit setting, some degree of ischemic
hepatitis is likely a cofactor in most cases.
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Core tip: Intravenous (IV) amiodarone drug induced
liver injury (DILI) is uncommon, and difficult to
distinguish from ischemic hepatitis or congestive
hepatopathy. Further, the pathophysiology is uncertain.
IV N-acetylcysteine (NAC) is often used empirically as
a treatment for idiopathic hepatitis or DILI. We report
a case of rapid improvement of liver enzymes in a
suspected case of IV amiodarone DILI with IV NAC,
suggesting at least some shared features between
the pathogenic mechanisms of the former and the
therapeutic actions of the latter.
Mudalel ML, Dave KP, Hummel JP, Solga SF. N-acetylcysteine
treats intravenous amiodarone induced liver injury. World J
Gastroenterol 2015; 21(9): 2816-2819 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2816.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2816

Abstract

INTRODUCTION

We report a case of intravenous (IV) amiodarone
drug induced liver injury (DILI). The patient received
IV N-acetylcysteine (NAC) which resulted in a rapid
improvement in liver enzymes. While the specific
mechanisms for the pathogenesis of IV amiodarone

Intravenous (IV) amiodarone drug induced liver injury
(DILI) is uncommon, and difficult to distinguish from
ischemic hepatitis or congestive hepatopathy. Further,
the pathophysiology is uncertain. IV N-acetylcysteine
(NAC) is often used empirically as a treatment for
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idiopathic hepatitis or DILI. We report a case of rapid
improvement of liver enzymes in a suspected case of IV
amiodarone DILI with IV NAC, suggesting at least some
shared features between the pathogenic mechanisms of
the former and the therapeutic actions of the latter.

of amiodarone (0.5 mg/min) without bolus during
careful monitoring of her blood pressure. She received
approximately 900 mg IV amiodarone overnight and
no hypotension was observed. IV amiodarone was
then stopped due to nausea, but another 3 doses of
200 mg of oral amiodarone were administered the
next day. In the next 5 d, her transaminases again
rose quickly and significantly in a stepwise manner. On
day 23, her ALT and AST were 1541 U/L and 3994 U/L.
Aside from occasional low dose acetaminophen (APAP),
total dose 3900 mg in a 48 h period between days
18 and day 20, she was not on any other hepatotoxic
medications. No acetaminophen was given after day
20. A liver biopsy was not done.
IV NAC, 300 mg/kg, was then administered over
21 h using the standard United States Food and Drug
Administration approved acetaminophen protocol.
After 12 h of NAC, her AST fell by 50% to 1958 U/L.
Twenty-four hours later the AST fell to 851 U/L,
representing an 80% decrease (Figure 1).
Over the next 8 d, the liver enzymes continued
to decrease and day 34 (day of death) ALT and AST
were 84 U/Land 142 U/L. However, her bilirubin
began to increase at hospital day 27, and direct and
total bilirubin elevated to 11.75 mg/dL and 16.0
mg/dL respectively after the second IV amiodarone
administration. Concurrently, she had developed
fungemia and died of multi organ failure.

CASE REPORT
A 65-year old woman presented to her primary
physician with fatigue and shortness of breath. She
was treated with ciprofloxacin and oral prednisone
for presumptive upper respiratory tract infection and
asthma, respectively. Five days later, her symptoms
worsened. She presented to the emergency room,
was found to be hypotensive and hypoxic, and
was admitted to an intensive care unit. Aside from
the asthma, her past medical history included
hypothyroidism and remote breast cancer/mastectomy.
There was no history of alcohol use and she was nonobese.
On admission, chest X-ray revealed marked
cardiomegaly and right lower lobe infiltrate and she
was treated with antibiotics for community acquired
pneumonia and presumed sepsis. Echocardiogram
revealed severe global left ventricular dysfunction with
ejection fraction 15%. The patient was hypotensive
on presentation due to mixed septic and cardiogenic
shock and required aggressive fluid resuscitation
and intermittent pressor support. Lactate levels were
elevated (2.5 mmol/L), as were alanine transaminase
(ALT) and aspartate transaminase (AST) (439 U/L
and 305 U/L, respectively). Lactate levels would
later normalize and remain largely unremarkable.
Transaminases remained elevated (ALT 602 U/L and
AST 212 U/L) over the next 2 d.
On hospital day 4, the patient developed atrial
fibrillation with rapid ventricular response which was
poorly tolerated hemodynamically. She received
a 150 mg bolus of amiodarone which resulted in
worsening hypotension requiring pressor support,
but with no other signs of drug reaction. No further
amiodarone was given. Following this episode, there
was an acute elevation of ALT to 1730 U/L and AST to
1650 U/L, which was believed secondary to transient
hypoperfusion.
Over the next 12 d, liver enzymes spontaneously
decreased to ALT and AST of 204 U/L and 56 U/L
respectively. An evaluation including a viral hepatitis
panel, anti-nuclear antibodies, smooth muscle
antibody, serum electrophoresis, anti-liver kidney
microsomal 1 and duplex ultrasound were negative.
Cardiac catheterization revealed no significant
obstructive coronary disease.
The patient’s respiratory and clinical status
improved during this time. However, she remained in
atrial fibrillation with rapid ventricular rates refractory
to beta blockers and digoxin. On hospital day 17,
after a transesophageal echocardiography guided
cardioversion, the patient received a slow infusion
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DISCUSSION
Acute IV amiodarone toxicity, in contrast to chronic
[1]
[2]
oral use, is relatively rare . Gluck et al have recently
even questioned its existence. However, a number
of case reports have been described. Because IV
amiodarone is often used in seriously ill patients for
cardiac indications, it can be challenging to distinguish
DILI from ischemic hepatitis from, for example, even
transient hypotension or other co-morbid events.
Moreover, as is the case in this report, liver histology
is frequently not obtained, as these patients are
sick and frequently are on anti-platelet agents or
anticoagulation. Consistent with prior reports, IV
amiodarone DILI, like ischemia, causes an acute and
severe hepatitis. We believe IV amiodarone DILI is
most likely in our case as there was no significant
evidence for hypotension and there was a re-challenge.
The etiology of IV amiodarone DILI is unknown, but
is thought to be considerably different from the more
common chronic oral hepatotoxicity. NAC is often used
off-label for non-acetaminophen acute liver failure,
including DILI in both adult and pediatric populations
[3,4]
with mixed success .
[5-11]
We note in Figure 2
that there are (1)
numerous putative non-exclusive mechanisms by
which IV amiodarone might cause acute DILI; and
(2) numerous putative non-exclusive mechanisms
[5]
by which IV NAC might treat DILI . However,
[6]
recent elegant work by Serviddio et al bridged
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Figure 1 Temporal relationship of amiodarone and N-acetylcysteine administration to transaminases. Most labs were drawn between 4 am and 6 am. NAC
administration began during the afternoon of day 24. NAC: N-acetylcysteine; ALT: Alanine transaminase; AST: Aspartate transaminase; APAP: Acetaminophen.
Amiodarone

N-acetylcysteine
[6,7]

putative mechanisms of injury

putative mechanisms of treatment

[8-11]

1. Micro/macrovesicular steatosis

1. Increased mitochondrial and cytosolic glutathione production

2. Oxidative stress/mitochondrial impairment

2. Tissue oxygen delivery

3. Tissue phospholipid injury

3. Support mitochondrial energy metabolism

4. Other/combinations of 1-3

4. Increased hypotaurine concentrations
5. Decreased endothelial dysfunction
6. Other/combinations of 1-5

Figure 2 Possible mechanism of injury and treatment.

these terrains. Using a rat model, their research
focused on the impact of mitochondrial oxidative
stress and respiratory chain dysfunction as key
to the pathogenesis of amiodarone hepatotoxicity
and showed that NAC specifically abrogates these
deleterious effects. In doing so, their work elucidates
some of the basic mechanisms of both drugs, at least
when co-administered. Although their research used a
murine model, it served as the basis for the use NAC
in this patient.
Our results, which show a striking improvement
in transaminases levels immediately following NAC
administration, are consistent with their experience.
And while some reports of IV amiodarone DILI have
described spontaneous resolution of hepatic injury,
we believe this is the first describing improvement
attributable to NAC. Using a cell culture model,
[12]
Durukan et al have also reported that NAC can treat
amiodarone toxicity.
In retrospect, our patient may have benefited from
additional NAC, as her transaminase improvement
stalled somewhat after discontinuation. We used the
standard 21 h APAP/NAC protocol, believing this to
be adequate. However, others have reported using
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longer protocols for DILI and/or acute hepatotoxicity.
Also, our patient received low dose acetaminophen as
an anti-pyretic around the time she received the IV
amiodarone. Although this was promptly discontinued
as her transaminases were rising, it is possible even
these low doses potentiated the IV amiodarone DILI
and/or its apparent responsiveness to NAC. The patient
ultimately died of multi-organ failure and fungemia;
the contribution of her liver toxicity was uncertain but
probably small.
Finally, although she did not have any significant
known hypotensive episodes around the time of
her second amiodarone infusion, we cannot fully
exclude the possibility that there could have been
some contribution from ischemia. Indeed, the fact
that her AST was higher than her ALT on her second
[13]
flare, this may be likely . Application of the Council
for International Organizations of Medical Sciences
scale for causality assessment is useful: our patient
scores maximally in favor of DILI for each of the seven
items of hepatocellular injury with the exception of
possible recent hypotension and the interpretation of
[14]
her second ALT response . As such, she scores as
either “highly probable” or only “probable”. We note,
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however, that since IV amiodarone is indicated in the
treatment of serious cardiac arrhythmias, ischemic
hepatitis is a universal bedside consideration, which
may lead to the under-diagnosis and under-reporting
of IV amiodarone DILI.
Some authors have postulated that the diluent
polysorbate 80 may be responsible for toxicity seen
[15]
with IV but not oral amiodarone . While our results
do not disagree with this possibility, our apparent
NAC responsiveness makes this seem unlikely in
the present report. It is noted that while our IV
amiodarone did contain polysorbate 80, IV amiodarone
is commercially available without this diluent.
In conclusion, we believe that NAC at least partially
treated IV amiodarone DILI for our patient. This
experience lends support to a shared mitochondrial
dysfunction/oxidative stress mechanism for these
drugs, with NAC specifically ameliorating the injury
from amiodarone in this setting. Earlier and more
prolonged NAC administration may have be more
beneficial.

4
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7
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Case characteristics

Iintravenous (IV) amiodarone drug induced liver injury possibility treated with IV
N-acetylcysteine (NAC).

Clinical diagnosis

9

Transaminases fell markedly after IV NAC administration

Differential diagnosis

Ischemic hepatitis was a likely cofactor.

10

Laboratory diagnosis

Transaminases rose twice in response to IV amiodarone, but fell precipitously
after IV NAC.

11

Treatment

IV NAC was the only liver specific treatment applied.

Related reports

12

Multiple other reports have described IV amiodarone toxicity, but its incidence,
pathogenesis, and ideal treatments remain unknown.

Peer-review

13

This is an interesting case reports with various clinical issues. The manuscript
is interesting and well written.
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Intraductal papillary mucinous neoplasm (IPMN) is
a mucin-producing epithelial neoplasm that carries
a risk of progression to invasive pancreatic ductal
adenocarcinoma. Lynch syndrome is an autosomal
dominant condition caused by germline mutations
in mismatch repair genes such as MSH2 that lead to
microsatellite instability and increased risk of tumor
formation. Although families with Lynch syndrome
have an increased risk of pancreatic cancer, a clear
connection between Lynch syndrome and IPMN has
not been drawn. We present a report of a 58 year-old
Caucasian woman with multiple cancers and a germline
mutation of MSH2 consistent with Lynch syndrome.
A screening abdominal computed tomography scan
revealed a dilated main pancreatic duct and cystic
ductular structure in the uncinate process that were
consistent with IPMN of the main pancreatic duct
on excision. Immunohistochemistry and polymerase
chain reaction of the patient’s pancreas specimen did
not reveal microsatellite instability or mismatch repair
gene loss of expression or function. Our findings may
be explained by the fact that loss of mismatch repair
function and microsatellite instability is a late event in
neoplastic transformation. Given the relative rarity of
main duct IPMN, its appearance in the setting of somatic
MSH2 mutation suggests that IPMN may fit into the
constellation of Lynch syndrome related malignancies.
Key words: Intraductal papillary mucinous neoplasm;
Pancreatic cancer; Hereditary nonpolyposis colorectal
cancer; Lynch syndrome; MSH2 ; Microsatellite instability
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Intraductal papillary mucinous neoplasms
(IPMN) are now recognized as important precursor
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lesions to pancreatic cancer. Although there have
been reports linking pancreatic cancer and familial
cancer syndromes, only one previous case report has
described IPMN in a patient with Lynch syndrome.
Our case is a main duct IPMN that contained only lowgrade dysplasia and no microsatellite instability despite
the presence of a germline MSH2 mutation. Mismatch
repair (MMR) gene mutations may be involved in the
neoplastic changes that drive the development of
IPMN; however, changes in MMR function may not be
detectable in the setting of low-grade neoplasia.

Both main-duct and branch-duct IPMN carry a risk of
cancer development; however, there is a significantly
[12]
higher risk in the setting of main duct involvement .
Patients with IPMN have a reported risk of 19%-52% of
extra-pancreatic malignancies (EPM), suggesting that
patients with IPMN may have an increased susceptibility
[16-20]
for tumor formation
. Cases of IPMN with familial
adenomatous polyposis (FAP), Peutz-Jeghers syndrome
[21-24]
(PJS), and BRCA2 mutations have been reported
.
There is only one prior case report of branch-duct IPMN
that developed in a patient with Lynch syndrome, and
[25]
this involving an MSH2 germline mutation . We herein
report a case of main-duct IPMN in a patient with Lynch
syndrome.

Flanagan MR, Jayaraj A, Xiong W, Yeh MM, Raskind WH,
Pillarisetty VG. Pancreatic intraductal papillary mucinous
neoplasm in a patient with lynch syndrome. World J
Gastroenterol 2015; 21(9): 2820-2825 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2820.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2820

CASE REPORT
Our patient is a Caucasian woman who was first
seen in our clinic at the age of 58 with a familial
and personal history of multiple malignancies. She
presented with melena at age 31 and underwent
extended right hemicolectomy for a right-sided colon
cancer. The margins of resection were negative and
there was no nodal involvement. She did not undergo
adjuvant treatment. At age 38, she underwent total
abdominal hysterectomy with bilateral salpingooophorectomy for uterine cancer that was diagnosed
during a workup for fibroids and menorrhagia. At age
53, she underwent lumpectomy and sentinel lymph
node biopsy for invasive breast cancer detected on
screening mammography. Pathology revealed a
node-negative, high grade, T1a ER/PR/Her2 negative
invasive adenocarcinoma.
In addition to her personal history of multiple
cancers, she has an extensive family history of cancer.
Multiple maternal and paternal family members had
colon cancer, including a brother diagnosed at age 45,
mother diagnosed at 54, maternal aunt diagnosed
with metachronous lesions at ages 55 and 75, and
paternal grandfather diagnosed at 80. Her mother
had a brain tumor at 69, and there was a question of
uterine or breast cancer in her maternal grandmother.
Our patient’s father had both melanoma and prostate
cancer, and his mother had uterine cancer in her 50s.
Our patient has two sisters aged 45 and 47 without
cancer, and three sons aged 27, 31 and 34 who have
all had negative screening colonoscopies. Her personal
and family history was felt to be consistent with Lynch
syndrome, and genetic testing revealed an exon 1
deletion in MSH2 that was classified as a suspected
deleterious change.
Due to her high risk for new or recurrent mali
gnancies, yearly screening with a computed tomo
graphy (CT) scan of the chest, abdomen and pelvis
was performed. The patient was referred to our
clinic after an annual CT identified an 8 mm dilation
of the main pancreatic duct, and a tubular cystic
ductular structure in the uncinate process that directly
communicated with the main pancreatic duct (Figure
1A). MRI/MRCP confirmed CT findings (Figure 1B).

INTRODUCTION
Lynch syndrome, formerly referred to as Hereditary
Nonpolyposis Colorectal Cancer (HNPCC), is an
autosomal dominant condition caused by germline
mutations in mismatch repair (MMR) genes MLH1,
MSH2, MSH6, and PSM2, and deletions in EPCAM via
[1-3]
epigenetic silencing of MSH2
. Proteins encoded
by MMR genes recognize and repair insertion and
deletion errors, and single nucleotide mismatches that
are produced as cells replicate. Inactivation of the
normal alleles of MMR genes may result in loss of their
[4-6]
expression in tumors of Lynch syndrome patients .
Impairment of the MMR system results in accumulated
somatic mutations in error prone replication regions
containing sequence repeats known as microsatellites.
Tumors that develop in patients with Lynch syndrome
often show marked variation in the numbers of repeat
sequences, a feature that is referred to as microsatellite
instability (MSI).
Lynch syndrome is suspected on the basis of patient
and family history, MMR protein expression pattern
and MSI phenotype. Confirmation of the diagnosis is
by molecular analysis of the MMR genes. The main
clinical features are early development of colorectal
and endometrial cancers, but carriers of MMR gene
mutations appear to have increased risk for developing
pancreatic, ovarian, small bowel, gastric, urothelial and
[7,8]
possibly breast and prostate cancers . Cancer risk
varies depending upon which MMR gene is mutated,
and heterozygosity for an MSH2 mutation is associated
with the greatest risk for extracolonic cancers.
Recent evidence suggests a possible association
between familial cancer syndromes with extrapancreatic
malignancies and intraductal papillary mucinous
neoplasm (IPMN), one of the main precursor lesions
[9-11]
to pancreatic cancer
. IPMN are radiographically
detectable, mucin-producing epithelial neoplasms
[12-15]
affecting main and/or side branch pancreatic ducts
.
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A

B

Figure 1 Pancreatic imaging. A: Computed tomography imaging demonstrated progressive dilation of main pancreatic duct as compared to the prior year (white
arrow). B: Magnetic resonance cholangiopancreatography shows pancreatic ductal dilation with a normal biliary tree (short white arrow). There is evidence of sidebranch dilation within the head and uncinate process (long white arrow).
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Figure 2 Surgical anatomy. A: Anatomy after pancreatectomy; B: Grossly normal total pancreatectomy specimen.

A

B

Figure 3 Pancreatic duct histology. A: IPMN involving the main pancreatic duct (40 × magnification); B: Neoplastic cells show hyperchromatic nuclei with abundant
intracytoplasmic mucin. No high-grade dysplastic cells are present (100 × magnification).

Esophagogastroduodenoscopy with endoscopic
ultrasound showed dilation of the main pancreatic duct
to 9 mm, with wall irregularity at the area of the genu,
mucin extruding from the ampulla and a gaping orifice
consistent with IPMN. CA 19-9 was slightly elevated at
40 U/mL, but all other laboratory values were normal.
Cyst fluid was not obtainable for CEA analysis.
The patient was counseled on the risk of pro
gression of main duct IPMN to invasive PDA, and
because of her prior cancer history she elected to
undergo a total pancreatectomy. The gross specimen

WJG|www.wjgnet.com

appeared normal, and final pathology revealed lowgrade main duct IPMN without high-grade dysplasia
or invasive carcinoma (Figures 2 and 3). In addition
to main duct IPMN, the distal pancreatectomy
specimen contained a focus of low-grade pancreatic
intraepithelial neoplasia (PanIN). All sampled lymph
nodes were negative for carcinoma.
Immunohistochemical stains on the pancreatic
specimen were negative for loss of mismatch repair
protein expression, including MLH1, PMS2, MSH2,
and MSH6 (Figure 4). Testing was performed on Leica
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MLH1

PMS2
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Figure 4 Immunohistochemical staining. Staining for MLH1, PMS2, MSH2, and MSH6 did not reveal loss of mismatch repair protein expression, as the neoplastic
cells show uniform nuclear stain (black arrows) for all four markers (40 × magnification).

Bond Ⅲ immunostainer using the following monoclonal
antibodies: MLH1 (DAKO-ES05); PMS2 (BDPharmingen-A16-4); MSH2 (NCL-25D12), MSH6 (BD44-MSH6). Microsatellite instability was not identified in
DNA prepared separately from microdissected normal
and tumor cells and analyzed by pentaplex PCR.

system to recognize and repair DNA mismatches.
[26]
Although other mechanisms have been reported ,
one hypothesis for the retained MSH2 staining and
lack of MSI in our report is that complete loss of MMR
function likely requires multiple cell cycle alterations
and may be a late event in neoplastic transformation.
An analogy can be drawn between low-grade
dysplasia in a pre-malignant IPMN and adenomatous
colon polyps that regularly form in Lynch syndrome.
Adenomatous polyps exhibit a lower rate of MSI than
do invasive cancers, and high-grade dysplastic polyps
[27]
are more likely to exhibit MSI than early polyps .
High frequency MSI (MSI-H) is present in most Lynch
[28]
syndrome tumors, but in a study by Yurgelun et al
it was seen in only 41% of Lynch syndrome associated
adenomatous polyps. Both MSI-H and loss of MMR
expression correlated with increasing polyp size.
Patients with IPMN have increased risk of benign
[20]
and malignant EPM . Colorectal, breast, lung and
[20,29]
gastric cancers are the most commonly reported
.
Increased age and family history of gastric and
[17,20]
colorectal cancer are risk factors
, but only a few
studies have investigated potential underlying genetic
causes. A gene encoding mucin-producing proteins,
[30]
MUC2, has been implicated
along with familial
syndrome genes. Case reports have shown cases of
IPMN with bilallelic inactivation of the PJS gene in a
[22]
patient with Peutz-Jeghers syndrome (STK11/LKB1) ,
and loss of the wild-type APC allele in a patient with
[23]
FAP .
The relationship between IPMN and Lynch syndrome

DISCUSSION
To our knowledge, this report is the second case of
an IPMN occurring in a patient with an MMR germline
mutation, and the first with main duct IPMN. Our
patient clinically met Amsterdam I criteria, and
was subsequently found to have an MSH2 germline
mutation confirming her diagnosis of Lynch syndrome.
The patient’s exon 1 deletion in MSH2 was likely
involved in the development of her early onset colon
and uterine cancers, although pathologic data from
her colectomy and hysterectomy specimens from 20
years ago are not available for testing. Interestingly,
and in contrast to the previous report of IPMN in
a patient with Lynch syndrome and a germline
[25]
MSH2 mutation , our patient’s IPMN specimen
was microsatellite stable (MSS) and retained MSH2
expression.
Lynch syndrome is caused by inactivating mu
tations of DNA MMR genes that impair DNA mismatch
repair mechanisms. Loss of function of one of these
genes is through a combination of inherited mutation
and somatic loss of the normal copy during tumor
development. This impairs the ability of the MMR

WJG|www.wjgnet.com

2823

March 7, 2015|Volume 21|Issue 9|

Flanagan MR et al . IPMN in lynch syndrome
[24]

in the literature. The association of IPMN and Lynch syndrome is controversial.

is not well described. Lubezky et al
reported a
patient with IPMN who fulfilled Amsterdam criteria for
Lynch syndrome, but whose tumor had no MSI or loss
[25]
of expression of MMR genes. Sparr et al described a
patient with Lynch syndrome whose adenocarcinoma
of the colon and IPMN of the pancreas showed iden
tical IHC staining profiles with loss of expression of
MSH2 and MSH6 proteins and a high degree of MSI.
The loss of expression of both genes reflects the fact
that MMR proteins function as heterodimers, and loss
of expression of MSH2 often correlates with loss of
[31]
expression of MSH6 . Importantly, the IPMN reported
[25]
by Sparr et al
contained high-grade dysplasia. In
contrast, and similar to low-grade colon polyps, we
may not have seen loss of MMR expression and MSI
in our patient due to the low-grade dysplasia. This
suggests that a “second hit” had not yet occurred to
drive alterations in MMR expression. Furthermore,
mucinous tumors are particularly refractory to MSI
testing because of a relatively small amount of tumor
[32]
DNA .
Our report adds to current evidence supporting the
inclusion of IPMN in the growing list of extracolonic
Lynch syndrome-associated tumors. IPMN is a pre
cancerous condition that, once diagnosed, usually
requires either close surveillance or surgical resection
due to the possibility of progression to pancreatic
cancer. Although the precise nature of the relationship
between IPMN and Lynch syndrome is not yet known,
a heightened level of suspicion for the risks posed
by cystic neoplasms of the pancreas is warranted in
patients with Lynch syndrome.

Term explanation

IPMN is a mucin-producing epithelial neoplasm that carries a risk of progression
to invasive pancreatic ductal adenocarcinoma.

Experiences and lessons

This report discusses a case of IPMN in a patient with Lynch syndrome,
and adds to current evidence supporting the inclusion of IPMN in the list of
extracolonic Lynch syndrome-associated tumors.

Peer-review

Authors made a case report about IPMN connected with Lynch syndrome with
germline mutation of MSH2 Both are rare diseases, therefore little is known
about the connection between Lynch syndrome and IPMN .Though this report
is a second one in the literature, this case report adds new information on this
topic. The work is well done.
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CASE REPORT

Protracted anaphylaxis developed after peginterferon α-2a
administration for chronic hepatitis C
Akihiko Sakatani, Yoshinori Doi, Takaaki Matsuda, Yasutaka Sasai, Naohiro Nishida, Megumi Sakamoto,
Naoto Uenoyama, Yoshiya Matsumoto, Kazuo Kinoshita
Side effects occurring immediately after administration
include headache, nausea, and influenza-like symptoms,
such as fever and joint pain. However, reports of
anaphylactic shock are extremely rare. Here we report
a patient with protracted anaphylaxis who suffered
shock symptoms after peginterferon α-2a administration
for chronic hepatitis C. Although the patient improved
temporarily with shock treatment, symptoms of
anaphylaxis recurred. As peginterferon is often
administered on an outpatient basis, it is important to
recognize life-threatening side effects that may develop
in a protracted manner.
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Core tip: This is the first report that describes a case
involving anaphylactic shock that developed after
peginterferon administration. Moreover, our case
showed protracted anaphylaxis, in which symptoms
appear hours after exposure to the causative substances
and temporarily improve with treatment but recur
twice within hours. Protracted anaphylaxis is rare; its
incidence accounts for less than 20% of all cases of
anaphylaxis. There are few case reports regarding this
condition, and its pathophysiology has not yet been
established.
Sakatani A, Doi Y, Matsuda T, Sasai Y, Nishida N, Sakamoto M,
Uenoyama N, Matsumoto Y, Kinoshita K. Protracted anaphylaxis
developed after peginterferon α-2a administration for chronic
hepatitis C. World J Gastroenterol 2015; 21(9): 2826-2829
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i9/2826.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2826

Abstract
Peginterferon is a key drug used to treat chronic viral
hepatitis that is known for causing various side effects.
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chlorpheniramine (5 mg) and hydrocortisone (200
mg), his blood pressure increased to 142/70 mmHg,
the itching subsided, and shock treatment was
stopped. Subsequently, the patient underwent careful
follow-up observation.
However, 3 h after peginterferon administration,
the patient complained of recurrent itching, nausea,
and abdominal pain. Although his blood pressure had
decreased slightly (120/58 mmHg), the possibility of
recurring anaphylaxis was considered, and he was
again given an intramuscular injection of epinephrine
(0.5 mg) and intravenous injection of hydrocortisone
(300 mg). Subsequently, the patient’s blood pressure
increased and itching improved, but the erythema and
nausea persisted. Furthermore, maintaining a 98%
SpO2 required delivery of 10 L/min oxygen by mask
with reservoir bag. Due to his lack of improvement,
we performed plain chest and abdominal computed
tomography to determine whether the patient had
intestinal or pulmonary edema. Results indicated no
clear abnormalities in the lung area, but edematous
changes were found primarily in the mucosa of the
small intestine. Because the patient’s voice had
become muffled since the onset of initial shock
symptoms, laryngeal fibroscopy was performed that
revealed mild swelling of the larynx without edema
of the vocal cords; thus, tracheal intubation was not
performed.
Five hours after peginterferon administration, the
patient again complained of recurrent itching and
his blood pressure decreased substantially (80/48
mmHg). As the patient appeared to be in anaphylactic
shock, a third intramuscular injection of epinephrine
(0.5 mg) was given with methylprednisolone
(1000 mg). Afterward, the patient’s SpO2 gradually
improved, as did his symptoms of hypotension and
itching. Oxygenation was discontinued 15 h after
administration and the patient was allowed to resume
meals following withdrawal of nausea and abdominal
pain. No recurrence of abdominal pain was observed
and erythema of the trunk disappeared approximately
24 h after administration. Because of the long half-life
of peginterferon α-2a in blood, the patient remained
under careful observation during his entire hospital
stay. No recurrence of anaphylactic symptoms
occurred and he was discharged on hospital day 8.
Peginterferon treatment was not resumed thereafter.
The patient was followed-up for 2 years on an
outpatient basis, during which he had no recurrence of
anaphylaxis.

INTRODUCTION
Anaphylaxis is a hypersensitivity reaction that causes
systemic symptoms to abruptly appear, and if severe,
they could be fatal. This adverse reaction is believed
to be caused by immunological or non-immunological
mechanisms. In recent years, protracted anaphylaxis,
in which symptoms appear hours after exposure to
causative substances, and biphasic anaphylaxis, in
which symptoms temporarily improve with treatment
[1,2]
but recur within hours, have been reported
.
However, there are few case reports regarding these
conditions, and their pathophysiologies have not
yet been clarified. In this study, to the best of our
knowledge, we report for the first time a case of
protracted anaphylactic shock that developed after
peginterferon α-2a administration.

CASE REPORT
The patient was a 61-year-old Japanese male.
During a follow-up examination with his local doctor
for hypertension and type 2 diabetes, blood tests
showed elevated liver enzyme deviations (aspartate
aminotransferase, 89 IU/L; alanine aminotransferase,
189 IU/L). As a result, the patient was referred to
our hospital for further examination and diagnosed
with chronic hepatitis C (serotype 2) via blood
test. No findings indicated hepatitis B or human
immunodeficiency viral infections. We judged the
patient to be a candidate for peginterferon α-2a
(Pegasys®) monotherapy and admitted him to our
hospital, considering that this was the first time he
received this drug. The patient was generally in good
condition upon hospitalization, and blood testing
revealed his liver enzyme deviation was within the
normal range. Apart from an elevated fasting blood
glucose level (125 mg/dL) associated with his diabetes,
no other blood-related abnormalities were noted. The
patient received amlodipine (20 mg) and irbesartan
(100 mg) each morning for hypertension. He had no
known medication or food allergies or any relatives
with a history of asthma or hereditary angioedema.
After hospitalization, a skin prick test was performed
on the upper left arm using undiluted peginterferon
α-2a with no clear allergic reaction such as rash or
itching. Therefore, we subcutaneously injected 180
µg of peginterferon α-2a into the patient’s upper left
arm; no adverse reactions were initially observed.
However, 1 h and 20 min after injection, the patient
complained of generalized itching and fever before
temporarily losing consciousness. Erythema appeared
from the patient’s face to his trunk, and all four limbs
were sweating profusely. His blood pressure decreased
(66/48 mmHg), along with his blood oxygen saturation
(SpO2, 88%; room air). Consequently, the patient
was diagnosed with anaphylactic shock and fluid
loading was initiated. After intramuscular injection of
epinephrine (0.5 mg) and intravenous injections of
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DISCUSSION
Anaphylaxis is a potentially fatal hypersensitivity
reaction that causes severe symptoms to rapidly
appear throughout the body. A common symptom is
an immediate allergic reaction mediated by IgE. In
such cases, exposure to a certain allergen establishes
sensitization, after which, repeated exposure stimulates
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release of chemical mediators from mast cells in
tissue or eosinophils in blood, leading to a range of
[3]
symptoms . Typically, shock symptoms usually appear
immediately after allergen exposure and rapidly worsen
but respond quickly to timely appropriate treatment,
such as epinephrine. However, sometimes the case
of anaphylaxis differs from typical cases because it
originates from the first exposure to a drug, such
[4]
as an iodine contrast agent or certain anticancer
[5]
drugs (taxanes) , and develops hours after antigen
[1,2]
exposure . Recently The European Academy of Allergy
and Clinical Immunology proposes that anaphylaxis are
categorized into two classes “allergic anaphylaxis” and
[6]
“non-allergic anaphylaxis” . Because our patient had
never previously been given peginterferon α-2a, shock
symptoms appeared after initial administration, and he
had negative skin prick test, we believe that a non-IgEmediated mechanism was involved.
The side effects of peginterferon are broadly
classified into two types: those which appear relatively
quickly after initial administration and those appearing
after multiple dosage. The former is known to include
mainly headaches, rash, and influenza-like symptoms,
such as fever and joint pain. Although anaphylaxis
is included as a possible side effect on the enclosed
[7]
peginterferon α-2a manufacturer product sheets ,
its frequency is not mentioned. The fact that there
was also no mention of anaphylaxis in two large-scale
[8,9]
studies regarding the side effects of alfa interferon
or a review of the side effects of peginterferon and
[10]
ribavirin combination therapies
suggests that it is
a relatively rare side effect. Our MEDLINE search of
reports on anaphylaxis developing after interferon
administration revealed only two cases, both of which
administered interferon β as part of their treatment
for multiple sclerosis. Therefore, our report is the first
case of anaphylaxis occurring in a patient undergoing
treatment for hepatitis with peginterferon.
[11]
The first
of the aforementioned cases was a
34-year-old female who underwent alternate day
administration of interferon β-1a. Fifteen minutes after
administration, the patient exhibited rash, respiratory
distress, and decreased blood pressure. She was
given an intradermal injection of epinephrine and
administered corticosteroids and antihistamines, after
which her condition improved. A skin test was used
to diagnose an IgE-mediated allergy to interferon
[12]
was a 21-year-old female
β-1a. The second case
administered with interferon β-1a for 6 months.
Ten minutes after administration, she complained
of respiratory distress and facial erythema was
noticed; her blood pressure decreased and she lost
consciousness. She regained consciousness upon
administration of chlorpheniramine and hydrocortisone,
and her blood pressure increased after a drip infusion
of physiological saline solution. There was no mention
of any allergies.
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The course of anaphylaxis can be used to classify it
into three types: monophasic, biphasic, and protracted
[2]
anaphylaxis . A small-scale case series is the only
study we found regarding protracted anaphylaxis, which
develops hours after antigen exposure and progresses
despite treatment. Unfortunately, little is known
regarding its clinical characteristics and mechanisms
at this time. Of all anaphylactic reactions, biphasic
[2,13]
anaphylaxis accounts to almost 20% of all cases
.
The two previously reported anaphylaxis cases following
[11,12]
interferon β administration mentioned above
were
monophasic, as symptoms appeared directly after
drug administration and quickly improved with shock
treatment. However, our patient exhibited protracted
anaphylaxis, as symptoms developed more than 1 h
after administration, temporarily improved with shock
treatment, then recurred repeatedly, including repeated
itching and decreased blood pressure.
Our case was characterized by severe protracted
[14]
anaphylaxis. Brown
proposed grading scores for
anaphylaxis and defined serious anaphylaxis as
that exhibiting hypoxia, hypovolemia or neurologic
compromise, typically manifested by collapse. Although
our case suffered serious anaphylaxis that met the
requirements of this definition, it was recently reported
[15]
by Lee et al
that there is a relationship between
antihypertensive medication and serious anaphylaxis.
Thus, the involvement of antihypertensive medication
in our case is possible. However, there has not been
any report on a relationship between antihypertensive
medication and protracted anaphylaxis. In recent
years, there have been successive reports of patients
developing protracted anaphylaxis after administration
of monoclonal antibodies, which have long half-lives
[16]
in blood . This suggests that the long blood halflife of peginterferon α-2a influenced the development
of protracted anaphylaxis in our patient. However,
there have been no previous reports of anaphylactic
shock caused by peginterferon; therefore, more data
on patients with the same condition is required to
understand the extent of peginterferon involvement
in the pathological mechanism of anaphylaxis. As
peginterferon α-2a is often administered on an
outpatient basis, care should be taken regarding
life-threatening side effects that may develop in a
protracted manner.

COMMENTS
COMMENTS
Case characteristic

A 61-year old patient who had not previously received on any antiviral therapy
for chronic hepatitis C.

Clinical diagnosis
Anaphylactic shock.

Differential diagnosis
Pulmonary edema.

Laboratory diagnosis

Apart from an elevated fasting blood glucose level (125 mg/dL) associated with
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his diabetes, no other blood-related abnormalities were noted.

Treatment
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Intramuscular injection of epinephrine and intravenous injections of
chlorpheniramine and hydrocortisone.

Experiences and lessons

9

As peginterferon is often administered on an outpatient basis, it is important to
recognize life-threatening side effects that may develop in a protracted manner.
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It′s a very interesant case report. May be the long acting action of pegylated
interferon has something to do in the protracted anaphylactit reaction.
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CASE REPORT

Postsurgical radiation therapy for gastric carcinosarcoma
with c-kit expression: A case report
Takeshi Gohongi, Hiroyuki Iida, Naoto Gunji, Kazuo Orii, Takesaburo Ogata
sarcoma. Immunohistochemistry revealed sarcoma cells
expressing c-kit (CD117) and CD34, which are criteria
for gastrointestinal stromal tumors. Nine months after
the surgical operation, tumor metastases had extended
to the hepatohilar, retroperitoneal and mediastinal
lymph nodes. Radiation therapy of 50 Gy markedly
decreased the size of each of these nodes and reduced
the risk of respiratory complications and jaundice.
However, the patient died of respiratory failure due to
bronchopneumonia with multiple lung metastases 22
mo after resection. Autopsy revealed severe necrosis
in most of the lymph nodes with tumor metastases.
Radiation therapy combined with gastrectomy should
be considered to improve survival in patients with
gastric carcinosarcomas that express c-kit.
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Core tip: Gastric carcinosarcoma is a rare tumor for
which there is no established definitive treatment. We
present the first report of gastric carcinosarcoma with
c-kit expression treated with neoadjuvant chemotherapy,
surgical resection and radiation therapy. Radiation therapy
to the metastatic tumors dramatically reduced their size
and the patient survived 22 mo after surgery with a
good quality of life. Although the relation between c-kit
expression and radiation susceptibility remains unknown,
this report provides new insight into the treatment of
gastric carcinosarcoma for improved prognosis.

Abstract
Gastric carcinosarcomas are rare morphologically
biphasic tumors, consisting of carcinoma and sarcoma
components, with a poor clinical course. Here we report
the case of a 70-year-old man with advanced Borrmann
type Ⅲ carcinosarcoma arising from the upper body
of the stomach with extensive lymph node metastasis
who underwent a total, but palliative, gastrectomy.
Histology showed the tumor consisted of a biphasic
structure of tubular adenocarcinoma and spindle cell
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were potential risks for discontinuation of treatment
thereafter. A total gastrectomy with dissection of
regional lymph nodes including hepatohilar, common
hepatic artery and para-aortic regions was performed.
The resected stomach had a 75 mm × 75 mm
exophytic and lobulated, Borrmann type III tumor
with a central ulceration occupying most of the upper
anterior wall and involving all layers of the gastric
wall (Figure 2A). Many regional lymph nodes were
enlarged and tumor metastasis was histologically
revealed in 4 of 11 nodes. Histology also revealed that
the gastric tumor consisted of biphasic components
of tubular adenocarcinoma and spindle cell sarcoma
(Figure 2B), thus the tumor was classified as a
carcinosarcoma. Both epithelial and mesenchymal
cell elements existed together in each nest that was
replaced by sarcoma cells in stromal areas of the
adenocarcinoma (Figure 2C and D). The primary
tumor included a transitional mixed part of two
pure areas of carcinoma and sarcoma components
(Figure 2E). Immunohistochemistry revealed the
carcinoma component was positive for cytokeratin
(AE1/AE3), alpha-fetoprotein and epithelial membrane
antigen while the sarcoma component expressed
c-kit (CD117) and CD34, in addition to smooth
muscle actin, desmin and vimentin (Table 1, Figure
3). Resected lymph nodes also contained biphasic
structures consisting of carcinoma and sarcoma.
The carcinomatous component was more prominent
than the sarcoma component, and a few sarcoma
cells were immunopositive for c-kit. The cancer was
postoperatively determined as stage IV according to
the TNM classification (pT2, N2, M1, P0).
Nine months after the surgical operation, CT
revealed enlarged lymph nodes in the hepatohilar
and para-aortic regions (Figure 4A) accompanied by
no definitive symptoms; there was no evidence of
dissemination. Irradiation with 50 Gy (total dose) was
performed to these lymph nodes, resulting in marked
decreases in size (Figure 4B). Seventeen months after
the operation, a CT scan revealed tumor metastasis to
the mediastinal lymph nodes at the trachea bifurcation
level (Figure 4C), which were markedly reduced in size
after 50 Gy irradiation (Figure 4D).
The patient died 22 mo after gastrectomy as a
result of respiratory failure due to bronchopneumonia
and multiple lung metastases. An autopsy revealed
not only lymphogenic metastasis of retroperitoneal,
hepatohilar, mediastinal and supraclavicular lymph
nodes, but also hematogenic metastases in the liver,
lung, kidney, adrenals, and vertebral bone. The
majority of the irradiated tumors were necrotic in
the surrounding tissues, and the remaining, viable
tumor cells of these metastatic lesions displayed
adenocarcinoma morphology.

INTRODUCTION
Carcinosarcoma is a morphologically biphasic tumor
[1]
comprised of carcinoma and sarcoma components .
Gastric carcinosarcoma is rare, and only 56 cases have
been reported, mostly in Japan, since the first report
[2]
by Queckenstadt in 1904 . The sarcoma component
was considered to be myogenic, rhabdomyoblastic,
[3]
chondroblastic or osteoblastic in each case reported .
Most patients with gastric carcinosarcoma generally
have an unfavorable outcome, due to the advanced
stage at the time of diagnosis. The mean survival
[4]
period is 10-15 mo .
Gastrointestinal mesenchymal tumors expressing
c-kit are classified as gastrointestinal stromal tumors
[5]
(GISTs) , as they are derived from intestinal
[6-8]
pacemaker Cajal cells . There have been no reports
of carcinosarcoma in which the sarcoma component
was classified as a malignant GIST, but a few recent
cases of synchronous adenocarcinoma and GIST
[9,10]
in the stomach were reported
. Tyrosine kinase
inhibitors (imatinib), which can selectively inhibit
the enzymatic activity of several tyrosine kinase
receptors including c-kit, are now considered adjuvant
therapy for GISTs after complete resection in high[11]
risk patients . Recently, radiation therapy has also
attracted considerable attention as a treatment option
[12-14]
for malignant GISTs
.
Here, we report an advanced case of gastric
carcinosarcoma with c-kit expression. Radiation therapy
after surgical resection led to an excellent response
regarding recurrent tumors as observed by computed
tomography (CT).

CASE REPORT
A 70-year-old man was referred to our hospital
for dysphagia. He did not drink alcohol, though he
had smoked heavily 15 years prior to admission.
Laboratory tests showed a low hemoglobin level
(12.3 g/dL; normal range: 13.6-16.7 g/dL) and
markedly elevated serum alpha-fetoprotein (3019
ng/mL; normal range: < 13.4 ng/mL). Gastroscopy
revealed a large exophytic tumor occupying most of
the upper anterior wall of the stomach (Figure 1A). CT
demonstrated many enlarged lymph nodes (maximum
diameter: 25 mm) in the para-aortic and hepatohilar
regions (Figure 1B). There was no sign of hematogenic
metastasis in any organ.
To increase the chance of a curative operation
by tumor downstaging, we applied a neoadjuvant
concurrent chemotherapy consisting of tegafur,
gimestat, and otastat potassium (80 mg/d, oral for
2
three weeks), and cisplatin (60 mg/m body surface
area, drip infusion on day 8). A CT scan showed no
reduction of tumor size after one course of the adjuvant
chemotherapy. We decided to perform surgical resection
of the tumor because the symptoms of appetite
loss and malnutrition caused by the primary tumor
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Although the histogenesis of carcinosarcoma still remains
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A

B

Figure 1 Tumor presentation. A: Gastroscopy revealed a large exophytic and lobular tumor occupying the upper part of the stomach; B: Computed tomography
demonstrated a large tumor in the gastric wall and enlarged lymph nodes around the stomach (arrow).

A

B

D

E

C

Figure 2 Histopathology. A: Surgical resection revealed a large tumor (75 mm × 75 mm) with central ulceration (Borrmann type Ⅲ) occupying the anterior wall of
the upper body of the stomach; Hematoxylin and eosin staining revealed B: Biphasic structure consisting of tubular adenocarcinoma and spindle cell sarcoma (20
×); C: Epithelial components showing that the parenchyma structure of the common gastric adenocarcinoma was surrounded with sarcomatous stroma (200 ×); D:
Sarcomatous cells proliferating diffusely in a stream pattern (200 ×); E: Two transitional areas of carcinoma and sarcoma components (20 ×).

[21]

Table 1 Comparison of immunostaining results with reported cases
Tested antigens
Cytokeratin (AE1/AE3)
Epithelial membrane antigen
E-cadherin
Alpha-fetoprotein
c-kit (CD117)
CD34
Smooth muscle actin
Desmin
S100
Vimentin

Present CS case

Reported GIST cases

Carcinoma

Sarcoma

3+
1+
3+
+/-

1+
2+
2+
2+
3+

3+ (90%-100%)
3+ (70%)
1+ (20%-30%)
1+ (2%-4%)
-

Reported CS cases
Carcinoma

Sarcoma

3+
1+
+/-

2+
2+
3+

CS: Carcinosarcoma; GIST: Gastrointestinal stromal tumor. 3+: Positive in all tumor cells; 2+: Positive in most tumor cells; 1+: Positive in some tumor cells;
+/-: Positive in a few tumor cells.
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A

B

C

D

E

F

Figure 3 Immunohistochemistry. Immunoreactivity for A: C-kit (CD117); B: CD34; C: Cytokeratin (AE1/AE3); D: Vimentin; E: Smooth muscle actin; and F: Desmin
(200 ×).

A

B

C

D

Figure 4 Computed tomography findings. A: Nine months after gastrectomy, enlarged heptohilar lymph nodes were detected; B: Heptohilar lymph nodes were
decreased in size after 50 Gy radiotherapy; C: Seventeen months after gastrectomy, enlarged mediastinal lymph nodes were detected; D: Mediastinal lymph nodes
were decreased in size after 50 Gy radiotherapy.

uncertain, previous reports have suggested two theories.
There is a report of an esophageal carcinosarcoma
thought to be derived from a multipotent progenitor
or stem cell with the ability to pursue both epithelial
[15]
and mesenchymal differentiation . Another report of
esophageal carcinosarcoma suggests that the tumor
originates from the collision of two different types
of malignancies with separate epithelial and stromal
[16]
cell line origins . In contrast, GIST is one of the
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gastrointestinal non-epithelial neoplasms that likely
originates from mesenchymal cells that control gut
motility. GIST is mainly composed of spindle shaped cells
and/or polygonal epitheloid cells, though the malignant
type likely shows more atypical features in nuclear
morphology. These tumor cells are immunopositive for
[6]
stem cell markers such as c-kit and CD34 . Miettinen
[8]
et al stated that c-kit expression and signaling
are indicators of mutation, and represent diagnostic
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criteria for GISTs. The c-kit expression in the sarcoma
component in our case suggests a histogenesis similar
to that of GIST. Furthermore, the origin of tumor cells
in our case may be a common precursor of various
intestinal cells, including smooth muscle and Cajal cells.
However, it is unclear why epithelial and mesenchymal
cell components were coexisting.
The initial clinical presentation of gastric carci
nosarcoma resembles that of gastric carcinoma, with
signs such as appetite loss, dysphagia, abdominal
[17]
pain and anemia due to blood loss from the tumor .
Moreover, discriminating between these by conventional
radiologic examinations such as CT scan and barium
gastrography is difficult due to the lack of specific
features. Endoscopic findings generally demonstrate
polypoid and lobular configuration with or without
[18]
ulceration in the center . Gastric carcinosarcoma has
a lower incidence of metastasis than gastric carcinoma,
[19]
but a high mortality rate . In fatal cases, however,
metastases are found at various sites. Postsurgical
survival of patients with gastric carcinosarcoma is less
[20]
than ten months after diagnosis .
Definitive treatment for gastric carcinosarcoma
has not been established, and currently, there are
no reports describing effective chemotherapy or
radiotherapy. Surgical resection is the only curative
modality in cases where the tumor remains in the
[21]
stomach without distant metastasis . The prognosis
is worse in cases of advanced clinical stage, and
thus a therapeutic approach other than surgery
should be considered. In the case presented here,
lymph node metastasis was identified at the time of
diagnosis. Surgical resection of the primary tumor
and extensive lymph node dissection were performed
to minimize tumor burden in the body. Although
imatinib is widely accepted for the treatment of
GIST, its effect would have been limited in this case
as the carcinomatous component did not show c-kit
expression. There has been no study reported so
far regarding imatinib mesylate for the treatment of
gastric carcinosarcoma.
Though not often considered for GISTs, some recent
publications provide insight into the efficacy of radiation
[12-14]
[14]
therapy
. Cuaron et al
reported local control in
15/17 treated GISTs. In our case, radiation therapies
of 50 Gy each decreased the size of metastases in the
hepatohilar, para-aortic, and mediastinal lymph nodes,
which appeared as cytoreductive effects upon autopsy,
and reduced risks of respiratory trouble and jaundice.
However, the relation between c-kit expression and
response to radiation is not known, and further studies
are needed to examine this.
Although evidence of a survival benefit from
combined adjuvant chemotherapy has not been
demonstrated, our case indicates a prolonged survival
(22 mo) with radiotherapy after tumor resection.
Therefore, to improve survival and prognosis of gastric
carcinosarcoma, intensive surgery and additional
radiation therapy to metastatic foci should be considered,
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especially in cases of tumors with c-kit expression.
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CASE REPORT

Non-surgical contraindication for acute appendicitis with
secondary thrombocytopenia: A case report
Hai-Hong Zhang, Guo-Li Gu, Xiang-Yang Zhang, Qin Fan, Xin-Yan Wang, Xue-Ming Wei
9

91.4% neutrophils, and a platelet count of 4 × 10 /L
before admission. The case question was whether
the team should proceed with surgery. Obviously, a
differential diagnosis is essential before making such a
decision. Acute appendicitis was easily diagnosed based
on clinical findings, including migrating abdominal pain,
9
a leukocyte count of 22.74 × 10 /L and the result of
abdominal computed tomography scan. However, it
was not clear whether the severe thrombocytopenia
was primary or secondary. So smear of peripheral
blood and aspiration of bone marrow were ordered to
exclude hematological diseases. Neither of the tests
indicated obvious pathological hematological changes.
There was no hepatosplenomegaly found by ultrasound
examination of the liver and spleen. Therefore,
operative intervention may be a unique clinical scenario
in acute severe appendicitis patients with secondary
thrombocytopenia.
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Core tip: Should acute appendicitis with severe
thrombocytopenia be operated? There are no reports
about this clinical scenario. Acute appendicitis was
diagnosed based on clinical findings, which included
migrating right lower abdominal pain, a leukocyte count
9
of 22.74 × 10 /L and the result of abdominal computed
tomography scan. However, we were not sure whether
the severe thrombocytopenia was primary or secondary
in nature. So smear of peripheral blood and aspiration
of bone marrow were ordered to exclude the primary
thrombocytopenia. Neither examination indicated any
pathological changes in the hematological system.
There was no hepatosplenomegaly found by ultrasound
examination of the liver and spleen. Therefore, there
were no contradictions for acute appendicitis patients
with thrombocytopenia.

Abstract
A 26-year-old man presented with migrated right
lower abdominal pain and without any history of
hematological systemic diseases. Blood routine test
9
showed a leukocyte count of 22.74 × 10 /L, with
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of 856 megakaryocytic cells, 50 of which were chosen
for classification, including 5 immature megakaryocytes,
42 granular megakaryocytes, and 3 naked nucleus
megakaryocytes. Productive megakaryocyte platelets
were rare and scattered under the microscope. There
were no obvious pathological changes in the erythroid
and myeloid cell lines. Many atypical lymphocytes were
seen but no parasites (Figure 1). Abdominal computed
tomography (CT) scan showed the fecalith around the
ileocecal junction in right lower abdomen (Figure 2).
After the appendectomy, the platelet count was 7 ×
9
9
10 /L on the first day after operation, 7 × 10 /L on the
9
second day after operation, and 160 × 10 /L on the
fourth day after operation (Figure 3). The patient was
cured and discharged from the hospital 1 wk after the
surgery.

Zhang HH, Gu GL, Zhang XY, Fan Q, Wang XY, Wei XM. Nonsurgical contraindication for acute appendicitis with secondary
thrombocytopenia: A case report. World J Gastroenterol 2015;
21(9): 2836-2839 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i9/2836.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2836

INTRODUCTION
Thrombocytopenia is an unusually complication
which often caused by some viral infections, such as
Epstein-Barr virus (EBV), cytomegalovirus (CMV),
mumps, varicella, human immunodeficiency virus
[1,2]
(HIV) and hepatitis
. Severe thrombocytopenia
induced by appendicitis has been rarely reported.
Here, we will give a case report of appendicitisinduced thrombocytopenia. The patient was in a
healthy condition before treating with appendectomy
successfully.

DISCUSSION
Should acute appendicitis with severe thrombocytopenia
be operated on? There is no literature regarding this
clinical dilemma. Acute severe appendicitis without
surgery may result in appendicular perforation, which
can lead to diffuse peritonitis or induce infectious
shock, both of which can cause death. However,
surgery on acute severe appendicitis in the presence
of severe thrombocytopenia may cause uncontrollable
bleeding in the incision or the epidural space, and
the latter in particular can cause paraplegia, which is
a severe complication of anesthesia. Therefore, the
dilemma is how to address acute appendicitis with
severe thrombocytopenia. In this case, the platelet
9
count showed abnormal extremely, was 4 × 10 /L
9
and 7 × 10 /L respectively before admission, which
9
is far below the contraindicated level (70 × 10 /L)
for abdominal surgery. Obviously, establishing a
differential diagnosis is essential before making a final
decision. Acute appendicitis with migrating right low
9
abdominal pain, a leukocyte count of 22.74 × 10 /L,
with 91.4% neutrophils, and a abdominal CT scan
that shows the fecalith around the ileocecal junction
in the right lower abdomen made the diagnosis
relatively easy. Was the thrombocytopenia primary or
secondary in this case? At first, the answer was not
clear. So smear of peripheral blood and aspiration of
bone marrow were ordered to exclude hematological
diseases. Both examination results showed that the
hematological system had no obvious pathological
changes. A bone marrow aspiration slide showed that
there were many megakaryocytic cells, which may
have been due to severe infection, and that there was
an active bone marrow proliferation. There was no
hepatosplenomegaly found by ultrasound examination
of the liver and spleen. Except for the above two
aspects, we included EBV, mumps, varicella, HIV,
CMV, chronic liver disease and Dengue fever in our
[3,4]
differential diagnosis . As for operative preparation
and cooperation, the general anesthesia management
should be determined, platelet transfusions should be

CASE REPORT
A 26-year-old, previously good, young man presented
with migrating right lower abdominal pain without any
history of hematological diseases. Three days before
admission, he found episodes of left upper abdominal
pain without any fever, loss of appetite, or fatigue.
Two days before admission, he found episodes of right
lower abdominal pain. He had no important inducing
factors such as transfusions, heparin use or alcohol or
drug abuse. Physical examination showed that he had
a high fever, the temperature is 38.8 ℃, tenderness
in the right lower quadrant, and no petechiae on the
extremities of limb. Ultrasound examination showed
no lymphadenopathy or hepatosplenomegaly. Blood
9
routine test showed a leukocyte count of 22.74 × 10 /L,
with 91.4% neutrophils, 4.8% monocytes and 3.7%
lymphocytes, especially found many mono-nuclear cells
with aberrant large nuclei, which showed atypical forms
(about 16%). The hemoglobin level showed normal,
was 16.8 g/L. The platelet count showed abnormal
9
9
extremely, was 4 × 10 /L and 7 × 10 /L (normal, 100
9
9
× 10 /L - 300 × 10 /L) before admission. In order to
rule out thrombocyte aggregation induced by EDTA, the
platelet count was evaluated on citrate-anti-coagulated
blood. Both results showed same as being decreased.
Both renal and liver tests and coagulation panels
showed normal, except for a blood sugar value of 7.3
mmol (normal, 3.6-6.1 mmol), uric acid content of 604
-6
-6
-6
× 10 mol/L (normal, 155 × 10 mol/L - 428 × 10
mol/L), fibrinogen level of 9.3 g/L (normal, 1.8-4.8 g/L),
and D-D of 746 ng/mL (normal, 0-255 ng/mL). Platelet
size was found increased in the smear examination
of peripheral blood. A bone marrow aspiration slide
showed good smear staining and active proliferation
with a hypercellular marrow and an abnormally
represented megakaryocytic cell line. There were a total
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A

B

C

D

Figure 1 Bone marrow aspiration slides. The bone marrow aspiration slides showed no bone marrow hypoplasia or aplasia, but at higher magnifications, there were
megakaryocytes (A), promegakaryoblasts (B) and granular megakaryocytes (C). In addition, there were many granular megakaryocytes at higher magnifications (D).
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Figure 2 Computed tomography scan of the abdomen. Computed tomography
scan of the abdomen showed that the fecalith was around the ileocecal junction in
the right lower quadrant.

Figure 3 Platelet count and platelet trend curve. The platelet count was 7 ×
109/L on the first day, 7 × 109/L on the second day, and 160 × 109/L on the fourth
day.

used preoperatively and intravenous immunoglobulin
should be given during the perioperative period.
In conclusion, our case underscores the fact
that appendicitis-induced severe thrombocytopenia
is not a surgical contraindication. Furthermore,
operative intervention may be the unique clinical
scenario in acute severe appendicitis patients with
severe thrombocytopenia when the diagnosis has
been confirmed and there is an extensive differential
diagnosis.

Clinical diagnosis

Acute appendicitis with severe secondary thrombocytopenia

Differential diagnosis

Primary thrombocytopenia usually caused by hematological system diseases
and secondary thrombocytopenia usually caused by some viral infections and
severe general infections.

Laboratory diagnosis

The patient had elevated hematological values for neutrophil count (22.4 × 109/L)
but very lower platelet count (4 × 109/L).

Imaging diagnosis

For the case, computed tomography scan showed a hyperdense shadow
located in the right lower abdominal cavity.

Pathological diagnosis

COMMENTS
COMMENTS

For the case, bone marrow aspiration histological and pathological examination
showed bone marrow proliferation activity and many megakaryocytic cells,
which may be led by severe infection.

Case characteristics

A 26-year-old man presented with migrated right lower bellyache and with very
lower platelet count which is far below the contraindicated level (70 × 109/L) for
abdominal surgery.
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Treatment

The patient was successfully treated with appendectomy.
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Related reports

thrombocytopenia that showed operative intervention was the unique clinical
scenario when diagnosis is sure and differential diagnosis is nearly all around.

Very few cases of acute appendicitis with severe secondary thrombocytopenia
have been reported in the literature. The clinical and pathological characteristics
of secondary thrombocytopenia caused by appendicitis remain unclear,
laboratory diagnosis of secondary thrombocytopenia is not sure and the
treatment of acute appendicitis with severe secondary thrombocytopenia is not
sure.
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We present a female patient with preterm labor, severe
viral hepatitis B of acute phase, hepatic encephalopathy
stage Ⅲ and coma. After delivery, the illness was
exacerbated and the patient presented with clinical signs
of vital organ dysfunctions such as acute respiratory
distress syndrome, cerebral edema and hypoxemia
that needed mechanical ventilation. Emergency liver
transplantation was recommended after multidisciplinary
panel consultations. The donor, her mother, consented
to donate her right liver. Auxiliary partial orthotopic living
donor liver transplantion (APOLDLT) was performed.
After operation, the patient was on triple medication of
tacrolimus plus mofetil mycophenolate and prednisone
for immunosuppression. The combination of antihepatitis B virus (HBV) immunoglobulin and entecavir
was initiated for anti-HBV therapy. Both the patient and
the donor recovered well without any complications.
The patient was followed up regularly. Her liver function,
clinical signs and symptoms improved significantly. Until
now, the recipient has been living for more than 78 mo
free of any complications. The APOLDLT is a life-saving
modality for rescuing patients with high-risk acute liver
failure following HBV infection without available donor
and hence is recommended under standardized antiviral
therapy coverage as stated above.
Key words: Auxiliary partial orthotopic living donor liver
transplant; Acute liver failure; Postpartum; Hepatitis B
virus; Anti-hepatitis B virus immunoglobulin; Entecavir
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Auxiliary partial orthotopic living donor liver
transplantation (APOLDLT) was performed on a female
patient with preterm labor, severe viral hepatitis B
of acute phase, hepatic encephalopathy and coma.
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The patient was treated with triple medication for
immunosuppression, and combination of anti-hepatitis
B virus (HBV) immunoglobulin and Entecavir for antiHBV therapy after operation. The patient has been
living for more than 78 mo free of any complications.
The APOLDLT is a life-saving modality for rescuing
patients with high-risk acute liver failure following HBV
infection without available donor.

IU/L, aspartate aminotransferase 15.6 IU/L, total
serum bilirubin 174.4 μmol/L, conjugated bilirubin 78.2
μmol/L and blood ammonia 154 μg/dL. The patient
+3
was diagnosed with G3P1G33 left occiput anterior
preterm labor, severe viral hepatitis B of acute phase,
hepatic encephalopathy stage Ⅲ and coma. She
delivered a male infant weighing 1750 g at 3:30 am
of May 6, 2008. But after 34 h of delivery, the liver
function, coagulation function and model for end-stage
liver disease score of the patient did not improve and
she was transferred to the Surgical Intensive Care Unit
at 1:00 pm of May 7, 2008. In spite of intensive care,
the illness was exacerbated and the patient presented
with clinical signs of vital organ dysfunctions such as
acute respiratory distress syndrome, cerebral edema,
and hypoxemia that needed mechanical ventilation.
Emergency liver transplantation was recommended
after multidisciplinary panel consultations. The patient
was referred to the liver transplantation intensivecare unit at 10:00 pm of May 8, 2008 for preoperative
preparation. The donor, her 52-year-old mother with
blood group B, Rh positive, voluntarily consented to
donate her right liver. She was evaluated physically
and psychologically to be eligible for the donation
procedure. The operation was approved by the Ethics
Committee of our hospital. The surgery was performed
from 8:40 am of May 9, 2008 to 1:00 am on May
10, 2008. Parameters on the donor and recipient are
shown in Table 1.

Li CY, Lai W, Lu SC. Retrospective observation of therapeutic
effects of adult auxiliary partial living donor liver transplantation
on postpartum acute liver failure: A case report. World J
Gastroenterol 2015; 21(9): 2840-2847 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i9/2840.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i9.2840

INTRODUCTION
Auxiliary partial orthotopic liver transplantation (APOLT)
refers to the surgical procedure that preserves the
partial liver of the recipient and the partial liver of
the donor implanted orthotopically into the recipient.
APOLT was first successfully performed by Gubernatis
[1]
et al in 1989. Up to date, not more than 100 cases of
adult APOLT have been reported worldwide. The clinical
indications for this procedure include acute hepatic
[2-6]
failure and congenital metabolic hepatopathy . In the
late 1990s, living donor graft was used in APOLT and
subsequently described as orthotopic living donor liver
[7]
transplantation (APOLDLT) . Currently, its indication
has extended to living related liver transplantations for
those with excessive small liver volume graft (ratio of
implant to body weight of recipient, GRWR < 0.8) and
[8]
ABO blood group incompatibility . To the best of our
knowledge, there has been no report of adult APOLDLT
for rescuing patients with postpartum acute liver failure
following severe hepatitis B virus (HBV) infection. We
performed APOLDLT on a female patient with preterm
labor, severe HBV infection of acute phase, hepatic
encephalopathy and coma. The recipient has been
living for more than 78 mo free of any complications.

Surgical procedure

APOLDLT was performed under general anesthesia.
The right liver lobe of the recipient without the middle
hepatic vein was routinely excised and the right
hepatic portal vein was preserved to the best of our
ability for the impending reconstruction of the portal.
The right liver lobe of the donor without the middle
hepatic vein was precisely obtained under ultrasound
guidance. The dilated donor right hepatic vein was
end-to-side anastomosed to recipient vena cava oval
opening, which was longitudinally extended down
from the right hepatic vein orifice. In the right liver
lobe graft, the end-to-end anastomosis was performed
for corresponding portal veins, right hepatic arteries
and right hepatic ducts. The duration of the operation
was 16 h. The warm and cold ischemia time of the
right liver graft was 2 and 50 min, respectively. The
time interval between donor liver implantation and
reperfusion was 55 min. The blood loss of the recipient
was 2000 mL.

CASE REPORT
A 26-year-old female patient diagnosed as HBV
carrier for the past four years was admitted to the
Obstetric Department of our hospital at 2 am on
May 6, 2008. She had been experiencing menolipsis
for more than eight mo and paroxysmal abdominal
pain for one hour. Laboratory examinations showed
the following results: blood group B, Rh positive;
hepatitis B surface antigen (HBsAg) (+), hepatitis B
e antigen (+), hepatitis B core antibody (+) with a
7
HBV-DNA load of 2.06 × 10 copies/mL, hepatitis C
virus (-); prothrombin time 26.3 s, prothrombin time
activity percentage 29%, prothrombin international
normalized ratio 2.05; alanine transaminase 3019.1
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Post-operative outcome

The patient was on mechanical ventilation for 178
h and regained consciousness 80 h later. She was
on continuous renal replacement therapy for 72
h and treated with triple medication of tacrolimus
plus mofetil mycophenolate and prednisone for
immunosuppression. The combination of anti-HBV
immunoglobulin (HBIG) and entecavir was initiated
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Table 1 Important parameters of the donor and the recipient

Recipient
Donor

Height (cm)

Weight (kg)

166
165

75.0
62.5

Estimated
CT measured
standard liver liver volume
volume (mL)
(mL)
1306.05
1277.55

Maximum
donated liver
volume (mL)

Minimum
liver volume
needed (mL)

Actual
donated liver
volume (mL)

GRWR

GW/ESLV

821.809

750
350

600

0.80
-

49%
50%

1334.124

1

1

Estimated standard liver volume (ESLV) = 706.2 × body surface area (m2) + 2.4, reference[9]; “-”: Unmeasured; CT: Computed tomography; GW: Graft
weight; GRWR: Graft-to-recipient body weight ratio.

Table 2 Changes of programmed liver biopsy and hepatitis B virus-M in both donor and recipient liver lobes
Time point

Serum HBV-M

Degree of hepatocyte necrosis

Hepatic tissue HBV-M

Donor

Recipient

Donor liver

Recipient
residual liver

Donor liver

Recipient residual liver

Preoperation

(-)

0%

-

Intraoperation

(-)

HBV-DNA(+)1, HBsAg(+),
HBeAg(+), HBcAg(+)
HBsAg(+)

Few

90%

Postoperation
10 d
Postoperation
30 d
Postoperation
90 d
Postoperation
180 d
Postoperation
1 yr
Postoperation
2 yr
Postoperation
3 yr
Postoperation
4 yr
Postoperation
5 yr

(-)

HBV-DNA(-)2, HBsAg(+)

0%

10%

(-)

HBV-DNA(-)2, HBsAg(+)

0%

0%

(-)

HBV-DNA(-)2, HBsAg(+)

0%

0%

(-)

HBV-DNA(-)2, HBsAg(+)

0%

0%

HBsAg(+++)
HBcAg(+++)
HBsAg(+++)
HBcAg(+++)
HBsAg(+)
HBcAg(-)
HBsAg(-)
HBcAg(-)
HBsAg(+)
HBcAg(-)
Fail to sample

(-)

HBV-DNA(-)2, HBsAg(+)

0%

0%

(-)

HBV-DNA(-)2, HBsAg(+)

-

-

HBsAg(-)
HBcAg(-)
HBsAg(-)
HBcAg(-)
HBsAg(-)
HBcAg(+)
HBsAg(-)
HBcAg(-)
HBsAg(-)
HBcAg(-)
HBsAg(-)
HBcAg(-)
HBsAg(-)
HBcAg(-)
-

(-)

HBV-DNA(-)2, HBsAg(+)

-

-

-

-

(-)

HBV-DNA(-)2, HBsAg(+)

-

-

-

-

(-)

HBV-DNA(-)2, HBsAg(+)

-

-

-

-

HBsAg(-)
HBcAg(-)
-

Hepatitis B virus (HBV)-DNA was detected quantitatively: 12.06 × 107copies/mL, 2< 5 × 102 copies/ mL. -: Undetected; HBsAg: Hepatitis B surface antigen;
HBeAg: Hepatitis B e antigen; HBcAg: Hepatitis B core antibody.

for anti-HBV treatment. The patient recovered well
without any complications and was discharged on the
40th day after operation. The donor also recovered
well without any complications and was discharged on
the 15th day after operation.
The patient was followed up regularly according
to the China Liver Transplant Registry hosted in Hong
Kong University. Indices of blood flow hemodynamics
of the left and right liver lobes, liver function, blood
biochemistry, HBV-M, and serum drug concentration
were detected and programmed liver biopsy was
performed. The programmed liver biopsy enabled us
to know the dynamic changes of hepatic regeneration
and HBV status in both the donor’s graft and the
recipient’s residual native liver lobe. The pathological
and immunohistochemical staining results are
shown in Table 2 and Figures 1-10. The donor liver
graft presented a typical pathological change after
implantation. The recipient residual liver regenerated
rapidly after operation and more than 90% of the
necrotized hepatocytes regenerated within two
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weeks. The liver function, clinical signs and symptoms
improved significantly. Color Doppler flow image study
revealed transient competing influence of the portal
vein blood flow between the donor and the recipient
portal vein branch, which were stabilized one month
after the surgery, while the blood flow competing
influence between the right and left hepatic arteries
was unremarkable. CT scanning was performed one
month, six months and 12 mo respectively after
operation and revealed that the portal vein, hepatic
artery as well as implanted liver lobe had fused well
with recipient native hepatic lobe (Figure 11). Until
now, the recipient has been living for more than 78 mo
free of any complications.

DISCUSSION
Up to date, there has been no report of adult APOLDLT
for rescuing patients with postpartum acute hepatic
failure following severe HBV infection. In the treatment
of acute hepatic failure by liver transplantation,
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A

B

Figure 1 Liver biopsy prior to liver donation. A: Normal liver structure (HE, × 100); B: No hepatocyte immunohistochemical staining for hepatitis B surface antigen
(DAB, × 100).

A

B

Figure 2 One month after liver transplantation. A: Mild hepatitis with portal inflammation (HE, × 100); B: Immunohistochemical staining of cytoplasms for hepatitis
B core antibody (DAB, × 100).

A

B

Figure 3 Three months after liver transplantation. A: Return to almost normal liver structure (HE, × 40); B: No hepatocyte immunohistochemical staining for
hepatitis B surface antigen (DAB, × 40).

A

B

Figure 4 Six months after liver transplantation. A: Almost normal liver structure with a little matrix deposition in portals (HE, × 100); B: No hepatocyte
immunohistochemical staining for hepatitis B surface antigen (DAB, × 100).
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A

B

Figure 5 One year after liver transplantation. A: Almost normal liver structure (HE, × 100); B: No hepatocyte immunohistochemical staining for hepatitis B surface
antigen (DAB, × 100).

A

B

Figure 6 Histology of recipient liver. A: Acute severe hepatitis with massive necrosis (HE, × 100); B: Hepatocyte immunohistochemical staining for hepatitis B
surface antigen (DAB, × 100).

A

B

Figure 7 Histology of recipient residual left liver one week later. A: Acute hepatitis with less massive necrosis (HE, × 40); B: Hepatocyte immunohistochemical
staining for hepatitis B surface antigen (DAB, × 40).

A

B

Figure 8 Histology of recipient residual left liver one month later. A: Restored hepatic structure with several fine fibrous septa (HE, × 40); B: No hepatocyte
immunohistochemical staining for hepatitis B surface antigen (DAB, × 100).
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A

B

Figure 9 Histology of recipient residual left liver three months later. A: Almost normal liver structure (HE, × 40); B: Hepatocyte immunohistochemical staining for
hepatitis B surface antigen (DAB, × 40).

A

B

Figure 10 Histology of recipient residual left liver one year later. A: Normal liver structure (HE, × 40); B: No hepatocyte immunohistochemical staining for hepatitis
B surface antigen (DAB, × 40).

Figure 11 Computed tomography scan of fused liver one month after operation and 3-D reconstruction of hepatic vessels. Donated right liver graft (solid
arrows); Residual native left liver lobe (dotted arrows).

compared with the conventional living related and
cadaver liver transplantations, APOLDLT makes not
only the regeneration of the residual liver, but also the
feasibility of discontinuation of immunosuppressors
[7]
possible . Moreover, due to the timeliness of living
related donor liver, the procedure can be performed
[10]
in the treatment of acute liver failure . The graft-torecipient weight ratio (GRWR) in this case was 0.8,
lower than the criteria of GWRW ≥ 1.0. Therefore,
we selected the APOLDLT procedure in order to
avoid the small-for-size syndrome. It consequently
proved that the implanted donor liver graft promoted
the rapid regeneration potential of the residual

WJG|www.wjgnet.com

necrotized liver, and the regenerated residual native
liver supported mutually the implanted liver graft to
resume its functions. Postoperative CT scan findings
and biochemical indices revealed the anatomically well
fused donor and recipient liver lobes with coordinated
functions (Figure 11).
HBV markers in the serum of the recipient and in the
hepatic tissues of both liver lobes changed rapidly under
combined entecavir and HBIG prophylactic protocol, with
the features as follows: (1) HBV virus load in recipient
7
serum decreased rapidly from 2.06 × 10 copies/mL
2
to < 5 × 10 copies/mL within nearly two weeks; (2)
the donor liver graft presented with detectable HBcAg
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Treatment

positive transiently, which was eliminated in a short
time (< 30 d); (3) HBV-M in the recipient residual
native left liver lobe was eliminated rapidly; and (4)
HBsAg was persistently present in the recipient serum
2
with the HBV DNA concentration of less than 5 × 10
copies/mL. The latest programmed liver biopsy showed
that HBV markers by immunohistochemical stainning
in both the donor liver graft and recipient residual
native left liver lobe were all negative. These protective
mechanisms against HBV are still unclear, and were
postulated to be related to the protective period of the
[11]
newly implanted liver as reported by Lu et al
and
[12]
Dai et al . Although HBV markers in recipient serum
5
decreased by a magnitude of 10 and disappeared
in native residual liver, demonstrating that the HBV
elimination may be achieved under short-term effective
antiviral therapy protocol in this case, its long-term
progression remains to be determined. We must admit,
from a long-term perspective, the viral carrier status
of the recipient would significantly influence the fate of
the recipient and the donor liver graft implanted as well
as the native residual liver. Therefore, in contrast to the
acute liver failure not caused by HBV, HBV carrier status
of native residual liver and HBV allograft re-infection
are not only the major concerns of immunosuppressive
agent weaning as mentioned previously, but also the
key factors deciding long-term survival of both living
allograft and recipient, which remain a great challenge
to clinicians and need to be further clarified by future
follow-up studies. However, despite the concerns
mentioned above, APOLDLT is still a life-saving modality
for rescuing patients with high-risk acute liver failure
following HBV infection without available donor and
hence is recommended under standardized antiviral
therapy protocol.

Auxiliary partial orthotopic living donor liver transplantion (APOLDLT) was
performed under general anesthesia.

Related reports

There have been less than 100 cases of adult APOLDLT reported worldwide;
but no report of adult APOLDLT for rescuing patients with postpartum acute
hepatic failure following severe HBV infection.

Term explanation

Orthotopic living donor liver transplantion refers to the surgical procedure that
preserves the partial liver of the recipient and the partial liver of the donor
implanted orthotopically into the recipient.

Experiences and lessons

APOLDLT is a life-saving modality for rescuing patients with high-risk acute
live failure following HBV infection without available donor and hence is
recommended under standardized antiviral therapy.

Peer-review

The authors have described adult auxiliary partial living donor liver
transplantation on a case of postpartum acute liver failure following HBV
infection, and showed that APOLDLT is a life-saving modality for rescuing
patients with high-risk acute liver failure following HBV infection without
available donor and hence is recommended under standardized antiviral
therapy protocol.
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CASE REPORT

Robot-assisted one-stage resection of rectal cancer with
liver and lung metastases
Jian-Min Xu, Ye Wei, Xiao-Ying Wang, Hong Fan, Wen-Ju Chang, Li Ren, Wei Jiang, Jia Fan, Xin-Yu Qin
undocking the robot. The procedure was successfully
completed in 500 min. No surgical complications
occurred during the intervention and postoperative
period, and no conversion to laparotomy or additional
trocars were required. To the best of our knowledge,
this is the first case of simultaneous resection for rectal
cancer with liver and lung metastases using the Da
Vinci Surgery System to be reported. The procedure is
feasible and safe and its main advantages for patient are
avoiding repeated operation, reducing surgical trauma,
shortening recovery time, and early implementation of
postoperative adjuvant therapy.
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Core tip: This is believed to be the first case of
simultaneous resection for rectal cancer with liver and
lung metastases using the Da Vinci Surgery System.
The procedure is feasible and safe and its main
advantages are avoiding repeated operation, reducing
surgical trauma, shortening recovery time, and early
implementation of postoperative adjuvant therapy.

Abstract

Xu JM, Wei Y, Wang XY, Fan H, Chang WJ, Ren L, Jiang W,
Fan J, Qin XY. Robot-assisted one-stage resection of rectal
cancer with liver and lung metastases. World J Gastroenterol
2015; 21(9): 2848-2853 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i9/2848.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2848

The Da Vinci Surgical System may help to overcome
some of the difficulties of laparoscopy for complicated
abdominal surgery. The authors of this article present
a case of robot-assisted, one-stage radical resection
of three tumors, including robotic anterior resection
for rectal cancer, segmental hepatectomy for liver
metastasis, and wedge-shaped excision for lung
metastasis. A 59-year-old man with primary rectal
cancer and liver and lung metastases was operated
upon with a one-stage radical resection approach using
the Da Vinci Surgical System. Resection and anastomosis
of rectal cancer were performed extracorporeally after
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INTRODUCTION
Since 2002, laparoscopic technique has revolutionized
the treatment of colorectal cancer, and shows similar
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Figure 1 Preoperative positron emission tomography showed rectal cancer with liver and lung metastases. A and B: Rectal cancer; C and D: Lung
metastasis; E and F: Liver metastasis.
[1,2]

oncological results to open surgery . The limitations
of laparoscopic approaches for treatment of colorectal
cancer with resectable distant metastasis include 2D
imaging, limited maneuverability of instruments, and
an unsteady camera platform.
In an effort to improve standard laparoscopic
techniques, the development of robotic surgical systems
in surgery has been a recent advance in the past
decade. The Da Vinci Surgical System (Intuitive Surgical,
Mountain View, CA, United States) is a surgical robot
with multiple arms operated remotely from a console,
and is capable of seven degrees of freedom and 2two
degrees of axial rotation to replicate human wrist-like
movements with magnifying 3D visualization.
Comparisons of robotic and laparoscopic colorectal
cancer resection demonstrate the feasibility and
safety of the robotic platform despite longer operating
[3,4]
times . In addition, the data indicate that robotassisted hepatic resection can overcome the limitations
of laparoscopic surgery, and open a new treatment
[5,6]
strategy for benign and malignant liver tumors .
In the field of thoracic surgery, the Da Vinci Surgical
System is safe and feasible for individual dissection,
isolation, and division of the pulmonary hilar structures
[7]
during video-assisted thoracic surgery lobectomy .
We hypothesized that we could use a robotic
platform to perform radical resection for patients with
colorectal liver and lung metastases. We present our
first report of robotic one-stage resection of three
tumors, including anterior resection for rectal cancer,
segmental hepatectomy for liver metastasis, and
wedge-shaped excision for lung metastasis using this
device.

WJG|www.wjgnet.com

CASE REPORT
A 59-year-old Chinese man presented with a 4-mo
history of intermittent rectal bleeding, with increased
stool frequency. A diagnosis of rectal cancer was made
after colonoscopy revealed an ulcerative mass 13 cm
from the anal verge. Histological examination of the
colonoscopy biopsy specimen indicated moderately
differentiated adenocarcinoma. Preoperative abdominal
computed tomography (CT) and rectal magnetic
resonance imaging (MRI) indicated that the stage of
the primary tumor was cT3N0. However, chest CT,
liver MRI, and positron emission tomography showed
rectal cancer with liver and lung metastases (Figure 1).
This patient was discussed in a multidisciplinary team,
including a colorectal surgeon, thoracic surgeons, liver
surgeons, and a radiologist. The decision was that the
preoperative stage of this patient was cT3N0M1, and
that both liver and lung metastases were considered as
a single lesion that was suitable for radical resection.
After obtaining written informed consent, we carried
out a one-stage resection of the three tumors using
the Da Vinci Surgical System.

Wedge-shaped excision for lung metastasis

The patient was placed in the left lateral decubitus
position under general anesthesia and single-lung
ventilation. The robotic arm was established on
the operating table anterior to the patient’s thigh.
Incisions included an anterior 1.5-cm incision in the
eighth intercostal space and a middle 3-cm working
incision in the fifth intercostal space. The camera
was connected with the robotic arm and introduced
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A

B

Figure 2 Robot-assisted wedge-shaped resection of the right lobe for lung metastasis. A: Arrow indicates tumor location; B: Arrows indicate the cut line of the
Endo GIA stapling device.

A

B

Figure 3 Robot-assisted segmental hepatectomy for liver metastasis. A: Intraoperative ultrasound was used to mark tumor location; B: The tumor was resected.

Anterior resection for rectal cancer

through the anterior incision. The ribs were not
spread or traumatized. The right lower lobe where the
tumor was located was transected with an Endo GIA
stapling device (Figure 2). Resection of lung tumor was
finished within 30 min.

The patient was placed in the modified lithotomy
position, with the legs apart, on a beanbag mattress to
prevent sliding. The dissection started with incision of
the peritoneum at the origin of the inferior mesenteric
artery (IMA) using monopolar scissors. The assistant
provided gentle traction to the sigmoid colon anteriorly
to enable clear identification of the incision line.
The IMA and inferior mesenteric vein were carefully
skeletonized, clipped, and divided while preserving
the periaortic hypogastric nerve plexus (Figure 4A).
Medial-to-lateral dissection of the sigmoid colon was
carried out between Toldt’s fascia and the left colonic
mesentery. Anterior traction allowed dissection of
the avascular plane between the mesorectal fascia
and presacral fascia, while avoiding injury to the
hypogastric nerves posteriorly (Figure 4B). Dissection
was carried out to about 5 cm from the anal verge.
After adequate pelvic dissection, the robot cart was
undocked, and a laparoscopic articulating linear stapler
was used to transect the rectum from the left lower
quadrant port. Bowel continuity was restored with a
circular stapler.

Segmental hepatectomy for liver metastasis

The patient was placed in the supine position under
general anesthesia and bilateral-lung ventilation,
and four trocars were used. A 12-mm trocar for the
robotic camera was placed below the umbilicus by the
Hasson method. Two additional 12-mm trocars were
placed at the left upper quadrant and epigastrically
under laparoscopic guidance. A 12-mm trocar for an
assistant was also placed at the right upper quadrant
area. Intraoperative ultrasonography was used to
examine the liver lesions and obtain adequate surgical
resection margins (Figure 3A). The liver was mobilized
by dividing the right triangular and round ligaments.
Parenchymal division proceeded from the anterior edge
of the liver by harmonic scalpel and electrocautery.
The small vessels and bile ducts exposed during
parenchymal dissection were ligated and divided
by clipping. Glisson’s pedicles of Segment Ⅶ were
clamped and divided by suturing (Figure 3B). A closed
suction drain catheter was placed in the subhepatic
space. Segmental hepatectomy required 270 min.

WJG|www.wjgnet.com

DISCUSSION
The procedure was successfully completed in 480 min
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Figure 4 Operative images of robot-assisted anterior resection for rectal cancer. A: 1, inferior mesenteric vein; 2, IMA; 3, inferior hypogastric nerve; B: 1,
presacral space; 2, rectum; 3, iliac vessels; 4, ureter.

accurate hand-eye coordination that increases the
surgeon’s skill. Furthermore, it also eliminates tremor
and increases the degree of freedom for operating
instruments. These advantages make it possible
to proceed with surgery that would otherwise be
difficult or impossible, especially for those who already
have experience with laparoscopic surgery. In rectal
surgery, robot-assisted surgery for rectal cancer can
be carried out safely and in accordance with current
[14]
oncological principles . Robotic total mesorectal
excision may allow for better preservation of urinary
and sexual functions, and robotic surgery may
attenuate the learning curve for laparoscopic rectal
[15]
resection . However, to date, the impact of robotic
rectal surgery on the long-term oncological outcomes
of minimally invasive total mesorectal excision remains
undetermined. Large prospective randomized clinical
trials, such as the international randomized trial
ROLARR, are required to establish the benefits of
[16]
robotic rectal surgery .
Robotic treatment of metastatic colorectal cancer
is still at the initial stage. From 2005 to 2013, we
performed > 500 cases of traditional operations using
one-stage resection for colorectal cancer and liver
metastasis in Zhongshan Hospital. This treatment
was associated with a long survival time, with 40%
[17,18]
survival at 5 years
. Up to June 2014, 365 cases
have been treated with the Da Vinci Surgical System.
Our preliminary experience suggests that the Da Vinci
Surgical System is safe and feasible for treatment
of synchronous colorectal liver metastasis. However,
large, prospective randomized trials are urgently
needed to evaluate the outcomes of this procedure.
This article is believed to be the first case report of
robot-assisted one-stage resection of three tumors,
including rectal cancer, liver metastasis and lung
metastasis. The main advantages for patient are
avoiding repeated operation, and reducing surgical
trauma, when compared with the traditional surgery,
in which patients need to be admitted three times
[11]
and accept repeated operations . In addition, the
patient was discharged from hospital on postoperative
day 7, and accepted adjuvant chemotherapy after 2

with a docking time of 90 min and a console time of
390 min. Intraoperative blood loss was 600 mL. The
chest tube was removed on postoperative day 2 and
abdomen tubes were removed on postoperative day
5. Passing of flatus was noted on postoperative day 2.
A liquid diet was then allowed and well tolerated. The
pathological outcome of the liver and lung tumor was
metastatic adenocarcinoma, rectal adenocarcinoma,
and the stage was pT3N1M1. The margin of both
primary and metastatic lesions was negative. Eighteen
lymph nodes were resected, and two of them were
positive. No postoperative complications occurred
and the patient was discharged from hospital on
postoperative day 7. Just 2 wk after surgery, the
patient began to receive postoperative adjuvant
chemotherapy, followed by radiotherapy at 2 mo. At a
follow-up of 90 d, no further complications and tumor
recurrence were observed.
Colorectal cancer is the third leading cause of
cancer morality worldwide. The 5-year survival rate is
currently only 5% for patients with inoperable stage
[8]
Ⅳ disease . For patients with liver or lung metastasis,
surgical resection remains the only treatment that is
associated with a long survival time, with 40% survival
at 5 years and about 25% of patients demonstrating a
postoperative survival of up to 10 years in specialized
[9]
centers . Therefore, the current guidelines recommend
that the treatment strategy should be directed toward
[10]
resectability . However, the best type of surgical
procedure is still controversial for patients with
resectable primary and metastatic lesions. Research
shows that one-stage resection of colorectal cancer and
synchronous liver or lung metastases can be performed
safely with similar outcomes compared with staged
[11]
procedures . The focus of this case report was on
whether the Da Vinci Surgical System was feasible and
safe for one-stage radical resection of rectal cancer and
distant metastases.
Robot-assisted laparoscopic abdominal surgery
has gained attention because it can compensate for
the inherent limitations of conventional laparoscopic
[12,13]
surgery
. The Da Vinci Surgical System improves
vision, which becomes 3D, and provides more
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wk of surgery. The shortened recovery time will allow
the patient early commencement of postoperative
adjuvant therapy and lead to improved long-term
[19]
outcome .

3

COMMENTS
COMMENTS
Case characteristics

4

A 59-year-old Chinese man presented with a 4-mo history of intermittent rectal
bleeding, with increased stool frequency.

Clinical diagnosis

A diagnosis of rectal cancer was made after colonoscopy revealed an ulcerative
mass 13 cm from the anal verge.

5

Preoperative abdominal computed tomography (CT) and rectal magnetic
resonance imaging (MRI) indicated that the stage of the primary tumor was
cT3N0M1.

6

Differential diagnosis

Laboratory diagnosis

Histological examination of the colonoscopy biopsy specimen indicated
moderately differentiated adenocarcinoma.

7

Imaging diagnosis

Chest CT, liver MRI, and positron emission tomography showed rectal cancer
with liver and lung metastases.

Pathological diagnosis

8

The pathological outcome of the liver and lung tumor was metastatic
adenocarcinoma, rectal cancer was adenocarcinoma, and the stage was
pT3N1M1.

9

Treatment

This patient was discussed in a multidisciplinary team, and the decision
was that the preoperative stage was cT3N0M1, and both the liver and lung
metastases were considered as a single lesion that was suitable for radical
resection, and we carried out a one-stage resection of three tumors using the
Da Vinci Surgical System.

10

Related reports

11

Large prospective randomized clinical trials such as the international
randomized trial ROLARR are required to establish the benefits of robotic rectal
surgery.

Term explanation

Multidisciplinary team. All important items related to multidisciplinary team
management of liver metastases from colorectal cancer (CRC) were selected
prior to the meeting by the coordinator and referred to an expert for presentation
at the meeting. Meta-analyses, randomized controlled trials, and studies
evaluating clinical practice in the management of liver metastases from CRC
were identified and reviewed before and discussed during the meeting. After
discussion, specific controversial issues were submitted to a vote of each expert
to reflect the state of consensus. Recommendations were formulated when
approved by all or a large majority of the panel members.

12

13

Experiences and lessons

The procedure is feasible and safe and its main advantages for patient are
avoiding repeated operation, reducing surgical trauma, shortening recovery
time, and early implementation of postoperative adjuvant therapy.

14

Peer-review

15

This paper is the exploratory study. The rectal cancer is aggressive malignant
tumor, metastasis to liver or lung is the common appearance in rectal cancer.
Simultaneous resection of primary tumor, liver metastasis and lung metastasis
is recommended surgical procedure. It is valuable exploration to perform the
simultaneous resection by The Da Vinci Site robotic surgery platform.

16

17
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CASE REPORT

Common bile duct injury by fibrin glue: Report of a rare
complication
Yu-Long Yang, Cheng Zhang, Hong-Wei Zhang, Ping Wu, Yue-Feng Ma, Mei-Ju Lin, Li-Jun Shi, Jing-Yi Li,
Mu Zhao
persistent liver dysfunction, xanthochromia and skin
itching, the patient was admitted to us for further
management. Ultrasound, computed tomography, and
magnetic resonance cholangiopancreatography (MRCP)
revealed multiple stones in the common bile duct, and
liver function tests confirmed the presence of obstructive
jaundice and liver damage. Endoscopic retrograde
cholangiopancreatography was unsuccessfully performed
to remove choledocholithiasis, but a small amount of
tissue was removed and pathologically confirmed as
calcified biliary mucosa. This was followed by open
surgery for suspicious cholangiocarcinoma. There was
no evidence of cholangiocarcinoma, but the common
bile duct wall had a defect of 8 mm × 10 mm at Calot’
s triangle. A hard, grid-like foreign body was removed,
which proved to be solid fibrin glue. Subsequently,
the residual choledocholithiasis was removed by a
choledochoscopic procedure, and the common bile duct
deletion was repaired by liver round ligament with T-tube
drainage. Six months later, endoscopy was performed
through the T-tube fistula and showed a well-repaired
bile duct wall. Eight months later, MRCP confirmed no
bile duct stenosis. A review of reported cases showed
that fibrin glue is widely used in surgery, but it can also
cause organ damage. Its mechanism may be related to
discharge reactions.
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Abstract

Core tip: Fibrin glue is a biodegradable and absorbable
biological agent, which can be used to close wounds
and fistulous tracts, reducing leakage and bleeding,
promoting wound healing, and preventing adhesion.
It is widely used in surgery. In our case, fibrin glue
resulted in obstructive jaundice and injury of the
common bile duct wall, which was repaired by

Fibrin glue is widely used in clinical practice and plays an
important role in reducing postoperative complications.
We report a case of a 65-year-old man, whose common
bile duct was injured by fibrin glue, with a history of
failed laparoscopic cholecystectomy and open operation
for uncontrolled laparoscopic bleeding. In view of the
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liver round ligament without bile duct stricture. Its
mechanism may be related to discharge reactions.
Yang YL, Zhang C, Zhang HW, Wu P, Ma YF, Lin MJ, Shi LJ, Li
JY, Zhao M. Common bile duct injury by fibrin glue: Report of a
rare complication. World J Gastroenterol 2015; 21(9): 2854-2857
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i9/2854.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i9.2854

R
1
5
0

L
1
7
9

INTRODUCTION
Figure 1 Computed tomography. Cholecystectomy change, intrahepatic bile
duct dilatation, fatty liver, splenomegaly.

Fibrin glue is a biodegradable and absorbable biological
agent, which is widely used in abdominal operations
to close the wound and fistulous tract, reduce leakage
and bleeding, promote wound healing, and prevent
[1-3]
adhesion
. Several studies have reported the
use of fibrin glues in neurosurgery, otolaryngology,
[4-9]
cardiothoracic surgery, and gynecology
. Several
recent studies have suggested that the use of
fibrin glue can reduce the time required to control
intraoperative bleeding from the raw liver surface after
liver resection, but there is no solid evidence that their
routine use reduces the incidence of postoperative
hemorrhage or bile leakage compared with other
[10,11]
treatments
. We now report a case of common
bile duct injury, associated with fibrin glue used in
the failure of laparoscopic cholecystectomy and open
surgery for uncontrolled laparoscopic bleeding.
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Figure 2 Magnetic resonance cholangiopancreatography. Multiple stones
in extrahepatic bile duct and common bile duct, dilated intrahepatic bile duct,
and cholecystectomy change.

CASE REPORT
A 65-year-old man presented to our hospital for further
evaluation of icteric skin and sclera. The patient had a
history of cholecystolithiasis three years ago, for which
he underwent failed laparoscopic cholecystectomy,
and reverted to open surgery for uncontrollable la
paroscopic bleeding. One year after cholecystectomy,
he had choledocholithiasis and endoscopic retrograde
cholangiopancreatography (ERCP) was performed;
all the stones were removed. Three days prior to
admission, he had symptoms of icteric skin and sclera
with persistent pain under the xiphoid.
On admission, routine laboratory evaluation showed
a total bilirubin level of 107.9 μmol/L (reference
range: 3-22 μmol/L); conjugated bilirubin 40.2
μmol/L (reference range: 0-5 μmol/L); unconjugated
hyperbilirubinemia 37.6 μmol/L (reference range: 0-19
μmol/L); alanine aminotransferase 154 U/L (reference
range: 0-40 U/L) aspartate aminotransferase 69 U/L
(reference range: 0-40 U/L); alkaline phosphatase 284
U/L (reference range: 38-126 U/L); and γ-glutamyl
transferase 616 U/L (reference range: 6-35 U/L).
Routine blood analysis showed normal serum amylase/
lipase, blood clotting, and tumor markers including
α-fetoprotein, carcinoembryonic antigen, cancer antigen
(CA)-125 and CA19-9.
Abdominal ultrasound demonstrated mild intrahepatic
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and extrahepatic bile duct dilatation, bile duct diameter
12 mm, and nonhomogeneous echo of the common
bile duct. Biliary sludge, sand-like stones, and bile duct
cancer were excluded. Computed tomography (CT)
demonstrated intrahepatic bile duct dilatation, fatty
liver, and splenomegaly (Figure 1). Magnetic resonance
cholangiopancreatography (MRCP) demonstrated
multiple stones in the extrahepatic bile duct and
common bile duct, dilated intrahepatic bile duct, and
cholecystectomy change (Figure 2).
ERCP was performed to treat the choledocholithiasis,
but only some stones were removed, and the common
bile duct was rigid, with some tissue removed.
Pathological analysis confirmed calcified biliary mucosa
(Figure 3), which was followed by open surgery for
suspicious cholangiocarcinoma. There was no evidence
of cholangiocarcinoma, but the common bile duct wall
had a defect of 8 mm × 10 mm at Calot’s triangle. A
hard, grid-like foreign body was removed, which proved
to be solid fibrin glue (manufacturer unknown) (Figure
4). Subsequently, the residual choledocholithiasis was
cleared by a choledochoscopic procedure, and the injury
of the common bile duct was repaired by longitudinal,
slivered, pedunculated liver round ligament with the
serous face towards the bile duct, and T-tube drainage
from the middle of the liver round ligament (Figure 5).
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Figure 5 Common bile duct repaired by longitudinal, slivered, pedunculated
liver round ligament with serous face towards the bile duct, and T-tube
drainage from the middle of the liver round ligament.

Figure 3 Pathology: Calcified biliary mucosa.

Figure 4 Morphology: Hard, grid-like solid fibrin glue.
Figure 6 T-tube visualization: contrast agent introduced smoothly into the
duodenum with no extravasation or bile duct stenosis.

Two weeks later, T-tube visualization was performed and
the contrast agent was introduced smoothly into the
duodenum with no extravasation or bile duct stenosis
(Figure 6). Six months later, endoscopy was performed
through the T-tube fistula, with good repair of the bile
duct wall. Eight months later, MRCP confirmed the
absence of bile duct stenosis.

this complication may be linked to a chronic rejection
reaction of the body to fibrin glue, application of a
large dose or improper use, such as local injection.
Preoperative abdominal ultrasound, CT and MRCP
revealed multiple stones in the common bile duct, with no
evidence of cholangiocarcinoma. However, the common
bile duct felt rigid and not all the stones could be removed
by ERCP, which revealed possible cholangiocarcinoma.
Histopathology of tissue removed by ERCP confirmed
calcified biliary mucosa. Therefore, intraoperative
histopathological examination is particularly important.
The tissue patch of omentum majus, omentum minus,
gallbladder wall, and ligamentum teres hepatis can be
[15,16]
used to repair bile duct defects
. The pedicle patch,
formed by the longitudinal, slivered, pedunculated
liver round ligament, was used to repair the bile duct
defect, with the serous face towards the bile duct. There
was no abdominal infection, tissue necrosis or other
serious complications. Cholangiography and biliary
endoscopy showed good repair without iatrogenic bile
duct stricture. However, there is some controversy
surrounding the postoperative use of T-tubes. Some
researchers believe that the T-tube can be removed if
angiography shows absence of biliary bile duct stenosis
at 3 mo after extrahepatic bile duct injury with the liver
[16,17]
round ligament
. A support tube should be placed, <

DISCUSSION
Fibrin glue is a biodegradable, absorbable biological
agent, which is widely used in surgery to reduce
leakage and bleeding from the wound, promote wound
healing, and prevent adhesion. Capillary and fibroblast
proliferation appears around the periphery and inside
the wound within 3 d, the fibrin polymer disappears
after 7 d and the wound is considered to be fully
[12]
healed . The current example showed fibrin glue
had not been absorbed in the body for 3 years, and
the ranked reactions of organization to fibrin glue may
have affected its absorption. This phenomenon is a
rare complication, similar to titanium clip and surgical
suture migration into the common bile duct following
open or laparoscopic cholecystectomy, and the
[13,14]
migration time ranges from 10 d to 10 years
. The
solid fibrin glue can be extruded from the bile duct,
which ultimately causes bile duct defects and stricture,
during endoscopic stone extraction. The etiology of
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12 mo, to reduce the incidence of postoperative biliary
[18]
strictures .
We should strictly control the use of fibrin glue in
surgery, and large doses of fibrin glue for bleeding and
bile duct bile leakage should be prohibited. There is no
scientific proof that topical haemostatic agents really
[19]
reduce resection surface related complications . Bile
duct injury may be avoided by incomplete absorption
and discharge reactions of the fibrin glue. The effect of
using liver round ligament to repair extrahepatic bile duct
is satisfactory, which is worthy of promotion for clinical
use, but the time of placement time of the support tube
needs verified in further animal experiments.

6
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Case characteristics

A 65-year-old man presented with common bile duct injury caused by fibrin
glue.

8

The patient was initially admitted for icteric skin and sclera caused by common
bile duct stones.

9

Clinical diagnosis

Differential diagnosis

The differential diagnosis was cholangiocarcinoma.

Laboratory diagnosis

10

Routine blood tests showed: total bilirubin 107.9 μmol/L, conjugated
bilirubin 40.2 μmol/L, unconjugated hyperbilirubinemia 37.6 μmol/L, alanine
aminotransferase 154 U/L, aspartate aminotransferase 69 U/L, alkaline
phosphatase 284 U/L, and γ-glutamyl transferase 616 U/L.

11

Imaging diagnosis

Preoperative ultrasound, computed tomography and magnetic resonance
cholangiopancreatography indicated multiple stones in the extrahepatic bile
duct and common bile duct, dilated intrahepatic bile duct, and cholecystectomy
change.

12

Pathological diagnosis

Pathological analysis confirmed calcified biliary mucosa.

13

Treatment

Open surgery was performed to clear the stones by a choledochoscopic
procedure and the injury of the common bile duct was repaired by liver round
ligament.

14

Experiences and lessons

The use of fibrin glue should strictly be controlled in surgery, and large doses of
fibrin glue for bleeding and bile duct bile leakage should be carefully monitored.
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15

This is an important complication caused by fibrin glue and this case report may
be interest to the readers of this journal.
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CASE REPORT

Portal vein aneurysm associated with Budd-Chiari syndrome
treated with transjugular intrahepatic portosystemic shunt:
A case report
Jiaywei Tsauo, Xiao Li
with BCS as there was no preceding history of trauma
and it had not been present on Doppler ultrasound
examination performed 3 years previously. Because
of increasing pain and concern for complications due
to aneurysm size, the decision was made to relieve
the hepatic venous outflow obstruction. Transjugular
intrahepatic portosystemic shunt (TIPS) was created
without complications. She had complete resolution
of her abdominal pain within 2 d and remained
asymptomatic after 1 year of follow-up. CT scans
obtained after TIPS showed that the aneurysm had
decreased in size to 2.4 cm in height and 2.0 cm × 1.9
cm in diameter at 3 mo, and had further decreased to
1.9 cm in height and 1.6 cm × 1.5 cm in diameter at 1
year.
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Core tip: Portal vein aneurysm (PVA) is a rare clinical
entity defined as abnormal dilation of the portal vein
≥ 2 cm in diameter. Observation is advocated for
asymptomatic aneurysms, whereas symptomatic and
enlarging aneurysms are recommended for surgery.
To date, the utility of transjugular intrahepatic
portosystemic shunt (TIPS) for the treatment of PVA
has not been described. Herein, we report a case
of extrahepatic PVA in a patient with Budd-Chiari
syndrome treated with a TIPS.

Abstract
A 65-year-old woman with Budd-Chiari syndrome (BCS)
presented with right upper quadrant pain. A computed
tomography (CT) scan showed a saccular aneurysm
located at the extrahepatic portal vein main branch
measuring 3.2 cm in height and 2.5 cm × 2.4 cm in
diameter. The aneurysm was thought to be associated
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TIPS PI) score was 6.3. A contrast-enhanced computed
tomography (CT) scan showed non-visualized middle
and left hepatic veins, hepatomegaly with hypertrophy
of the caudate lobe, splenomegaly, hepatic venous
collaterals, and a saccular aneurysm located at the
extrahepatic portal vein main branch measuring 3.2
cm in height and 2.5 cm × 2.4 cm in diameter (Figure
1A). The aneurysm was thought to be associated with
BCS as there was no preceding history of trauma and
it had not been present on Doppler US examination
performed 3 years previously. Although the patient
had no ascites or variceal bleeding, the decision was
made to create a TIPS to relieve hepatic venous
outflow obstruction because of increasing pain and
concern for complications due to aneurysm size; direct
approach to the aneurysm was not considered due to
risk of associated complications in the setting of portal
hypertension, and stent-grafting was not considered
due to concerns about patency in the settings of
hepatic venous outflow obstruction and underlying
thrombophilia. After informed consent was obtained,
the patient was brought to the interventional radiology
suite. The procedure was performed with the patient
under conscious sedation. Portal vein access was
obtained via the right hepatic vein under fluoroscopy,
and portography showed a saccular aneurysm
located at the main portal vein, extensive intrahepatic
portal vein thrombosis, and small splenorenal
varices (Figure 2A). A 10-mm diameter expanded
polytetrafluoroethylene (ePTFE) covered stent-graft
(Fluency Plus; Bard Peripheral Vascular, Tempe,
Arizona, United States) was deployed across the liver
parenchymal tract; deploying the stent-graft into the
main portal vein trunk to cover the aneurysm neck was
not considered because it would obstruct blood flow
to the portal vein branches. Completion portography
showed a widely patent shunt and markedly decreased
aneurysm filling (Figure 2B). The portosystemic
pressure gradient (PPG) was decreased from 19
mmHg to 8 mmHg. The patient recovered uneventfully
and had complete resolution of her abdominal pain in
2 d. She was discharged on long-term warfarin and
remained asymptomatic after 1 year of follow-up. Most
recent laboratory tests revealed normal liver function,
and Doppler US examination performed at 1, 3, 6, and
12 mo postprocedure confirmed a patent shunt. Her
CP score was 5, MELD score was 8, Rotterdam score
was 0.12, and TIPS-BCS PI score was 6.1. CT scans
showed that the aneurysm had decreased in size to 2.4
cm in height and 2.0 cm × 1.9 cm in diameter at 3 mo
after TIPS (Figure 1B), and had further decreased to
1.9 cm in height and 1.6 cm × 1.5 cm in diameter at 1
year (Figure 1C).

INTRODUCTION
Portal vein aneurysm (PVA) is a rare clinical entity
defined as abnormal dilation of the portal vein ≥ 2
[1]
cm in diameter . Since the first report by Barzilai
[2]
and Kleckner in 1956, < 200 cases have been
reported in the literature. Clinical manifestations
include abdominal pain, incidental detection,
[3]
gastrointestinal bleeding, and jaundice . One-third of
patients present with complications, including mural
thrombosis, compression of adjacent organs, and
[3]
rupture . Observation is advocated for asymptomatic
aneurysms, whereas symptomatic and enlarging
[3]
aneurysms are recommended for surgery .
Aneurysmorrhaphy is the standard treatment of
choice; however, portacaval shunt is suggested in the
context of portal hypertension due to the high risk
[4]
of bleeding from direct approach to the aneurysm .
Through reduction of portal hypertension and diversion
of blood flow away from the aneurysm, portacaval
shunt achieved good clinical results in six previously
[3]
reported cases . Nonetheless, this operation
has largely been abandoned since the advent of
[5]
transjugular intrahepatic portosystemic shunt (TIPS) .
To the best of our knowledge, the utility of TIPS for
the treatment of PVA has not been described. Herein,
we report a case of extrahepatic PVA in a patient with
Budd-Chiari syndrome (BCS) treated with a TIPS. A
consent has been waived by the Institutional Review
Board for the publication of this case report.

CASE REPORT
A 65-year-old woman presented with a complaint
of right upper quadrant pain. Three years prior, the
patient was incidentally diagnosed with idiopathic
BCS during health checkup; Doppler ultrasound (US)
examination showed obstruction of the middle and
left hepatic veins, and investigations for underlying
thrombophilia were unremarkable. She was treated
with warfarin to maintain an international normalized
ratio between 2 and 3, but discontinued after at least
1 year due to non-compliance; the patient did not
consult with any doctors for 2 years. She has remained
asymptomatic for the past 3 years until recently she
started experiencing steadily worsening, intermittent
pain in the right upper quadrant of her abdomen,
with no associated or alleviating factors. Physical
examination was only notable for mild right upper
quadrant tenderness. Laboratory tests revealed mildly
elevated bilirubin (2.2 mg/dL) and albumin deficit (2.38
g/dL). Her Child-Pugh (CP) score was 8, Model for EndStage Liver Disease (MELD) score was 11, Rotterdam
score was 0.15, and BCS-TIPS prognostic index (BCS-
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DISCUSSION
BCS is a rare condition characterized by hepatic
venous outflow obstruction anywhere between
the small hepatic veins and the supra-hepatic
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A

B

C

Figure 1 Coronal reformatted computed tomography images of the portal vein aneurysm. A: A coronal reformatted computed tomography (CT) image obtained
before transjugular intrahepatic portosystemic shunt (TIPS) shows a saccular aneurysm located at the extrahepatic portal vein main branch measuring 3.2 cm in height
and 2.5 cm × 2.4 cm in diameter; B: A coronal reformatted CT image obtained at 3 mo after TIPS shows the aneurysm has decreased in size to 2.4 cm in height and 2.0
cm × 1.9 in diameter; C: A coronal reformatted CT image obtained at 1 year after TIPS shows the aneurysm has further decreased in size to 1.9 cm in height and 1.6 cm × 1.5
cm in diameter.

A

in place is suggestive of an acquired cause. However,
interestingly, there has been no report in the literature of
PVA in patients with BCS. This is likely due to the rarity
of both conditions since portal hypertension irrespective
of etiology could theoretically be associated with PVA.
Because of the limited literature, the management
algorithm for PVA has been, and will likely continue
to be, based on expert opinion and case reports.
Surgery has long been the recommended mainstay
of treatment, with aneurysmorrhaphy and portacaval
shunt respectively adopted as the operation of choice
[4]
in patients with and without portal hypertension .
Nonetheless, less invasive endovascular alternatives
to these operations are now widely available.
Endovascular coiling is a well-established technique
which could be used to treat saccular PVA; however,
the risk of this technique in the setting of portal
hypertension may be high due to direct approach
to the aneurysm. In addition, since coiling may not
eliminate the mass effect from an aneurysm, those
complicating organ compression are not candidates
for this procedure. Another well-established
technique which could be used to treat PVA is stentgrafting, although the risk of stent thrombosis is a
major concern, particularly in patients with portal
hypertension and/or thrombophilia. Portosystemic
shunt remains to be the treatment of choice in
those with portal hypertension, although portacaval
shunt has largely been replaced by the less-invasive
[5]
TIPS . However, since portosystemic shunt does
not specifically treat the aneurysm, no response to
therapy may occur (defined as no improvement of
symptoms or no reduction in aneurysm size). In these
circumstances, more definitive treatment such as
aneurysmorrhaphy may be required.
In conclusion, TIPS may be an effective and safe
method of treatment for PVA in patients with portal
hypertension. In addition, the role of endovascular
therapy in the management of PVA is also highlighted.

B

Figure 2 Portograms obtained before and after transjugular intrahepatic
portosystemic shunt. A: A portogram obtained before transjugular intrahepatic
portosystemic shunt (TIPS) shows a saccular aneurysm located at the main
portal vein, extensive intrahepatic portal vein thrombosis, and small splenorenal
varices; B: A portogram obtained after TIPS shows a widely patent shunt and
markedly decreased aneurysm filling.

inferior vena cava. Clinical manifestations range
widely from asymptomatic to liver failure, but most
patients present with symptoms related to portal
[6]
hypertension . Management follows a step-wise
strategy, with medical therapy as first-line treatment,
angioplasty/stenting as second-line, TIPS as third[6]
line, and liver transplantation as last resort . However,
there is controversy as to whether anticipating TIPS in
symptomatic patients, before no response to medical
therapy appears, could slow disease progression and
[7]
improve survival . Nonetheless, it is widely recognized
that asymptomatic patients should not undergo
invasive treatments, because they could remain
asymptomatic for an extended period of time owing to
[6]
development of hepatic venous collaterals . As such,
if it had not been for the presence of PVA, our patient
would not have required a TIPS.
Although the widespread use of imaging techniques
have led to an increase in the number of PVA being
discovered over the years, the etiology of these
aneurysms remains unclear. The postulated origins
include congenital malformation and acquired factors
such as portal hypertension, liver disease, pancreatitis,
[8,9]
or trauma . In the present case, the fact that the PVA
had not been present before the diagnosis of BCS was
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A 67-year-old man from Jingzhou was admitted to the
First Hospital Affiliated to Yangtze University in July 2013
with sudden onset of abdominal pain with dizziness
for 12 h. The patient had sign of peritoneal irritation.
Ultrasonography of the abdomen and pelvis showed
hepatic fibrosis due to schistosomiasis. Computed
tomography showed free gas in the peritoneal
cavity. Plain abdominal radiography showed bilateral
subdiaphragmatic accumulation of gas, perforation of
the viscus, and radio-opacity in the left renal area. The
patient underwent emergency exploratory laparotomy.
At laparotomy, a moderate amount of muddy yellow
pus was found in the intra-abdominal cavity. At the
junction of the jejunum and ileum, about 250 cm from
Treitz’s ligament, there was an about 10-cm length
of inflamed small bowel with perforation (3 mm in
diameter) along the mesenteric border at the middle
of the lesion. The patient underwent resection of the
affected intestinal segment, along with end-to-end
intestinal anastomosis. Histopathological examination
revealed mucosal necrosis and hemorrhage with a large
number of infiltrating eosinophils and neutrophils, and
acute submucosal inflammation with a large number
of infiltrating eosinophils and neutrophils associated
with Schistosoma japonicum (S. japonicum ) eggs. No
intravascular adult parasite was found. Postoperatively,
the patient was treated with praziquantel (30 mg/kg
daily) for 4 d. The patient progressed well. To the best
of our knowledge, this is the first case of small bowel
perforation associated with eggs of S. japonicum .
Key words: Schistosoma japonicum ; Intestinal perforation;
Small bowel
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There are rare cases of intestinal perforation

2862

March 7, 2015|Volume 21|Issue 9|

Xiang JJ et al . Intestinal perforation caused by Schistosoma

caused by schistosomiasis. When patients living in an
endemic area for schistosomiasis develop intestinal
perforation, the condition may be caused by Schistosoma .
We present a case report of a patient from Jingzhou,
China with small bowel perforation with peritonitis
secondary to infection with S. japonicum .

large number of infiltrating eosinophils and neutrophils
(Figure 1A), and submucosal acute inflammation
with a large number of infiltrating eosinophils and
neutrophils associated with Schistosoma eggs (Figure
1B). No intravascular adult parasite was found. IgG
for schistosomiasis was positive. Postoperatively, the
patient was treated with praziquantel (30 mg/kg daily)
for 4 d. The patient progressed well.

Xiang JJ, Cheng BJ, Tian F, Li M, Jiang XF, Zhao HC, Hu XM,
Xiao BL, Xie JP, Shrestha A. Perforation of small bowel caused
by Schistosoma japonicum: A case report. World J Gastroenterol
2015; 21(9): 2862-2864 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i9/2862.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i9.2862

DISCUSSION
A review of the literature found four cases of intestinal
perforation (excluding the appendix) associated with
schistosomiasis: (1) colon perforation associated with
[3]
S. japonicum ; (2) sigmoid perforation associated with
[4]
S. mansoni ; (3) rectal perforation associated with S.
[5]
haematobium ; and (4) jejunal perforation associated
[6]
with adult worm of Schistosoma . To the best of our
knowledge, this is the first case report of small bowel
perforation associated with eggs of S. japonicum. No
intravascular adult parasite was found in this case.
Among the 81 national surveillance sites in China,
the average positive rate of residents with serum
examinations and average infection rate of the residents
were 7.78% and 0.54% respectively and the infection
[7]
rate of snails was 0.14% in 2011 . From the 64
monitoring sites, in Jingzhou, a city in Central China,
the average schistosomal infection rate of residents
was 1.48% and the infection rate of snails was 0.08%
[8]
in 2011 . The snail Oncomelania hupensis is the only
intermediate host of the parasite S. japonicum, which
causes human schistosomiasis in East and Southeast
Asia. Humans acquire schistosomiasis via contact
with freshwater containing infectious, free-living,
cercarial larvae. The worms then migrate through the
circulation (mainly in the mesenteric vein) affecting
the portal system. The main pathological changes are
egg granuloma caused by ova, and deposition of eggs
in the intestine or liver tissue. Patients develop fever,
abdominal pain, bloody diarrhea, hepatomegaly and
eosinophilia in the acute phase; chronic diarrhea and
hepatosplenomegaly as the main features in the chronic
phase; and liver periportal fibrosis with splenomegaly
and ascites in the advanced phase. Digestive lesions
are most frequently caused by rectal or large bowel
involvement.
Some studies have shown that Schistosoma is
related to appendicitis, and even rupture of the appendix
[9-11]
with peritonitis
. We consider that the intestinal
pathological changes of schistosomiasis are similar to
those of appendicitis associated with schistosomiasis.
[5]
Two pathogenetic pathways have been described
to explain this occurrence with appendicitis. The
first pathway considers the role of feces, with their
passage through inflammatory and fibrotic mucosa
infected with the parasite. The second pathway is a
direct inflammatory lesion of the appendix induced
by an immunological granulomatous reaction around
the parasite eggs, leading to tissue destruction and
appendicitis.

INTRODUCTION
There are 76 countries and regions with schistoso
[1]
miasis . Among them, the distribution of Schistosoma
japonicum (S. japonicum) is mainly in Asia, including
Japan, the Philippines, Indonesia and China. This
schistosome was first discovered in Japan, hence its
species name. Schistosoma haematobium infection is
most prevalent in Africa and Western Asia. Schistosoma
mansoni is most prevalent in certain tropical and
subtropical areas of sub-Saharan Africa, the Middle
East, South America, and the Caribbean. China is only
endemic for S. japonicum. In 1981, Biomphalaria
straminea, an intermediate host of S. mansoni was
first discovered in Southern China as an invasive snail
[2]
species, and its habitation has extended considerably .
There are rare reports of intestinal perforation caused by
schistosomiasis. We present a case report of a patient
from Jingzhou, China with small bowel perforation with
peritonitis secondary to infection with S. japonicum.

CASE REPORT
A 67-year-old man from Jingzhou was admitted to the
First Hospital Affiliated to Yangtze University in July
2013 with sudden onset of abdominal pain and dizziness
for 12 h. The patient had sign of peritoneal irritation.
Ultrasonography of the abdomen and pelvis showed
hepatic fibrosis due to schistosomiasis. Computed
tomography showed free gas in the peritoneal
cavity. Plain abdominal radiography showed bilateral
subdiaphragmatic accumulation of gas, perforation of
the viscus, and radio-opacity in the left renal area. The
patient underwent emergency exploratory laparotomy.
At laparotomy, a moderate amount of muddy yellow
pus was found in the intra-abdominal cavity. At the
junction of the jejunum and ileum, about 250 cm from
Treitz’s ligament, there was an about 10-cm length
of inflamed small intestine with perforation (3 mm in
diameter) along the mesenteric border at the middle
of the lesion. The patient underwent resection of the
affected intestinal segment, along with end-to-end
intestinal anastomosis. Histopathological examination
revealed mucosal necrosis and hemorrhage with a
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A

B

Figure 1 Microscopic images. A: Mucosal necrosis and hemorrhage with large numbers of infiltrating eosinophils and neutrophils (magnification × 400); B:
Submucosal acute inflammation with a large number of infiltrating eosinophils and neutrophils associated with Schistosoma eggs (magnification × 400).
schistosomiasis endemic areas, this rare etiology needs to be considered in
cases of intestinal perforation.

In our patient, several elements directed us to a
diagnosis of small bowel perforation caused by acute
infection with Schistosoma. The first was the presence
of schistosomal eggs without granuloma formation,
which indicated active infection. The second was the
presence of acute inflammation of the mucosa and
submucosa. The third was the presence of mucosal
necrosis and hemorrhage. The patient should have
a long history of infection with schistosomiasis. The
reason was the presence of hepatic fibrosis caused by
schistosomiasis shown by ultrasonography.

Peer-review

The authors have described a case of perforation of small intestine caused by
Schistosoma japonicum. The article highlights this rare etiology which should
be considered in cases of intestinal perforation in schistosomiasis endemic
area.
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Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei
Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung
Deng-Chyang Wu, Kaohsiung



Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua
MEMBERS OF THE EDITORIAL
BOARD

Algeria
Saadi Berkane, Algiers
Samir Rouabhia, Batna

Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires

Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane
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Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
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Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
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Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
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Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen
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Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
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Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
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Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
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Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome

IV

Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
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Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
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Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon



Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
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Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
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EDITORIAL

Mesopancreas: A boundless structure, namely the
rationale for dissection of the paraaortic area in
pancreaticoduodenectomy for pancreatic head carcinoma
Nadia Peparini
and paraaortic areas. Recent advances in surgical
pathology and oncology indicate that, in pancreatic
head carcinoma, the mesopancreatic resection margin
is the primary site for R1 resection, and that epithelialmesenchymal transition-related processes involved in
tumor progression may impact on the prevalence of
R1 resection or local recurrence rates after R0 surgery.
These concepts imply that mesopancreas resection
during PD for pancreatic head carcinoma should be
extended to the paraaortic area in order to maximize
retropancreatic clearance and minimize the likelihood
of an R1 resection or the persistence of residual
tumor cells after R0 resection. In PD for pancreatic
head carcinoma, the rationale for dissection of the
paraaortic area is to control the spread of the tumor
cells along the mesopancreatic resection margin, rather
than to control or stage the nodal spread. Although
mesopancreatic resection cannot be considered
“complete” or “en bloc” , it should be “extended as far
as possible” or be “maximal”, including dissection of
16a2 and 16b1 paraaortic areas.
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Abstract

Core tip: The rationale for dissection of the 16a2 and
16b1 paraaortic areas in pancreaticoduodenectomy for
pancreatic head carcinoma is to control tumor spread
along the mesopancreatic resection margin (R factor),
rather than to control or stage the nodal spread (N
factor).

This review highlights the rationale for dissection of
the 16a2 and 16b1 paraaortic area during pancrea
ticoduodenectomy (PD) for carcinoma of the head of
the pancreas. Recent advances in surgical anatomy of
the mesopancreas indicate that the retropancreatic area
is not a single entity with well defined boundaries but
an anatomical site of embryological fusion of peritoneal
layers, and that continuity exists between the neuro
lymphovascular adipose tissues of the retropancreatic
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margin status were adopted.
An association between better postoperative
long-term survival and a larger number of examined
nodes has been reported in several N0 malignancies,
including pancreatic carcinoma. This may be due to
a more accurate staging, with a lower probability of
missing a metastatic LN as the number of examined
[20-25]
LNs increases
. In node-positive pancreatic
carcinoma, the LN ratio compared to the number
of positive LNs (PLNs) is less influenced by biases
of the number of examined nodes and is a more
accurate predictor of survival. However, a positive or
negative nodal status (N0/N+), PLNs and LN ratio
are influenced by the total number of examined
LNs; the prognostic accuracy of each of these LNlinked variables depends on an adequate number
[22,23,25-27]
of LN examined
and then on the extent of
[26,28]
lymphadenectomy
and thoroughness of the
[21]
pathologist’s examination . Apart from understaging
of disease due to inadequate lymphadenectomy or
inadequate pathological examination, a not negligible
rate of LN micrometastasis remains undetected by
conventional pathological examination. However, the
impact on survival of nodal micometastasis, particularly
[29-31]
in pN0 pancreatic carcinoma, is debated
. Thus,
although the therapeutic effect of lymphadenectomy
has not been proven and the number of retrieved
nodes cannot be considered a measure of successful
cancer surgery, an adequate LN count is necessary for
[22,25,32]
accurate N-staging
.

PROGNOSTIC ACCURACY OF N-LINKED
VARIABLES DEPENDS ON THE NUMBER
OF EXAMINED NODES: THE RATIONALE
FOR EXTENDED LYMPHADENECTOMY
Lymph node (LN) involvement is one of the most
important prognostic factors in gastrointestinal cancers
and has been reported to range from 50% to 80% in
resected pancreatic ductal adenocarcinoma. Pancreatic
cancer dissemination is characterized not only by
lymphatic involvement, but also by perineural invasion
that might be a pathway for lymphatic spread of
cancer cells. Therefore, simple nodal resection without
resection of the peripancreatic soft tissues has been
considered oncologically inadequate. Skeletonization
of the regional vessels with removal of LNs and
perivascular neural and soft tissues is necessary during
[1-3]
lymphadenectomy for pancreatic cancer . However,
the optimal extent of lymphadenectomy in pancreatic
carcinoma remains controversial.
A long-term survival benefit of extended vs standard
lymphadenectomy in pancreaticoduodenectomy (PD)
for pancreatic head adenocarcinoma was not shown
in five recently published prospective randomized
controlled trials (RCTs) and four meta-analyses,
[4-14]
while morbidity and mortality were comparable
.
Moreover, no significant difference was found in local
recurrence rates between standard and extended
[8,10]
lymphadenectomy
.
According to these results, standard lymphadenectomy
has been recommended for resectable ductal pancreatic
[15,16]
carcinoma
. However, no standard definition of
“extended” or “standard” lymphadenectomy was
adopted in the RCTs; the extent of nodal dissection
was different in each RCT and often too few LNs
were retrieved or too few cases were included. The
RCTs also differed with regard to the use of adjuvant
[17,18]
chemotherapy
. In addition, it has been calculated
that an adequately powered RCT to evaluate the
potential benefit of extended lymphadenectomy would
[19]
require a prohibitively large sample size . Extended
lymphadenectomy was shown to be associated
[6]
with higher R0 resection in one RCT , while a trend
towards fewer positive resection margins in an
extended lymphadenectomy group was shown in
[10]
[12]
another RCT and one meta-analysis . In another
meta-analysis no significant difference was found
between standard and extended lymphadenectomy in
[14]
resection margin status . However, no homogeneous
definition of microscopic resection margin involvement
and no standardized assessment protocol of resection
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PROGNOSTIC IMPACT OF PARAAORTIC
NODAL METASTASIS IN PANCREATIC
HEAD CARCINOMA: THE RATIONALE
FOR PARAAORTIC LN SAMPLING OR
DISSECTION
Paraaortic LN involvement is considered to be a
next step in lymphatic spread of pancreatic cancer,
after peripancreatic and superior mesenteric artery
[33,34]
(SMA) node involvement
. The prognostic
impact of paraaortic nodal metastasis in carcinoma
of the pancreatic head has been shown in some
[31,35]
[36,37]
studies
, and refuted in others
. Paraaortic
LN metastases have been found to be associated
with early recurrences and poor survival, and have
been considered a contraindication to pancreatic
resection. Thus, paraaortic LN sampling with frozensection examination at laparotomy has been routinely
recommended to assess distant nodal status and
select patients who would benefit from curative
[31,35]
resection
. Conversely, there are some long-term
survivors among patients who underwent resection
[38]
of metastatic para-aortic nodes , and adjuvant
chemotherapy may improve the survival of patients
[36,39]
with limited paraaortic node involvement
.
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[38,42,53]

the mesopancreas
. Moreover, epithelialmesenchymal transition-related processes involved in
tumor progression may impact on the prevalence of
an R1 resection or local recurrence after R0 surgery
[54]
for pancreatic carcinoma in the following ways : (1)
occurrence of tumor budding, or the presence of dedifferentiated, isolated single cells or small cell clusters
(up to five cells) scattered in the stroma at the invasive
[55]
tumor front ; (2) formation of tumor deposits, i.e.,
macroscopic or microscopic nests or nodules found
in the lymph drainage area of a primary carcinoma
[56,57]
without evidence of residual LNs in the nodules
;
and (3) a dispersed pattern of growth in the tumor
[58]
periphery . Our concept of the mesopancreas entails
the need for extended dissection of the paraaortic area
to maximize the posterior clearance and minimize the
likelihood of an R1 mesopancreatic resection margin
or the risk of tumor cells left beyond a negative (R0)
[50,51]
mesopancreatic resection margin
.
Although the goal of mesopancreas excision is
to control R1 retropancreatic margin rates and the
goal of lymphadenectomy is at least to evaluate, if
not to control, the tumor spread in the nodal basin,
due to the peculiar way of loco-regional spread of
pancreatic carcinoma, paraaortic clearance achieved
during maximal mesopancreatic excision corresponds
with neuro lymphovascular and soft tissue clearance
during lymphadenectomy of the 16a2-16b1 paraaortic
area. Thus, in PD for pancreatic head carcinoma the
rationale for paraaortic area dissection is to control
tumor spread along the mesopancreatic resection
margin (R factor), rather than to control or stage the
nodal spread (N factor). With this perspective, 16a2
and 16b1 paraaortic dissection in pancreatic head
carcinoma may impact on R classification, rather
than N classification. This is in accordance with a
previously reported association of LN involvement of
the paraaortic area with a positive posterior resection
[35,37]
margin
, suggesting that 16b1 LN involvement
may be a reflection of local invasion through the
fascia of Treitz, rather than true second order node
[37]
involvement in lymphatic spread . Although the need
for an “en bloc” resection of the mesopancreas has
[44,45,49]
been recently emphasized
, we highlight that the
lack of anatomic boundaries of the mesopancreas and
the continuity of the mesopancreatic and paraaortic
area implies that, regardless of the preferred surgical
procedure, mesopancreatic excision is necessarily
performed through the mesopancreas and contents of
the mesopancreatic area and that “en bloc” dissection
of the mesopancreas is not possible. On the other
hand, no difference in survival was found between
patients undergoing an R0 en bloc resection and an R0
[59]
after reexcision of an initial positive margin .
Our technique of PD with mesopancreatic excision
entails early dissection of para-aortic 16a2 and 16b1
areas followed by classical demolitive procedure with
regional lymphadenectomy including lymphatic and

MAXIMIZING MESOPANCREAS
RESECTION IN
PANCREATICODUODENECTOMY FOR
PANCREATIC HEAD CARCINOMA: THE
RATIONALE FOR DISSECTION OF THE
PARAAORTIC AREA
The assessment of R status after PD for pancreatic head
carcinoma is a surgical and histopathological challenge.
Lack of international consensus on the definition of
microscopic margin involvement, components of the
resection margins and a standardized protocol for
pathological examination of the PD specimens contribute
to the variability of the reported rate of R1 resection and
[40-42]
its variable impact on long-term survival
.
The so-called mesopancreatic resection margin
has been indicated as the primary site for R1 resection
[43]
in pancreatic head cancer ; total excision of the
mesopancreas with circumferential lymphadenectomy
of the SMA has been proposed to achieve an adequate
retropancreatic margin clearance and minimize the
[44]
[45,46]
likelihood of an R1 resection and local recurrence
.
The term mesopancreas refers to retropancreatic
tissue, microscopically consisting of areolar and
adipose tissue, peripheral nerves and plexuses,
blood and lymphatic vessels or capillaries, and LNs:
there is no fibrous sheath or fascia surrounding
[43,47,48]
these structures
. The mesopancreas has been
variously described as a definite anatomical entity
extending from the posterior surface of the head,
neck, and uncinate process of the pancreas behind the
superior mesenteric vein, to the right or left side of the
SMA, and to the inferior vena cava, aortocaval groove
[43-45,47-49]
and aorta
.
In our experience, the so-called mesopancreas does
not have well defined boundaries but is continuous and
connected through its components with the paraaortic
[50-52]
area
. Our findings are consistent with the concept
of the retropancreatic area as an anatomical site of
embryologic fusion of peritoneal layers (the Treitz
fusion fascia), and the absence of a real “meso” of the
[47]
pancreas .
The mesopancreatic resection margin that includes
the different named components of the circumferential
resection margin obtained from PD (i.e., SMA,
retroperitoneal, uncinate, posterior, and portal vein
groove margins) is a true histopathologic structure
which results from a necessary and extensive surgical
[51]
dissection of the retropancreatic area .
Lack of anatomical boundaries of the mesopancreas
could explain the difficulty in obtaining an R0
mesopancreatic resection margin. The cause of locoregional recurrences after PD with clear margins
(R0) have been attributed to extrapancreatic spread
of the tumor to LNs, soft tissues, lymphovascular
and perineural structures, i.e., all components of
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perineural tissues of the hepatoduodenal ligament,
common hepatic artery, celiac axis and final approach
to the SMA; circumferential exposure of the SMA is
performed after division of the pancreas and dissection
of the mesopancreatic tissues off the portal and
superior mesenteric veins. Although mesopancreatic
resection can never be “complete” or “en bloc”, it
should be “as far extended as possible” or “maximal”,
including 16a2 and 16b1 paraaortic area dissection.
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Targeted therapy in first line treatment of RAS wild type
colorectal cancer
Vincenzo Formica, Mario Roselli
These data suggest that there is a subset of metastatic
colorectal cancer patients, rigorously selected by
molecular profiling, who particularly benefit from an
anti-EGFR-based regimen in the first-line setting.
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Core tip: Three new randomized head-to-head trials
have explored the use of anti-epidermal growth factor
receptor and anti-vascular endothelial growth factor
targeted agents in chemotherapy-naïve metastatic
colorectal cancer patients not carrying activating
mutations of RAS proteins.
Formica V, Roselli M. Targeted therapy in first line treatment of
RAS wild type colorectal cancer. World J Gastroenterol 2015;
21(10): 2871-2874 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/2871.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.2871

HEAD TO HEAD anti-vascular
endothelial growth factor
AND anti-vascular endothelial
growth factor AGENTS

Abstract
The debate on the optimal drug combination for
treating chemotherapy-naïve patients with metastatic
colorectal cancer has recently become particularly
heated. The present editorial will review recent data
on this topic. The FIRE-3 and PEAK trials have shown
a 7.5 to 12 mo survival advantage with the use
anti-epidermal growth factor receptor (anti-EGFR)
antibodies. The CALGB 80405 has shown no difference
between anti-EGFR and anti-vascular endothelial
growth factor agents. All three trials have consistently
shown a significant increase in objective response rate.
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The debate on the optimal drug combination for
treating chemotherapy-naïve patients with metastatic
colorectal cancer (mCRC) has recently become
[1]
particularly heated . New randomized head-to-head
trials have shown a possible survival advantage with
the preferential choice of targeted anti-epidermal
growth factor receptor (anti-EGFR) over anti-vascular
endothelial growth factor (anti-VEGF) agents in
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patients not carrying activating mutations of the RAS
proteins. However, no “midterm” superiority of either
regimen as for progression free survival (PFS) was
[2-4]
demonstrated .
In 2013, at the American Society of Clinical
Oncology (ASCO) annual meeting, data from the
[5]
FIRE-3 trial were first presented by Heinemann et al .
FIRE-3 (AIO KRK-0306 study) is a randomized phase
III study aiming to compare the efficacy of fluorouracil,
leucovorin, and irinotecan (FOLFIRI) plus cetuximab
with FOLFIRI plus bevacizumab in 592 (nearly 300
patients per arm) KRAS-wild type mCRC patients not
pretreated for their metastatic disease. According to
presented data, the primary endpoint of objective
radiologic response rate (ORR) in the intention to treat
(ITT) population was not met, with response rate of
about 60% in both arms. Median PFS was also almost
identical (about 10 mo). A significant overall survival
(OS) advantage, however, was observed for patients
treated with first-line FOLFIRI + cetuximab, with an
increase of almost 4 mo in median OS (28.8 mo vs
25.0 mo, HR = 0.77; p = 0.0164). This benefit was
even more pronounced according to data presented a
few months later, at the end of 2013, at the European
Cancer Congress, where results from a sub-analysis
excluding patients with other activating mutations in
the RAS family genes (all-RAS wild type population)
were made available. A 7.5 mo increase in median OS
was documented in this subpopulation that is 33.1 mo
with FOLFIRI plus cetuximab vs 25.6 mo with FOLFIRI
[6]
plus bevacizumab, HR = 0.70; P = 0.011 . The study
has finally been published in full on Lancet Oncology in
September 2014.
FIRE-3 results have been replicated in a smaller
phase II randomized trial using another anti-EGFR
[7]
monoclonal antibody, panitumumab . In the PEAK trial
panitumumab plus modified fluorouracil, leucovorin,
and oxaliplatin (mFOLFOX6) or bevacizumab plus
mFOLFOX6 were administered to 278 patients with
previously untreated wild-type KRAS exon 2 (codons
12 and 13) tumors. An extended all-RAS analysis
(including exons 2, 3, and 4 of KRAS and NRAS) was
pre-planned. In spite of similar PFS (HR = 0.87; P
= 0.353), a significant OS advantage was noted in
favour of FOLFOX + panitumumab, which reached a
12 mo survival gain in the all-RAS wild type population
(median OS: 41.3 mo vs 28.9 mo, p = 0.058). The
PEAK study has been published in full on Journal of
Clinical Oncology in July 2014.
After the presentation of FIRE-3 and PEAK studies
that have consistently showed an advantage in
choosing an EGFR inhibitor as first-line therapy of wild
type mCRC patients, in 2014 the scientific community
has been waiting for a third US-based phase Ⅲ
trial that compared physician choice chemotherapy
(either FOLFOX or FOLFIRI) plus either cetuximab or
bevacizumab in the same patient setting: the CALGB
80405 study. Results of CALGB 80405 have been
presented at the ASCO annual meeting for the KRAS
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population and at the European society of medical
oncology (ESMO) annual meeting for the all-RAS wild[8]
type population .
The CALGB 80405 enrolled > 1100 KRAS wild
type patients and, among them, 526 all-RAS wild
type patients were assessed for study endpoint in a
separate sub-analysis. This study failed to confirm an
advantage for cetuximab in OS or PFS. In particular,
in the all-RAS wild type population median PFS was
about 11 mo for both arms (HR = 1.1; p = 0.31) with
a median OS of 31-32 mo (HR = 0.9; p = 0.40). The
CALGB 80405 has not yet published in full in journals.
An intense debate has emerged from these
contrasting results. On the whole, it was acknowledged
that an exceptionally long survival, not even imaginable
a few years ago, was reached with the combined use
of monoclonal antibodies plus classic chemotherapy for
the treatment of mCRC patients.
For scientists that believe that no meaningful
differences exist between EGFR and VEGF inhibitors
and between FOLFIRI and FOLFOX in this setting, the
choice should be driven by specific toxicity risks and
patient-level comorbidities (e.g., risk of perforation
and arterial thromboembolic events for bevacizumab,
infusion-related reactions and skin alterations for
cetuximab, neuropathy for oxaliplatin and diarrhea for
[9-12]
irinotecan)
. More importantly, the choice should
follow a deeply informed discussion with the patient
about side-effect profiles as well as treatment delivery
modalities (e.g., weekly vs bi-weekly administration) of
the different available schedules and regimens: patient
preference should be paramount in the physician
[13]
decision-making process .
However, some researchers overview these data
by summing up that in a rigorously molecularly
selected patient population (all-RAS wild type) the
anti-EGFR agents appear to be superior to anti-VEGF,
and a preliminary meta-analysis presented by Gunnar
Folprecht at the 2014 ASCO found an overall HR of 0.83,
[14]
p = 0.003, in favour of anti-EGFR agents .
A number of biological and methodological
explanations have been put forth to illustrate the
discrepancy between FIRE-3/PEAK vs CALGB
80405 trials: (1) chemotherapy backbones were
heterogeneous across the studies, and in particular
in the CALGB trial where it was of physician choice.
Two third of CALGB patients received the oxaliplatin
partner which is thought to be an inferior companion
[15]
for cetuximab ; (2) patient selection laboratory
techniques were different across the studies, and this
[16]
might partly account for discrepant results ; (3) even
in the presence of similar performances as first-line
treatment (similar PFS), responders with anti-EGFR
agents might be different from responders with antiVEGF agents, in that tumor shrinkage might be deeper
with cetuximab/panitumumab than with bevacizumab
and this would translated in better OS even with no
[17]
difference in PFS ; and (4) a biologically-based
difference in effectiveness there might exist depending
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5

on which sequence of the two types of monoclonal
antibody is used. It is plausible that many patients who
receive EGFR inhibitors in first-line would receive an
anti-VEGF agent as second-line and viceversa. There
are data that demonstrate a possible reduced activity
of anti-EGFR compounds were given after progression
[18,19]
on bevacizumab
.

6

CONCLUSION
In conclusion, even though not conclusive, we believe
that these results suggest that there is a subset of
mCRC patients who would particularly benefit from an
anti-EGFR-based regimen in the first-line setting.
The selection should be primarily based on
molecular profile, by excluding patients with activating
RAS protein mutations (all RAS wild type population).
However, also clinical criteria should be taken into
consideration. The trials have consistently shown
a significant increase in objective response rate for
RAS wild type mCRC patients. In the FIRE-3, after no
difference was initially detected in the ITT population,
ORR was proven to be significantly higher with
cetuximab in the population assessable for response
(bevacizumab vs cetuximab: 56% vs 72%, p = 0.003).
Similar results were observed in CALGB 80405 trial
(ORR = 54% vs 67%, p < 0.01, respectively). An antiEGFR agent should be therefore the standard of care
in the case an increased chance of tumor shrinkage
would be desirable, such as symptomatic patients or
patients inoperable upfront but potentially resectable
after a so-called conversion therapy.
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REVIEW

Chemokine ligand 2 and paraoxonase-1 in non-alcoholic
fatty liver disease: The search for alternative causative
factors
Jordi Camps, Jorge Joven
in the liver. Conversely, NAFLD is a predictor of other
metabolic risks. NAFLD is currently the most frequent
chronic liver disease but should not be considered
benign or anecdotic because a considerable proportion
of patients with NAFLD progress to cirrhosis and endstage liver disease. Consequently, the search for
alternative molecular mechanisms with therapeutic
implications in NAFLD and associated disorders
deserves a careful consideration. Mitochondria are
possible targets as these organelles generate energy
from nutrient oxidation. Some findings, generated
in patients with extreme obesity and in murine
models, support the notion that NAFLD could be
a mitochondrial disease. This is plausible because
mitochondrial dysfunction affects the accumulation of
lipids in hepatocytes and promotes lipid peroxidation,
the production of reactive oxygen species, the release
of cytokines causing inflammation and cell death.
Here we discuss basic research and mechanistic
studies targeting the role of chemokine ligand 2 in
liver inflammation and that of the paraoxonases in the
oxidative stress. Their combination and association with
mitochondrial dysfunction may uncover mechanisms
underlying the progression of NAFLD and may help to
identify novel therapeutic targets.
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Abstract

Core tip: Recently acquired knowledge on the role of
oxidation, inflammation and mitochondrial dysfunction
in the pathogenesis of non-alcoholic fatty liver disease
(NAFLD) suggests a crucial role in the search for
biological markers and therapeutic targets to alleviate
the progression of the disease. Classically associated
with obesity, the pathogenesis of NAFLD is extremely

The incidence and prevalence of non-alcoholic fatty liver
disease (NAFLD) is constantly increasing. Despite this
is apparently associated with the growing increase in
obesity, insulin resistance and obesity-related metabolic
disturbances their presence is not a necessary or
sufficient condition to explain the accumulation of fat

WJG|www.wjgnet.com

2875

March 14, 2015|Volume 21|Issue 10|

Camps J et al . CCL2 and PON in NAFLD
[5,6]

complex and mostly unknown. Consequently, the
correct clinical management and prevention has not
been established yet. Despite disparate results in
the literature, mainly due to the different methods
to measure the oxidative stress, there is currently no
doubt that oxidative stress plays a crucial role. Similarly,
the infiltration of monocytes, mainly due to the action
of chemokines, is a relevant factor. However, to uncover
the actual molecular mechanisms has proven to be
more difficult than expected. The role of both oxidation
and inflammation could be considered defensive and/
or causative but the combination of these and other
mechanisms may improve the understanding of NAFLD
as a manifestation of mitochondrial disease. J. Camps
and J. Joven. Chemokine ligand 2 and paraoxonase-1
in non-alcoholic fatty liver disease: the search for
alternative causative factors.

increased age has an apparently high impact . There
is a clear association between obesity (and/or insulin
resistance) and NAFLD but the importance of such
association is still debatable because, even in extreme
[7,8]
obesity the incidence of NAFLD is lower than 70% .
NASH is present in a high proportion of patients with
NAFLD indicating the progression of the disease and
a high potential to eventually lead to end-stage liver
[5,9]
disease . Of note, there are no formally established
[10]
pharmacological treatment options
and research
efforts in clinical trials are surprisingly low probably
indicating the false notion that fighting against
unhealthy lifestyle is sufficient for the management of
NAFLD.

REGULAR EXERCISE, CALORIC
LIMITATION AND ATTENTION TO THE
MACRO AND MICRONUTRIENTS IN THE
DIET ARE CONSISTENTLY BENEFICIAL IN
NAFLD

Camps J, Joven J. Chemokine ligand 2 and paraoxonase-1 in
non-alcoholic fatty liver disease: The search for alternative
causative factors. World J Gastroenterol 2015; 21(10): 2875-2882
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i10/2875.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i10.2875

NAFLD is an important cardiovascular risk factor.
Consequently, regular aerobic exercise should be
promoted for the management of NAFLD. It reduces
hepatic lipids and this effect appears to be independent
of improvements in insulin resistance, body weight
[11]
reduction or decrease in adipose tissue volume .
Moreover, exercise is effective in ameliorating oxidative
stress and inflammation. The mechanisms are complex
but include a protective effect in the carbonylation of
[12]
enzymes regulating lipid metabolism . Other results
suggest that exercise reduces hepatic inflammation,
injury, and fibrosis by suppressing macrophage
infiltration through mechanisms in which chemokine
[13]
(C-C motif) ligand 2 (CCL2) plays a substantial role .
The consensus favours caloric restriction and
sustained weight loss as the correct treatment for
[14]
NAFLD . Bariatric surgery appears to be a promising
treatment. Patients experience a high, fast and
sustained reduction in excess body weight. Further,
it is likely to have potential benefit in ameliorating
other factors that contribute to the pathogenesis
of NAFLD (i.e., improvement of insulin sensitivity,
dyslipemia and inflammation). Other benefits derived
from changes in the secretion of adiponectin and
[8,15]
gastrointestinal hormones have been also reported
.
The combination of exercise with dietary restrictions is
beneficial in NAFLD and the effect is probably mediated
by a decrease in inflammatory factors and oxidative
[16]
stress . Additionally, qualitative and quantitative
modifications of dietary composition with changes in
either macro or micronutrients may be also important
[17]
to modulate the clinical course of NAFLD . Dietary
advice, however, is complicated by the lack of reliable
evidences in humans. For example, the assessment
of the effects of dietary protein on NAFLD has been

WHAT WE TALK ABOUT WHEN WE
TALK ABOUT NON-ALCOHOLIC FATTY
LIVER DISEASE
Non-alcoholic fatty liver disease (NAFLD) is a complex
disease characterized by intra-cytoplasmic fat in the
liver higher than 5% of the total liver weight (steatosis)
in patients without alcohol or drugs consumption,
toxin exposure and/or viral disease. The fat droplets
in hepatocytes may be large (macrovesicular), mixed
large and small, or small (microvesicular). There is
architectural integrity but inflammation, fibrosis, or
[1]
apoptosis may be also found histologically . Nonalcoholic steatohepatitis (NASH) is accepted as a
distinct entity and the diagnosis requires steatosis
accompanied by hepatocellular injury (ballooning)
and lobular inflammation. Fibrosis is not necessarily
[2]
required . Liver biopsy is the only widely accepted
method for the diagnosis of NAFLD, but some
limitations may explain disparate results in the
[3]
literature . Further, its clinical indication is constrained
to patients with the additional presence of risk factors
for advanced disease. This is due to the fact that many
physicians consider NAFLD as a benign condition
and minimize its progressive course. Accordingly,
searching for a reliable non-invasive marker is an
important research goal. The value of imaging is
promising but common laboratory tests (e.g., alanine
aminotransferase) should be considered useless.
Contributing factors are not reliable. A major role for
[4]
gender and genetic predisposition is not likely but
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limited to animal models. Low fat diet is currently the
preferred option but carbohydrate quantity and quality
[18]
in diets clearly affect the management of NAFLD .
The differential role of saturated fat, monounsaturated
fat, polyunsaturated fat, omega-3 fatty acids, and
all-trans fat in the progression of NAFLD has been
[19]
reported . However, using metabolomics as an
experimental tool, several studies have reported
that the role of dietary cholesterol seems to be
prominent in the initiation and progression of NAFLD
[8,20-22]
in humans and in animal models
. Particularly,
we detected changes in metabolite levels, using a
non-targeted NMR-based metabolomics approach,
that strongly support the idea that dietary cholesterol
is a causative factor in the development of both
[21]
liver steatosis and hepatic inflammation . In this
regard, we have also found in animal models that the
continuous administration of polyphenols alleviate
weight gain, liver steatosis, deleterious changes in
the composition of liver tissue, and insulin resistance.
Metabolites of polyphenols accumulate in immune cells
and at the surface of hepatic lipid droplets, an effect
associated with beneficial changes in the expression of
[23,24]
miR-103, miR-107 and miR-122
. These findings
may be also interpreted as an indication that the
combination of anti-inflammatory and antioxidant
effects provided by these bioactive compounds may
be of value in the management of NAFLD. Besides, the
underlying mechanisms are probably associated with
mitochondrial dysfunction and indicated that CCL2
may have metabolic functions that may be used to
modify the reversible components of the associated
[20-24]
metabolic derangements
. Our results do not
discard contributions by other cytokines but CCL2
was primarily investigated due to its recognized effect
in macrophage infiltration of both liver and adipose
tissue.

chronic liver damage attenuates the development of
[30,31]
steatosis
.
The association between obesity and NAFLD
should be seriously considered because obesity is a
condition associated with a frightening disease burden.
Although the search for a simple and acceptable
nutritionally based therapeutic approach continues,
[32]
other strategies should be explored . The effect
on liver morphology and function of obesity and the
consequent development of NAFLD has received
substantial attention in our laboratory and we failed
to show a beneficial effect of peroxisome proliferatoractivated receptors (PPAR) agonists (rosiglitazone
and/or fenofibrate) on ob/ob and LDLR-double
deficient mice. This illustrates the expected complexity
in the regulation of lipid and glucose metabolism,
the inflammatory response and the oxidative stress.
Both drugs simultaneously activate pro-steatotic
and anti steatotic metabolic pathways resulting in an
[33]
aggravation of the hepatic lipid accumulation .
Inflammation, in this scenario, represents an
indicator of the failure of adipose tissue in its major
function of energy storage. We have recently developed
an animal model overexpressing CCL2 that is designed
to characterize the relationship between metabolism
and cytokine gene expression. Our data suggest
that dietary variations contribute to autophagy:
animals overexpressing CCL2 displayed an increased
number of autophagosomes and a differential rate
of mitophagy as compared with CCL2 deficient
[34]
animals . The role of CCL2 varies in response to
different metabolic conditions. Information about the
regulation of autophagy by cytokines is based on
relatively limited data obtained in mammalian cells
and consequently requires animal models and further
[35]
research in humans . However, results in humans
are difficult to replicate. In the context of NAFLD, the
synergic role of both dietary energy ingestion and the
[21-23]
tissue CCL2 response is readily observed
. Obese
patients with steatosis display a higher number of
autophagosomes in the liver and in obese patients
without steatosis there are ill-defined changes in the
morphology of mitochondria. Despite these effects
are not related to inflammation in the liver, autophagy
affects the inflammatory status of the adipocyte and
the size of adipocytes (i.e., in patients with steatosis
the size of adipocytes is higher than in those without
liver alteration). Intriguingly, the degree of steatosis
is heterogeneous among obese patients and a sub
stantial amount of these patients does not develop
[8]
neither NAFLD nor insulin resistance (Figure 1). The
correct interpretation of these findings requires more
information. For example, the absence of autophagy
in adipocytes, as identified in adipocyte-specific
ATG7 knockout mice, or the mitigation of autophagy
observed in CCL2 deficient mice, protect against
high-fat diet-induced obesity and insulin resistance in
[36,37]
mice
. However, other data report that autophagy
may function to limit excessive inflammation in adipose

CCL2 IN LIVER INFLAMMATION,
OBESITY, INSULIN RESISTANCE AND
THE REGULATION OF METABOLISM:
THE ROLE OF AUTOPHAGY
Available data indicate that inflammation, NAFLD,
response to nutrients and autophagy are closely
[24-31]
associated with the function of CCL2
. Several
reports suggest that autophagy is likely to influence
the quality of the immune responses that occur in
response to nutritional stress in the context of a high
[24-26]
fat diet-associated NAFLD
. CCL2 is a reliable
marker of inflammation in hepatic derangements and
[27]
correlated with the histological hepatic inflammation .
Moreover, some authors claim that CCL2 levels are
significantly elevated in patients with NASH compared
[28,29]
. Particularly, the CCL2/CCR2 axis is
to NAFLD
important for perpetuating the hepatic inflammation
and the pharmacological inhibition of CCL2 during
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CCL2

Excess energy surplus

Fat deposition

PON

Immune cell

Therapeutic targets
Decrease CCL2 (inflammation)
Increase PON
Decrease ROS (oxidation)
Increase mitochondrial biogenesis
Decrease mitophogy
Restore mitochondrial function
Decrease lipogenesis

CCL2
Inflammation
ROS
Mitochondrial
dysfunction
Oxidative stress

PON

Figure 1 Several factors, including the excess energy surplus, inflammation and oxidation, are responsible for the deposition of fat in the liver. Chemokine
(C-C motif) ligand 2 (CCL2) affects, either directly or through the migration of immune cells, the mitochondrial function. The net result is a higher production of
reactive oxygen species (ROS), which is partially attenuated by the action of paraoxonases (PON). Experimental evidence suggests that both molecules are inversely
interrelated in the regulation of hepatic inflammation, fat deposition and mitochondrial function. The underlying mechanisms may indicate an alternative approach in
the search for therapeutic targets.
[38]

tissue during obesity . The function of autophagy
in regulating intracellular lipid droplets (lipophagy) is
also relevant in the liver of obese patients. Whether
impaired lipophagy is a sufficient condition to cause
[39]
NAFLD remains to be fully ascertained .
The regulatory network of autophagy in the
development of NAFLD may also involve signalling
through AMP-activated protein kinase (AMPK), which
is a central regulator of cellular metabolism and
affects glucose homeostasis, lipid metabolism, protein
[25,33]
synthesis, and oxidative metabolism
. Moreover,
the modulation of AMPK by metformin may have
different effects according to the baseline metabolic
context suggesting that the effect of metformin in
NAFLD is not limited to the role of insulin sensitizer.
The control of lipid metabolism by AMPK may be
due to the decreased synthesis of malonyl CoA or
a decrease in transcription of lipogenic genes that
[40]
increases mitochondrial biogenesis . Macrophages
in adipose tissue are also important in lipolysis and
lipid metabolism. Macrophages are cells that possess
distinct non-inflammatory trophic functions, which
are regulated by the metabolic context, and, as such,
are closely associated with lipid accumulation and the
[41,42]
development of metabolic diseases
.

WJG|www.wjgnet.com

LINKAGE BETWEEN INFLAMMATION
AND PARAOXONASE-1, A MULTIFACETED ENZYME IN THE DEFENCE
AGAINST OXIDATION
Paraoxonase-1 (PON1) and CCL2 are closely interrelated
[42,43]
in the regulation of hepatic inflammation
. Moreover,
in mice, CCL2 and PON1 are similarly distributed in
tissues and co-localized under certain circumstances,
[44]
suggesting a possibly coordinated role . PON1 is
synthesized by the liver and is bound to circulating
high-density lipoproteins. The actual function of PON1
is still a matter of debate but, among other effects,
protects lipoproteins and cells from lipid peroxidation
by degrading specific oxidized cholesteryl esters and
phospholipids. Oxidized lipids, in turn, inactivate
[45-48]
PON1
. It is currently accepted that oxidative
stress plays a pivotal role in the evolution of NAFLD
to the more severe NASH. As mentioned earlier,
there are morphological and functional disturbances
in the mitochondria of patients with NAFLD, which
promote an increased free radical production and lipid
[49]
peroxidation . In this context PON1 is related to
[50]
inflammation, fibrosis and the regulation of PPARs .
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It is therefore expected that low PON-1 activities
may be associated with NAFLD. We have recently
confirmed such association in a murine model of
[51]
PON1 deficiency . PON1 deficient mice fed a high
fat high-cholesterol diet depicted oxidative stress and
metabolic alterations resulting in NAFLD. Reduced
and oxidized glutathione, 8-oxo-20-deoxyguanosine,
malondialdehyde, 8-isoprostanes and protein carbonyl
concentrations were all significantly increased.
This was accompanied by a functional decrease in
glycolysis, the urea cycle and the Krebs cycle and a
significant increase in the pathways of triglyceride
and phospholipid synthesis. The measurement
of circulating PON1 may also bear diagnostic and
[52,53]
prognostic importance when properly performed
.
When this is added to algorithms using common liver
laboratory tests the overall sensitivity and specificity
increased to levels similar to those obtained with liver
biopsy and histological examination. This is probably
due to the fact that serum PON1, contrarily to the
standard laboratory test values, decreases with the
extent of liver derangement. Of note, the interrelations
between CCL2 and PON1 may provide important clues
to the understanding of non-communicable diseases.
Particularly, the increase in the production of CCL2 by
endothelial cells may be significantly attenuated by the
[54]
action of PON1 , a finding that further reinforce our
hypothesis that both CCL2 and PON1 are important in
the assessment of the pathogenesis of NAFLD.

ultimately results in the development of NASH .
Whether changes in mitochondrial efficiency are a
causative or adaptive response remains an open
question. Interestingly, heterozygous mice deficient
in mitochondrial trifunctional protein, characterized
by defects in oxidation predispose mice to NAFLD and
systemic insulin resistance. Consistent observations
[56-58]
have also been made in an obese rodent model
.
Cellular and mitochondrial metabolism are regulated
by a number of transcription factors and co-regulators
such as peroxisome proliferator-activated receptor-α
coactivator 1 (PGC-1). Mice with liver-specific deletion
of PGC-1 exhibit impaired mitochondrial oxidative
capacity, mitochondrial dysfunction and NAFLD. PGC-1
is inhibited by oxidative stress and inflammation.
Conversely, overexpression of hepatic PGC-1, which
alleviates NAFLD, is one of the multiple effects of
exercise and caloric restriction and may be mimicked by
polyphenols and other drugs. One of the most popularly
claimed mechanisms for PGC-1 activation depends on
the role of sirtuins, which are interconnected with the
action of AMPK and are currently considered attractive
therapeutic targets in the management of NAFLD.
Accordingly, sirtuins are associated with multiple
and related functions acting in the pathogenesis
of NAFLD such as mitochondrial function, hepatic
fatty acid metabolism, insulin secretion and hepatic
[59]
gluconeogenesis . The number of mitochondria (i.e.,
the correct balance between mitochondrial biogenesis
and mitophagy) is also important in the development
[36,55]
of NAFLD
. Mitochondrial biogenesis is a multistep
process requiring the coordinated action of both
mitochondrial and nuclear-originated transcripts.
Consequently, available activators of mitochondrial
biogenesis may be useful adjuvants in the management
of NAFLD and some evidence may support the use
of metformin in doses and routes of administration
that may differ from those used in the management
[60,61]
of diabetes
. The mechanisms outlined have not
been thoroughly investigated in humans and current
therapeutic armamentarium is mainly based in changes
in lifestyle (exercise and caloric restriction); the current
pharmacological therapies being clearly insufficient. As
a consequence, the treatment of NAFLD is an “intention”
rather than a “goal” and this may be unacceptable in
a context of rapid upsurge of obesity and associated
metabolic derangements.

CCL2 AND PON1 INTERPLAY
ON MECHANISMS REGULATING
MITOCHONDRIAL FUNCTION: THE
IMPLICATIONS OF CONSIDERING NAFLD
A MILD FORM OF MITOCHONDRIAL
DISEASE
There are significant evidences in animal models
indicating that CCL2 and PON1, as well as the
combination of both, may be integrated in the correct
functioning of mitochondria in the presence of high
[21,51]
fat diets causing NAFLD
. Hepatocytes are rich
in mitochondria and their structure and function are
important for a healthy liver. In the mitochondria,
oxidation of glucose and fat result in the production
of energy but under normal conditions approximately
2% of mitochondrial oxygen consumption results in
the production of reactive oxygen species (ROS). In
conditions of increased fatty acid oxidation there is a
higher production of ROS that may exceed the cell’
s antioxidant capacity leading to oxidative stress and
inflammation. As earlier reviewed, mitochondrial
dysfunction contributes to the pathogenesis of NAFLD
and this simple notion may provide alternative
therapeutic opportunities because the perpetuation
of ROS generation, oxidative stress and inflammation
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CONCLUSION
NAFLD should not be considered a benign condition.
There is an unmet need to identify and modulate
selective targets of treatment. We consider here,
particularly, a requirement to direct therapeutic efforts
towards the decrease in the deleterious effects of
chemokines-related inflammation, the increase in the
paraoxonase-induced ability to resist cellular oxidative
stress and the early detection of mitochondrial
dysfunction in order to improve the balance between
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mitochondrial biogenesis and mitophagy.
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REVIEW

To be or not to be: The host genetic factor and beyond in
Helicobacter pylori mediated gastro-duodenal diseases
Dipanjana Datta De, Susanta Roychoudhury
the different host genes that have been investigated
for association studies in H. pylori mediated duodenal
ulcer or gastric cancer. We discuss that as the bacteria
co-evolved with the host; these host gene also show
much variation across different ethnic population.
We illustrate the allelic distribution of interleukin-1B,
across different population which is one of the most
popular candidate gene studied with respect to H.
pylori infections. Further, we highlight that several
polymorphisms in the pathway gene can by itself or
collectively affect the acid secretion pathway axis
(gastrin: somatostatin) thereby resulting in a spectrum
of disease phenotype
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Core tip: Helicobacter pylori infection results in diverse
clinical outcomes. While duodenal ulcer is characterized
by hyperacidity, gastric cancer results in hypoacidity.
Virulence factors of the bacteria and its own genetic
heterogeneity variability does not explain the divergent
spectrum of disease manifestation. In this review, we
highlight the host genetic factors that are involved
and elicited by the bacteria. We discuss the different
association studies performed with respect to gastric
cancer and duodenal ulcer and further delineate the
signaling cue of these inflammatory response pathway
gene products to the gastrin: somatostatin axis that is
known to regulate acid secretion.

Abstract
Helicobacter pylori (H. pylori ) have long been associated

with a spectrum of disease outcomes in the gastroduodenal system. Heterogeneity in bacterial virulence
factors or strains is not enough to explain the divergent
disease phenotypes manifested by the infection.
This review focuses on host genetic factors that are
involved during infection and eventually are thought to
influence the disease phenotype. We have summarized
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required for gastric colonization
. The expression
of several of these genes is up-regulated during
[17]
growth of H. pylori in the gastric environment . To
establish pathogenesis, H. pylori requires colonizing
efficiently; which it had achieved through the years
by co evolving with the humans. Co-evolution studies
indicated that H. pylori have evolved and migrated
along with human out of Africa 58000 years ago and
has been accommodating itself with the humans
since, thus giving rise to a heterogeneous bacterium
[18]
whose virulence also varies geographically . The
heterogeneous bacterial virulence genes are thus an
important aspect to understand the heterogeneity of
the disease.

INTRODUCTION
Helicobacter pylori (H. pylori), originally considered to
be a native microbiota of the gut, colonize the human
gut without much adverse consequences. However,
colonization of H. pylori is strongly associated with
increased risk of several diseases like duodenal ulcer,
noncardia gastric adenocarcinoma and gastric mucosa
[1,2]
associated lymphoid tissue lymphoma . Interestingly,
while patients with duodenal ulcer have antralpredominant gastritis with little mucosal atrophy
and hyperacidity; patients with gastric ulcer almost
invariably have corpus predominant gastritis and
[3]
hypoacidity with various degree of mucosal atrophy .
These facts translate into the notion that duodenal
ulcer is negatively associated with gastric cancer, while
[4,5]
the reverse is the case for gastric ulcer . Thus, it is
clear that the progression of H. pylori infection leads to
different disease outcomes, with completely opposite
phenotypes. To add to this disease heterogeneity, a
large group of individuals’ remains infected but are
asymptomatic. Such diverse clinical representation
seems not only to raise the question as “TO BE OR
NOT TO BE” diseased when exposed to H. pylori
but also speculate about the nature of the disease
manifested.

H. pylori bacterial factors in
disease development: The half
truth
H. pylori strains isolated from unrelated individuals
[2,19]
exhibit a high level of genetic diversity
. Nucleotide
sequences of conserved genes are 92%-99% identical
among different H. pylori strains, but several H.
pylori genes are more highly diverse in sequence. In
addition to variation in the sequences of individual
genes among H. pylori strains, there is considerable
[1,20,21]
variation in gene content
. H. pylori strains can be
broadly categorized into 2 groups: strains that express
multiple factors that interact with host tissue (including
proteins encoded by the cag PAI, active forms of
VacA, and OMPs such as BabA) and strains that lack
[22,23]
these factors
. Strains with intermediate properties
have been identified, although less frequently than
expected.
H. pylori strains that express multiple “interaction
factors” (CagA+, s1-VacA+ BabA+, OipA + strains)
are predicted to be highly interactive with the host,
whereas strains that lack these factors would be
relatively non-interactive. Concordant with these
predictions, CagA+, s1-VacA+, OipA + and BabA+
strains are associated with increased gastric mucosal
inflammatory cell infiltration and increased gastric
epithelial injury, compared with strains that do not
[1,22]
express these factors
. In addition, the colonization
density of CagA+, s1-VacA+, and BabA+ strains
is typically higher than that of strains that do not
[24]
express these factors . H. pylori strains expressing
multiple interaction factors and strains that lack these
factors might occupy different niches in the gastric
environment, or each could have selective advantages
at different times during prolonged colonization.
Recently, a novel virulence factor that is a VirB4homologue called dupA (duodenal ulcer-promoting
gene) was identified and associated with an increased
risk for duodenal ulcer and a reduced risk for gastric
atrophy and cancer in both Asian and Western
[25]
countries .

process of persistence in the gut:
Mimicking the host
The answer to the above question is complicated and
depends on how the bacteria and its host in this case
the humans, interact. To cause pathogenesis, H. pylori
have to persistently colonize the human stomach
and fight the hostility of acidity, peristalsis, compete
with other microbes and evade innate and adaptive
immunity. H. pylori resist acid by hydrolyzing urea to
yield ammonia and by regulating gene expression to
respond to changes in pH. H. pylori expresses multiple
paralogous outer membrane proteins (OMPs), many
of which are phase variable; several of which appear
to bind to receptors on the surface of gastric epithelial
cells and could diminish the rate of bacterial wash[6,7]
out as a result of peristalsis . H. pylori produce
antibacterial peptides that reduce competition from the
[8]
other microbes . To persist, H. pylori must evade the
immune response; most H. pylori adhere superficially
to the epithelial cell layer, where immune effectors
are not easily accessible. Adherence of H. pylori to
gastric epithelial cells stimulates numerous signaling
[9]
pathways , and many H. pylori strains secrete toxins
[10,11]
or other effector molecules
. H. pylori elicit a
[12]
humoral immune response , and tissue infiltration
by mononuclear and polymorphonuclear leukocytes,
[13]
occurs in all humans who are persistently colonized .
Approaches such as signature-tagged mutagenesis
and microarray tracking of transposon mutants have
led to the identification of > 100 bacterial genes
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The presence or absence of the above mentioned
virulence factors alone or in combination does
not explain its association to the diverse H. pylori
mediated disease globally as the contributions of
these pathogenic markers with disease susceptibility
have differing geographical patterns. For example, in
Western countries multiple segments of CAG EPIYA-C
is associated gastric cancer while a single segment of
EPIYA-D is so prevalent in East Asian countries that
it is difficult to associate it to disease manifestation
and differentiate between simple gastritis and gastric
[18]
cancer .
The bacterial virulence factors, though explains the
pathogenesis of the bacteria over other strains, but
cannot account for the wide disease heterogeneity.
As mentioned earlier, H. pylori exert diverse effects
on the host gastric acid secretion in the gut. It can
result in increased, decreased or unchanged acid
[26]
secretion . The specific effect of H. pylori on acid
secretion depends on the pattern of gastritis induced
by the infection. Studies have shown that inhibition
of gastric acid pharmacologically can lead to a shift
from an antrum-predominant pattern (duodenal ulcer
phenotype) to a corpus-predominant one with onset of
gastric atrophy (gastric cancer phenotype).

the transcriptional initiation site
. The association
studies with IL1B in different disease population
infected with H. pylori are summarized in the Table 1.
Interestingly, these polymorphisms have been shown
to significantly affect gastric mucosal IL1B production
[30]
in response to H. pylori infection . In context of
functional polymorphisms in IL1B, that might influence
H. pylori mediated disease outcome; novel functional
polymorphisms were recently reported at upstream
[31,32]
of the IL1B gene at -1464 and -3737 nt region
. It
has been suggested that a G>C change at this locus,
together with the previously reported single nucleotide
polymorphism (SNP)’s at -511 and -31 region,
modulates the transcriptional activity of IL1B. However,
no further association studies have been conducted
with these polymorphisms in either duodenal ulcer
or gastric cancer patients. Because IL1B is both
pro inflammatory as well as a potent inhibitor of
gastric acid secretion, the promoter polymorphisms
may be a possible answer to the question as to
why only a small proportion of individuals develop
a body predominant gastritis and chronic acid
[33]
hyposecretion . Association of polymorphisms that
increases the level of IL1B with either gastric cancer
or its precancerous state have been established in
[34]
[35]
[36]
[37]
American , Portugese , Japanese and Mexican
patients. This demonstration of the association in
a number of geographically and ethnically diverse
populations suggest that it may be of fundamental
importance in the pathway leading to H. pylori
mediated gastroduodenal diseases. Chakravorty et
[38]
al , depicted that H. pylori infected individuals with
duodenal ulcers in eastern Indian had a significantly
higher frequency of the -511T/T homozygotes with
an age and sex adjusted odds ratio of 4.22 (95%CI:
1.8-9.5) and -31 C/C homozygotes with an odds ratio
of 2.16 (95%CI: 1.12-4.16), when compared with
individuals with normal mucosa. In contrast to these
observations, reports from Spanish Caucasian and
Japanese populations suggest the protective role of
IL1B-511 T/T genotype towards H. pylori mediated
[36,39]
duodenal ulcer
. However, these associations were
statistically non-significant. On the other hand, reports
from Korean and Japanese populations failed to show
[40,41]
such association
. In the case of gastric cancer,
reports from China and Japan showed the association
of IL1B-511C/C and -31T/T genotypes with the risk
[42,43]
of gastric cancer
, which represented the opposite
homozygous risk genotypes that Chakravorty et
[38]
al
observed in our duodenal ulcer patients. On the
contrary, among Caucasians the IL1B-511T/T and -31
C/C genotypes were reported to be strongly associated
[44]
with the risk of gastric cancer . Thus, the results
of epidemiological studies on the association of IL1B
polymorphisms with duodenal ulcer and gastric cancer
[45]
from different populations are conflicting , and also
the study populations used were small and sometimes
[39-41]
not clearly defined with respect to ethnicity
. A

host genetic factors: heterogeneity of gene

H. pylori cause its damage by initiating chronic
inflammation in the gastric mucosa. This inflammation
is mediated by an array of pro- and anti-inflammatory
cytokines. Genetic polymorphisms directly influence
inter-individual variation in the magnitude of cytokine
response, and this clearly contributes to an individual’s
ultimate clinical outcome. In case of H. pylori infection,
it is reasonable to speculate that the most relevant
candidate genes would be the ones whose products
were involved in handling the H. pylori exposure/attack
(innate and adaptive immune responses) and ones that
mediated the resulting inflammation. As previously
mentioned, H. pylori induced gastritis is associated
with 3 main phenotypes that correlate closely with
clinical outcome: duodenal ulcer phenotype, benign
phenotype, and gastric cancer phenotype. Thus, it
was clear that an endogenous agent that was upregulated in the presence of H. pylori, has a profound
proinflammatory effect, and was also an acid inhibitor
that would be the most relevant host genetic factor
to be studied. Interleukin 1 beta (IL1B) fit this profile
perfectly because, not only is it one of the earliest
and most important proinflammatory cytokines in
the context of H. pylori infection, it is also the most
[27]
powerful acid inhibitor known .
Being the most eligible candidate gene IL1B
received much attention from all the researchers
studying H. pylori mediated duodenal ulcer and gastric
cancer. Three bi-allelic polymorphisms have been
reported in IL1B, all representing C>T base transition.
These are -511C>T, -31C>T and +3954C>T from
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Table 1 Summary of the gene and their locus studied with respect to Helicobacter pylori mediated gastro-duodenal disease
Gene

Locus/polymorphism

Susceptible/
protection

Population/ethnicity

Disease

Ref.

IL1B

C>T -511,
C>T -31,
C>T +3954

Susceptible

Scottish, Polish, American,
Portugese, Japanese and
Mexican

Gastric cancer

C>T -511/-31T>C

Susceptible

Duodenal ulcer

ILRN

86bp VNTR/ intron 2

Susceptible

Gastric cancer

TNFa

G/G-308

Susceptible

Duodenal ulcer

Kuntsmann et al, 1999

A/A-308
T/T-857

Susceptible
Susceptible

Indian, American, Japanese,
Chinese
Indian, American, Japanese,
Chinese
Indian, American, Japanese,
Chinese
American, Japanese, Chinese
American, Japanese, Chinese

di Giovine et al, 1992; Stokkers et al,
1998; El omar et al, 2000; El omar et al,
2003; Machado et al, 2001; Furuta et al,
2002; Garza-Gonzalez et al, 2003
Charkarvorty et al, 2006; Kato et al, 2001;
Lee et al, 2003; Furuta et al, 2002
Tarlow et al, 1993

El Omar et al, 2003
Zambon et al, 2005

T/T-1031
A/A -238
G/G-174
A/A-251

Susceptible
Protective
Susceptible
Susceptible

American, Japanese, Chinese
American, Japanese, Chinese
American, Japanese, Chinese
Chinese, Venezuelan

G/G + 396

Susceptible

Chinese

IL-10

ATA-592/-819/-1082

Susceptible

XPD
XRCC4
HLA class Ⅱ
HLA

rs1318 (lys751Gln)
rs1805377 (ser298Asn)
DQB1*0301
DQA1*0102

Susceptible
Susceptible
Susceptible
Protective

Gastric cancer
Duodenal ulcer/
gastric ulcer
Antral inflamation
Gastric cancer
Gastritis
Gastric cardia
carcinogenesis,
Dysplasia
Gastric cardia
carcinogenesis
Noncardia gastric
cancer
GAA
GAA
GAA
Gastric atrophy and
Intestinal GAA

class Ⅱ
HLA class Ⅱ
cox-2

DRB1*1601
G>A, -899 GC+CC

Susceptible
Susceptible

GAA
GAA

Magnusson et al
Ke-Xiang et al

H. pylori infection

Mayerle et al, 2013

Increased
inflamatory response,
Hypochlorhydria
Gastric cancer
Gastric cancer
Gastric cancer
Gastric cancer

Arbor et al, 2000;
Hold et al, 2009;
El omar, 2003
Katoh et al, 2006
Katoh et al, 2006
Kaoh et al, 2006
Guilford et al, 1998

IL6
IL8

TLR-1, TLR-2,
TLR-4
TLR-4

Bmp6
Gdf15
Runx3
Cdh1

Suceptibilty

A>G-896

Guangxi population, Chinese
Chinese

Hexi area of Gansu province,
Chinese
Cohorts in Germany and
Netherlands

Susceptible

Caucasian

Susceptible
Susceptible
Susceptible
Susceptible

Caucasian
Caucasian
Caucasian
Caucasian

Zambon et al, 2005
Jang et al, 2001
Lobbo gatti, 2005
Savage et al, 2004;
Kato et al, 2006
Savage et al, 2005
Rad et al, 2010
Long et al, 2010
Long et al, 2010
Lee et al
Azuma et al,
magunson et al

IL: Interleukin 1 beta; TNF: Tumor necrosis factor; H. pylori: Helicobacter pylori.

[48]

recent meta analysis with IL1B -31C/T polymorphism
in duodenal ulcer subjects points out that there is no
overall association of IL1B with duodenal ulcer but
significant protection of -31C/C against duodenal ulcer
patient was evident when the results were analyzed
[46]
by ethnicity . This meta analysis also emphasizes the
influence of the ethnic background while conducting
the association studies in different populations.
Other functional polymorphisms in different cyto
kine genes have also been investigated. Kunstmann
[47]
et al
reported for the first time the association of
Tumor necrotic factor alpha (TNFα ) -308 G/G genotype
with H. pylori mediated duodenal ulcer. More recently,
it has been shown that carriers of the TNFα -308 A
[34]
allele are at high risk for gastric cancer , whereas
the TNFα -238 A allele seems to have a protective
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[49]

function against the risk of cancers . Zambon et al
reported the association of TNFα -857 T/T genotype
with H. pylori mediated duodenal ulcer as well as
gastric ulcer and TNFα -1031 T/T genotype with antral
inflammation. Individuals with the homozygous G
allele at position IL6-174 have been shown to produce
higher levels of IL6 than those with the C/C genotype
and this genotype is associated with the high mucosal
[50]
levels of IL6 in H. pylori-associated gastritis .
Another important cytokine that plays a central role
in the pathogenesis of H. pylori-induced diseases is
[51]
IL8. Savage et al
suggest that the homozygous
polymorphic variants of IL8 (-251A/A and +396G/G)
increase the risk for gastric cardia carcinogenesis in
the high-risk Chinese population. These variants could
confer an altered IL8 expression pattern or interact
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with environmental factors to increase the risk for
inflammation and hence gastric cancer. Recently,
[52]
Kato et al
reported that in Venezuelan subjects,
there was a significant effect of IL8 -251A allele
on the prevalence of H. pylori mediated dysplasia
(p = 0.021). The OR associated with the A-allele
was 1.34 (95%CI: 0.82-2.18) for heterozygotes
and 2.00 (95%CI: 1.13-3.56) for homozygotes,
compared with the TT genotype. Furthermore, there
was a statistically significant interaction between the
number of A-alleles and H. pylori Cag A genotype
(p = 0.009), suggesting that the A-allele increased
the risk of dysplasia only when Cag A was present.
IL10 is an anti-inflammatory cytokine that downregulates IL1B, TNF-α , Interferon-γ, and other
proinflammatory cytokines. Relative deficiency of
IL10 may result in a Th-1-driven hyperinflammatory
response to H. pylori with greater damage to the
gastric mucosa. Homozygosity for the low-IL10 ATA
haplotype (based on 3 promoter polymorphisms at
positions -592, -819, and -1082) increased the risk
of noncardia gastric cancer with an odds ratio of 2.5
[34]
(95%CI: 1.1-5.7) El-Omar et al
studied the effect
of having an increasing number of proinflammatory
genotypes (IL-1B-511*T, IL-1RN*2*2, TNFα -308*A,
and IL10 ATA/ATA) on the risk of nongastric cancer.
The risk increased progressively so that presence of 3
or 4 of these polymorphisms increased the odds ratio
for gastric cancer 27-fold. The fact that H. pylori is a
prerequisite for the association of these polymorphisms
with malignancy demonstrates that, in this situation,
inflammation is indeed driving carcinogenesis.
Though these studies form important pieces of
the puzzle, but unfortunately do not reflect the true
story. This is because that no association studies from
the same geographical region have been conducted
for both diseases. Either, studies have been reported
with duodenal ulcer or cancer patients. Moreover,
the allelic diversity in the population itself is a critical
question as it seems to vary depending on ethnicity as
reflected from the several exonic SNP in IL1B studied
in the HAPMAP project(data not shown for Indian
[53,54]
population
(Figure 1). A disease marker for the
Asian population might not be a disease marker for
the Caucasian population. Hence, more studies should
be conducted keeping this bias in mind to get clearer
picture.

(EPIYA) motif by Src‑family protein kinases to interact
with PTPN11 (SHP2) protein tyrosine phosphatase.
CagA‑SHP2 complex interacts with GRB2 adaptor
molecule to activate the SOS‑RAS‑RAF‑MEK‑ERK
signaling cascade for the regulation of cell growth and
differentiation (Figure 2A). PGN derived from H. pylori
is recognized by the cytoplasmic pathogen‑recognition
molecule NOD1 to activate the NFkB signaling
cascade for the transcriptional activation of cytokines
[55]
in epithelial cells
(Figure 2C). H. pylori activate
the CagA‑SHP2‑ERK and peptidoglycan‑NOD1‑NFkB
signaling cascades in gastric epithelial cells using type
Ⅳ secretion system. The pathogenesis of H. pylori can
also be established through the OipA signaling cascade
that involves p38/STAT1 to activate IRF1 or CREB or
NFkB that activates various cytokine genes including
IL8 (Figure 2B).
Lipopolysaccharide (LPS) derived from the cell wall of
H. pylori is also recognized by the cell‑surface pathogen
recognition receptor TLR2 and TLR4 on gastric epithelial
[56]
cells and immune cells, respectively . LPS‑TLR signals
are transduced through the TIRAP‑MYD88‑IRAK4‑TRAF6
complex to MAP3K7 serine/threonine kinase for the NFkB
[57,58]
and AP‑1 signaling activation
. H. pylori activate the
TRAF6‑MAP3K7‑NFkB and TRAF6‑MAP3K7‑AP‑1 signaling
[57,58]
cascades in epithelial and immune cells
(Figure 2D).
H. pylori induce the elevation of IL6 and TNFα
in the gastric mucosa as mentioned above. IL6 and
TNFα then induce the up regulation of WNT5A and
WNT10B, respectively, to activate the WNT signaling
pathway (Figure 3A). FGF7 is implicated in mucosal
repair during chronic H. pylori infection. SHP2 function
is dysregulated due to CagA injection by H. pylori. FGF
signaling is activated in the gastric mucosa with H.
pylori infection at the multiple levels due to FGF7 upregulation and SHP2 dysregulation (Figure 3B).
SHH and PTCH1 are expressed in the parietal
[59]
cells . SHH‑dependent proliferation of parietal cells
plays a key role for the maintenance of homeostasis
in the gastric mucosa with chronic H. pylori infection
(Figure 3C). BMP2 and BMP4 are secreted from
infiltrating inflammatory cells to activate the BMP‑IHH
[60]
signaling loop in the surface epithelial cells . Up
regulation of SHH and IHH explains the mechanism of
Hedgehog signaling activation in the gastric mucosa
with H. pylori infection (Figure 3D).
SNPs of genes implicated in H. pylori related
signaling cascades have been searched for with the
candidate gene approach to identify risk factors of
[35,44]
gastric cancer
. SNPs of PTPN11 gene encoding
SHP2 phosphatase mediating the CagA induced ERK
signaling activation, TLR4 gene encoding Toll like
receptor for H. pylori recognition have been associated
with gastric cancer. Recently, a GWAS study conducted
[61]
by Mayerle et al
in two large population based
cohorts in Germany and Netherlands identified the toll
like receptor locus on 4p14 to be significantly associated
with H. pylori sero-positivity. This locus codes for TLR1,
TLR6 and TLR 10, with TLR1 being of importance with

orchestra of signaling molecules
and H. pylori: A genetic dissection
of the disease
H. pylori, being non invasive establishes the patho
genesis through its virulence factors by initiating an
orchestra of signaling molecules. Using the type Ⅳ
[10]
secretion system , H. pylori injects CagA protein
and peptidoglycan (PGN) into human gastric epithelial
cells. CagA is phosphorylated at the Glu‑Pro‑Ile‑Tyr‑Ala
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Figure 1 Genotypic allelic distribution of interleukin 1 beta. IL-1B exonic polymorphisms investigated in Indian as well as the HAPMAP project have been
illustrated (A), allelic distribution of (B) rs000025 (C) rs 1143629 (D) rs 3136558 (E) rs 1143634 (F) rs1143643 in Indian (IND), Caucasian (CEU), CEPH (Utah
residents with ancestry from northern and western Europe), Yoruba in Ibadan, Nigeria (YRI) Japanese in Tokyo, Japan (JPT), Han Chinese in Beijing, China (CHB)
are plotted as pie charts. This figure depicts the variation in allelic frequencies in different population. IL-1B: Interleukin 1 beta.

respect to H. pylori infection. It has been shown that
high level of TLR1 expression corroborated with higher
colonization of H. pylori. However, such studies have
been restricted to the Caucasian population and have
to be conducted in other populations (like the Asian
and African) where the density of Helicobacter pylori
infection is higher. Moreover, the association of TLR1 in
H. pylori associated disease background was not looked
into.
[62]
Arbour et al
described a functional polymorphism
at position +896 in exon 4 of the TLR4 gene (dbSNP ID:
rs4986790). This A>G transition results in replacement
of a conserved aspartic acid residue with glycine at

WJG|www.wjgnet.com

amino acid 299 (Asp299Gly) resulting in alteration at the
extracellular domain of the TLR4 receptor. This renders
carriers hyporesponsive to LPS challenge by either
disrupting transport of TLR4 to the cell membrane or by
impairing ligand binding or protein interactions. Recent
work demonstrates that defective signaling through
the TLR4 receptor ultimately leads to an exaggerated
inflammatory response with severe tissue destruction,
even though the initial immune response may be
blunted. This is due to inadequate production of IL10[56]
secreting type 1 regulatory cells. Hold et al
recently
hypothesized that the TLR4+896A>G polymorphism
would be associated with an exaggerated and des
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Figure 2 Signaling molecules and pathway elicited by Helicobacter pylori virulence factors are illustrated. A-D: Depicts signaling pathway elicited by Cag
A, OipA, PGN and LPS respectively. Cag A: Cytotoxin; PGN: Peptidoglycan; LPS: Lipopolysaccheride; PTPN11: Protein tyrosine phosphatase non-receptor type 11;
TLR: Toll like receptor; GRB2: Growth factor receptor-bound protein 2; SOS: Son of sevenless homolog; NFkB: Nuclear factor kappa beta; TIRAP: Toll-interleukin 1
receptor domain containing adaptor protein; MYD88: Myeloid differentiation primary response gene 88; IRAK4: Interleukin-1 receptor-associated kinase 4; TRAF6:
TNF receptor associated factor; MAP3K7: Mitogen-activated protein kinase kinase kinase 7; NOD1: Nucleotide-binding oligomerization domain-containing protein 1.

tructive chronic inflammatory phenotype in H. pyloriinfected subjects. This phenotype would be characterized
by gastric atrophy and hypochlorhydria, the hallmarks
of subsequent increased risk of gastric cancer. In a
[63]
recent study, EL-Omar et al
tested the effect of
this polymorphism on the H. pylori-induced gastric
phenotype and the risk of developing premalignant and
malignant outcomes. The authors assessed associations
with premalignant gastric changes in relatives of gastric
cancer patients, including those with hypochlorhydria
and gastric atrophy. Two independent white populationbased case-control studies of upper GI tract cancer
were also genotyped. TLR4+896G carriers had a
7.7-fold (95%CI: 1.6-37.6) increased odds ratio for
hypochlorhydria; the polymorphism was not associated
with gastric acid output in the absence of H. pylori
infection. Carriers also had significantly more severe
gastric atrophy and inflammation. Sixteen percent of
gastric cancer patients in the initial study and 15% of
the noncardia gastric cancer patients in the replication
study had 1 or 2 TLR4 variant alleles vs 8% of both
control populations (combined OR = 2.4; 95%CI: 1.6
-3.4). In contrast, prevalence of TLR4+896G was not
significantly increased in esophageal squamous cell
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(2%; OR = 0.4) or adenocarcinoma (9%; OR = 0.8) or
gastric cardia cancer (11%; OR = 1.2). The association
of TLR+896A>G polymorphism with both gastric cancer
and its precursor lesions implies that it is relevant to
the entire multistage process of gastric carcinogenesis,
which starts with H. pylori colonization of the gastric
mucosa. Subjects with this polymorphism have an
increased risk of severe inflammation and, subsequently,
development of hypochlorhydria and gastric atrophy,
which are regarded as the most important precancerous
abnormalities. This severe inflammation is initiated by H.
pylori infection, but it is entirely feasible that subsequent
co-colonization of an achlorhydric stomach by a variety
of other bacteria may sustain and enhance the microbial
inflammatory stimulus and continue to drive the
carcinogenic process.
[64]
Katoh et al
selected 18 genes involved in
signaling based on bioinformatics (WNT4, MARK3,
CELSR1, ROR2, DAAM1, MAML2, MAML3, FGF6,
FGF19, GLI3, BMP6, BMP7, GDF15, RUNX1, RUNX3,
POU2F3, POU5F1 and GATA4 genes) and investigated
their expression in gastric cancer. They concluded that
the SNPs of BMP6, GDF15 and RUNX3 genes were
associated with gastric cancer. BMP6 are GDF15 are
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Figure 3 Signaling pathway elicited by the virulence factors elicits various transcription factors or cytokines that in turn influences other molecular
cascades. A-D: Depicts common molecular cascades elicited by cytokines or messengers. The cytokines or other molecular messengers are expressed due to
signaling pathways described in Figure 2. IL-1B: Interleukin 1 beta; TNFa: Tumor necrosis factor alpha; BMP: Bone morphogenetic protein; WNT: Wingless-type;
BMP: Bone morphogenetic protein; IHH: Indian hedgehog; MYD88: Myeloid differentiation primary response gene 88; NFkB: Nuclear factor kappa beta.
[64]

BMP family ligands , while RUNX3 is a transcription
factor mediating BMP‑induced upregulation of
[64]
Hedgehog family ligand IHH . No such studies have
been conducted in case of duodenal ulcer. Germline
[65]
mutations of CDH1 gene
as well as SNPs of genes
encoding components of the cytokine signaling
network and stem cell signaling network are associated
with human gastric cancer. Transcriptional upregulation of ligands for the stem cell signaling network
as well as epigenetic silencing of negative regulators
of the stem cell signaling network are known to induce
carcinogenesis during chronic H. pylori infection.

extremely important to investigate the influence
of these genetic polymorphisms associated with H.
pylori mediated gastric diseases to the acid secretion
pathway. In order to understand how these molecules
are perturbed by the bug in individuals with different
genetic background, it’s critical to evaluate whether
small changes at each point on the molecular pathway
add up to effect the disease phenotype or a major
individual change in the pathway dictates the course of
the disease.
Chronic infection with H. pylori may be associated
[71]
with either decreased or increased acid secretion ,
depending on the severity and distribution of gastritis.
Reduced acid secretion, at the onset, is thought to be
due to functional inhibition of parietal cells by either
products of H. pylori itself or, more likely, products
of the inflammatory process, as discussed above
[72,73]
for acute infection
. Acid hypersecretion lasts at
least 8 wk and is due to hypergastrinemia- induced
[74]
increases in parietal and ECL cell masses . With
time, atrophy of oxyntic glands with loss of parietal
cells may occur, resulting in irreversible achlorhydria.
Approximately 10% to 15% of patients chronically
infected with H. pylori have antral predominant
inflammation. These patients, who are predisposed to
duodenal ulcer, produce increased amounts of acid as
a result of reduced antral somatostatin content and
[27]
elevated basal and stimulated gastrin secretion .
The mechanism by which somatostatin secretion is
decreased is not known but may involve cytokines
induced by the inflammation and/or the production of
N-methyl histamine, a selective H3-receptor agonist,
[75,76]
by H. pylori
. One may speculate that the H3receptor agonist could diffuse across the antral mucosa
to interact with H3 receptors on antral somatostatin
cells, causing inhibition of somatostatin secretion,
and, thus, stimulation of gastrin secretion. Gastrin,
in turn, stimulates histamine secretion from ECL cells
leading to enhanced acid secretion. Both interleukin- 8
and platelet-activating factor are up-regulated in HPinfected mucosa and are capable of stimulating gastrin
[70,77]
release from isolated rabbit and canine G cells
.
Several studies also regard IL1 gene polymorphism
as a bridge to link it to gastric cancer as overexpression

H. PYLORI AND ACID SECRETIONS: THE
END POINT
The end effect of the differential diseases caused by
H. pylori infection involves differential acid induced
in these gastric diseases. Acute infection results in
hypochlorhydria, whereas chronic infection results
in either hypo- or hyperchlorhydria. The mechanism
by which H. pylori infection stimulates the molecular
orchestra in host resulting in hypochlorhydria or
[66]
hyperchlorhydria
may thus help us to understand
the disease development. The process by which
H. pylori attenuates acid secretion is known to be
multifactorial and includes: (1) direct inhibition
of the parietal cell (and perhaps ECL cell) by a
constituent of the bug (e.g., vacuolating cytotoxin,
lipopolysaccharide, or acid-inhibitory factor); and (2)
indirect inhibition of parietal cell function as a result of
changes in cytokines as well as hormonal, paracrine,
[67,68]
and neural regulatory mechanisms
. In preliminary
studies, it has been shown that H. pylori activate
CGRP sensory neurons coupled to stimulation of
somatostatin and thus inhibition of gastrin, histamine,
[69]
and acid secretion . H. pylori itself inhibits human
H+K+ ATPaseα -subunit gene expression. It also elicits
secretion of at least 2 cytokines, IL1B and TNFα that
[70]
directly inhibit parietal cell secretion . As discussed
in the earlier part of the review, there is evidence
that TLR and IL1B polymorphisms are associated
with H. pylori mediated duodenal ulcer or gastric
cancer. With this perspective in mind, it becomes
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[71]

of IL1B induces hypochlorhydria . The hypotheses for
IL1 gene polymorphisms are based on the assumption
that carriers of these genotypes are associated with
increased levels of IL1B in the gastric mucosa in
[30]
response to H. pylori infection . Increased IL1B levels
in the gastric corpus would also theoretically result
in enhanced suppression of gastric acid secretion,
allowing more rapid development of gastric atrophy
and an increase in the risk of developing gastric
[78]
cancer . This is because low gastric acid resulted
in a change of the colonized place of H. pylori from
gastric antrum to the corpus; unfortunately, corpuspredominant gastritis with bacterial overgrowth was
at increased risk of atrophic gastritis and even gastric
cancer. Similarly, a difference in expression pattern of
IL1B is also observed in antrum and corpus region,
with the level of IL1B being higher in corpus atrophy
which is normally associated with gastric ulcer and
cancer.
It has also been suggested that altered regulation
of gastric acid secretion and associated hormonal
factors may play an important role in the pathogenesis
[27]
of H. pylori related duodenal ulcer . However, the
mechanism of this inhibitory process is not completely
understood. In order for IL1B to modulate gastric
acid expression, it would be logical to expect that it
functions by modulating the several intermediates that
are involved in modulating gastric acid secretion like
gastrin, somatostatin, histamine, H+K+ATpase etc.
It is also known that IL1B regulates somatostatin
levels in ulcer patients, thus implying the role of IL1B
mediated modulation of somatostatin as a pathway
for regulation of gastin. That somatostatin plays an
important role in duodenal ulcer, is supported by
observations which illustrate that the number of D cells
and the level of somatostatin in the tissue of the ulcer
patients were remarkably reduced in comparison with
those in non-ulcer patients (P < 0.01 and P < 0.05,
respectively). The G: D cells and gastrin: somatostatin
ratios in ulcer patients were much higher than those
in the non-ulcer control group. It is considered that
the reduction of D cells and the relative lack of
somatostatin in duodenal ulcer patients might have a
[79]
role in the mechanism of the duodenal ulceration .
In concordance with these results it has been
demonstrated in few studies, that following eradication
of H. pylori, there was an increase in somatostatin
mRNA and a concomitant decrease in gastrin mRNA
[80]
in patients with duodenal ulcers . Many studies have
reported the effect of the IL1B on gastrin indirectly.
[81]
[82,83]
Chakravorty et al , and Datta De et al
have
illustrated the mechanism of action of IL1B on gastrin
directly in AGS cells. The limitation of these study was
use of the cell line rather than the whole organism, as
a lot of other environmental and genetic factors would
influence these pathways and hence have its effect on
gastrin or other acid regulating factors like histamine,
acetylcholine etc. However, the expression level of
these intermediate signaling molecules were checked
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in duodenal ulcer patients and the hypothesis that high
expression of gastrin would mean low levels of NFkB
and Smad7 seemed to correlate. There have also been
reports where the roles of TLR in ECL cells have been
[84]
investigated .
The lacunae in these studies are that they
concentrate on one pathway ignoring the other
possible pathways where these polymorphisms
might influence. Like, the role of neurotransmitter
acetylcholine in the perspective of H. pylori mediated
disease has never been looked into. In the whole
organism there would be compensatory pathways
present that would try bringing the system back to its
normal mode. Thus, merely linking the polymorphism
to acid secretion or elucidating the path of action does
not end the study. However, it marks the beginning of
a more systemic approach to understand the disease.
Researchers have evaluated an individual molecules
or pathway and tried to understand acid regulation in
H. pylori mediated disease, which makes these studies
incomplete. Moreover, most of these studies are not
performed in any disease models. The major setback
being that there are no disease models for H. pylori
mediated gastric disease.

To be or not to be
The wide spectrum of disease outcome in H. pylori
mediated infection thus has a very complicated
explanation and is still not clearly understood. The
heterogeneity in the bacteria, due its co-evolution
with humans has made it to be geographically
variable in different parts of the world. Thus there
is variation in the virulence factors itself and also
the dose of the virulence factors that effects its
association to the disease. Changes in TLR due to
polymorphism would result in difference in eliciting
the inflammatory responses. Further, polymorphisms
in the inflammatory gene like IL1B, TNFα , can
partially explain the susceptibility of the host type to
gastroduodenal diseases. However, polymorphisms
in these inflammatory genes show a lot of variation
within different population and hence cannot be
considered as stable disease markers. The link
between the genotypes found to be susceptible in
gastric cancer or duodenal ulcer to the respective
phenotypes is an interesting method to understand the
opposite phenotypes developed in H. pylori mediated
gastroduodenal diseases. For example perturbation
of the gastrin: somatostatin ratio would change the
acid output in the gut. Thus changes in any gene
that would influence the expression of this axis would
influence the disease outcome. This is summarized in
figure 4, which shows that small perturbations can
magnify the effect and result in a certain phenotype
that is characteristics of the disease. Moreover, the role
of miRNA controlling this axis should be keenly looked
into.
From these facts, it can be speculated that the
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Figure 4 These model illustrates the different important host genes that
are involved when Helicobacter pylori infection is established. Variation in
any one or several of these gene add to heterogeneity in disease manifestation.
H. pylori: Helicobacter pylori; TLR: Toll like receptor; IL-1B: Interleukin 1 beta;
TNFa: Tumor necrosis factor alpha.
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proneness of a person to develop a disease would
depend on the variability of the gene at multiple level.
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MINIREVIEWS

Endoscopic and histologic characteristics of serrated lesions
Driffa Moussata, Gilles Boschetti, Marion Chauvenet, Karine Stroeymeyt, Stéphane Nancey, Françoise Berger,
Thierry Lecomte, Bernard Flourié
serrated pathway and includes three types of polyp,
characterised by a serrated appearance of the crypts:
hyperplastic polyps (HP), sessile serrated adenomas
(SSA) or lesions, and traditional serrated adenomas.
Each lesion has its own genetic, as well as macroscopic
and microscopic morphological features. Because
of their flat aspect, their detection is easier with
chromoendoscopy (carmin indigo or narrow-band
imaging). However, as we show in this review, the
distinction between SSA and HP is quite difficult. It
is now recommended to resect in one piece as it is
possible the serrated polyps with a control in a delay
depending on the presence or not of dysplasia. These
different types of lesion are described in detail in the
present review in general population, in polyposis and
in inflammatory bowel diseases patients. This review
highlights the need to improve characterization and
understanding of this way of colorectal cancerogenesis.
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Core tip: The serrated lesions belong to a new
carcinogenesis way of colorectal cancer which is
important to know and detect. Even though endoscopic
techniques have improved, some difficulties remain in
terms of detection because of the lesions’ shape and
aspect and the fact that the endoscopists have to be
aware of some characteristics. However, we argue in
this article that the endoscopists have to be trained
so the recognition of these pre-neoplastic lesions can
be improved. Furthermore, there is a necessity to
communicate well with the pathologists. This article is a
review of the knowledge we currently have of serrated
lesions, and their endoscopic and histologic aspects
which every gastroenterologist needs to know.

Abstract
In recent years, a second pathway for colonic
carcinogenesis, distinct from the adenomatous
pathway, has been explored. This is referred to as
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of the crypts in the proliferative zone for the other
types of SP. As a consequence, with the maturation
zones extending onto both sides of the proliferative
zone, the cryptic “branched” type of architecture
associated with an accumulation of cells at the surface
[13]
produces this serrated appearance .
In 2010, a new World Health Organisation (WHO)
histological classification was elaborated, to improve
the inter-observer reproducibility of pathological
[14]
diagnosis . Although the kappa has been significantly
increased, the global kappa remains middle (k =
0.55), in a European study involving expert anatomic
[15]
pathologists . This low reproducibility can be
explained by the small size of the samples and the
difficulty in orienting the crypts, with respect to the
basal membrane, which is not always present on the
samples.

Moussata D, Boschetti G, Chauvenet M, Stroeymeyt K, Nancey
S, Berger F, Lecomte T, Flourié B. Endoscopic and histologic
characteristics of serrated lesions. World J Gastroenterol 2015;
21(10): 2896-2904 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/2896.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.2896

INTRODUCTION
Conventionally, dysplastic lesions and non-neoplastic
lesions (hyperplastic or metaplastic) were distinguished
[1]
by their degenerative potential. In 1983, Jass was
one of the first to defend the idea that there could be
a link between hyperplastic polyps (HP) and colorectal
cancer. Since then, it has been demonstrated that
HP have proliferative, but not necessarily dysplastic
anomalies, which are related to mutations of genes
[2,3]
such as the KRAS or BRAF .
HP belong to a heterogeneous group of lesions,
which are said to be serrated, because of the jagged
appearance of their crypts, and which also include
sessile serrated adenomas (SSA) and traditional
sessile serrated adenomas (TSA). They represent
[4]
approximately 36% of polyps , and cancers arising
from the serrated pathway are thought to represent
around 20% of all colorectal cancers and more than
[5,6]
30% of intervallic cancers .
The risk factors associated with the occurrence of
serrated polyps (SP) are similar to those described in
the case of conventional adenomas. Tobacco appears
to have a greater influence on the number of SP,
but paradoxically has no influence on cancer cases,
[7,8]
which may develop from them . In addition, it has
been shown that the presence of SP could increase,
by a factor of three, the risk of an advanced-stage
adenoma (villous or supra-centimeter adenoma, or
adenoma with high-grade dysplasia) or a synchronous
[9,10]
or metachronous cancer
. There are thus two
advantages of detecting SP, as a consequence resulting
not only from their own degenerative potential, but
also from the aforementioned association.

CARCINOGENIC PATHWAY
The molecular alterations observed in SP include mainly
Braf mutations (V600E) and Kras mutations (codon
12 and 13), associated with a hyper-methylation of
the region, which promotes some genes referred
to as CIMP (CpG Island Methylation Promoter). The
CpG islets are di-nucleotide regions, rich in cytosine
[2,16]
guanine at the level of region 5’
. This phenomenon
can alter the expression of the genes involved in
oncogenesis, such as p16, MGMT ‘MethylGuanine DNA
[2,16]
Methyltransferase) or MLH1
. The CIMP pathway
is thought to be involved in approximately 30% of
[17]
colorectal cancer cases
and nearly 90% of CIMP+
[16]
colorectal cancers have a Braf or Kras mutation . The
prevalence of these anomalies varies according to the
type of SP (Table 1). Braf and Kras mutations activate
the MAPK-ERK pathway leading to decreased apoptosis
and cellular proliferation with at least the formation
[18]
of hyperplastic crypts . This is counteracted by
a protective phenomen called oncogene-induced
[19]
senescence (Figure 1 ).
Schematically, there appear to be 2 parallel
pathways, depending on the gene involved: (1) braf
mutation, often associated with CIMP+, presenting
a satellite stability or instability depending on the
involvement of MLH1; and (2) Kras mutation, often
associated with a low level of microsatellite instability,
[20]
and inactivation of the MGMT gene . In the first case,
the tumours are very often located in the proximal
colon, like SSA, and in the second case they are often
located in the distal colon, like TSA. It is interesting to
note that whereas MLH1 methylation occurs frequently,
a high level of microsatellite instability is rare,
probably because this event occurs late during the
[21]
carcinogenesis of SP . However, that would not be so
simple because, recently, some authors have shown
that SSA as HP could be associated with TSA, that
would suggest that they could be precursor-lesions of
TSA. In this case, TSA present a lower and a higher
frequency of Kras and Braf mutations, respectively,

PHYSIOPATHOLOGY
The intestinal epithelium is made up of two major
types of cell: absorptive cells (colonocytes) and
secreting cells (goblet cells, endocrine cells and Paneth
cells) originating from stem cells situated in the lower
third of the crypts. These cells are differentiated by
their migration towards the surface of the crypts,
except in the case of Paneth cells, which reside at the
base of the crypts. Hyperplasia of the crypts is the
result of the equilibrium established between a level
[11]
[12]
of proliferation and apoptosis . Torlakovic et al
have shown that HP are caused by an extension of the
proliferative zone beyond the lower third of the crypts,
and displacement or ectopic formation along the length
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Table 1 Serrated polyps characteristics

Frequency among polyps
Dominant sex
Macroscopy
Size
Paris classification
Localization
Pit pattern « Kudo »
Microscopy
Crypts

Hyperplastic polyps

Sessile serrated adenoma

Traditional serrated adenoma

28 à 42%
Male

9%
Female

1%
No ascendancy

< 5 mm
Ⅱa
distal, rectum
Ⅱ

> 5 mm
Ⅰs, Ⅱa
proximal, 27% distal
Ⅱ-O (Open)

> 5 mm
Ⅰp, Ⅰs
distal
Ⅱ-Ⅲs or ⅢL

Serrated aspect on the superior half of
the crypts

Upper third serrated aspect of crypts,
horizontalization of the third inferior of
crypts aspect of “boot” or L
Important mucus, small nuclear
modifications
Increased proliferative index with
degenerative risk
Braf (82%), CIMP-H, méthylation MLH1

Aspect serrated on all the crypt,
ectopique crypts

Epithelium

Cylindrical

Maturation, degenerative
potential
Molecular

Normal index of proliferation, no
degenerative potential
+/- Braf, Kras, MSI (29%)

tubulo-villous dysplasia (37%),
carcinoma (11%)
Increased proliférative index with
degenerative risk
Kras (30%-80%), CIMP-L, méthylation
MGMT

MSI: Microsatellites instability; CIMP-H, CIMP-L: CpG island methylation promotor-high, CIMP-bas; MLH1: MutL homolog 1; MGMT: MethylGuanine
DNA methyltransferase.

MAPK ↑

BRAF mutation

KRAS mutation

Apoptosis ↓
SSA

TSA

CpG island
methylation

MLH1 meth

MGMT meth
CpG island
methylation

P16 meth

Serration

CIMP-H

BRAF mut
CIMP-H
MSS

BRAF mut
CIMP-H
MSI

CIMP-L

Molecular profile

KRAS mut
CIMP-L
MSI-L

KRAS mut
CIMP-L
MSS

Figure 1 Schematic representation of the sessile and traditional serrated pathways[18]. MSI: Microsatellites instability; CIMP-H, CIMP-L: CpG island methylation
promotor-high, CIMP-bas; MLH1: MutL homolog 1; MGMT: MethylGuanine DNA methyltransferase; SSA: Sessile serrated adenomas.

Endoscopic aspect

[22]

compared with TSA with no precursor lesion

.

Their macroscopic appearance is very often of type Ⅱa
in Paris classification, and they are smaller than 5 mm
in size.

MORPHOLOGY OF SERRATED LESIONS
HP

HP are the most frequently encountered serrated
lesions (75%-80%) and represent 28% to 42%
of endoscopically detected polyps, with a higher
[4]
prevalence in men (Table 2). They are located mainly
in the distal colon and the rectum.

WJG|www.wjgnet.com

Chromo-endoscopy: The crypt opening is star-shaped,
[23]
corresponding to type Ⅱ in the Kudo classification .
Narrow-band imaging: On the basis of 3 criteria
(color, shape of the pits and pattern of vessels), NICE
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Sessile serrated lesions or SSA

Table 2 Endoscopic follow-up according to United States Multi[39]
Society Task Force on Colorectal Cancer
and European
[40]
Society of Gastrointestinal Endoscopy
Serrated polyps
HP
SSA without
dysplasia
SSA with
dysplasia
TSA
Serrated
polyposis

With a frequency of occurrence corresponding to
15% to 20% of SP and 9% of all types of polyp, SSA
are the most common lesions following HP. Just like
TSA, the use of an adenomatous denomination leads
to confusion, since they do not necessarily present
dysplasia. However, some authors persist in using this
designation in order to emphasize their degenerative
risk. They are most commonly detected in women at
an average age of approximately 60 years.

Follow-up according to United Follow-up according
[39]
[40]
States multi-society
to ESGE
5 yr, if > 10 mm or proximal
< 3 lesions, < 1 cm: 5 yr
≥ 3, > 1 cm: 3 yr
3 yr

10 yr
10 yr

3 yr
1 yr

3 yr
1 yr

3 yr

Endoscopic aspect

In a retrospective study, more than 4000 polyps
labelled as HP were revisited, and from multivariate
analysis, a size > 5 mm and a location in the proximal
colon were identified as discriminating criteria in favour
[31]
of SSA . They are very commonly of type IIa in Paris
classification, and standard endoscopic screening is
not straightforward as a consequence of their irregular
boundaries and fuzzy appearance, which arise from
the abundant presence of mucous (Figure 3). However,
some authors have shown that education and training
of the endoscopists could improve the recognition
of these lesions, even with conventional whitelight
[32]
colonoscopies (worldwide available) . Rightside location, flat morphology, red-colored surface
and presence of a mucus cap were independently
associated with SSA histology. Recognition of these
features during conventional colonoscopy may improve
[33]
the SSA detection rate .

ESGE: European Society of Gastrointestinal Endoscopy; HP: Hyperplastic
polyps; SSA: Sessile serrated adenomas.

[24]

classification characterizes HP lesions with the same
color or lighter than the background and without any
vessel. They could also present dark or white spots of
uniform size.
Endomicroscopy: The confocal endomicroscopy
(CEM) is an endoscopic technique, which enables us
to perform an in-vivo histologic diagnosis during the
endoscopy after fluoroscein has been injected intravenously. Several studies have shown that CEM has a
[25,26]
good correlation with histology
and increases the
dysplastic yield of biopsies particularly in inflammatory
[27]
bowel diseases (IBD) patients . However, no data is
available about the different types of serrated polyps.
In our experience, CEM (EC3870K Pentax, Tokyo),
which can explore the mucosa from the surface to a
depth of 270 microns, the crypts of HP lesions present
anomalies at the surface with a lumen of the crypts
larger with a stellar shape, whereas deeper, the crypts
and the lumen are round, as in normal mucosa.

Chromoendoscopy: In addition to conventional type
[23]
Ⅱ pit pattern according to Kudo’s classification ,
[34]
Kimura et al
has reported that the surface
architecture of the lesions was also broadly categorized
as type Ⅱ-Open (type Ⅱ-O), type Ⅱ-Long (type Ⅱ-L),
or type Ⅳ-Serrated (type Ⅳ-S). Ishigooka has shown
that either type Ⅱ-O alone or partial type Ⅱ-O is the
basic architecture, with SSA/Ps histology evident in
83.7% of cases. Others have shown that the type
Ⅱ-O is highly specific (97%) but of low sensitivity
(65%). This corresponds to the association of the
star-shaped and very broad appearance of the crypts,
which is probably related to the abundant presence of
[31]
mucous (Figure 3).

Histology

Microscopically, they are characterised by enlarged
crypts, of which the upper half has a serrated
architecture. The proliferative zone is located at the
base of the crypts, which have a regular appearance.
Homogeneous nuclei are located at the base of the
cells. These lesions can be classified into several subtypes: (1) micro-vesicular HP, 2 times more common
than; (2) HP rich in caliciform cells and 25 times more
[28]
common than; and (3) low mucin content cells . As
this distinction currently has no clinical significance,
it is not described in detail by pathologists, but
makes it possible to understand why their endoscopic
appearance can be so different (Figure 2). In addition,
it has been shown that the presence of several HP in
the distal colon is often associated with an increased
[29]
risk of serrated lesions in the proximal colon . Finally,
some authors have suggested considering HP to be
neoplastic lesions, since in 29% of cases microsatellite
instability is observed, and depending on their HP sub[30]
type, Braf or Kras mutations are detected .
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Narrow-band imaging: According to narrow-band
imaging (NBI) International Colorectal Endoscopic
classification system (NICE), SSA present a mixed
[24]
spectrum of features between HP and adenomas
and that is why some authors concluded that this
classification is insufficient to accurately distinguish
[35]
[36]
SSA from HP . Hazewinkel et al
have reported in
a retrospective study that in white-light endoscopy,
indistinctive borders and cloud-like surface are 2
independent predictive characteristics of SSA with
2 others features in NBI as an irregular shape and
dark spots inside the crypts. A sensitivity, specificity
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A

B

C

Figure 2 Hyperplastic polyp in chromoendoscopy (A), histology (B) and confocal endomicroscopy (C).

A

B

C

Figure 3 Sessile serrated adenoma in chromoendoscopy (A), confocal endomicroscopy (B) and histology (C)

and overall accuracy of, respectively, 75%, 79% and
77% on WLE and 89%, 96% and 93%on NBI were
[36]
obtained .

fact, their proliferation zone can be located at the midheight of the crypts, with mature goblet cells located
at their base. SSA are distinguished from HP using the
following characteristics: (1) a serrated appearance at
the base of the crypts, together with a more jagged
appearance at the surface; (2) horizontalization of
the crypts with more collaterally branched crypts; (3)
dilatation of the crypts; (4) an increase in epitheliumstroma ratio > 50%; (5) mitoses on the surface of
the crypts; and (6) cellular atypia such as an enlarged
nucleus and overproduction of mucin (Figure 3). One
consensus suggests that at least 2 of the 6 criteria
should be present on at least 2 well-separated crypts.
These criteria were validated in a study involving
several pathologists, with good inter-observer

Confocal endomicroscopy: The architecture of the
crypts is modified and dilated by the presence of a
great deal of mucous, which appears in black on the
endomicroscopic images. The lumen is enlarged and
presents a stellar shape as in histology. In practice, in
endomicroscopy, it is easier to recognize SSA than HP.

Histology

Like HP, SSA do not systematically present with
cytological signs of dysplasia, however unlike HP, they
have an abnormal architecture and proliferation. In
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A

B

C

Figure 4 Traditional serrated polyp in chromoendoscopy (A), confocal endomicroscopy (B) and histology (C).
[15]

agreement

.

longer in contact with the muscularis propria, thus
distinguishing them from SSA (Figure 4). They are
characterised by an abundant eosinophilic cytoplasm
[28]
and elongated nuclei .

TSA
These represent approximately 6% of SP, i.e., 1%
[37]
of all polyps, and are more common in Asia . They
can be pedunculated or serrated, or even flat, and
are more common in the distal colon (60%) and
in patients whose age is close to 60 years, with no
[4]
distinction of sex .

SPECIAL CASE OF SERRATED
POLYPOSIS

Endomicroscopy: In the literature, there is no
specific description of these polyps in endomicroscopy,
probably because of the low frequency. However,
on endomicrosocpy, the crypts appear tubular as
in adenoma lesions with low grade dysplasia and
horizontalized that is characterized these lesions. The
lumen is dilated and has a stellar shape. At the surface,
the aspect is like a lace with cellular proliferation.

The diagnostic criteria for serrated polyposis were
initially defined by Burt and Jass in 2000, and have
recently been updated under the name of serrated
[14]
polyposis . Its definition is based on at least one
of the following criteria: (1) at least 5 SP situated in
the proximal colon, as far as the sigmoid colon, of
which 2 are at least supra-centimetric; (2) whatever
st
the number of HP, a history of one 1 degree relative
presenting with serrated polyposis; and (3) more than
20 HP, whatever their size or location.
[29]
Its incidence is estimated to be 1 per 100000 .
It affects both sexes and is often diagnosed at around
[21]
the age of 55-65 years . The risk of cancer is 5 times
higher than in general population. Two variants are
described: type 1: serrated polyposis including the
different serrated types, associated with adenomas;
type 2: including the conventional hyperplastic polyps
(< 5 mm), with a low risk of cancer.
As a result of various different definitions, it has
been suggested that each type could correspond to
a different genetic pathway, with no possibility at the
present time of stating whether the transmission is
[39]
recessive or dominant . Surgery is indicated in the
case of cancer or when it is impossible to carry out an
endoscopic inspection, with yearly monitoring. Family
screening should of course be adopted as a standard
st
procedure for 1 degree relatives after the age of 40,
[30]
or 10 years prior to the age of the cancer .

HISTOLOGY

IBD

Microscopically, they show signs of dysplasia in 37%
of cases, associated with an intramucosal carcinoma
in 11% of cases. They have serrated crypts aligned
perpendicularly to the crypt axis, characteristic of
these lesions, with the presence of ectopic crypts no

In 1967, Morson et al
were the first to describe flat
pre-cancerous lesions with a pseudo-villous appearance,
occurring in association with IBD. Histologically, they
observed that the crypts lost their parallelism with a
poorly positioned proliferation zone removed from the

Endoscopic aspect

Chromoendoscopy: In chromoendoscopy, TSA
associate type Ⅱ with types Ⅲs or ⅡL and a
[4]
slightly textured or lobular surface (Figure 4) . The
[38]
characteristics of TSAs are often reddish in color .
A further characteristic that was not included in
this study is that some flat lesions show a surface
architecture that can be described as highly protruding
[34]
double elevation, pinecone-shaped, or coral-shaped .
In Ishigooka’s study, TSAs accounted for 76.9%
(30/39) of lesions with a basic architecture of type Ⅳ-S
pit pattern, and lesions without type Ⅳ-S pit pattern
could be classified as non-TSAs with 96.7% sensitivity
and 88.9% specificity. The authors concluded that
type Ⅳ-S pit pattern can be considered a characteristic
[38]
finding of TSAs .
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B

C

Figure 5 Endoscopic (A), endomicroscopic (B) and histologic (C) characteristics of serrated lesions in patients with inflammatory bowel disease.

muscularis mucosa and closer to the surface. Kilgore
identified mucosa with a hyperplastic appearance
surrounding and further away from the cancer, on
surgical specimens from the colon of Crohn’s disease
patients, in 30% of cancer patients, as opposed to
[41]
[42]
10% in the control group . Rubio et al
compared
the appearance of tissue surrounding carcinomatous
lesions in IBD patients with that in control patients
(sporadic adenocarcinoma). They observed a serrated
appearance in 22% (11/50) of IBD cases, as opposed
to 2% (1/50) in the control group. The same authors
have reported a strong prevalence (34.5%) of serrated
lesions in patients having IBD in the absence of
[43]
carcinoma . It has been hypothesised that a chronic
inflammation could lead to exaggerated proliferation at
the level of the basal portion of the crypts, associated
with abnormal regeneration phenomena, producing
these serrated lesions, with dysplasia at the base
[42]
of the crypts . From our own experience, a wellidentified serrated appearance is indeed observed
under endomicroscopy, corresponding exactly to
the aforementioned descriptions, but remaining
quite different from sporadic SP (HP, SSA and TSA),
in terms of their macroscopic appearance, when
viewed endoscopically (Figure 5). In fact, according
to our own unpublished data, their macroscopic
appearance corresponds to type Ⅱb, and is very
often characterised by larger dimensions than in a
[44]
population of non-IBD patients . At the molecular
level, the genetic signatures are not well identified.
It appears that there is very often a Kras mutation
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in 18% of UC cases with cancer, and 9% of Braf
[45]
mutations . However, little data is available and we
need more studies to understand the serrated pathway
in IBD patients.

ENDOSCOPIC SURVEILLANCE
Some authors have reported a faster development
[46,47]
of these lesions
whereas, on the contrary, a
large cohort study has shown that the median age of
patients carrying SSA was 61 years, whereas that of
patients presenting with cancer was 76 years, thus
[48]
suggesting very slow progression . For this reason,
the recent recommendations from the United States
Multi-Society Task Force on Colorectal Cancer and
[49,50]
European Society of Gastrointestinal Endoscopy
advocate an endoscopic control adapted to the size,
number and presence of dysplasia (Table 2). As in the
case of adenomas, factors such as withdrawal duration
and the preparation or experience of the endoscopists,
[51]
are correlated with the rate of SP detections .
Consequently, as in the case of adenomas, the
question arises as to the role of new technologies, such
as chromoendoscopy for the optimisation of screening
and characterisation according to Kudo classification,
in the detection of these lesions. In a retrospective
study including patients with serrated polyposis, high
resolution endoscopy and NBI made it possible to show
that a fuzzy and irregular appearance of the polyps’
edges supported SSA, with a sensitivity, specificity
[36]
and accuracy of 89%, 96% and 93%, respectively .
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Although the inter-observer reproducibility for the
fuzzy appearance under NBI was good (k = 0.67), as
[52]
in Tadepalli study (k = 0.8) , this should be evaluated
in more extensive studies. Endomicroscopy associated
with chromoendoscopy has been evaluated and has
revealed an increase in detection sensitivity (91% vs
[39]
77%; p = 0.01), and exactly the same specificity .

13
14

CONCLUSION
Under the denomination of serrated polyps, different
types of lesions can be encountered, thus requiring a
more accurate characterisation. This depends not only
on the endoscopists, who must be able to recognise
and describe these lesions in order to resect them in
one piece, but also on the pathologists, who requires
an accurate description and an oriented resected
peace. This collaboration is essential in order to
improve current knowledge and understanding.
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Abstract
AIM: to study the prevalence of human papillomavirus
(HPV) in esophageal carcinoma in Tangshan, China, a
high-incidence area.
METHODS: Formalin-fixed, paraffin-embedded tissue
specimens from 198 patients who were pathologically
diagnosed with esophageal squamous cell carcinoma
from 2011 to 2013 were obtained from a pathology
department in Tangshan. DNA was extracted from all
198 specimens to detect HPV by polymerase chain
reaction (PCR). β-globin PCR was performed to check
the quality of the DNA extraction procedure. PCR was
performed to detect a wide range of HPV types, and
type-specific PCR was performed to detect HPV types
16 and 18. Negative and positive controls were used
for HPV 16 and 18 detection.
RESULTS: The DNA extraction method in this study
appeared to be more effective than other previously
reported methods. After DNA extraction, more than
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98% of the tissue specimens had an acceptable result
in the DNA qualification test (β-globin PCR). The overall
prevalence of HPV in tumor tissues by GP6+/GP5+
PCR was 79.79%, and the prevalence of HPV types
16 and 18 was 40.40% and 47.47%, respectively.
PCR demonstrated the presence of HPV, and direct
sequencing confirmed the HPV genotypes. All HPVpositive PCR products were checked by DNA sequence
analysis using DNAman and compared with the known
HPV sequences listed in the Basic Local Alignment
Search Tool database to evaluate the HPV types. This
analysis confirmed the presence of HPV types 16 and
18.

the host cell genome for malignant transformation
[4]
of the cervical epithelium to occur . Several studies
have evaluated the role of HPV in extragenital cancers,
but have produced conflicting results regarding the
[5,6]
involvement of HPV .
[7]
In 1982, Syrjänen was the first to report the
probable involvement of HPV in esophageal squamous
cell carcinoma (ESCC). Many researchers subsequently
became interested in HPV infection as a possible
cause of the development of ESCC. A comprehensive
review in 2002 reported that HPV was positive in
22.9% of 1485 ESCC specimens evaluated by in situ
hybridization and in 15.2% of 2020 ESCC specimens
[8]
evaluated by PCR . Esophageal cancer usually begins
in the epithelial layer of the esophagus. Approximately
90% of esophageal cancers are squamous cell
carcinomas. In some countries, such as the United
States, the frequency of ESCC is almost identical to
[9]
that of adenocarcinoma . Different studies around
the world have shown that, for unknown reasons,
the incidence of esophageal cancer differs among
various countries, as well as among different regions
within the same country. According to the World
Health Organization, West Africa is considered to be
of low risk for ESCC, while China is considered to be
[10]
of high risk . Among North American countries,
Peru and Mexico have the lowest mortality rates for
esophageal carcinoma, and Argentina, Chile, and
[11]
Brazil have the highest rates . Many studies have
been performed in different areas of China, but their
results are conflicting. Studies on HPV in the Anyang,
Shandong, and Gansu areas of China have confirmed
the presence of the HPV genome, especially the high[12]
risk types, in esophageal cancer . However, this
finding was not supported by another study conducted
[13]
in Linxian, China .
Studies on HPV involvement in esophageal cancer
have reported conflicting results, with prevalence rates
[14]
ranging from 0 to 71% . Variations in the specificity
and sensitivity of the evaluation techniques used are a
probable cause of these differences. Polymerase chain
reaction (PCR) is the most rapid and sensitive method
for detecting DNA in any type of sample; however, the
[15]
use of PCR with a suitable pair of primers is critical .
Collection of fresh cancerous tissues on a large
scale is difficult. On the other hand, examination of
fresh tissues allows samples to be evaluated in a short
period of time. Therefore, formalin-fixed, paraffinembedded (FFPE) archived tissue specimens were
used in this study. Various methods are available
to examine paraffin-embedded tissues, such as
immunohistochemistry or other techniques for
extraction and examination of DNA or RNA. Among
these different methods, PCR has been confirmed
to be a rapid and particularly sensitive method for
examining DNA from paraffin-embedded tissues.
Adequate storage of samples and the production of
high-quality extracted DNA are important factors in

CONCLUSION: DNA of high-risk HPV types 16 and 18
is present in esophageal tumors, implicating HPV as a
possible etiologic factor for esophageal squamous cell
carcinoma.
Key words: Esophageal carcinoma; Formalin-fixed,
paraffin-embedded tissue; Esophageal squamous cell
carcinoma; Human papillomavirus; Polymerase chain
reaction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: China is considered to have a high incidence
of esophageal cancer. Many etiologic factors for
esophageal cancer have been described; in China,
human papillomavirus (HPV) infection could be an
important cause of esophageal cancer. Tangshan in
Hebei, China has a high incidence of esophageal cancer.
However, no large-sample analyses of the prevalence
of HPV in this area have been performed. We analyzed
the prevalence and types of HPV in 198 esophageal
cancer specimens in this area of China. These findings
have important significance for analysis of the various
causes of local esophageal cancer.
Mehryar MM, Li SY, Liu HW, Li F, Zhang F, Zhou YB, Zeng
Y, Li JT. Prevalence of human papillomavirus in esophageal
carcinoma in Tangshan, China. World J Gastroenterol 2015;
21(10): 2905-2911 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/2905.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.2905

INTRODUCTION
Esophageal cancer is the eighth most common cancer
and sixth most common cause of cancer death
[1]
worldwide . Human papillomavirus (HPV) belongs
to a group of nonenveloped, double-stranded DNA
viruses, more than 100 genotypes of which have been
recognized. Many molecular and epidemiologic studies
have confirmed that HPV, especially high-risk HPV
types, has an important role in the development of
[2,3]
cervical cancer . HPV DNA must be integrated into
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Table 1 Primers used in PCR amplification of human papillomavirus DNA
Primer
PC04
GH20
GP5+
GP6+
HPV16E6F
R
HPV18E6F
R

Sequence, 5’-3’

Annealing temperature, ℃

PCR product, bp

CAACTTCATCCACGTTCACC
GAAGAGCCAAGGACAGGTAC
TTTGTTACTGTGGTAGATACTAC
CTTATACTAAATGTCAAATAAAAAG
CAACAAGACATACATCGACC
CAACAAGACATACATCGACC
CACTTCACTGCAAGACATAGA
GTTGTGAAATCGTCGTTTTTCA

62

150

55

150

60

350

55

350

obtaining accurate PCR results.

batch, water was used as the negative control and the
genome of HPV-positive cervical cells was used as the
positive control. The PCR products were checked on a
1.0% agarose gel and visualized by ethidium bromide
staining.

MATERIALS AND METHODS
Tissue collection

ESCC specimens were obtained from a pathology
department in Tangshan from 2011 to 2013. The samples
comprised 198 FFPE tissue blocks of histologically
confirmed ESCC.

Sequencing of PCR products

All PCR-positive products were sequenced and
analyzed using the T7 sequence version 2.0 DNA
PCR product sequencing kit (Affymetrix, Santa Clara,
CA, United States) to identify the HPV types and
any sequence variations. The nucleotide sequences
were subsequently confirmed using the Basic Local
Alignment Search Tool (BLAST).

DNA extraction

The FFPE tissue blocks were cut into 20-μm sections
and dewaxed by incubation for 2 h in pure xylene
with remixing of the tube contents every 45 min.
The remixing was repeated seven times, and the
dewaxed samples were then washed and dehydrated
with 100% ethanol six times. They were then dried at
room temperature. The deparaffinized samples were
digested with 600 μl of lysis buffer [10 mmol/L TrisHCL (pH 8.0), 0.1 mol/L EDTA, 0.5% SDS, and 20
μg/ml RNase A]. Next, 20 μl of 20 μg/ml proteinase
was added. After mixing, the tubes were incubated at
55 ℃ for 12 h with remixing of the tube contents every
2 h. After complete digestion, DNA was extracted by
phenol/chloroform precipitation. This process was
performed twice for every sample and then followed
by one phenol/chloroform precipitation. The DNA
was precipitated with 100% ethanol and incubated
at -20 ℃ overnight. After precipitation of the DNA,
the tubes were centrifuged at 13000 rpm for 15
min, rewashed with 75% ethanol, and dried at room
temperature. Finally, 80 μl of TE buffer was added to
every tube, and tubes were incubated at 4 ℃ for a few
hours to dissolve the precipitated DNA.

RESULTS
All PCR processes were performed twice to confirm the
presence of the PCR products of interest. The products
of the first PCR process were used as the template
for the second PCR process. During the second PCR
process, the amounts of all PCR mixture materials
excluding the 8-µL template were similar to those in
the first PCR process. Table 2 summarizes the results
of every PCR process of all 198 ESCC specimens
examined in this study. All results shown in Table 2 are
those of the second PCR process.

β -globin PCR (PC04/GH20)

The DNA extraction method seemed to be more
effective than other previously reported methods. After
DNA extraction, all samples were subjected to β-globin
PCR to test the quality of the extracted DNA. The DNA
quality was good in 190/198 (> 98%) of the ESCC
specimens. PCR using the PC04/GH20 primer pair
resulted in clearly differentiated DNA fragments of 150
bp (Figure 1).

PCR

The obtained DNA was amplified for the β-globin
gene using a Takara PCR kit (Takara Inc., Otsu,
Shiga, Japan) and PC04/GH20 primers to evaluate
the performance of the DNA extraction (table 1). A
GP5+/GP6+ primer set was used with a low annealing
temperature and small PCR product of 150 bp to detect
[16-18]
a wide range of HPV types
. Two sets of primers
were used for specific detection of HPV types 16 and
18. The annealing temperature and PCR products
of these two sets are mentioned in table 1. In each
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General HPV PCR (GP5+/GP6+)

After β-globin PCR, all 198 specimens were examined
using the GP5+/GP6+ primer set to visualize the HPVpositive cases on an agarose gel. PCR using the GP5+/
GP6+ primer pair resulted in clearly differentiated
DNA fragments of 150 bp (Figure 2). In total, 158/198
(79.79%) specimens were positive for HPV as
indicated by the presence of the 150-bp PCR product.
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5 kb marker

1 kb marker
Beta globin
150 bp

Figure 1 β-globin PCR results. Clearly differentiated DNA fragments of 150 bp are evident.

Figure 2 GP5+/GP6+ PCR. Clearly differentiated DNA fragments of 150 bp are evident.

A

B

Figure 3 Human papillomavirus PCR results. DNA fragments of 350 bp are evident. A: Human papillomavirus (HPV) 16; B: HPV 18.

Type-specific PCR (HPV types 16/18)

of the corresponding PCR products (table 2).

All samples were amplified using the primer sets
specific for HPV 16 (JHPV16E6F/JHPV16E6R) and HPV
18 (X18E6F/X18E6R) with the sequences listed in
table 1. These two PCR processes yielded an intense
band of the correct size (350 bp) for both HPV types
16 and 18 (Figure 3). Of all 198 specimens, 80
(40.40%) were positive for HPV 16, and 94 (47.47%)
were positive for HPV 18 as indicated by the presence

WJG|www.wjgnet.com

Sequencing PCR products

The DNA sequences of all HPV-positive PCR products
were analyzed with DNAman software, and the results
were compared with the known HPV sequences in
the DNA database using BLAST to identify the various
HPV types. The specimens contained DNA of both
HPV types 16 and 18. The DNA software analysis
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A

16-E6.txt
C04_16_2.HPV16E6
C05_16_3.HPV16E6
C09_16_4.HPV16E6
C10_16_5.HPV16E6
Consensus
16-E6.txt
C04_16_2.HPV16E6
C05_16_3.HPV16E6
C09_16_4.HPV16E6
C10_16_5.HPV16E6
Consensus
16-E6.txt
C04_16_2.HPV16E6
C05_16_3.HPV16E6
C09_16_4.HPV16E6
C10_16_5.HPV16E6
Consensus

B

E6-105-581
C06_18_1.HPV18E6
C07_18_2.HPV18E6
C08_18_3.HPV18E6
C09_18_4.HPV18E6
C10_18_5.HPV18E6
Consensus
E6-105-581
C06_18_1.HPV18E6
C07_18_2.HPV18E6
C08_18_3.HPV18E6
C09_18_4.HPV18E6
C10_18_5.HPV18E6
Consensus
E6-105-581
C06_18_1.HPV18E6
C07_18_2.HPV18E6
C08_18_3.HPV18E6
C09_18_4.HPV18E6
C10_18_5.HPV18E6
Consensus

Figure 4 Human papillomavirus sequencing results. A: Human papillomavirus (HPV) 16E6 in three specimens with some mutations; B: HPV 18E6 in three
specimens with one mutation.

tobacco and alcohol use may be the main causative
factors of ESCC. However, in regions with a high
incidence of ESCC, including China and northern Iran,
only a small portion of ESCC cases are related to
smoking or alcohol consumption. Therefore, other risk
factors should be considered to help explain the high
incidence of ESCC in these areas. Probable factors that
could be responsible for this high incidence include
a low intake of fruits and vegetables, drinking of hot
tea, consumption of opium products and tobacco,
Helicobacter pylori infection, contaminated water
[19]
sources, and genetic susceptibility . Polycyclic
aromatic hydrocarbons and N-nitroso compounds are
the most important mutagens that cause esophagus
[20]
[7]
cancer . Since the first study by Syrjänen in 1982 ,
several studies have been performed in different
countries and in different parts of the same country
to identify and confirm the involvement of HPV in the
development of ESCC. Many studies have shown the
presence of the HPV genome in DNA isolated from
esophageal cancer tissues; however, their results
[21-28]
are conflicting
. On the other hand, there are
differences in the HPV prevalence rates from the
[29]
same areas. For example, although Chang et al
[30]
and Lu et al
reported a high incidence (36.8%) of

Table 2 Polymerase chain reaction detection frequency of
human papillomavirus using different primers
Primer set
PC04/GH20
GP5+/GP6+
HPV 16
HPV 18
GP+ and
HPV16/18-1
HPV 16 and 18
HPV 16 or 18
GP and HPV 16
and 18
GP+/HPV16+/
HPV18+2

Tested cases, n

Positive cases, n

Positive cases

198
198
198
198
198

196
158
80
94
13

> 98.00%
79.79%
40.40%
47.47%
6.50%

198
198
198

55
119
48

27.77%
60.10%
24.24%

198

185

93.00%

1

GP5+/GP6+ positive but human papillomavirus (HPV) 16/18 negative;
GP5+/GP6+ positive or HPV 16 positive or HPV 18 positive.

2

results confirmed the presence of HPV DNA with a few
mutations in the viral DNA (Figure 4).

DISCUSSION
ESCC has one of the highest mortality rates worldwide.
In some countries with a low prevalence of ESCC,
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HPV infection in patients with ESCC in northern Iran,
another study found no HPV infection in 92 patients
with ESCC in another Iranian city (Shiraz). Similarly,
studies from Australia using the same evaluation
method reported different HPV infection rates of 50%
[31,32]
and 23% in patients with esophageal cancer
.
Using molecular methods, the majority of these studies
have shown the presence of high-risk HPV types in a
[33-35]
variable proportion of cases
. However, HPV has
not been identified as an etiologic agent of esophageal
[13,36]
cancer, even in highly prevalent regions
.
In the present study, we examined tissue specimens
from 198 patients with a pathologic diagnosis of ESCC
and found a high prevalence of HPV DNA (approximately
67% of all specimens). These rates are clearly higher
than in some previous studies in other regions of the
same country (China). In another study, although
the evaluation methods, PCR processes, and samples
(paraffin-embedded cancerous tissues) were almost
identical, the rates in Shandong and Gansu were lower
[12]
than in Shantou . In the present study, 19.0% of
the specimens were HPV-positive in contrast to 77.2%
[10,37]
reported in a previous evaluation in Shantou
.
Previous studies performed throughout the world,
including China, have shown a high incidence of HPV
DNA in almost all samples examined. These results
implicate HPV as a suspected causative agent of
esophageal cancer in addition to other etiologies
(environmental or genetic). Several factors may
contribute to the controversial results among different
countries or among different regions of the same
country: sample preparation (including all processes
from intraoperative cutting of the suspected tissue by
the surgeon to DNA extraction and analysis for the viral
genome), sensitivity of the evaluation method (any
item related to analysis of the HPV genome, including
instrument sensitivity and the use of high-quality
materials during DNA analysis in the PCR procedure),
and regional diet habits or other special customs.
In conclusion, a potential role of HPV in the
development of ESCC has emerged as evidenced
by the HPV-like histologic changes in the mucosa of
patients with esophageal cancer and the presence
of HPV antigens and HPV DNA in cancerous tissues.
Although various types of HPV have been detected by
PCR amplification and other methods, clear evidence
of the etiologic significance of HPV in ESCC is still
lacking. Considering that no studies on the relationship
between HPV and esophageal cancer have been
performed in Tangshan, China, we hope that the
present study promotes further efforts to confirm the
etiologic significance of HPV in the development of
ESCC.

Many studies have since been performed to prove this relationship; however,
the results have been controversial.
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METHODS: A neonatal maternal separation plus
restraint stress (NMS + RS) model of diarrheapredominant irritable bowel syndrome was developed
by subjecting male Sprague-Dawley rats to daily
maternal separation from postnatal days 2 to 21 plus
restraint stress from days 50 to 59. Rats were randomly
divided into two groups (NMS + RS and TXYF formula),
and rats with no handling or separation were used as
normal controls. Starting from postnatal day 60, rats
were administered TXYF formula (9.84 g/100 g body
weight) orally twice daily for 14 consecutive days, while
the normal and NMS + RS groups were given distilled
water. The distinctions of movement index (MI, area
under the curve of contraction intensity/min, mg/min)
and contraction frequency (CF, number of contractions/
min, times/min) of isolated colonic longitudinal smooth
muscle strips (CLSMs) in the three groups before
and after treatment were observed with a Power Lab
-4
system. Different inhibitors were applied, and then 10
mol/L acetylcholine chloride (Ach) was added to CLSMs
to induce muscle contraction.
RESULTS: Before treatment, the MI of CLSMs in the
NMS + RS and TXYF formula groups was similar and
both higher than that in the normal group (545.49
± 73.66 mg/min vs 245.76 ± 34.44 mg/min and
551.09 ± 54.29 mg/min vs 245.76 ± 34.44 mg/min,
P < 0.01, respectively). After treatment, the MI in
the TXYF formula group was lower than that in the
NMS + RS group (261.39 ± 38.59 mg/min vs 533.9
± 61.63 mg/min, P < 0.01). In the same way, the CF
of CLSMs in the NMS + RS and TXYF formula groups
was similar and both higher than that in the normal
group (3.42 ± 0.25 times/min and 3.31 ± 0.21 vs
1.1 ± 0.17 times/min, P < 0.01) before treatment.
After treatment, the CF in the TXYF formula group
was lower than that in the NMS + RS group (1.42
± 0.87 times/min vs 3.11 ± 0.82 times/min, P <
0.01) and similar to that in the normal group (1.42
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± 0.87 times/min vs 1.09 ± 0.13 times/min). When
8-(N ,N -diethylamino)octyl 3,4,5-trimethoxybenzoate
hydrochloride and 4-aminopyridine were added to the
bath and equilibrated for 30 min, respectively, and
-4
10 mol/L Ach was added to CLSMs to induce muscle
contraction, MI of the CLSMs in the TXYF formula
group was lower than that in the normal group (666 ±
36.32 mg/min vs 747.77 ± 49.47 mg/min, and 686.53
± 39.17 mg/min vs 750.45 ± 29.39 mg/min; P < 0.01,
respectively). The MI of CLSMs in the TXYF formula
group was lower than that in the normal group after
treatment with nifedipine (689.48 ± 30.84 mg/min vs
741.65 ± 32.41 mg/min; P < 0.05).

can significantly improve symptoms and quality of
life, therefore, increasing numbers of patients have
[5,6]
begun to seek treatment with TCM . Many clinical
studies have shown that TongXie-YaoFang (TXYF)
formula can significantly improve D-IBS clinical
[7,8]
symptoms and enhance quality of life . However,
the specific mechanism of action has not been
completely elaborated. The purpose of this study was
to observe the effect of TXYF formula on contraction
of colon smooth muscle in D-IBS rats, and discuss its
mechanism of action.

MATERIALS AND METHODS

CONCLUSION: TXYF formula inhibits colon contraction
in rats. This may be related to activation of specific
potassium channels and inhibition of extracellular
calcium internal flow.

Neonatal maternal separation plus restraint stress

Neonatal Sprague-Dawley rats were obtained on
postnatal day 1 from Vital River Laboratories Animal
Technology Co. Ltd. (Beijing, China), and kept at
Dongzhimen Hospital Affiliated with Beijing University
of Chinese Medicine. The pups were randomly assigned
to one of the following two rearing conditions: (1)
neonatal maternal separation plus restraint stress (NMS
+ RS); or (2) no handling or separation (normal).
The NMS + RS litters were removed from their
cages and separated from their dams for 3 h each
day, whereas the normal pups remained in their home
[9,10]
cages during the period of postnatal days 2-21
.
During the 3-h period of separation, the pups were
removed from the nest to stand-alone compartments,
where the temperature was maintained at 23 ±
0.5  ℃ in a thermally regulated facility. The litters
were returned to their home cages immediately after
[11]
separation . All the rats were reared on a 12:12 h
light-dark cycle (lights on at 08:00 h) with access to
food and water ad libitum. On day 22, the sexes of
the pups, including those in the normal group, were
distinguishable, so the females were removed and the
[12]
males retained .
On days 50-59, the NMS + RS rats were placed
in transparent plastic restraint cylinders (4 cm ×
4 cm × 18 cm), in which they could move forward
[13]
and backward but could not turn around . The
rats remained in the restraint cylinders for 3 h, with
access to food and water ad libitum, in the morning
and afternoon of each day. The NMS + RS rats were
divided into two groups (NMS + RS and TXYF formula).
All animal care and experimental procedures
were conducted according to the institutional ethical
guidelines and conformed to the requirements of the
Institutional Animal Care and Use Committee of Beijing
University of Chinese Medicine and the Animal Ethics
Committee of Dongzhimen Hospital Affiliated with
Beijing University of Chinese Medicine.

Key words: Irritable bowel syndrome; Neonatal maternal
separation; Herbal medicine; Colonic longitudinal
smooth muscle; Potassium channel
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Diarrhea-predominant irritable bowel syn
drome (D-IBS) is a chronic gastrointestinal disease
that seriously affects quality of life. Colon dysmotility
is recognized as one of the pathophysiological factors.
TongXie-YaoFang formula can effectively relieve
diarrhea and lower visceral hypersensitivity in D-IBS
rats, mainly via inhibiting the amplitude and frequency
of colonic longitudinal smooth muscle contraction. Its
action of mechanism may be related to the activation of
specific potassium channels, inhibition of extracellular
calcium internal flow, and reduction of intracellular free
2+
Ca concentration.
Yang C, Zhang SS, Li XL, Wang ZF, Zhao LQ. Inhibitory effect
of TongXie-YaoFang formula on colonic contraction in rats.
World J Gastroenterol 2015; 21(10): 2912-2917 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i10/2912.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i10.2912

INTRODUCTION
Diarrhea-predominant irritable bowel syndrome
(D-IBS) is a chronic functional gastrointestinal
disease. The diagnosis of D-IBS is based on symptom
[1]
assessment and the Rome Ⅲ diagnostic criteria .
The pathogenesis of D-IBS has not been fully clarified
and colon dysmotility is recognized as one of the
[2]
pathophysiological factors . The usual treatment of
the disease in Western medicine involves symptomatic
therapy, which is unsatisfactory for patients, while
simultaneously increasing the use of healthcare
[3,4]
resources
. Traditional Chinese medicine (TCM)

WJG|www.wjgnet.com

Herb materials and drug administration

TXYF formula is composed of the following traditional
Chinese herbal medicines: Bai zhu (Atractylodesm
macrocephala Koidz - Acta Horti Gothoburgensis 1938;
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12: 310), 93.75 g; Shao yao (Paeonia lactiflora Pall Reise Russ Reich 1776; 3: 286), 62.5 g; Chen pi (Citrus
reticulata Blanco - Fl Filip 1837; 610), 46.875 g; and
Fang feng [Saposhnikovia divaricata (Turcz) Schischk Fl URSS 1951; 17: 359], 31.25 g. It was manufactured
by Preparation Room for TCM of Beijing Chinese
Medicine Hospital. All raw materials in the formula
were examined according to the quality control criteria
[14]
in the Chinese Pharmacopeia .
From postnatal day 60, the rats in the TXYF formula
group were treated daily with orally administered
TXYF formula (9.84 g/100 g body weight). The normal
and NMS + RS groups were given distilled water. The
delivery volume in each group was always 2 mL/100
g/d, for 14 consecutive days.

values for each group using a paired t test. P < 0.05
was considered statistically significant.

RESULTS
TXYF formula inhibits movement index and contraction
frequency of colonic longitudinal smooth muscle strips
in rats with D-IBS

Under baseline conditions, the movement index (MI)
of colonic longitudinal smooth muscle strips (CLSMs)
in the NMS + RS and TXYF formula groups was similar
and higher than that in the normal group (545.49 ±
73.66 mg/min and 551.09 ± 54.29 mg/min vs 245.76
± 34.44 mg/min, n = 8, P < 0.01; Figure 1A). After
treatment, MI in the TXYF formula group was lower
than that in the NMS + RS group (261.39 ± 38.59
mg/min vs 533.9 ± 61.63 mg/min, n = 8, P < 0.01;
Figure 1A) and similar to that in the normal group
(261.39 ± 38.59 mg/min vs 244.78 ± 32.15 mg/min,
n = 8, P = 0.365; Figure 1A).
The same result was seen for contraction frequency
(CF) of CLSMs. Before treatment, CF in the NMS + RS
and TXYF formula groups was similar and higher than
that in the normal group (3.42 ± 0.25 times/min and
3.31 ± 0.21 times/min vs 1.1 ± 0.17 times/min, n = 8,
P < 0.01; Figure 1B). After treatment, CF in the TXYF
formula group was lower than that in the NMS + RS
group (1.42 ± 0.87 times/min vs 3.11 ± 0.82 times/
min, n = 8, P < 0.01; Figure 1B). After treatment, the
CF in the TXYF formula group was lower than that in
the NMS + RS group and close to that in the normal
group.

Tissue preparation and experiments

Rats were anesthetized abdominally with 7% chlo
rohydrate (35 mg/100 g body weight). The distal
colon (6-7 cm from the anus) was quickly taken and
incised longitudinally along the mesenteric border. Two
longitudinal smooth muscle strips (0.8 cm × 0.2 cm)
[15]
were obtained . Specimens of intestinal muscle were
ligatured with a medical thread at both ends. One end
of the specimen was fixed to the bottom of the bath
with the other connected to a physiological recorder
through the tonotransducer. Specimens of the initial
load was 1 g (2 mV) to maintain basic tension. Krebs
solution (15 mL) was injected into the four baths at
a temperature of 37  ℃ with consecutively circulating
95% oxygen and 5% CO2. The tissues were allowed
to equilibrate for 60 min with fresh Krebs solution at
[16]
15-min intervals before the experiment .

Significant differences in MI of CLSMs after treatment
with TMB-8, 4-AP and nifedipine between the TXYF
formula and normal groups

Reagents

Krebs solution had the following composition: 117
mmol/L NaCl, 4.7 mmol/L KCl, 1.2 mmol/L MgCl2, 24.8
mmol/L NaHCO3, 1.2 mmol/L KH2PO4, 2.56 mmol/L CaCl2
and 11.1 mmol/L glucose. 8-(N,N- diethylamino)octyl
3,4,5-trimethoxybenzoate hydrochloride (TMB-8),
4-aminopyridine (4-AP), nifedipine, apamin, N-ethyl
G
maleimide (NEM), methylene blue, and N -nitro-Larginine methyl ester (L-NAME) were used. All of the
reagents were purchased from Sigma-Aldrich (St Louis,
MO, United States).

When TMB-8 was added to the bath and equilibrated
-4
for 30 min, and 10 mol/L Ach was added to CLSMs to
induce muscle contraction, the MI of rat CLSMs in the
TXYF formula group was lower than that in the normal
group (666 ± 36.32 mg/min vs 747.77 ± 49.47
mg/min, n = 6, P < 0.05; Figure 2A and B). There
were significant differences in MI of CLSMs between
the TXYF formula and normal groups after treatment
with 4-AP and nifedipine (686.53 ± 39.17 mg/min vs
750.45 ± 29.39 mg/min, and 689.48 ± 30.84 mg/min
vs 741.65 ± 32.41 mg/min, n = 6, P < 0.05; Figure
2A).

Apparatus

ML110 Powerlab amplifier, ML740 four-channel recorder,
MLT02021D tonotransducer, and Power Lab/4sp analysis
system for physiological data were all purchased from
AD Instruments Shanghai Trading Co., Ltd (Pudong
New Area, Shanghai, China).

No significant differences in MI of CLSMs between TXYF
formula and normal groups after treatment with apamin,
NEM, methylene blue and L-NAME

After treatment with apamin and NEM, MI of CLSMs
in the TXYF formula and normal groups was similar
(736.15 ± 32.41 mg/min vs 766.27 ± 32.41 mg/
min, and 786.47 ± 32.11 mg/min vs 775.33 ± 35.93
mg/min, n = 6, P > 0.05, respectively; Figure 3). The
MI of CLSMs in the TXYF formula and normal groups

Statistical analysis

All experimental data are expressed as mean ± SE.
The changes before and after treatment were analyzed
using one-way analysis of variance. The differences
between groups were analyzed by comparing the
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Figure 1 Effects of TongXie-YaoFang formula on movement index and contraction frequency of colonic longitudinal smooth muscle strips in rats.
A: TongXie-YaoFang (TXYF) formula significantly reduced the movement index (MI) of colonic longitudinal smooth muscle strips (CLSMs) in neonatal maternal
separation plus restraint stress (NMS + RS) rats; B: TXYF formula significantly reduced contraction frequency (CF) of CLSMs in NMS + RS rats; C: CF in the three
groups after treatment. bP < 0.01 vs the normal group; dP < 0.01 vs the NMS + RS group.
[22]

was similar after treatment with methylene blue and
L-NAME (744.48 ± 37.75 mg/min vs 754.27 ± 27.69
mg/min, and 755.43 ± 36.15 mg/min vs 760.7 ±
33.08 mg/min, n = 6, P > 0.05, respectively; Figure 3).

threshold in rats so as to exert its analgesic effect .
In this study, we used the method of NMS combined
with RS to establish an animal mode of D-IBS, with
the main simultaneous symptoms of diarrhea and
high visceral sensitivity. This recapitulates the clinical
symptoms of patients with D-IBS.
Modern pharmacological studies have shown
that TXYF formula has an inhibitory effect on bowel
[23,24]
movement and reduces intestinal peristalsis
. One
study has demonstrated that NMS upregulates L-type
2+
Ca channel expression in the colon, which contributes
[25]
[26]
to colonic motility disorder . Yuan et al have shown
that TCYF inhibits the contraction of isolated rat colonic
smooth muscle strips, mainly by preventing the influx
2+
of extracellular Ca .
In the present study, the contraction amplitude of
CLSMs excited by Ach was lower in the TXYF formula
group than in the normal group after incubation
with nifedipine for 20 min. This indicated that the
diastolic effect of TXYF-formula on CLSMs is probably
achieved by inhibiting voltage dependent calcium
2+
channel and reducing intracellular Ca concentration.
After treatment with TMB-8 and 4-AP for 30 min,
contraction amplitude of CLSMs induced by Ach in the
TXYF formula group was lower than that in the normal
group. This demonstrated that the inhibitory effects of
TXYF formula on CLSM contraction might be achieved
by means of: (1) inhibition of calcium release in

DISCUSSION
Diarrhea, abdominal pain and discomfort are the
primary clinical symptoms of D-IBS, whose etiology
and pathogenesis are complex. Its pathophysiological
changes mainly include abnormal gastrointestinal
[17,18]
dynamic disorder and visceral sensory sensitivity
.
In TCM, D-IBS belongs to diarrhea or abdominal
pain, according to its clinical manifestation. Its main
pathogenesis is stagnation of liver qi and spleen
deficiency, disharmony between liver and spleen, and
[19]
spleen deficiency wet-sheng .
The role of Bai zhu, in the TXYF formula, is Jian-Pi
Hua-Shi (invigorating spleen and eliminating dampness),
while Shao yao is Yang-Yin Rou-Gan (nourishing yin and
soothing liver). Modern pharmacological studies have
shown that they had an analgesic effect on visceral
[20,21]
pain and an inhibitory effect on bowel movement
.
The role of Chen pi, in the TXYF formula, is Li-Qi XingPi (regulating qi-flowing and amusing spleen), and
Fang feng is Qu-Shi Zhi-Tong (dispelling dampness
and relieving pain). A previous pharmacological study
has shown that Fang feng increases intestinal pressure

WJG|www.wjgnet.com
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movement index of colonic longitudinal smooth muscle strips in rats.
NEM: Nifedipine, apamin, N-ethylmaleimide, Methylene blue; L-NAME: NGnitro-L-arginine methyl ester; MI: Movement index; CLSMs:Colonic longitudinal
smooth muscle strips.
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Diarrhea-predominant irritable bowel syndrome (D-IBS) is a chronic functional
gastrointestinal disease. It seriously affects quality of life. The pathogenesis
of D-IBS has not been fully clarified, although colon dysmotility is recognized
as one of the pathophysiological factors. The usual treatment in Western
medicine involves symptomatic therapy, which is unsatisfactory for patients,
while simultaneously increasing the use of healthcare resources. Traditional
Chinese medicine (TCM) can significantly improve symptoms and quality of
life, so increasing numbers of patients have begun to seek treatment with TCM.
Many clinical studies have shown that TongXie-YaoFang (TXYF) formula can
significantly improve D-IBS clinical symptoms and enhance their quality of life.
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TXYF formula is a classic Chinese herbal formula for clinical treatment of D-IBS.
In the area of treatment of D-IBS with TXYF formula, the research hotspot is its
effect on colon movement, visceral sensitivity, and correlational ion channels.
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Previous correlational studies have shown that TXYF formula can affect bowel
movement mostly through the observation of intestinal fecal propulsion in D-IBS
rats using the method of short-term building. There have been few studies on
contraction amplitude and frequency of colon tissues in vitro. The current view
is that D-IBS is a chronic disease and related to early adverse life events. In
the present study, the movement index (area under the curve of contraction
intensity/min, mg/min) and contraction frequency (the number of contraction/
min, times/min) of isolated colonic longitudinal smooth muscle strips were
observed with a Power Lab system.
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Figure 2 Effects of TMB-8,4-aminopyridine and nifedipine on
movement index of colonic longitudinal smooth muscle strips in rats.
A: After treatment with 8-(N,N-diethylamino)octyl 3,4,5-trimethoxybenzoate
hydrochloride (TMB-8), 4-aminopyridine (4-AP) and nifedipine, the movement
index (MI) of colonic longitudinal smooth muscle strips (CLSMs) in the TongXieYaoFang (TXYF) formula group was lower than that in the normal group (n = 8,
P < 0.05); B: After treatment with TMB-8, MI of rat CLSMs in the TXYF formula
group was lower than that in the normal group. aP < 0.05 vs normal group.

Applications

The study results suggest that TXYF formula can inhibit the contraction of
rat colon, including the amplitude and frequency. This may be related to the
activation of specific potassium channels and inhibition of extracellular calcium
internal flow.

Terminology

D-IBS is a chronic functional gastrointestinal disease and related to early
adverse life events. It seriously affects quality of life. TXYF formula can
inhibit contraction amplitude and frequency of colon tissues in vitro. This may
be related to the activation of specific potassium channels and inhibition of
extracellular calcium internal flow.

intracellular sarcoplasmic reticulum, which results in a
decrease of intracellular calcium concentration; and (2)
activation of specific potassium channels.
In conclusion, TXYF formula inhibited the contraction
of isolated CLSMs in rats with D-IBS. Its mechanism
may be related to the activation of specific potassium
channels, inhibition of extracellular calcium internal flow,
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TXYF formula, a Chinese herbal formula, can effectively relieve diarrhea and
lower visceral hypersensitivity of D-IBS rats mainly via inhibiting the contraction
of the colonic longitudinal smooth muscle. This research shows that the
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mechanism may be related to the activation of specific potassium channels,
inhibition of extracellular calcium internal flow and reduction of intracellular free
Ca2+ concentration.
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METHODS: Peripheral blood samples were collected
from healthy subjects, patients with HCC or various
other cancers, and patients with hepatic lesions or
hepatitis. CTCs were enriched from whole blood by
extracting CD45-expressing leukocytes with monoclonal
antibody coated-beads following density gradient
centrifugation. The remaining cells were cytocentrifuged
on polylysine-coated slides. Isolated cells were treated
by triple immunofluorescence staining with CD45
antibody and a combination of antibodies against
ASGPR and carbamoyl phosphate synthetase 1 (CPS1),
used as liver-specific markers, and costained with
DAPI. The cell slide was imaged and stained tumor
cells that met preset criteria were counted. Recovery,
sensitivity and specificity of the detection methods
were determined and compared by spiking experiments
with various types of cultured human tumor cell lines.
Expression of ASGPR and CPS1 in cultured tumor cells
and tumor tissue specimens was analyzed by flow
cytometry and triple immunofluorescence staining,
respectively.
RESULTS: CD45 depletion of leukocytes resulted in
a significantly greater recovery of multiple amounts
+
of spiked HCC cells than the ASGPR selection (P s <
0.05). The expression rates of either ASGPR or CPS1
were different in various liver cancer cell lines, ranging
between 18% and 99% for ASGPR and between 9%
and 98% for CPS1. In both human HCC tissues and
liver cancer cell lines, there were a few HCC cells that
did not stain positive for ASGPR or CPS1. The mixture
of monoclonal antibodies against ASGPR and CPS1
identified more HCC cells than either antibody alone.
However, these antibodies did not detect any tumor
cells in blood samples spiked with the human breast

Abstract
AIM: To improve an asialoglycoprotein receptor
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cancer cell line MCF-7 and the human renal cancer cell
+
+
line A498. ASGPR or/and CPS1 CTCs were detected
in 29/32 (91%) patients with HCC, but not in patients
with any other kind of cancer or any of the other test
subjects. Furthermore, the improved method detected
a higher CTC count in all patients examined than did
the previous method (P = 0.001), and consistently
achieved 12%-21% higher sensitivity of CTC detection
in all seven HCC patients with more than 40 CTCs.

in the blood plays a major role in tumor recurrence
[6,7]
and the initiation of metastases after surgery . CTCs
may represent an active source of HCC metastasis or
recurrence, as transplanted allografts are the most
[8,9]
common site of early tumor recurrence .
Currently, the detection and molecular charac
terization of CTCs are utilized in a variety of malig
nancies, and have become one of the most active
[10-12]
areas of translational cancer research
. Various
technologies for CTC detection and enrichment have
been developed in the past decade, including strategies
that mainly depend on epithelial cell-surface markers,
[13,14]
such as epithelial cell adhesion molecules
.
However, only a small proportion of HCC cells express
[15-18]
this marker
, which only identifies low numbers
[19-21]
of CTCs in approximately 30%-40% of patients
.
[21]
Moreover, Morris et al
used a marker-independent
isolation approach to successfully identify CTCs in all
patient samples, demonstrating the poor concordance
between epithelial cell adhesion molecule-positive
CTCs and HCC CTCs.
We recently developed and validated an asialogly
coprotein receptor (ASGPR)-based magnetic cell
[22,23]
separation method for detection of HCC CTCs
.
ASGPR is an abundant cell surface receptor specific
to mammalian hepatocytes that recognizes and inter
nalizes desialylated glycoproteins with exposed terminal
[24,25]
N-acetylgalactosamine or galactose residues
.
However, several studies reported that the expression
[26-28]
of ASGPR is heterogeneous in human HCC
.
Therefore, we evaluated a modified strategy to increase
analytical sensitivity of the assay. The modified method
+
involves an initial depletion of CD45 leukocytes from
the sample, followed by detection of CTCs with a
combination of two antibodies against liver-specific
markers, ASGPR and carbamoyl phosphate synthetase
[29]
1 (CPS1; a newly identified antigen for Hep Par 1) .

CONCLUSION: Negative depletion enrichment combined
with identification using a mixture of antibodies against
ASGPR and CPS1 improves sensitivity and specificity for
detecting circulating HCC cells.
Key words: Asialoglycoprotein receptor; Carbamoyl
phosphate synthetase 1; Circulating tumor cells;
Hepatocellular carcinoma; Negative depletion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We previously described asialoglycoprotein
receptor (ASGPR)-based positive selection for the
enrichment and further detection of circulating tumor
cells (CTCs) of hepatocellular carcinoma (HCC).
However, expression of ASGPR is heterogeneous in
human HCC, and ASGPR cells are missed by this
method. In this study, we describe an improved method
using depletion enrichment with identification using
antibodies against ASGPR and carbamoyl phosphate
synthetase 1. The improved method significantly
improved sensitivity for CTC enrichment, and also
provided high specificity for CTC detection in patients
with HCC, thereby minimizing false negative/positive
results.
Liu HY, Qian HH, Zhang XF, Li J, Yang X, Sun B, Ma JY, Chen
L, Yin ZF. Improved method increases sensitivity for circulating
hepatocellular carcinoma cells. World J Gastroenterol 2015;
21(10): 2918-2925 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/2918.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.2918

MATERIALS AND METHODS
Patients and sample collection

Participants in this study included patients with HCC
(n = 32), 17 patients with other types of cancer,
including breast (n = 3), lung (n = 2), esophageal (n
= 3), gastric (n = 5) and colorectal (n = 4) cancer,
patients with other liver diseases, including benign
intrahepatic space-occupying lesions (n = 12), acute
hepatitis A (n = 3), chronic hepatitis B (n = 6), chronic
hepatitis C (n = 4) and cirrhosis (n = 15), as well as
healthy volunteers (n = 20). Peripheral venous blood
samples (5 mL) from each subject were collected into
VACUETTE polyethylene tubes containing ethylene
diaminetetraacetic acid (Greiner Bio-One GmbH;
Frickenhausen, Germany). The study was approved
by the Biomedical Ethics Committee of Eastern
Hepatobiliary Surgery Hospital (Shanghai, China)
and written informed consent was obtained from all
participants.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer in the world and the third leading
[1,2]
cause of cancer-related deaths
. There are an
estimated 100 million newly diagnosed patients with
HCC per year, with 548600 deaths from liver cancer
[3]
reported in the year 2000 . For patients with adequate
hepatocellular function and anatomically resectable
tumors, liver resection is generally the first treatment
consideration. However, up to 40% of those patients
develop recurrences within the first year and there is
[4,5]
a 25%-40% expected five-year survival rate . The
spread of disseminated circulating tumor cells (CTCs)
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P < 0.05

P < 0.01

P < 0.01

antibodies.

P < 0.01

Mononuclear cell enrichment followed by depletion of
CD45+ leukocytes

Recovery (%)

80

After enriching mononuclear cells and tumor cells
from the whole blood samples by density gradient
with Ficoll-Paque PLUS (GE Healthcare Life Sciences,
Little Chalfont, Buckinghamshire, United Kingdom),
+
CD45 leukocytes were depleted from the enriched
cells with 25 µL of beads coated with anti-CD45
monoclonal antibody (Miltenyi Biotec) according to
the manufacturer’s instructions. The remaining CD45
cells were cytocentrifuged on polylysine-coated slides,
which were dried and stored at 4  ℃ for subsequent
immunofluorescence staining.

60
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Figure 1 Flow cytometric analysis. Recovery of spiked HepG2 human liver
cancer cells from blood samples using depletion of CD45+ leukocytes (white
bars) and asialoglycoprotein receptor-positive selection (black bars).

Identification and enumeration of CTCs

The cell slides were imaged and CTCs counted
[22]
according to the method previously described .

Cell line and culture

Human liver cancer cell lines (HepG2, Hep3B, Huh7,
MHCC-97H, MHCC-97L, PLC/PRF/5, and SMMC-7721),
the human breast cancer cell line MCF-7, and the
human renal cancer cell line A498 were obtained
from American Type Culture Collection (Manassas,
VA, United States) and cultured according to their
instructions.

Statistical analysis

SPSS statistical software (SPSS Inc., Chicago, IL,
United States) was used to conduct Student’s t-tests
and ANOVA. Data are presented as mean ± standard
deviation, and a two-sided P < 0.05 was considered
statistically significant.

Flow cytometric analysis

RESULTS

5

A total of 4 × 10 cells were incubated at 37  ℃ for
45 min with monoclonal mouse anti-ASGPR and/or
monoclonal anti-CPS1 antibodies (Abcam; Cambridge,
United Kingdom) followed by staining with fluorescein
isothiocyanate-conjugated secondary antibody
(Beyotime; Shanghai, China) at 4  ℃ for 30 min in the
dark. Flow cytometric analysis was then performed
using a FACSCalibur system (Becton, Dickinson and
Co.; Franklin Lakes, NJ, United States). For spiking
experiments, various numbers of tumor cells were
added to the 5 mL blood sample aliquots.

Comparison of HCC enrichment by CD45+ depletion and
ASGPR+ selection

To compare two methods of HCC enrichment, one
of the healthy volunteer’s blood samples was spiked
with various amounts of HepG2 cells and recovery
was measured by enumeration of spiked HepG2 cells
after enrichment. The results show that a significantly
greater proportion of HepG2 cells were recovered with
+
+
CD45 depletion than by ASGPR selection at each
spiking level (Ps < 0.05) (Figure 1).

ASGPR and CPS1 antibody cocktail for HCC detection

Immunofluorescence staining

Immunofluorescence analysis of human HCC tissues
showed that, based on DAPI staining, almost all of the
HCC cells stained positive for both ASGPR and CPS1,
whereas there were cells that did not stain with ASGPR
or CPS1 separately (Figure 2A). Flow cytometry
was performed on multiple cancer cell lines (HepG2,
Hep3B, Huh7, MHCC-97H, MHCC-97L, PLC/PRF/5, and
SMMC-7721), revealing that the expression rates of
ASGPR varied between 18% and 99%, and between
9% and 98% for CPS1. A typical flow cytometry
experiment from Hep3B cells is shown in Figure 2B.
These results demonstrate heterogeneous expression
of ASGPR and CPS1 in human HCC.
We then used the antibody cocktail containing
both anti-ASGPR and anti-CPS1 to analyze a healthy
volunteer’s blood sample spiked with HepG2 cells, and

HCC tissue sections were incubated with anti-ASGPR
and rabbit anti-CPS1 (Abcam) antibodies at 4  ℃
overnight, and then stained with Cy3-conjugated goat
anti-rabbit and fluorescein isothiocyanate-conjugated
goat anti-mouse IgG secondary antibodies (Beyotime)
with DAPI at room temperature for 30 min.
Cell slides were incubated with mouse anticytokeratin (CK) antibody (CK3-6H5; Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany) or a mouse
monoclonal antibody cocktail against ASGPR and CPS1
and a rat anti-human CD45 monoclonal antibody
(Santa Cruz Biotechnology Inc., Dallas, TX, United
States). Slides were then stained with Cy3-conjugated
goat anti-mouse and Alexa Fluor 488-conjugated
rabbit anti-rat (Invitrogen of Thermo Fisher Scientific
Inc., Waltham, MA, United States) IgG secondary
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Figure 2 Immunofluorescence with hepatic antibody cocktail. A: Immunofluorescence staining of human hepatocellular carcinoma tissue with antiasialoglycoprotein receptor (ASPGR; green) and anti-carbamoyl phosphate synthetase 1 (CPS1; red) antibodies and costained with DAPI (blue) (magnification × 400);
B: ASGPR+ and CPS1+ cells were analyzed by flow cytometry of Hep3B human liver cancer cells.

identified more cells compared with either antibody
alone (Table 1). However, neither the ASGPR nor the
CPS1 antibody detected tumor cells in blood samples
spiked with cell lines MCF-7 and A498 (100 cells
spiked), though CD45 depletion of leukocytes enriched
them from the spiked blood samples (data not shown).

(Table 2). On the contrary, no CTCs were detected
in samples from the healthy volunteers, or from any
of the other cancer or hepatitis patient samples.
This method was then compared with the previously
+
reported method (ASGPR selection followed by
[23]
identification with CK and CPS1 antibodies ). The
current method detected a significantly higher CTC
count than did the previous method (P = 0.001), with
12%-21% increased sensitivity of CTC detection in HCC
patients with more than 40 CTCs (Figure 3B and C).

ASGPR and CPS1 antibody cocktail with CD45 depletion
for CTC detection

HCC CTCs were defined as large cells with a
morphologically intact DAPI-stained nucleus that were
+
+
CD45 and ASGPR and/or CPS1 (Figure 3A). Using
the antibody cocktail in CD45-depleted blood samples,
CTCs were detected in 29/32 (91%) patients with HCC
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Table 1 Detection of HepG2 cells in blood at different spiking levels
Spiked cells, n

ASGPR
Detected cells, n

10
50
250
1000

CPS1

Detection rate

7±1
36 ± 3
150 ± 16
573 ± 24

74% ± 11%
72% ± 6%
60% ± 6%
57% ± 3%

ASGPR + CPS1

Detected cells, n

Detection rate

Detected cells, n

Detection rate

6±1
31 ± 3
140 ± 16
531 ± 21

64% ± 11%
62% ± 6%
56% ± 6%
53% ± 2%

8±1
44 ± 3
215 ± 11
824 ± 21

84% ± 9%
89% ± 7%
86% ± 4%
83% ± 2%

ASGPR: Asialoglycoprotein receptor; CPS1: Carbamoyl phosphate synthetase 1.
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Figure 3 Improved circulating tumor cell detection sensitivity. A: Immunofluorescence staining of circulating tumor cells (CTCs) (arrow) detected in blood from
hepatocellular carcinoma patients with antibodies against asialoglycoprotein receptor (ASPGR) and/or carbamoyl phosphate synthetase 1 (CSP1) (red), and CD45
(green) with nuclear DAPI staining (blue) (magnification × 400); B: CTC numbers detected in the same HCC patients using the currently described method of CD45+
depletion and ASPGR+/CSP1+ immunostaining (green squares) and a previously described method with ASPGR+ selection followed by staining with cytokeratin and
CSP1 antibodies (purple diamonds); C: The current method showed higher detection sensitivity in all patients with > 40 CTCs.
[24,25]

[30]

in other organs
. Given the generally accepted
absence of normal hepatocytes in circulation, blood
cells labeled with the ASGPR antibody are thus
considered to be circulating HCC cells. However, not all
HCC tissues and human liver cancer cell lines express
[26,27]
ASGPR, which is consistent with previous reports
.
Alternatively, detection can be enhanced by the
+
removal of normal hematopoietic cells, such as CD45
cells, thereby enriching the blood cell suspension for
the rare tumor cells. Additional advantages to this
type of negative depletion include potential time/costefficiency and improved sample yield and purity,

WJG|www.wjgnet.com

allowing subsequent multiple biomarker analysis .
A number of authors have used either cell lysis or
gradient separation to remove red blood cells, followed
+
[31-34]
by CD45 depletion
. Our strategy utilized a Ficoll
+
gradient to remove red blood cells and targeted CD45
cells with magnetic particles for further removal, which
is expected to enrich all nucleated cells, including HCC
CTCs that lack expression of ASGPR.
CPS1 is a mitochondrial urea cycle enzyme found
[29]
in hepatocytes
that can be detected with the Hep
Par 1 antibody, which is commonly used to determine
the hepatocellular origin of neoplasms in diagnostic
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Consistent with these results, blood tests showed that
the current system detected a higher CTC count in
almost all patients examined than did the previous
[25]
system , further indicating that the previous ASGPRbased capture process underestimated the CTC
population.
Collectively, the results reported here demonstrate
that negative depletion enrichment combined with
identification using an antibody cocktail against ASGPR
and CPS1 not only significantly improves sensitivity for
CTC enrichment, but also provides high specificity for
CTC detection in patients with HCC, thereby minimizing
false negative/positive results.

Table 2 Clinicopathologic profiles and detection of
circulating tumor cells in 32 patients with hepatocellular
carcinoma
Patient ID Age/sex Tumor size, Portal vein tumor
cm
thrombus
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
32
32

70/M
49/M
27/M
51/M
49/M
48/F
53/M
64/M
47/F
62/M
35/F
42/F
57/M
41/F
71/M
37/M
47/F
65/M
65/M
63/M
46/F
43/M
48/M
37/M
35/F
56/F
77/F
49/M
58/M
38/M
75/F
74/M

>5
>5
>5
<5
>5
<5
>5
>5
>5
>5
<5
<5
<5
<5
>5
<5
<5
>5
<5
>5
<5
<5
<5
>5
>5
<5
<5
<5
<5
>5
<5
<5

+
+
+
+
+
+
+
+
+
+
+
+
+
-

TNM CTCs, n
Ⅳ
Ⅲ
Ⅲ
Ⅰ
Ⅳ
Ⅲ
Ⅳ
Ⅲ
Ⅳ
Ⅲ
Ⅰ
Ⅱ
Ⅱ
Ⅱ
Ⅲ
Ⅱ
Ⅰ
Ⅲ
Ⅰ
Ⅳ
Ⅱ
Ⅱ
Ⅰ
Ⅲ
Ⅲ
Ⅱ
Ⅱ
Ⅱ
Ⅰ
Ⅲ
Ⅱ
Ⅱ

56
72
29
11
108
43
47
87
92
51
0
23
26
23
72
15
13
33
5
67
29
9
0
50
38
56
17
29
0
50
22
28

COMMENTS
COMMENTS
Background

The development of overt metastasis is preceded by the dissemination of tumor
cells into blood circulation, bone marrow or the lymphatic system. The spread
of circulating tumor cells (CTCs) in the blood plays a major role in the initiation
of metastases and tumor recurrence after surgery.

Research frontiers

CTCs provide a readily accessible real-time liquid biopsy of tumors, serving
as biomarkers of the metastatic disease process. Currently, the detection and
molecular characterization of CTCs are applied in a variety of malignancies,
and have become one of the most active areas of translational cancer research.

Innovations and breakthroughs

The authors previously described asialoglycoprotein receptor (ASGPR)-based
positive selection for enrichment and further detection of CTCs of hepatocellular
carcinoma (HCC). In this study, they improve upon this method by combining
depletion enrichment with identification using an antibody cocktail of liverspecific markers (ASGPR and carbamoyl phosphate synthetase 1). The current
method significantly improves sensitivity for CTC enrichment, and provides
high specificity for CTC detection in patients with HCC, thereby minimizing the
possible false negative/positive results.

Applications

Tumor-node-metastasis stage (TNM) staging from the Sixth Edition of the
International Union Against Cancer.

The improved method will allow for effective enrichment and accurate
enumeration of circulating HCC cells, which has great potential for predicting
HCC patient prognosis and for monitoring treatment response.

Terminology

surgical pathology practice. However, several studies
reported heterogeneous expression of CPS1 in human
[35-37]
[37]
HCC
. For example, Timek et al
reported that
17/18 small tissue biopsy specimens of HCC were
positive for Hep Par 1, but only 19/29 fine-needle
aspiration biopsy specimens were positive. Because of
this, we previously utilized a mixture of two antibodies
+
(against CPS1 and CK) to stain ASGPR HCC CTCs.
However, CK was not employed in the present method,
as it can detect viable circulating epithelial cells in
healthy people and patients with benign diseases. To
decrease the occurrence of false-positive results, we
used a modified mixture of two antibodies against
liver-specific antigens (ASGPR and CPS1) that are
downregulated in HCC cells.
The combination of ASGPR and CPS1 antibodies
allows for increased detection of cells that may express
only one of the two markers, as was observed in
our immunohistochemical analyses. Furthermore,
+
when combined with CD45 depletion, this method
obtained greater than 82% recovery of HepG2 cells
from blood samples. This method was specific for HCC
CTCs, as breast cancer tumor cells were not detected.
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CTCs are cancer cells shed from either the primary tumor or its metastases that
circulate in the peripheral blood.

Peer-review

The paper is well written, clear and concise. The topic is interesting. The
methods are sound. Conclusions are consistent with the results.
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Anti-proliferation effects of Twist gene silencing in gastric
cancer SGC7901 cells
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mRNA and protein levels by RT-PCR and Western blot.
We also evaluated the cell proliferation and apoptosis
by CCK-8 assay and flow cytometry. We determined
the activity of caspase-3 and caspase-9 with a caspase
activity assay kit. Cell cycle distribution was analyzed by
flow cytometry. Cell migration and invasion ability was
evaluated by wound scratch assay and Boyden chamber
assay.
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RESULTS: Twist protein was highly expressed in gastric
cancer samples. Twist gene silencing significantly
induced apoptosis, cell cycle arrest at G 0/G 1 phase,
proliferation inhibition, and reduced the ability of
migration and invasion in human gastric cancer SGC7901
cells. Meanwhile, both caspase-3 and caspase-9 were
activated.
CONCLUSION: The Twist gene could serve as a
potential molecular target for gene therapy of gastric
cancer with targeted small interfering RNA.
Key words: Twist; siRNA; SGC7901; Apoptosis; Invasion
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Twist is a highly conserved transcription
factor gene in gastric cancer. Silencing of the Twist
gene could induce apoptosis of human gastric cancer
SGC7901 cells, induce cell cycle arrest at the G0/G1
phase, inhibit cell proliferation, and reduce the ability
of cell migration and invasion. The current research
provides a potential gene therapy target for gastric
cancer.

Abstract
AIM: To study the role of Twist gene in gastric cancer
by gene silencing, including the potential of induction of
apoptosis, cell cycle arrest, and proliferation inhibition in
human malignant gastric SGC7901 cells.

Zhang H, Gong J, Kong D, Liu HY. Anti-proliferation effects
of Twist gene silencing in gastric cancer SGC7901 cells. World
J Gastroenterol 2015; 21(10): 2926-2936 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/2926.htm DOI:

METHODS: The expression level of Twist in gastric
cancer samples was measured by immunohistochemistry.
The effects of Twist gene silencing were detected at both
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treated with chemotherapy or radiotherapy prior to the
surgery. Another 19 normal gastric tissues were collected
to compare Twist expression, and all samples were
confirmed by two experienced pathological experts.

INTRODUCTION

Cell line and reagents

Twist, a highly conserved transcription factor with
helix-loop-helix structures, is considered to regulate
essential oncogenic properties in many kinds of cancer
[1-5]
cells
. Twist was firstly identified in Drosophila
[6]
as an essential gene for the dorsoventral polarity .
Previous work suggests that Twist promotes the colony
formation of mouse embryonic fibroblasts in soft agar
and antagonizes the growth inhibition induced by p53.
Recently, Twist was found involved in the metastasis
of breast cancer by promoting the process of epithelial
[7]
to mesenchymal transition in vivo . It was also reported
that Twist expression is significantly enhanced in several
different types of carcinomas, such as prostate cancer,
[1,5,8,9]
sarcomas, lymphomas and melanoma
. The
inhibition against Twist could induce cell cycle arrest
at the G0/G1 phase. Additionally, Twist also plays an
important role in numerous physiological processes in
metastasis, like angiogenesis, invadopodia, extravasation,
[5]
and chromosomal instability . These findings suggest
that Twist is a novel oncogene associated with tumori
[1,2,7]
genesis as well as tumor progression
.
Gastric cancer is the second most common cause
of death associated with carcinomas, and has low
[10,11]
survival rates in patients
. Due to the difficulties in
diagnosis at early stage, a majority of patients bearing
[12]
gastric cancer have a poor clinical outcome . Despite
the evidence suggesting the oncogene role for Twist,
there are little reports regarding the expression of
Twist in gastric cancer.
In the present study, we examined the expression
level of Twist in both normal and carcinomatous hu
man gastric tissues. In addition, we quantified the
expression of Twist at both mRNA and protein levels in
human gastric cancer SGC7901 cells and human gastric
epithelial GES-1 cells. To determine the role of Twist
in gastric cancer, we studied the effects of Twist gene
silencing on proliferation, migration and invasion of
SGC7901 cells using RNA interference (RNAi) technique.
In addition, the effects of Twist gene silencing on cell
cycle distribution and apoptosis induction were also
investigated.

Since gastric epithelial GES-1 cells and normal gastric
epithelial cells have similar biological properties, GES-1
cells were used in this study. Human gastric cancer cell
[13]
line SGC7901
and human gastric epithelium GES-1
cell line were kindly provided by No. 3 Hospital of Jilin
University, all cell lines have been identified by Type
Culture Collection of the Chinese Academy of Sciences
(Shanghai, China), and cell lines were grown in RPMI
1640 medium (Hyclone, Logan, UT, United States)
supplemented with 10% fetal calf serum at 37 ℃ in a
humidified atmosphere of 5% CO2. The antibodies against
human Twist, mouse/rat Bax and Bcl-2 were purchased
from Santa Cruz Corporation (Santa Cruz, CA, United
States). Caspase 3 and caspase 9 activity assay kits
were purchased from BiYunTian Biotechnology Research
Institute (Shanghai, China). The immunoglobulin
G (IgG) labelled with horseradish peroxidase was
purchased from Zhongshan Company (Zhongshan,
China). pGenesil-2 vector carrying Twist siRNA was
synthesized by Wuhan Cell marker Biotechnology Co.,
Ltd. (Wuhan, China). The target sequence of the Twist
siRNA was AAGCTGAGCAAGATTCAGACCCTCAAGCT.

RT-PCR and immunoblotting assay

The total RNA was isolated using Trizol reagent
(Invitrogen, United States) and transcribed into cDNA
using a reverse transcription kit (Toyobo, Japan).
RT-PCR was carried out using a MX3000 machine
(Eppendorf, Germany) using the following condition:
95 ℃ 30 s, 55 ℃ 30 s, 72 ℃ 30 s for 35 cycles. Each
sample was determined in triplicate. For Twist gene
amplification, the forward primer was 5’ GGG AGT
CCG CAG TCT TAC GA 3’, and the reverse primer
was: 5’ CCA GAC CGA GAA GGC GTA GC 3’. GAPDH
expression was used as an internal control, and the
forward primer was: 5’ AGC CAC ATC GCT CAG ACAC
3’, and the reverse primer was 5’ GAG GCA TTG CTG
ATG ATC TTG 3’. The 1.5% agarose gel was used to
view the PCR product with a Kodak UV detector (Kodak,
United States). For the total protein extraction, cells
were harvested and lysed with mammalian cell lysis/
extraction reagent (Sigma-Aldrich). Western blot
analysis was conducted according to the standard
procedure. Briefly, harvested cells were washed twice
with phosphate buffered saline (PBS) and lysed in 100
μL radioimmunoprecipitation assay lysis buffer. The
protein concentration was determined with Bradford
reagent (Sigma−Aldrich, Saint Louis, MO, United
States) according to the manufacturer’s instructions.
Proteins were resolved by 10% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis and
transferred to polyvinylidene difluoride membranes

MATERIALS AND METHODS
Patients and specimens

We collected a total of 127 patients who were diagnosed
with gastric cancer, and these patients accepted resection
at No. 1 Hospital of Jilin University from December 2006
to January 2008. Among them, there were 71 males
and 56 females with the mean age of 55 years (range,
33-73 years). As to the progression of cancer, there
were 15 cases of stage Ⅰ, 33 cases of stage Ⅱ, 43 cases
of stage Ⅲ and 36 cases of stage Ⅳ. No patients were
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(Roche Diagnostics GmbH, Mannheim, Germany).
After non-specific reactivity was blocked with 5% nonfat milk in Tris-buffered saline for 3 h, the membranes
were incubated overnight with primary antibodies.
The secondary antibodies used were horseradish
peroxidase-conjugated goat anti-rabbit or -mouse
IgG from Tiangen (Beijing, China). Membranes were
incubated with the secondary antibodies for 1 h at
room temperature, and densitometric scans of the
autoradiographs were digitized on a ScanMaker
3860 (Microtek, Shanghai, China) with Scanwizard 5
software (Microtek).

SGC-7901 cells with rhodamine 123 were seeded into
5
the Matrigel labeled Boyden chamber (2 × 10 /well).
After induction by NIH/3T3, SGC-7901 cells migrated
into the Matrigel 3 h later, and the invasion depth was
studied with a laser scanning confocal microscope.
The effects of RNAi on the invasion were also
evaluated in vivo. Twist RNAi transfected SGC-7901
cells, together with control cells, were injected under
the kidney capsule. After cell transplantation for 6 d,
we sacrificed the animals and studied the invasion
depth as well as the effects on the xenograft under the
kidney. The effects were observed under a microscope
after HE staining.
Matrix metalloproteinases (MMPs) play an important
role in the process of migration, invasion and metastasis
of tumor infiltration. The expression of MMP-2 was
measured by gelatin zymography.

Immunohistochemical staining

Tissue immunohistochemical staining was completed
with peroxidase-labeled streptavidin in the immuno
histochemistry kit according to the instructions. Briefly,
samples were embedded in paraffin, and the sections
were deparaffinized. After the depletion of endogenous
peroxidase, nonspecific binding sites were saturated
with bovine serum albumin. Human Twist antibody
(dilution, 1:1000) was added and incubated overnight
at 4 ℃. After washing with PBS, biotinylated goat
anti-mouse IgG was added to the tissue sections,
and incubated at room temperature for 30 min. After
washing with PBS and incubation with avidin DHbiotinylated peroxidase, these tissues were detected
with diaminobenzidine color development reagent.

Apoptosis induction analysis

The decrease of mitochondrial transmembrane potential
(MTP, ΔΨm) is generally regarded as one of the earliest
events in apoptotic cascade reaction process. Once
the MTP is destroyed, irreversible apoptosis would be
[16,17]
started
. We measured the MTP by rhodamine-123
staining.
As the important checkpoint in the commonly
apoptotic signaling pathway, the ratio of pro-apoptotic
factors (Bax) to anti-apoptotic ones (Bcl-2) critically
[18]
regulates the activity of caspase-3 and -9 , and Bax
and Bcl-2 regulate apoptosis by controlling MTP as well
[18,19]
as membrane permeability
. Therefore, the effects
of Twist RNAi on the activity of caspase-3 and -9 were
tested; the expression of Bax and Bcl-2 was measured
by fluorescent activated cell sorting (FACS).
Tumor suppressor protein p53 also plays an important
[20]
role in the regulation of apoptosis . A previous study
has suggested that the loss of p53 expression or
function is highly associated with an increased risk of
[21]
carcinogenesis . Multiple signaling pathways mediate
p53-induced apoptosis, one of which involves both
Bcl-2 and Bax proteins. Actually, the pro-apoptotic
protein Bax is a downstream target of p53 while the
anti-apoptotic protein Bcl-2 could be suppressed by
[18,20,22]
p53 at the transcriptional level
. On these basis,
we examined the expression of p53 in Twist RNAi
SGC-7901 cells by FACS.

In vitro cell proliferation assay

The cell viability was measured using Cell Counting
Kit-8 (CCK-8) assay (Dojindo Molecular Technologies,
Rockville, MD, United States) according to the instruc
tions. Cells were seeded in 96-well flat-bottom plates,
and 10 μL of CCK-8 reagent was added at different
time points and then incubated for another 1 h. The
absorbance was measured with a microplate reader
(Bio-Rad, United States) at 450 nm. The CCK8 assay
was conducted at daily intervals from the next day to
the seventh day after seeding, and the average OD
value at each time point from different groups was
plotted with Excel (Microsoft, United States).

Soft-agar colony formation assay
[14]

3

In the soft-agar assay , cells (7 × 10 ) were suspen
ded in 1 mL of 0.3% agarose and then added to each
well of a 24-well plate with a foundation layer of 0.5%
agarose. Fifteen days later, the colonies were observed
and counted.

Cell cycle distribution analysis

Cell cycle analysis was performed by FACS as
[23]
described previously . Briefly, the cells in logarithmic
growth phase were harvested, fixed in 70% ethanol at
4 ℃ for 12 h, and stained with propidium iodide (PI) in
a phosphate buffered saline solution containing RNase.
Data were analyzed with Cellfil software.

Cell adhesion and invasion assay

Matrigel Plate Coating was prepared according to
[15]
5
previous reports . Cells (2 × 10 ) were plated in
96-well Matrigel-coated plates and incubated at 37 ℃
for 1 h. After three times of wash using PBS to remove
suspended cells, the adherent cells were observed
under a microscope and quantified using CCK-8
assay. The adherent rate for the three different cell
populations were calculated. Specifically, the stained
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digoxigenin-dUTP nick-end labeling assay

In the current study, the cells were seeded on the
5
coverslips in 6-well plates (1.5 × 10 /well). Apoptotic
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RNAi of Twist induces cell cycle arrest and apoptosis

Table 1 Twist expression in gastric carcinoma tissue
Stage

No. of samples

Normal

19
15
33
43
36
127

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Total

Twist expression
-

+

++

+++

Twist
positive
rate

16
7
8
7
3
25

3
7
12
20
6
45

0
1
12
14
15
42

0
0
1
2
12
15

15.8%
53.3%
75.8%
83.7%
91.7%
80.3%

The changes of cell cycle distribution and apoptosis
were further examined by PI staining, 4’,6-diamidino2-phenylindole (DAPI) staining and TUNEL assays,
respectively. For the cell cycle analysis, we found
significant accumulation of cells at the G0/G1 phase
in Twist siRNA treated cells, with reduction at S phase,
compared to the vector control and wild type (Figure
[24]
3A and 3B). The proliferation index
for Twist siRNA
treated cells decreased from 35.7% to 31.0%. The
SPF also decreased from 28.7% to 17.9%. The results
suggested that Twist RNAi could induce cell cycle arrest
at G0/G1 phase.
In the DAPI staining assay, we found the round and
clear-edged nuclear morphology in vector control cells,
which is similar to that observed in the wild type cells.
In the Twist RNAi cells, the apoptosis (characterized
by nuclear pyknosis and heavier coloring) increased
significantly compared to the vector control cells (Figure
3C). Similar results were also observed in TUNEL
assay. The apoptotic cells with brown granules in the
nucleus were much more in Twist RNAi SGC-7901 cells
(35.1 ± 8.2/field) than vector control cells (15.2 ±
2.1/field) (Figure 3D) with statistical significance (P <
0.001).

cells were detected by TUNEL assay using the in situ
cell death assay kit according to the instructions. The
apoptosis index was calculated as the percentage of
cells with definite positive terminal deoxynucleotidyl
transferase-mediated digoxigenin-dUTP nick-end
labeling (TUNEL) staining and was obtained by
counting five randomly chosen visual fields for each
slide under a microscope.

Statistical analysis

All the data were statistically analyzed using t-test
2
or χ test, and are expressed as mean ± SD based
on three independent experiments. All the analyses
were carried out with SPSS 12.0 statistical software.
P values less than 0.05 were considered statistically
significant.

Knockdown of Twist decreases the oncogenic potential
of gastric cancer SGC-7901cells in vitro

As to the adhesion, result showed there was a
significant difference in the adherent rate between
Twist siRNA treated cells (17.8%) and the vector
control cells (39.5%) (P < 0.001). In contrast, there
was no significant difference between vector cells and
wild type cells (Figure 4).
Figure 4 demonstrates the anchorage-independent
growth results. As we can see, Twist RNAi resulted in a
significant decrease (about 19.5%) in colony formation
in SGC-7901 cells compared with vector control (P <
0.001). However, no significant difference between
vector control and wild type cells was found. These
results suggest that the decreased expression of Twist
could lead to the difficulties in forming colonies in soft
agar for gastric cancer cells.
We measured the relative migrating distance after
18 h with the result of 58.5% in Twist siRNA treated
cells, which was much lower than that in control vector
treated cells (81.8%) (P < 0.05). In contrast, there
was no significant difference between vector and wild
type cells (Figure 5).
For the effects on invasion (Figure 5), the invasion
depth was determined to be 640.1 ± 77.6 and 660.0
± 89.4 µm for vector control cells and wild type cells,
respectively. In contrast, the invasion depth of Twist
RNAi cells decreased to 550.5 ± 36.5 µm. In addition,
we observed the cells reaching the membrane of
Boyden chamber by crystal violet staining. As shown
in Figure 5, compared to the vector control (66.3 ±

RESULTS
Expression of Twist increases in gastric carcinoma
tissues and SGC7901 cells

Comparison of surgically resected samples demonstrated
that little expression of Twist was only observed in 3 of 19
normal gastric samples. In contrast, we found that Twist
was largely expressed in the neoplastic gastric samples
with statistical significance compared with normal tissues
(P < 0.01) (Table 1).
On the other hand, RT-PCR and Western blot results
showed the expression of Twist in gastric cancer
SGC7901 cells and human gastric epithelial GES-1 cells.
The results showed increased expression in SGC7901
cells compared to GES-1 cells (Figure 1).

Knockdown of Twist inhibits the proliferation of
SGC7901 cells

After transfecting of SGC7901 cells with the pGensil-2/
Twist or a control vector (pGensil-2), we detected
the expression of Twist. The expression level of Twist
decreased approximately by 70% in cells transfected
with the pGensil-2/Twist (Figure 2A and B). We
measured the proliferation of both Twist RNAi cells and
vector control cells (Figure 2C), and found that the
growth of Twist siRNA transfected cells was significantly
inhibited at each time point, which demonstrated the
decreased cell division and increased apoptosis.
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11.2/field) and wild type cells (75.5 ± 10.1/field), the
number of cells in the Twist RNAi group decreased
largely (35.2 ± 9.6/field). These results suggest that
knockdown of Twist could significantly inhibit the
migration and invasion ability of SGC-7901 cells.

cells infiltrated into and oppressed the renal cortex in
xenografts derived from wild type and vector control
cells, which led to the damage of renal structure. In
contrast, much alleviated effects were observed in
the Twist RNAi group. We measured the expression of
Twist by immunohistochemistry. As shown in Figure
6D, high expression of Twist was found in cytoplasm
for both the wild type and control vector groups.
However, Twist expression was decreased in the Twist
RNAi group. These results suggest that the invasion
was more aggressive in xenografts derived from
control vector transfected and wild type cells than
from Twist siRNA transfected cells. What’s more, the

Twist RNAi inhibits the invasion of gastric cancer
SGC-7901 cells in vivo

As shown in Figure 6A and B, the invasion depth in
wild type and vector control was determined as 3.9 ±
0.6 mm, 3.7 ± 0.9 mm, respectively. In contrast, the
invasion depth of Twist RNAi SGC-7901 cells decreased
to 1.9 ± 0.5 mm. As shown in Figure 6C, cancer
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Mechanism of the apoptosis induction by Twist RNAi in
gastric cancer SGC-7901 cells

invasion ability was consistent with the expression
level of Twist.
As shown in Figure 6E, the amounts of secreted
pro-MMP-2 (72 kD) and activated MMP-2 (62 kD)
largely decreased in the Twist RNAi group compared
to the vector control and wild type groups, which
suggests that Twist gene silencing in SGC7901 cells led
to the inhibition of secretion and activation of MMP-2.
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MTP testing results showed that compared with the
empty vector transfected control cells, the number of
rhodamine-123 negatively stained cells was increased
significantly for Twist RNAi cells (P < 0.001) (Figure
7A). This suggests that knockdown of Twist could
reduce the MTP.
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As we can see from Figure 7B, the activity of
caspase-3 and -9 increased in Twist RNAi SGC-7901
cells, compared to the vector control and wild type
cells. In addition, the expression of Bax in the Twist
RNAi cells increased by 15.16%, while the expression
of Bcl-2 decreased by 24.35% compared to the vector
control (Figure 7C).
The expression of p53 also increased significantly
in the Twist RNAi cells compared to the vector and wild
type control cells. This suggests Twist RNAi can induce
apoptosis by means of enhancing the expression the
p53 gene (Figure 7C).

of Twist in carcinomatous samples by immunohis
tochemistry, which were collected from 127 patients
with gastric cancer. According to the previous reports,
Twist is widely expressed in most of human cancers,
[7,25]
[2]
[1]
[3,8]
including lung
, colon , pancreas , prostate ,
[26-29]
[30,31]
breast
, and gastric cancers
. We found that
Twist was expressed in different stages of neoplastic
gastric samples, and the expression level in cancer
was much higher than that in normal tissues. In
addition, compared to human gastric epithelial GES-1
cells, both mRNA and protein expression levels of Twist
consistently increased significantly in the cultured
gastric cancer SGC7901 cells.
To clarify the roles of Twist in gastric cancer cells,
we measured the effect of Twist knockdown on the
neoplastic characteristics of gastric cancer SGC7901

DISCUSSION
In the present study, we studied the expression
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cells. We found that vector control cells showed much
similar properties with wild type SGC7901 cells.
In contrast, Twist RNAi inhibited the proliferation
of SGC7901 cells, demonstrating that Twist gene
silencing could induce apoptosis and cell cycle arrest in
SGC7901 cells.
Moreover, we observed that other important
oncogenic characteristics were also affected in Twist
RNAi SGC7901 cells, such as the adhesion, anchorageindependent growth, migration and invasion, all of these
functions decreased considerably in Twist RNAi cells.
It is generally accepted that the disruption of
mitochondrial function could induce apoptosis, which
involves the abnormal expression of Bcl-2 and/or
Bax, and release of cytochrome c from mitochondria
[22]
into cytosol . From our results, we found that Twist
RNAi can lead to the decrease of MTP. Meanwhile, the
ratio of Bax/Bcl-2 in Twist RNAi cells also decreased.
In contrast, the expression of p53 increased. Previous
reports have suggested that Twist could inhibit the
[2]
expression of ARF (alternative reading frame) , which
binds to and promotes the rapid degradation of MDM2
[32]
and leads to stabilization and accumulation of p53 .
On these basis, it could be hypothesized that Twist
exerts its functions by regulating the expression of p53
as well as Bax and Bcl-2 in the gastric cancer cells,
which affects the MTP and the activity of caspases.
In conclusion, the current study demonstrates
that Twist gene silencing could significantly inhibit the
oncogenic properties of gastric cancer SGC7901cells.
It holds promise as a potential molecular target in the
gene therapy of gastric cancer.

This is an interesting study on RNAi targeting of molecules crucial for cancer
therapy. Many gene products involved in carcinogenesis have already
been explored as targets for RNAi. The authors take Twist as the target,
and demonstrate that Twist targeted siRNA generated significant effects on
biological behavior of gastric cancer cells. This study provides a new theoretical
and experimental basis for Twist targeted gene therapy.
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METHODS: Partial warm ischemia was produced in
the left and middle hepatic lobes of SD rats for 75
min, followed by 6 h of reperfusion. Rats were treated
with saline, cobalt protoporphyrin (CoPP) or zinc proto
porphyrin (ZnPP) at 24 h prior to the ischemia insult.
Blood and samples of ischemic lobes subjected to
ischemia were collected at 6 h after reperfusion. Serum
transaminases level, plasma lactate dehydrogenase and
myeloperoxidase activity in liver were measured. Liver
histological injury and inflammatory cell infiltration were
evaluated by tissue section and liver immunohistochemical
analysis. We used quantitative reverse transcription
polymerase chain reaction to analyze liver expression of
inflammatory cytokines and chemokines. The cell lysates
were subjected to immunoprecipitation with anti-Toll-IL1R-containing adaptor inducing interferon-β (TRIF) and
anti-myeloid differentiation factor 88 (MyD88), and then
the immunoprecipitates were analyzed by SDS-PAGE and
immunoblotted with the indicated antibodies.
RESULTS: HO-1 protected livers from I/R injury,
as evidenced by diminished liver enzymes and wellpreserved tissue architecture. In comparison with ZnPP
livers 6 h after surgery, CoPP treatment livers showed
a significant increase inflammatory cell infiltration of
lymphocytes, plasma cells, neutrophils and macrophages.
The Toll-like receptor (TLR)-4 and TANK binding kinase
1 protein levels of rats treated with CoPP significantly
reduced in TRIF-immunoprecipitated complex, as
compared with ZnPP treatment. In addition, pretreatment
with CoPP reduced the expression levels of TLR2,
TLR4, IL-1R-associated kinase (IRAK)-1 and tumor
necrosis factor receptor-associated factor 6 in MyD88immunoprecipitated complex. The inflammatory cytokines
and chemokines mRNA expression rapidly decreased in
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WJG|www.wjgnet.com

2937

March 14, 2015|Volume 21|Issue 10|

Huang HF et al . Heme oxygenase-1 and TLR2/TLR4 signaling
[3]

CoPP-pretreated liver, compared with the ZnPP-treated
group. However, the expression of negative regulators Tollinteracting protein, suppressor of cytokine signaling-1,
IRAK-M and Src homology 2 domain-containing inositol5-phosphatase-1 in CoPP treatment rats were markedly
up-regulated as compared with ZnPP-treated rats.

cellular stress . HO-1 is induced in response to various
noxious stimuli (such as hypoxia, ischemia, radiation,
[4,5]
inflammation and oxidative stress) . In addition,
induced HO-1 overexpression can protect against the
systemic inflammatory response and attenuate organ
[6-9]
ischemia/reperfusion (I/R) injury . Thus, HO-1 is
an attractive new therapeutic strategies and potential
candidate responsible for treatment of tissue or organ
I/R injury.
Toll-like receptors (TLRs) were initially discovered
in Drosophila, where they play an important role in
both developmental and immunological signaling.
TLRs mediate cell activation via engagement of
myeloid differentiation factor 88 (MyD88)- and/or
Toll-interleukin-1 receptor (TIR) domain-containing
adaptor inducing interferon (IFN)-β (TRIF)-dependent
signaling pathways. MyD88 is an adaptor protein used
[10,11]
by all TLRs except of TLR-3
. MyD88-dependent
signaling via TLR-2 and TLR-4 requires the presence of
[12,13]
TIR domain-containing adaptor protein (TIRAP)
.
Activation of MyD88/ TIRAP leads to the activation of
tumor necrosis factor (TNF) receptor- associated factor
6 (TRAF6), which leads to the activation of an IκB
kinase (IKK) complex and subsequent phosphorylation
[14,15]
and degradation of IκB
. TLR-4 and TLR-3 are
associated with TRIF-dependent pathways, which
finally result in the production of interferon and other
co-stimulatory molecules by activating nuclear factor
[16]
kappa B (NF-κB) and IFN regulatory factor (IRF)3 .
TLR signaling pathways ultimately lead to activation
of transcription factors, which regulate production of
cytokines and chemokines. In contrast, the expression
of Toll-interacting protein (Tollip), suppressor of
cytokine signaling (SOCS)-1, interleukin (IL)-1Rassociated kinase-M (IRAK-M) and Src homology 2
domain-containing inositol-5- phosphatase (SHIP)-1
[17-20]
inhibit TLR signaling pathways
.
TLRs have been shown to be expressed on several cell
types of the liver, including Kupffer cells, hepatocytes,
hepatic stellate cells, biliary epithelial cells, liver
sinusoidal endothelial cells, hepatic dendritic cells and
[21]
other types of immune cells in the liver . Liver I/R
injury is a process triggered when the liver is transiently
deprived of oxygen and reoxygenated. Augmented TLR
reactivity contributes to the development of heightened
systemic inflammation following severe liver injury,
potentially by activating proapoptotic pathways and the
[22-25]
release of proinflammatory cytokines
. Our previous
studies have shown that Kupffer cells from donors
pretreated with cobalt protoporphyrin (CoPP) (HO-1
inducer) down-regulated CD14 mRNA and protein
[26]
expression levels . CD14 was found to participate in
[22]
the function of TLR-4 . Whether the protective effect
of HO-1 is associated with TLR signaling pathways
is unknown. Therefore, this study was designed to
investigate the potential effects and mechanisms of
TLR pathways of induced HO-1 in rat liver I/R injury.

CONCLUSION: HO-1 protects liver against I/R injury
by inhibiting TLR2/TLR4-triggered MyD88- and TRIFdependent signaling pathways and increasing expression
of negative regulators of TLR signaling in rats.
Key words: Heme oxygenase-1; Ischemia reperfusion
injury; Toll-like receptor; Myeloid differentiation factor
88; Liver
© The Author(s) 2015. Published by Baishideng Publishing
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Core tip: Heme oxygenase (HO)-1, a rate-limiting
enzyme in heme degradation, has been shown to provide
cytoprotection in various tissue and organ injury models.
There is evidence suggesting that augmented Toll-like
receptor (TLR) reactivity contributes to the development
of heightened systemic inflammation following severe
liver injury. In this study, by inducing the expression of
HO-1 in a rat liver ischemia/reperfusion injury model,
we demonstrated that HO-1 suppresses activation of the
TLR2/TLR4-triggered myeloid differentiation factor 88
dependent pathway and promotes expression of negative
regulators of TLR signaling.
Huang HF, Zeng Z, Wang KH, Zhang HY, Wang S, Zhou WX,
Wang ZB, Xu WG, Duan J. Heme oxygenase-1 protects rat liver
against warm ischemia/reperfusion injury via TLR2/TLR4triggered signaling pathways. World J Gastroenterol 2015;
21(10): 2937-2948 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/2937.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.2937

INTRODUCTION
Heme oxygenase (HO)-1 is a stress-inducible ratelimiting enzyme in heme degradation that confers
cytoprotection against oxidative injury and provides
a vital function in maintaining tissue homeostasis.
The primary function of HO-1 enzyme is to degrade
the heme molecule to carbon monoxide (CO), free
iron, and biliverdin, which is immediately reduced to
[1]
bilirubin by biliverdin reductase . However, CO exerts
several biological functions including antiapoptotic and
[2]
anti-inflammatory properties . The release of free
iron is rapidly sequestered into the iron storage protein
ferritin. HO-1 is especially attractive because of its
characteristic inducibility. Recent studies have shown
that HO-1 may serve as a key endogenous factor in
the adaptation and/or defense against oxidative and
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Table 1 Primers used for quantitative real-time polymerase chain reaction
Gene
TNF-α
IL-6
IL-1b
IFN-g
CXCL-1
CXCL-2
HPRT

Sense

Antisense

GCGTGTTCATCCGTTCTCTACC
TTCCAGCCAGTTGCCTTCTT
ATCCCAAACAATACCCAAAGAAG
AACCCACAGATCCAGCACAAAG
TAGAAGGTGTTGAGCGGGAAGA
CTTATGTAGTTGGAAGGTGATGCA
GACCGGTTCTGTCATGTCG

CTTCAGCGTCTCGTGTGTTTCT
GTCTGTTGTGGGTGGTATCCTC
GAACTGTGCAGACTCAAACTCCA
TACCCCAGAATCAGCACCGA
TGAGACGAGAAGGAGCATTGGT
CACAGTGTGGAGGTGGTGTAGTC
ACCTGGTTCATCATCACTAATCAC

TNF-α: Tumor necrosis factor-α; IL: Interleukin; CXCL: Chemokine CXC ligand; HPRT: Hypoxanthine guanine phosphoribosyl transferase.

[28,29]

MATERIALS AND METHODS

Suzuki’s criteria as described

Animals

Myeloperoxidase activity assay

Adult male Sprague-Dawley rats (220-250 g) (Kunming
Medical University Laboratory Animal Center, China)
were used. Animals were housed in micro-isolator
cages in virus-free facilities and fed laboratory chow ad
libitum. The experimental procedures were performed
with the permission of the ethics committee for the
use of experimental animals at Kunming Medical
University.

To detect neutrophil activity, myeloperoxidase (MPO),
an enzyme specific for polymorphonuclear neutrophils,
[30]
was measured in the liver . Briefly, the frozen
tissue was thawed and placed in 4 mL iced 0.5%
hexadecyltrimethylammonium bromide and 50 mmol
potassium phosphate buffer solution (pH = 5.0). Each
sample was homogenized for 30 s and centrifuged
at 15000 g for 15 min at 4 ℃. Supernatants were
then mixed with hydrogen peroxide-sodium acetate
and tetramethylbenzidine solutions. The change in
absorbance was measured spectrophotometrically
at 655 nm. One absorbance unit of MPO activity was
defined as the quantity of enzyme degrading 1 μmol
peroxide per minute at 25 ℃ per gram of tissue.

Liver I/R injury model

Rats were anesthetized by sodium pentobarbital (40
mg/kg, ip). We established a 70% liver I/R model as
[27]
described previously . Briefly, a midline laparotomy
was performed and an atraumatic clip was used to
interrupt blood supply to the hepatic arterial and
portal venous branches to the lateral and median
lobes of the liver. After 75 min of local ischemia, the
clip was removed. Rats were divided randomly into
four groups: sham group, I/R group, CoPP group
and zinc protoporphyrin (ZnPP) group. Each rat was
treated with saline (sham and I/R group, 0.5 mL/rat,
ip), CoPP (an HO-1 inducer, 5 mg/kg ip) or ZnPP (an
HO-1 inhibitor, 20 mg/kg ip) 24 h prior to the onset
of ischemia. Animals were sacrificed after 6 h of
reperfusion, and blood and samples of ischemic lobes
subjected to ischemia were taken for future analysis.
Sham-operated rats underwent the same procedure,
but without vascular occlusion.

Immunohistochemistry

Liver samples fixed with 10% neutral buffered formalin
were sliced at 4 μm, deparaffinated, and hydrated.
Endogenous peroxidase activity was inhibited with 3%
H2O2. Sections were then blocked with 10% normal
heat-inactivated goat serum. Primary mAbs against
rat lymphocyte antigen 6G (Ly-6G), CD3, CD4 and
CD11b were used (Santa Cruz, CA, United States) on
liver paraffin sections. The secondary, biotinylated goat
anti-rabbit IgG (Vector, Burlingame, CA) was incubated
with immunoperoxidase (ABC Kit, Vector). Positive
cells were counted blindly in 10 high-power fields per
section (× 200).

Hepatocellular damage assay

Quantitative reverse-transcription polymerase chain
reaction

Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured using a clinical
chemistry system (7060 automatic analyzer, Hitachi,
Japan). Plasma lactate dehydrogenase (LDH) was
determined spectrophotometrically by using a specific
kit (Sigma).

A total of 2.5 μg of RNA was reverse-transcribed into
complementary DNA (cDNA) using SuperScript Ⅲ
First-Strand Synthesis System (Invitrogen, Carlsbad,
CA). Quantitative polymerase chain reaction (PCR)
was performed using the DNA Engine with Chromo
4 Detector (MJ Research, Waltham, MA). In a final
reaction volume of 25 μL, the following were added: 1 ×
SuperMix (Platinum SYBR Green qPCR Kit, Invitrogen),
cDNA, and 0.5 mmol/L of each primer. Amplification
conditions were: 50 ℃ (2 min), 95 ℃ (5 min), followed
by 50 cycles of 95 ℃ (15 s), 60 ℃ (30 s). Primers used
to amplify specific gene fragments are listed in Table

Liver histology

Liver tissues were fixed in 10% neutral buffered
formalin, processed, and then embedded in paraffin
for light microscopy. Sections (4 μm) were stained with
hematoxylin and eosin for histological examination.
Histological severity of I/R injury was graded using
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function. Serum ALT, AST and LDH levels were signifi
cantly decreased at 6 h after reperfusion in rats treated
with CoPP, as compared with those conditioned with ZnPP
(Figure 1A-C). Furthermore, MPO assay (U/g, Figure
1D), reflecting neutrophil activity, was decreased in livers
subjected to CoPP compared with ZnPP.
Rats treated with ZnPP revealed significant severe
lobular edema, congestion, ballooning, and hepa
tocellular necrosis after hepatic ischemia followed by 6
h of reperfusion. However, animals treated with CoPP
showed good preservation, with mild edema and normal
hepatic architecture. HO-1 reduced liver histological
injury qualitatively (Figure 2A) and quantitatively by the
Suzuki’s score at 6 h after reperfusion (Figure 2B).

1. Target gene expressions were calculated by their
ratios to the housekeeping gene hypoxanthine-guanine
phosphoribosyl transferase.

Immunoprecipitation

Samples of frozen liver tissue were crushed under liquid
nitrogen and then homogenized in immunoprecipitation
buffer (50 mmol/L Tris-HCl, pH 8.0, 150 mmol/L NaCl,
5 mmol/L EDTA, 0.5% NP-40) containing protease and
phosphatase inhibitors (2 μg/mL aprotinin, 1 μg/mL
leupeptin, 1 mmol/L phenylmethyl sulfonylfluoride
(PMSF), 1 mmol/L Na3VO4, 10 mmol/L NaF). In a preclearing phase, Sepharose G beads (GE Healthcare
Europe GmbH, Munich, Germany) were incubated
for 30 min with cell lysates under continuous shaking
at 4 ℃. Precleared lysates were incubated with the
respective Ab (1-4 μg per sample) overnight at 4 ℃.
Thereafter, immune complexes were captured by
incubation for 4 h at 4 ℃ with protein G agarose (50
μL per sample) and beads were extensively washed with
ice-cold lysis buffer. Finally, immunoprecipitated proteins
were subjected to SDS-PAGE protein separation followed
by Western blot.

HO-1 ameliorates liver inflammatory cell infiltration

Livers subjected to I/R injury were also enlarged and
contained a mixed inflammatory infiltrate composed of
lymphocytes, plasma cells, neutrophils and macrophages
after surgery. To further characterize and quantify portal
inflammation, we performed immunohistochemical
staining for Ly-6G, CD3, CD4, and CD11b expression.
In comparison with ZnPP livers 6 h after surgery,
CoPP treatment livers showed a significant increase in
neutrophils (Ly-6G), T lymphocytes (CD3, CD4) and
macrophages (CD11b) (P < 0.05) (Figure 3).

Western blot analysis

Proteins were extracted with radioimmunoprecipitation
containing PMSF and subjected to 12% SDS-PAGE
and transferred to nitrocellulose membranes, as
[26]
described . Cytoplasmic and nuclear proteins were
isolated with a commercial kit (NE-Per Nuclear and
Cytoplasmic Extraction Kit, Thermo Scientific, Waltham,
MA). Proteins were then transferred to nitrocellulose
membranes (Bio-Rad, Hercules, CA). Antibodies against
HO-1, SOCS-1, IRAK-M, SHIP-1 and β-actin were from
Santa Cruz Biotechnology (Santa Cruz, CA, United
States). Anti-TLR4, anti-Tollip, anti-MyD88, anti-IRAK1
were purchased from Alexis Biochemicals (San Diego,
CA, United States), and antibodies against TLR2, TLR3,
TRIF, TANK binding kinase (TBK)-1, TRAF6, p/t-IκB
(inhibitor of NF-κB)-α, p/t-IRF3, p/t-p38, p/t-NF-κB
were obtained from Cell Signaling (Danvers, MA, United
States). The membranes were incubated with antibody
and relative quantities of proteins were determined with
a densitometer and expressed as absorbance units.

HO-1 inhibits activation of TLR4-triggered TRIF
dependent pathway

We sought to examine whether HO-1 overexpression
changes activation of the TLR4-triggered TRIF-dependent
pathway that employs the signaling axis consisting of
the signaling adaptor TRIF and the kinase TBK1. As
shown in Figure 4A, the cell lysates were subjected to
immunoprecipitation using an anti-TRIF, and then the
immunoprecipitates were analyzed by Western blot
analysis using an anti-TLR2, anti-TLR3, anti-TLR4, antiTBK1 or anti-TRIF. The TLR4 and TBK1 protein levels
of rats treated with CoPP significantly reduced in TRIFimmunoprecipitated complex, as compared with ZnPP
treatment. However, no statistically significant difference
in the protein levels of TLR2 and TLR3 was found (P >
0.05).
Expression levels of HO-1, TLR2, TLR3 and TLR4
in the liver were analyzed by Western blots. Indeed,
CoPP treatment increased expression levels of HO-1
(Figure 4B). In contrast, ZnPP treatment reduced HO-1
expression. We found that the expression of TLR2 and
TLR4 was strongly up-regulated in the liver subjected
to I/R injury, but not in the sham group. However,
there was no significant difference in TLR3 expression
levels among the four groups.

Statistical analysis

Quantitative data are shown as mean ± SE. Data
were analyzed using SPSS software version 15.0 for
Windows (SPSS Inc., Chicago, IL). Statistical analysis
was performed using the Student’s t-test or analysis of
variance where appropriate. P values of < 0.05 were
considered statistically significant.

HO-1 suppresses activation of TLR2/TLR4-triggered
MyD88 dependent pathway

RESULTS
HO-1 improves liver I/R injury

We next investigated whether overexpression of HO-1
affects the activation of MyD88-dependent pathway.
The cell lysates were subjected to immunoprecipitation

To determine whether HO-1 can provide protection
against liver I/R injury in rats, we analyzed hepatocellular
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Figure 1 Serum concentrations of liver enzymes and myeloperoxidase activity. The hepatocellular function, as evidenced by serum aspartate aminotransferase
(ALT) (A), aspartate aminotransferase (AST) (B) and lactate dehydrogenase (LDH) (C) levels were decreased in cobalt protoporphyrin (CoPP) treatment group,
compared with zinc protoporphyrin (ZnPP) treatment. The myeloperoxidase (MPO) activity (D) was decreased in livers subjected to CoPP, compared with ZnPP. Data
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Figure 4 Heme oxygenase-1 changes activation of Toll-interleukin-1R- containing adaptor inducing interferon-β and myeloid differentiation factor 88
dependent pathways. A: Whole cell lysates were prepared, immunoprecipitated with anti-Toll-interleukin (IL)-1R-containing adaptor inducing interferon-β (TRIF), and
immune complexes were analyzed by immunoblotting with the indicated antibodies. Shown are data of representative (n = 4) experiments; B: Expression levels of
heme oxygenase (HO)-1, Toll-like receptor (TLR)-2, TLR3 and TLR4 were analyzed in whole cell lysates by immunoblotting with the respective Abs. n = 4-5 per group; C:
The cell lysates were subjected to immunoprecipitation with anti-myeloid differentiation factor 88 (MyD88), and then the immunoprecipitates were analyzed by SDSPAGE and immunoblotted with the indicated antibodies; n = 4 per group. TBK: TANK binding kinase; IRAK: IL-1R-associated kinase; TRAF: Tumor necrosis factor
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using an anti-MyD88, and then followed by Western
blot analyses with anti-TLR2, anti-TLR4, anti-IRAK1,
anti-TRAF6 or anti-MyD88 to confirm specificity of
detection. As illustrated in Figure 4C, pretreatment
with CoPP reduced the expression levels of TLR2,
TLR4, IRAK1 and TRAF6 in MyD88-immunoprecipitated
complex. In contrast, those protein levels increased
significantly in the group treated with ZnPP.

cytokines (TNF-α, IL-6, IL-1β, and IFN-γ) and
chemokines (CXCL-1 and CXCL-2) mRNA expression
rapidly reduced during hepatic I/R injury at 6 h after
reperfusion (Figure 6). The expression of inflammatory
cytokines and chemokines was increased in ZnPPtreated group, as compared with CoPP treatment.

HO-1 decreases kinase phosphorylation in liver

TLR signaling is negatively regulated at multiple levels
by intermediates affecting TLR signaling cascades.
Tollip, SOCS-1, IRAK-M, and SHIP-1 are negative
regulators of TLR signaling implicated in interference
with recruitment of MyD88 and IRAK kinases to
TLR4 and IRAK-1 activation. To further examine the
mechanism of HO-1 in our system, we examined the
effect of HO-1 on negative regulators of TLR signaling
in a rat liver warm I/R injury model. In CoPP-treated
animals, the expression of Tollip, IRAK-M, SOCS-1,
and SHIP-1 proteins were markedly up-regulated as
compared with ZnPP-treated rats (Figure 7).

HO-1 promotes expression of negative regulators of
TLR signaling

To further confirm the activation of TRIF and/or MyD88
dependent pathway with induced HO-1 in this study,
we next examined the phosphorylation of multiple
kinases at 6 h after reperfusion by Western blot using
cytoplasmic or nuclear protein. The phosphorylation
of IRF3, p38, IκB-α and NF-κB significantly decreased
in the CoPP-pretreated liver, compared with the ZnPPtreated group (Figure 5).

HO-1 down-regulates protein kinases-mediated cytokine/
chemokine programs

We used quantitative reverse transcription polymerase
chain reaction to analyze liver expression of infla
mmatory cytokines (TNF-α, IL-6, IL-1β, and IFN-γ)
and chemokines [chemokine CXC ligand (CXCL)-1 and
CXCL-2]. In the CoPP-treated group, inflammatory
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Although overexpression of HO-1 has been shown to
[8,9,31]
protect against liver I/R injury
, its role in the liver I/R
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Figure 5 Phosphorylation of multiple kinases at 6 h after reperfusion. A: Phosphorylation of interferon regulatory factor (IRF)-3, p38, inhibitor of nuclear factorκB (NF-κB) (IκB)-α and NF-κB were evaluated in Western blot using hepatic cytoplasmic or nuclear protein at 6 h after reperfusion. B: Phosphorylated (p)-to-total (t)
protein kinase ratios were quantified by densitometry. Data are mean ± SE of 4 independent experiments (n = 5 per group). I/R: Ischemia/reperfusion; CoPP: Cobalt
protoporphyrin; ZnPP: Zinc protoporphyrin.

injury cascade, an inflammation-mediated hepatocellular
injury process, has not been explored. Current results
provide evidence for a novel mechanism by which
overexpression of HO-1 ameliorates the hepatocellular
damage. The beneficial effects were accompanied
by reduced neutrophil activity/infiltration; broader
suppression of the TLR-triggered MyD88 and TRIF
dependent pathway; diminished kinase phosphorylation;
down-regulated proinflammatory cytokine/chemokine
gene programs; and enhanced expression of negative
regulators of TLR signaling.
TLRs, traditionally considered innate immune
receptors, signal through the adaptor proteins MyD88
and TRIF to activate NF-κB and IRF3. Studies with TLR
deficient mice have demonstrated that TLR2 and TLR4
activation in response to ischemic injury exacerbates
[32-34]
damage
. High mobility group protein B1 mediates
injury via TRIF-independent TLR4 signaling in an I/R
[35]
model . This study showed significant inhibition of
upstream (TLR4) and downstream (TBK1) signals
of TRIF in liver treated with CoPP during rat I/R
injury. However, no difference was observed in TLR3
levels. These results suggest that HO-1 triggered
the interaction between TLR4 and TRIF to induce
downstream (TBK1) signals activation. But TLR4 and
TRIF expression levels are not absolutely affected.
IRF3 is phosphorylated by TBK1, dimerized and
translocated to the nucleus to activate expression
[36,37]
of TRIF-dependent genes
. In our study, we also
observed the phosphorylation of IRF3 was significantly
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decreased in CoPP-pretreated liver. Therefore, we can
infer the involvement of the TRIF pathway in HO-1mediated hepatic protection.
TLRs recognize microbial components and evoke
diverse responses in immune and other respiratory cells
through distinct signaling cascades in which MyD88
[38]
and TRAF6 are key adaptor proteins . Thus, we
further investigated the physical association of TLR2,
TLR4, MyD88, IRAK1 and TRAF6. Overexpression of
HO-1 decreased the expression levels of TLR2, TLR4,
IRAK1 and TRAF6 in the MyD88-immunoprecipitated
complex. These results demonstrated that HO-1
down-regulated the association of MyD88 with TLR2,
TLR4, IRAK1 or TRAF6 and reduced activation of the
corresponding downstream signaling. It is known that
TRAF6-mediated activation of the IKK/IκB-α/NF-κB
pathway is vital for the pro-inflammatory cytokine
[39]
response . Phosphorylation of IκB-α and NF-κB was
diminished in CoPP-treated rats, and was increased in
ZnPP-treated rats. These observations further suggest
that the TLR2/TLR4-triggered MyD88 dependent
pathway plays a critical role in HO-1-mediated hepatic
protection.
TLR2/TLR4-triggered MyD88 dependent pathway
triggers the activation of IKK, which ultimately leads
to NF-κB translocation to the nucleus and induction of
gene transcription and production of proinflammatory
[11,40]
cytokines and chemokines
. Activation of p38 MAPK,
an important regulator in the early stages of liver I/R
injury, promotes the expression of pro-inflammatory
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Figure 6 Quantitative reverse transcription polymerase chain reaction-assisted detection of proinflammatory and chemokines at 6 h of reperfusion after
75 min of ischemia. Data were normalized to hypoxanthine guanine phosphoribosyl transferase (HPRT) gene expression. Mean ± SE are shown (n = 5 per group).
TNF: Tumor necrosis factor; IL: Interleukin; IFN: Interferon; CXCL: Chemokine CXC ligand; I/R: Ischemia/reperfusion; CoPP: Cobalt protoporphyrin; ZnPP: Zinc
protoporphyrin.

cytokines such as TNF-α and IL-1β. These cytokines
play an important role in inflammatory organ damage
by promoting the recruitment of neutrophils which
[41-43]
release reactive oxygen species and proteases
.
In this study, HO-1 decreased kinase phosphorylation
of NF-κB and p38 in association with improved
hepatocellular damage. Moreover, CoPP treatment
significantly decreased proinflammatory cytokines
(TNF-α, IL-6, IL-1β, and IFN-γ) and chemokines (CXCL-1
and CXCL-2) induction ratios in liver compared with
ZnPP treatment, in parallel with a marked decrease
in MPO activity and Ly-6G neutrophil infiltration in the
ischemic liver lobes. The C-X-C chemokines, CXCL-1
and CXCL-2 (macrophage inflammatory protein-2)
are potent neutrophil chemoattractants, which are
[44,45]
important in liver I/R injury
. Hence, HO-1 reduces
the local inflammatory response, whereas treatment
with ZnPP up-regulates the levels of inflammatory
mediators through protein kinase phosphorylation.
The cytosolic serine/threonine kinases IRAK-1 and
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IRAK-4 are recruited to the receptor intracellular TIR
[46]
domains via the adaptor MyD88 . Subsequently,
TRAF6 is activated by binding to IRAK-1, resulting in
the activation of MAPK cascades and NF-κB. IRAK-M,
SOCS-1, and Tollip are cytosolic molecules that inhibit
intracellular IRAK activity, which leads to the suppression
[17,47,48]
of NF-κB activity
. SHIP-1 inhibits LPS-mediated
expression of proinflammatory cytokines and type I
IFNs by affecting signaling pathways triggered by PI3K
[49-51]
and TBK1
. Our study provides direct evidence that
up-regulation of negative regulators of TLR signaling
are involved in HO-1-mediated hepatoprotective effects.
But further work is needed to delineate the interaction
of negative regulators.
In conclusion, HO-1 ameliorates liver I/R injury by
inhibiting activation of TLR2/TLR4-triggered MyD88- and
TRIF-dependent pathways, with resultant decreased
phosphorylation of IRF3, p38, IκB-α and NF-κB and
up-regulation of negative regulators of TLR signaling.
This study provides evidence for a novel mechanism by
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Figure 7 Expression of negative regulators of TLR signaling. A: Expression of Toll-interacting protein (Tollip), interleukin-1R-associated kinase (IRAK-M),
suppressor of cytokine signaling (SOCS)-1 and Src homology 2 domain-containing inositol-5-phosphatase (SHIP-1) in liver at 6 h after reperfusion were evaluated by
Western blotting assay using whole cell lysates; B: Results was quantified and expressed by the ratio to β-actin. Mean ± SE are shown (n = 4/group). I/R: Ischemia/
reperfusion; CoPP: Cobalt protoporphyrin; ZnPP: Zinc protoporphyrin.
pathways of induced HO-1 in rat liver I/R injury. This research is well organized
and of relevant interest and scientific innovation.

which HO-1 affects the TLR2/TLR4-triggered MyD88and TRIF-dependent pathway during the course of liver
I/R injury. Our data, combined with those of previous
studies, suggest that HO-1 is a rational therapeutic
target to manage hepatic inflammation and I/R injury in
liver transplant recipients.
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Tumor suppressor role of miR-133a in gastric cancer by
repressing IGF1R
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METHODS: A total of 105 GC patients who underwent
surgical resection as primary treatment were selected
for this study. Real-time quantitative reverse transcriptase
polymerase chain (qRT-PCR) was used to examine
the expression levels of miR-133a in human GC and
adjacent non-tumor tissues, as well as in GC cell
lines (SGC-7901, BGC-823, MGC-803, and AGS) and a
human gastric mucosal epithelial cell line (GES-1). The
biological role of miRNA (miR)-133a was assessed in
the GC cell lines using MTT, apoptosis, migration and
invasion, and colony formation assays, and xenograft
tumorigenesis. qRT-PCR and western blot analyses were
used to evaluate the potential target gene expression
of miR-133a. Pearson’s correlation was calculated to
evaluate the correlation between miR-133a and insulinlike growth factor 1 receptor (IGF1R) expression. The
regulation of IGF1R by miR-133a was verified using
the luciferase reporter assay.
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RESULTS: In 80% of the 105 GC patients, the mean
expression of miR-133a was significantly downregulated
in tumor tissues compared with adjacent normal
tissues (1.215 ± 0.1477 vs 3.093 ± 0.4104, P <
0.0001). Downregulation of miR-133a was significantly
correlated with the degree of differentiation (P = 0.01),
local invasion (P = 0.001) and TNM stage (P = 0.02)
in GC patients. Compared with a control construct,
forced expression of miR-133a in GC cell lines inhibited
proliferation (0.4787 ± 0.0219 vs 0.7050 ± 0.0147,
P = 0.0013 in SGC-7901 cells; and 0.5448 ± 0.0085
vs 0.7270 ± 0.0084, P = 0.001 in MGC-803 cells);
migration (0.6333 ± 0.0233 vs 1.037 ± 0.0584, P =
0.003 in SGC-7901 cells; 0.6126 ± 0.0311 vs 1.024 ±
0.0456, P = 0.0017 in MGC-803 cells); and invasion
(0.613 ± 0.0399 vs 1.033 ± 0.0278, P = 0.0013 in
SGC-7901 cells; 0.7433 ± 0.0221 vs 1.017 ± 0.0311,
P = 0.002 in MGC-803 cells). It also induced apoptosis
(18.19% ± 0.2483% vs 5.887% ± 0.3837%, P <
0.0001 in SGC-7901 cells; 22.69% ± 0.7846% vs
9.347% ± 0.3012%, P < 0.0001 in MGC-803 cells).

Abstract
AIM: To investigate the function and mechanism of
miR-133a in gastric cancer (GC) and its relationship
with clinicopathological characteristics of GC.
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[7,8]

Furthermore, miR-133a inhibited tumor growth and
xenograft tumorigenesis of SGC -7901 cells in vivo . In
addition, we identified IGF1R as a regulatory target of
miR-133a in GC.

initiation and progression . Here, we focus on miR133a, which has been validated as a tumor suppressor
[9]
[10]
in ovarian cancer , colorectal cancer , bladder
[11,12]
[13]
[14]
cancer
, breast cancer
and prostate cancer .
Although a recent study has demonstrated that miR133a suppresses the proliferation, migration, invasion
and cell cycle progression of GC cells by decreasing
[15]
the expression of transcription factor Sp1 , the roles
of miR-133a in apoptosis and xenograft tumorigenesis
remain unclear, as does the relationship between miR133a expression and clinicopathological parameters.
In our study, we not only confirmed the findings
[15]
of Qiu et al , but also observed an inhibitory role of
miR-133a in xenograft tumorigenesis in vivo and a
role in the promotion of apoptosis. Additionally, we
demonstrated for the first time that miR-133a expres
sion was inversely associated with degree of diffe
rentiation, local invasion and TNM stage of GC. Finally,
we found another regulatory target gene of miR-133a:
insulin-like growth factor 1 receptor (IGF1R), which
[16]
plays a crucial role in cancer progression . These data
provide new insight into the tumor suppressor role of
miR-133a in GC.

CONCLUSION: This study suggests that miR-133a is
downregulated in GC and functions as a tumor suppressor
in vitro and in vivo partly by repressing IGF1R.
Key words: Gastric cancer; miR-133a; Tumor suppressor;
Insulin-like growth factor 1 receptor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: miRNA (miR)-133a is a tumor suppressor in
several cancers. It was recently shown that miR-133a
inhibits proliferation, migration and invasion in gastric
cancer (GC) by targeting transcription factor Sp1. Here,
we further investigated the biological role of miR133a in apoptosis and xenograft tumorigenesis, and its
relationship with clinicopathological parameters. miR133a downregulation was associated with degree of
differentiation, local invasion and TNM stage, whereas
forced miR-133a expression inhibited cell proliferation,
migration and invasion, and xenograft tumorigenesis,
and induced apoptosis. Furthermore, insulin-like
growth factor 1 receptor was found to be another
target gene of miR-133a in GC.

MATERIALS AND METHODS
Clinical specimens

This was a retrospective study in which surgically
resected human GC and adjacent non-tumor tissues
were obtained from 105 patients who were admitted
to the Department of Gastrointestinal Surgery, Nanjing
Medical University Affiliated Changzhou No. 2 People’s
Hospital, China from January 2012 to December 2013.
The project was approved by the Ethics Committee
of the hospital and written informed consent was
obtained from each patient who enrolled in the
study. All clinical specimens were histopathologically
confirmed and the corresponding normal tissue
samples were collected from > 5 cm away from the
tumors. All clinical specimens were stored at -80 ℃ for
further RNA isolation.

Gong Y, Ren J, Liu K, Tang LM. Tumor suppressor role of
miR-133a in gastric cancer by repressing IGF1R. World J
Gastroenterol 2015; 21(10): 2949-2958 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/2949.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.2949

INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
and the second leading cause of cancer-related death
[1]
worldwide . Surgical resection continues to be the main
option for treating GC. Despite advances in surgery and
other treatment modalities, the prognosis of GC patients
remains poor because of the advanced stage of the
disease at the time of diagnosis. The detection of early
[2]
GC is < 15% . Therefore, it is imperative to elucidate
the regulatory network underlying gastric carcinogenesis
to develop novel biomarkers for diagnosis and targeted
therapy.
miRNAs are small noncoding RNAs that are 18-22
nucleotides in length. They negatively regulate
gene expression through base pairing with the 3’
untranslated regions (UTRs) of target mRNAs, causing
[3,4]
mRNA degradation and/or translational repression .
Abundant evidence suggests that miRNAs may function
as oncogenes or tumor suppressors by regulating
[5,6]
physiological processes . In GC, ectopic expression
of miRNAs is thought to play a crucial role in cancer
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Cell culture

The SGC-7901, BGC-823, MGC-803 and AGS human
GC cell lines; GES-1 human gastric mucosal epithelial
cell line; and HEK293T cell line were purchased
from the Cell Resource Center, Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of
Sciences. All of the cell lines were maintained under
the recommended culture conditions and incubated at
37 ℃ in a humidified environment with 5% CO2.

RNA isolation and real-time quantitative reverse
transcriptase polymerase chain reaction

Total RNA was isolated from gastric tissues or cell lines
using TRIzol reagent (Invitrogen, Carlsbad, CA, United
States) following the manufacturer’s instructions. cDNA
was synthesized using the PrimeScript RT Reagent Kit
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(TaKaRa). Real-time quantitative reverse transcriptase
polymerase chain reaction (qRT-PCR) was performed
using a SYBR Premix Ex Taq kit (TaKaRa) in a 7500
Real-Time PCR System (ABI). The PCR primers were
obtained from Invitrogen, and the reaction conditions
included the following steps: 95 ℃ for 10 min, followed
by 40 cycles of 95 ℃ for 15 s and 60 ℃ for 1 min. U6
small nuclear (sn)RNA and GAPDH mRNA were used
as endogenous controls. The results were presented
as fold changes relative to U6 or GAPDH and were
CT
calculated using the 2 △△ method.

to the culture medium at specified intervals for 24 h,
and the absorbance at 490 nm was measured using
a spectrophotometer. Each assay was performed in
triplicate and independently repeated three times.

Colony formation assay

Stable SGC-7901 or MGC-803 cells carrying P2GM-miR133a or the empty vector control were seeded onto sixwell plates at a density of 1000 cells per well. After 14
d culture, the cells were fixed with 3.7% methanol and
stained with 0.1% crystal violet. Colonies containing at
least 50 cells were recorded. Each assay was performed
in triplicate and independently repeated three times.

Plasmid construction

Pri-miR-133a was amplified from normal human genomic
DNA using PCR with the following primers: 133a-Forward:
5’-ATAAGAATGCGGCCGCATTCCAAACTAGCAGCACTA-3’
and 133a-Reverse: 5’-AGCTTTGTTTAAACTTAACCATT
CTAGCTTTTCC-3’. The PCR fragment was inserted
into the MSCV-P2GM vector to generate P2GMmiR-133a. The empty P2GM vector was used as
a negative control. The wild-type and mutant 3’
-UTR sequences of IGF1R were inserted into the
region where a cytomegalovirus promoter drove
firefly luciferase cassette downstream directly in a
pGL3-promoter vector. The following primers were
used to clone the wild-type IGF1R 3’UTR, Forward:
5’-GCTCTAGAGCAGTGTAGTGCCCATCATAGC-3’
and Reverse: 5’-GCTCTAGAGCGACATCCCACGAA
GGAGACC-3’. The mutant 3’UTR of IGF1R was
constructed by overlapping PCR following two
pairs of primers: Forward 1: 5’-GCTCTAGAGC
AGTGTAGTGCCCATCATAGC-3’, Reverse 1: 5’
-AAGGTGGGTGGGTGAACCCAGTAAA-3’; Forward 2:
5’-TGGGTTCACCCACCCACCTTGACTA-3’, Reverse 2:
5’-GCTCTAGAGCGACATCCCACGAAGGAGACC-3’. All
constructs were verified by sequencing.

Apoptosis analysis assays

SGC-7901 or MGC-803 cells transfected with miR133a or negative control mimics were trypsinized
and resuspended in 1× binding buffer at a density of
6
1 × 10 cells/mL. The cell suspension (100 μL) was
incubated with 5 μL fluorescein isothiocyanate (FITC)Annexin V and 5 μL propidium iodide (PI) for 15 min
in the dark at room temperature. The reaction was
terminated by adding 400 μL 1× binding buffer and
examined using flow cytometry. The early apoptotic
cells were identified as FITC-Annexin-V-positive
and PI-negative cells, and the experiments were
independently repeated three times.

Cell migration and invasion assays

Following 16 h transfection with miRNA mimics, 5
4
× 10 cells were added to the upper chamber of the
insert (BD Science, Sparks, MD, United States), and
5
1 × 10 cells were used to carry out Matrigel invasion
assays. The cells were trypsinized and resuspended
in serum-free medium before being seeded into the
upper chamber. The culture medium containing 10%
fetal bovine serum was added to the lower chamber.
The cells were incubated for an additional 48 h for the
migration assay and 72 h for the invasion assay. At the
end of the experiments, the cells on the lower surface
were fixed and stained with 0.1% crystal violet. Three
visual fields from each insert were randomly selected
and the stained cells were counted under a light
microscope. Each condition was assayed in triplicate
and each experiment was independently performed
three times.

Cell transfection

SGC-7901 and MGC-803 cells was transfected with
plasmids using Lipofectamine 2000 (Invitrogen), and
steady clones carrying P2GM-miR-133a or the empty
vector were selected based on puromycin resistance
(concentration: 10 g/mL). The miR-133a and negative
control mimics were obtained from Ribobio (Guangzhou,
China) and SGC-7901 and MGC-803 cells were
transfected with these mimics using Lipofectamine
2000 (Invitrogen). SGC-7901 or MGC-803 cells plated
the prior day were transfected with 100 nmol/L of miR133a or negative control mimics when they reached
50% confluence. After 48 h, the cells were processed
for further analysis.

Tumor xenografts in nude mice
6

SGC-7901 cells (1.5 × 10 ) that stably carried either
P2GM-miR-133a or the empty vector control were
injected subcutaneously into the flanks of female
BALB/c nude mice (aged 6 wk; 5 mice per group). The
tumor size was measured using a caliper every 3 d
from the sixth day after injection. The tumor volume
was calculated using the following formula: volume =
2
(length × width )/2. The mice were sacrificed on day
24 and the tumors were separated for further analysis.
Nude mice were manipulated and cared for at the

Cell proliferation assay

Cell proliferation was measured using MTT assay.
SGC-7901 or MGC-803 cells were harvested after 48 h
transfection and reseeded onto 96-well plates at a density
of 2500 cells per well. MTT [3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl-tetrazoliumbromide] was added
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and independently repeated three times.

Table 1 Clinicopathological characteristics of miR-133a
Categories

Sex
Male
Female
Age (yr)
≥ 60
< 60
Diameter (cm)
≥5
<5
Location
Middle and proximal third
Distal third
Degree of differentiation
Well and moderately
Poorly
Local invasion
T1+T2
T3+T4
Lymph node metastasis
No
Yes
TNM stage
Ⅰ+ Ⅱ
Ⅲ+Ⅳ

Statistical analysis

P

Patients,

n

Mean expression of
miR-133a
(mean ± SEM)

63
42

1.30 ± 0.21
1.08 ± 0.19

0.47

57
48

1.30 ± 0.21
1.11 ± 0.20

0.52

39
66

1.09 ± 0.30
1.29 ± 0.16

0.52

69
36

1.22 ± 0.20
1.20 ± 0.21

0.95

36
69

1.71 ± 0.29
0.96 ± 0.14

0.01

RESULTS

30
75

1.89 ± 0.32
0.95 ± 0.13

0.001

Decreased expression of miR-133a in human GC tissues
and cell lines

42
63

1.53 ± 0.28
1.0 ± 0.15

0.07

36
69

1.68 ± 0.30
0.97 ± 0.14

0.02

value

The data were expressed as the mean ± SEM. Pairedsample t tests were used to analyze the difference in miR133a expression between the tumors and normal tissues.
For in vitro and in vivo experiments, an independentsample t test was used to evaluate differences between
the treatment and control groups. Pearson’s correlation
was used to analyze the correlation between miR-133a
and IGF1R expression. All statistical analyses were
conducted using SPSS version 16. (SPSS Inc, Chicago, IL,
United States). P < 0.05 was considered to be statistically
significant.

To determine the expression of miR-133a in GC, qRTPCR was performed on 105 pairs of tissue samples
and five human GC cell lines (SGC-7901, BGC-823,
MGC-803, AGS and GES-1). As shown in Figure 1A,
miR-133a generally exhibited lower expression in GC
tissues than in normal tissues. The average expression
levels of miR-133a were lower in GC tissues than in
normal tissues (Figure 1B). This phenomenon was also
observed in the SGC-7901, BGC-823, MGC-803 and
AGS GC cell lines compared with GES-1 cells (Figure
1C). An analysis of the clinicopathological features of
GC revealed that a reduction in miR-133a expression
was significantly associated with the degree of
differentiation, local invasion and TNM stage (Table 1).
Overall, these results suggest that miR-133a may play
a crucial role in the development of GC.

Experiment Animal Center of the Nanjing Medical
University (Nanjing, Jiangsu, China) according to the
NIH Animal Care and Use Committee guidelines.

Western blot analysis

Total protein was extracted from SGC-7901 cells
by lysis buffer, separated by 10% SDS-PAGE and
transferred onto polyvinylidene difluoride membranes
(Bio-Rad, Hercules, CA, United States). The membranes
were blocked with 5% nonfat milk and then incubated
with primary anti-IGF1R or anti-β-actin (Abcam,
Cambridge, MA, United States) overnight at 4 ℃, followed
by incubation with horseradish-peroxidase-conjugated
secondary antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, United States) for 1 h at 37 ℃. Protein bands
were visualized using the ECL-kit according to the
manufacturer’s instructions. β-Actin was used as a
loading control.

miR-133a inhibits GC cell proliferation, migration, and
invasion and induces apoptosis

To investigate whether miR-133a inhibited GC pro
liferation, we performed MTT assays on the SGC-7901
and MGC-803 cell lines. Overexpression of miR-133a
was confirmed using stem-loop PCR in SGC-7901
and MGC-803 cells after transfection (Figure 2A). We
found that the proliferation rate of cells transfected
with miR-133a mimics was reduced over a 5-day
period compared with that of cells transfected with
negative control mimics (Figure 2B). Apoptosis
analysis revealed that artificially increasing the level
of miR-133a via mimics also caused a significant
increase in apoptosis after 48 h in the SGC-7901 and
MGC-803 cell lines (Figure 2C and D). Furthermore, we
performed migration and invasion assays in SGC-7901
and MGC-803 cells and determined that upregulation
of miR-133a significantly decreased migration and
invasion compared with those of a control construct
(Figure 2E and F). Taken together, these results
indicate that the restoration of miR-133a significantly

Luciferase report assays

HEK293T cells were seeded onto 24-well plates and
allowed to settle for 24 h. The cells were cotransfected
with 250 ng wild-type or mutant luciferase reporter
constructs and 100 nM miR-133a mimics or negative
control mimics plus 20 ng pRL-TK plasmid using
Lipofectamine 2000 (Invitrogen). After 48 h, the firefly
and Renilla luciferase activities were measured using
Dual-Luciferase Reporter System (Promega, Madison,
WI, United States). The Renilla luciferase activity was
used as an internal control to confirm transfection
efficiency. Each condition was performed in triplicate
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Figure 1 Decreased expression levels of miR-133a in gastric cancer tissues and cell lines. A: Expression level of miR-133a in 105 pairs of gastric cancer (GC)
tissue samples (tumor) and matched adjacent non-tumor tissue samples (normal) was analyzed using real-time quantitative reverse transcriptase polymerase chain
reaction (qRT-PCR). U6 snRNA was used as an endogenous control. miR-133a expression was reduced in 80% of the paired tumor samples; B: Expression levels
of miR-133a were drastically downregulated in GC tissues compared with the matched adjacent non-tumor tissues (bP < 0.01 vs non-tumor tissues); C: Relative
expression of miR-133a in four GC cell lines and a normal gastric cell line (GES-1). qRT-PCR results represent the mean ± SEM of three independent experiments (dP
< 0.01, bP < 0.01 vs GES-1).

inhibits cell proliferation, migration and invasion, and
induces apoptosis in SGC-7901 and MGC-803 cells.

the tumor was excised and then weighed. The miR133a-expressing SGC-7901 tumors were significantly
smaller than were the control SGC-7901 tumors (Figure
3D and E). The average weight and volume of the miR133a-expressing tumors were also markedly reduced
(Figure 3F and G). These results indicate that miR133a can repress the growth of GC cells.

miR-133a represses tumorigenicity of human GC cells

To examine the effects of miR-133a on cell growth
and colony formation, we generated stable cell lines
from SGC-7901 and MGC-803 cells that carried either
a P2GM-miR-133a vector or an empty vector control.
We first examined the expression levels of miR-133a in
these stable cell lines and observed that miR-133a was
dramatically elevated in the stable P2GM-miR-133a cell
3
lines (Figure 3A). Then, 1 × 10 stable cells carrying
P2GM-miR-133a or P2GM-NC were seeded directly
onto Petri dishes. After 14 d culture, we visualized the
cell colonies using crystal violet staining. The stable
cells carrying an empty vector (P2GM-NC) formed
significantly more colonies than did the stable cells
carrying P2GM-miR-133a (P2GM-miR-133a) (Figure
3B and C). Furthermore, we injected stable SGC-7901
cell lines subcutaneously and bilaterally into the lower
backs of nude mice and observed tumor growth every
day. These nude mice were sacrificed after 24 d, and

WJG|www.wjgnet.com

IGF1R is a direct target gene of miR-133a

To elucidate the mechanism of miR-133a function in
GC, we performed miRNA target gene prediction using
the TargetScan and Miranda databases. Among several
candidate target genes, IGF1R attracted our attention.
We first analyzed the expression levels of IGF1R in the
105 pairs of tissues using qRT-PCR. The expression
level of IGF1R was significantly higher in the GC tissues
than in the normal gastric tissues (Figure 4A). We
then assessed the effect of miR-133a on IGF1R using
data obtained from the qRT-PCR. A significant inverse
correlation was observed between IGF1R mRNA and
miR-133a (Figure 4B). These data suggested that
miR-133a downregulation plays a causal role in IGF1R
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Figure 2 miR-133a inhibits proliferation, migration, and invasion and induces apoptosis in SGC-7901 and MGC-803 cells. A: Total levels of miR-133a in
SGC-7901 and MGC-803 cells transfected with synthetic miR-133a mimics or negative control mimics (bP < 0.01 vs negative control); B: Cell proliferation was
analyzed using MTT assays in the SGC-7901 and MGC-803 cell lines. The assays were read every 24 h for five consecutive days following 24 h transfection (aP <
0.01 vs negative control); C: Cells that stained positive for FITC-Annexin V and negative for PI at 48 h post-transfection were scored as exhibiting early apoptosis;
D: Statistical analysis of apoptotic cells (bP < 0.01 vs miR-133a); E and F: miR-133a mimics inhibit the migration and invasion of SGC-7901 and MGC-803 cells
compared with negative control (aP < 0.01 vs negative control). All results represent the means ± SEM of three independent experiments.
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Figure 3 miR-133a represses the growth of gastric cancer cells in vivo. A: Expression level of miR-133a in stable P2GM-miR-133a cells and empty vectorcarrying control stable cells (bP < 0.01 vs control); B: Stable cells (1000) carrying either P2GM-miR-133a or an empty vector were plated onto six-well plates, and a
colony formation assay was carried out; C: Quantitative analysis of colony numbers (aP < 0.05, bP < 0.01 vs control); D: Stable SGC-7901 cells carrying either P2GMmiR-133a or an empty vector were inoculated subcutaneously into the flanks of nude mice (n = 5 per group); E: Representative graphs of tumor masses harvested
from nude mice 24 d after inoculation are shown; F: Tumor weight (aP < 0.05 vs control); G: Growth curves of the tumor volume (bP < 0.01 vs control). The average
tumor weight is indicated as the mean ± SEM.

overexpression in GC. To determine further whether
miR-133a could regulate the expression of IGF1R,
we analyzed the mRNA and protein levels of IGF1R in
SGC-7901 cells that had been transfected with miR133a or negative control mimics. The mRNA level of
IGF1R was not affected by transfection with miR-133a,
but the protein level exhibited a significant reduction
(Figure 4C-E). To confirm that the IGF1R gene is a
target of miR-133a, we cloned the predicted IGF1R 3’
-UTR binding site and a mutant form downstream of a
firefly luciferase reporter gene (Figure 4F). HEK-293T
cells were cotransfected with the wild-type or mutant
vector and miR-133a or negative control mimics.
Analysis of a dual-luciferase reporter gene assay
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revealed that overexpression of miR-133a dramatically
decreased the relative luciferase activity of constructs
containing the wild-type IGF1R 3’ UTR, but the
luciferase activity of the reporter containing the mutant
binding site did not drop as sharply as that of the wildtype construct (Figure 4G). These findings indicate
that miR-133a directly regulates IGF1R expression at
the post-transcriptional level.

DISCUSSION
Abundant evidence has indicated that miRNAs play a crucial
[5,6,17,18]
role in carcinogenesis and cancer progression
.
It is therefore important to identify cancer-related
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Figure 4 Insulin-like growth factor 1 receptor is a direct target of miR-133a. A: Level of insulin-like growth factor 1 receptor (IGF1R) mRNA was analyzed in GC
tissues using quantitative reverse transcriptase polymerase chain (qRT-PCR). The data are shown as fold change in tumor tissues relative to normal tissues (bP < 0.01
vs GC tissues); B: Expression levels of miR-133a and IGF1R were inversely correlated. The 2-ΔΔCt values of miR-133a and IGF1R mRNA were subjected to a Pearson
correlation analysis (r = -0.873, P < 0.001, Pearson’s correlation); C: Level of IGF1R mRNA was examined using qRT-PCR in SGC-7901 cells 48 h after transfection
with either miR-133a or negative control mimics; D: Level of IGF1R protein was examined using western blotting 48 h after transfection with miR-133a or negative
control mimics; E: Relative intensity of IGF1R protein expression after normalization to β-actin (bP < 0.01 vs control); both D and E indicate that the level of IGF1R
protein was significantly reduced compared with that of the negative control; F: Interaction between miR-133a and 3’ UTR of IGF1R was predicted using TargetScan.
Here, “IGF1R Mut 3’UTR” indicates the IGF1R 3’ UTR with a mutation in the miR-133a binding site; G: Luciferase activity of a reporter containing a wild-type IGF1R 3’
UTR or a mutant IGF1R 3’ UTR are shown in the bar graph (aP < 0.05 vs control). All data are presented as the mean ± SEM of three independent experiments.

of miR-133a in proliferation, migration, invasion and
cell cycle progression in vitro, and our data resemble
theirs. Our results also indicate that miR-133a inhibits
xenograft tumorigenesis in vivo and induces cell
apoptosis, which are novel findings. Meanwhile, we
observed that a reduction in miR-133a is significantly
associated with the degree of differentiation, local
invasion and TNM stage. These results indicate that
miR-133a downregulation may be a potential diagnostic
biomarker and that it may predict cancer progression in
GC patients. These findings also strongly demonstrate

miRNAs and their target genes to understand their
roles in tumorigenesis. Several miRNAs have been
[19-21]
reported to be dysregulated in GC
. If we identify
specific miRNAs involved in GC, we may improve our
understanding of GC and develop new targets for
diagnosis and therapy. Here, we focused on the role of
miR-133a in GC.
It has been suggested that miR-133a functions as a
[9-14]
tumor suppressor in various cancers
. Recently, Qiu
[15]
et al found that miR-133a was downregulated in GC
tissues and cell lines, and identified an inhibitory role
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that decreased miR-133a expression in GC might be a
factor that contributes to the development of GC rather
than a consequence of GC. However, the mechanism by
which miR-133a is downregulated remains unknown.
It has been suggested that ectopic DNA methylation
within the promoter region of miRNA genes may play
[22]
an important role in their downregulation. Chen et al
reported that DNA-methylation-mediated silencing of
the miR-133a gene caused a downregulation of miR133a during colorectal cancer. This mechanism may
explain the downregulation of miR-133a during GC.
However, further studies are needed to elucidate the
underlying mechanisms of miR-133a downregulation.
Identifying miRNA targets that are essential for
cancer development may clarify their mechanisms of
[23]
action and the pathways that miRNAs modulate .
To determine how miR-133a functions as a tumor
suppressor, we searched for physiological targets using
bioinformatics analyses. Several oncogenes have been
reported to be the targets of miR-133a in various
cancers, including epidermal growth factor receptor
[13]
[14]
(EGFR) , purine nucleoside phosphorylase
and
[12]
fascin homolog 1 . These findings suggest that miR133a targets multiple genes in various cancer types. In
this study, we verified that the IGF1R gene is a direct
target of miR-133a using luciferase reporter assays.
miR-133a directly suppresses the expression of IGF1R
through translational repression rather than mRNA
degradation. IGF1R, a member of the insulin receptor
family of receptor tyrosine kinases, is overexpressed
[16]
in many cancers and acts as an oncogene . Recently,
several lines of evidence have supported the role of
IGF1R in promoting carcinogenesis. The upregulation
of IGF1R/insulin receptor substrate (IRS)1 pathway
proteins, such as IGF1R and mammalian target of
rapamycin (mTOR), is closely associated with a poor
response to chemotherapy and poor prognosis during
GC, and abnormalities in the IGF1R signaling pathway
are closely associated with drug resistance and a poor
[24,25]
chemotherapy response during GC
. Additionally,
several studies have noted the role of miRNAs in the
[26]
regulation of IGF1R. Yen et al
reported that miR99a functions as a tumor metastasis suppressor by
targeting IGF1R during oral squamous cell carcinoma.
[27]
Qian et al revealed that miR-143 suppressed growth
and angiogenesis and sensitized colorectal cancers to
oxaliplatin by inhibiting IGF1R. Together, these studies
suggest that the miRNAs-IGF1R/IRS1 regulatory
network plays an important role in carcinogenesis and
[15]
cancer progression. Moreover, Qiu et al
reported
that miR-133a can inhibit GC cell proliferation, mig
ration and invasion in vitro by directly targeting Sp1.
It seems that miR-133a has multiple targets and
functions during GC as a novel tumor suppressor.
Therefore, further studies are essential to clarify the
role of miR-133a in GC.
In conclusion, our data provide new evidence to
support the tumor suppressor function of miR-133a
in GC. Meanwhile, we have determined that IGF1R is
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a novel target of miR-133a in GC. In the future, miR133a may be used as a novel diagnostic biomarker
and therapeutic target in the treatment of GC.
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cause of cancer-related death worldwide. Despite advances in surgery and
other treatment modalities, the prognosis of GC patients remains poor because
diagnosis frequently occurs at an advanced stage of the disease. The detection
percentage for early GC is < 15%. Further investigation of the underlying
molecular mechanisms of GC development is important.

Research frontiers

miRNAs have been reported to be involved in carcinogenesis and cancer
progression. In GC, studies have shown that miRNAs play crucial roles in
regulating tumor proliferation, migration and invasion. A recent study has
demonstrated that miR-133a suppresses the proliferation, migration, invasion
and cell cycle progression of GC cells by decreasing the expression of
transcription factor Sp1. However, the role of miR-133a in apoptosis and
xenograft tumorigenesis remains unclear. In addition, the relationship between
miR-133a expression levels and clinicopathological parameters is still unknown.

Innovations and breakthroughs

The authors investigated the biological role of miR-133 in apoptosis and
xenograft tumorigenesis and its relationship with clinicopathological parameters.
Downregulation of miR-133a was associated with degree of differentiation, local
invasion and TNM stage, whereas forced expression of miR-133a was able
to inhibit cell proliferation, migration, invasion, and xenograft tumorigenesis,
as well as induce apoptosis. Further experiments indicated that insulin-like
growth factor 1 receptor (IGF1R) was a direct downstream target of miR-133a
in GC. These results collectively demonstrated that miR-133a acts as a tumor
suppressor in GC by repressing IGF1R, providing a valuable target for cancer
therapy.

Applications

The findings of this study indicated that miR-133a was significantly
downregulated during GC and that this downregulation was correlated with
the degree of differentiation, local invasion and TNM stage. Moreover, the
experiments in vivo and in vitro indicated that miR-133a acted as a tumor
suppressor by repressing IGF1R. This study suggests a novel strategy for
treating patients with GC.

Terminology

miRNAs are small (18-22 nucleotides) noncoding RNAs. They negatively
regulate gene expression through base pairing with the 3’ untranslated
regions of target mRNAs, resulting in mRNA degradation and/or translational
repression. Abundant evidence suggests that miRNAs may function as
oncogenes or tumor suppressors by regulating physiological processes.
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and dissemination of gastric cancer. miR-133a could serve as a potential
tumour suppressor in several distinct cancer types that include esophageal
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osteosarcoma and breast cancer. However, the specific role of miR-133a in
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Increased VGLUT3 involved in visceral hyperalgesia in a rat
model of irritable bowel syndrome
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by oral administration of Trichinella spiralis larvae in
th
rats. On the 100 day post-infection (PI), the rats were
divided into an acute cold restraint stress (ACRS) group
and a non-stressed group. Age-matched untreated
rats served as controls. The abdominal withdrawal
reflex was used to measure the visceromotor response
to colorectal distension (CRD). The expression levels
of VGLUT3 in peripheral and central neurons were
analyzed by immunofluorescence and western blotting.
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RESULTS: VGLUT3 expression in the L6S1 dorsal
root ganglion cells was significantly higher in the PI
group than in the control group (0.32 ± 0.009 vs
0.22 ± 0.008, P < 0.01), and there was no significant
difference in the expression of VGLUT3 between MCdeficient rats and their normal wild-type littermates.
Immunofluorescence showed that the expression
levels of VGLUT3 in PI + ACRS rats were enhanced in
the prefrontal cortex of the brain compared with the
control group.
CONCLUSION: VGLUT3 is involved in the pathogenesis
of visceral hyperalgesia. Coexpression of c-fos, 5-hydro
xytryptamine and VGLUT3 after CRD was observed in
associated neuronal pathways. Increased VGLUT3 induced
by transient intestinal infection was found in peripheral
nerves, and was independent of MCs. Moreover, the
expression of VGLUT3 was enhanced in the prefrontal
cortex in rats with induced infection and stress.
Key words: vesicular glutamate transporter-3; Irritable
bowel syndrome; Mast cell; Infection; Stress; Neuron
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To investigate the activity of vesicular glutamate
transporter-3 (VGLUT3) in a visceral hyperalgesia rat
model of irritable bowel syndrome, and the role of
mast cells (MCs).

Core tip: It has been shown that visceral hyperalgesia
in response to various stimuli from the gut of irritable
bowel syndrome (IBS) patients is an important factor
in abdominal pain. Our research indicated that the
vesicular glutamate transporter 3 (VGLUT3), which

METHODS: Transient intestinal infection was induced
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concentrates the excitatory neurotransmitter glutamate
into synaptic vesicles in peripheral and central neurons,
is involved in the pathogenesis of visceral hyperalgesia.
An infection-induced increase in VGLUT3 may be one
of the main reasons for visceral hyperalgesia in IBS
patients.

Vglut3 specifically impairs mechanical hyperalgesia in
response to normally innocuous stimuli that accompany
inflammation. The activation of spinal neurons has been
observed when the pudendal sensory nerve or pelvic
nerve receive stimulation, which also indicates that
VGLUT3 plays a role in convergent somatic and visceral
[8]
sensory pathways .
A previous study has confirmed that VGLUT3 is
involved in conduction of visceral pain sensations and
[9]
visceral hyperalgesia in rats . Moreover, we observed
that visceral hyperalgesia induced by acute cold restraint
stress (ACRS), but not infection, was dependent on
[10]
mast cells (MCs) . The present study was therefore
carried out to investigate the expression of VGLUT3 and
the relationship between VGLUT3 and MCs in peripheral
nerves in visceral hyperalgesia in rats, as well as the
changes in VGLUT3 in the brains of rats.

Yang cq, Duan LP, Qiao PT, Zhao L, Guo LL. Increased VGLUT3
involved in visceral hyperalgesia in a rat model of irritable bowel
syndrome. World J Gastroenterol 2015; 21(10): 2959-2966
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i10/2959.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i10.2959

INTRODUCTION
Irritable bowel syndrome (IBS) is a common gastro
intestinal disorder. Patients commonly present with
abdominal pain associated with altered bowel habits.
However, these symptoms are very difficult to manage
effectively. Underlying visceral hyperalgesia due to
various stimuli has been implicated in the abdominal pain
of IBS patients. The modulatory function of the nervous
system, including the brain-gut axis and mediators, has
been thought to be important in visceral hyperalgesia
[1]
associated with the gut .
The excitatory neurotransmitter glutamate has been
shown to mediate the pain transmission process in
the visceral afferent neuronal pathways, and vesicular
glutamate transporters (VGLUTs) have been shown
to be the most important molecules in concentrating
[2,3]
glutamate into synaptic vesicles
. VGLUT1 and
VGLUT2 are the most reliable markers for glutamatergic
neurons in the adult rodent brain. VGLUT1 is expressed
mainly in the cerebral and cerebellar cortices and
hippocampus, as well as in certain thalamic nuclei,
whereas VGLUT2 is expressed mainly in deeper brain
regions including the thalamus, hypothalamus and
[2,4]
brainstem .
VGLUT3 differs from VGLUT1 and VGLUT2 in its
expression and intracellular location; for example, it is
expressed in neurons classically defined by the presence
of another transmitter, such as serotonin, dopamine,
[3,5,6]
gamma-aminobutyric acid, and acetylcholine
. Thus,
it is presumed that the function of VGLUT3 is more
complicated than the functions of VGLUT1 and VGLUT2.
[7]
-/Seal et al used Vglut3 gene knockout mice (Vglut3 ),
for the first time to evaluate the function of VGLUT3
primary afferent neurons in somatic sensory input. This
study yielded the following results: (1) in the absence of
injury or inflammation, no significant differences were
observed in the response to testing with Von Frey hairs
-/between Vglut3 mice and wild type littermates;
and (2) in a model of inflammation induced by the
injection of carrageenan into the hindpaw, the threshold
for withdrawal from stimulation was significantly
decreased in wild type mice, but only small changes
-/occurred in Vglut3 mice. This indicated that the loss of

WJG|www.wjgnet.com

MATERIALS AND METHODS
Animals

Specific pathogen male MC-deficient rats (Ws/Ws) and
their normal wild-type littermates (+/+) (TGC Inc.,
Kanagawa, Japan) were housed in standard polypropylene
cages containing 2.5 cm wood chip bedding material.
Cages were maintained at 22 ℃ with an automatic 12 h
light/dark cycle. Rats received a standard laboratory diet
and tap water ad libitum. Experiments were carried out
when the rats reached 12 wk of age. All procedures were
preformed in such a manner as to minimize the number
of animals used and to minimize suffering. All procedures
were approved by the Animal Care Committee of Peking
University.

Visceral hyperalgesia induced by transient T. spiralis

Rats were infected by administration of 1.0 mL of 0.9%
saline solution containing 1500 T. spiralis larvae by
gavage. An equivalent volume of vehicle (saline) was
administered to the control rats. These larvae were
isolated from the skeletal muscle of infected Kunming
mice after digestion with standard 2.5% pepsin-0.5%
HCl solution, as described by some researchers. The
rats then had a recovery period of 100 d following T.
spiralis administration (post-infection, PI).

Visceral hyperalgesia induced by ACRS

Briefly, 100 d after recovery, one half of the controls
and one half of the PI rats were restrained in individual
polymethyl methacrylate restraint cages, and these
animals were designated as ACRS and PI + ACRS groups
and placed in a cold room at 4 ℃ for 2 h. ACRS was
routinely performed from 8:00 am to 10:00 am.

Visceromotor response to colorectal distension

After an overnight fast, the animals were lightly anes
thetized with diethyl ether, and a disposable silicon
balloon urethral catheter (6 Fr, Sewoon, South Korea)
was lubricated and placed into the rat’s distal colon so
that the tip of the balloon was 1 cm proximal to the
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anus. The catheter was taped to the base of the tail to
prevent displacement. Rats were restrained in a plastic
containment device and were allowed to acclimate for
10 min before testing. Sensitivity to colorectal distension
(CRD) was determined using the abdominal withdrawal
reflex (AWR) as widely described previously. The rats
received a standard CRD procedure, in which the
first balloon dilation was 1 mL, followed by increasing
phases of distension (in 0.2 ml increments) applied
for 20 s every 5 min until the AWR score reached 3.
This evaluation was performed by three independent
observers, and the AWR score was assigned as follows:
0 = no behavioral response to distension; 1 = brief
head movements followed by cessation of movement;
2 = contraction of abdominal muscle without lifting of
abdomen; 3 = lifting of abdomen; and 4 = body arching
and lifting of the pelvic structure.

transferred to PVDF membranes (BioRad) at 200 mA
for 2 h. Nonspecific binding sites were blocked at room
temperature with 0.1% (PBS-T) containing 5% nonfat
milk for 1 h. Blots were then incubated overnight
at 4 ℃ with a primary antibody in PBS-T containing
2% non-fat milk. The two primary antibodies used
were guinea pig anti-VGLUT3 antibodies (1:500,
Millipore), and rabbit anti-β-actin antibodies (1:2000,
CWBIO, Shanghai, China). The membranes were then
incubated with a secondary antibody (IRDye 800CW
conjugated donkey anti-guinea pig, 1:10000; IRDye
800CW conjugated goat anti-rabbit, 1:10000, LI-COR
Biotechnology, Lincoln, NE, United States) for 1 h at
room temperature in darkness. Images of the bands
in the membranes were captured and analyzed with a
LI-COR odyssey scanner (LI-COR Biotechnology). The
relative expression of each protein was calculated as
the ratio of signal density to β-actin density.

Immunofluorescence

Statistical analysis

L6S1 dorsal root ganglions (DRGs) and brains were
removed and frozen tissue sections (10 μm) were postfixed with acetone (-20 ℃, 10 min) and permeabilized
with 1% Triton X-100 for 2 h, and then blocked with 10%
normal goat serum in PBS with 0.3% Triton X-100 for 30
min at room temperature. Sections were incubated
overnight at 4 ℃ with guinea pig anti-VGLUT3 anti
bodies (1:5000, Millipore, Bedford, MA, United
States), rabbit anti-c-fos antibodies (1:200, Santa
Cruz Biotechnology, Santa Cruz, CA, United States) and
rat anti-5-hydroxytryptamine (5-HT) (1:50, Abcam,
Cambridge, MA, United States), respectively. After
washing, sections were then incubated for 30 min at 37 ℃
with rhodamine-labeled goat anti-guinea pig (1:100,
KPL, Gaithersburg, MD, United States) antibodies, FITCconjugated goat anti-rat (1:100) antibodies and FITCconjugated goat anti-rabbit (1:100) antibodies (Sigma).
Sections were counterstained with DAPI-Fluoromount
(SouthernBiotech, Birmingham, AL, United States).
Digital images of five slices per individual sample per
animal were captured under identical parameters for
each with fluorescence microscopy (Leica DM3000,
Leica Microsystems, Wetzlar, Germany). The mean gray
level intensity for a region of interest in these images
was determined using the Image Pro Plus 6.0 image
analysis software system (Media Cybernetics, Silver
Spring, MD, United States).

Data are presented as the mean ± SE. The statistical
significance of data was determined using one-way
analysis of variance (ANOVA) followed by a least
significant difference test or Student-Newman-Keuls
test. The differences in immunoreactive neurons after
CRD between groups were analyzed with the Student t
test. Statistical calculations were performed using SPSS
version 13.0 (SPSS Inc., Chicago, IL, United States). A
P-value < 0.05 was considered significant.

RESULTS
Visceral hyperalgesia induced by ACRS dependent on
MCs

In response to CRD, the distension volume to reach
an AWR score of 3 was significantly lower in +/+ rats
after transient T. spiralis intestinal infection (P < 0.05)
and ACRS (P < 0.05). Although T. spiralis intestinal
infection decreased the visceral threshold of pain
sensitivity to CRD in Ws/Ws rats (P < 0.01), it seemed
to have no effect on pain triggered by ACRS in these
rats (Figure 1).

Coexpression of VGLUT3 with c-fos and 5-HT in rats
with CRD

In this study, we examined the co-localization of VGLUT
3 immunoreactivity (ir) with serotonin-ir in L6S1 DRGs
in rats with CRD. L6S1 DRG sections from rats were
fluorescently labeled for serotonin-ir and VGLUT3-ir.
The results indicated that some serotonergic cells of
the L6S1 DRGs also expressed VGLUT3 (Figure 2). Codistribution of c-fos-ir and VGLUT3-ir was also found in
the L6S1 spinal dorsal horn in rats with CRD (Figure 3).

Western blot analysis

The L6S1 DRGs and the brain were quickly removed,
and the prefrontal cortex (PFC), Raphé nuclei, striatum
and hippocampal regions were dissected in a cold
atmosphere (0-4 ℃) and stored at -80 ℃ before
use. Frozen tissues were homogenized in ice-cold
RIPA lysis buffer containing 50 mmol/l Tris, pH 7.4,
150 mmol/l NaCl, 1% v/v Triton X-100, 1% sodium
deoxycholate, 1% SDS, and ‘‘Complete’’, mini, EDTAfree protease inhibitor cocktail (Roche Diagnostics,
Mannheim, Germany). Proteins were separated with
10% SDS-polyacrylamide gel electrophoresis and then
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increased VGLUT3 expression induced by T. spiralis
infection in peripheral neurons was not dependent on
MCs

VGLUT3-ir signals were observed in L6S1 DRGs, as
shown in Figure 4A-C. It is clear that VGLUT3-ir was
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Con

6

DISCUSSION

Distension volume for AWR score = 3 (mL)

ACRS

4

The present study confirmed that VGLUT3 was colocalized with 5-HT and c-fos in rats with CRD. Increased
expression of VGLUT3 in the peripheral primary afferent
neurons was observed in rats with intestinal T. spiralis
infection but did not occur after acute stress, and was
not dependent on MCs. Increased expression of VGLUT3
in the brain was also observed in rats with infection and
stress.
IBS likely involves a complex set of interactions
between the central and peripheral nervous systems
that affect a patient’s tolerance to pain signals from
the viscera. It has been demonstrated that intestinal
infections and stressful events are the most common
causes of IBS. T. spiralis infection has been used as an
[11]
animal model of intestinal infections in some studies .
The larvae of the parasites invade the duodenal and
jejunal mucosa causing severe inflammation accom
panied by histological damage, with subsequent
spontaneous recovery in approximately 6 to 8 wk.
However, visceral hyperalgesia lasts for a prolonged
time. Some studies have also confirmed that stressful
life experiences, particularly responses to stressors,
are significantly associated with the development of
[12]
IBS . Therefore, we used these animal models to
further verify the role of VGLUT3 in peripheral and
central neurons in the process of visceral hyperalgesia.
Indeed, glutamate is one of the important excitatory
neurotransmitters in the central nervous system. In the
dorsal horn, glutamate is released by primary afferent
fibers and local excitatory interneurons and participates
[13]
in sensory transmission . Central branches of primary
afferent fibers arise from the DRG and end in the
dorsal horn of the spinal cord.
Earlier studies have shown that VGLUT3 has more
complex functions than VGLUT1 and T2. In previous
investigations, VGLUT1 and T2 were not modulated in
the striatum and the substantia nigra of the 6-hydro
xydopamine-lesioned rat, and only VGLUT3 played
[14]
a role in the pathogenesis of Parkinson’s disease .
In addition, one study found increased expression
of VGLUT in the cortex and caudate-putamen of
rats subjected to transient middle cerebral artery
[15]
occlusion . Western blot and immunohistochemistry
revealed an increase in the VGLUT1 signal in the
cortex and caudate-putamen until 3 d of reperfusion
followed by a reduction 7 d after the ischemic insult.
In contrast, VGLUT2 and VGLUT3 were drastically
reduced. Confocal microscopy revealed an increase in
VGLUT2 and VGLUT3 immunolabeling in the reactive
astrocytes of the ischemic corpus callosum and cortex.
Other data have shown that VGLUT3, but not VGLUT1
2+
and T2, can significantly increase the Ca -dependent
[16]
[17]
release of glutamate from astrocytes . Seal et al
determined that VGLUT3 is encoded by the SLC17A8
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Figure 1 Distension volumes needed to reach an abdominal withdrawal
a
b
reflex score of 3. mean ± SE, n = 6; P < 0.05, P < 0.01 vs control group.
Con: Control group; PI: Post-infection; ACRS: Acute cold restraint stress; P + A:
pI + ACRS group; AWR: abdominal withdrawal reflex.

mainly found in the perikaryon (but not the nucleus)
of ganglion cells of DRG neurons. Western immunoblot
analysis was used to further confirm the changes in
VGLUT3 expression in the L6S1 DRGs. Compared
with the control group from +/+ rats, a significant
increase in the level of VGLUT3 protein was observed
in the L6S1 DRGs in post T. spiralis-infected rats (PI vs
control: 0.32 ± 0.009 vs 0.22 ± 0.008, P < 0.01; PI +
ACRS vs control: 0.32 ± 0.015 vs 0.22 ± 0.008, P <
0.01), but an increase was not found in ACRS rats (0.22
± 0.011). Compared with the control group of Ws/
Ws rats, a significant increase in the level of VGLUT3
protein was also observed in the L6S1 DRGs in post T.
spiralis-infected rats (PI vs control: 0.30 ± 0.011 vs
0.22 ± 0.009, P < 0.01; PI + ACRS vs control: 0.31
± 0.011 vs 0.22 ± 0.009, P < 0.01), and an increase
was not found in ACRS rats (0.21 ± 0.010), as shown
by quantitative densitometry evaluation of these
immunoblots (Figure 5).

Changes in VGLUT3 expression in four regions of the
brain

Immunofluorescence and immunoblot methods were
used to examine the expression of VGLUT3 in control
and model rats. As illustrated in Figure 6A-D, VGLUT3immunolabeled cells were identical in these regions
of the brain. With quantification of VGLUT3-ir labeling
intensity in different regions of the brain (Figure 6E),
it was evident that the labeling intensity of VGLUT3ir positive neurons was significantly higher in the
PFC of PI + ACRS rats compared with control rats
(219 ± 14.5 vs 115 ± 10.1, F = 6.4; p = 0.005). No
significant differences were found in the VGLUT3-ir
signals in the Raphé nuclei, striatum and hippocampus
regions of the brain in the rats.
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A

B

C

Figure 2 coexpression of vesicular glutamate transporter-3 and 5-hydroxytryptamine in L6S1 dorsal root ganglions. A: vesicular glutamate transporter-3
(VGLUT3) positive cells; B: 5-hydroxytryptamine positive cells; C: Merged images of A and B. Scale bar: 100 μm.

A

B

C

Figure 3 coexpression of vesicular glutamate transporter-3 and c-fos in the L6S1 spinal dorsal horn. A: Vesicular glutamate transporter-3 (VGLUT3)-positive
cells; B: c-fos-positive cells; C: Merged images of A and B. Scale bar: 100 μm.

A

B

C

Figure 4 Expression of vesicular glutamate transporter-3 in L6S1 dorsal root ganglions neurons in rats with colorectal distension. A: Representative
immunofluorescence images of vesicular glutamate transporter-3 (VGLUT3) immunoreactivity (ir)-positive neurons in L6S1 dorsal root ganglions (DRGs); B: Cell
nuclei staining in DRGs; C: Merged images of A and B. Scare bar: 100 μm.
[3,4,19,20]

gene and transports the neurotransmitter into synaptic
vesicles before it is released into the synaptic cleft.
The genetic deletion of Slc17a8 in mice results in
profound deafness as a result of a loss of transmission
between the sensory hair cells in the inner ear and
the afferent sensory neurons. In addition, they found
that VGLUT3-deficient mice exhibited nonconvulsive
seizures, suggesting VGLUT3 plays a modulatory role
[18]
in the network function of interneurons . Numerous
studies have demonstrated a variable distribution
of VGLUT3 in the mammalian brain. In the present
study, we focused on regions of the brain that are
responsive to proximal colon distension or were
previously determined to contain large populations
of glutamatergic neurons such as the PFC, Raphé

WJG|www.wjgnet.com

nuclei, striatum and hippocampus
. Our study
demonstrated that transient intestinal infection causes
an increase in VGLUT3-ir signals in the PFC region
of the brain, but not in the Raphé nuclei, striatum
and hippocampus regions. Although VGLUT3 protein
in the PFC and Raphé nuclei was not measured, no
significant differences were found in the expression
of VGLUT3 protein in the striatum and hippocampus
region. This result may be similar to that in which
expression of the VGLUT2 was increased in the cortex
[21]
of genetic-absence epileptic rats . Some results
also demonstrated augmented colorectal distensioninduced PFC activity in rats similar to that observed
[22]
in IBS patients . Therefore, our results suggest that
visceral hyperalgesia may be associated with the
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Figure 5 expression of vesicular glutamate transporter-3 protein in L6S1 dorsal root ganglions neurons in +/+ and Ws/Ws rats. A: Representative western
blotting for VGLUT3 in L6S1 DRG extracts; B: Quantitative analysis of vesicular glutamate transporter-3 (VGLUT3) protein. Data are expressed as normalized density
b
to β-actin. P < 0.01 vs control group.
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Figure 6 Representative immunofluorescence images of vesicular glutamate transporter-3-ir positive neurons in different brain regions. A: Prefrontal
cortex; B: Raphé nuclei; C: Striatum; D: Hippocampus; E: Quantification of vesicular glutamate transporter-3 (VGLUT3)-3-ir labeling intensity in the different regions of
a
the brain. p < 0.05. Original magnification, A-D: × 200.

in the hippocampus after 10 d of chronic unpredictable
[23]
stress . Thus, VGLUT3 may play a different role on a
functional level compared with VGLUT1 and VGLUT2.
The influence of VGLUT3 on the peripheral nervous

expression of VGLUT3 in the DRGs and PFC region of
the brain. In addition, it has been reported that acute
stress significantly increased extracellular glutamate
levels, and VGLUT1 immunoreactivity was increased
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that accompanies inflammation injury and trauma.

system has also been discussed in some studies. Linke
[24]
et al
applied immunocytochemistry to examine the
distribution of immunoreactivity of all three VGLUTs
during prenatal development of the myenteric plexus
in the human small intestine. They found that VGLUTs
were predominantly located in the ganglionic neuropil,
interganglionic varicose fibers and perisomatic puncta,
but cytoplasmic labeling of differing intensities was also
found. VGLUT3-ir was less abundant in the developing
myenteric plexus than VGLUT1 and VGLUT2-ir. It was
mainly expressed in the ganglionic neuropil and in the
perisomatic puncta throughout the gestational period
under evaluation. The aortic depressor nerve (ADN)
primarily transmits baroreceptor signals from the
aortic arch to the nucleus tractus solitarii. Cell bodies
of neurons that send peripheral fibers to form the
ADN are located in the nodose ganglion. VGLUT3-ir
containing neurons transmit cardiovascular signals via
[25]
the ADN to the brain stem . DRGs are the primary
afferent neuron in the information transmission of
visceral sensation. Our study indicates that intestinal
infection rather than ACRS caused the upregulation of
VGLUT3 expression in DRG neurons.
Some studies have demonstrated that MCs have
[26,27]
a close relationship with visceral hyperalgesia
.
An increased number of MCs can be observed in the
[28]
colonic mucosa of a subset of IBS patients . In our
previous study, we demonstrated that the upregulation
of mediators (PAR2 and NGF) and signal proteins
(pERK1/2 and TRPV1) has a close relationship with
the presence of MCs. MCs also play an important
role in visceral hyperalgesia induced by infection in
[10,12]
rats
. Our studies have indicated that the increased
expression of VGLUT3 in rats with visceral hyperalgesia
induced by infection is not dependent on MCs. Thus,
MCs are not the main cause of increased VGLUT3 in
rats.
In summary, the present study confirmed that
increased expression of VGLUT3 occurred in peripheral
neurons in rats with visceral hyperalgesia, and there
was no relationship between the changes in VGLUT3
and MCs. Enhanced VGLUT3-ir was observed in rats
with visceral hyperalgesia induced by infection and
stress. When the rats received stimulation from the
gut, coexpression of VGLUT3 with c-fos and 5-HT was
observed in peripheral and central neurons.

Innovations and breakthroughs

The authors first observed the role of VGLUT3 in the visceral nociceptive
transmission process induced by colorectal distension in rats. Intestinal infection
could enhance the VGLUT3 immune activity in peripheral and central nervous,
and this was not dependent on mast cells. VGLUT3 may be an important
molecule involved in the brain-gut interaction in IBS patients.

Applications

Rose bengal (RB) is the most potent known VGLUT inhibitor, which could
provide new clues to develop drugs to regulate visceral sensitivity.

Terminology

Visceral hyperalgesia occurs when stimuli that are normally perceived as
innocuous can evoke persistent pain following inflammation.
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Indeterminate pulmonary nodules in colorectal cancer
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patients, 40 cases that underwent lung operation
between November 2008 and December 2012 for
suspicious metastatic pulmonary nodules on chest
computed tomography (CT) were enrolled. The decision
to perform a lung operation was made if the patient
met the following criteria: (1) completely resected or
resectable primary CRC; (2) completely resectable
IPNs; (3) controlled or controllable extrapulmonary
metastasis; and (4) adequate general condition and
pulmonary function to tolerate pulmonary operation.
Lung operation was performed by a thoracic surgeon
without CT-guided biopsy for pathologic confirmation.
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RESULTS: A total of 40 cases of lung resection was
performed in 29 patients. Five patients underwent
repeated lung resection. The final pathology result
showed metastasis from the CRC in 30 cases (75%)
and benign pathology in 10 cases (25%). The primary
tumor site was the rectum in 26/30 (86.6%) cases
with pulmonary metastasis, but only 3/10 (30%)
cases in the benign group had a primary rectal cancer
(P = 0.001). Positron emission tomography (PET)CT was performed for 22/30 (73.4%) patients in the
lung metastasis group and for 6/10 (60.0%) patients
in the benign group. PET-CT revealed hot uptake of
18
fluorine 2-fluoro-2-deoxy-D -glucose with all IPNs in
both groups. The group with pulmonary metastasis
had a higher incidence of primary rectal cancer (P =
0.001), a more advanced tumor stage (P = 0.011), and
more frequent lymphatic invasion of tumor cells (P =
0.005). Six cases with previous liver metastasectomy
were present in the lung metastasis group. Serum
carcinoembryonic antigen levels before lung operation
were not elevated in any of the patients.

Abstract

CONCLUSION: The stage and location of the primary
tumor and tumor cell infiltration of lymphatics provide
useful indicators for deciding on lung resection of IPNs
in CRC.

AIM: To investigate the clinicopathologic parameters
of pulmonary metastasis in colorectal cancer (CRC)
patients after lung operation of indeterminate pul
monary nodules (IPNs).

Key words: Colorectal neoplasm; Lung neoplasm;
Indeterminate pulmonary nodule; Lung metastasis;

METHODS: From a prospective database of CRC

WJG|www.wjgnet.com

2967

March 14, 2015|Volume 21|Issue 10|

Jung EJ et al . Indeterminate pulmonary nodules

Chest computed tomography

For IPNs on chest CT, short-term follow-up chest
CT or PET-CT was performed. When radiologic findings
of the chest CT favored a diagnosis of metastasis by
an experienced radiologist (Yi JG), lung operation was
considered for suspicious IPNs. The radiologic features
used for pulmonary metastasis were as follows:
peripheral and parenchymal rather than subpleural
location, and features of lobulated, speculated, and ill[5]
defined borders in nodules .
The decision to perform lung operation was made
if the patient met the following criteria: (1) completely
resected or resectable primary CRC; (2) completely
resectable IPNs; (3) controlled or controllable extra
pulmonary metastasis; and (4) adequate general
condition and pulmonary function to tolerate pulmonary
operation. Lung operation was performed by a thoracic
surgeon without CT-guided biopsy for pathologic
confirmation.
Based on the pathology results of resected IPNs,
the patients were subdivided into metastatic and
benign groups for comparison of clinical characteristics
and histopathologic parameters of the primary CRC.

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

Core tip: This study demonstrated that 25% of
indeterminate pulmonary nodules are benign lesions,
even though metastasis was suspected after chest
computed tomography or positron emission tomography
before surgical pulmonary resection. More importantly,
we demonstrated that useful indicators for deciding
on lung resection of indeterminate pulmonary nodules
in colorectal cancer were the primary tumor stage,
location of the primary tumor, and tumor cell infiltration
of lymphatics.
Jung EJ, Kim SR, Ryu CG, Paik JH, Yi JG, Hwang DY.
Indeterminate pulmonary nodules in colorectal cancer. World J
Gastroenterol 2015; 21(10): 2967-2972 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/2967.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.2967

Statistical analysis

INTRODUCTION

Data analysis was performed using SPSS version 17.0
for Windows (SPSS Inc., Chicago, IL, United States).
Summary statistics in the two groups were compared
2
using χ and two-sample t tests with Welch’s correction
and Fisher’s exact test. P < 0.05 was considered
statistically significant.

In colorectal cancer (CRC) patients, an evaluation
for pulmonary metastasis is important for accurate
initial staging and decision making regarding followup treatment. Many radiologic evaluations, including
chest X-ray in the past to chest computed tomography
(CT) and positron emission tomography (PET)-CT,
are performed for preoperative or postoperative
[1-3]
surveillance . This clinical process has been described
in the National Comprehensive Cancer Network (NCCN)
[4]
guidelines . If indeterminate pulmonary nodules
(IPNs) suspicious of metastasis are found in chest
CT, deciding on the next step can be challenging. The
decision is complicated by several factors, including
radiologic uncertainty, the small size of IPNs, and
reluctance of the patient to undergo another operation.
Targeting the small-sized IPNs preoperatively for lung
operation is not easy, and preoperative percutaneous
biopsy for pathologic confirmation is risky due to
the possibility of tumor cell contamination in the
biopsy tract. Therefore, the aim of this study was to
identify the clinicopathologic parameters of CRC lung
metastasis after the resection of suspicious pulmonary
metastatic nodules.

RESULTS
A total of 40 CRC cases comprised of 26 men and
14 women (median age = 59.1 years, range: 45-69
years) were included in this study. Pulmonary
metastasis from CRC was confirmed in 30 cases (75%),
and the other 10 cases (25%) had benign lesions. The
40 cases were divided into a pulmonary metastasis
group and a benign group according to the pathology
results.
Patient's characteristics for both groups are shown
in Table 1. There was no statistically significant
difference in age at primary CRC diagnosis, gender
ratio, age at lung operation, or disease-free interval,
which is the period between primary CRC operation
and lung operation.
The pathologic features are presented in Table 2.
Significantly more metastatic cases than benign cases
had the rectum as the primary tumor site (P = 0.001),
though the size of the primary tumor was similar in the
two groups. The patients in the pulmonary metastasis
group had more advanced T stage and more positive
lymph node involvement than those in the benign
group (Ps < 0.05). Therefore, the proportion of tumornode-metastasis stage Ⅲ or Ⅳ patients was higher in
the pulmonary metastasis group than in the benign
group (P = 0.011).

MATERIALS AND METHODS
From a prospective database of CRC patients
in our center, this study included 40 cases that
underwent lung operation between November 2008
and December 2012 for IPNs on chest CT in which
metastasis was suspected. Three other cases, in which
the diagnosis of primary lung cancer was confirmed
after CRC operations, were excluded from this analysis.
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Table 3 Characteristics of lung lesions n (%)

Table 1 Patient characteristics
Lung metastasis Benign
P
(n = 30)
(n = 10) value

Characteristic
Gender, male:female
Mean age at diagnosis of CRC, yr
Mean age at pulmonary resection, yr
Previous hepatic resection for
metastasis, n
Disease free interval, mo (range)
Timing of thoracotomy, n
Synchronous
Metachronous
> 5 yr after primary CRC surgery

21:9
57.6 ± 9.3
60.6 ± 8.2
6
29.5 (0-104)
4
26
2

5:5
60.1 ± 11.6
61.9 ± 10.7
0

0.220
0.520
0.158
0.026

Type of lung operation
VATS
Open
Lung operation-related complications
Number of lung nodules
1
2
3
Size of lung nodules (mm)
Bilaterality
Unilateral
Bilateral
Pre-thoracotomy serum CEA
elevation
Pre-thoracotomy serum CA19-9
elevation

16.2 (9-42) 0.078
0.067
0
10
2

Disease free interval = the period between primary CRC operation and
lung operation. CRC: Colorectal cancer.

Table 2 Pathologic features of primary colorectal cancer n
(%)
Feature
Primary tumor site
Colon
Rectum
Primary tumor size, cm
T stage
Tis
T1
T2
T3
T4
N stage
N0
N1
N2
TNM stage
0
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Metastatic LN (n)
LN ratio1
Histologic differentiation
WD
MD
PD
Mucinous
Lymphatic invasion
Vascular invasion
Perineural invasion
Adjuvant chemotherapy

Lung metastasis
(n = 30)

Benign
(n = 10)

4 (13.3)
26 (86.6)
5.2 ± 1.5

7 (70.0)
3 (30.0)
5.7 ± 2.9

0
0
1 (3.3)
28 (93.3)
1 (3.3)

1 (10.0)
1 (10.0)
0
5 (50.0)
3 (30.0)

5 (16.6)
17 (26.6)
8 (26.6)

8 (80.0)
2 (20.0)
0

P

0.526

18 (60.0)
10 (33.3)
2 (6.6)
11.8 ± 7.5

6 (60.0) 0.547
2 (20.0)
2 (20.0)
11.8 ± 7.0 0.881

27 (90.0)
3 (10.0)
0

10 (100) 0.411
0
0

0

0

performed for 22/30 (73.4%) patients in the lung
metastasis group and for 6/10 (60.0%) patients in
the benign group, which revealed the hot uptake of
18
fluorine 2-fluoro-2-deoxy-D-glucose (FDG) with all
IPNs in both groups. There was no thoracotomy-related
mortality or complications, such as persistent air leak,
pneumonia, postoperative bleeding, chylothorax, and
empyema.
In the benign group, histopathologic examination of
IPNs revealed chronic granulomatous inflammation in
three cases, tuberculosis in two cases, pleural fibrosis
in two cases, anthracofibrotic nodules in two cases,
and aspergillosis in one case. The patient profile for
the benign group is shown in Table 4.
In the lung metastasis group, repeated pulmonary
resection was performed in five cases; it was
performed five, four, and three times in three separate
cases, and twice in two cases.

0.505
0.015

0.011
1 (10.0)
1 (10.0)
5 (50.0)
2 (20.0)
1 (10.0)
22 ± 9
0.034
0.031 ± 0.072 0.009
0.195
1 (10.0)
8 (80.0)
0
1 (10.0)
2 (20.0)
0.005
1 (10.0)
0.633
1 (10.0)
0.526
3 (30.0)
0.048

DISCUSSION
Of the CRC patients who underwent lung operation for
suspicious IPNs in our study, only 75% had pulmonary
metastasis from CRC. Despite a more advanced tumornode-metastasis stage for patients in the pulmonary
metastasis group, their pre-thoracotomy serum CEA
levels were not elevated.
The lung is the second most common metastatic
organ for CRC, and pulmonary metastasis has been
[3,6]
detected in 10%-22% of all CRC patients . It is
known that pulmonary metastasis from CRC is more
common in patients with rectal cancer than in those
[3]
with colon cancer . The reason for this occurrence
is that the venous blood stream of the rectum, from
the middle and inferior rectal veins, is connected to
systemic circulation via the internal iliac vein rather
[3]
than the portal vein . Similarly, in our data, the

1

Involved LN (n)/total LN (n). LN: Lymph node; MD: Moderately
differentiated; PD: Poorly differentiated; TNM: Tumor-node-metastasis;
WD: Well differentiated.

The types of lung operation, numbers and bila
terality of IPNs are presented in Table 3. All IPNs were
located in the periphery of the lung and resected by
wedge resection. The mean size of IPNs was similar
between the two groups (11.8 mm, P = 0.881). Prethoracotomy serum carcinoembryonic antigen (CEA)
level was not elevated in either group. PET-CT was

WJG|www.wjgnet.com

9 (90.0)
1 (10.0)
0

value

0.001

0
26 (86.6)
3 (10.0)
1 (3.3)
22 (73.3)
4 (13.3)
5 (16.6)
23 (76.7)

25 (83.3)
5 (16.6)
0

CA19-9: Carbohydrate antigen 19-9; CEA: Carcinoembryonic antigen;
VATS: Video-assisted thoracoscopic surgery.

0.001

0
1 (3.3)
3 (10.0)
16 (53.4)
10 (33.3)
33 ± 23
0.171 ± 0.155

Lung metastasis Benign
P
(n = 30)
(n = 10) value

Characteristic
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Table 4 Clinicopathologic features of patients with benign lung nodules
Case No. Sex/age Primary tumor location Primary operation
1
2
3

M/70
F/35
M/66

HF
TC
RS

RHC
T-C
LAR

4

F/58

HF

5

M/70

6
7
8
9
10

M/51
F/69
M/53
F/58
F/71

TNM stage Interval to lung OP (mo) PET
0
Ⅱ

4
23
60

+
+
-

RHC

Ⅱ

60

+

SC

AR

Ⅲ

88

-

SC
AC
RS
AC
TC

AR
RHC
AR
RHC
T-C

Ⅰ

29
3
34
26
8

+
+
+

Ⅱ

Ⅱ
Ⅲ
Ⅳ
Ⅱ

Histology of pulmonary lesions
Tuberculosis
Tuberculosis
Chronic granulomatous
inflammation
Chronic granulomatous
inflammation
Chronic granulomatous
inflammation
Pleural fibrosis and fatty metaplasia
Pleural fibrosis and fatty metaplasia
Anthracofibrotic nodule
Anthracofibrotic nodule
Aspergillosis

AC: Ascending colon; AR: Anterior resection; F: Female; HF: Hepatic flexure colon; LAR: Low anterior resection; M: Male; OP: Operation; PET: Positron
emission tomography; RHC: Right hemicolectomy; RS: Rectosigmoid colon; SC: Sigmoid colon; T-C: Transverse colectomy; TC: Transverse colon; TNM:
Tumor-node-metastasis.

incidence of pulmonary metastasis was higher with
rectal cancer than with colon cancer.
Serum CEA is a well-known tumor marker for CRC,
and metastasis or recurrence of CRC can be detected
by an increase in the serum CEA level before the
[4]
detection of radiologic changes . In this regard, NCCN
guidelines recommend a regular assessment of CEA
[4]
for surveillance of CRC . For pulmonary metastasis of
CRC, the serum CEA level is considered a prognostic
factor, and the elevation of pre-thoracotomy CEA level
[7,8]
is considered a poor prognostic factor . However,
[8]
Iida et al reported identifying small pulmonary
metastatic nodules prior to the elevation of serum CEA
level. The report also stated that the serum CEA level
was normal in 52% of CRC patients with pulmonary
metastasis. Our data showed similar results, as all
cases had normal pre-thoracotomy serum CEA levels,
even the pulmonary metastasis group. This finding
indicates that the serum CEA level may be ineffective
for early detection of pulmonary metastasis after
curative primary CRC operation.
Chest CT is a useful tool for identifying lung
nodules, with > 70% sensitivity for detecting suspicious
[3,9,10]
pulmonary metastatic nodules from CRC
.
However, confirmation of pulmonary metastasis is
difficult. Biopsy is the most accurate diagnostic tool
for pathologic confirmation of IPNs. However, it is too
difficult or occasionally risky to perform in most cases,
especially for small lesions. Hence, physicians usually
decide whether or not to perform surgery based on the
radiologic findings of lung nodules, which are located
in peripheral areas 80%-90% of the time and have
features with lobulated, speculated, and ill defined
[5]
borders .
PET-CT can be useful as an alternative modality
[2,11,12]
for detecting metastasis
. PET-CT is a relatively
accurate, non-invasive modality for detecting
metastasis or the recurrence of CRC, and has a
higher sensitivity than conventional CT in detecting
[2,11,13]
extra-hepatic metastasis
. However, PET-CT has
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some limitations. First, this modality cannot clearly
discriminate a metastatic lesion from an inflammatory
lesion, because the uptake of FDG also increases with
[13]
inflammation . In our study, PET-CT was performed
in 6/10 cases with benign lung nodules, and FDG
uptake was seen in all six of them. Secondly, the
accuracy of PET-CT for detecting small lung nodules
[13]
is not satisfactory . It has been reported that the
failure rate of PET-CT for detecting subcentimeter
[11,14]
[1]
lung nodules was nearly 50%
. Bamba et al
reported that PET-CT is reliable when the size of the
lung nodules is > 9 mm. In addition, the accuracy of
[1]
PET-CT for detecting lung metastasis varies , and its
sensitivity and specificity are about 57% and 99%,
[1]
respectively . Considering that the accuracy of PET-CT
for detecting liver metastasis of CRC is usually about
[2,13,15,16]
90%
, its accuracy with detecting pulmonary
metastasis is inferior compared to hepatic metastasis.
From the many studies of pulmonary metastasis
in CRC patients, patients with diagnoses based on
[3,17-20]
radiologic findings were reviewed
. That is,
pathologic confirmation of pulmonary metastasis was
not obtained in all cases. However, our study included
only patients with suspicious IPNs who received
surgical treatment and pathologic confirmation was
obtained.
It has already been reported in many studies
that complete surgical resection of pulmonary
metastasis in CRC patients is useful for prolonging
[3,6,8,9,17,18,20-26]
survival
. The five-year survival rate
after complete resection for pulmonary metastasis
[21,23]
is reportedly 25%-50%
. However, complete
resection of pulmonary metastasis is possible only
[3,10]
in 10% patients with pulmonary metastasis
.
Consequently, when resectable and suspicious IPNs
in small numbers are detected on chest CT in CRC
patients, surgery is highly recommended. But the
decision for resection of suspicious IPNs is usually not
easy and is affected by many other factors, including
uncertainty of imaging studies, lack of elevated tumor

2970

March 14, 2015|Volume 21|Issue 10|

Jung EJ et al . Indeterminate pulmonary nodules
markers, as already mentioned, as well as reluctance
of the patient to undergo another operation. Our study
is therefore meaningful for identifying differences in
the characteristics of metastatic lung nodules in CRC
from those of benign lesions after resection of IPNs, in
spite of the small number of cases.
Of the pathologically confirmed IPNs in our study,
the incidence of metastatic lung nodules was more
common than benign pulmonary nodules. However, it
is important to note that as many as 10 cases (25% of
all cases) had benign nodules, identified using a highly
reliable radiologic imaging modality, such as chest CT
and PET-CT. Metastatic lung nodules were associated
with a more advanced primary tumor stage including
a higher T stage, greater lymph node involvement,
and lymphatic invasion of tumor cells. Furthermore,
the incidence of pulmonary metastasis was higher
in patients with rectal cancer than with colon cancer.
Also, the serum CEA level was not elevated in all cases
in the pulmonary metastasis group.
In conclusion, radiologic characteristics of sus
picious IPNs in CRC provided limited assistance for
predicting metastasis. Therefore, consideration of the
primary tumor stage, location of the primary tumor
and tumor cell infiltration of lymphatics might be more
beneficial for deciding on lung operation for suspicious
IPNs.
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Abstract
AIM: To introduce a simple and safe anvil insertion
technique to esophagus during laparoscopic total
gastrectomy (LTG).
METHODS: Between July 2010 and December 2012,
58 consecutive patients with early gastric cancer
underwent LTG were enrolled. We performed a simple
and safe Roux-en-Y esophagojejunostomy using
the double stapling technique to all patients. Then
patients’ characteristics, perioperative outcome and
histopathologic data were analyzed retrospectively.
RESULTS: The mean age and body mass index were
2
59.3 ± 9.7 years and 22.7 ± 2.6 kg/m . The mean
operation, reconstruction and anvil insertion times
(from gastric incision to linear stapling) were 251.8
± 57.0, 43.1 ± 2.8 and 4.2 ± 1.9 min, respectively.
Intraoperative blood loss was 204.6 ± 156.3 mL and
there was no open conversion. The postoperative
complications were in 8 cases (delayed gastric
emptying in 4 cases, pulmonary complication in 2
cases, pancreatitis in 1 case, anastomotic stricture in 1
case). Anastomotic stricture occurred after discharge
and was recovered by endoscopic intervention. The
patients were discharged at a mean of 9.6 ± 2.0 d
after surgery. Neither leakage nor bleeding from the
esophagojejunostomy occurred postoperatively. The
mean proximal margin of specimen was 2.7 ± 2.8 cm
CONCLUSION: Roux-en Y esophagojejunostomy using
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the double stapling technique is simple and rapid, and
it may offer a solid, alternative reconstruction method
for LTG or proximal gastrectomy.

esophagojejunostomy have been reported, and
intracorporeal suture is no longer a specialized
TM
procedure. However, some techniques, such as OrVil
or overlap methods, might still be little complicated
and time consuming for inexperienced surgeons.
Therefore, we have devised a simple, rapid anvil
insertion technique (i.e., the double stapling technique
for Roux-en-Y esophagojejunostomy) that can be
used after performing LTG. Despite its simplicity, it has
rarely been reported in large LTG cohorts. The details
of this technique are described herein.

Key words: Laparoscopic surgery; Surgical stapling;
Roux-en-Y anastomoses; Jejunostomy; Gastrectomy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although laparoscopic total gastrectomy for
upper gastric cancer has become popular in Korea,
esophagojejunostomy remains a difficult procedure.
Recently introduced intracorporeal esophagojejunostomy
methods facilitate more convenient anastomosis.
We describe the modified double stapling technique
(which has been used in colorectal surgery) for
esophagojejunostomy after laparoscopic total
gastrectomy (LTG). Although it cannot be used for all
patients undergoing LTG because of the lack of long-term
survival data, this double stapling technique can provide
easy and safe anastomosis after LTG. In particular, it may
be a considerable option for inexperienced surgeons.

MATERIALS AND METHODS
Patients

Between July 2010 and December 2012, 58 consecutive
patients (42 men and 16 women) with early gastric
cancer underwent LTG using this double stapling
esophagogastrostomy technique at Pusan National
University Hospital. Patients with early gastric cancer
invading the upper third part of the stomach without
lymph node metastasis were included in the study.
Patients with tumors located within 2 cm of the
esophagogastric junction were excluded from this
study because of the possibility of tumor spillage
during anastomosis. Patient selection was based on
preoperative examinations, including endoscopic
ultrasonography, esophagogastroduodenoscopy
and abdominal computed tomography. We also
retrospectively analyzed the patients’ characteristics,
as well as their intraoperative and postoperative
outcomes.

Kim JH, Choi CI, Kim DI, Kim DH, Jeon TY, Kim DH, Park DY.
Intracorporeal esophagojejunostomy using the double stapling
technique after laparoscopic total gastrectomy: A retrospective
case-series study. World J Gastroenterol 2015; 21(10): 2973-2981
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i10/2973.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i10.2973

Surgical techniques

INTRODUCTION

Each patient was placed in the lithotomy position.
The operator stood on the right side of the patient.
The first assistant stood on the left side, and the
scopist stood between the patient’s legs. Then, a CO2
pneumoperitoneum was established through a 10
mm umbilical port, with pressure maintained at <
15 mmHg. Five ports were inserted in the abdomen,
same to conventional laparoscopic gastrectomy (Figure
1). After completing the resection procedure, including
D1+ lymph node dissection (except for the esophageal
transection), Roux-en-Y reconstruction was performed
using modified double-stapling esophagojejunostomy,
as follows.
Firstly, anvil preparation: A 5-cm length of staysuture was applied to the tip of the anvil (Premium Plus
CEEA 25, US Surgical, Norwalk, CT, United States),
and a 3- to 4-cm mini-laparotomy was performed at
the site of the left lower port (Figure 2A). The minilaparotomy wound was retracted and protected with a
laparotomy wound retractor (Alexis Wound Retractor;
Applied Medical, CA, United States). The anvil was
inserted into the abdominal cavity through the minilaparotomy, and the pneumoperitoneum was reestablished by sealing off the laparotomy wound

In the last decade, laparoscopic gastrectomy after
laparoscopic surgery for early gastric cancer has been
increasingly used worldwide. Laparoscopic-assisted
distal gastrectomy and even totally laparoscopic distal
gastrectomy are now commonly performed to treat
early gastric cancer in Korea.
D1+ lymph node dissection and Roux-en-Y
esophagojejunostomy are generally accepted as
standard laparoscopic total gastrectomy (LTG)
procedures for treating early gastric cancer. LTG has
become as common as laparoscopic distal gastrectomy;
however, LTG is still technically challenging when
dissecting short gastric arteries (lymph node 4sa), as
[1,2]
well as when performing esophagojejunostomy .
With improved surgical skills and the development
of laparoscopic instruments, LTG with lymph node
dissection is less complicated, and stapling devices
provide excellent anastomosis, with low failure or
leakage rates. Nevertheless, purse-string sutures and
anvil insertions are still problematic due to the narrow
operation field or the need for more experienced
[3,4]
manipulations .
Various techniques and instruments for intracorporeal
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Figure 1 Placement of the surgical ports and mini-laparotomy. A: 5 mm; B:
5 mm; C: 12 mm (the working port); D: 10 mm (the camera port); E: 5 mm (the
site of the mini-laparotomy, dotted line).

retractor with a surgical glove (Figure 2B).
Secondly, anvil insertion: Gastrotomy was performed
approximately 1 to 2 cm below the esophagogastric
junction (away from the tumor mass), and it
could be extended approximately 3 cm across the
esophagogastric junction using a harmonic scalpel
(Ethicon Endo-Surgery, Cincinnati, OH, United States)
(Figure 3A). The prepared anvil was inserted into the
esophagus through the gastrotomy and then placed
in the thoracic esophagus (Figure 3B). Subsequently,
the distal esophagus was transected with an Endo GIA
linear stapler (Endo GIA 60, US Surgical, Norwalk,
CT, United States). Then, to avoid disrupting the staysuture during the linear stapling, the stay-suture was
cranially lifted while dividing the distal esophagus
(Figure 3C). The stay-suture was pulled through the
remaining hole until the anvil reached the esophageal
stump (Figure 3D). The gastrotomy site was grasped
with forceps, or a laparoscopic bulldog clamp was
used to prevent spillage of the gastric contents. The
resected specimen was delivered through the minilaparotomy.
Thirdly, jejunojejunostomy: The jejunum was
brought out through the mini-laparotomy and divided
15 to 20 cm distal to the ligament of Treitz. An
extracorporeal end-to-side jejunojejunostomy was
manually performed 45 cm below the site at which the
esophagojejunostomy would be performed (Figure 4A).
Lastly, esophagojejunostomy: For intracorporeal
use, a surgical glove was attached to the circular
stapler. The circular stapler was inserted into the Roux
limb, which was tied to the body of the circular stapler
to prevent separation from the jejunum (Figure 4B).
Then, the body of the circular stapler was introduced
into the abdominal cavity, and the pneumoperitoneum
was re-established using the attached surgical
glove. Esophagojejunostomy was performed under
laparoscopic view (Figure 5). Finally, the jejunal stump
of the Roux limb was closed with an Endo GIA linear
stapler.

WJG|www.wjgnet.com

Figure 2 Anvil preparation. A: The stay-suture is applied to the tip of the anvil;
B: The anvil is inserted into the abdominal cavity through the mini-laparotomy.

Statistical analysis

Statistical analyses were performed using SPSS
software (version 18; SPSS Inc., Chicago, IL, United
States). For continuous variables, the one sample t-test
was used to identify the mean value and for categorical
data, frequency analysis was used. Quantitative data
was expressed as mean ± SD.
The statistical methods of this study were reviewed
by Professor Jin Mi Kim, who is biomedical statistician
from Pusan National University Hospital.

RESULTS
A total of 58 consecutive patients underwent LTG with
Roux-en-Y esophagojejunostomy using this doublestapling technique at our institute. Preoperative patient
data are shown in Table 1.
The mean operation time was 251.8 ± 57.0 min.
The mean reconstruction time was 43.1 ± 2.8 min,
and the mean anvil insertion time was 4.2 ± 1.9 min.
There were no cases of intraoperative complications
or open conversion. An upper gastrointestinal study
using water-soluble contrast medium was routinely
th
performed on the 4 postoperative day to evaluate for
anastomotic leaks and strictures. In all patients, the
contrast medium passed into the jejunum easily and
without resistance; however, anastomotic stricture
was observed in 1 patient after discharge. There was
no sign of leakage at the esophagojejunostomy in any
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Figure 3 Anvil insertion. A: A small gastrotomy (approximately 3 cm) is performed across the esophagogastric junction using a harmonic scalpel; B: the prepared
anvil is inserted into the esophagus through the gastrotomy until it reaches the thoracic esophagus; C: The distal esophagus is transected with a linear stapling. To
avoid disrupting the stay-suture, the stay-suture is lifted cranially; D: The anvil is completely placed in the esophageal stump after the stay-suture is pulled out.

patient. Oral feeding was started at a mean of 4.9 ± 0.6
d after surgery. The mean hospital stay after surgery
was 9.6 ± 2.0 d. The mean follow-up period was 26.8
± 10.8 mo, and there were no local recurrences or
cancer-related deaths (Table 2).

WJG|www.wjgnet.com

Advanced gastric cancer (i.e., invading beyond the
submucosal layer of the gastric wall) was confirmed in
8 cases. The mean total resected lymph node number
was 55.1 ± 22.0, and the mean length of the proximal
margin was 2.8 ± 2.1 cm (Table 3).
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A

B

Figure 4 Jejunojejunostomy. A: An extracorporeal end-to-side jejunojejunostomy is manually performed 45 cm below the site at which the esophagojejunostomy will
be performed; B: For intracorporeal use, a surgical glove is attached to the circular stapler. The circular stapler is inserted into the Roux limb, and the Roux limb is tied
to the body of the circular stapler to prevent separation from the circular stapler.

A

B

Figure 5 Intracorporeal end-to-side esophagojejunostomy.

Table 1 Patient characteristics

Table 2 Operative and postoperative data

Variables

Variables

Sex
Male
Female
Age (yr)
BMI (kg/m2)
ASA score
1
2
3

Operation time (min)
Reconstruction time (min)
Anvil insertion time (min)
Intraoperative blood loss (mL)
Open conversion
Postoperative complications
Dumping syndrome
Pulmonary complication
Anastomotic stricture
Pancreatitis
Oral intake (d)
Hospital stay (d)
Mean follow-up period (mo)

42 (72.4)
16 (27.6)
59.3 ± 9.7 (39-78)
22.7 ± 2.6 (16.6-28.1)
25 (43.1)
31 (53.4)
2 (3.4)

Data are expressed as mean ± SD (range) or n (%). BMI: Body mass index;
ASA: American society of anesthesiologists.

Data are expressed as mean ± SD or n (%).

DISCUSSION
A nationwide survey in Korea by Yang et al and the
Information Committee of the Korean Gastric Cancer
Association reported that in 2004, laparoscopic
assisted total gastrectomy was performed in only 20
patients compared with laparoscopic assisted distal
[1]
gastrectomy (344 patients) . In addition, the major
obstacles to performing laparoscopic gastrectomy were
medical insurance problems and technical difficulties.
In recent years, laparoscopic gastrectomy has become
a more popular and standard treatment option for

WJG|www.wjgnet.com

251.8 ± 57.0
43.1 ± 2.8
4.2 ± 1.9
204.6 ± 156.3
0
8 (13.8)
4 (6.9)
2 (3.4)
1 (1.7)
1 (1.7)
4.9 ± 0.6
9.6 ± 2.0
26.8 ± 10.8

early gastric cancer in most medical institutions in
Korea. According to a 2009 Korea nationwide survey of
[5]
gastric cancer reported by Jeong et al , 3783 patients
(25.8% of total patients) underwent laparoscopic
gastric resection. In addition, the popularity of
laparoscopic gastric surgery is increasing annually due
to improvements in instruments and surgical skill. Until
now, however, many surgeons have been hesitant to
perform LTG due to its technical difficulties, particularly
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dissection. These methods require an expert surgeon
and an assistant skilled in laparoscopic surgery.
Various end-to-side anastomosis techniques
[17-19]
have also been consistently reported
. The key
to this anastomosis is performing the purse-string
suture and inserting the anvil into a fragile/contracted
esophagus. Experienced surgeons can perform
manual intracorporeal purse-string suturing, which
facilitates simpler and safer purse-string suturing. In
addition, the development of laparoscopic instruments
®
such as Endostich (Autosuture, Tyco Healthcare,
Mansfield, MA, United States) or Endo-PSI (Ⅱ)
(Hope Electronics, Chiba, Japan) has reduced the
difficulty of this procedure. However, there is still
the inconvenience of manipulating the instruments
[20,21]
in a narrow surgical space
. To overcome these
problems, a method using an orally inserted anvil
[22]
was first reported by Parker et al , followed by the
TM
double stapling technique using OrVil , which is
[23]
designed for safer insertion through the esophagus .
[24]
In addition, Kunisaki et al
reported the feasibility
TM
of the Orvil method in their study of 30 patients.
TM
However, the method for using OrVil requires
the cooperation of the anesthesiologist, and the
esophagus can be damaged during anvil insertion.
Although each technique has some disadvantages, the
aforementioned techniques are useful when performing
esophagojejunostomy after total gastrectomy if the
operators are experienced.
Our double stapling technique allows for easy and
safe anvil insertion because the anvil is introduced
through the wide gastrotomy site, and the stomach
becomes an inverted funnel-shape when the anvil
is inserted into the esophagus. Furthermore, this
technique reduces the operation time because anvil
placement is completed with transection of the
esophagus by the linear stapler, without performing
a purse-string suture. In addition, a surgeon always
needs to exercise caution to ensure that the linear
stapler does not cut the stay-suture of the anvil. “Dog
ear” formation can occur on the edge of the remaining
esophagus after placing the anvil; however, it was not
problematic for anastomosis in our experience.
[25]
Similar to our method, Omori et al
reported
another novel double stapling technique in distal
gastrectomy. The authors made an anterior incision
in the residual stomach, and after inserting the anvil
into the stomach, they extracted the anvil tip via the
greater curvature of the stomach, with a suture at the
anvil tip. Furthermore, as in our study, their technique
does not require purse-string sutures for tightening
the anvil. Their anvil insertion time in their study was
approximately 5 min, which is not significantly different
from our result (4.2 ± 1.9 min).
This technique has a weakness, the oncological
safety. Because there is some risk of cancer cell
spillage to the peritoneal cavity through the small
gastrotomy made for this technique, careful patient

Table 3 Histopathologic data
n (%)

Variables
Tumor invasion depth
Mucosa (T1a)
Submucosa (T1b)
Muscle propria (T2)
Subserosa (T3)
Serosa exposed (T4)
Nodal metastasis
0 (N0)
1-2 (N1)
3-7 (N2)
> 8 (N3)
TNM1 stage
IA
IB
IIA
IIB
Total number of resected lymph nodes
Proximal margin (cm)

19 (32.8)
31 (53.4)
4 (6.9)
1 (1.7)
3 (5.2)
52 (89.7)
3 (5.2)
2 (3.4)
1 (1.7)
46 (79.3)
4 (6.9)
3 (5.2)
5 (8.6)
55.1 ± 22.0
2.7 ± 2.8

1

TNM staging was performed according to the AJCC/UICC 7th edition.
TNM: Tumor node metastasis.

the difficulties with anastomosis compared to lymph
[6-8]
node dissection .
Since a circular stapler was first utilized in
esophagojejunostomy, most esophagojejunostomies
have been performed using a circular stapler in open
total gastrectomy. Esophagojejunostomy during
open total gastrectomy is easy and safe because
open laparotomy allows for a sufficient operative
field for performing the anastomosis. However,
extracorporeal end-to-side esophagojejunostomy,
which is generally used after LTG (in the same manner
as esophagojejunostomy after open gastrectomy),
cannot provide an adequate operative field for
[9,10]
anastomosis
. Therefore, a larger incision, similar
to that for open total gastrectomy, is necessary for
both esophagojejunostomy and jejunojejunostomy,
particularly in obese patients with a thick abdominal
wall; such an incision could diminish the merits
[11]
of laparoscopic surgery . Various intracorporeal
anastomosis techniques have been developed for this
reason, thereby simplifying esophagojejunostomy.
However, there is still some debate about the optimal
reconstruction procedure.
Intracorporeal reconstruction can be divided into
side-to-side anastomosis using a linear stapler and
end-to-side anastomosis using a circular stapler. After
side-to-side anastomosis was first introduced by
[12]
Walther et al , simpler and safer (modified) methods
of side-to-side anastomosis for esophagojejunostomy
[13-16]
have been reported
. Side-to-side anastomosis
has two advantages: no injury to the esophagus and
no need for purse-string sutures. However, in cases of
patients with a short abdominal esophagus, side-toside anastomosis using a linear stapler would still be a
difficult and complex procedure, although some length
for anastomosis could be obtained through crural
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Figure 6 Anastomotic stricture present after discharge. A: Before intervention; B: Interventional endoscopic ballooning; C: Immediate state after intervention; D:
Appearance after 4 mo.

selection is essential. To provide a sufficiently safe
margin, we excluded patients with tumors located
within 2 cm of the esophagogastric junction. In this
study, the mean proximal margin of the specimen
was 2.8 ± 2.1 cm, which is an acceptable result.
Additionally, there was no local recurrence during the
26.8-mo follow-up period, although the long-term
survival rate is unknown.
This double stapling technique was first introduced
in colorectal surgery (particularly rectal cancer) for
use in a narrow operative field, and its safety in
colorectal surgery has already been reported and
[26-29]
demonstrated in many studies
. Thus, the double
stapling technique can be useful and time-saving for
esophagojejunostomy after LTG, and recent studies
[23,30,31]
have reported on its safety
. There was only
one anastomotic stricture after discharge (a late
complication), and there were no major complications,
such as anastomotic leak, in the present study.
The anastomotic stricture was easily managed with
interventional endoscopic ballooning (Figure 6).
There may have been some selection bias because
of the retrospective nature of the study; however, we
tried to obtain reliable results by collecting consecutive
data. Because of oncological safety, our methods
cannot be applied to all patients for whom LTG is
planned; however, this double stapling technique
can provide easy and safe anastomosis after LTG.
In particular, it can be considerable options for
inexperienced surgeons, we think.
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Background

Laparoscopic gastrectomy for early gastric cancer has been accepted as the
standard treatment. Although laparoscopic instrument and skill has improved
in the last decade, esophagojejunostomy is still technically challenging during
laparoscopic total gastrectomy.

Research frontiers

Totally laparoscopic gastrectomy technique has been reported and these
have a lot of advantages. In using circular stapler, anvil insertion is important
point for safe anastomosis. But, the surgeon who has not wide experiences
in laparoscopic surgery has some difficulties to perform anvil insertion to
esophagus through the methods such as Orvil technique or manual purse-string
suture.

Innovations and breakthroughs

The double stapling technique allows for easy and safe anvil insertion because
the anvil is introduced through the wide gastrotomy site. Furthermore, this
technique reduces the operation time because anvil placement is completed
with transection of the esophagus by the linear stapler, without performing a
purse-string suture. It can make the operative process simpler and provide
more convenience to surgeon.

Applications

As mentioned above, the double stapling technique by Kim et al can
provide easy and safe anastomosis during laparoscopic total gastrectomy.
Consequently, it can lower the barrier to entry of laparoscopic total gastrectomy
because the technique is not difficult even inexperience surgeon.

Terminology

Full term of several abbreviations was described in the manuscript.
Intracorporeal anastomosis is performing the anastomosis in the abdominal
cavity and extracorporeal anastomosis is outside abdominal cavity.
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This is an interesting, relatively simple and cost-effective approach. And the
authors compliment the authors for the clear explanation of their technique
and for the honest comments about the potentials and limits of this technique
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of esophagojejunostomy. As authors state though, it cannot be applied in
tumors located very close to esophagogastric junction. The number of cases is
considerable.
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originated from the submucosa.

Abstract

CONCLUSION: EMR-B might be considered safe and
effective for the diagnosis and treatment of lesions
measuring less than 10 mm in diameter.

METHODS: From May 2009 to September 2014, after
medical chart and endoscopic ultrasonography report
review, a total of 15 esophageal tumors located in the
submucosal layer were resected by EMR-B. Previous
symptom, location, pathology, complete resection
rate, incidence of complications, incidence of minor
complication, size, length of procedures time and follow
up months were evaluated. To evaluate local recurrence
at the resection site, periodic follow-up endoscopic
examination was undertaken in all of the patients. The
first endoscopic examination was performed about
6 mo after the endoscopic resection. Thereafter, the
endoscopic follow up were scheduled annually.
RESULTS: The mean age was 50.3 ± 9.67 years.
The mean tumor size was 6.93 ± 3.15 mm and most
of the lesions size was between 5-10 mm in diameter
(10/15, 66.6%). In all patients, endoscopic en bloc
resection was achieved. In one patient, the vertical
margin was involved. The mean procedural time was
8.86 ± 3.66 min. In all patients, no evidence of severe
complications such as perforation or bleeding occurred.
Minor complications such as chest pain (2/15, 13.3%)
and heartburn (3/15, 13.3%) were reported but they
symptoms were controlled by proton pump inhibitors,
ulcermin and/or analgesics. Histologic assessments
of the removed specimens revealed 10 granular cell
tumors (66.6%), 4 leiomyomas (16.6%) and one
lipoma (6.6%). No recurrence was observed during the
mean follow up period of 45 ± 3.5 mo (range: 5-64
mo).

AIM: To evaluate the safety and feasibility of
endoscopic resection using band ligation (EMR-B)
for the diagnostic and therapeutic removal of tumors
located in the esophageal subepithelial region having
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and located in the submucosal layer, EMR using a
band-ligation device (EMR-B) showed a high complete
[12]
resection rate .
This study aimed to evaluate the safety and feasibility
of EMR-B for diagnostic and therapeutic removal of
tumors located in the esophageal subepithelial region
having originated from the submucosa.

Core tip: In cases of esophageal tumors originating
in the submucosal layer, we consider that endoscopic
resection may be necessary if esophageal biopsy
results are non-conclusive. Endoscopic resection using
band ligation is effective for diagnosis and treatment of
lesions measuring less than 10 mm in diameter.

MATERIALS AND METHODS
From May 2009 to September 2014, after medical chart
and EUS report review, a total of 18 hypoechogenic
mass lesions in the esophageal submucosa, defined
by EUS, were found. After exclusion of cystic and
vascular lesions by EUS, endoscopic biopsies had
been performed in these patients; however in nine
patients negative pathologic results were obtained.
After appropriate exclusions, 15 of the 18 patients
underwent EMR-B at Pusan National University
Yangsan Hospital in Korea during the study period. The
data was collected prospectively, but the data analysis
was done retrospectively. This study was reviewed
and approved by the Institutional Review Board at
Pusan National University Yangsan Hospital. Written
informed consent was obtained from all the patients
prior to EMR-B. The procedures were performed under
conscious sedation (intravenous administration of
midazolam and/or meperidine) by two endoscopists
(Choi CW and Kim HW) with > 5 years of experience
in performing therapeutic endoscopy (including
endoscopic submucosal dissection). For sedation, 2.5
mg of midazolam and 12.5 mg of meperidine were
initially administered and another dose of 2.5 mg of
midazolam and 12.5 mg of meperidine were injected
at endoscopist’s discretion when required.
All patients were examined by endoscopy and EUS
before the endoscopic resection. For EUS, the UM3R
ultrasonic mini-probe (UMP, 20 MHz; Olympus, Tokyo,
Japan) was used. Indications for endoscopic resection
were as follows: measured tumor size < 10 mm in
diameter, hypoechogenic lesions, hard mass, and
confined to the submucosal layer as assessed by the
EUS catheter probe (Figure 1).
There is a general consensus that solid tumors in
the submucosal layer (hypoechoic lesions on EUS) are
to be removed. However, EMR-B is not recommended
for cystic or vascular lesions because they have a
tendency to rupture during band ligation. For EMR-B, a
model GIF-H260 single-channel endoscope (Olympus)
was inserted into the esophagus. After careful
inspection, a solution (10% glycerin plus 5% fructose
in 0.9% saline diluted 1:100000 with epinephrinenormal saline solution and mixed with a small amount
of indigo carmine) was injected submucosal layer
around the lesion to lift it off the muscle layer. A
single-channel endoscope with a band ligation device
attached to its tip was reinserted into the esophagus.
The lesion was then aspirated into the ligator device,
followed by deployment of the elastic band. Snare

Hong JB, Choi CW, Kim HW, Kang DH, Park SB, Kim SJ, Kim
DJ. Endoscopic resection using band ligation for esophageal
SMT in less than 10 mm. World J Gastroenterol 2015;
21(10): 2982-2987 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/2982.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.2982

INTRODUCTION
With the increased use of routine endoscopy for
health checks in Korea, the frequency of identifying
asymptomatic incidental esophageal subepithelial
tumors is increasing. Although most of such small
tumors are clinically insignificant, some which have
originated from the submucosal layer, identified by
endoscopic ultrasonography (EUS), have malignant
[1-3]
potential
. For example, granular cell tumor,
carcinoid tumor, gastrointestinal stromal tumor and
[4,5]
lymphoma could be found in the submucosal layer .
Therefore, it is essential to distinguish between benign
and malignant, or potentially malignant, tumors.
Recently, EUS has been demonstrated to apparently
provide an advantage over endoscopy in the diagnosis of
tumors beneath the mucosal layer, and can differentiate
intramural lesions from extrinsic compression. For
intramural lesions, EUS can determine the exact
size, layer of origin, echogenicity and margin with
[6]
surrounding structures . However, the EUS only
predicted the correct histologic diagnosis in 43%
of cases and was dependent on the operator’s
[6-9]
experience . Ultimately, histologic confirmation should
be obtained whenever possible. But, the diagnostic yield
of simple endoscopic biopsy for subepithelial tumor is
low. Where the endoscopic “bite on bite” technique is
used in esophageal submucosal tumors, the diagnostic
yield is 14%-42% in some reports, but there was a high
risk of bleeding requiring endoscopic intervention in
[10,11]
about 2.8% of cases
.
Conventional endoscopic mucosal resection (EMR)
can usually be used for superficial gastrointestinal
neoplasms confined to the mucosal layer and
esophageal submucosal tumors less than 10 mm in
diameter. However, complete histologic resection is not
always easy to achieve using EMR for tumors located
in the submucosal layer, which results in frequent
involvement of the resection margin. Recently, in the
case of small tumors of less than 10 mm in diameter
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Hypoechogenic mass located submucosal layer by EUS n = 18

Endoscopic biopsy

GCP > 20 mm : ESD n = 1
Biopsy result negative n =9
GCP < 10 mm: refuse for EMR
n =2
Granular cell tumors n = 6

Endoscopic mucosal resection with band-ligation n = 15

Granular cell tumors n = 10

Leiomyoma n = 4

Lipoma n = 1

Figure 1 Flow chart of endoscopic treatment for esophageal tumor located in the submucosal layer by endoscopic ultrasonography. EUS: Endoscopic
ultrasonography; GCP: Granular cell tumor; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

resection was performed below the band by using
an Endocut Q current (effect 3, cut duration 2, cut
interval 5), which was generated using a VIO300D
electrosurgical unit (ERBE, Tuebingen, Germany)
(Figure 2).
The specimens were carefully evaluated histopathologically in slices at 2 mm intervals, with the
microscopic evaluation including histopathologic
type, depth of invasion, and lateral and vertical
resection margins. En bloc resection was defined as
endoscopic resection of the entire lesion in a single
piece. Complete resection was defined as being unable
to identify tumor cell tissue microscopically at the
resection margin.
To evaluate local recurrence at the resection
site, periodic follow-up endoscopic examination
was undertaken in all of the patients. The first such
endoscopic examination was performed about 6
mo after the endoscopic resection. Thereafter, the
endoscopic checkups were scheduled annually.

(10/15, 66.6%) (Table 2).

RESULTS

DISCUSSION

Characteristics of patients and lesions

Recently, due to the increased use of high resolution
endoscopy and routine health checkups, esophageal
subepithelial tumors have been detected more
frequently and referred to academic hospitals for EUS.
Although EUS plays an integral part in evaluating
such tumors, its accuracy in delineating the layer
of origin and making a specific diagnosis is limited
and subject to the operator’s experience. Usually,
after excluding lipomas, vascular lesions or cysts by

Endoscopic results and follow up

In all patients, endoscopic en bloc resection was
achieved. In one patient, the vertical margin was
involved, but during the follow up period of 48 mo,
no evidence of local recurrence was found in spite
of no additional treatment being given. The mean
procedural time was 8.86 ± 3.66 min. No evidence of
severe complications such as perforation and bleeding
(including delayed bleeding after hospital discharge)
occurred. Minor complications such as chest pain (2/15,
13.3%) and heartburn (3/15, 20.0%) were reported
but they symptoms were controlled by proton pump
inhibitors, ulcermin and/or analgesics. Histologic
examination revealed 10 granular cell tumors (66.6%),
four leiomyomas (16.6%) and one lipoma (6.6%)
(Table 3). No recurrence was observed during the
mean follow up period of 45 ± 3.5 mo (range: 5-64
mo).

During the study period, a total of 15 esophageal
tumors located in the submucosal layer were resected
by EMR using band ligation. Table 1 shows the details
of patients’ information and endoscopic and pathologic
results. The mean patient age was 50.3 ± 9.67 years.
The locations of lesions were equally distributed. The
mean tumor size was 6.93 ± 3.15 mm, and most of
the lesions were between 5 and 10 mm in diameter
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A

B

C

D

E

F

Figure 2 Endoscopic mucosal resection using band-ligation. A: Endoscopic view of esophageal granular cell tumor; B: Endoscopic ultrasound showed a
hypoechogenic lesion in the submucosal layer; C: Submucosal injection was performed; D: The tumor was ligated with the elastic band after submucosal solution
injection; E: Ulcer after resection; F: Resected specimen.

Table 1 Summary of clinicopathologic features and treatment outcome in 15 patients underwent endoscopic resection using band
ligation for esophageal submucosal layer tumor
No. Gender Age
(yr)
1
2
3
4
5
6
7
8

M
F
M
M
F
M
M
F

9
10

F
M

11
12
13
14
15

F
F
F
F
F

Pathology

Symptoms Location Procedure Complication
Minor
Size En bloc
time (min)
complication (mm) resection

54
GCP
None
52
GCP
None
44
GCP
Reflux
52
Lipoma
None
31 Leiomyoma
None
46
GCP
Heartburn
57
GCP
None
42
GCP
Epigastric
pain
46
GCP
None
58
GCP
Epigastric
pain
48
GCP
Globus
44 Leiomyoma
None
70 Leiomyoma
None
46
GCP
None
65 Leiomyoma
None

Margin status

Follow- Outcomes
up (mo)

Middle
Upper
Lower
Lower
Upper
Middle
Lower
Upper

10
4
7
17
7
10
8
8

No
No
No
No
No
No
No
No

Chest pain
No
No
No
Hot burn
Chest pain
Chest pain
No

8
7
8
7
13
7
7
2

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

LM (-)/VM (+)
LM (-)/VM (-)
LM (-)/VM (-)
LM (-)/VM (-)
LM (-)/VM (-)
LM (-)/VM (-)
LM (-)/VM (-)
LM (-)/VM (-)

64
46
41
41
25
20
17
17

No recur
No recur
No recur
No recur
No recur
No recur
No recur
No recur

Upper
Middle

10
15

No
No

No
No

9
4

Yes
Yes

LM (-)/VM (-)
LM (-)/VM (-)

12
5

No recur
No recur

Lower
Middle
Middle
Lower
Upper

9
5
5
12
6

No
No
No
No
No

No
No
No
No
Hot burn

12
6
7
1
6

Yes
Yes
Yes
Yes
Yes

LM (-)/VM (-)
LM (-)/VM (-)
LM (-)/VM (-)
LM (-)/VM (-)
LM (-)/VM (-)

43
43
45
12
45

No recur
No recur
No recur
No recur
No recur

GCP: Granular cell tumor; LM: Lateral margin; VM: Vertical margin.

EUS, gastrointestinal subepithelial tumors apparently
originating from the submucosal layer need pathologic
[13]
confirmation . To achieve this, simple endoscopic
biopsy was the first approach used. However, the
diagnostic yield with the use of this simple biopsy
technique from the luminal side, even with the “bite on
bite” technique, is limited (less than 38% diagnostic
rate), although the use of jumbo forceps increases the
yield to about 60% but at the expense of an increased
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incidence of bleeding that requires endoscopic
[14,15]
hemostasis in a third of patients
.
Although the conventional EMR technique for biopsy
of gastrointestinal submucosal tumors is a simple
procedure, this technique is sometimes associated with
margin involvement and crush injury of the resected
specimens, which leads to difficulty in pathologic
evaluation and often necessitates additional surgical
intervention. To overcome these shortcomings, EMR-B
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No generally accepted management of his tumor
has yet been established because the precise natural
course of the lesion is unknown. Nevertheless, several
authors recommend endoscopic resection as a safe
[26,27]
and effective treatment option
.
This study had several limitations. First, because
this was a retrospective study, there may have been
a potential bias when retrospectively reviewing the
outcome of the endoscopic resection. Secondly, all of
the endoscopic procedures were performed by two
skilled endoscopists who had had more than 5 years
of therapeutic endoscopic experience at academic
hospitals. Thirdly, this study was based on a limited
experience at a single center. In conclusion, in cases
of esophageal tumors originating in the submucosal
layer, we consider that endoscopic resection might be
necessary if esophageal biopsy results are inconclusive.
After exclusion of cystic and vascular lesions by EUS,
EMR-B might be considered safe and effective for the
diagnosis and treatment of lesions measuring less than
10 mm in diameter.

Table 2 Characteristics of patients and tumors n (%)
Characteristics
Age, yr (mean ± SD)
Sex, male
Tumor location
Upper esophagus
Middle esophagus
Lower esophagus
Tumor size, mm (mean ± SD)
Tumor size, mm
> 10
5-10
<5

Values
50.3 ± 9.67
6 (40)
5 (33.3)
5 (33.3)
5 (33.3)
6.93 ± 3.15
2 (13.3)
10 (66.6)
3 (20.0)

GCP: Granular cell tumor; LM: Lateral margin; VM: Vertical margin.

Table 3 Clinical outcomes of endoscopic resection using
band ligation n (%)
Characteristics
Endoscopic complete resection
pathologic complete resection
Lateral margin
Vertical margin
Procedure time, min (mean ± SD)
Major complication
bleeding
perforation
Minor complication
Hot burn
Chest pain
Recurrence on follow up
Pathologic outcomes
Granular cell tumor
Leiomyoma
Lipoma

Values
15 (100)
14 (93.3)
15 (100)
14 (93.3)
8.86 ± 3.66

COMMENTS
COMMENTS
Background

0 (0)
0 (0)

After exclusion of cystic and vascular lesions, the pathologic diagnosis of
an esophageal tumor originating in the submucosa is necessary. However,
endoscopic ultrasonography (EUS) is not conclusive and the diagnostic
yield from esophageal simple biopsy is low. This study aimed to evaluate the
safety and feasibility of endoscopic resection using band ligation (EMR-B) for
the diagnostic and therapeutic removal of tumors located in the esophageal
subepithelial region having originated from the submucosa.

2 (13.3)
3 (20.0)
0 (0)
10 (66.6)
4 (16.6)
1 (6.6)

Research frontiers

This study aimed to evaluate the safety and feasibility of EMR-B for the
diagnostic and therapeutic removal of tumors located in the esophageal
subepithelial region having originated from the submucosa.

Innovations and breakthroughs

has been described as an effective assessment and
[16]
treatment modality . It is known that EMR-B is safe
to remove the subepithelial tumor in the submucosal
layer less than 10 mm on any sites of digestive tract.
With EMR-B, tumors can be frontally viewed with a
hood attached to the endoscope and lifted sufficiently
by endoscopic suction. In this way, undamaged circular
resected specimens can be obtained and EMR-B
provides a deeper resection margin compared with
[16]
conventional EMR . In the present study, the en bloc
resection rate and complete pathologic resection rate
were 100% and 93.3%, respectively. In addition, no
serious complications such as perforation or delayed
bleeding occurred.
According to our research results, most of the
[17-21]
tumors were granular cell tumors
. Although the
natural history of granular cell tumor is unclear, most
such tumors are known to have a benign clinical
course. However, approximately 1.5%-2.7% of cases
[17,20,22,23]
have malignant potential
. On endoscopy,
a granular cell tumor presents as a submucosal
lesion that is gray-white to yellowish in color. On
EUS, it appears as a sub-mucosal homogeneous
[24,25]
hypoechogenic mass with well-defined margins
.

WJG|www.wjgnet.com

According to our research results, EMR-B is recommended for the solid tumor
of less than 1 cm from the submucosal layer of origin, except for cystic or
vascular lesion in our endoscopy center.

Applications

Although majority of the tumors originated from submucosal layer are benign,
tumors with malignant potential such as neuroendocrine tumors or lymphoma
may be found as subepithelial tumor originated from submucosal layer. Such
as, if gastrointestinal subepithelial tumors originated from submucosal layer are
suspected by EUS, endoscopic resection is recommanded.

Terminology

For EMR-B, endoscope was inserted into the esophagus. After careful
inspection, a solution was injected submucosal layer around the lesion to lift it
off the muscle layer. A single-channel endoscope with a band ligation device
attached to its tip was reinserted into the esophagus. The lesion was then
aspirated into the ligator device, followed by deployment of the elastic band.
Snare resection was performed below the band.

Peer-review

This study aimed to evaluate the safety and feasibility of EMR-B for diagnostic
and therapeutic removal of tumors located in the esophageal subepithelial
region having originated from the submucosa. The results are interesting and
may represent a effective for the diagnosis and treatment of lesions measuring
less than 10 mm in diameter.
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Abstract
AIM: To explore the diagnostic value of the crossmodality fusion images provided by positron emission
tomography/computed tomography (PET/CT) and
contrast-enhanced CT (CECT) for pancreatic cancer
(PC).
METHODS: Data from 70 patients with pancreatic
lesions who underwent CECT and PET/CT examinations
at our hospital from August 2010 to October 2012
were analyzed. PET/CECT for the cross-modality
image fusion was obtained using TureD software. The
diagnostic efficiencies of PET/CT, CECT and PET/CECT
were calculated and compared with each other using a
χ 2 test. P < 0.05 was considered to indicate statistical
significance.
RESULTS: Of the total 70 patients, 50 had PC and 20
had benign lesions. The differences in the sensitivity,
negative predictive value (NPV), and accuracy between
CECT and PET/CECT in detecting PC were statistically
significant (P < 0.05 for each). In 15 of the 31
patients with PC who underwent a surgical operation,
peripancreatic vessel invasion was verified. The
differences in the sensitivity, positive predictive value,
NPV, and accuracy of CECT vs PET/CT and PET/CECT
vs PET/CT in diagnosing peripancreatic vessel invasion
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were statistically significant (P < 0.05 for each). In 19
of the 31 patients with PC who underwent a surgical
operation, regional lymph node metastasis was verified
by postsurgical histology. There was no statistically
significant difference among the three methods in
detecting regional lymph node metastasis (P > 0.05
for each). In 17 of the 50 patients with PC confirmed
by histology or clinical follow-up, distant metastasis
was confirmed. The differences in the sensitivity and
NPV between CECT and PET/CECT in detecting distant
metastasis were statistically significant (P < 0.05 for
each).

determining a more accurate prognosis.
[3-5]
18
Studies
have demonstrated that F-fluoro
18
deoxyglucose ( F-FDG) positron emission tomography/
computed tomography (PET/CT) is an important
method for the diagnosis, staging, and prognostic
evaluation of pancreatic cancer. However, there may be
false positive or false negative results when diagnosing
18
[6]
pancreatic cancer by F-FDG PET/CT . Additionally,
18
F-FDG PET/CT cannot be used to evaluate vascular
[6,7]
invasion of pancreatic cancer . However, contrastenhanced CT (CECT) scanning is helpful for the
differential diagnosis because it can reveal the blood
supply to pancreatic masses, and CECT can also
provide clear images of the vascular invasion of
[8,9]
[10-12]
tumors . Recent studies
have demonstrated that
contrast-enhanced PET/CT examination could provide
better information than PET/CT or CECT examination
individually in the detection and presurgical assessment
of pancreatic cancer, evaluation of the resectability
of pancreatic cancer, and diagnosis of postoperative
recurrence. However, many patients with pancreatic
disease have already undergone CECT examination
18
by the time they are subjected to F-FDG PET/CT
scanning. Performing a contrast-enhanced PET/CT
would increase the radiation dose patients receive as
well as the risk of triggering an iodine allergy. The aim
of this study was to explore the diagnostic value of
the cross-modality fusion images provided by PET/CT
and CECT in differentiating malignant from benign
pancreatic lesions and staging pancreatic cancer.

CONCLUSION: Cross-modality image fusion of PET/CT
and CECT is a convenient and effective method that
can be used to diagnose and stage PC, compensating
for the defects of PET/CT and CECT when they are
conducted individually.
Key words: Pancreatic neoplasms; Positron-emission
tomography; Tomography, X-ray computed; Contrast
enhancement; Diagnostic imaging; Staging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Accurate pancreatic cancer (PC) diagnosis
and staging are essential to choosing appropriate
treatments and providing a more accurate prognosis.
Combined contrast-enhanced positron emission
tomography and computed tomography (PET/CT)
can improve the information obtained from PET/CT
or contrast-enhanced CT (CECT) alone. However,
many patients with pancreatic disease have already
undergone CECT examination by the time they undergo
18
F-fluorodeoxyglucose PET/CT scanning. The aim
of this study was to explore the value of the crossmodality fusion images provided by PET/CT and CECT
in PC. We found that it is a convenient and effective
method for diagnosing and staging pancreatic cancer
to compensate for some of the defects of PET/CT and
CECT alone.

MATERIALS AND METHODS
Patients

The data of patients with pancreatic lesions who had
undergone CECT and PET/CT examinations at our
hospital between August 2010 and October 2012 were
retrospectively analyzed.
Inclusion criteria were: (1) patients were suspected
of having pancreatic cancer, as assessed by clinical or
imaging examinations; and (2) the interval between
the PET/CT and CECT examinations was no longer than
2 wk, and the DICOM images, including CECT scan
images of the arterial phase, pancreatic parenchymal
phase, and venous phase, were available. Exclusion
criteria included the following: (1) treatment or
invasive examinations, such as biopsy or endoscopic
retrograde cholangiopancreatography (ERCP), were
performed before the PET/CT and CECT examinations;
and (2) there was a significant difference between
the body posture during the PET/CT and CECT
examinations. The study was approved by the ethics
committee at our hospital.

Zhang J, Zuo CJ, Jia NY, Wang JH, Hu SP, Yu ZF, Zheng Y,
Zhang AY, Feng XY. Cross-modality PET/CT and contrastenhanced CT imaging for pancreatic cancer. World J
Gastroenterol 2015; 21(10): 2988-2996 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/2988.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.2988

INTRODUCTION
The overall 5-year survival rate in patients with
pancreatic cancer is < 5%, and even in patients
with resectable disease, the 5-year survival rate is
[1,2]
only approximately 20% . Accurate diagnosis of
pancreatic lesions and staging of pancreatic cancer
are essential to choosing appropriate treatments and

WJG|www.wjgnet.com

Imaging procedures

The Siemens Biograph64 PET/CT (52 LSO crystal
and 64-slice spiral CT) was used for the PET/CT.
18
F-FDG (radiochemical purity > 95%) was provided
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by Shanghai Atomic Sinovac Pharmaceutical Co., Ltd.
Subjects were instructed to fast for more than 6 h,
18
and 3.70-5.55 MBq/kg of F-FDG was intravenously
injected when blood glucose (BG) < 11.1 mmol/L.
Then, after resting in the waiting room for 45-60
min, a body topogram scan was performed using an
electric current of 35 mA at a voltage of 120 kV, a scan
time of 10.5-15.6 s and a scan thickness of 0.6 mm.
Then, whole-body CT scans were performed using an
electric current of 170 mA at a voltage of 120 kV, with
a scan time of 18.67-21.93 s and scan thickness of
3 mm. Then, whole-body PET scans were performed
covering 5-6 bed positions, with an acquisition time
of 2.0-2.5 min per bed position. The head scans were
performed in the same order as the body scans. Image
reconstruction was performed using a multi-modality
workstation for postprocessing, and images in the
axial, coronal, or sagittal planes and three-dimensional
projection images were formed.
A cardiac 64 CT machine was used for the CECT
scanning. Three-phase CECT scanning was performed.
The scanning times for the arterial phase, pancreatic
parenchyma phase, and delayed phase were 20 to 25 s,
40 to 50 s, and 80 to 100 s, respectively. The scanning
covered the area from the top of the diaphragm to
beneath the pancreas with a 3-mm thickness of the
reconstruction slice.
For cross-modality image fusion of PET and CECT,
multimodality Workplace TureD software was used to
align the images in parallel. The original data from the
CECT scanning were imported to the workplace; then,
TureD software was used for the cross-modality image
fusion of PET and CECT in manual and automatic
modes, and 3-D images of CECT, PET, PET/CECT fusion
images were provided.

knowledge of neither the other imaging results nor the
clinical data.
The PET/CECT fusion images were prospectively
interpreted in consensus by an experienced radiologist
and an experienced nuclear medicine physician (reader
E with 6 years of experience in PET/CT and reader F
with 15 years of experience in CT) who had knowledge
of neither the other imaging results nor the clinical
data. Malignant lesions were diagnosed when abnormal
focal FDG uptake was observed on the PET images,
corresponding to an abnormal mass on the CT or CECT.
If typical manifestations in CECT strongly supported
a conclusion of benign or malignant, the lesions were
diagnosed according to the CECT. LNs with increased
glucose uptake were considered positive for metastatic
spread, even if they were smaller than 1 cm in shortaxis diameter. Conversely, LNs with no detectable
tracer uptake were deemed negative for metastatic
spread, even if they were larger than 1 cm in shortaxis diameter. Maximum standard uptake values
(SUV) were measured on all suspected lesions on the
PET images. The maximum SUV was defined as the
ratio of activity per milliliter of tissue to the activity in
the injected dose, corrected for the decay and for the
patient’s body weight. The regions of interest with a
diameter of 1 cm were placed on the area of the lesion
with the highest FDG uptake, and when there was no
high uptake in the normal pancreas, the regions of
interest were placed on the region of the suspected
lesion based on the previous imaging procedures. The
results for the histopathology or follow-up (≥ 6 mo) of
the clinical imaging examinations were chosen as the
final diagnosis.

Statistical analysis

Data were analyzed using SPSS 17.0 for Windows
(SPSS Inc.). We performed patient-based analyses of
PET/CECT fusion image results based on the consensus
verdict in general, and compared these with the
analyses of PET/CT and enhanced CT. The sensitivity,
specificity, positive predictive value (PPV), negative
predictive value (NPV), accuracy, and Kappa value
were calculated to evaluate the consistency among
each of these three methods and the final diagnosis
using standard statistical formulae. Differences
2
between the imaging modalities were tested using a χ
test. P < 0.05 was considered statistically significant.

Image analysis

The CECT images were retrospectively evaluated
using the consensus of two experienced radiologists
(readers A and B with 12 and 25 years of experience
in CT, respectively) who had knowledge of neither the
other imaging results nor the clinical data. The CECT
images were analyzed using the established criteria
for the assessment of the pancreatic lesions, vessel
o
involvement (> 180 of circumferential contiguity
of tumor to vessel), organ infiltration, and distant
[8,9,13]
metastases
. LNs with a short-axis diameter
greater than 1 cm were defined as malignant.
Furthermore, the presence of a central unenhanced
area suggesting central necrosis was considered a
sign of malignancy, on the other hand the presence of
peripheral low attenuation, and a fatty hilum within an
LN, were considered a benign sign regardless of the
[11,14]
node size
.
The PET/CT images were retrospectively interpreted
using the consensus of two experienced nuclear
medicine physicians (readers C and D with 6 and 4
years of experience in PET/CT, respectively) who had

WJG|www.wjgnet.com

RESULTS
General characteristics of the patients

In the present study, we included 70 patients imaged
between August 2010 and October 2012. Forty-five
patients were male, and 25 were female. The median
age was 57 years, ranging from 13 to 81 years. Fifty
patients presented with a malignant lesion; 31 cases
were confirmed by postoperative pathology and 19 by
endoscopic ultrasound-guided fine-needle aspiration
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of the 50 malignant pancreatic cases underwent
resection. Peripancreatic vessel invasion was verified
(including invasion of the coeliac trunk artery, superior
mesenteric artery, splenic artery, splenic vein, and
portal vein) in 15 of the 31 patients who were
confirmed as having a malignant tumor after surgery
(Table 3). The sensitivity, specificity, PPV, NPV, and
accuracy of the methods in diagnosing peripancreatic
vessel invasion were 93.3%, 93.7%, 93.3%, 93.8%,
and 93.5% (CECT); 26.7%, 75%, 50.0%, 52.2%, and
51.6% (PET/CT); and 93.3%, 93.7%, 93.3%, 93.8%,
and 93.5% (PET/CECT fusion images), respectively.
The differences in the sensitivity, PPV, NPV, and
accuracy between CECT and PET/CT and between
PET/CECT and PET/CT in diagnosing peripancreatic
vessel invasion were statistically significant (P < 0.05
for each) (Figure 2).

Table 1 Patients characteristics n (%)
Characteristics
Sex
Male
Female
Median age
Final diagnosis
Malignancy
Duct adenocarcinoma
Cystadenocarcinoma
Adenosquamous Carcinoma
Metastatic tumor
Lymphoma
Neuroendocrine carcinoma
Benign
Chronic pancreatitis
Tubercle
Autoimmune pancreatitis
Cystadenoma/IPMN
Neuroendocrine neoplasm

45 (64.3 )
25 (35.7 )
57 (13-81)
50 (71.4)
37
4
3
1
2
3
20 (28.6)
8
1
2
7
2

Regional lymph node metastasis: Regional lymph
node metastasis was verified histologically in 19 of the
31 patients who were confirmed as having a malignant
tumor after surgery. Patient-based analysis showed
that in detecting regional lymph node metastasis, the
sensitivity, specificity, PPV, NPV, and accuracy of the
methods were 63.2%, 91.7%, 92.3%, 61.1%, and
74.2% (CECT); 78.9%, 83.3%, 88.2%, 71.4% and
80.6% (PET/CT); and 89.5%, 91.7%, 94.4%, 84.6%,
and 90.3% (PET/CECT fusion images), respectively.
There were no statistically significant differences
among the three methods in detecting regional lymph
node metastasis (P > 0.05 for each).

IPMN: Intraductal papillary mucinous neoplasm.

(EUS-FNA). For the 20 patients who presented with
benign lesions, 13 were confirmed by postoperative
pathology and 7 by clinical follow-up with imaging
examinations (5 cases with chronic pancreatitis, 2
cases with autoimmune pancreatitis) (Table 1). The
mean SUVmax of the benign pancreatic lesions was
5.06, with a range of 1.10 to 29.10, while the mean
SUVmax of the malignant pancreatic lesions was 7.86,
with a range of 1.60 to 17.60. Satisfying the fusion
effect was accomplished using the TureD software for
all 70 patients included in the study.

Distant metastases: Distant metastasis was
confirmed after biopsy or clinical follow-up for at least
6 mo in 17 of the 50 cases with a malignant tumor.
The sensitivity, specificity, NPV, PPV, and accuracy
of the methods in detecting distant metastasis were
58.8%, 100%, 100%, 82.5%, and 86% (CECT);
82.4%, 91.0%, 82.4%, 90.9%, and 88% (PET/CT);
and 94.1%, 97.0%, 94.1%, 97.0% and 96.0% (PET/
CECT fusion images), respectively. The differences
in the sensitivity and NPV between CECT and PET/
CECT in detecting distant metastasis were statistically
significant (P < 0.05 for each) (Figure 3).

Values for CECT, PET/CT, and PET/CECT fusion images
in diagnosing pancreatic malignant tumor

The sensitivity, specificity, PPV, NPV, accuracy and
Kappa value of the three methods in differentiating
benign from malignant pancreatic lesions were 82.0%,
65.0%, 85.4%, 59.1%, 77.1% and 0.465 (CECT);
92.0%, 65.0%, 86.8%, 76.5%, 84.2%, and 0.597
(PET/CT); and 96.0%, 90.0%, 96.0%, 90.0%, 94.3%,
and 0.860% (PET/CECT fusion images), respectively.
The differences in the sensitivity, NPV, and accuracy
between CECT and PET/CECT in differentiating benign
from malignant pancreatic lesions were statistically
significant (P < 0.05 for each) (Table 2).
The Kappa value was calculated to evaluate the
consistency between each of these three methods and
the final diagnosis. Moderate consistency was found
between the final diagnosis and CECT (κ = 0.456; P
= 0.001 < 0.05) or PET/CT (κ = 0.597; P = 0.001 <
0.05), and there was excellent consistency between
the gold standard and PET/CECT fusion image (κ =
0.860; P = 0.001 < 0.05) (Figure 1).

DISCUSSION
In the present study, Multimodality Workplace TureD
software (Siemens Ltd.) was used to fuse the images
18
obtained by F-FDG PET and CECT. Automatic fusion
was performed with TureD according to the main
anatomical landmarks; manual and fine adjustments
were also performed. Fusion images allow for more
accurate positioning and easier viewing by the
clinician without the strong subjectivities or significant
differences in interpretation among different clinicians
that occur with non-fused PET/CT and CECT imaging.
18
Moreover, F-FDG PET/CECT fusion images can
provide information not only on the metabolism and

Values for CECT, PET/CT, and PET/CECT fusion images
in staging of pancreatic cancer

Peripancreatic vessel invasion: Thirty-one
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Table 2 Performances of contrast-enhanced computed tomography, positron emission tomography/computed tomography, and
positron emission tomography/contrast-enhanced computed tomography fusion images in diagnosing malignant pancreatic tumors

CECT
PET/CT
PET/CECT
PET/CT vs CECT
PET/CECT vs PET/CT
PET/CECT vs CECT

SEN

SPE

PPV

NPV

ACC

Kappa

82.0%
92.0%
96.0%
χ 2 = 2.210
P = 0.137
χ 2 = 0.709
P = 0.400
χ 2 = 5.005
P = 0.025

65.0%
65.0%
90.0%
χ 2 = 0.000
P = 1.000
χ 2 = 3.584
P = 0.058
χ 2 = 3.584
P = 0.580

85.4%
86.8%
96.0%
χ 2 = 0.04
P = 1.303
χ 2 = 2.735
P = 0.098
χ 2 = 3.289
P = 0.070

59.1%
76.5%
90.0%
χ 2 = 1.303
P = 0.254
χ 2 = 1.238
P = 0.266
χ 2 = 5.177
P = 0.023*

77.1%
84.2%
94.3%
χ 2 = 1.147
P = 0.284
χ 2 = 3.659
P = 0.056
χ 2 = 8.400
P = 0.004

0.456
0.597
0.860

PET/CECT: PET/CECT fusion imagine; SEN: Sensibility; SPE: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; ACC: Accuracy.

A

B

C

D

E

F

Figure 1 A 46-year-old female patient with repeated upper abdominal pain for 9 mo. A-C: PET/CT image [A: Low density lesion in the pancreatic head
(depicted by plain CT scanning); B: Increased FDG uptake at the lesion (SUVmax = 2.93, depicted by PET scanning); C: Pancreatic head cancer suggested by a
hypermetabolic lesion at the pancreatic head (depicted by a fusion image of PET/CT)]; D-F: PET/CECT fusion image [D: ischemic lesion at the pancreatic head in the
pancreatic parenchymal phase (depicted by CECT scanning); E: Delayed enhancement at the head of the pancreas suggested by a slight high density lesion in the
venous and delayed phases (depicted by CECT scanning); F: Increased FDG uptake and delayed enhancement of the lesion at the pancreatic head (depicted by a
fusion image)]. As the increased FDG uptake could be induced by pancreatitis, this case was diagnosed as chronic pancreatitis via a PET/CECT fusion image, which
was confirmed by postoperative pathology. PET/CT: Positron emission tomography/computed tomography; CECT: Contrast-enhanced CT; FDG: Fluorodeoxyglucose.
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P = 1.000

P = 1.000

P = 1.000

χ 2 = 0.000

P = 0.016

χ 2 = 0.000

P = 0.144

14 (93.3)

χ 2 = 5.759

15 (93.8)

χ 2 = 2.133

14 (93.3)
4 (50)

15 (93.8)
12 (75.0)

χ 2 = 0.000

P = 0.001

χ 2 = 13.889

14 (93.3)

14 (93.3)
4 (26.7)

PPV

P = 1.000

P = 0.006

χ 2 = 0.000

15 (93.8)

χ 2 = 7.657

15 (93.8)
12 (52.2)

NPV

Peripancreatic vessel invasion

SPE

P = 1.000

P = 0.001

χ 2 = 0.000

29 (93.5)

χ 2 = 13.697

29 (93.5)
16 (51.6)

ACC

P = 0.056

P = 0.374

χ 2 = 3.640

17 (89.5)

χ 2 = 0.792

12 (63.2)
15 (78.9)

SEN

P = 1.000

P = 0.537

χ 2 = 0.000

11 (91.7)

χ 2 = 0.381

11 (91.7)
10 (83.3)

SPE

P = 0.811

P = 0.512

χ 2 = 0.057

17 (94.4)

χ 2 = 0.430

12 (92.3)
15 (88.2)

PPV

P = 0.155

P = 0.410

χ 2 = 2.024

11 (84.6)

χ 2 = 0.678

11 (61.1)
10 (71.4)

NPV

Regional lymph node metastasis

P = 0.096

P = 0.279

χ 2 = 2.763

28 (90.3)

χ 2 = 1.170

23 (74.2)
25 (80.6)

ACC

P = 0.015

P = 0.287

χ 2 = 5.885

16 (94.1)

χ 2 = 1.133

10 (58.8)
14 (82.4)

SEN

P = 0.314

P = 0.302

χ 2 = 1.015

32 (97.0)

P = 0.434

P = 0.287

χ 2 = 0.611

16 (94.1)

χ 2 = 1.133

10 (100)
14 (82.4)

PPV

P = 0.049

P = 0.302

χ 2 = 3.880

32 (97.0)

33 (82.5)
30 (90.9)

NPV

χ 2 = 1.065

Distant metastasis

χ 2 = 1.065

33 (100)
30 (90.9)

SPE

P = 0.081

P = 0.140

χ 2 = 3.053

48 (96.0)

χ 2 = 2.174

43 (86.0)
44 (88)

ACC

enhancement pattern of a lesion but also on the relationship between the lesion and adjacent vessels without increasing the medical cost to patients compared to
conventional PET/CT.
CECT is the most common imaging method for diagnosing and staging PC. The role of PET/CT scanning remains unclear, with the NCCN suggesting that a PET/CT
scan may be considered after the formal pancreatic CT protocol has been undertaken in “high-risk” patients to detect extra-pancreatic metastases. The accuracy of
common imaging methods, such as CT and magnetic resonance imaging, in diagnosing pancreatic lesions depends heavily on the size of the lesion. However, this is not
18
18
the case for F-FDG PET/CT, the accuracy of which depends more on the glucose metabolism of the lesion than on the size of the lesion. In recent years, F-FDG PET/
[15]
[16]
CT has been shown to be more accurate than other imaging methods in diagnosing pancreatic cancer , differentiating malignant from benign cystic neoplasms , and
[17]
diagnosing autoimmune pancreatitis . In our study, for diagnosing malignant pancreatic tumors, the sensitivity, NPV, and accuracy of the PET/CECT fusion images were
significantly higher than those of CECT (P < 0.05 for each), but there were no statistically significant differences between the PET/CECT fusion images and PET/CT. In
the present study, the PET/CECT fusion images excluded 5 of the 7 false positive cases detected in the PET/CT images (including 3 patients with chronic pancreatitis, 2
cases of islet cell tumors), and 5 of the 7 false positive cases present in the CECT images (including 1 case of cystadenoma, 2 cases of chronic pancreatitis, and 2 cases
of autoimmune pancreatitis). However, 2 cases of focal-mass-forming pancreatitis produced a false positive in all three methods. PET/CECT fusion images also excluded 2
out of 4 false negative cases displayed in the PET/CT images (1 case of pancreatic head cancer accompanied by acute pancreatitis and 1 case of pancreatic head cancer with a
pseudocyst), as well as 7 of 9 false negative cases displayed in the CECT images (3 cases of small pancreatic ductal adenocarcinoma, 3 cases of cystadenocarcinoma, and
1 case of lymphoma). However, 2 cases of small ductal adenocarcinoma were false negatives for all three methods. Notably, PET/CECT correctly diagnosed all 11 cystic
[12]
lesion patients (4 cases of cystadenocarcinoma and 7 cases of cystadenoma/IPMN), demonstrating its high application value in cytomas. Buchs et al ’s preliminary data
obtained from 45 patients showed that the contrast enhanced PET/CT seemed to be superior to the unenhanced version. However, despite the complementary effect
of PET/CT and CECT, there were still false positive and false negative cases with PET/CECT, especially in small pancreatic cancer and focal-mass-forming pancreatitis. To
overcome these deficits, EUS may be helpful, and the use of other PET tracers that could be specific for cancer needs to be investigated.
[8,9,18]
CECT and multidetector computed tomographic angiography can clearly display tumor invasion into adjacent vessels or organs
, but PET or PET/CT without
CECT cannot clearly display it. In the present study, the differences in the sensitivity, PPV, NPV, and accuracy between PET/CT and CECT and PET/CECT in diagnosing
[7]
peripancreatic vessel invasion were statistically significant (P < 0.05 for each). In Wakabayashi et al ’s study, the sensitivities of PET and CECT in detecting adjacent
[10]
artery invasions were 22.2% and 100%, respectively. In another study, Strobel et al
also reported that enhanced PET/CT allowed for correctly diagnosing arterial
infiltration in all 5 patients who were examined (100%), while PET and unenhanced PET/CT failed to allow for the detection of arterial infiltration in all 5 cases (0%). By

PET/CT: Positron emission tomography/computed tomography; CECT: Contrast-enhanced CT; SEN: Sensibility; SPE: Specificity; PPV: Positive predictive value; NPV: Negative predictive value; ACC: Accuracy.

PET/CECT vs CECT

CECT
Routine
PET/CT
PET/CECT
PET/CECT vs PET/CT

SEN

Table 3 Performances of contrast-enhanced computed tomography, positron emission tomography/computed tomography, and positron emission tomography/contrast-enhanced computed
tomography fusion images in the stage assessments of pancreatic cancer n (%)
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A

B

C

D

Figure 2 A 61-old male patient with upper abdominal pain for more than 3 mo. A-B: PET/CT image [A: Enlargement at the junction of the pancreatic body and tail
(depicted by plain CT scanning); B: Increased FDG uptake at the lesion with the SUVmax of 10.6. This disease was diagnosed as pancreatic cancer (depicted by a
PET/CT image)]; C-D: CECT and PET/CECT fusion image: splenic artery invasion was clearly displayed; the splenic artery was thinner with irregular vascular edges.
This case was pathologically diagnosed as a moderately differentiated pancreatic ductal adenocarcinoma with splenic artery invasion. PET/CT: Positron emission
tomography/computed tomography; CECT: Contrast-enhanced CT; FDG: Fluorodeoxyglucose.

A

B

C

D

E

Figure 3 A 49-year-old pancreatic cancer patient. A-C: CECT images at the arterial phase, pancreatic parenchymal phase, and delayed phase. A tiny, round, low
density, 9 mm lesion was found at the posterior right liver lobe (arrow). This lesion was diagnosed as a hepatic cyst by CECT imaging because no enhancement was
found in the lesion; D: A PET/CECT fusion image showed increased FDG uptake at the lesion with an SUVmax of 5.2. This lesion was diagnosed as liver metastasis
from pancreatic cancer with PET/CECT fusion images, which was confirmed by biopsy; E: PET image for the entire body. A high metabolic mass was found at the
pancreatic head (triangle). PET/CT: Positron emission tomography/computed tomography; CECT: Contrast-enhanced CT; FDG: Fluorodeoxyglucose.
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displaying the enhanced vessels in CECT, F-FDG PET/
CECT fusion images may provide more information on
the relationships between the tumors and adjacent
vessels, making up for the defect in PET/CT.
Although CECT clearly shows the anatomy, which
can help in detecting and diagnosing lymph nodes,
the identification of metastatic LNs by CECT is mainly
based on measuring the node size. In our series, PET/
CT and PET/CECT showed better sensitivity NPV, PPV
and accuracy for detecting metastatic LNs than CECT,
and PET/CECT and CECT showed better specificity
[19]
than PET/CT. Sironi et al
reported that although
PET and PET/CT can sometimes detect metastatic LNs
smaller than 1 cm, the sensitivity of these modalities
is insufficient because of their low spatial resolution.
In the present study, the sensitivities of CECT, PET/CT
and PET/CECT fusion images in diagnosing lymph
node metastasis were 63.2%, 78.9%, and 89.5%,
respectively, and there was no statistically significant
difference among the three methods in detecting
regional lymph node metastasis (P > 0.05 for each).
Our findings were consistent with those of Kitajima et
[11]
al . In their study, the sensitivities of CECT, PET/CT,
and PET/CECT in diagnosing abdominal lymph node
metastasis were 62.5%, 75%, and 87.5% when
evaluating the recurrence of pancreatic cancer. Thus,
with PET/CT, CECT and PET/CECT, it is very difficult to
depict and diagnose small peripancreatic lymph node
metastases, especially when the peripancreatic lymph
node metastasis is fused with the tumor.
PET/CT can detect distant metastasis more
accurately than conventional imaging techniques.
In our study, PET/CT excluded 4 false negative
metastasis cases displayed in CECT (including 1 case
of hepatic metastasis, 1 case of peritoneal metastasis,
and 2 cases of distant lymph node metastasis);
however, the PET/CECT fusion images excluded 2
false negative cases of hepatic metastasis displayed
in PET/CT as well as 2 false positive cases displayed in
PET/CT (1 case of intrahepatic cholangitis, which was
misdiagnosed as hepatic metastasis, and 1 case of
physiologic intestinal uptake of the tracer, which was
misdiagnosed as peritoneal metastasis). Nevertheless,
1 case of peritoneal metastasis was not diagnosed in
the PET/CECT fusion images, and 1 case of peritoneal
inflammation was misdiagnosed as peritoneal
metastasis in the PET/CECT fusion images. In the
[11]
study performed by Kitajima et al , approximately
50% of hepatic metastasis cases and 33.3% of
peritoneal metastasis cases remained undiagnosed.
In the present study, the differences in the sensitivity
and NPV between CECT and PET/CECT in detecting
distant metastasis were statistically significant (P <
0.05 for each). However, even with PET/CECT fusion
images, there were false negative and positive cases
in diagnosing peritoneal metastasis. PET/CECT fusion
images could diagnose the vast majority of distant
metastases of pancreatic cancer, but neither PET/
CECT nor PET/CT is a reliable imaging method in the
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preoperative assessment of the extent of peritoneal
involvement, especially for predicting small bowel
[20]
involvement
and diffuse metastasis without nodule
formation; laparotomy remains the gold standard in
diagnosing peritoneal metastasis.
There were some limitations to our study. First,
the sample was relatively small, and we failed to
demonstrate some areas of statistical significance
between the PET/CT and PET/CECT fusion images.
Second, only 63% of the patients had undergone an
operation; 27% of the diagnoses were based on an
FNA biopsy and 10% were made based on the clinical
[19]
follow-up. In agreement with others , we think that
it is unethical to perform extensive sampling in cases
with strong suspicion of either benign or disseminated
disease.
In summary, the cross-modality image fusion of
PET and CECT is a convenient and effective method
that can be used to compensate for some of defects
of PET/CT and CECT individually in differentiating the
diagnosis of pancreatic lesions or stage assessments
of pancreatic cancer. However, several insufficiencies
remain that need to be further investigated, including
those associated with the diagnosis of peripancreatic
lymph node metastasis, peritoneal metastasis, focalmass-forming pancreatitis, or some small pancreatic
cancer.

COMMENTS
COMMENTS
Background

Pancreatic cancer is one of the most lethal cancers. Accurate diagnosis
and staging of pancreatic cancer (PC) are essential to choosing appropriate
treatments and creating a more accurate prognosis. Contrast-enhanced
computed tomography (CECT) has been the most common imaging method
for diagnosing and staging PC. In recent years, 18F-fluorodeoxyglucose
(18F-FDG) positron emission tomography/computed tomography (PET/CT) has
been shown to be more accurate than other imaging methods in diagnosing
pancreatic cancer. However, there may be false positive or false negative
results when diagnosing pancreatic cancer by 18F-FDG PET/CT. Additionally,
18
F-FDG PET/CT cannot be used to accurately evaluate the vascular invasion
of pancreatic cancer.

Research frontiers

Recently, several studies have demonstrated that contrast-enhanced PET/CT
could provide better information than PET/CT or CECT in the detection and
presurgical assessment of pancreatic cancer, evaluation of the resectability of
pancreatic cancer, and diagnosis of postoperative recurrence.

Innovations and breakthroughs

However, many patients with pancreatic disease have already undergone
CECT examination by the time they are subjected to 18F-FDG PET/CT
scanning. Performing another round of CECT would increase the radiation
dose the patients receive and the risk of iodine allergy. To overcome these
disadvantages, we fused cross-modality images provided by PET/CT and
CECT and explored the diagnostic value of the fusion images (PET/CECT) in
diagnosing and staging pancreatic cancer.

Applications

The study results suggest that the cross-modality image fusion of PET and
CECT is a convenient and effective method that can be used to compensate
for some defects of using PET/CT and CECT individually in the differential
diagnosis of pancreatic lesions or stage assessments of pancreatic cancer.

Terminology
18

F-FDG is 2-18-fluoro-2-deoxy-D-glucose, which is proposed as a sugar
analog to detect glucose metabolism in the human body. PET/CT is integrated
positron emission tomography/computed tomography in which a full-ring
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detector clinical PET scanner and multidetector row helical CT scanner are
combined; this technology has made it possible to acquire both metabolic and
anatomic imaging data using a single device in a single diagnostic session, and
it provides precise anatomic localization of suspicious areas of abnormal FDG
uptake.

10

Peer-review

11

The submitted manuscript is a retrospective review of the diagnostic accuracy
for various imaging modalities in patients with pancreatic lesions and suspected
cancer. Although most guidelines and clinicians utilize CT/magnetic resonance
imaging and endoscopic ultrasound initially, there is evidence that the use of
PET/CT may be beneficial. There have been many studies looking at PET/CT
for the diagnosis and staging of pancreatic cancer, but the use of computer
software for fusing images already obtained appears to be relatively novel. The
data collection and analysis appear to be sound.
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METHODS: We retrospectively reviewed all patients
with a single medium-sized HCC who underwent
percutaneous MWA from January 2010 to January
2013. Technical success, technical effectiveness and
complications were subsequently observed. Survival
curves were constructed using the Kaplan-Meier
method. The Cox proportional hazards model was fitted
to each variable. The relative prognostic significance
of the variables for predicting overall survival
rate, recurrence-free survival rate and local tumor
recurrence(s) was assessed using univariate analysis.
All variables with a P value < 0.20 were subjected to
multivariate analysis.
RESULTS: The study included 182 patients (mean
age, 58 years; age range: 22-86 years) with a single
HCC (mean size, 3.72 ± 0.54 cm; range: 3.02-5.00
cm). The estimated technical effectiveness rate was
93% in 182 patients. The major complication rate was
2.7% (5/182), including liver abscess in 4 cases, and
abdominal bleeding at the puncture site in 1 case.
Thirty-day mortality rate was 0.5% (1/182). One
patient died due to liver abscess-related septicemia.
Cumulative recurrence-free survival and overall survival
(OS) rates were 51%, 36%, 27% and 89%, 74%, 60%
at 1, 2, and 3 years, respectively. Age (P = 0.017)
and tumor diameter (P = 0.029) were independent
factors associated with local tumor recurrence. None
of the factors had a statistically significant impact
on recurrence-free survival. Serum albumin level
(P = 0.009) and new lesion(s) (P = 0.029) were
independently associated with OS.
CONCLUSION: Percutaneous MWA is a relatively safe
and effective treatment for patients with medium-sized
HCC.

Abstract
AIM: To evaluate the outcomes of patients with
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Minimally Invasive Therapy Center admitted 4998
patients with HCC. The EASL non-invasive diagnostic
[2]
criteria were used in the diagnosis of cirrhosis
and HCC. We reviewed consecutive patients with a
single medium-sized HCC without prior therapy who
had undergone percutaneous MWA. We recorded
tumor maximum diameter in accordance with the
measurements of dynamic computer tomography
(CT), magnetic resonance imaging (MRI) scans, or
ultrasonography (US). Of these measurements, the
largest diameter was selected.
The inclusion criteria for ablation were as follows:
(1) liver function classed as Child-Pugh class A or
B; (2) no evidence of extra-hepatic metastases or
vascular invasion; (3) normal pro-thrombin time value
3
± 4 s; and (4) platelet count ≥ 45000 cells/mm ,
otherwise, platelet transfusion was performed. The
exclusion criteria for ablation were as follows: (1) the
above-mentioned indications were unmet; and (2) the
distance from the tumor to important structures, for
example, pericardium, gallbladder, bowel loops and
hepatic hilum was < 0.5 cm. If the tumor satisfied
these criteria, patients with tumors ≤ 2 cm underwent
RFA, and those with tumors > 2 cm underwent MWA
at our institution.

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

Core tip: This is the first study on the clinical outcome
of a large population with medium-sized hepatocellular
carcinoma (HCC) treated with microwave ablation
(MWA). Our results confirmed that percutaneous MWA
is a relatively safe and effective treatment for patients
with a single medium-sized HCC.
Sun AX, Cheng ZL, Wu PP, Sheng YH, Qu XJ, Lu W, Zhao
CG, Qian GJ. Clinical outcome of medium-sized hepatocellular
carcinoma treated with microwave ablation. World J
Gastroenterol 2015; 21(10): 2997-3004 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/2997.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.2997

INTRODUCTION
hepatocellular carcinoma (HCC) is the third leading
[1]
cause of cancer mortality worldwide . Surgical
resection and radiofrequency ablation (RFA) are the
main treatments for early-stage HCC patients, who
[2-4]
are not candidates for liver transplantation . If these
therapies are contraindicated, other minimally invasive
[5-8]
options are used . One option is microwave ablation
(MWA), which produces a larger ablation zone than
[9,10]
RFA, and has similar efficacy to RFA
.
There have been many reports regarding the
clinical outcome of small HCC (≤ 3 cm or ≤ 5 cm)
[11-13]
treated with RFA or surgical resection
. Tumor
size is significantly associated with overall survival
[12,14,15]
(OS)
. However, there have been few reports
on the clinical outcomes of patients with a single
medium-sized (> 3 cm and ≤ 5 cm) HCC treated with
percutaneous MWA.
Therefore, the aim of this study was to evaluate the
outcomes of patients with a single medium-sized HCC
who underwent percutaneous MWA.

Percutaneous MWA procedure

Percutaneous MWA procedures were performed under
real-time ultrasonic guidance. Local anesthesia was
administered without conscious-sedation as breath
control of the patient was required for the insertion of
two antennas into the tumors. These two antennas
were applied based on cost-effectiveness; the delivery
power was set at 100 W. Multi-site ablation was
performed until the entire tumor with a 0.5-1 cm
margin was covered by the ablation zone. Exposure
time was normally within 8 min, as the volume [(4.8
± 0.9) × (4.0 ± 0.9) × (4.0 ± 0.9 cm)] of MWA was
always achieved within 8 min when a single antenna
[9]
was applied . Before March 2011, the FORSEATM MW
delivery system, and 14 gauge cooled-shaft antennas
with a 1.0 cm active tip (both from Qinghai Electronic
Institute, Nanjing, China) were used. After March
2011, the KY-2000 MW delivery system, and 18 gauge
cooled-shaft antennas with a 1.1 cm active tip (both
from Kang-You Electronic Institute, Nanjing, China)
were used.

MATERIALS AND METHODS
Ethics

This study was approved by the Institutional Review
Board of the Eastern Hepatobiliary Surgery Hospital
Ethics Committee of the Second Military Medical
University, Shanghai, China. Informed consent from
patients was waived as this was a retrospective study.
However, written informed consent for percutaneous
MWA procedures was obtained from patients prior to
each treatment.

Definition of terminology

Definition of terminology was based on the stan
dardization by the International Working Group on
[16]
Image-Guided Tumor Ablation . Technical success
was indicated when the tumor was treated according
to protocol, and was covered completely by an ablation
area on a contrast enhanced (CE)-CT scan within 24
h. Technical effectiveness was defined as ablation
of lesions initially showing contrast enhancement
during the arterial phase and washout in the venous

Study population

Between January 2010 and January 2013, our
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and/or CE-CT scans were performed every 2 mo up
to two years, and then every 4-6 mo according to the
risk of recurrence.

Table 1 Baseline characteristics of the study population (n =
182)
Clinical features

Number of patients

HCC size range 3.02-5.0 cm mean size 3.72 ± 0.54 cm
Sex
Males
Females
Age (yr)
≤ 60
> 60
Child-Pugh classification
A
B
ALB (g/L)
≤ 35
> 35
ALT (U/L)
≤ 41
> 41
Portal hypertension
Yes
No
Total bilirubin (µmol/L)
≤ 18.8
18.8-34.2
> 34.2
AFP (µg/L)
≤ 20
20-400
> 400
Etiology of HCC
HBV
HCV
HBV + HCV
Other reason(s)
PLT (× 109/L)
< 45
45-100
≥ 100

Treatment strategy after initial percutaneous MWA

When technical success was not achieved at the
immediate follow-up, and intra-hepatic recurrence
was observed during subsequent follow-up, additional
percutaneous MWA was primarily selected. When
percutaneous MWA was not feasible, other therapeutic
modalities were carried out for the tumor according to
[2]
the guidelines for the management of HCC .

155
27
105
77
170
12

Analysis of therapeutic efficacy and survival

37
145

Local therapeutic efficacy in terms of technical success
and effectiveness was assessed on a tumor basis.
Recurrence-free survival and OS were evaluated
on a per patient basis. The OS time was defined as
the interval between the operation time and either
death or end of the study (April 1, 2013). The time of
recurrence-free survival was defined as the time from
the operation to either recurrence including death, or
end of the study (April 1, 2013).

107
75
82
100
115
50
17
98
52
32

Statistical analysis

Survival and recurrence curves were calculated using
the Kaplan-Meier method. Prognostic factors for
recurrence-free survival, local tumor recurrence(s),
and OS were assessed using univariate analysis.
Potential prognostic factors for recurrence-free survival
and local tumor recurrence(s) included all the factors
shown in Table 1. In addition to the factors in Table
1, potential prognostic factors of OS included local
tumor recurrence(s) and new lesion(s). A univariate
Cox proportional hazards model was fitted to each
variable, and all variables with a P value < 0.20 were
subjected to multivariate analysis to assess their value
as independent predictors of recurrence-free survival
and OS.
A P value < 0.05 was considered statistically
significant. Data analyses were performed using the
commercially available software, IBM SPSS 20.0
(Chicago, IL, United States).

140
3
3
36
14
66
102

PLT: Platelet; ALB: Albumin; ALT: Alanine aminotransferase; AFP:
Alpha-fetoprotein; HBV: Hepatic B virus; HCV: Hepatic C virus; HCC:
Hepatocellular carcinoma.

phase not demonstrated by CE-MRI and/or CE-CT
scan 1 mo after ablation. Major complications were
[16]
defined according to current guidelines . All other
complications were regarded as minor. Intra-hepatic
recurrence included local tumor recurrence(s) and new
lesion(s). Local tumor recurrences were defined as
ablation lesions and areas in contact with the ablation
lesion which showed contrast enhancement during
the arterial phase and washout in the venous phase.
Portal hypertension was diagnosed by the presence
of esophageal varices or splenomegaly with platelet
9[2]
counts < 100 × 10 .

RESULTS
Patients

One hundred and eighty-two consecutive patients
(male:female = 155:27, mean age, 58 years, range:
22-86 years) with a single medium-sized HCC (mean
size, 3.72 ± 0.54 cm; range: 3.02-5.00 cm) were
initially diagnosed and enrolled in this study. Eightyseven patients were diagnosed with cirrhosis. The
Child-Pugh scores in 12 patients with Child-Pugh
classification B were ≤ 8. None of the patients had
ascites. Maximum tumor diameters were recorded
according to CT/MRI scans in 94 patients, and US
scans in 88 patients. The clinical characteristics of the

Follow-up after percutaneous MWA

For early evaluation of therapeutic response or possible
complications, a CE-CT scan was performed within
24 h. Follow-up with CE-MRI and/or CE-CT scan,
liver function tests and alpha-fetoprotein (AFP) were
performed in all patients monthly for the first 2 mo.
Follow-up with liver enzyme and AFP tests, CE-MRI
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bleeding, and 2 patients died due to liver failure. Local
tumor recurrence(s), new lesion(s) or both occurred
in 29, 52 and 2 patients, respectively. The local
tumor recurrence rate was 20.3% (31/153). Twentynine patients developed local tumor recurrence(s),
and 2 patients developed both new tumors and
recurrences managed with MWA, hepatic resection,
TACE (transcatheter arterial chemoembolization),
percutaneous ethanol injection, or radiation therapy. A
summary of patient management is shown in Figure 2.
Cumulative local tumor recurrence rates were
estimated to be 23%, 25%, and 25%, and intrahepatic recurrence rates were estimated to be
48%, 61%, and 73% at 1, 2, and 3 years in 182
patients, respectively (Figure 3). In univariate and
multivariate analysis, age (P = 0.010 and P = 0.017)
and tumor diameter (P = 0.016 and P = 0.029) were
independent factors significantly associated with local
tumor recurrence(s). Of the 83 patients who suffered
a first intra-hepatic recurrence, 33 (38.4%, 33/83)
experienced a second recurrence. Forty-five patients
(54.2%, 45/83) underwent a second MWA, and 13
patients (39.4%, 13/33) underwent a third MWA.

A

B

Recurrence-free survival and OS

Figure 1 magnetic resonance imaging of the liver in a patient with
medium-sized hepatocellular carcinoma before and after treatment with
microwave ablation. A: Magnetic resonance imaging of liver before treatment
with microwave ablation (MWA). Medium-sized hepatocellular carcinoma (HCC)
is labeled (arrow); b: MRI of liver at 1 mo after treatment with MWA. Mediumsized HCC is labeled (arrow). The tumor diameter was 4 cm × 4 cm. The power
was set to 100 W. The ablation time was 3 min.

Except for the 5 patients (4 + 1) mentioned above
who died without recurrence, 26 patients developed
recurrence and died due to HCC progression during
follow-up.
Cumulative recurrence-free survival rates were
estimated to be 51%, 36%, and 27% at 1, 2, and
3 years, respectively (Figure 4). In univariate and
multivariate analysis, recurrence-free survival rates
were not affected by the variables shown in Table 2.
Cumulative OS rates were estimated to be 89%,
74% and 60% at 1, 2, and 3 years, respectively (Figure
4). In univariate analysis, portal hypertension (P =
0.004), serum albumin (P = 0.000), total bilirubin (P
= 0.003), AFP (P = 0.049), platelet count (P = 0.003),
and new lesion(s) (P = 0.001) all had a statistically
significant impact on OS. In multivariate analysis,
serum albumin (P = 0.009), and new lesion(s) (P =
0.029) were significantly associated with OS (Table 3).
Serum albumin level and new lesion(s) were
independently associated with OS. When albumin was
stratified as > or ≤ 35 g/L, cumulative OS rates were
estimated to be 95.5%, 81.4%, 75.0% and 59.5%,
45.4%, 36.4% at 1, 2, and 3 years, respectively. When
the presence of new lesions was stratified according to
“no” or “yes”, cumulative OS rates were estimated to
be 94%, 84.8%, 84.8% and 80.7%, 69%, 38.4% at 1,
2, and 3 years, respectively.

patients and tumors are summarized in Table 1.
Twenty-eight patients were lost to follow-up. One
patient died within 30 d due to septicemia secondary
to a liver abscess in the ablation area. The mean
duration of follow-up was 17.8 mo (range: 3.2-37.0
mo) and 153 patients had clinical follow-up.

Technical success and technical effectiveness of initial
treatment

At the follow-up visit, technical success and
effectiveness rates were 100% (182/182), and 100%
(153/153), respectively. The estimated technical
effectiveness rate was 93% in 182 patients, as 7% (13)
of patients with local tumor recurrence at 1 month
were classified as technical effectiveness failure.
Thirteen of 28 patients were lost to follow-up. Figure 1
shows MRI scans of the liver of one patient before and
after treatment with MWA.

Intra-hepatic recurrences and management

Eighty-three (54.2%, 83/153) patients developed
intra-hepatic recurrence, while 66 (43.1%, 66/153)
patients showed no recurrence, and 4 patients died
without recurrence. Of these 4 cases, 1 patient
died following a car accident, 1 patient died due to
hypovolemic shock caused by esophageal variceal
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Complications

Complications were experienced by 15 patients (8.2%,
15/182) during follow-up. Major complications were
identified in 5 cases (2.7%, 5/182) including liver
abscess in 4 cases, and abdominal bleeding at the

3000

March 14, 2015|Volume 21|Issue 10|

Sun AX et al . Outcome of medium-sized HCC

Percutaneous MWA
n = 182

Mortality within 30 d
n =1

Lost to follow-up
n = 28

Intra-hepatic recurrence n = 83
Local tumor recurrence(s) n = 29; new lesion(s) n = 52;
local tumor recurrence(s) and new lesion(s) n = 2

No recurrence
n = 66

Mortality
n =4

Local tumor recurrence(s) and
new lesion(s) Treatment: hepatic
resection n = 1; TACE = 1

Local tumor recurrence(s)
Treatment: PMWA n = 24; PMWA + PEI n = 2;
hepatic resection n = 2; radiation therapy n = 1

Figure 2 Intra-hepatic recurrences and management. Local tumor recurrence(s) and intra-hepatic recurrence(s) occurred in 31 patients, which were managed with
various therapeutic modalities. PMWA: Percutaneous microwave ablation; TACE: Transcatheter arterial chemoembolization; PEI: Percutaneous ethanol injection.
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Figure 3 Local tumor recurrence(s) and intra-hepatic recurrence curves
for 182 patients with medium-sized hepatocellular carcinoma who
underwent microwave ablation.
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Figure 4 Recurrence-free survival and overall survival curves for 182
patients with medium-sized hepatocellular carcinoma who underwent
microwave ablation.
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Table 2 Cox survival analysis of predictors for recurrence-free survival in 182 patients with hepatocellular carcinoma following
microwave ablation
Univariate
Tumor diameter
Sex (male/female)
Age (> 60 yr/≤ 60 yr)
Child-Pugh classification (A/B)
ALB (> 35 g/L/≤ 35 g/L)
ALT (> 41 U/L, ≤ 41 U/L)
Total bilirubin (> 34.2 mmol/L/18.8-34.2 mmol/L/≤ 18.8 mmol/L)
AFP (> 400 mg/L/20-400 mg/L/≤ 20 mg/L)
Etiology of HCC [HBV/HCV/HBV+HCV/Other reason(s)]
PLT (≥ 100 × 109/L/45 × 109-100 × 109/L/＜ 45 × 109/L)
Portal hypertension (Yes/No)

Multivariate

HR

95%CI

P value

1.173
1.223
0.825
0.507
1.367
0.956
0.749
0.861
0.901
1.079
0.936

0.784-1.755
0.662-2.258
0.535-1.272
0.232-1.106
0.799-2.336
0.619-1.475
0.547-1.026
0.660-1.124
0.747-1.086
0.781-1.490
0.607-1.443

0.439
0.521
0.384
0.088
0.254
0.837
0.072
0.271
0.274
0.647
0.764

HR

95%CI

P value

0.665

0.271-1.635

0.372

0.805

0.563-1.151

0.234

PLT: Platelet; ALB: Albumin; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; HBV: Hepatic B virus; HCV: Hepatic C virus; HCC: Hepatocellular
carcinoma.

Table 3 Cox survival analysis of predictors for overall survival in 182 patients with hepatocellular carcinoma following microwave
ablation
Univariate
Tumor diameter
Sex (male/female)
Age (> 60 yr/≤ 60 yr)
Child-Pugh classification (A/B)
ALB (> 35 g/L/≤ 35 g/L)
ALT (> 41 U/L, ≤ 41 U/L)
Total bilirubin (> 34.2 mmol/L/18.8-34.2 mmol/L/≤ 18.8 mmol/L)
AFP(> 400 mg/L/20-400 mg/L/≤ 20 mg/L)
Etiology of HCC [HBV/HCV/HBV + HCV/Other reason(s)]
PLT (≥ 100 × 109/L/45 × 109-100 × 109/L/＜ 45 × 109/L)
Portal hypertension (Yes/No)
Local tumor recurrence(s) (Yes/No)
New lesion(s) (Yes/No)

Multivariate

HR

95%CI

P value

1.314
1.403
0.912
0.492
5.969
0.921
0.488
0.657
0.910
2.040
0.327
0.543
3.678

0.692-2.439
0.537-3.667
0.444-1.871
0.149-1.622
2.938-12.129
0.454-1.868
0.306-0.778
0.433-0.998
0.658-1.258
1.277-3.259
0.154-0.695
0.190-1.553
1.688-8.017

0.404
0.490
0.801
0.244
0.000
0.819
0.003
0.049
0.566
0.003
0.004
0.255
0.001

HR

95%CI

P value

3.296

1.340-8.111

0.009

0.881
0.834

0.528-1.469
0.533-1.305

0.626
0.427

1.148
0.802

0.451-2.924
0.188-3.413

0.772
0.765

2.517

1.098-5.771

0.029

PLT: Platelet; ALB: Albumin; ALT: Alanine aminotransferase; AFP: Alpha-fetoprotein; HBV: Hepatic B virus; HCV: Hepatic C virus; HCC: Hepatocellular
carcinoma.

puncture site in 1 case. Liver abscess occurred within
the ablation zone of coagulation necrosis in 3 patients,
and was due to bile duct injury in 1 patient. One
patient died of liver abscess-related septicemia. The
30-day mortality rate was 0.5% (1/182). The other
complications observed were minor. All patients with
complications received supportive care with antibiotics
and hemostatics. With the exception of one patient
who died, all patients recovered after treatment.

not appropriate treatment for medium-sized HCC, the
combination of RFA and TACE has been recommended
[17-22]
by some authors for the following reasons
: (1)
the complete necrosis rate of medium-sized HCCs in
patients who underwent RFA decreased; (2) TACE
enhanced the efficacy of RFA; and (3) the effectiveness
of the combination therapy was similar to that of
hepatectomy.
Because the majority of MWAs is not or is only
[23]
minimally affected by the heat sink effect , the
[9]
ablation zone of MWA is larger than that of RFA ,
and patients treated with combination RFA and TACE
suffer more than patients treated with MWA. Mediumsized HCCs have been treated with percutaneous MWA
when liver transplantation and surgical resection were
contraindicated and/or patients preferred minimally
invasive therapy.
In the current study, the technical success and
effectiveness rates were similar to those seen with
[18,19]
combination RFA and TACE
. Our experience

DISCUSSION
When liver transplantation is not possible, surgical
[2,3]
resection is recommended for early-stage HCC .
In addition, RFA is considered to be curative for
[2]
early-stage HCC . Some authors consider RFA as
the treatment of choice for very early stage HCC,
[4]
even when surgical resection is possible . However,
surgical resection is considered the main treatment
[17]
for medium-sized HCC . When surgical resection is
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indicated that, in addition to the above-mentioned
reasons for this success, three additional reasons
were: (1) a higher delivery power was set for a large
[24]
ablation area ; (2) MWA operators had significant
clinical experience; and (3) patients who underwent
ablation were selected.
In a previous study, the 3-year recurrence rate
[25,26]
exceeded 50%
after hepatic resection. In the
present study, a similar result (71%) was obtained.
MWA and hepatic resection of HCC are not necessarily
[27]
associated with recurrences . Tumor pathology and
[28]
angiogenesis may be the main factors in recurrence .
In a previous study, the OS rate of patients with
medium-sized HCC and small HCC (< 5 cm) ranged
from 66.67%-95.45% and 69.57%-92.17%, respec
[11-14]
tively
. Tumor size was found to be significantly
[12,14,15]
associated with OS
. Although the OS rate
in patients with a solitary medium-sized HCC who
underwent MWA was 60%, this result was inferior
to that in a previous study. When patients preferred
MWA, or were not candidates for surgery or liver
transplantation, MWA was an alternative therapy.
Frequently reported prognostic factors of HCC
included tumor size, Child-Pugh classification,
and recurrence in multivariate analysis in some
[4,14,15,19,29,30]
studies
. However, in the current study,
serum albumin level and the appearance of new
lesion(s) were prognostic factors. The reason for the
difference between previous studies and the present
study may be related to the following: (1) tumor
size ranged from 3 cm to 5 cm and may have been
at the same stage; and (2) Child-Pugh classification
and recurrence were ambiguous factors. In addition,
platelet count was a prognostic factor in univariate
analysis. This result is consistent with that of a
previous study in patients with small HCCs (≤ 2 cm)
who underwent resection, where a platelet count
9
of ≤ 150 × 10 was found to be an independent
[30]
prognostic factor regarding OS . The reason for this
phenomenon is unknown.
The major complication rate (2.7%) was similar
for RFA with or without TACE for medium-sized HCCs
[18,19]
(0%-3%)
and ablation for large HCCs (5-10 cm)
[31-34]
(2.6%-3.29%)
. Therefore, the treatment schedule
for patients with a single medium-sized HCC who
underwent percutaneous MWA was relatively safe.
Our study had several limitations. Firstly, these
data were obtained from a single center. A multicenter
study with a larger number of patients and a longer
observation period would be helpful. Secondly, not all
HCC cases were confirmed by histopathology. Only
[2]
clinical criteria were used . Thirdly, this study was not
a prospective trial and lacked a control group. Large
randomized controlled studies are needed to confirm
these results.
In conclusion, when liver transplantation and
surgical resection are contraindicated and/or patients
prefer minimally invasive therapy, percutaneous
MWA is a relatively safe and efficacious treatment for
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patients with a single medium-sized HCC.
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Abstract
AIM: To evaluate clinical response to initial corticosteroid
(CS) treatment in Chinese ulcerative colitis patients (UC)
and identify predictors of clinical response.
METHODS: Four hundred and twenty-three UC patients
who were initially treated with oral or intravenous CS
from 2007 to 2011 were retrospectively reviewed at
eight inflammatory bowel disease centers in China, and
101 consecutive cases with one-year follow-up were
analyzed further for clinical response and predictors.
Short-term outcomes within one month were classified
as primary response and primary non-response. Longterm outcomes within one year were classified as
prolonged CS response, CS dependence and secondary
non-response. CS refractoriness included primary and
secondary non-response. Multivariate analyses were
performed to identify predictors associated with clinical
response.
RESULTS: Within one month, 95.0% and 5.0% of
the cases were classified into primary response and
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non-response, respectively. Within one year, 41.6% of
cases were assessed as prolonged CS response, while
49.5% as CS dependence and 4.0% as secondary nonresponse. The rate of CS refractoriness was 8.9%,
while the cumulative rate of surgery was 6.9% within
one year. After multivariate analysis of all the variables,
tenesmus was found to be a negative predictor of
CS dependence (OR = 0.336; 95%CI: 0.147-0.768;
P = 0.013) and weight loss as a predictor of CS
refractoriness (OR = 5.662; 95%CI: 1.111-28.857; P
= 0.040). After one-month treatment, sustained high
Sutherland score (≥ 6) also predicted CS dependence
(OR = 2.347; 95%CI: 0.935-5.890; P = 0.014).

dose oral or intravenous corticosteroid (CS) is required
for moderate to severe disease or when 5-ASA or SASP
[7,8]
proves ineffective . After inducing primary remission,
CS should be tampered over several months. Actually,
not all patients can reach primary remission or
subsequent prolonged response. It has been reported
that genetic factors may be involved in the clinical
[9-12]
efficacy of CS
. As a result, CS dependence and
CS refractoriness indicate the requirement of more
aggressive therapy, such as immunosuppressors (e.g.,
[13,14]
azathioprine, 6-mercathioprine, methotrexate)
,
anti-tumor necrosis factor monoclonal antibody
[15,16]
(infliximab and adalimumab)
and even total or
[17]
partial colectomy . Therefore, predicting individual
CS response can help adjust the therapeutic schedule
in time and prevent the disease from deterioration.
In this study, we conducted a retrospective survey
of all UC cases treated with systematic CS in eight
IBD centers in China, aiming to identify the factors
predicting clinical response to initial CS treatment
among Chinese UC cases.

CONCLUSION: Tenesmus was a negative predictor of
CS dependence, while weight loss and sustained high
Sutherland score were strongly associated with poor
CS response.
Key words: Clinical response; Predictor; Corticosteroid;
Ulcerative colitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: This is the first large-scale study across
mainland China to evaluate clinical response to initial
corticosteroid (CS) treatment in ulcerative colitis (UC)
and identify predictors of clinical response, although
recent studies have focused on the treatment outcomes
of new drugs for UC. CS therapy continues to one of
the most effective treatments in active UC. In view of
the great difference between yellow and white races
in CS response, and the lack of large-scale, systematic
CS studies in yellow-race UC patients, this study
was meaningful in understanding the efficacy of and
risk factors for initial CS treatment in yellow-race UC
patients.

Study population and data extraction

All hospitalized cases which had been diagnosed
with UC according to the suggested guidelines for
[18]
diagnosis of IBD in 2012 were reviewed in the eight
IBD centers in China, which satisfied the following
requirements: (1) the medical center was university
hospital or grade A territory hospital; (2) diagnostic
facilities for high-quality endoscopy, radiology and
pathology were available; and (3) the center was part
of a health system that offered universal cover for
primary and specialist services with an established
system for referral from primary to secondary care.
This study was approved by the ethics committee of
Zhongnan Hospital of Wuhan University.
After excluding the cases which had a history of
CS use, 431 UC cases initially treated with oral or
intravenous CS from 2007 to 2011 were included,
among which 101 consecutively hospitalized cases were
analyzed further. A UC case report form (CRF) was
designed to collect primary data about the demographic,
clinical, diagnostic and therapeutic characteristics before
initial use of CS (M0) and 1 mo (M1), 3 mo (M3), 6 mo
(M6), and 12 mo (M12) after the start of CS.

Li J, Wang F, Zhang HJ, Sheng JQ, Yan WF, Ma MX, Fan RY,
Gu F, Li CF, Chen DF, Zheng P, Gu YP, Cao Q, Yang H, Qian
JM, Hu PJ, Xia B. Corticosteroid therapy in ulcerative colitis:
Clinical response and predictors. World J Gastroenterol 2015;
21(10): 3005-3015 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/3005.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.3005

INTRODUCTION

Clinical phenotype and severity

According to the Montreal classification, UC was
categorized by disease extent into proctitis (E1), leftsided colitis (E2) and extensive colitis (E3). Disease
severity was assessed by Sutherland score which was
based on clinical and endoscopic characteristics. The
range of 3-5 points was considered mild, while 6-10
points moderate and 11-12 points severe.

Ulcerative colitis (UC) is a form of chronic inflammatory
bowel disease (IBD) whose incidence is steadily on
[1-3]
the rise in China during the last two decades . The
disease is clinically characterized by bloody diarrhea,
abdominal pain, mucous stool and extra-intestinal
[4]
manifestations . As it relapses frequently, the current
treatment strategies are aimed at controlling acute
exacerbation and maintaining long-term remission.
5-aminosalicylates (5-ASA) or sulfasalazine (SASP) is
[5,6]
effective for mild to moderate disease , while high-
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Assessment of clinical efficacy

Patients were initially treated with oral CS (prednisone
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Table 1 Demographic, clinical, laboratory characteristics and auxiliary medication in 101 ulcerative colitis cases before initial
administration of corticosteroid n (%)

Cases
Female
Age (≥ 30 yr)
Disease duration (≥ 5 yr)
Relapse frequency (> 3/yr)
Previous colectomy
UC location
Proctitis
Left-side colitis
Extensive colitis
Sutherland score
Mild (3-5)
Moderate (6-10)
Severe (11-12)
Heart rate (≥ 90/min)
Diarrhea (≤ 6/d)
Bloody stool
Mucus
Tenesmus
Abdominal pain
Abdominal distention
Weight loss
Fever
Extra-intestinal manifestation
Hemoglobin (< 12.0 mg/dL)
Leukocyte (4-10 × 109/L)
Neutrophil (50%-70%)
Platelet (> 300 × 1012/L)
Albumin (< 3.5 mg/dL)
K+ (< 3.5 mmol/L)
ESR (> 15 mm/h)
Auxiliary medication
None
Only SASP or 5-ASA (A)
Only immunosuppressant (B)
Only infliximab (C)
A+B
A+C

Prolonged response

Dependence

Refractoriness

Total

42
24 (57.1)
39 (92.8)
12 (29.3)
2 (5.9)
4 (9.5)

50
22 (44.0)
41 (82.0)
15 (31.9)
4 (9.3)
3 (6.0)

9
2 (22.8)
6 (66.7)
2 (22.2)
0
1 (11.1)

101
48 (47.5)
85 (84.2)
29 (33.3)
6 (7.0)
8 (7.9)

7 (17.5)
5 (12.5)
28 (70.0)

6 (12.2)
9 (18.4)
34 (69.4)

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

15 (15.3)
15 (15.3)
68 (69.4)

2 (4.8)
21 (50.0)
19 (45.2)
8 (19.5)
14 (33.3)
34 (80.1)
34 (81.0)
25 (59.5)
34 (81.0)
6 (14.3)
17 (40.5)
13 (31.0)
6 (14.3)
32 (76.2)
21 (50.0)
20 (47.6)
26 (61.9)
27 (64.3)
16 (15.8)
27 (64.3)

2 (4.0)
25 (50.0)
23 (46.0)
18 (36.0)
25 (50.0)
44 (88.0)
39 (78.0)
16 (32.0)
47 (94.0)
8 (16.0)
18 (36.0)
13 (26.0)
7 (14.0)
31 (62.0)
29 (58.0)
28 (56.0)
26 (52.0)
27 (54.0)
16 (32.0)
27 (54.0)

1 (11.1)
2 (22.2)
6 (66.7)
5 (55.6)
4 (44.4)
8 (88.9)
6 (66.7)
4 (44.4)
9 (100.0)
4 (44.4)
7 (77.8)
5 (55.6)
2 (22.2)
9 (100.0)
9 (100.0)
6 (66.7)
4 (44.4)
5 (55.6)
3 (33.3)
7 (77.8)

5 (5.0)
48 (47.5)
48 (47.5)
31 (31.0)
43 (42.6)
86 (85.1)
79 (78.2)
45 (44.6)
90 (89.1)
18 (17.8)
42 (41.6)
31 (30.7)
15 (14.9)
72 (71.3)
59 (58.4)
54 (53.5)
56 (55.4)
59 (58.4)
35 (34.7)
61 (60.4)

2 (4.8)
32 (76.2)
1 (2.4)
0
6 (14.3)
1 (2.4)

7 (14.0)
29 (58.0)
4 (8.0)
0
9 (18.0)
1 (2.0)

1 (11.1)
5 (55.6)
1 (11.1)
0
2 (22.2)
0

10 (9.9)
66 (65.3)
6 (5.9)
0
17 (16.8)
2 (2.0)

The demographic, clinical and laboratory characteristic were displayed respectively according to the cohorts of different corticosteroid response.
The auxiliary medication after the start of corticosteroid treatment was also displayed. UC: Ulcerative colitis; ESR: Erythrocyte sediment rate; 5-ASA:
5-aminosalicylates; SASP: Sulfasalazine.

CS became ineffective), and CS refractoriness (including
primary and secondary CS non-response).

40-60 mg/d or equivalent) or intravenous CS (hydro
cortisone 200-400 mg/d or equivalent). After clinical
alleviation, CS tapered off within 3-4 mo. Short-term
clinical efficacy was classified into two categories
according to clinical symptoms within one month
[19]
after the start of CS : primary response (an obvious
improvement in bowel movements, bloody stool and
abdominal pain, without fever, weight loss or other
systemic symptoms) and primary non-response (no
improvement in clinical symptoms). After primary
response, long-term clinical efficacy was reclassified
into several categories according to subsequent follow[19]
up within one year : prolonged response (after the
end of CS therapy, maintenance of remission still
lasted at least one month), CS dependence (relapse
at dose reduction or within one month after the end
of CS therapy; or CS could not discontinue after
administration for more than 3-4 mo), secondary nonresponse (primary remission was achieved, but then

WJG|www.wjgnet.com

Statistical analysis

Statistical analyses were performed with IBM SPSS
Statistics V21.0. All the factors that might predict
subsequent clinical efficacy of CS were subjected to
2
univariate analysis. Variables were compared using χ
test or Fisher’s exact test. Logistic regression analysis
was carried out using the variables whose P-values
were less than 0.1 in univariate analysis. Differences
were considered significant when the P-value in
multivariate analysis was less than 0.05. 95%CI was
estimated for all parameters.

RESULTS
Patient characteristics

One hundred and one consecutive cases (47.5%
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423 ulcerative colitis cases initially
treated with corticosteroid

321 lost at follow up
101 ulcerative colitis cases

Primary response
96 (95.0%)

Prolonged response
42 (41.6%)

CS dependence
50 (49.5%)

Primary non-response
5 (5.0%)

Secondary non-response
4 (4.0%)

Surgery 3
(3.0%)

Surgery 4
(4.0%)

Figure 1 Clinical efficacy in 101 ulcerative colitis cases within one year after initial administration of corticosteroid.

female vs 52.5% male) were analyzed, of whom
the majority had an age of more than 30, a disease
duration of less than 5 years and a relapse frequency
of less than 3 per year (Table 1). Eight (7.9%)
cases had a history of intestinal surgery, including
cholecystectomy in 1 case, appendectomy in 2, partial
colectomy in 3, partial proctectomy in 1, sigmoid
fistula operation in 1, and rectum fistula operation in
1. According to the Montreal classification, the disease
was categorized by disease extent as proctitis (15.3%),
left-sided colitis (15.3%) and extensive colitis (69.4%),
while based on the Sutherland score, the disease
were categorized by disease activity as mild (5.0%),
moderate (47.5%) and severe (47.5%).
The predominant manifestations were diarrhea
(100%), abdominal pain (87.1%), bloody stool (85.1%),
mucus (78.2%), tenesmus (44.6%), weight loss (41.6%),
fever (30.7%), tachycardia (> 90/min) (31.0%) and
abdominal distention (17.8%) (Table 1). Of all the cases,
15 (13.9%) had extra-intestinal manifestations, including
arthritis or arthralgia in 8 cases, and oral ulcer in 6 cases.
Table 1 shows the clinical characteristics of the patients
before CS treatment.
Anemia (hemoglobin < 12.0 mg/dL) occurred in
71.3% of cases, low or high leukocyte count in 41.6%,
and high erythrocyte sediment rate (ESR; > 15 mm/h)
in 60.4% (Table 1). The albumin level was below 3.5
mg/dL in 58.4% of cases, and hypokalemia existed in
34.7% of cases.
Before initial administration of CS, the main drugs
available for the 101 cases were 5-ASA or SASP
and azathioprine (AZA) or 6-mercathioprine (6-MP).
Subsequently, all the cases received CS orally or

WJG|www.wjgnet.com

intravenously. After the start of CS treatment, 83.1%
of cases chose 5-ASA/SASP as auxiliary medication,
while 22.7% for AZA/6-MP, and 2.0% for infliximab.
Approximately 18.8% of the cases received a com
bined therapy, mainly the combination of 5-ASA/SASP
and AZA/6-MP (Table 1).

Short-term response (within one month)

Of the 101 cases, 96 (95.0%) reached primary response
within one month, while 5 (5.0%) had primary nonresponse, among whom 3 underwent surgery later
(Figure 1).

Long-term response (within one year)

After primary response, 42 (41.6%) maintained
prolonged CS response, but 50 (49.5%) became CS
dependent and 4 (4.0%) lost response to CS. All the 4
cases of secondary non-response underwent surgery
later. The rate of CS refractoriness (including primary
and secondary CS non-response) was 8.9%, and the
cumulative risk of surgery was 6.9% within one year.

Predictors of clinical response

After univariate and multivariate analyses of all the
variables, tenesmus was found to be negatively
related with CS dependence (OR = 0.336; 95%CI:
0.147-0.768; P = 0.013) (Table 2), and weight loss
was positively associated with CS refractoriness (OR =
5.662; 95%CI: 1.111-28.857; P = 0.040) (Table 3).
At one month after initial CS administration, sustained
high Sutherland score (≥ 6) was a risk factor for CS
dependence (OR = 2.347; 95%CI: 0.935-5.890; P =
0.014) (Table 4).
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Table 2 Logistic regression analysis of risk factors for
corticosteroid dependence before start of corticosteroid
P value1

Table 4 Logistic regression analysis of risk factors for
corticosteroid dependence at one month after start of
corticosteroid

OR (95%CI)

Univariate

Multivariate

Tenesmus

0.012

0.013

Anemia

0.041

0.338

Hypokalemic (< 3.0
mmol/L)
Diarrhea (> 6/d)
ESR (> 15 mm/h)
Weight loss
Tachycardia (≥ 90/min)
Hypoproteinemia (< 3.5
mg/dL)

0.065

0.060

P value1
0.336
(0.147-0.768)
0.576
(0.233-1.422)
0.121
(0.014-1.028)

0.135
0.193
0.260
0.280
0.373

OR (95%CI)

Univariate

Multivariate

Sutherland score (≥ 6)

0.037

0.014

Abnormal neutrophil%

0.016

0.107

Weight loss

0.021

0.336

Mucus
Diarrhea (> 6/d)
Hypokalemic (< 3.5
mmol/L)
ESR (> 15 mm/h)
Bloody stool

0.096
0.136
0.176

2.347
(0.935-5.890)
0.425
(0.168-1.075)
2.400
(0.839-6.866)

0.186
0.343

1

Data with univariate P < 0.5 are not displayed. All the variables were
statistically analyzed. In univariate analysis, tenesmus and anemia
before start of corticosteroid treatment were related with corticosteroid
dependence (P = 0.012, 0.041). All the variables with P < 0.100 were further
analyzed by logistic regression. After multivariate analysis, tenesmus at
baseline was found to be associated with corticosteroid dependence (OR =
0.336, 95%CI: 0.147-0.768; P = 0.013). ESR: Erythrocyte sediment rate.

1

Data with univariate P < 0.5 are not displayed. All the variables were
statistically analyzed. In univariate analysis, Sutherland score (≥ 6),
abnormal neutrophil% and weight loss after one month of corticosteroid
treatment were related with corticosteroid dependence (P = 0.037, 0.016,
0.021). All the variables with P < 0.100 were further analyzed by logistic
regression. After multivariate analysis, sustained high Sutherland
score (≥ 6) after one-month treatment was found to be associated with
corticosteroid dependence (OR = 2.347; 95%CI: 0.935-5.890; P = 0.014).

Table 3 Logistic regression analysis of risk factors for
corticosteroid refractoriness before start of corticosteroid
P value

1

term responses to CS in Chinese IBD patients might
be concluded from the high similarity between our
nationwide study and the regional studies by Chen
[20]
[21]
[22]
et al
and Chow et al . A study by Jeon et al
on
Korea cases showed higher non-response and surgery
rates, which may be due to the fact that the included
cases were more severe (active moderate to severe
UC patients who received intravenous CS after failure
of oral CS therapy), since severity had been shown to
[23,24]
be a predictor of poor outcome after CS therapy
.
There were obvious differences between our study
[25]
[17]
and the studies by Faubion et al
and Ho et al ,
which reported much higher non-response and surgery
rates in American cases from 1970 to 1993 and in UK
patients from 1998 to 2003. This may be due to the
lack of timely diagnosis and aggressive medication
(immunomodulators and biological agents) in the early
stages. The genetic susceptibility to CS between yellow
and white races might also play a role. A study by
[26]
Tung et al on pediatric patients showed a higher rate
of prolonged response and a lower rate of dependency,
but the surgery rate was much higher, which indicates
that the prognosis and response to CS between adults
and pediatrics may be different. Further studies are
needed to clarify this issue.
Compared with our study in which all the cases
took initial CS treatment, not all the cases in the study
[21]
by Chow et al
took systematic CS therapy for the
first time. However, the two studies shared similar CS
response rates, suggesting that initial requirement
of CS played no significant role in clinical efficacy.
[27-29]
Previous studies
have suggested that CS downregulated the expression of CS receptor (CR), but its
levels increased after finishing CS treatment. Therefore,

OR (95%CI)

Univariate

Multivariate

Weight loss

0.051

0.040

Abdominal distention

0.086

0.251

Fever
Tachycardia (≥ 90/min)
Age (< 30 yr)
ESR (> 15 mm/h)
Sutherland score (≥ 11)

0.188
0.196
0.253
0.277
0.392

5.662
(1.111-28.857)
2.436
(0.601-9.882)

1

Data with univariate P < 0.5 are not displayed. All the variables were
statistically analyzed. In univariate analysis, no variables were related with
corticosteroid refractoriness. All the variables with P < 0.100 were further
analyzed by logistic regression. After multivariate analysis, weight loss at
baseline was found to be associated with corticosteroid refractoriness (OR
= 5.662; 95%CI: 1.111-28.857; P = 0.040). ESR: Erythrocyte sediment rate.

DISCUSSION
This was a large-scale study in which a retrospective
and consecutive analysis of hospitalized UC patients
with initial CS therapy across mainland China was
performed. There have been several studies about
predictors of clinical response to CS, but few reported
the response to CS in Chinese cohorts, especially those
who were treated with CS for the first time.
Considering the influences of potential selection
bias, the findings of our study were still generally
consistent with those of other studies, especially
[20]
[21]
those by Chen et al
and Chow et al , which were
based on all and partial UC cases who received the
first course of CS therapy in Guangzhou and Hong
Kong of China (Table 5). The short-term and long-
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Table 5 Different studies for ulcerative colitis cases with initial corticosteroid treatment
Current study
Area

Mainland China

Cases, n
Date
Study type
Within 1 mo, %
Response
Non-response
Within 1 yr, %
Pronged response
CS dependence
Surgery

Chen et al

[20]

Chow et al

[21]

Faubion et al

[25]

Tung et al

[26]

Jeon et al

[22]

Ho et al

[17]

Hong Kong
(China)
95
1985-2007
Single-center

Olmsted
(USA)
63
1970-1993
Population-based

Olmsted
(USA)
14 (≤ 19 yr)
1940-2001
Population-based

Korea

UK

101
2007-2011
Multi-center

Guangzhou
(China)
81
2002-2010
Single-center

67.0
1996-2010
Single-center

86
1998-2003
Single-center

95
5

97.5
2.5

93.7
6.3

84
16

79
21

78.5
19.7

82
25

41.6
49.5
6.9

67.1
32.9
0

46.3
47.4
7.4

49
22
29

57
14
29

46.3
42.6
16.0

55
17
21

Part of the cases had previous use of corticosteroids. Different studies were conducted in different areas, dates and cohorts to evaluate corticosteroid
response in ulcerative colitis according to the similar classification of corticosteroid response. CS: Corticosteroid.

[21]

within a long interval between two consecutive CS
treatments, the density of CR could return to baseline,
which would not affect the next CS therapy. This might
explain the similarity between our study and that by
[21]
Chow et al .
No previous studies reported the negative relationship
between tenesmus and CS dependence (Table 2). As
tenesmus was a typical symptom of inflammation
and its existence reflected the predominance of distal
inflammation, it was thought to be easily controlled
by anti-inflammatory agents, especially daily enemas.
After further analysis, it was found that compared with
the cases without tenesmus, the ones with tenesmus
had a much higher ESR before CS therapy (36.9
mm/h vs 27.1 mm/h) and a slightly lower ESR at
one month (20.5 mm/h vs 22.0 mm/h). On the other
hand, before therapy, 63.6% cases with tenesmus had
a high Sutherland score of more than 10, while 50%
cases without tenesmus reached that level. After 30
d of CS therapy, among the cases with tenesmus at
baseline, only 22.9% had a Sutherland score of more
than 6, while the score was more than 6 in 51.3%
cases which had no tenesmus at baseline. In a study
[30]
by Tong et al , composite sophora colon-soluble
capsules in treating UC had a tendency to improve
tenesmus (P = 0.056), but no changes were found
in improving other symptoms. In a study by Patz et
[31]
al , 9 of 10 patients with refractory distal UC had a
clinical remission after short-chain fatty acid enemas,
as reflected by a decrease in degree of tenesmus (1.6
vs 0.3, P < 0.05) and bleeding (2.2 vs 1.2, P < 0.05)
and by global self-assessment. This also indicated that
UC cases with tenesmus was relatively easy to reach
symptom alleviation after medical therapy.
In our study, the cases with weight loss at diag
nosis tended to respond less to the subsequent CS
treatment (Table 3). Similarly, in the study by Chow
[21]
et al , the univariate P-values were less than 0.05
both in predicting CS dependency of ulcerative colitis
and CS refractoriness of Crohn’s disease, despite the
multivariate P-value of more than 0.05. Moreover,
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Chow et al
reported anemia as a predictor of CS
refractoriness, which was not verified by the study by
[20]
Chen et al
and our study. In the study of Korean
[22]
cohort by Jeon et al , anemia was predictive of CS
non-response on 14 d, but it was not applicable at 1
mo, 3 mo and 1 year (P = 0.02, 0.247, 0.057). Other
studies reported other variables, such as extensive
[32]
[33]
colitis
and the score , as predictors of poor CS
response including CS dependence, CS refractoriness
and/or surgery. Given the tremendous discrepancy in
different studies, large-scale prospective studies using
the same evaluation criteria are needed to identify the
variables in predicting CS refractoriness.
After one month of CS treatment, a higher pro
portion of CS dependent cases still suffered from a
high Sutherland score (≥ 6), suggesting Sutherland
score as another risk predictor for CS dependence
(Table 4). In previous studies, few captured makers
of disease activity such as CDAI and Sutherland score
for correlation analysis. Before the start of CS, most
cases suffered from moderate to severe disease, which
narrowed the disparity in Sutherland score. After
one month of CS therapy, we found that a sustained
high Sutherland score (≥ 6) was predictive of CS
[34]
dependence. Yoon et al
found that partial Mayo
score was a predictive factor of CS dependence in
[35]
CS-naïve UC cases, while Turner et al
reported the
PUCAI which was calculated on day 3 and day 5 of
steroid therapy could identify patients requiring salvage
therapy. In all, as a comprehensive index, Sutherland
score was a better predictor of CS dependence than
single factors.
Besides, auxiliary meditation played no statistically
influential role in CS response, which might be attributed
to the low rates of immunosuppressants and infliximab
(22.8% and 2.0%) and the irregular medication in this
study. A large prospective study should be designed to
assess the role of immunosuppressants and infliximab
in Chinese UC patients after CS treatment.
Several limitations existed in our study. First,
our study was a retrospective study, and the results
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needed to be confirmed by prospective studies.
Second, it was not a population-based study, and the
incidence of initial CS treatment in Chinese cohorts was
unknown. Third, the majority of the study cases were
diagnosed by endoscopy before CS administration,
but few underwent a second endoscopy examination
in the follow-up after the start of CS. The relationship
between mucosal healing and CS efficacy was still
unknown. Last but not least, the simple size was
relatively small.
In conclusion, among moderate to severe Chinese
UC cases with initial CS treatment, primary response
and non-response occurred in 95.0% and 5.0% within
one month. Prolonged CS response, CS dependence
and secondary non-response existed in 41.6%, 49.5%
and 4.0% of cases within one year. The cumulative
rate of surgery was 6.9% within one year. Tenesmus
negatively predicted CS dependence and weight loss
predicted CS refractoriness. After one month of CS
treatment, sustained high Sutherland score (≥ 6) was
another risk factor for predicting CS dependence.
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Abstract
AIM: To evaluate the association between liver stiffness
(LS) prior to the initiation of dual/triple therapy and viral
response.
METHODS: LS was measured in all patients before
treatment was administered. The therapeutic approach
was based on hepatic, virological, and immunological
evaluations and considered the fact that patients with
severe fibrosis (F3) or compensated cirrhosis (F4) in
Child-Pugh class A are the primary candidates for triple
therapy. In total, 65 hepatitis C virus (HCV) patients were
treated with Peg-interferon/ribavirin (Peg-IFN/RBV); 24
patients were classified as genotypes 1/4 (36.92%), and
41 patients were classified as genotypes 2/3 (63.08%)
(dual therapy). In addition, 20 HCV treatment-experienced
genotype 1 patients were treated with PegIFN-RBV and
boceprevir (triple therapy). Wilcoxon rank-sum tests were
used to compare the groups.
RESULTS: LS significantly differed between dual
therapy and triple therapy (P = 0.002). The mean LS
value before dual therapy treatment was 8.61 ± 5.79
kPa and was significantly different between patients
achieving a sustained virologic response (SVR) 24
weeks after therapy and those who did not (7.23
± 5.18 kPa vs 11.72 ± 5.99 kPa, respectively, P =
0.0003). The relative risk of non-response to therapy
was 4.45 (95%CI: 2.32-8.55). The attributable risk
of non-response to therapy was 49%. The mean LS
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value before triple therapy treatment was 13.29 ± 8.57
kPa and was significantly different between patients
achieving and not achieving SVR24 (9.41 ± 5.05 vs
19.11 ± 9.74, respectively; P = 0.008). The relative
risk of non-response to therapy was 5.57% (95%CI:
1.50-20.65). The attributable risk of non-response
to therapy (70%) was increased compared with dual
therapy patients. Pre-treatment stiffness > 12 kPa was
significantly associated with non-SVR (P < 0.025) in
both groups.

and portal-central septa. The fibrogenic process proceeds
through various stages because the composition of the
extracellular matrix changes with the advancement of
fibrosis. The impact of the fibrosis stage on a patient’s
response to anti-hepatitis C virus (HCV) treatment has
[3-5]
been explored in several studies . In fact, the decision
of whether and when to start antiviral treatment for
chronic HCV depends primarily on several variables,
[6]
including the fibrotic stage . Therefore, periodic liver
biopsies are needed to assess the progression of fibrosis
and select patients for antiviral treatment.
In HCV genotype 2 or 3 infected patients, liver biopsy
is typically not performed given the high likelihood of a
favourable therapeutic response to treatment with Peg[6]
interferon (INF) and ribavirin (RBV) (Peg-INF/RBV) . In
several countries, including Italy, triple therapy with PegINF/RBV and either boceprevir or telaprevir currently
serves as the standard care for HCV genotype 1 patients
with previous treatment failure to dual therapy with
Peg-INF/RBV. For patients who relapse on dual therapy,
triple therapy should be initiated as soon as possible
in the presence of advanced fibrosis (F3-F4, METAVIR
[7]
classification) , whereas treatment for patients with
moderate fibrosis can be considered on a case by case
[8]
basis . In naive patients with negative pre-treatment
predictors of response, including genotype 1, CT-TT
alleles of the IL28b polymorphism, and F3-F4 fibrosis
stage, triple therapy should be introduced as first-line
therapy.
In the last 10 years, various methods, such as
[9]
serum markers of liver fibrosis, ultrasound , magnetic
[10]
[11]
resonance imaging (MRI) , and transient
or MR[12]
elastography have been proposed as tests. These tests
for staging and assessing the progression/regression
of liver fibrosis are non-invasive, easily reproducible,
[13-18]
and well tolerated by patients. Several studies
have evaluated the outcome of IFN/RBV treatment
through the assessment of short- and long-term longitu
dinal assessment of liver stiffness (LS) by transient
elastography in HCV infected patients.
New treatments for HCV infection involving triple
therapy also require an accurate assessment of liver
fibrosis for a correct therapeutic approach. Therefore,
the objective of this study was to evaluate the value
of LS prior to initiation of dual/triple therapy as a
prognostic indicator of response to antiviral therapy in
HCV patients.

CONCLUSION: Pre-treatment liver stiffness may be
useful for predicting the response to treatment in patients
treated with either dual or triple anti-HCV therapy.
Key words: Antiviral therapy; Chronic hepatitis C; Fibrosis;
Liver stiffness; Sustained virological response
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Transient elastography is a non-invasive, easy,
reproducible technique that is well tolerated for staging
non-significant fibrosis or severe fibrosis/cirrhosis.
The assessment of liver fibrosis using transient elasto
graphy may be useful to reduce the need for a liver
biopsy. In this prospective study, liver stiffness values
can also be used as a predictor of response to therapy.
A liver stiffness value greater than 12 kPa is a negative
predictor of response to both dual and triple therapy.
Therefore, transient elastography could be used in
clinical practice to improve the selection of patient
treatment.
Stasi C, Piluso A, Arena U, Salomoni E, Montalto P, Monti M,
Boldrini B, Corti G, Marra F, Laffi G, Milani S, Zignego AL.
Evaluation of the prognostic value of liver stiffness in patients
with hepatitis C virus treated with triple or dual antiviral
therapy: a prospective pilot study. World J Gastroenterol 2015;
21(10): 3013-3019 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/3013.htm DOI: http://dx.doi.
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INTRODUCTION
Liver fibrosis is a pathological process caused by an
excessive accumulation of extracellular matrix that leads
to liver cirrhosis progression. In fact, fibrosis generally
progresses in untreated chronic viral liver diseases,
thereby leading to excessive collagen deposition, which
results in qualitative and quantitative changes of the
extracellular matrix. The deposition of the fibrotic matrix
is largely due to the recruitment of resident mesenchymal
cells and possibly a small aliquot of circulatory cell types
that are capable of differentiating into a myofibroblast
[1,2]
phenotype . Viral infection can cause a fibrogenic
process that is initially concentrated around portal tracts
and subsequently leads to the formation of portal-portal
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MATERIALS AND METHODS
Eighty-five patients with chronic HCV infection (35 women
with a mean age of 56.31 ± 11.13 years and 50 men
with a mean age 50.55 ± 10.12 years) referred to the
hepatology outpatient ward of the Careggi University
Hospital, Florence, Italy between January 2012 and
December 2012 for assessment of liver disease stage
and eligibility for antiviral treatment conforming to the
recommendations of the Italian Association for the Study
[8]
of the Liver were considered for potential enrolment
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in the study. The enrolment inclusion criteria of this
prospective study are as follows: presence of detectable
serum HCV-RNA; eligibility for antiviral treatment;
no antiviral or immunosuppressive therapies admini
stered 6 mo prior to enrolment; abnormal liver enzyme
levels; exclusion of Child-Pugh class B and C cirrhosis;
absence of alcohol intake ≥ 40 g/d or use of hepatotoxic
medications, hepatocellular carcinoma, acute viral
hepatitis, co-infection with hepatitis B virus or human
immunodeficiency virus, other hepatic disease (e.g.,
metabolic liver disease), pathologic conditions potentially
affecting LS (i.e., cardiac failure), and physiological states
contraindicated for this technique (e.g., pregnancy). We
exclusively analysed patients who completed the course
of therapy.
LS was measured in all patients before treatment.
The therapeutic approach was based on hepatic,
virological, and immunological evaluation and consi
dered the fact that patients with advanced fibrosis (F3)
or compensated cirrhosis (F4) in Child-Pugh class A are
[8]
the primary candidates for triple therapy . In total, 65
HCV patients were administered treatment with PegIFN/
RBV (dual therapy), and 20 HCV genotype 1 treatmentexperienced patients (relapser, partial responder or
non-responder) were administered triple therapy (PegIFN/RBV/boceprevir) (triple therapy).
Patients treated with boceprevir who experienced
an extended rapid virological response (eRVR), namely
undetectable HCV RNA levels from week 4 through
week 12, ended therapy at 28 wk. The other patients
treated with boceprevir either without eRVR or with
severe liver fibrosis in the presence of eRVR ended
therapy at 48 wk. Patients with HCV genotypes 1/4
treated with double therapy stopped therapy at 48 wk;
patients with genotypes 2/3 stopped all treatment at
[8]
24 wk .

of manufacturers. We considered as representative of
LS the median values of 10 successful measurements,
expressed in kiloPascal (kPa). We considered reliable
the procedures with 10 successful acquisitions and a
success rate greater than 60% and an interquartile
range (IQR) ≤ 30% of the median value. LS values ≥
[11,18]
12 kPa indicate advanced fibrosis
.

Statistical analysis

Continuous variables were summarised by descriptive
statistics and categorical variables were summarised
using patient counts and percentages. All results are
expressed as the mean ± SD. We used the Wilcoxon
rank-sum test to compare two samples.
Relative risk (RR) is a measurement of the rela
tionship between fibrosis and risk of non-response
to treatment. A RR of 1.0 indicates an absence of
association. When the RR is greater than 1.0, the
risk of non-response to treatment is increased when
the risk factor is present. Attributable risk (AR) is a
measurement of the degree to which the risk of nonresponse to treatment is attributed to LS > 12 kPa. RR
is calculated as follows: risk in patients with LS > 12
kPa/risk in patients with LS < 12 kPa. AR is calculated
as follows: the incidence attributable to LS > 12 kPa/
proportion of incidence attributable to LS > 12 kPa.
Logistic regression analysis was used to assess the
factors associated with sustained virological response
(SVR), which was defined as the absence of detectable
HCV RNA in blood samples 24 wk after discontinuing
the therapy. Multivariate logistic regression analysis was
used to assess which baseline variables were predictive
of SVR. In the final model, age, gender, stiffness, and
viraemia (and viral genotype as well as IL28B genotype
limited to dual therapy) were considered independent
predictors of SVR.
All statistical tests were performed at the p ≤ 0.05
level (two-sided). Statistical analysis and graphs were
performed using Stata 11, (College Station, TX, United
States) and SPSS v18 (SPSS Inc., Chicago, IL, United
States).

Hepato-virological evaluation

The detection of HCV RNA in serum samples was
determined by HCV-RNA Amplicor Monitor quantitative
assay (Roche Diagnostics, Basel, Switzerland; limit of
detection: 15 IU/ml), and HCV RNA was genotyped
using INNO-LiPA HCV Ⅱ (Immunogenetics, Gent,
Belgium) conforming to the technical instruction of
manufacturers.
The degree of liver function was evaluated through
biohumoral liver function tests and the Child-Pugh
[19]
score .
IL28B genotyping was performed on DNA extracted
from whole blood samples using a specific custom
TaqMan Single Nucleotide Polymorphism (SNP)Genotyping Assay (SNP): rs12979860; Applied
Biosystems, Foster City, CA, United States) based on
allele-specific dual-labelled probes on a Rotor Gene 6000
[20]
(Corbett Research, Sidney, Australia) .
LS was measured in all patients before treatment
®
after overnight fasting using FibroScan (Echosens,
Paris, France) conforming to the technical instruction
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RESULTS
The main features of the study population at baseline
are summarised in Table 1.
Among the 65 HCV patients treated with PegIFN/RBV dual therapy, 24 patients were infected with
genotypes 1/4 (36.92%), whereas 41 patients were
infected with genotypes 2/3 (63.08%) (dual therapy).
Among the 20 HCV genotype 1 treatment-experienced
patients treated with triple therapy, 1 patient was
infected with genotype 1a, 1 patient was infected
with genotype 1a/1b, and 18 patients were infected
with genotype 1b. Only LS significantly differed in
patients on dual vs triple therapy (p = 0.002) (Table
1). A diagnosis of liver cirrhosis (Child A) based on the
histological and/or clinical and ultrasound data was
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Table 1 Main features of the study population at baseline
Baseline feature
Age (yr)
BMI
Male sex
Albumin (g/dL)
Bilirubin (mg/dL)
Platelets (× 109/L)
ALT (U/L)
GGT (U/L)
C/T or T/T IL28B genotype
Liver stiffness (kPa)
HCV genotypes 1/4, n (%)
HCV genotypes 2/3, n (%)
HCV RNA level (IU × 1000)

Dual therapy

Triple therapy

51.82 ± 11.40
24.65 ± 3.45
40/25
4.11 ± 0.34
0.78 ± 0.41
190.29 ± 60.04
116.75 ± 88.69
72.16 ± 80.53
19.50%
8.61 ± 5.79
24 (36.92)
41 (63.08)
3459.135 ± 5541.24

56.65 ± 8.24
26.17 ± 3.55
10/10
4.08 ± 0.49
1.05 ± 0.21
168.16 ± 51.08
82.88 ± 47.86
93.38 ± 77.62
100%
13.29 ± 8.57
20 (100)

Normal range

P value

18-25

0.16
0.08

3.5-5.0
0.3-1
140-440
5-40
10-40

0.95
0.06
0.18
0.28
0.06
0.002

4924.462 ± 6799.737

0.72

BMI: Body mass index; ALT; Alanine aminotransferase; GGT; Gamma glutamyl transpeptidase; HCV: Hepatitis C virus.

80
70

SVR

% of patients

60
50
40

Table 2 Univariate analysis of negative prognostic factors of
sustained virologic response in both dual and triple therapy

SVR

NR

Male sex
Age ≥ 55 yr
HCV genotype 1 and 4
Liver stiffness > 12 kPa
C/T or T/T IL28B genotype
> 500000 IU HCV RNA titre

NR

30
20
10
0

Dual therapy

Triple therapy
(P value)

0.33
0.40
0.46
0.03
0.12
0.30

0.39
0.47
0.001
0.06

-: Omitted because of collinearity. HCV: Hepatitis C virus.

Triple therapy

1.50-20.65). The attributable risk of non-response to
therapy was 70%. This result was increased compared
with dual therapy patients, which is a consequence of
eligibility for dual or triple therapy. In fact, boceprevir
therapy is indicated for the treatment of difficult to
treat patients, including patients with more advanced
fibrosis. Univariate analysis was conducted by binary
logistic regression analysis in both groups in which the
response to treatment was the dependent variable;
the results indicated that LS was a good predictor of
response (dual therapy, p = 0.03; triple therapy, p =
0.0009) (Table 2). Multivariate regression analysis in
dual therapy, where the independent variables included
age, gender, stiffness, IL28B genotype, viraemia, and
viral genotype, did not identify a predictor of treatment
response. By contrast, in triple therapy, where the
independent variables only included age, gender,
stiffness, and viraemia (the IL28B polymorphism
was always unfavourable regardless of the CT or TT
alleles, and all patients were infected with genotype
1), LS was the only prognostic indicator of treatment
response (p = 0.049) (Table 3).

Figure 1 Rates of patients achieving a sustained virologic response 24 wk
after therapy (sustained virologic response 24). SVR: sustained virologic
response; NR: Non responders were defined by positive HCV-RNA at the end
of at least 24 wk of treatment.

made in 4 patients on dual therapy and in 8 patients
on triple therapy.
The rates of patients achieving a sustained virologic
response 24 wk after therapy (SVR 24) are show in
Figure 1.
In dual therapy patients, the mean LS value before
treatment was 8.61 ± 5.79 kPa. Mean LS values
significantly differed between patients achieving and
not achieving SVR 24 (7.23 ± 5.18 kPa vs 11.72 ± 5.99
kPa, respectively, p = 0.0003). Liver stiffness > 12 kPa
prior to the initiation of dual therapy was significantly
associated with no SVR (p < 0.025). The relative
risk of non-response to therapy was 4.45 (95%CI:
2.32-8.55). The attributable risk of non-response to
therapy was 49%.
In triple therapy patients, the mean LS value before
treatment was 13.29 ± 8.57 kPa. Pre-treatment LS
values significantly differed between patients achieving
SVR 24 and those who did not (9.41 ± 5.05 vs 19.11 ±
9.74, respectively, p = 0.008). Liver stiffness > 12 kPa
prior to the initiation of triple therapy was significantly
associated with no SVR (p < 0.025). The relative
risk of non-response to therapy was 5.57% (95%CI:

WJG|www.wjgnet.com

Dual therapy
(P value)

DISCUSSION
In this study, LS was demonstrated for the first time
to predict a patient’s response to triple therapy. In a
[18]
previous study , we observed that LS values greater
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were particularly an independent predictor of response
in those patients administered triple therapy.
Interestingly, the difference in the response rates
between patients with LS < 12 vs > 12 was observed
not only in patients treated with dual therapy but also
in those treated with triple therapy with the direct
acting antiviral (DAA) boceprevir. These results clearly
confirm the potential utility of LS assessment in the
evaluation of the response to anti-HCV treatment.
In Europe, the use of first-generation DAA boceprevir
or telaprevir-based triple therapy has generally been
restricted to patients with more advanced fibrosis stages
[29]
[30]
given their high cost. The SPRINT-2 and RESPOND-2
trials demonstrated that the addition of boceprevir to
Peg-INF/RBV results in significantly increased SVR rates
in difficult-to-treat patients. Moreover, the duration of
treatment was primarily based on fibrotic stage, with
longer treatments providing the most benefit in patients
[31,32]
with F3/4
.
In conclusion, our data suggest that LS > 12 kPa
should be considered a strong prognostic indicator
of non-response to both dual and triple therapy. This
index may potentially serve as a useful tool for accurate
selection of patient treatment. Further studies are
necessary to evaluate whether patients with LS < 12 kPa
experience different clinical outcomes compared with
patients with LS > 12.

Table 3 Multivariate analysis of negative prognostic factors
of sustained virologic response in both dual and triple therapy

Male sex
Age ≥ 55 yr
HCV genotypes 1 and 4
Liver stiffness > 12 kPa
C/T or T/T IL28B genotype
> 500000 IU HCV RNA titre

Dual therapy
(P value)

Triple therapy
(P value)

0.465
0.465
0.622
0.733
0.622
0.317

0.913
0.954
0.049
0.532

-: Omitted because of collinearity. HCV: Hepatitis C virus.

than 12 kPa were a negative prognostic indicator of
response to Peg-IFN/RBV therapy. In this different cohort
of patients, the attributable risk of non-response to PegIFN/RBV therapy was similar but reduced compared with
triple therapy. This difference was likely due to increased
LS values in this latter group of patients.
The individual decision to start anti-HCV treatment
depends largely on several factors, including liver histology,
particularly in the difficult-to-treat HCV genotypes 1 and
[6]
4 . The extent of liver fibrosis may negatively affect
the rate of response to antiviral therapy. Thus, cirrhotic
patients, who may derive the most benefit from viral
[3-5]
eradication, have the lowest SVR rates . On the other
hand, SVR may be associated with regression of liver
fibrosis in patients with significant fibrosis. In this context,
non-invasive tools for the assessment of liver fibrosis could
be useful to eliminate the need of liver biopsy. The study
[3]
by Roberts et al demonstrated poor SVR rates among
patients with advanced fibrosis compared with patients
with moderate and absent or minimal fibrosis.
Transient elastography has been suggested as a
possible machine for the diagnosis of absent/minimal
fibrosis or severe fibrosis/cirrhosis in chronic HCV infected
[21-25]
patients
. Moreover, the technique is characterised
[22,26]
by high intra- and interobserver reproducibility
.
However, recent food intake can affect the reliability
of stiffness values in the diagnosis of fibrosis stage in
[27,28]
patients with chronic HCV infection
. In addition,
[28]
Arena et al
suggest that a fasting period of 120 min
prior to obtaining liver stiffness measurements should
be observed. A decline in the diagnostic need for liver
biopsies in patients with HCV-related chronic liver disease
was recently noted because the accuracy of non-invasive
methods, especially in predicting non-significant or
advanced liver fibrosis, suggests that LS can also be used
as a predictor of response to therapy.
[18]
In fact, few data are available
regarding the
interpretation of LS values as direct predictors of the
[3-5]
treatment response. However, several studies
have
demonstrated an association between the fibrotic
stage in liver biopsies and response to treatment. In
[4]
particular, Cheng et al revealed a marked step-wise
decline in SVR rates according to fibrotic stage. This
observation is consistent with the present study that
demonstrates a significant relationship between LS
and the patient’s response to treatment. The LS values
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New treatments for hepatitis C virus (HCV) infection require an accurate
assessment of liver fibrosis for a correct therapeutic approach. The main
objective of our study was to evaluate the value of liver stiffness as a prognostic
indicator of response to antiviral therapy in HCV patients prior to initiation of
dual/triple therapy.

Research frontiers

First generation triple therapy is still a therapeutic option in many countries,
where the polymerase inhibitors, inhibitors of the replication complex and
protease inhibitors of the second generation are not yet available or still under
way. This is mainly due to the living standards of the low and middle income
countries. Interferon-free therapies are well tolerated and effective, but their
high cost forces to let each patient follow cost-effective paths.

Innovations and breakthroughs

This prospective study points out that the liver stiffness values are significantly
higher in patients who don’t respond to treatment suggesting that liver stiffness
> 12 kPa should be considered a negative prognostic indicator.

Applications

The assessment of liver stiffness is a good option to evaluate liver fibrosis by
means of a non invasive method. It can potentially be an useful tool for a more
accurate selection of treatment.

Peer-review

The study is interesting and well done. In this prospective study of liver stiffness
in 65 treatment-naive patients with HCV prior to commencing dual antiviral
therapy, high liver stiffness values predicted a poor virological response. This
group was compared with a group of patients who had been treated previously
and were retreated with triple therapy. Liver stiffness was a strong predictor of
response, especially in the latter group.
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Abstract
AIM: To investigate the adipokine levels of leptin,
adiponectin, resistin, visfatin, retinol-binding protein 4
(RBP4), apelin in alcoholic liver cirrhosis (ALC).
METHODS: Forty non-diabetic ALC patients [median
age: 59 years, males: 35 (87.5%), Child-Pugh (CP)
score: median 7 (5-12), CP A/B/C: 18/10/12, Model for
End-stage Liver Disease (MELD): median 10 (6-25),
follow-up: median 32.5 mo (10-43)] were prospectively
included. The serum adipokine levels were estimated
in duplicate by ELISA. Somatometric characteristics
were assessed with tetrapolar bioelectrical impedance
analysis. Pearson’s rank correlation coefficient was used
to assess possible associations with adipokine levels.
Univariate and multivariate Cox regression analysis was
used to determine independent predictors for overall
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survival.

adipose tissue is composed of stromal cells, including
macrophages, fibroblasts and infiltrating monocytes,
[1]
all of which contribute to adipokines’ production .
In obesity, excess fat represents a dysfunctional
inflammatory tissue with alterations in the pattern of
adipokines’ expression which contributes to obesity[2]
related disorders .
Ongoing data suggest that obesity and insulin
resistance are associated with a more rapid progression
[3]
of the fibrogenic process in chronic liver diseases ,
with different adipokines contributing to the complex
[4,5]
pathophysiology of hepatic injury and repair . A
[6]
multicentre study of 15866 patients with chronic
liver disease showed that diabetes mellitus, insulin
resistance, obesity and metabolic syndrome were
independent predictors of liver-related mortality in
chronic hepatitis C, non-alcoholic fatty liver disease
(NAFLD) and alcoholic liver disease (ALD).
Alcohol-induced liver injury is related to a variety
of molecular factors including cytokines, adipokines,
[7]
chemokines and neurotransmitters . In cirrhosis,
accumulating data demonstrate an alteration in the
[8,9]
levels of different adipokines , although most studies
did not exclude patients with baseline diabetes which
in itself is associated with altered adipokines. Leptin
has been shown to be a hepatic pro-fibrogenic agent
[10-13]
in experimental studies
. Alcoholic cirrhosis is
associated with increased levels of leptin compared
to controls without liver disease, independently of
[14-17]
body mass index (BMI)
. However, studies of
leptin in patients with NAFLD and chronic hepatitis
C have shown conflicting results, with some studies
demonstrating a strong association with severity
[18,19]
of fibrosis
, while others failed to show such a
[20-22]
correlation
. Adiponectin is an adipocyte-specific
protein, which in contrast to leptin, is reduced in
[23]
obesity . Several animal studies have assessed the
hepatoprotective and antifibrogenic effects of this
[24,25]
adipokine
. The role of adiponectin in alcoholic liver
disease as yet has not been elucidated. Buechler et
[26]
al
found that adiponectin levels were significantly
higher in heavy drinkers without advanced liver
damage and in patients with alcoholic cirrhosis, and
that adiponectin levels in alcoholics were significantly
associated with the daily amount of alcohol consumption
and declined with alcohol abstinence. In animal models,
[27]
resistin is increased in obesity , antagonizes the action
[28]
of insulin by decreasing tissue insulin sensitivity
and
modulates hepatic stellate cells behavior towards a
[29]
more fibrogenic phenotype . However, in human
studies resistin does not seem to have a role in insulin
homeostasis, but it is associated with inflammatory
[30]
[4]
responses . Tsochatzis et al showed that moderate/
severe fibrosis (Ishak stages 4-6) in patients with
viral hepatitis was significantly associated with lower
resistin levels irrespective of gender or other factors. In
[31]
another study , plasma resistin levels were increased
in patients with cirrhosis compared to controls in a
stepwise fashion in line with worsening Child-Pugh

RESULTS: Body mass index: median 25.9 (range:
20.1-39.3), fat: 23.4% (7.6-42.1), fat mass: 17.8
(5.49-45.4), free fat mass: 56.1 (39.6-74.4), total body
water (TBW): 40.6 (29.8-58.8). Leptin and visfatin levels
were positively associated with fat mass (P < 0.001/P
= 0.027, respectively) and RBP4 with TBW (P = 0.025).
Median adiponectin levels were significantly higher in
CPC compared to CPA (CPA: 7.99 ± 14.07, CPB: 7.66 ±
3.48, CPC: 25.73 ± 26.8, P = 0.04), whereas median
RBP4 and apelin levels decreased across the spectrum
of disease severity (P = 0.006/P = 0.034, respectively).
Following adjustment for fat mass, visfatin and adipo
nectin levels were significantly increased from CPA to
CPC (both P < 0.001), whereas an inverse correlation
was observed for both RBP4 and apelin (both P < 0.001).
In the multivariate Cox regression analysis, only MELD
had an independent association with overall survival (HR
= 1.53, 95%CI: 1.05-2.32; P = 0.029).
CONCLUSION: Adipokines are associated with deterio
rating liver function in a complex manner in patients
with alcoholic liver cirrhosis.
Key words: Adipokines; Adiponectin; Cirrhosis; Leptin;
Resistin
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ongoing data suggest that obesity and
insulin resistance are associated with a more rapid
progression of the fibrogenic process in chronic liver
diseases, with different adipokines contributing to
the complex pathophysiology of hepatic injury and
repair. In cirrhosis, accumulating data demonstrate
an alteration in the levels of different adipokines;
although most studies did not exclude patients with
baseline diabetes which is itself associated with altered
adipokines. Alcoholic cirrhosis has been the least
studied. The present study evaluates the serum levels
of six adipokines in non-diabetic patients with alcoholic
cirrhosis and investigates their potential association
with liver disease severity.
Kalafateli M, Triantos C, Tsochatzis E, Michalaki M, Kou
troumpakis E, Thomopoulos K, Kyriazopoulou V, Jelastopulu
E, Burroughs A, Lambropoulou-Karatza C, Nikolopoulou V.
Adipokines levels are associated with the severity of liver disease
in patients with alcoholic cirrhosis. World J Gastroenterol 2015;
21(10): 3020-3029 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/3020.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.3020

INTRODUCTION
Adipokines are polypeptide hormones produced
predominantly by adipose tissue. Apart from fat cells,
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stage. Similar findings were published by Yagmur
[32]
et al
who also showed that resistin correlated
inversely with markers of hepatic biosynthetic capacity,
and positively with portal hypertension and 6-year
mortality.
Visfatin, apelin and RBP4 are newly described adipo
kines and the data on their impact in liver fibrogenesis
is scarce. In experimental and human studies, a
link between RBP4 and insulin resistance has been
[33,34]
demonstrated
, whereas in other studies RBP4
[35]
levels were associated with hepatic steatosis . Apelin
[36]
is also up-regulated in obesity and insulin resistance .
[37]
Principe et al
found that apelin levels and apelin
receptor mRNA levels were higher in rats with cirrhosis
than in controls. Also, rats with cirrhosis treated with
apelin receptor antagonist showed diminished hepatic
fibrosis, improved cardiovascular performance and
renal function, and lost ascites.
The aim of this study was to assess the serum
levels of six adipokines [leptin, adiponectin, resistin,
visfatin, retinol binding protein 4 (RBP4), apelin] in
patients with alcoholic cirrhosis and to investigate a
potential association of adipokines with the severity of
liver disease and survival during follow-up.

of the study protocol. Follow-up of these patients was
according to the standard clinical practice. Patients
were followed-up until death or until December 2013.
Demographic, endoscopic and histological data were
gathered based on patient charts. The severity of liver
disease was assessed by the Child-Pugh class and the
Model for End-stage Liver Disease (MELD).

Anthropometry assessment

BMI was calculated as weight (in kilograms)/height
2
(in m ). According to the World Health Organization
[38]
definition , patients were stratified using the following
2
scale: (1) underweight (BMI < 18.5 kg/m ); (2) normal
2
weight (BMI = 18.5-24.9 kg/m ); (3) overweight (BMI
2
2
= 25-29.9 kg/m ); and (4) obese (BMI ≥ 30 kg/m ).
Tetrapolar bioelectrical impedance analysis (BIA) was
used to analyze body composition [assessment of fat
mass, fat%, free fat mass (FFM) and total body water
(TBW)] with a radiofrequency current of 800 mA and
a frequency of 50 kHz, between a set of electrodes
attached to the dorsum of the hand and foot (Tanita,
BC-418 MA). Calculations were performed using
[39]
previously described formulas . Body composition
analysis was performed after an overnight fast at the
same time point of blood sampling. BIA was used as
a more reliable method to assess body composition
[40]
in patients with liver cirrhosis. Recent studies
have
shown that BIA is a reliable method for calculation of
body cell mass in cirrhosis, at least in patients without
clinically significant fluid overload.

MATERIALS AND METHODS
The current prospective, observational cohort study
was performed at the University Hospital of Patras
(Patras, Greece) and planned at the Royal Free Sheila
Sherlock Liver Centre (London, United Kingdom). The
study was reviewed and approved by the Institutional
Review Board of the University Hospital of Patras. Forty
consecutive patients with alcoholic cirrhosis attending
the hepatology outpatient clinics from May 2010 until
September 2011 were evaluated and followed-up
until December 2013. The diagnosis of cirrhosis was
based upon compatible histological findings, clinical
evaluation, laboratory data or imaging findings. All
included patients had a stable clinical condition (no
active infection, alcoholic hepatitis, recent variceal
bleeding or other acute decompensating event) and
6 mo of abstinence from alcohol drinking. Informed
consent was obtained from each participant. Patients
with overt diabetes mellitus (fasting glucose ≥ 126
mg/dl) and/or use of insulin or oral antidiabetic/
insulin-sensitizing medication at study entry, or in the
past, were excluded from the protocol. No patient had
heart failure, renal failure, proteinuria, active bacterial
infections, evidence of other endocrine disorder or
received hormone replacement therapy. Patients with
other causes of chronic liver disease apart from alcohol
abuse were excluded from the study. Patients with
hepatocellular carcinoma (HCC) within Milan criteria,
no major vessel involvement and no metastasis were
included.
Blood samples for the measurement of adipokines
and other laboratory assessments (including bioche
mical parameters) were taken at enrollment, as part

WJG|www.wjgnet.com

Measurement of serum concentration of adipokines

All blood samples were measured in the morning
following an overnight fast. Plasma and serum were
immediately separated by centrifugation for 10 min
at 3000 rpm (4 ℃) and then stored at -30 ℃ until the
time of assessment. Serum leptin, adiponectin, resistin
and PBR4 concentrations were measured using a
quantitative sandwich enzyme immunoassay (ELISA),
according to the instructions of the manufacturer
(Millipore Corporation, Billerica, MA, United States).
Serum visfatin and apelin were determined using
ELISA (Phoenix Europe GmbH, Karlsruhe, Germany).

Statistical analysis

Numerical data were expressed as median and range
(minimum to maximum) and categorical data as counts
and percentages. All variables were tested for normal
distribution using the Kolmogorov-Smirnov test. Cate
2
gorical variables were tested using the χ and Fisher’s exact
test. Continuous variables with and without normal
distribution were compared using Student’s t-test or
the Mann-Whitney U test, respectively. Pearson’s rank
correlation coefficient was used to assess possible
associations between different quantitative parameters.
All parameters found to have significant associations
with adipokine levels as the dependent variable in the
univariate analysis, were included in the multivariate
linear regression analysis. A subgroup analysis of
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Table 1 Baseline clinical and laboratory characteristics of study population
All patients (n = 40)
Sex (M/F), n (%)
Age, median years (range)
Smoking, n (%)
HCC, n (%)
Hemoglobin (11.8-17 g/dL)
WBC count (4 × 109/L-11 × 109/L)
Platelet count (150 × 109/L-400 × 109/L)
INR (1-1.3)
PT (s)
Total bilirubin (0.1-1.3 mg/dL)
Albumin (3.5-5.5 g/dL)
Creatinine (0.9-1.6 mg/dL)
Urea (15-54 mg/dL)
SGOT (5-40 U/L)
SGPT (5-40 U/L)
ALP (U/L)
GGT (U/L)
Glucose (75-115 mg/dL)
Serum sodium (134-152 mmol/L)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
Child-Pugh score (range)
MELD score (range)
Ascites, n (%)
Encephalopathy, n (%)

35/5 (87.5/12.5)
59 (37-75)
15 (37.5)
5 (12.5)
12.35 (9.3-16.6)
5.888 (3.2-15.18)
113 (81-246)
1.28 (0.87-2.32)
15.25 (9.8-24.8)
1.1 (0.28-8.6)
3.65 (0.9-4.6)
0.82 (0.68-1.8)
28 (16-110)
36 (15-149)
33 (8-156)
116 (37-303)
94 (12-328)
99 (60-126)
138 (129-146)
146 (66-341)
88.5 (43-142)
7 (5-12)
10 (6-25)
14 (35)
2 (5)

CP A (n = 18)
16/2 (88.9/11.1)
59.5 (43-75)
7 (38.9)
1 (5.6)
14.3 (9.8-16.6)
6.66 (3.2-12.97)
148 (87-246)
1.09 (0.87-1.59)
11.9 (9.8-18.3)
0.72 (0.28-1.19)
4 (3.4-4.6)
0.88 (0.7-1.7)
28 (18-64)
32.3 (15-48)
32 (8-60)
104 (41-236)
82.5 (12-231)
99 (71-126)
140.8 (134.5-146)
188.5 (130-341)
106 (43-142)
NA
7 (6-16)
0
1 (5.6)

CP B (n = 10)
9/1 (90/10)
60.5 (37-71)
3 (30)
1 (10)
12.75 (10.2-15.1)
5.31 (4.1-8.97)
117.5 (70-198)
1.2 (1.07-1.92)
15.15 (12.2-17)
1.23 (0.85-3.5)
3.6 (2.6-4.3)
0.82 (0.7-1.4)
26.5 (21-47)
59 (24-149)
46 (23-156)
113.5 (75-244)
135 (61-328)
105 (94-126)
137.4 (135-141)
133 (91-173)
74.5 (47-139)
NA
11 (8-18)
4 (40)
0

CP C (n = 12)
10/2 (83.3/16.7)
59 (45-70)
5 (41.7)
3 (25)
10.1 (9.3-13.2)
5.66 (4.15-15.18)
127 (75-218)
1.58 (1.24-2.32)
18.6 (15.2-24.8)
2.4 (1.6-8.6)
2.8 (0.9-3.2)
0.8 (0.68-1.8)
29 (16-110)
58 (18-128)
32 (11-64)
123 (37-303)
108 (28-199)
92 (60-118)
135 (129-142)
146 (66-168)
76 (46-116)
NA
18 (13-25)
10 (83.3)
1 (8.3)

P value1
0.870
0.838
0.954
0.277
0.002
0.093
0.306
0.001
< 0.001
< 0.001
< 0.001
0.967
0.981
0.017
0.298
0.324
0.057
0.170
0.012
0.041
0.525
NA
< 0.001
< 0.001
0.664

1

P value: correlation of variables regarding different stages of liver disease. CP: Child-Pugh; HCC: Hepatocellular carcinoma; WBC: White blood cells; INR:
International normalized ratio; PT: Prothrombin time; SGOT: Aspartate aminotransferase; SGPT: Alanine aminotransferase; ALP: Alkaline phosphatase;
GGT: Gamma-glutamyl-transferase; MELD: Model for End-stage Liver Disease; BMI: Body mass index; NA: Not applicable.

(p = 0.012 and p = 0.045, respectively). Sex was not
significantly associated with the levels of adipokines
apart from leptin levels, which were significantly higher
in female subjects (females: 11.85 ± 16.7 ng/ml vs
males: 4.98 ± 11.3 ng/ml, p = 0.04).

possible associations between baseline characteristics
and adipokine levels in patients with ascites was
performed. Univariate Cox regression analysis was used
to determine possible predictors of overall survival.
Variables significant at the 0.1 level were included in the
multivariate analysis using Cox regression analysis. The
results are presented as hazard ratios (HR) with 95%CI.
All statistical tests were two-sided and significance level
was set at < 0.05 or less. The SPSS statistical package
(version 19.0 for Windows; SPSS Inc, Chicago, Illinois)
was used. The statistical methods of this study were
reviewed by E.J. from Medical School of University of
Patras.

Adipokines and somatometric characteristics

Normal-weight subjects had significantly lower leptin
levels compared to overweight (3.56 ± 3.13 ng/ml
vs 8.33 ± 10.9 ng/ml, p = 0.022) and obese patients
(3.56 ± 3.13 ng/ml vs 33.18 ± 16.79 ng/ml, p =
0.003), whereas a positive correlation was observed
between leptin levels and fat mass (p < 0.001).
Normal-weight subjects also had significantly lower
visfatin concentrations compared to obese (13.31 ±
27.37 ng/ml vs 22.18 ± 53.66 ng/mL, p = 0.04),
and visfatin levels were positively associated with fat
mass (p = 0.027). RBP4 had a statistically significant
association with total body water (TBW) (Table 3).

RESULTS
Baseline clinical and laboratory characteristics of study
population are shown in table 1. Five patients (12.5%)
had HCC at baseline. All patients had early HCC (stage
A) according to BCLC (Barcelona Clinic Liver Cancer)
[41]
staging system for HCC . Table 2 presents the mea
surements provided by BIA. Patients with different
stages of liver disease (assessed by Child-Pugh
classification) were matched regarding somatometric
characteristics.
Patients with (n = 14) and without ascites (n = 26)
had no significant differences regarding height (p =
0.085), BMI (p = 0.105), fat% (p = 0.218), fat mass
(p = 0.124) or FFM (p = 0.271). However, there was a
significant association of TBW and weight with ascites

WJG|www.wjgnet.com

Correlations of adipokines with the severity of cirrhosis

Leptin levels were positively correlated with prothrombin
time (p = 0.038) and inversely with albumin levels (p
= 0.014). Adiponectin was significantly correlated with
prothrombin time (p = 0.043), international normalized
ratio (INR) (p = 0.028), aspartate aminotransferase
(SGOT) (p < 0.001), alanine aminotransferase (SGPT)
(p = 0.006), alkaline phosphatase (ALP) (p = 0.04) and
total bilirubin levels (p = 0.016). A significant correlation
was observed between RBP4 levels and hemoglobin
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Table 2 Baseline somatometric characteristics of study population

2

BMI (kg/m ) (range)
BMI (kg/m2) (%)
18.5-24.9
25-29.9
> 30
Fat, % (range)
Fat mass, kg (range)
FFM, kg (range)
TBW, kg, (range)

P value1

All patients (n = 40)

CP A (n = 18)

CP B (n = 10)

CP C (n = 12)

25.89 (20.08-39.31)

26.29 (21.34-30.52)

27.39 (20.76-39.3)

25.29 (20.08-35.64)

0.449

33.3
51.5
15.2
23. 4 (7.6-42.1)
17.81 (5.49-45.4)
56.145 (39.56-74.4)
40.63 (29.83-58.82)

21.4
71.4
7.1
24.3 (18.7-32.9)
17.97 (10.73-29.02)
54.475 (46.67-67.31)
40.875 (34.36-45.36)

40
30
30
23 (16.3-38.5)
14.62 (11.41-45.4)
58.59 (48.89-74.4)
41.025 (30.52-58.82)

44.4
44.4
11.1
19.9 (7.6-42.1)
13.87 (5.5-35.74)
55.83 (39.56-66.7)
39.01 (29.83-43.45)

0.261

0.522
0.454
0.234
0.300

1

P value: correlation of variables regarding different stages of liver disease. CP: Child-Pugh stage; BMI: Body mass index; FFM: Fat-free mass; TBW: Total
body water.

Table 3 Association of adipokines with demographic, biochemical and anthropometric characteristics

Age (yr)
Hemoglobin (g/dL)
WBC count
Platelet count
INR
PT (s)
Total bilirubin (mg/dL)
Albumin (g/dL)
Creatinine (mg/dL)
Urea (mg/dL)
SGOT (U/L)
SGPT (U/L)
ALP (U/L)
GGT (U/L)
Glucose (mg/dL)
Serum sodium (mmol/L)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
Height (cm)
Weight (kg)
BMI (kg/m2)
Fat, %
Fat mass, kg
FFM, kg
TBW, kg

Leptin

Adiponectin

Resistin

Visfatin

RBP4

Apelin

r (P value)

r (P value)

r (P value)

r (P value)

r (P value)

r (P value)

-0.012 (0.94)
-0.299 (0.081)
-0.268 (0.115)
-0.298 (0.082)
0.349 (0.059)
0.387 (0.038)
-0.081 (0.648)
-0.424 (0.014)
0.271 (0.105)
0.263 (0.116)
0.031 (0.859)
0.186 (0.279)
0.072 (0.716)
0.174 (0.358)
0.064 (0.723)
-0.183 (0.299)
-0.159 (0.529)
-0.421 (0.092)
-0.76 (0.679)
0.607 (P < 0.001)
0.705 (< 0.001)
0.783 (< 0.001)
0.794 (P < 0.001)
0.136 (0.472)
0.312 (0.082)

0.206 (0.203)
-0.055 (0.75)
-0.077 (0.653)
-0.097 (0.575)
0.395 (0.028)
0.373 (0.043)
0.403 (0.016)
-0.179 (0.311)
0.055 (0.741)
0.268 (0.103)
0.589 (< 0.001)
0.443 (0.006)
0.381 (0.04)
-0.222 (0.231)
-0.184 (0.298)
-0.001 (0.997)
0.208 (0.392)
-0.365 (0.137)
-0.357 (0.041)
-0.03 (0.867)
0.163 (0.365)
0.186 (0.325)
0.112 (0.556)
-0.1 (0.6)
-0.198 (0.27)

0.127 (0.434)
-0.138 (0.422)
0.262 (0.117)
0.165 (0.337)
-0.056 (0.767)
0.055 (0.772)
0.204 (0.24)
-0.115 (0.516)
0.241 (0.145)
0.147 (0.378)
0.145 (0.392)
-0.064 (0.707)
0.069 (0.722)
0.083 (0.658)
-0.212 (0.228)
-0.154 (0.376)
-0.163 (0.505)
0.117 (0.645)
-0.083 (0.647)
-0.019 (0.917)
0.01 (0.956)
-0.074 (0.696)
-0.071 (0.708)
-0.063 (0.743)
0.083 (0.648)

-0.014 (0.933)
0.314 (0.066)
-0.027 (0.875)
-0.007 (0.966)
0.185 (0.327)
0.172 (0.373)
-0.07 (0.694)
-0.215 (0.229)
0.027 (0.872)
0.011 (0.948)
0.177 (0.302)
0.18 (0.292)
0.252 (0.196)
0.151 (0.424)
0.131 (0.466)
0.078 (0.662)
-0.22 (0.38)
-0.318 (0.213)
-0.269 (0.136)
0.152 (0.405)
0.304 (0.09)
0.391 (0.036)
0.41 (0.027)
0.001 (0.998)
-0.004 (0.981)

0.178 (0.273)
0.582 (< 0.001)
0.195 (0.247)
0.238 (0.163)
-0.493 (0.008)
-0.473 (0.005)
-0.37 (0.029)
0.32 (0.065)
0.251 (0.128)
0.149 (0.371)
-0.169 (0.319)
0.039 (0.817)
-0.259 (0.175)
0.292 (0.111)
0.115 (0.516)
0.174 (0.316)
0.036 (0.882)
0.401 (0.099)
0.206 (0.25)
0.306 (0.083)
0.202 (0.26)
0.261 (0.164)
0.333 (0.072)
0.153 (0.42)
0.389 (0.025)

-0.059 (0.716)
0.197 (0.249)
-0.021 (0.902)
-0.006 (0.973)
0.136 (0.466)
0.024 (0.899)
-0.122 (0.484)
0.132 (0.457)
-0.177 (0.288)
-0.158 (0.342)
0.186 (0.269)
0.248 (0.139)
-0.013 (0.946)
-0.028 (0.882)
-0.108 (0.543)
0.211 (0.224)
-0.131 (0.594)
0.096 (0.706)
0.02 (0.912)
0.136 (0.45)
0.149 (0.408)
0.211 (0.263)
0.22 (0.243)
0.102 (0.592)
0.1 (0.58)

RBP4: Retinol-binding protein 4; WBC: White blood cells; INR: International normalized ratio; PT: Prothrombin time; SGOT: Aspartate aminotransferase;
SGPT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl-transferase; FFM: Fat-free mass; BMI: Body mass index; TBW: Total
body water.

(p < 0.001), prothrombin time (p = 0.005), INR (p =
0.008) and total bilirubin levels (p = 0.029) (Table 3).
The serum levels of adipokines and their distribution
according to the severity of liver disease (assessed by
Child-Pugh classification) are shown in table 4. Median
adiponectin levels were significantly higher in Child-Pugh
C compared to Child-Pugh A (p = 0.04), whereas median
RBP4 and apelin levels decreased across the spectrum
of severity of liver disease (RBP4, p = 0.006; apelin, p
= 0.034) (Figure 1). Furthermore, median adiponectin
levels were positively associated with MELD score (r
= 0.539; p < 0.001) (Figure 2a), whereas an inverse
correlation was observed between RBP4 levels and MELD
score (r = -0.439; p = 0.006) (Figure 2b). Results did
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not substantially change when patients with HCC (n =
5) were excluded from the analysis (data not shown).
Patients with ascites had significantly higher adiponectin
levels (p = 0.008) and decreased RBP4 levels (p = 0.001)
compared to non-ascitic patients; leptin, resistin, visfatin
and apelin levels were not significantly different between
ascitic and non-ascitic patients (Table 5).
Following adjustment for fat mass, the median visfatin
and adiponectin levels were significantly increased from
Child-Pugh A to Child-Pugh C (both p < 0.001), whereas
an inverse correlation with Child-Pugh classification was
observed for both RBP4 and apelin levels (both p < 0.001).
Leptin and resistin levels were not associated with liver
disease severity despite adjustment for BMI.
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Table 4 Serum levels of adipokines in study population
All patients (n = 40)
Leptin, ng/mL (range)
Adiponectin, μg/mL (range)
Resistin, ng/mL (range)
Visfatin, ng/mL (range)
Apelin, ng/mL (range)
RBP4, μg/mL (range)

CP A (n = 18)

6.22 (1.04-53.87)
10.23 (2.13-77.75)
0.78 (0.43-1.07)
4.5 (0.1-109)
5.595 (1.53-9.74)
5.12 (1.88-13.04)

6.64 (1.43-30.75)
7.99 (2.13-47.67)
0.82 (0.43-1.03)
3.74 (0.1-100)
5.83 (2.23-9.27)
6.48 (2.6-13.04)

CP B (n = 10)
8.68 (3.07-53.87)
7.66 (4.9-76.85)
0.74 (0.47-1.004)
12.32 (0.1-100)
6.94 (2.43-9.74)
6.56 (3.9-12.12)

CP C (n = 12)

P value1

3.11 (1.04-42.53)
25.73 (3.48-77.75)
0.88 (0.52-1.07)
4.5 (0.1-109)
3.97 (1.53-6.74)
2.89 (1.94-9.42)

0.396
0.040
0.460
0.536
0.034
0.006

1

P value: Correlation of variables regarding different stages of liver disease. CP: Child-Pugh stage; RBP4: Retinol-binding protein 4.
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Figure 1 Box plots of adiponectin, apelin and retinol-binding protein 4 levels in relation to Child-Pugh stage in patients with alcoholic liver cirrhosis. A:
Adiponectin [Child-Pugh (CP) A: 7.99 ± 12.99, CP B: 7.66 ± 21.85, CP C: 25.73 ± 24.6, p = 0.04]; B: Apelin (CP A: 5.83 ± 2.23, CP B: 6.94 ± 2.36, CP C: 3.97 ± 1.78,
p = 0.034); C: retinol-binding protein 4 (CP A: 6.48 ± 3.2, CP B: 6.56 ± 3.37, CP C: 2.89 ± 2.07, p = 0.006).

Multivariate analysis

model including TBW, Child-Pugh stage, and HCC, only
Child-Pugh stage was significantly associated with
RBP4 levels (b = -0.328; p = 0.04).

Multivariate analyses were as follows: (1) Leptin: When
sex, fat mass, PT and albumin levels were included in
multiple linear regression analysis, leptin was significantly
associated with fat mass (b = 0.603; p < 0.001) and
albumin levels (b = -0.449; p = 0.002); (2) Adiponectin:
Only advanced Child-Pugh stage was significantly
correlated with adiponectin levels (b = 0.398; p = 0.032),
when HCC, SGPT, SGOT and ALP were included in a
multivariate model; (3) Visfatin: When fat mass and
Child-Pugh stage were included in the analysis, only fat
mass remained statistically significant (b = 0.403; p =
0.027); and (4) RBP4: In the multiple linear regression
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Correlation of adipokines with overall survival

During a median follow-up of 32.5 mo (range: 10-43
mo), 7 patients (17.5%) died. In the univariate analysis,
the factors significantly associated with overall survival
were: adiponectin (HR = 1.046, 95%CI: 1.009-1.085; p
= 0.013), INR (HR = 1.8, 95%CI: 1.5-3.2; p = 0.037),
total bilirubin (HR = 2.1, 95%CI: 1.34-3.3; p = 0.001),
Child-Pugh score (HR = 1.376, 95%CI: 1.003-1.089; p =
0.048) and MELD score (HR = 1.37, 95%CI: 1.118-1.68;
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Figure 2 Correlation of serum adiponectin and retinol-binding protein 4 levels with Model for End-stage Liver Disease score in patients with alcoholic liver
cirrhosis. A: Adiponectin (r = 0.539; p < 0.001); B: retinol-binding protein 4 (r = - 0.439; p = 0.006).

In our study, leptin levels were significantly associated
with low albumin and high prothrombin time levels.
In the multivariate analysis, low albumin levels and
high fat mass were independently associated with
leptin levels. This indirectly reflects that the decreased
hepatic metabolism and the increased release from fat
tissues are the most likely mechanisms of increased
[16]
leptin levels in cirrhosis .
Adiponectin has been shown to be elevated in cirrhosis
[44]
independently of the etiology of liver disease
and it
was recently found to be independently associated with
[45]
hepatic fat loss in advanced stages of NAFLD . We
showed a significant association with the severity of liver
disease-assessed by Child-Pugh and MELD, as well as
with individual components of Child’s classification,
independently of BMI. Adiponectin levels increased
proportionally with the Child’s classification stage,
which was the only independently associated factor
with adiponectin levels in the multivariate model. This
[26,44,46,47]
finding confirms the results of others
. A positive
association was also found with higher levels of serum
transaminases, probably reflecting a link of adiponectin
[47]
with hepatic inflammation. Tacke et al
reported that
patients with biliary cirrhosis had the highest levels of
adiponectin, suggesting that biliary secretion is involved
in adiponectin clearance. We found a significant
association of adiponectin with bilirubin levels and
ALP, suggesting that adiponectin might be related to
cholestasis. In our study, no association of adiponectin
with BMI or fat mass was found. It seems that in liver
cirrhosis, there is no increased production of adiponectin
related to fat mass, but the elevated levels are linked
to reduced hepatic metabolism. In addition, considering
[24,25]
the hepatoprotective effect of adiponectin
, it is
likely that the increased levels of this adipokine in
cirrhosis might reflect an anti-inflammatory response to
liver injury, which is dependent to the degree of disease
severity.
In our study resistin levels were not associated with
somatometric characteristics. This reflects the findings

Table 5 Serum levels of adipokines in patients with and
without ascites
Patients with ascites Patients without P value
(n = 14)
ascites (n = 26)
Leptin (range)
Adiponectin (range)
Resistin (range)
Visfatin (range)
Apelin (range)
RBP4 (range)

3.54 (1.04-42.53)
21.08 (4.06-77.75)
0.79 (0.47-1.06)
10.4 (0.1-109)
4.01 (1.53-7.5)
3.04 (1.88-8.6)

7.41 (1.43-53.87)
7.14 (2.125-72.8)
0.78 (0.43-1.07)
4.01 (0.1-100)
6.09 (2.23-9.74)
6.69 (2.6-13.04)

0.356
0.008
0.799
0.219
0.089
0.001

RBP4: Retinol-binding protein 4.

p = 0.002). In the Cox regression multivariate analysis
including MELD, Child-Pugh score and adiponectin, only
MELD was found predictive for survival (HR = 1.53,
95%CI: 1.05-2.32; p = 0.029).

DISCUSSION
In this study, we clearly show that there is a significant
correlation of adiponectin, RBP4 and apelin levels with
the severity of liver disease, independently of body
mass index in the setting of alcoholic cirrhosis. This is
the first study to evaluate together all the adipokines
which have been associated with liver fibrogenesis,
excluding patients with diabetes mellitus as a con
founder, thus exploring the impact of adipose tissue on
the pathophysiology of liver injury and repair.
[42]
Leptin resistance is a well-known feature of obesity ,
confirmed in our study by the significantly higher levels
of leptin in overweight and obese patients and the
strong association of leptin levels with fat mass. Another
major determinant of leptin levels is gender, with female
[43]
subjects having higher serum concentrations , a similar
finding in our study. The relationship of leptin with
the severity of liver disease is debated. McCullough
[14]
et al
found no relationship with the degree of liver
[43]
failure, whereas Campillo et al observed a significant
correlation in female patients with alcoholic cirrhosis.
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[48,49]

from other studies
, in which adipocytes were not
the main sites of resistin synthesis, while inflammatory
[50]
cells seem to be the major source of human resistin .
Although there is data showing that increased levels
of resistin in cirrhosis are associated with the severity
[4,31,32]
of liver disease
, this was not confirmed by our
study, but this may be due to a type 2 error.
[51]
Visfatin is increased in obesity-related disorders .
This was confirmed by this study, which showed a
significant correlation of visfatin levels with BMI and
fat mass. This is the second study to evaluate this
[52]
adipokine in cirrhosis. In the other study , plasma
levels of visfatin were assessed in 19 patients with
cirrhosis and in 19 BMI, sex and age-matched controls.
Circulating visfatin was 78% lower in cirrhotics (p <
0.001) and decreased with worsening stage of liver
disease. Hepatic visfatin secretion also decreased with
clinical stage; furthermore, hepatic visfatin mRNA
expression was lower in cirrhosis than controls (p
< 0.05). Serum visfatin levels were correlated with
fat mass and body cell mass but not with insulin
[52]
resistance . We found that visfatin levels increased
across the spectrum of severity of liver disease, after
correction for BMI, thus implying reduced hepatic
metabolism.
We showed that RBP4 levels decreased with wor
sening liver disease independently of BMI. Our results
[53]
are similar to those of Yagmur et al
who evaluated
RBP4 levels in 111 patients with chronic liver diseases
and 99 age- and sex-matched control subjects. RBP4
was significantly reduced compared with controls and
correlated with the stage of cirrhosis. Patients without
cirrhosis showed normal RBP4 levels, which correlated
with serum glucose and insulin secretion, and inversely
correlated with insulin sensitivity. However, in patients
with cirrhosis, RBP4 was not associated with glucose
metabolism but was linked to the hepatic biosynthetic
capacity or portal hypertension. We also found an
association of RBP4 with TBW, which probably reflects
the correlation of RBP4 with ascites. In addition the
association of RBP4 with INR and total bilirubin imply
that the liver is the primary source of RBP4 synthesis
and its concentration declines along with disease
progression and decrease of hepatic biosynthetic
capacity.
This is the first study to evaluate the association
of apelin levels with the severity of liver disease in
patients with alcoholic cirrhosis. We found that serum
apelin levels decreased along with worsening liver
[37]
disease. Principe et al
suggested that the hepatic
apelin system is markedly and selectively activated in
cirrhosis and the increased levels mainly derive from
enhanced hepatic production, implying that the hepatic
apelin system is an important mediator in the initiation
and maintenance of the inflammatory and fibrogenic
processes. In our study apelin levels progressively
decline as the biosynthetic capacity of liver decreases.
A limitation of our study is the relative small sample
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size. However, we prospectively studied patients
with cirrhosis attributed only to alcohol abuse and
our findings are similar to those of larger prospective
studies. A significant difference of our study compared
to others is that we excluded patients with diabetes
as there is a significant association of adipokines with
insulin resistance, which introduces a confounding
factor in the results of most previous publications.
In conclusion, we demonstrate that adiponectin,
RBP4 and apelin levels are deregulated in liver cirrhosis
in accordance to the degree of liver dysfunction. The
alterations in the pattern of these adipokines might be
implicated in the complex process of hepatic injury and
repair and this association should be studied in larger,
well-designed prospective studies. The significance of
novel drugs interfering with adipokine production and
expression (especially the adiponectin system) in liver
fibrogenesis deserves to be investigated further.

COMMENTS
COMMENTS
Background

Adipokines are polypeptide hormones produced predominantly by adipose
tissue. Ongoing data suggest that obesity and insulin resistance are associated
with a more rapid progression of the fibrogenic process in chronic liver
diseases, with different adipokines contributing to the complex pathophysiology
of hepatic injury and repair. Increased levels of leptin, adiponectin and resistin
have been reported in cirrhosis but diabetic patients have not been excluded,
although diabetes alters adipokine concentrations. It is also unclear whether the
severity of cirrhosis is associated with the adipokine concentrations. Alcoholic
cirrhosis has been the least studied.

Research frontiers

In the area of liver cirrhosis, the research hotspot is the understanding of the
molecular mechanisms that take place during the fibrogenic process as well as
the complex interactions among these mechanisms. Adipokines seem to play
an important role in this process and there is an ongoing in vivo and in vitro
research on the way they interact with each other or with other cytokines to
enhance or prevent liver fibrogenesis.

Innovations and breakthroughs

The main difference between this study and other relevant studies is the
measurement of adipokine levels only in patients with alcoholic cirrhosis and
not in cirrhotic patients of various etiologies. Considering that adipokine levels
are associated with the etiology of chronic liver disease, the inclusion only of
patients with alcoholic cirrhosis aimed to prevent bias from disease etiology as
a confounding factor. Another innovation of this study relevant to others is the
exclusion of patients with overt diabetes mellitus and/or use of insulin or oral
antidiabetic/insulin-sensitizing medication considering that diabetes by itself
alters the serum adipokine concentrations.

Applications

This study shows that adiponectin, RBP4 and apelin levels are deregulated in
liver cirrhosis in accordance to the degree of liver dysfunction and, thus, implies
that certain adipokines (especially the adiponectin system) are potentially
therapeutic targets in the prevention or delay of progress of liver fibrogenesis in
alcoholic cirrhosis.

Terminology

Adipokines are polypeptide hormones produced predominantly by adipose
tissue. In obesity, excess fat represents a dysfunctional inflammatory tissue
with alterations in the pattern of adipokines’ expression which contributes to
obesity-related disorders. Cirrhosis is the end-stage of chronic liver diseases
characterized by the replacement of normal liver tissue by scar tissue
resulting in the formation of liver nodules and alterations in liver architecture.
However, not all cirrhotic patients have the same disease severity and thus,
short-term prognosis; Different scoring systems have been developed for the
prognostication of patients with end-stage liver disease including mainly Child-
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Pugh class and Model for End-stage Liver Disease scoring system.
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This is the hard work effort done throughout the study and the interesting
methods. The authors evaluated the serum levels of six adipokines in nondiabetic patients with alcoholic cirrhosis and investigated their potential
association with liver disease severity.
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AIM: To investigate the relationship between reflux
and body mass index (BMI) in the asymptomatic obese
population using the impedance-pH technique.
METHODS: Gastroesophageal reflux is frequent in the
obese population. However, the relationship between
acid reflux and BMI in asymptomatic obese people is
2
unclear. Forty-six obese (BMI > 25 kg/m ) people were
enrolled in this prospective study. We evaluated the
demographic findings and 24-h impedance pH values
of the whole group. Gas, acid (pH < 4), weak acid (pH
= 4-7) and weak alkaline (pH ≥ 7) reflux parameters
were analyzed.
RESULTS: The mean age of patients was 49.47 ±
12.24 years, and half of them were men. The mean
2
2
BMI was 30.64 ± 3.95 kg/m (25.14-45.58 kg/m ).
2
BMI of 23 was over 30 kg/m . Seventeen patients
had a comorbidity (hypertension, diabetes mellitus,
or ischemic heart disease). Endoscopic examination
revealed esophagitis in 13 of the 28 subjects (10
Grade A, 3 Grade B). The subjects were divided into
2
two groups according to BMI (< 30 and > 30 kg/m ).
Demographic and endoscopic findings, and impedance
results were similar in these two groups. However,
there was a positive correlation between BMI and total
and supine pH < 4 episodes (P = 0.002, r = 0.414; P =
0.000, r = 0.542), pH < 4 reflux time (P = 0.015, r =
0.319; P = 0.003, r = 0.403), and DeMeester score (P
= 0.012, r = 0.333).
CONCLUSION: Acid reflux is correlated with BMI in
asymptomatic obese individuals.
Key words: Reflux; Impedance; Obesity; 24-h pHmetry; Body mass index
© The Author(s) 2015. Published by Baishideng Publishing
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of esophageal (heartburn, regurgitation) and
extraesophageal (laryngitis, night coughs, dyspnea)
symptoms before the study. Individuals who had any
reflux symptoms in the last six months were excluded.
At the onset of the study, the participants
underwent physical examinations. Medical histories,
family histories, social habits (alcohol use and smoking)
2
and BMI scores (kg/m ) were evaluated. BMI was
classified according to the World Health Organisation
2
classification: 18.5-24.9 kg/m (normal range), 25-30
2
2
kg/m (overweight), 30-40 kg/m (obese ), and > 40
2
[5]
kg/m morbid obese .
The participants were subsequently evaluated with
the 24-h esophageal impedance pH-metry through a
similar approach. Information regarding the study was
provided to the patients and their written informed
consents were taken in accordance with the Helsinki
Declaration. The local ethics committee approved the
study.
The patients were evaluated with the 24-h esophageal
impedance pH-metry without disrupting their daily
routine activities.
Ambulatory 24 h esophageal impedance pHmetry was performed with a mobile recording device
(Ohmega Impedance ambulatory pH-metry; MMS,
Enschede, Netherlands) and the catheter had an 8
impedance ring and 1 antimony pH measurement
loop (Versa Flex Z-Impedance pH-metry disposable
catheters; Alpine bio Med, Fountain Valley, CA, United
States). Impedance pH-metry catheters were passed
transnasally under topical anaesthesia and positioned
to record pH 5 and impedance at 3, 5, 7, 9, 15 and
17 cm proximal to the lower esophageal sphincter
(LES) in the esophageal body at 8:00 am. Posteroanterior chest X-rays were taken to confirm the correct
positioning of the catheter. The catheter was not
removed until the following day at 8:00 am. After a
24-h investigation, recordings were uploaded onto a
personal computer. All data were interpreted under a
related program manually by one expert (Akyüz F).
Gastroesophageal reflux was defined as a sequential
orally progressing drop in impedance to less than 50%
of baseline values starting distally (3 cm above the
LES) and propagating retrogradely to at least the next
2 more proximal impedance rings. Depending on the
corresponding pH change, impedance detected reflux
was classified as follows: (1) acid reflux: pH decrease
< 4 for a period of at least 4 s during reflux or at
least 1 unit decrease in pH for at least 4 s when pH is
already below 4 (acid re-reflux) (superimposed reflux)
were defined as acid reflux; (2) weakly acidic reflux:
At least 1 unit of pH decrease for at least 4 s, while
the maintenance of pH between 4-7 during the reflux
were defined as weakly acidic reflux; and (3) weakly
alkaline (non-acid) reflux: pH above 7 during reflux
[6]
was defined as weakly alkaline reflux .
Each reflux episode was classified as liquid, gas, or
mixed. Liquid, gas, mixed, acid, weak acid and weak
alkaline reflux, the percentage of time period of pH <

Core tip: Obesity is an increasing problem worldwide.
Few studies have reported on the association between
gastroesophageal reflux symptoms and body mass
index (BMI). We aimed to determine the effects of
BMI on gastroesophageal reflux using esophageal pHimpedance technique in asymptomatic overweight
and obese subjects. We found that BMI is positively
correlated with acid reflux. Our study demonstrated
that obesity is a risk factor for gastroesophageal reflux
even in an asymptomatic healthy individuals. These
findings are important for the obese population who are
referred for bariatric surgery. Gastroesophageal reflux
should be evaluated carefully before surgery, even in
the absence of symptoms.
Akyüz F, Uyanıkoglu A, Ermis F, Arıcı S, Akyüz Ü, Baran B,
Pinarbasi B, Gul N. Gastroesophageal reflux in asymptomatic
obese subjects: An esophageal impedance-pH study. World J
Gastroenterol 2015; 21(10): 3030-3034 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/3030.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.3030

INTRODUCTION
Obesity is an increasing problem worldwide. It is
predicted that by the year 2020, 77.6% of men will
be overweight and 40.2% obese; the corresponding
predictions for women are 71.1% overweight and
[1]
43.3% obese . Obesity is the main cause of many
diseases such as cardiac, diabetes mellitus, nonalcoholic
fatty liver disease. Gastroesophageal reflux disease
(GERD) is also a common disorder in most countries.
The etiopathogenesis of gastroesophageal reflux is
multifactorial (impaired gastric emptying and esophageal
clearance, etc.). A limited number of studies have
reported on the association between gastroesophageal
[2,3]
reflux symptoms and body mass index (BMI) . A
recently published meta-analysis showed that increased
BMI was a risk factor for gastroesophageal reflux (OR
[4]
= 1.89, 95%CI: 1.70-2.09) . However, at present,
the relationship between obesity and gastrointestinal
symptoms remains poorly understood. We aimed to
determine the effects of BMI on gastroesophageal
reflux using the esophageal pH-impedance technique in
overweight and obese subjects.

MATERIALS AND METHODS
Subject and study design

Forty-six overweight and obese subjects were
consecutively included in this study between January
2007, and December 2009. Patients who were
admitted to our hospital for a check-up or losing
weight were recruited from internal medicine outpatient clinics. All patients were evaluated in terms
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A

Table 1 Demographic features of cases
49 ± 12 (28-70)
23/23

45.00

27.7 ± 1.7 (25-29)
33.5 ± 3.3 (30.5-45.5)
37.0%
23.9%
46.0%

40.00
BMI

Age, yr (mean/range)
Sex, n (female/male)
BMI, kg/m2 (mean age, range)
< 30
> 30
Comorbidity
Smoking
Endoscopic esophagitis
Impedance results, n (%)
Normal
Pathologic acid reflux
Weakly acid reflux
Weakly alkaline reflux

35.00
14 (30.4)
16 (34.8)
15 (32.6)
1 (2.2)

30.00

BMI: Body mass index.

25.00
0.00

4 relative to the total time, the number of episodes
with pH < 4 were evaluated separately for 24 h
recording periods in the supine and standing positions.
The number and percentage of reflux episodes
extending to the proximal esophagus (the number of
reflux episodes extending 15 cm above the esophagus
sphincter), bolus clearance time, the number of
swallows and the DeMeester score were evaluated as
[7]
a 24-h record. Results of Zerbib et al were used as a
normal values. Twenty-eight patients who had weakly
or acid reflux in impedance gave consent to undergo
gastroscopy.

B

20.00

40.00 60.00 80.00 100.00 120.00
DeMeester score

50.00

45.00

BMI

40.00

35.00

30.00

Statistical analysis

25.00

Statistical analyses were carried out by SPSS 13.0.
Independent groups were compared using the nonparametric Mann-Whitney U test. Dependent groups
were evaluated with the Wilcoxon signed-rank test.
Correlation analyses were performed using Spearman’s
correlation tests. Multivariate regression analyses were
performed to define the risk factor for acid reflux.
Data are presented as mean values or as count and
percentages, as appropriate. A P-value lower than 0.05
was considered to be statistically significant.

0.00

10.00

20.00
%pH < 4 time

30.00

40.00

Figure 1 Positive correlation. A: Positive correlation between DeMeester
score and body mass index (BMI) (P = 0.012, r = 0.333); B: Positive correlation
between < pH 4% reflux time and BMI (P = 0.012, r = 0.333).

and total and supine pH < 4 episode number (P =
0.002, r = 0.414; P = 0.000, r = 0.542), < pH 4
reflux time (P = 0.015, r = 0.319; P = 0.003, r =
0.403) and DeMeester score (P = 0.012, r = 0.333)
(Figure 1). In a multivariate regression analysis, only
BMI was determined to be an independent risk factor
for acid reflux (P = 0.024). Alcohol use, smoking,
comorbidity, age and sex was not related to reflux in
the multivariate regression analyses (P > 0.05).
The patients were divided into two groups
2
2
according to BMI (< 30 kg/m and > 30 kg/m ).
However, the demographics, endoscopic findings, and
impedance results were similar in these two groups
(Table 2).

RESULTS
2

Forty-six obese (BMI > 25 kg/m ) patients were
enrolled in this prospective study. The mean age of
patients was 49.47 ± 12.24 years, and half of them
2
were men. The mean BMI was 30.64 ± 3.95 kg/m
2
(25.14-45.58 kg/m ). BMI of 23 patients was over 30
2
kg/m . Seventeen patients had comorbidities (mild
hypertension, diabetes mellitus, or ischemic heart
disease). Endoscopic examination revealed esophagitis
in 13/28 patients (10 Grade A, 3 Grade B). None of
the patients had hiatal hernia. Pathologic weakly acid
reflux was detected in half of all the patients and the
pathologic acid reflux rate was 34.8% (n = 16). Only
2
one patient whose BMI was < 30 kg/m had pH > 7
reflux (Table 1).
There was a positive correlation between BMI

WJG|www.wjgnet.com

50.00

DISCUSSION
GERD prevalence has increased during the last decade.
This is most probably related to obesity and changed
diet. To date, most studies have been interested in
symptomatic patients and have investigated the role
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Table 2 Impedance results of overweight and obese patients
Impedance results, n

2

BMI > 30 kg/m (n = 23)

Total gas reflux
Upright gas reflux
Acid reflux episodes
Weakly acid reflux episodes
Time of pH < 4
Longest episodes of acid reflux
DeMeester score
Pathologic acid reflux, n (%)
Weakly acid reflux, n (%)
Weakly alkaline reflux, n (%)
Normal impedance findings, n (%)

25.8 ± 34.7 (0-157)
20 ± 20 (0-88)
26 ± 54 (0-268)
28 ± 31 (3-143)
3.6% ± 7.4% (0%-35%)
6 ± 7.5 (0.14-25)
15.7 ± 27.9 (0.2-124)
7 (30.4)
9 (39.1)
7 (30.4)

2

BMI < 30 kg/m (n = 23)
18.5 ± 13.3 (0-52)
16.9 ± 13 (0-52)
26 ± 24 (1-77)
22 ± 20 (4-105)
3.7% ± 5.5% (0%-22%)
11.7 ± 21 (0-90)
15.3 ± 21.09 (0.2-91)
9 (39.1)
6 (26.1)
1 (4.3)
7 (30.4)

P value
0.87
0.82
0.87
0.82
0.99
0.88
0.97
0.70
0.70
0.70

± Mann-Whitney U test. BMI: Body mass index.

[11]

of obesity in GERD. In a meta-analyses, a significant
association between gastroesophageal reflux (OR =
1.89, 95%CI: 1.70-2.09) and increasing BMI was
[4]
found .
[8]
Ayazi et al retrospectively evaluated GERD
patients’ 24-h pH-metry and manometry reports. They
divided patients into four groups according to their
BMI (under weight, normal weight, over weight, and
obese) and showed that BMI was positively correlated
with acid reflux. A significant difference was found
between all groups. They also found that the rate of
defective LES was higher in obese patients. However,
the defective LES rate was similar in overweight
and obese patients (50% vs 55%). There are few
studies that are interested in an asymptomatic obese
individuals for gastroesophageal reflux. In our study,
we investigated the relationship between BMI and
esophageal reflux using the impedance technique in
asymptomatic overweight and obese people. We found
that BMI was positively correlated with acid reflux.
However, we found no difference between overweight
and obese patients. This may be related with the
limited number of patients or the presence of patients
with high DeMeester scores in both groups. In another
study, impedance was performed on proton pump
inhibitor treatment in GERD patients. The positive
symptom index and non-acid reflux rate was higher
2
in obese patients (BMI > 30 kg/m ) than the others
2
2
(BMI < 25 kg/m and BMI 25-30 kg/m ). The authors
concluded that obesity increases reflux and increase
[9]
the symptoms . In our study, non-acid reflux was
similar in the obese and overweight groups, and we
found no correlation between non-acid reflux and BMI.
We found no symptom correlation with higher BMI
because our cases were asymptomatic.
[10]
Schneider et al
performed an impedance study
in morbidly obese patients and a control group (BMI <
2
35 kg/m ). The median DeMeester score on pH-metry
was significantly different between the various stages
of obesity. However the severity of GERD was not
directly related to the stage of obesity. We also found
no correlation between the grade of esophagitis and
BMI.

WJG|www.wjgnet.com

Ricci et al
investigated esophageal reflux by
24-h pH-metry + MII in 20 non-GERD and 15 GERD
obese patients, 15 non-obese GERD and 10 healthy
controls. Reflux symptoms and hiatal hernia were
also observed in non-GERD patients. The percentage
of time for acid exposure was significantly higher in
obese non-GERD patients than controls (P = 0.007).
Acid reflux episodes were higher in obese non- GERD
(P = 0.005) and obese GERD (P = 0.034) patients
than controls. Erosive esophagitis rates were similar in
all groups. Our group was completely asymptomatic
for reflux symptoms and we did not detect any hernias.
Interestingly, in our group, the erosive esophagitis
rate was high even though the patients were
asymptomatic. However, we found no significant
predictor for erosive esophagitis in the multivariate
analyses. Smoking, alcohol consumption and cultural
diet may be effective on erosive reflux.
Some patients do not easily perceive esophageal
[12]
acid reflux . This silent reflux can be detected
[13]
[14]
incidentally . Miwa et al investigated the symptoms
of esophagitis in 275 patients with endoscopically
diagnosed reflux esophagitis by using a questionnaire
and they found that 28.5% of these patients had silent
GERD with no typical symptoms such as heartburn or
regurgitation and fewer atypical symptoms compared
with symptomatic patients. These findings showed
that some patients have silent reflux. Our results also
support these findings. This clinical situiation may be
explained by hyposensitive esophagus.
We demonstrated that obesity is a risk factor for
gastroesophageal reflux even in asymptomatic healthy
individuals. Symptoms are subjective and sensitivity of
the esophagus differs between individuals. All patients
were questioned again after the impedance evaluation
and they confirmed that they had no reflux symptoms.
[11]
As previously reported , the proximal extent (at least
15 cm above the LES) of reflux is higher in obese nonGERD patients. We also found no correlation between
BMI and proximal extent of reflux. The clinical impact
of these findings is especially important for bariatric
surgery in the obese population. Gastroesophageal
[15,16]
reflux increases after sleeve gastrectomy
.
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4

Therefore, patients should be carefully evaluated
before surgery even in the absence of symptoms.
In conclusion, obesity is a risk factor for gastro
esophageal reflux. Acid reflux is correlated with BMI in
obese individuals.

5

6
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In this study authors investigated the relationship between reflux and body
mass index in the asymptomatic obese population using the impedance-pH
technique.

Innovations and breakthroughs

There are few studies that are interested in obese individuals asymptomatic
for gastroesophageal reflux. Their group was completely asymptomatic for
reflux symptoms and the authors did not detect any hernias. Interestingly, in
the group, the erosive esophagitis rate was high even though the patients were
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before surgery even in the absence of symptoms.
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Applications

Further studies should be designed to evaluate the long term effects of silent
reflux after bariatric surgery.

Terminology
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Some patients do not easily perceive esophageal acid reflux. This is called
silent reflux in the literature.
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METHODS: Forty patients (37 male, 3 female; mean
age, 52.6 ± 12.5 years, age range: 25-82 years)
diagnosed with HCC were enrolled in this study. All
patients underwent 64-slice CT 1-2 wk before TACE.
During the procedure, hepatic angiography was
performed first. Following diagnostic embolization
with Lipiodol injected into the hepatic artery, a C-arm
CT scan was immediately conducted (C-arm Lipiodol
CT). If new HCC lesions were confirmed, gelfoam
particles were super-selectively injected into the
tumor-nourishing blood vessel. A Lipiodol CT scan was
performed 7-14 d after TACE. All images acquired from
64-slice CT, digital subtraction angiography (DSA),
C-arm Lipiodol CT and Lipiodol CT were retrospectively
reviewed by four radiologists and the number of
detected lesions in each examination was counted,
respectively. The results of Lipiodol CT were taken as
the diagnostic reference. Alpha-fetoprotein values were
examined both before and after TACE. This study only
takes into account the lesions that were not found or
were considered suspicious on 64-slice CT before TACE.
RESULTS: Preprocedural 64-slice CT detected a
total of 13 suspicious lesions in the 40 patients. DSA
detected ten definite and four suspicious lesions.
C-arm Lipiodol CT detected 71 lesions in total and
Lipiodol CT confirmed 67 lesions with a diameter
range of 3-12 mm. Four false-positive lesions, which
were detected by C-arm Lipiodol CT, were considered
to be hepatic artery-portal vein fistulas. The average
alpha-fetoprotein values before and after TACE were
significantly different (452.3 ± 192.6 ng/mL vs 223.8 ±
93.2 ng/mL; P = 0.039).

Abstract

CONCLUSION: C-arm Lipiodol CT has a higher
diagnostic sensitivity for small HCC lesions. This
technique may help physicians make intraprocedural

AIM: To investigate the value of C-arm Lipiodol
computed tomography (CT) for intra-procedural
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decisions to provide patients with earlier treatment.

CT. It was reported that iodinated-enhanced C-arm CT
improved the detection rate of small HCC lesions during
[5]
TACE .
Lipiodol plays an important role in TACE as it
selectively accumulates in liver tumors (mainly HCC).
Lipiodol CT, which involves a CT scan performed 7-14 d
[6]
after TACE, has a high detection rate for HCC lesions .
However, contrast medium in iodinated-enhanced
C-arm CT is needed and involves a long waiting time
of 7-14 d in Lipiodol CT for the diagnosis of small HCC
lesions. The purpose of this study was to investigate a
new imaging modality, C-arm Lipiodol CT (defined as
a plain C-arm CT scan performed immediately after
Lipiodol embolization) during TACE, which not only
allows an early diagnosis, but can also reduce the use
of contrast medium.

Key words: Hepatocellular Carcinoma; C-arm computed
tomography; Chemoembolization; Angiography; Digital
subtraction; Lipiodol; Therapeutic
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This article describes a new imaging modality
for detecting small hepatocellular carcinoma (HCC)
lesions during transcatheter arterial chemoembolization
(TACE). C-arm Lipiodol computed tomography (CT)
is defined as a plain C-arm CT scan performed
immediately after Lipiodol embolization during TACE,
which allows an early diagnosis and reduces the use
of contrast medium. Use of the method can reduce
the radiation dose to patients and provide a higher
diagnostic sensitivity for small HCC lesions at an early
stage during TACE. This technique may help physicians
make intraprocedural decisions to provide earlier
treatment and reduce the recurrence rate of HCC.

MATERIALS AND METHODS
Patients

Forty HCC patients (37 male, 3 female; mean age,
52.6 ± 12.5 years, age range: 25-82 years) were
enrolled in this study from June 2011 to March 2013.
All patients had hepatitis B and liver cirrhosis. Liver
function, according to the Child-Pugh score, was grade
A in 36 cases and grade B in 4 cases. The scores were
5.38 ± 0.87 and 5.35 ± 0.80 before and after TACE,
respectively. Model for end-stage liver disease scores
were 5.08 ± 3.14 and 4.97 ± 3.21 before and after
TACE, respectively. In this study, 20 patients were new
cases and the other 20 were reexamined patients.
Sixteen cases (40%) had a normal alpha-fetoprotein
(AFP) level < 7 ng/mL), 16 cases (40%) had an AFP
level of 7-400 ng/mL, and 8 cases (20%) had an
AFP level > 400 ng/mL. The 64-slice CT examination
showed patients with no lesions, some with suspicious
lesions, and some with definite lesions. The detailed
patient characteristics are listed in Table 1.

Li JJ, Zheng JS, Cui SC, Cui XW, Hu CX, Fang D, Ye LC.
C-arm Lipiodol CT in transcatheter arterial chemoembolization
for small hepatocellular carcinoma. World J Gastroenterol 2015;
21(10): 3035-3040 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/3035.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.3035

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer in the world and the third most
[1]
common cause of cancer mortality . Surgery is the
main treatment for HCC. As the majority of patients
have middle or late stage HCC at diagnosis, less than
[2]
30% of patients may undergo radical resection .
Transcatheter arterial chemoembolization (TACE)
has been widely accepted as a standard palliative
[3]
treatment for HCC . However, the five-year survival
rate after TACE is still low. The main factor affecting
[4]
survival is tumor stage . Many studies have reported
significant benefit in patients if treatment is given at
an early stage when HCC is small in size. Therefore,
early diagnosis and treatment is of great importance
as it affects the prognosis of HCC patients following
TACE.
Hepatic angiography has high diagnostic sensitivity
for HCC, especially for large and hypervascular
HCC, but is not sensitive for small-sized HCC. C-arm
computed tomography (CT) is a novel imaging modality
that can be performed on the flat-detector angiography
system inside a cath-lab. It can provide threedimensional reconstructed VRT (volume rendering
technique) images as well as thin-slice MPR (multiplanar reformation) images comparable to conventional

WJG|www.wjgnet.com

Pre-procedure

All patients underwent 64-slice CT scan (Lightspeed 64
VCT; GE Healthcare, Little Chalfont, Buckinghamshire,
United Kingdom) before TACE. First a plain scan, then
a three-phase enhanced scan was performed. The
scanning parameters were as follows: 120 kV; 250-300
mA; 0.5 s/rotation; thickness, 5.0 mm; intersection
gap, 5.0 mm; helical pitch (beam pitch), 0.984; and
matrix: 512 × 512. Ultravist (370 mg/mL, Bayer
Schering Pharma AG, Germany) was administered with
a unit dose of 1.5 mL/kg at an injection rate of 3 mL/s.

Intraprocedure

All TACE procedures were performed using an Axiom
Artis dTA angiography system (Siemens AG, Forchheim,
Germany). Digital subtraction angiography (DSA) was
conducted first. Abdominal aortography was performed
and the anatomic structure of the hepatic artery was
obtained using a pigtail catheter. Selective celiac or
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Table 1 Pre-transcatheter arterial chemoembolization results
of the enrolled patients

Table 2 Diameter of 67 lesions according to Lipiodol computed
tomography after transcatheter arterial chemoembolization

AFP

Exam history

CT results

Case number

Diameter (mm)

Normal
Normal
Normal
Normal

New patient
New patient
New patient
New patient

0
6
1
1

Normal

Reexamined
patient
Reexamined
patient
Reexamined
patient
Reexamined
patient
New patient
New patient
New patient
New patient

No lesion
Suspicious lesion
Definite lesion
Definite and suspicious
lesion
No lesion
Suspicious lesion

1

Definite lesion

0

Definite and suspicious
lesion
No lesion
Suspicious lesion
Definite lesion
Definite and suspicious
lesion
No lesion

1

Suspicious lesion

1

Definite lesion

2

Definite and suspicious
lesion

0

Normal
Normal
Normal
Abnormal
Abnormal
Abnormal
Abnormal
Abnormal
Abnormal
Abnormal
Abnormal

Reexamined
patient
Reexamined
patient
Reexamined
patient
Reexamined
patient

3
4
5
6
8
9
10
12

6

Number of lesions
2
19
19
11
6
1
3
6

Post-procedure

All patients underwent 64-slice CT 7-14 d after TACE
using the same protocol as described above for
Lipiodol CT.

6
2
5
0

Image analysis

All images acquired from 64-slice CT, DSA, C-arm
Lipiodol CT and Lipiodol CT were reviewed by four
physicians and the number of lesions was noted.
Results from Lipiodol CT were used as the diagnostic
reference in this study to evaluate the findings of C-arm
Lipiodol CT. Lesions that were detected by all four
imaging modalities were not included in the statistical
analysis.

8

Normal AFP level is 0-7 ng/mL. AFP: Alpha-fetoprotein.

AFP results

The AFP values 7 d before TACE and 7-14 d after TACE
were recorded and analyzed with the paired t test
(SPSS 19; IBM Corp., Armonk, NY, United States). A P
< 0.05 was considered statistically significant.

common hepatic angiography was then performed
via a 5 F catheter (flow rate 5-6 mL/s, total volume
20-30 mL). If clear tumor staining was revealed by
DSA, Lipiodol (Guerbet, France) and then a gelatin
sponge (350 µm, ALICON Pharm Sci and TEC Co., Ltd,
Hangzhou, China) was super-selectively injected into
the tumor-nourishing blood vessel, after which another
2-3 mL Lipiodol was injected into the hepatic artery
supplying the non-tumor-bearing liver for diagnostic
embolization. If no lesions were identified, 2-5 mL
Lipiodol was then injected into the proper hepatic
artery.

RESULTS
Images

Thirteen suspicious lesions were found in 40 patients
with 64-slice CT, of which two were verified by DSA,
one remained suspicious, and ten were negative. In
total, ten definite and four suspicious lesions were
revealed by DSA. C-arm Lipiodol CT detected 71
lesions (Figure 1). Lipiodol CT identified 67 lesions in 40
patients. The diameter of the confirmed lesions ranged
from 3 to 12 mm (Table 2). Four false-positive lesions,
which were detected by C-arm Lipiodol CT, were
considered to be hepatic artery-portal vein fistulas after
carefully reviewing DSA and Lipiodol CT images.

C-arm Lipiodol CT

A non-contrast C-arm CT (8 s rotational acquisition,
0.5°/f) was performed immediately after diagnostic
embolization with Lipiodol while the agent was still
diffusing in the liver. For patients with an extra large
liver (n = 2), two C-arm CT scans of the left and the
right liver lobe were acquired. Three-dimensional
image reconstruction was conducted automatically
on a dedicated workstation (Syngo X Workplace;
Siemens AG). Multiplanar reconstruction images in
the coronal, sagittal and transverse directions were
generated. All images were evaluated by experienced
interventionists. Dense lesions with homogenously
absorbed Lipiodol that had a clear boundary were
[7-9]
diagnosed as HCC lesions
, which we embolized
further with gelatin sponges.

WJG|www.wjgnet.com

AFP

The average AFP value in the 40 patients was 452.3
± 192.6 ng/mL 7 d before TACE, and 223.8 ± 93.2
ng/mL 7-14 d after TACE (t = 2.131; P = 0.039). The
difference was statistically significant.

DISCUSSION
Imaging plays a very important role in the diagnosis
of HCC. Indeed, in high-risk patients, a noninvasive
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A

B

C

D

E

Figure 1 Imaging findings in a 50-year-old man diagnosed with hepatocellular carcinoma. Re-examination after transcatheter arterial chemoembolization (TACE).
A: No clear lesion was found on pre-procedure 64-slice CT; B: No clear tumor staining was found following digital subtraction angiography examination; C: C-arm
Lipiodol computed tomography (CT) scan after diagnostic embolization. A new Lipiodol lesion was found in the 6th liver segment; D: Gelfoam particles were injected
into the tumor-nourishing blood vessel; E: New hepatocellular carcinoma lesion in the 6th segment was confirmed by CT examination performed 12 d after TACE.

diagnosis can only be obtained by imaging in the
presence of typical features. These features include
arterial enhancement followed by washout during
the portal venous and/or delayed phases on CT scan
or MRI. This pattern is quite specific and has been
endorsed by both Western and Asian diagnostic
guidelines. However, its sensitivity is not very high,
especially for small lesions.
TACE is a means of diagnosis and treatment, and
has become the most popular treatment method for
non-surgical HCC patients. C-arm Lipiodol CT is a new
imaging modality during the TACE procedure. This
study only takes into account the lesions that were
not found or were considered suspicious on 64-slice
CT before TACE. The results confirmed that C-arm
Lipiodol CT can diagnose HCC lesions without contrast
medium compared with iodinated-enhanced C-arm

WJG|www.wjgnet.com

CT, and identified more lesions than DSA or pre-TACE
64-slice CT, 94.4% (67/71) of which were confirmed
by Lipiodol CT.
Usually, if new lesions are revealed by Lipiodol
CT performed 7-14 d after TACE, a second TACE
procedure will be needed. This is not only timeconsuming for the physician, but also adds the risk of
delaying treatment. Some patients may even suffer
from a missed diagnosis due to negative findings
on DSA and thus no follow-up will be performed. As
some researchers have stated, Lipiodol cannot be
used as an embolization agent on its own as it does
[10]
not result in complete arterial occlusion . In this
study, we immediately injected gelatin sponge superselectively into the lesions found by C-arm Lipiodol
CT for further embolization. Moreover, the average
AFP value decreased significantly after TACE, which
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angiography to identify the number of small HCC lesions, where the results of
Lipiodol CT were taken as the diagnostic reference, the role of C-arm Lipiodol
CT in the early diagnosis of HCC during TACE was confirmed. Compared with
iodinated-enhanced C-arm CT, C-arm Lipiodol CT can be used without contrast
agent.

indicated that C-arm Lipiodol CT may be beneficial in
the early detection of HCC lesions and early treatment
with TACE. In addition, the diameter of the lesions
found in this study ranged from 3 to 12 mm, 91%
(61/67) of which were smaller than 10 mm. Reports
in the literature suggest that the diagnostic sensitivity
of CT and DSA is low for HCC lesions smaller than
[11,12]
10 mm
. One of the most likely reasons for HCC
recurrence after TACE is that micro-metastatic lesions
fail to be detected by any imaging modalities before
[13]
TACE .
It is hypothesized that if C-arm Lipiodol CT can
replace Lipiodol CT, the radiation dose to patients could
be reduced. The present study indicates that C-arm CT
results in a significantly reduced radiation dose to the
patient and achieves similar spatial resolution and low
contrast detectability to standard diagnostic multi-slice
[14]
CT .
Despite all the advantages of performing C-arm
Lipiodol CT during the TACE procedure, there are
some inevitable limitations of this study: small HCC
lesions cannot be diagnosed by liver biopsy. Although
the diagnostic sensitivity of Lipiodol CT was high, it
may still have false-positive results. In this study,
C-arm Lipiodol CT detected four more lesions than
Lipiodol CT, which were later considered to be falsepositive results. DSA images must be taken into
account when reviewing the C-arm Lipiodol CT images
to comprehensively evaluate the characteristics of
lesions.
In conclusion, C-arm Lipiodol CT has high diagnostic
sensitivity for small HCC lesions at an early stage
during TACE. This new imaging modality may help
physicians make intraprocedural decisions in order
that patients may receive early treatment and reduce
the recurrence rate of HCC. A multicenter study with
a large sample size is needed to further confirm the
application value of C-arm Lipiodol CT in TACE.

Applications

This study provides a new imaging modality that has high diagnostic sensitivity
for small HCC lesions at an early stage during TACE. This technique is a new
method for the early diagnosis and treatment of HCC in clinical practice.

Terminology

C-arm Lipiodol CT is defined as a plain C-arm CT scan performed immediately
after Lipiodol embolization.

Peer-review

This is a well-written paper, with clear goals and a very nice design. The early
diagnosis of HCC and the role of C-arm Lipiodol CT are very interesting. It
provides a new imaging modality that has a higher diagnostic sensitivity for
small HCC lesions in an early stage during TACE procedure.
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AIM: To investigate the electrolyte changes between
2-L polyethylene glycol with ascorbic acid 20 g (PEGAsc) and 4-L PEG solutions.
METHODS: From August 2012 to February 2013, a total
of 226 patients were enrolled at four tertiary hospitals.
All patients were randomly allocated to a PEG-Asc group
or a 4-L PEG. Before colonoscopy, patients completed
a questionnaire to assess bowel preparation-related
symptoms, satisfaction, and willingness. Endoscopists
assessed the bowel preparation using the Boston Bowel
Preparation Scale (BBPS). In addition, blood tests,
including serum electrolytes, serum osmolarity, and urine
osmolarity were evaluated both before and after the
procedure.
RESULTS: A total of 226 patients were analyzed.
BBPS scores were similar and the adequate bowel
preparation rate (BBPS ≥ 6) was not different between
the two groups (PEG-Asc vs 4-L PEG, 73.2% vs 76.3%,
P = 0.760). Bowel preparation-related symptoms
also were not different between the two groups. The
taste of PEG-Asc was better (41.1% vs 16.7%, P <
0.001), and the willingness to undergo repeated bowel
preparation was higher in the PEG-Asc group (73.2%
vs 59.3%, P = 0.027) than in 4-L PEG. There were
no significant changes in serum electrolytes in either
group.
CONCLUSION: In this multicenter trial, bowel pre
paration with PEG-Asc was better than 4-L PEG in terms
of patient satisfaction, with similar degrees of bowel
preparation and electrolyte changes.
Key words: Colonoscopy; Bowel preparation; Ascorbic
acid; polyethylene glycol; Electrolyte
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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The aim of this trial was to compare PEG-Asc and
4-L PEG with a primary outcome of safety, especially
with regard to electrolyte imbalance. In addition,
efficacy for bowel preparation and patient compliance
were compared between the two groups as secondary
outcomes.

Core tip: Two-liter polyethylene glycol solution with
ascorbic acid (PEG-Asc) is widely used as a bowel
preparation solution but few studies concern about
electrolytes imbalance, especially for Asian population.
In this study, we compared PEG-Asc with 4-L PEG
and revealed that there were no significant electrolyte
changes after intake of solution in the both groups. In
addition, the efficacy of bowel preparation by PEG-Asc
was equally effective as 4-L PEG and more patients felt
better tolerance in PEG-Asc group. Therefore, PEG-Asc
can be better option than 4-L PEG.

MATERIALS AND METHODS
This study was a single-blinded, prospective, randomized,
controlled multicenter trial in four tertiary hospitals
from August 2012 to February 2013. Patients admitted
to an outpatient department for elective colonoscopy
were enrolled. The indications of colonoscopy were
colon cancer screening and functional gastrointestinal
symptoms. Exclusion criteria were age younger than 20
years or older than 75 years, gastrointestinal obstruction,
severe constipation, previous bowel operation,
inflammatory bowel disease, renal failure, heart failure,
and pregnancy. The International Review Board for
Human Research approved this study (CR312034-003),
and written informed consent was obtained from all
patients.
The sample size was based on appropriate bowel
preparation of 4-L PEG although the primary endpoint
was electrolyte imbalance. There were difficulty and
limitation to calculate the sample size based on several
kinds of electrolytes. With an estimated appropriate
bowel preparation rate of 75% for 4-L PEG, the effect
size was 0.2 and dropout rate was 5%. We planned a
sample size of 120 patients for each group.
Patients were randomly assigned to PEG-Asc or
4-L PEG using a computer-generated randomization
table sealed in opaque envelopes. All patients were
instructed to avoid fiber-rich food, fruit with seeds,
and some grains for the three days leading up to the
procedure. As split-dose bowel preparation improved
[15,16]
quality of bowel preparation in several studies
,
a split-dose method was employed in both groups.
Patients assigned to PEG-Asc were instructed to ingest
1 L of solution and 500 mL of water the evening before
the procedure (up to 21:00 h). The next morning, the
last liter was taken with 500 mL of water at least two
hours before colonoscopy. Patients assigned to 4-L
PEG were instructed to take 3 L of solution the evening
before the procedure and 1 L the next morning.
A blood sample was collected from each subject
in order to measure sodium, potassium, chloride,
magnesium, calcium, phosphorus, blood urea nitrogen,
creatinine, and serum osmolarity before the bowel
preparation. The same blood sampling and testing
were repeated on the day of colonoscopy, after the
bowel preparation was complete. Urine osmolarity also
was measured before and after the bowel preparation.
We also calculated an “over-changed value,” meaning
the changed value of electrolytes exceeding the result
of (upper limitation - lower limitation of electrolyte
value)/2 (Figure 1).
Patients filled out a questionnaire regarding

Lee KJ, Park HJ, Kim HS, Baik KH, Kim YS, Park SC, Seo HI.
Electrolyte changes after bowel preparation for colonoscopy: A
randomized controlled multicenter trial. World J Gastroenterol
2015; 21(10): 3041-3048 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i10/3041.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.3041

INTRODUCTION
Colonoscopy is the current standard method for
screening and surveillance of colorectal cancer
[1]
(CRC) . Colonoscopy is associated with a reduced
incidence of CRC through the detection and removal
[2]
of colorectal adenomas or early colorectal cancer .
To achieve these aims, adequate bowel preparation is
pivotal and can reduce missed lesions and rescheduled
[3,4]
procedures . The ideal preparation should be safe
and effective in cleaning the colon without damaging
[5]
its structures or creating an electrolyte imbalance .
Patient compliance is also an important factor for
adequate bowel preparation. The large volume
required and the taste of bowel cleansing solutions are
[6]
common reasons for poor bowel preparation .
High-volume (4-L) polyethylene glycol (PEG)
solutions have been widely used and proven to be
[7]
safe and effective for bowel cleansing . PEG is an
isosmotic solution that passes through the bowel
without absorption or secretion and is safely used in
patients with renal failure, congestive heart failure, and
[8]
hepatic dysfunction . However, many patients find it
unpleasant and are unable to tolerate the large volume
[9,10]
and taste
. Sodium phosphate (NaP) solution can
be used in a smaller volume (90 mL) and is welltolerated. Bowel clearance with NaP is equally effective
[11]
to 4-L PEG solutions but has safety concerns . The
United States Federal Drug Administration publishes
a boxed warning on NaP solutions indicating risk of
electrolyte imbalance and renal failure.
Recently, a low-volume (2-L) PEG with ascorbic acid
®
20 g (PEG-Asc, Coolprep , Taejun Co., Seoul, South
Korea) has become available. Several studies have
shown that PEG-Asc is safe, effective, and has better
[12-14]
compliance and taste compared with 4-L PEG
.
However, there have been few studies comparing
electrolyte effects between PEG-Asc and 4-L PEG.
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½ Normal range

RESULTS
Patient characteristics and outcomes

A total of 226 patients (134 men and 92 women) with
a median age of 56.5 years were enrolled in this study
(Figure 2). The enrolled patients were classified into
PEG-Asc (n = 112) and 4-L PEG (n = 114) according
to bowel preparation method. Age, sex, colonoscopy
history, and number of complete bowel preparation
were similar between the two groups. Also, the polyp
detection rate and the time of procedure were not
different in the two groups. In the PEG-Asc group,
colonoscopies were more frequently performed in the
morning compared with those of the 4-L PEG group
(Table 1).

Median Value
Normal range

Figure 1 Over-changed electrolytes values.

Table 1 Characteristics of all subjects and outcomes n (%)

n
Age (yr, mean ± SD)
Sex (male)
Previous colonoscopy
Complete bowel preparation
Morning colonoscopy
Indications of colonoscopy
Colon cancer screening
Functional GI symptoms
Polyp detection rate
Polyp ≥ 1
Procedure time
Insertion time (min, mean ± SD)
Withdrawal time (min, mean ± SD)

P value

PEG-Asc

4-L PEG

112
56 ± 10
54.50%
55 (49.1)
112 (100)
68 (60.7)

114
55 ± 12
64%
58 (50.9)
111 (97.4)
54 (47.4)

65 (58)
47 (42)

71 (62.3)
43 (37.7)

58 (51.8)

53 (46.5)

0.506

5.8 ± 3.3
8.4 ± 2.4

0.938
0.420

5.8 ± 4.5
9.4 ± 5.5

0.525
0.143
0.790
0.247
0.044
0.515

Changes in electrolyte values according to bowel
preparation solution

In patients in the PEG-Asc group, sodium, chloride,
phosphorus, urea, and urine osmolarity values changed
after solution intake. In patients in the 4-L PEG group,
sodium, potassium, urea, and urine osmolarity changed
after solution intake. Among these, according to linear
mixed-model analysis, changes in potassium and
phosphorus were significant (Table 2). The level of
potassium decreased after intake of 4-L PEG (before:
4.2 ± 0.3 mmol/L, after: 4.0 ± 0.4 mmol/L), and that of
phosphorus increased after intake of PEG-Asc (before:
3.4 ± 0.4 mmol/L, after: 3.6 ± 0.5 mmol/L). However,
changes in value still fell within the normal range. The
proportion of patients with electrolyte levels within
the normal ranges were analysed and the number of
patients with a chloride level in the normal range were
significantly decreased after intake of PEG-Asc (Figure
3). In addition, the proportions of patients with overchanged values were not different in the groups (Table 3).

PEG-Asc: Low-volume (2-L) polyethylene glycol solution + ascorbic
acid 4.7 g; 4-L PEG: High-volume (4-L) polyethylene glycol solution; GI:
Gastrointestinal.

compliance, satisfaction, and willingness to repeat
the preparation solution. Feelings about the bowel
preparation solution, its taste, and bowel preparationrelated symptoms such as nausea, vomiting, distension,
abdominal pain, and dizziness were evaluated.
The endoscopists (six experienced staff members)
were blinded to the type of solution used. The Boston
Bowel Preparation Scale (BBPS) was used to measure
[17]
the quality of bowel preparation . The total score was
achieved by summing scores for the right segment,
transverse segment, and left segment.

BBPS

To compare adequacy of bowel preparation between
the two groups, we measured BBPS. Three colonic
segments were calculated and summed for a total
segment score. The scores showed no significant
difference between the two groups (PEG-Asc vs 4-L
PEG, 7.0 ± 2.1 vs 7.1 ± 2.0, P = 0.601, Table 4). The
adequate bowel preparation rate (BBPS ≥ 6) also was
not significantly different between the two groups
(PEG-Asc vs 4-L PEG, 73.2% vs 76.3%, P = 0.760).

Statistical analysis

All statistical analyses were performed with PASW
statistical software (version 13.0; SPSS Inc., Chicago,
IL, United States). Data are presented as mean and
standard deviation. T-test was used to compare continuous
2
measures, and χ test was used to compare nominal and
categorical measures. Changes in laboratory levels
before and after bowel preparation were compared
within the same group using paired t-test. To assess
differences in laboratory levels between the two groups
at baseline and after bowel preparation, we performed
a linear mixed model for repeated measurements. Two
effects were included: one within-group time effect
(before and after bowel preparation) and one betweengroup bowel preparation solution effect. A significant
difference was noted when the P-value was ≤ 0.05.

WJG|www.wjgnet.com

Patient tolerability and acceptability results

Bowel preparation solution-related adverse events,
such as nausea, vomiting, abdominal pain, abdominal
distension, thirst, and dizziness, were not different
between the two groups. During the procedure,
an aphthous ulcer was identified, but there was no
difference between the two groups (PEG-Asc vs 4-L
PEG, 1.8% vs 0.9%, p = 0.620). However, more
patients found difficulty taking 4-L PEG than PEG-Asc
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From Aug 2012 to Feb 2013
A total of 240 subjects were eligible

Dropped out : 14
Colonoscopy cancelled : 8
Study enrollment refuse : 4
Admission due to other cause : 1
Patients with IBD : 1

226 Subjects were enrolled

PEG-Asc : 112

4-L PEG : 114

(Safety of bowel preparation)
Electrolytes changes, serum and urine osmolarity
(Efficacy of bowel preparation)
BPPS values
(Satisfaction and willingness)
Questionnaire: Feeling difficult, Taste, Willingness
(Adverse events related to bowel preparation)
Aphthous ulcer on colonoscopic finding
Bowel preparation related symptoms

Figure 2 Study process of enrollment, randomization and analysis of patients assigned to polyethylene glycol with ascorbic acid or 4-L polyethylene
glycol. PEG-Asc: Low-volume (2-L) polyethylene glycol solution + ascorbic acid 4.7 g, 4-L PEG: High-volume (4-L) polyethylene glycol solution.

A

Before PEG-Asc
After PEG-Asc

B

Before 4-L PEG
After 4-L PEG
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Figure 3 Normal electrolytes levels before and after the intake of bowel cleansing solution. A: Before and after polyethylene glycol solution with ascorbic acid
(PEG-Asc); B: Before and after 4-L PEG. P < 0.05, McNemar test was used.
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Table 3 Proportion of patients with over-changed values n
(%)

Table 2 Laboratory findings before and after intake of the
bowel preparation solutions
PEG-Asc
Serum
Sodium
Before, mmol/L
After, mmol/L
Potassium
Before, mmol/L
After, mmol/L
Chloride
Before, mmol/L
After, mmol/L
Magnesium
Before, mg/dL
After, mg/dL
Phosphorus
Before, mg/dL
After, mg/dL
Calcium
Before, mg/dL
After, mg/dL
Urea
Before, mg/dL
After, mg/dL
Creatinine
Before, mg/dL
After, mg/dL
Serum osmolarity
Before, mmol/kg
After, mmol/kg
Urine
Urine osmolarity
Before, mmol/L
After, mmol/L

4-L PEG

P value1
0.161

140.0 ± 2.4
140.8 ± 2.6a

139.8 ± 1.9
141.1 ± 2.1a

4.1 ± 0.3
4.2 ± 0.4

4.2 ± 0.3
4.0 ± 0.4a

103.4 ± 3.3
105.3 ± 3.4a

103.2 ± 2.8
103.2 ± 3.1

Na change > 4.5 mmol/L
K change > 0.8 mmol/L
Ca change > 0.7 mg/dL1
Mg change > 0.7 mg/dL1
P change > 0.7 mg/dL
S osm change > 7.5 mmol/kg
Cr change > 0.7 mg/dL

0.005

0.259

2.2 ± 0.1
2.1 ± 0.2

3.4 ± 0.4
3.6 ± 0.5a

3.4 ± 0.5
3.4 ± 0.4

4-L PEG

(n = 112)

(n = 114)

7 (6.3)
5 (4.5)
4 (3.6)
2 (1.8)
21 (18.8)
61 (54.5)
0 (0)

14 (12.4)
6 (5.3)
4 (3.5)
0 (0)
16 (14.0)
51 (44.7)
0 (0)

P value
0.113
0.769
> 0.999
0.244
0.338
0.144
> 0.999

1

Fisher’s exact test. PEG-Asc: Low-volume (2-L) polyethylene glycol
solution + ascorbic acid 4.7 g; 4-L PEG: High-volume (4-L) polyethylene
glycol solution.

0.447
2.2 ± 0.2
2.1 ± 0.2

PEG-Asc

0.009

Table 4 Scores of adequacy of bowel preparation according
to the Boston Bowel Preparation Scale

0.174
8.9 ± 0.5
9.7 ± 8.1

8.9 ± 0.9
9.0 ± 0.4
0.624

14.0 ± 4.7
13.1 ± 4.6a

13.8 ± 3.4
12.6 ± 3.9a

1.0 ± 1.1
0.8 ± 0.2

0.8 ± 0.2
0.8 ± 0.2

Right segment
Transverse segment
Left segment
Total segment

0.172

291.6 ± 8.2
291.1 ± 11.5

633.2 ± 222.1
694.4 ± 216.1a

639.7 ± 212.4
693.8 ± 183.7a

P value

2.3 ± 0.7
2.4 ± 0.7
2.5 ± 0.8
7.1 ± 2.0

0.175
0.687
0.610
0.601

Table 5 Adverse events and subjective feelings n (%)

0.741

Adverse events
Nausea
Vomiting
Abdominal pain
Abdominal distension
Thirst
Dizziness
Aphtous ulcer
Subjective feelings
Feel difficult
Taste “good”
Willingness

1

P values were calculated as interactions of preparation method and time
by linear mixed model. aP < 0.05 vs baseline by paired t-test. Data given
as mean ± SD. PEG-Asc: Low-volume (2-L) polyethylene glycol solution
+ ascorbic acid 4.7g; 4-L PEG: High-volume (4-L) polyethylene glycol
solution.

(PEG-Asc vs 4-L PEG, 14.3% vs 30.7%, P = 0.003).
The taste of PEG-Asc also was rated significantly better
than that of 4-L PEG (PEG-Asc vs 4-L PEG, 41.1%
vs 16.7%, P < 0.001). More patients in the PEG-Asc
group reported that they would undergo the same
regimen at their next colonoscopy compared to those
in the 4L-PEG group (PEG-Asc vs 4-L PEG, 73.2% vs
59.3%, P = 0.027; Table 5).

PEG-Asc

4-L PEG

P value

32 (28.6)
7 (6.3)
11 (9.8)
38 (33.9)
25 (22.3)
13 (11.6)
2 (1.8)

34 (29.8)
12 (10.5)
10 (8.8)
45 (39.5)
21 (18.4)
7 (6.1)
1 (0.9)

0.836
0.247
0.786
0.387
0.467
0.148
0.620

16 (14.3)
46 (41.1)
82 (73.2)

35 (30.7)
19 (16.7)
67 (59.3)

0.003
< 0.001
0.027

PEG-Asc: Low-volume (2-L) polyethylene glycol solution + ascorbic acid
4.7 g; 4-L PEG: High-volume (4-L) polyethylene glycol solution.

[11]

hepatic dysfunction, and congestive heart failure .
However, the large volume (4-L) necessary and taste
[22]
are major limitations . Sodium phosphate (NaP) is a
hyperosmotic purgative with a small-volume requirement
that has been shown to be equally effective to 4-L PEG,
but side effects such as electrolyte imbalance and
[11]
nephrotoxicity are among its major problems .
Recently, PEG-Asc has been developed as a lowvolume (2-L) bowel preparation solution. According
to several studies comparing its efficacy and safety
with those of other solutions, PEG-Asc is as effective,
[14,18,23]
safe, and acceptable as 4-L PEG
. However, there
are few studies concerning safety issues, especially
evaluating electrolyte imbalance and renal function,

DISCUSSION
Adequate bowel preparation is needed to improve the
quality of colonoscopy. With the advent of several bowel
preparation solutions, numerous studies have performed
[7,8,18]
comparisons for safety, efficacy, and compliance
.
Poor preparation is associated with missed polyps,
[19,20]
interval cancer, and increased hospital costs
.
Also, the risk of procedure-related complications, such
as bowel perforation, is increased with inadequate
[21]
preparation . PEG is the most widely used bowel
preparation solution and is safely used even in patients
with serum electrolyte imbalance, acute kidney injury,

WJG|www.wjgnet.com

4-L PEG

2.2 ± 0.8
2.4 ± 0.8
2.4 ± 0.8
7.0 ± 2.1

PEG-Asc: Low-volume (2-L) polyethylene glycol solution + ascorbic acid
4.7 g; 4-L PEG: High-volume (4-L) polyethylene glycol solution.

0.733
293.1 ± 31.2
294.4 ± 57.8

PEG-Asc
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after intake of PEG-Asc. Therefore, we focused on
electrolyte changes and renal function before and after
bowel preparation between the two groups.
We used the commercial bowel preparation solution
®
PEG-Asc (PEG-Asc, Coolprep , Taejun Co., Seoul,
South Korea) containing 200 g of polyethylene glycol,
15 g of sodium sulfate, 5.4 g of sodium chloride, 2
g of potassium chloride, and 20 g of vitamin C. The
administration of high-dose ascorbic acid (up to 30 g)
is known to be less related with such as renal stone,
[24]
abdominal pain, and severe acidosis . Unabsorbed
vitamin C can act as an osmotic agent because of its
[25,26]
hexose structure
and a single high dose of vitamin
C can lead to decreased absorption because of time[27]
constrained intestinal absorption . The use of highdose ascorbic acid remains unsure due to its risk
of acid-base and electrolyte imbalance. Among the
possible problems related to electrolyte imbalance
caused by PEG-Asc include are acid-base imbalance
due to a high dose of ascorbic acid, hyponatremia
from dehydration, and specific electrolyte imbalances,
such as hyperphosphatemia, resulting in hypocalcemia
followed by renal impairment.
[26]
Mathus-Vliegen et al
compared the efficacy and
safety, including electrolyte balance, of 4-L PEG and a
small volume (2 L) of PEG with 20 g of ascorbic acid.
In their study, serum calcium, chloride, and osmolarity
levels were increased in the 4-L PEG group in contrast
with a decreased serum bicarbonate level in the
[28]
PEG-Asc group. Mouly et al
used different doses
of ascorbic acid with PEG to show increased serum
sodium, potassium, and bicarbonate concentration
after use of PEG with 20 g of Asc. Recently, Rex’s study
comparing a reduced dose of oral sulfate solution
followed by 2 L of sulfate-free electrolyte lavage
solution (PEG-ELS) with PEG-ELS plus ascorbic acid
showed decreased serum bicarbonate, sodium,
potassium, and phosphate levels in the PEG-ELS group
[29]
with ascorbic acid . All of the above studies, however,
noted that such electrolyte imbalance did not lead to
clinical problems.
Our study produced increased serum potassium,
chloride, calcium, and phosphate concentrations after
bowel cleansing with PEG-Asc, which different slightly
from previous studies. In addition, we evaluated the
over-changed values of electrolyte [(upper limitationlower limitation)/2] to account for highly altered levels
of electrolytes. The proportions of patients with overchanged values were high with regard to phosphorus
(18.8%), sodium (6.3%), potassium (4.5%), and
calcium (3.6%). However, there were no electrolyte
imbalances requiring urgent intervention. In particular,
our study showed that increased phosphorus level was
more commonly observed in the PEG-Asc group than
in the 4-L PEG group. In contrast with NaP solution,
PEG-Asc does not contain phosphorus components,
and the increased rate of phosphorus was less than
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10% in this group (about 50% of that seen with NaP).
Therefore, there was no remarkable consequent
change in serum calcium level with fatal complication
[30,31]
such as nephrocalcinosis
.
In spite of substantial changes in electrolytes,
there were no constant patterns of change through
a few studies including our study. We assume that
electrolyte changes after intake of PEG-Asc are
transient and minor, and recovery from these changes
could be easily achieved by homeostatic mechanisms.
Further study is needed in patients with renal
impairment whose renal homeostatic mechanisms are
compromised.
With regard to bowel-preparation efficacy and
compliance, the bowel preparation by PEG-Asc was
equally as effective as that by the 4L-PEG solution,
[12-14,26]
results compatible with previous studies
.
[26]
Mathus-Vliegen et al
compared the efficacy of PEGAsc and 4-L PEG and reported that endoscopists
preferred 4-L PEG for its significantly better bowel
cleansing in the right and transverse colon compared
with PEG-Asc. In the PEG-Asc group, the patients
ingested an additional 2 L of water. In our study,
the bowel preparation by PEG-Asc was equally as
effective as 4-L PEG in all segments of bowel despite
the ingestion of only an additional 1 L of water in
the PEG-Asc group. In addition, patients with PEGAsc experienced less difficulty and better taste with
the ingested solution than did those in the 4-L PEG
group. As PEG-Asc is a low-volume (2-L) solution that
tastes like lemon, more patients in the PEG-Asc group
preferred to repeat the same regimen at their next
examination compared to those in the 4-L PEG group.
Other adverse events, such as nausea, vomiting, and
abdominal pain, were not different between the two
groups. In addition, there were no clinically significant
changes in electrolytes or renal function observed in
this study.
The strength of this study is that it is the first
examination of electrolyte changes caused by PEG-Asc
in an Asian population with a reasonable sample size.
The major limitation of this study is the inability to
measure the level of plasma vitamin C concentration
as ascorbic acid may disturb acid-base balance. The
exclusion of patients with renal failure, congestive
heart failure, and hepatic dysfunction is a potential
limitation. Patients with renal or heart failure may
be influenced by electrolyte changes and there were
safety concerns. As this study was to compare the
safety on electrolyte balance, we excluded those
patients with high risk. A large-scale and well-designed
study is needed to ensure that PEG-Asc is safe in
patients with these medical conditions.
In conclusion, in this multicenter trial, bowel pre
paration with PEG-Asc was a better option than 4-L
PEG in terms of patient satisfaction and demonstrated
similar degrees of bowel preparation and electrolyte
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changes.
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electrolyte changes after intake of PEG-Asc.
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To investigate the electrolyte changes after intake of PEG-Asc or 4-L PEG.
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There were no electrolytes changes requiring intervention after intake of PEGAsc or 4-L PEG. In addition, the bowel preparation of PEG-Asc was effective as
4-L PEG and more patients felt better tolerance in PEG-Asc group.
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Applications

This present study suggests that PEG-Asc is safe in terms of electrolytes
changes in Asian population. Also, PEG-Asc is more tolerable and as effective
as 4-L PEG, providing a better option in patients’ compliance for colonoscopic
bowel preparation.
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Abstract
AIM: To evaluate the prognostic value of pretreatment
FDG positron emission tomography computed
tomography (PET-CT) in patients with hepatocarcinoma
treated by liver transplantation (LT).
METHODS: The authors retrospectively analyzed
the data of 27 patients (mean age 58 ± 9 years) who
underwent FDG PET-CT before LT for hepatocarcinoma.
Mean follow-up was 26 ± 18 mo. The FDG PET/CT was
performed according to a standard clinical protocol:
4 MBqFDG/kg body weight, uptake 60 min, low-dose
non-enhanced CT. The authors measured the SUVmax
and SUVmean of the tumor and the normal liver. The
tumor/liver activity ratios (RSUVmax and RSUVmean)
were tested as prognostic factors and compared to
the following conventional prognostic factors: MILAN,
CLIP, OKUDA, TNM stage, alphafoetoprotein level,
portal thrombosis, size of the largest nodule, tumor
differentiation, microvascular invasion, underlying
cirrhosis and liver function.
RESULTS: Overall and recurrence free survivals were
80.7% and 67.4% at 3 years, and 70.6% and 67.4%
at 5 years, respectively. According to a multivariate
Cox model, only FDG PET/CT RSUVmax predicted
recurrence free survival. Even though the MILAN
criteria alone were not predictive, it is worth noting that
none of the patients outside the MILAN criteria and
with RSUVmax < 1.15 relapsed.
CONCLUSION: FDG PET/CT with an RSUVmax cutoff value of 1.15 is a strong prognostic factor for
recurrence and death in patients with HCC treated
by LT in this retrospective series. Further prospective
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studies should test whether this metabolic index
should be systematically included in the preoperative
assessment.

However, it is clear that size and number of tumor
nodules are not sufficient to precisely predict the risk of
post LT HCC recurrence, and that the aggressiveness
or differentiation of HCC should be taken into
[6]
consideration. Microvascular invasion, AFP levels , and
18
18
recently captation of F-fluorodeoxyglucose ( FDG) at
[7,8]
positron emission tomography (PET)
have all been
proposed to evaluate the biological staging of HCC.
18
At the University of Liege LT program, FDG- PET/
computed tomography (CT) has been introduced
in the pretransplant evaluation of LT candidates
suffering from HCC. The objective of this study was to
18
retrospectively analyze the value of FDG- PET/CT in
predicting post-LT recurrence of HCC by comparison
with other prognostic factors.

Key words: Cancer; Hepatoma; Hepatocellular cancer;
Liver transplantation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients suffering from hepatocarcinoma are
selected for liver transplantation (LT) according to the
Milan criteria that were established two decades ago.
The aggressiveness of the tumor has also a particular
importance, but there is still no ideal way of predicting
the risk of recurrence according to pretransplant tumor
metabolism. This study confirms that FDG positron
emission tomography computed tomography with a
tumor/liver activity ratios (RSUVmax) cut-off value of
1.15 is a strong prognostic factor for recurrence and
death in patients with hepatocellular cancer (HCC)
treated by LT. In addition, in this series, none of the
patients outside the MILAN criteria with RSUVmax
< 1.15 suffered from recurrence in the follow-up.
Further prospective studies should test whether this
metabolic index should be systematically included in
the pretransplant assessment of HCC patients.

MATERIALS AND METHODS
This study is a retrospective evaluation of the 52
patients suffering from HCC and transplanted at
the University of Liege hospital transplantation
center between January 2006 and December 2011.
18
Amongst these patients, 41 underwent FDG- PET/
CT evaluation before transplantation. Five patients
were excluded as they had a past history of unrelated
neoplasia, five others as they had undergone neo
adjuvant therapy (mainly chemoembolization) prior
18
to FDG- PET/ CT, 3 patients were lost to follow-up,
and in one patient pathology of the explanted liver
showed total tumoral necrosis. Twenty-seven patients
were therefoe available for complete retrospective
evaluation and their basic characteristics are presented
in Table 1. Amongst the 27 patients, 13 suffered from
HCC within the Milan criteria according to radiology
and were granted standard exception (SE) status
within the patient-oriented Eurotransplant liver graft
allocation, and 14 were classified outside Milan criteria
and received their liver graft in a centre-oriented
[9]
rescue allocation . Nine patients underwent neoadjuvant chemoembolization between PET/CT and LT.
After transplant, basic immunosuppression consisted of
regular triple therapy using tacrolimus, mycophenolate
mofetil, and steroids that were progressively
withdrawn after 4 wk.
Collected clinical data included age, gender, viral
status, Child-Turcotte-Pugh classification, tumor stage,
tumor number, preoperative alphafoetoprotein (AFP)
[10]
levels, the Okuda score , the Cancer of the Liver
[11]
Italian Program (CLIP) score , histological grade,
vascular invasion, recurrence and date of recurrence,
and survival. Data are presented as mean ± SD and
ranges. Median post transplantation follow-up was 732
18
d (range: 37-2016 d). Mean interval between FDGPET/ CT evaluation and LT was 77 d (range: 7-363 d).
18
FDG- PET/ low-dose CT were performed in a
standard manner using Gemini TF 16 and Gemini Big
Bore scanners (Philips, Amsterdam, The Netherlands).
Patients were fasted at least 6 h before injection of
18
4 MBq/kg of FDG. Patients’ glycaemia was checked

Detry O, Govaerts L, Deroover A, Vandermeulen M, Meurisse
N, Malenga S, Bletard N, Mbendi C, Lamproye A, Honoré P,
Meunier P, Delwaide J, Hustinx R. Prognostic value of 18F-FDG
PET/CT in liver transplantation for hepatocarcinoma. World J
Gastroenterol 2015; 21(10): 3049-3054 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/3049.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.3049

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer, and the third cause of cancer
related-death worldwide. HCC incidence is particularly
elevated in regions where hepatitis-B virus infection
[1]
[2]
is endemic , but is also rising in Western countries .
Liver transplantation (LT) has been established as the
standard of care in selected candidates with underlying
cirrhosis. However, the scarcity of organ donors has
forced the development of strict criteria to limit LT to
patients who are likely to have excellent outcomes.
The universally accepted LT criteria for HCC are the
Milan criteria (1 nodule ≤ 5 cm or 3 nodules ≤ 3 cm)
[3]
that lead to a very low rate of post-LT recurrence ,
but many patients suffers from HCC outside the Milan
criteria at the time of diagnosis. It is considered that
some of these patients may benefit from LT with an
acceptable risk of recurrence. This fact leads to the
extension of LT criteria for HCC, as in the University
[4]
of California San Francisco (UCSF) criteria or up-to[5]
seven criteria .
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Patient survival

Table 1 Patients characteristics (n = 27)
Ranges

58 ± 10
24/3

29-72

Age (yr)
Gender
(Male/Female)
Underlying liver
disease
Alcohol
Viral
Other cirrhosis
Non-cirrhotic liver
AFP at transplant
(ng/mL)
Milan at listing
Neoadjuvant
treatment
CHILD
OKUDA
CLIP
Pathology
Number of nodules
Size of largest lesion
(cm)
Differentiation
Microvascular
invasion
pTNM (7th)
pTNM (Yao)

100

mean ± SD or n

8
15
2
2
199 ± 476

In/out
Yes/no

13/14
9/18

A/B/C
Ⅰ/Ⅱ/Ⅲ
0/1/2/3/4

9/10/8
7/15/5
1/7/9/6/4

1/2/3/> 3

5/6/3/13
3.8 ± 2.2

Low/intermediate/
high grade
N/Y

1/13/13

T1/T2/T3a/T3b/
T4
T1/T2/T3a/T3b/
T4a/T4b

4/16/5/1/1

Percent survival

Characteristics

0.9-1957

Global
Recurrence-free

0
0

12

24

36

20

15

9

20

13

7

t /mo
No. at risk
Overall survival
27
Recurrence-free survival
27
1.5-1.5

Figure 1 Global and recurrence-free survivals (P = 0.52).

recurrence-free survival were assessed in a univariate
analysis. All variables with a P value less than 0.05
were then included in a multivariate analysis applying
the Cox multiple backward stepwise model to identify
parameters being independently predictive. A value of
P < 0.05 was considered significant.

17/10

0/8/5/1/12/1

RESULTS

18

and lower than 140 mg/dL before FDG injection, and
they received 500 mL NaCl 0.9% intravenously after
18
FDG injection and before image acquisition. Static
18
emission scanning was performed 60 min after FDG
18
injection. The FDG- PET/CT images were first visually
analyzed, then were semi-quantitatively evaluated to
18
assess whether the FDG uptake in the tumor was
significantly higher than the surrounding hepatic tissue.
Regions of interest (ROI) were drawn over the normal
liver and the tumor, and the standardized uptake
values (SUV) in each ROI was measured. The ROI was
drawn to encircle the highest activity of each tumor,
with guidance from the CT scans that were acquired
from PET/CT. The maximum SUV (SUVmax), the mean
SUV (SUVmean), the ratio of tumor SUVmax to normal
liver SUVmax (TSUVmax/LSUVmax), and the ratio of
tumor SUVmax to normal liver SUVmean (TSUVmax/
[12]
LSUVmean) were calculated as described .

Patients’ characteristics

The characteristics of the 27 patients are presented
in Table 1. The majority of patients were male, older
than 50 years-of-age, and suffering from viral or
post-alcoholic cirrhosis. Amongst patients with viral
cirrhosis, 8 had past hepatitis B virus infection, 7
hepatitis C virus related liver disease and one had
both.

Global and recurrence free survivals

During the follow-up period, 5 patients developed
HCC recurrence and 6 patients died. Within the
whole series, one-, three- and five-year global
patient survivals were 85.2%, 80.7% and 70.6%,
respectively. One-, three- and five-year recurrencefree survivals were 77.4%, 67.4% and 67.4%,
respectively (Figure 1). When comparing recurrence18
free survivals according to FDG intake, there was
18
a significant difference between FDG avid HCC
compared to non-avid tumors P < 0.001) (Figure 2).
The ROC curve analysis showed that 1.15 was the
optimal cut-off value for predicting tumor recurrence,
using the tumor to liver SUVmax activity ratios (Figure
3). When considering combination of the Milan criteria
18
and FDG, there was a significantly worse survival rate
18
for patients transplanted for FDG avid HCC outside
the Milan criteria (Figure 4) compared to the other
groups of patients (P < 0.001), with 0% recurrence-

Statistical analysis

Data were analysed using the Prism 6.0c software
for Macintosh OSX (GraphPad Software, San Diego,
CA). Mean values ± SD and ranges are presented.
A receiver operating curve (ROC) analysis was
performed in order to define the optimal cut-off for the
metabolic variables to predict the outcome. Survival
rates were calculated with the Kaplan-Meier method
and compared with the log-rank (Mantel-Cox) test.
Parameters being predictive for global survival and
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Recurrence-free survival

Recurrence-free survival
100

Percent survival
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Figure 2 Recurrence-free survival curves according to 18F-fluorodeoxy
glucose-positron emission tomography intake with a cut-off at 1.15 (P =
0.0004).
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Figure 4 Recurrence-free survival curves according to Milan criteria
combined with 18F-fluorodeoxyglucose-positron emission tomography
intake with a cut-off at 1.15 (P = 0.0008).
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free survival at 2 years. Interestingly, there was no
difference of recurrence-free survival between patients
with HCC within the Milan criteria and the patients
18
outside Milan criteria but who had FDG negative HCC
(P = 0.782) (Figure 5).

13
Milan out/PET9

Figure 5 Recurrence-free survival curves comparing Milan in (PET- and
PET+) and Milan out with 18F-fluorodeoxyglucose-PET intake lower than
1.15 (P = 0.78).

Comparison between 18FDG PET/CT and other
prognostic factors

According to univariate analysis, TSUVmax/LSUVmax,
TSUVmean/ LSUVmean were prognostic factors for
survival without HCC recurrence, and TSUVmax/
LSUVmax, TSUVmean/ LSUVmean, the size of the
largest nodule, and the CLIP classification were
prognostic factors for global survival in this series (Table
2). According to multivariate analysis, only TSUVmax/
LSUVmax was a prognostic factor for survival without
HCC recurrence (HR = 14.38; P = 0.0176).
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DISCUSSION
18

This retrospective study confirms that FDG- PET
with a TSUVmax/LSUVmax cut-off of 1.15 could be
used as a selection criteria in the setting of LT for
18
HCC. Particularly, HCC with a FDG RSUVmax < 1.15
uptake seem to have a low risk of recurrence after
18
LT. It is therefore possible that FDG-PET could be
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included in the liver graft allocation scheme in France.
Differentiation is difficult to use clinically, as not all
HCC are biopsied before LT, and that differentiation
of HCC may vary between tumoral nodules, or even
18
within the same nodule. In this setting, FDG-PET
could be a useful non-invasive pretransplant tool that
could evaluate the metabolism and the aggressiveness
of the primary HCC tumor, and could also detect the
[7,14,15]
extrahepatic spread of cancer
.
This study confirms the experience of other groups
18
evaluating the role of FDG-PET in the pretransplant
evaluation of HCC patients. This series confirms that
TSUVmax/LSUVmax cut-off of 1.15 is probably the
best level that should be used to characterize HCC for
LT. In addition, this series shows that patients with
18
Milan out HCC with a FDG RSUVmax < 1.15 uptake
[16]
could benefit from LT . In our series, recurrence-free
18
survival of Milan out/ FDG PET negative patients was
not decreased compared to patients with Milan in HCC.
If confirmed, this finding could be used as a means to
enlarge LT indications for HCC, allowing LT for some
Milan out patients. This series also shows that Milan
18
out and FDG/PET positive HCC have a very poor
prognosis after LT, as all patients suffering from these
aggressive cancers died from early recurrence. Finally,
18
we hypothesise patients with Milan in but FDG/PET
positive HCC might be a particular group of high-risk
patients who should benefit from neoadjuvant therapy.
The limitations of this study are multiple. This
is a retrospective evaluation of patients who were
selected for LT, and it is probable that a prospective
intention-to-treat study would demonstrate more
18
precisely the role of FDG-PET in the setting of LT
for HCC. In addition, this series is rather small, and a
larger group of patients might help to more accurately
18
define if Milan in but FDG/PET positive HCC have
18
a worse prognosis than Milan in FDG/PET negative
18
HCC after transplantation. Finally, the FDG/PET
should be compared to other criteria that extend the
Milan criteria, as the UCSF criteria or the up-to-seven
criteria.
18
In conclusion, this study confirms that FDG/PET
could be an interesting tool in the pre-LT evaluation of
HCC patients and that the TSUVmax/LSUVmax cut-off
of 1.15 should be used as a means to characterize
HCC. Particularly, it deserves to be evaluated in a large
prospective study if patients with HCC outside Milan
18
criteria but with negative FDG PET, could be at low
risk of recurrence after LT.

Table 2 Univariate comparison of prognostic factors
Recurrence free survival
TSUVmax/LSUVmax >
1.15
TSUVmean/LSUVmean
> 1.15
Pretransplant treatment
AFP
Milan
Portal vein thrombosis
TNM (7th)
Differentiation
Low grade
Intermediate grade
High grade
Number of nodules
Size of the largest nodule
Microvascular invasion
OKUDA
CLIP

Global survival

HR

P value

HR

P value

14.4

0.01

5.62

0.04

14.4

0.01

5.62

0.04

1.01
0.99
3.97
5.56
1.93

0.99
0.47
0.21
0.06
0.36

0.32
1.00
1.97
0.13
1.93

0.30
0.52
0.43
0.14
0.30

20.3
2.37
1.00
> 107
1.29
3.32
1.54
1.26

0.05
0.46

12.4
2.78

0.08
0.37

0.99
0.05
0.19
0.51
0.60

> 107
1.33
1.88
2.92
2.39

0.99
0.009
0.44
0.09
0.03

AFP: Alphafoetoprotein; CLIP: Cancer of the liver italian program.

used as a means of enlarging the Milan criteria for
LT, allowing transplantation of HCC patients outside
18
the Milan criteria but with an FDG RSUVmax < 1.15
uptake with good chances of long term recurrence free
survival.
The standard care for curative management of
HCC in Western countries remains surgical resection
and/or LT. Compared to hepatectomy, LT has two
major advantages: first LT is possible in patients
with impaired liver function that would not withstand
liver resection, and second, as LT removes the
whole cirrhotic liver, it avoids the main cause of HCC
recurrence i.e., the development of a second HCC
within the diseased liver. However, LT availability is
limited by the number of available (deceased or living)
[13]
grafts , and LT carries a high risk of recurrence
and death if the HCC is not limited to the removed
diseased liver. For these reasons, prognostic criteria
for long-term recurrence-free survival after LT have
been evaluated for more than 30 years. Up to now,
the Milan criteria have still been universally used as
the best criteria for recurrence-free survival after LT
for HCC, but these criteria are not ideal. Firstly, the
Milan criteria are pretransplant radiologic criteria that
were evaluated more than two decades ago, and
liver imaging and particularly MRI are now revealing
hypervascularized nodules that could not be detected
at the time of the Milan study. In addition, the Milan
criteria are very restrictive and a small proportion
of patients with HCC are diagnosed within the Milan
criteria; finally, it is now clear that the size and number
of HCC nodules are not the only prognostic factors for
recurrence, and that somehow the aggressiveness
of tumors should be taken into account. Tumor
differentiation and AFP levels are now evaluated
as markers of tumor aggressiveness, and AFP is
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AIM: To investigate the involvement of decaprenyl
diphosphate synthase subunit 2 (PDSS2) in development
and progression of human hepatocellular carcinoma
(HCC).
METHODS: PDSS2 protein expression was examined in
well- and poorly differentiated HCC tumor samples. The
levels of PDSS2 expression were compared with clinical
features and prognosis of HCC patients. The effects of
PDSS2 on cell proliferation, cell cycle, apoptosis, cell
migration, and invasion in HCC HepG2 cells were also
investigated.
RESULTS: PDSS2 was downregulated in poorly
differentiated cancer samples compared with welldifferentiated tumor samples, and the expression level
was markedly lower in HCC tissues than in histologically
normal tissue adjacent to the cancer. Reduced protein
expression was negatively associated with the status of
HCC progression. In addition, overexpression of PDSS2
dramatically suppressed cell proliferation and colony
formation, and induced apoptosis in HepG2 cells by
inducing G1-phase cell-cycle arrest. The migration and
invasion capabilities of HepG2 cells were significantly
decreased following PDSS2 overexpression.
CONCLUSION: Decreased PDSS2 expression is an
unfavorable prognostic factor for HCC, and PDSS2 has
potent anticancer activity in HCC tissues and HepG2
cells.
Key words: Decaprenyl diphosphate synthase subunit 2;
Hepatocellular carcinoma; Tumor suppressor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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a humidified incubator with 5% CO2 at 37 ℃.

Core tip: We found that decaprenyl diphosphate synthase
subunit 2 (PDSS2) was frequently downregulated in
primary hepatocellular carcinoma (HCC), and the level of
expression was markedly lower in poorly differentiated
cancer samples compared with well-differentiated tumor
tissues. Furthermore, the expression of PDSS2 was
inversely correlated with clinical stage. Overexpression
of PDSS2 in HepG2 cells decreased cell proliferation
and induced G1-phase cell cycle arrest and apoptosis in
human HCC cells. Moreover, PDSS2 reduced epithelialmesenchymal transition in HCC.

Clinical samples

The biopsies of 33 hepatic cancer patients and 33 noncancerous tissues were collected from the Department
of Pathology at The First Affiliated Hospital of Jinan
University of Guangzhou City in China between 2009
and 2012. None of the patients received preoperative
radiotherapy or chemotherapy.

Immunohistochemistry

After deparaffinization and rehydration, tissue micro
array sections were subjected to high pressure for 2
min for antigenic retrieval. The slides were incubated
overnight at 4 ℃ with PDSS2 antibodies (1:500
dilution; Abcam, Cambridge, MA, United States). The
sections were then incubated with diaminobenzidine
for 2 min. In every run, the primary antibodies were
substituted with PBS for the negative controls. For
the evaluation of the immunohistochemistry results,
the proportion of stained tumor cells was evaluated
using four grades: 0, no positive cells; 1, < 10%
positive cells; 2, 10%-50% positive cells; and 3, >
50% positive cells. Similarly, the scoring criteria for
the staining intensity were: 0, no staining; 1, weak
staining; 2, modest staining; and 3, strong staining.
The final score was calculated by multiplying the
tumor staining area by the intensity score (0, 1, 2, 3,
4, 6, and 9). According to this method of assessment,
staining scores ≤ 4 and ≥ 6 were regarded as tumors
with low and high expression, respectively.

Huang W, Gao F, Li K, Wang W, Lai YR, Tang SH, Yang DH.
Decaprenyl diphosphate synthase subunit 2 as a prognosis
factor in hepatocellular carcinoma. World J Gastroenterol 2015;
21(10): 3055-3065 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/3055.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.3055

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
[1]
common aggressive tumors worldwide . Most cases
of HCC are secondary to either chronic liver disease
from hepatitis B or C virus infection or cirrhosis due
to alcohol, obesity, cholestasis, and autoimmune
[2-5]
disorders
. Treatment of HCC remains highly
challenging because of the poor prognosis and
its potential for recurrence and metastasis even
[6-8]
after surgical resection . It is important for us to
understand the molecular changes associated with HCC
occurrence, recurrence and metastasis. Among these
changes, the activation of oncogenes and inactivation
of tumor suppressor genes may play important roles in
[9-13]
tumor formation and development
.
Decaprenyl diphosphate synthase subunit 2
(PDSS2), known as a candidate tumor suppressor
protein in non-small cell lung cancer and gastric cancer,
plays a significant role in regulating cell proliferation, cell
cycle distribution, apoptosis and maintenance of normal
[14,15]
tissue homeostasis
. However, the role of PDSS2
in the pathogenesis of HCC has not been elucidated.
Therefore, the aim of this study was to investigate
whether PDSS2 is related to the development and
progression of human HCC.

RNA isolation, reverse transcription, and qRT-PCR

For the mRNA analyses, the total RNA was extracted
using Trizol Reagent (Takara, Otsu, Japan) and
reverse transcribed using PrimeScript RT reagent
Kit (Takara) according to the protocols provided by
the manufacturer. The qRT-PCR was performed on a
Stratagene Mx3005P qRT-PCR system using the SYBR
Green qRT-PCR master mix (Takara). The primers
used for the amplification of the indicated genes are
listed in Table 1. All of the samples were normalized
to the internal controls (glyceraldehyde-3-phosphate
dehydrogenase), and the fold changes were calculated
-ΔΔCt
by relative quantification (2
).

Western blot analysis

Protein lysates were separated by 10%-15% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis,
electrophoretically transferred to a polyvinylidene
difluoride membrane (Millipore of Merck KGaA, Billerica,
MA, United States), and incubated with the following
antibodies: PDSS2, and E-cadherin, N-cadherin,
vimentin, and fibronectin (Santa Cruz Biotechnology,
Dallas, TX, United States). The membrane was then
incubated with horseradish peroxidase-labeled goatanti-mouse or rabbit IgG, and the proteins were
detected using a high sensitivity chemiluminescence

MATERIALS AND METHODS
Ethics statement

Approval from the Jinan University Institute Research
Ethics Committee was obtained, and written informed
consent was provided by each human subject.

Cell lines and cell culture

Human HCC HepG2 cells were cultured in RPMI 1640
medium supplemented with 10% fetal bovine serum in
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Table 1 Primer sequences
Gene
E-cadherin
N-cadherin
Vimentin
Fibronectin
Cyclin A2
Cyclin D1
Cyclin D2
Cyclin D3
PDSS2
Confirm FN = fibronectin

Forward primer (5'-3')

Reverse primer (5'-3')

TGCCCAGAAAATGAAAAAGG
ACAGTGGCCACCTACAAAGG
GAGAACTTTGCCGTTGAAGC
CAGTGGGAGACCTCGAGAAG
TGCTGGAGCTGCCTTTCATT
CAGGCGGCTCTTTTTCAC
CTGTGTGCCACCGACTTTAAGTT
TGGATGCTGGAGGTATGTG
GGACTATGCTAAGTTGCGAGAA

GTGTATGTGGCAATGCGTTC
CCGAGATGGGGTTGATAATG
GCTTCCTGTAGGTGGCAATC
TCCCTCGGAACATCAGAAAC
TGAAGGTCCATGATACAAGGCT
CCCTCGGTGTCCTACTTCAA
GATGGCTGCTCCCACACTTC
CGTGGTCGGTGTAGATGC
GGTCACAGCAAACACAATGT

PDSS2: Decaprenyl diphosphate synthase subunit 2.

imaging system (Biorad Laboratories Inc., Hercules,
CA, United States). Glyceraldehyde-3-phosphate
dehydrogenase was used as the protein-loading
control.

the FL1 and FL2 channels.

Cell migration and invasion assays

Proliferation assay
4

Cells (1 × 10 ) were plated onto 96-well plates in 80%
growth medium and allowed to adhere overnight.
At different time points (4 h and 1, 2 and 3 d), the
culture medium was removed and replaced with
culture medium containing CellTiter 96 Aqueous One
Solution Reagent (Promega Corp., Madison, WI, United
States). After incubation at 37 ℃ for 4 h, spectrometric
absorbance at 490 nm was measured using a
microplate photometer (Thermo Fisher Scientific,
Waltham, MA, United States).

Cell cycle analysis

For cell cycle analysis, cells were plated in 6-well plates
5
at a density of 2 × 10 cells per well and transfected
with miRNAs. At 48 h post-transfection, the cell cycle
distribution was analyzed by propidium iodide (PI)
staining and flow cytometry.

Scratch migration assay

Colony formation assay

Cells in each well were scratched using the tip of a
sterile 10 μL pipette (width: approximately 1 mm). The
plates were washed twice with PBS in order to remove
the detached cells, and incubated at 37 ℃ in 5% CO2.
Wound closure was monitored at various time points
by observation under a microscope, and the degree
of cell migration was quantified by the ratio of gap
distance at 48 h to that at 0 h. The experiment was
done in triplicate.

Cells were plated in 6-well plates at a density of 400
cells per well and grown for 2 wk. The cells were then
washed twice with PBS, fixed with methanol/acetic
acid (3:1, v/v), and stained with hematoxylin. Then,
the number of colonies was counted.

Apoptosis detection

An Annexin V-FITC Apoptosis Detection Kit (Keygen
Biotech, Nanjing, China) was used for quantification
of apoptosis. Cells were spun down to remove
supernatant and resuspended in 100 μL of binding
buffer. Then, 5 μL of Annexin V-FITC and 5 μL PI were
added into the solution. After 15 min of incubation,
400 μL of Annexin V binding buffer was added. The
Annexin V-FITC and PI stained cells were analyzed by

WJG|www.wjgnet.com

5

For the cell migration assay, 1 × 10 cells in 100 μL
RPMI 1640 medium without newborn calf serum
were seeded on a fibronectin-coated polycarbonate
membrane insert in a Transwell apparatus (Corning
Inc., Corning, NY, United States). In the lower chamber,
500 μL RPMI 1640 with 10% calf serum was added
as a chemoattractant. After the cells were incubated
for 20-24 h at 37 ℃ in a 5% CO2 atmosphere, the
insert was washed with PBS, and cells on the top
surface of the insert were removed with a cotton
swab. Cells adhering to the lower surface were fixed
with methanol, stained with hematoxylin and counted
under a microscope in five predetermined fields (200
× magnification). All assays were independently
repeated at least three times. For the cell invasion
assay, the Transwell membranes were precoated with
24 μg/μL Matrigel (Becton Dickinson and Co., Franklin
Lakes, NJ, United States) and the cells adhering to the
lower surface were counted in the same manner.

Statistical analysis

One-way analyses of variance were conducted for
comparisons among groups using the SPSS 13.0
software (SPSS Inc., Chicago, IL, United States). The
data are presented as the mean ± SE of at least three
independent experiments unless otherwise; P < 0.05
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Figure 1 Decaprenyl diphosphate synthase subunit 2 expression in human hepatocellular carcinoma. Immunohistochemical analysis of decaprenyl
diphosphate synthase subunit 2 (PDSS2) in A: Human normal liver tissue; B: Well-differentiated hepatocellular carcinoma tissue; and C: Poorly differentiated
hepatocellular carcinoma tissue; D: Normal liver tissue (N) can be seen to the left of the carcinoma (T) (×40 magnification).

was considered as statistically significant.

Table 2 Clinicopathologic characteristics and decaprenyl
diphosphate synthase subunit 2 expression
Characteristics
Group
HCC
Non-cancerous tissue
Gender
Male
Female
Age, yr
≥ 45
< 45
AFP expression
Normal
High level
ALT expression
Normal
High level
HbsAg
Positive
Negative
Tumor size
≥ 5 cm
< 5 cm
Differentiation
Well
Poor
Clinical stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ

n

PDSS2 expression

RESULTS

P value

Low

High

33
33

13
5

20
28

0.026

5
28

2
11

3
17

0.6691

21
12

7
6

14
6

0.282

18
15

5
8

13
7

0.221

17
16

7
6

10
10

0.556

21
12

9
4

12
8

0.436

20
13

5
8

15
5

0.004

19
14

4
9

15
5

0.015

18
15

3
10

15
5

0.005

Downregulated PDSS2 protein expression is associated
with HCC progression

Immunohistochemistry was used to determine the
expression and subcellular localization of PDSS2
protein in 33 archived paraffin-embedded HCC samples
and 33 matched histologically normal or non-tumoral
adjacent tissue. Decreased cytoplasmic expression
of PDSS2 was observed in HCC samples compared
to non-cancerous tissues, and the expression level of
PDSS2 was significantly lower in poorly differentiated
cancer samples than in well-differentiated tumor
tissues (P < 0.05) (Figure 1, Table 2).
The relationship between clinicopathologic cha
racteristics and PDSS2 expression in individuals with
HCC is summarized in Table 2. PDSS2 expression
levels were not associated with patient age, gender,
or hepatitis B surface antigen, alpha-fetoprotein or
alanine aminotransferase expression. However, the
expression level of PDSS2 was inversely correlated
with tumor size and clinical stage (Ⅰ-Ⅱ vs Ⅲ-Ⅳ) in
HCC patients (Ps < 0.05).

PDSS2 decreases proliferation of HepG2 cells in vitro

To examine its biologic function, PDSS2 was over
expressed in HCC HepG2 cells; increased mRNA
and protein expression was confirmed by qRT-PCR
and Western blot (Figure 2A and B). Analysis of

AFP: Alpha fetoprotein; ALT: Alanine aminotransferase; HbsAg: Hepatitis
B surface antigen; HCC: Hepatocellular carcinoma; PDSS2: Decaprenyl
diphosphate synthase subunit 2.
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Figure 3 Effect of decaprenyl diphosphate synthase subunit 2 on HepG2 cell cycle and apoptosis. A,B: PDSS2 induces cell cycle arrest at G1 phase; C:
Expression of cell cycle-related genes in PDSS2-expressing cells; D,E: PDSS2 increases apoptosis. aP < 0.05, bP < 0.01 vs HepG2. PDSS2: Decaprenyl diphosphate
synthase subunit 2.

proliferation rates showed that PDSS2 overexpression
reduced the growth rate of HepG2 cells compared
to control cells over a three-day period (P < 0.05)
(Figure 2C). Similarly, PDSS2-expressing cells formed
a significantly decreased number of colonies compared
to the control cells over a two-week period (P < 0.05)
(Figure 2D and E).

decreased mobility compared with control cells (Ps <
0.05) (Figure 4C and D). The result was confirmed
using a scratch migration assay (Figure 4E).

DISCUSSION
HCC is often diagnosed at an advanced stage when
most potentially curative therapies, such as surgical
resection, transplantation or percutaneous and
[16]
transarterial interventions, are of limited efficacy . In
addition, HCC is insensitive to systemic chemotherapy
[17,18]
and radiotherapy
. There is a critical need to
explore new therapeutic approaches in HCC, and gene
therapy has emerged as a viable alternative.
PDSS2 is an enzyme that synthesizes the prenyl
side-chain of coenzyme Q, an essential electron carrier
in the respiratory chain. Homozygous mutations in the
gene encoding PDSS2 lead to severe neuromuscular
[19]
disease, Leigh syndrome and nephrotic syndrome .
An increasing body of evidence suggests that PDSS2
is a tumor suppressor gene in certain cancers, such
as melanoma, gastric cancer and non-small cell
[13,14,20]
lung cancer
. Our study shows that PDSS2 is
frequently downregulated in primary HCC, and the
expression of PDSS2 is markedly lower in poorly
differentiated compared to well-differentiated tumor
tissues. Furthermore, the expression of PDSS2 was
inversely correlated with clinical stage. These findings
indicate that reduced PDSS2 expression is negatively
associated with the status of HCC progression, and
suggest that PDSS2 has a suppressive role of in HCC
tumorigenesis (i.e., loss of expression of PDSS2 may
promote HCC initiation and progression). PDSS2 could
therefore be used as a prognostic biomarker for HCC,
pending further verification in a larger cohort of clinical
patients.
Overexpression of PDSS2 in HepG2 cells decreased
in vitro cell proliferation, which was consistent with
our previous investigation. Moreover, the results show
that PDSS2 induces G1-phase cell cycle arrest and

Effect of PDSS2 on cell cycle and apoptosis in HepG2
cells

To explore the effect of PDSS2 on cell cycle, HepG2
cells were transiently transfected with PDSS2 and
cell cycle distribution was examined. As shown in
Figure 3A and B, compared with blank HepG2 cells
and control cells transfected with pcDNA3.1 (mock),
HepG2 cells transfected with PDSS2 displayed an
increased percentage of cells in G1 phase and fewer
cells in S phase. To reveal whether cell-cycle regulators
were involved in the growth inhibition of PDSS2, we
analyzed mRNA levels of four cell-cycle regulators
in PDSS2-expressing HepG2. The levels of cyclins
A2, D1, D2, and D3 were decreased after PDSS2
overexpression (Figure 3C). In addition, PDSS2overexpressing HepG2 cells demonstrated an increased
rate of apoptosis (11.44% ± 0.69% vs 6.72% ± 0.35%
and 6.22% ± 0.21% in controls).

PDSS2 inhibits cell migration and invasion in HepG2
cells

In order to determine whether PDSS2 reduces
epithelial-mesenchymal transition, the expressions of
an epithelial marker (E-cadherin) and mesenchymal
markers (N-cadherin, vimentin, and fibronectin)
were measured. PDSS2 overexpression resulted in
an upregulation of E-cadherin and downregulation
of N-cadherin, vimentin, and fibronectin mRNA and
protein (Figure 4A and B).
Migration and invasion assays were conducted
to examine the effect of PDSS2 overexpression.
PDSS2-expressing HepG2 cells exhibited significantly
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Figure 4 Decaprenyl diphosphate synthase subunit 2 inhibits HepG2 cell migration and invasion by reversing the epithelial-mesenchymal transition.
Levels of epithelial-mesenchymal transition-related A: mRNA; B: Protein in PDSS2-overexpressing cells; C, D: Effect of PDSS2 on cell migration and invasion using
a Transwell assay (with or without matrigel); E: Effect of PDSS2 on cell migration by the scratch migration assay. aP < 0.05, bP < 0.01 vs HepG2. EMT: Epithelialmesenchymal transition; PDSS2: Decaprenyl diphosphate synthase subunit 2.

apoptosis in human HCC cells.
Metastasis is a basic biologic characteristic of
malignant tumors, and reports have suggested that
epithelial-mesenchymal transition endows cells with
migratory and invasive properties, and prevents
[21-26]
apoptosis and senescence
. The results of our
current study indicate a pivotal role for PDSS2 in
the progression of HCC through the reduction of the

WJG|www.wjgnet.com

epithelial-mesenchymal transition, which remains to
be fully characterized.
The complex regulatory machineries associated
with PDSS2 during anticancer activity have not been
fully elucidated. Hence, further investigations of the
underlying signaling network that regulates these
PDSS2-associated pathways through bioinformatics
predictions, use of various PDSS2 mutants, and

3063

March 14, 2015|Volume 21|Issue 10|

Huang W et al . PDSS2 suppresses tumor progression
different pathway inhibitors will provide important
insights into the precise role of PDSS2 in HCC.
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worldwide. The activation of oncogenes and inactivation of tumor suppressor
genes may play important roles in tumor formation and development.
Decaprenyl diphosphate synthase subunit 2 (PDSS2), known as a candidate
tumor suppressor protein in non-small cell lung cancer and gastric cancer, plays
a significant role in regulating cell proliferation, cell cycle distribution, apoptosis
and maintenance of normal tissue homeostasis.

11

12

Research frontiers

The roles of PDSS2 in the pathogenesis of HCC are not well elucidated, which
prompted us to investigate whether PDSS2 is related to the development and
progression of human HCC.

Innovations and breakthroughs

13

The authors found that PDSS2 was frequently downregulated in primary HCC,
and the expression level of PDSS2 was markedly lower in poorly differentiated
cancer samples than in well-differentiated tumor tissues. Furthermore, the
expression of PDSS2 was inversely correlated with clinical stage. These results
indicate that reduced PDSS2 expression is negatively associated with the status
of HCC progression. Overexpression of PDSS2 in HepG2 cells decreased
cell proliferation, and induced G1-phase cell cycle arrest and apoptosis in
human HCC cells. Moreover, the results of our current study indicate a pivotal
role for PDSS2 in the progression of HCC through the reduction of epithelialmesenchymal transition.

14

15

Applications

This study demonstrates that decreased PDSS2 expression is an unfavorable
prognostic factor for HCC, and PDSS2 has potent anticancer activity in HCC
tissues and HepG2 cells.

16

Terminology

Epithelial-mesenchymal transition or transformation is a phenomenon in
embryonic development, and has been gradually accepted as a potential
mechanism underlying cancer progression and metastasis.

17

Peer-review

18

This article is aimed to elucidate the involvement of decaprenyl diphosphate
synthase subunit 2 in the development and progression of HCC.

REFERENCES
1
2
3

4
5
6

7
8

19

McGlynn KA, London WT. The global epidemiology of
hepatocellular carcinoma: present and future. Clin Liver Dis 2011;
15: 223-243, vii-x [PMID: 21689610 DOI: 10.1016/j.cld.2011.03.006]
Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular
carcinoma in cirrhosis: incidence and risk factors. Gastroenterology
2004; 127: S35-S50 [PMID: 15508101]
Venook AP, Papandreou C, Furuse J, de Guevara LL. The
incidence and epidemiology of hepatocellular carcinoma: a global
and regional perspective. Oncologist 2010; 15 Suppl 4: 5-13 [PMID:
21115576 DOI: 10.1634/theoncologist.2010-S4-05]
McMahon BJ. The natural history of chronic hepatitis B virus
infection. Hepatology 2009; 49: S45-S55 [PMID: 19399792 DOI:
10.1002/hep.22898]
Cao GW. Clinical relevance and public health significance of
hepatitis B virus genomic variations. World J Gastroenterol 2009;
15: 5761-5769 [PMID: 19998495 DOI: 10.3748/wjg.15.5761]
Olsen SK, Brown RS, Siegel AB. Hepatocellular carcinoma:
review of current treatment with a focus on targeted molecular
therapies. Therap Adv Gastroenterol 2010; 3: 55-66 [PMID:
21180590 DOI: 10.1177/1756283X09346669]
Abou-Alfa GK. Hepatocellular carcinoma: molecular biology and
therapy. Semin Oncol 2006; 33: S79-S83 [PMID: 17178294]
Shariff MI, Cox IJ, Gomaa AI, Khan SA, Gedroyc W, TaylorRobinson SD. Hepatocellular carcinoma: current trends in
worldwide epidemiology, risk factors, diagnosis and therapeutics.

WJG|www.wjgnet.com

20

21

22

23

24

3064

Expert Rev Gastroenterol Hepatol 2009; 3: 353-367 [PMID:
19673623 DOI: 10.1586/egh.09.35]
Imbeaud S, Ladeiro Y, Zucman-Rossi J. Identification of novel
oncogenes and tumor suppressors in hepatocellular carcinoma.
Semin Liver Dis 2010; 30: 75-86 [PMID: 20175035 DOI: 10.1055/
s-0030-1247134]
Lee JS, Thorgeirsson SS. Comparative and integrative functional
genomics of HCC. Oncogene 2006; 25: 3801-3809 [PMID:
16799621]
Ma NF, Hu L, Fung JM, Xie D, Zheng BJ, Chen L, Tang DJ, Fu L,
Wu Z, Chen M, Fang Y, Guan XY. Isolation and characterization of
a novel oncogene, amplified in liver cancer 1, within a commonly
amplified region at 1q21 in hepatocellular carcinoma. Hepatology
2008; 47: 503-510 [PMID: 18023026]
Li Z, Huang X, Zhan H, Zeng Z, Li C, Spitsbergen JM,
Meierjohann S, Schartl M, Gong Z. Inducible and repressable
oncogene-addicted hepatocellular carcinoma in Tet-on xmrk
transgenic zebrafish. J Hepatol 2012; 56: 419-425 [PMID:
21888874 DOI: 10.1016/j.jhep.2011.07.025]
Shanbhogue AK, Prasad SR, Takahashi N, Vikram R, Sahani DV.
Recent advances in cytogenetics and molecular biology of adult
hepatocellular tumors: implications for imaging and management.
Radiology 2011; 258: 673-693 [PMID: 21339346 DOI: 10.1148/
radiol.10100376]
Chen P, Yu J, Knecht J, Chen Q. Decrease of PDSS2 expression,
a novel tumor suppressor, in non-small cell lung cancer. Cancer
Epidemiol 2013; 37: 166-171 [PMID: 23312889 DOI: 10.1016/
j.canep.2012.12.004]
Chen P, Zhao SH, Chu YL, Xu K, Zhu L, Wu Y, Song J, Cao CX,
Xue X, Niu YY. Anticancer activity of PDSS2, prenyl diphosphate
synthase, subunit 2, in gastric cancer tissue and the SGC7901 cell
line. Anticancer Drugs 2009; 20: 141-148 [PMID: 19209031 DOI:
10.1097/CAD.0b013e32832016a9]
Pei Y, Zhang T, Renault V, Zhang X. An overview of hepatocellular
carcinoma study by omics-based methods. Acta Biochim Biophys
Sin (Shanghai) 2009; 41: 1-15 [PMID: 19129945]
Avila MA, Berasain C, Sangro B, Prieto J. New therapies for
hepatocellular carcinoma. Oncogene 2006; 25: 3866-3884 [PMID:
16799628]
Herskovic A, Martz K, al-Sarraf M, Leichman L, Brindle J,
Vaitkevicius V, Cooper J, Byhardt R, Davis L, Emami B. Combined
chemotherapy and radiotherapy compared with radiotherapy alone
in patients with cancer of the esophagus. N Engl J Med 1992; 326:
1593-1598 [PMID: 1584260]
Peng M, Falk MJ, Haase VH, King R, Polyak E, Selak M, Yudkoff
M, Hancock WW, Meade R, Saiki R, Lunceford AL, Clarke CF,
Gasser DL. Primary coenzyme Q deficiency in Pdss2 mutant mice
causes isolated renal disease. PLoS Genet 2008; 4: e1000061
[PMID: 18437205 DOI: 10.1371/journal.pgen.1000061]
Fung JM, Smith R, Brown MA, Lau SH, Xie D, Lau GK, Guan
XY. Identification and characterization of a novel melanoma tumor
suppressor gene on human chromosome 6q21. Clin Cancer Res
2009; 15: 797-803 [PMID: 19188149 DOI: 10.1158/1078-0432.
CCR-08-1472]
Osada T, Sakamoto M, Ino Y, Iwamatsu A, Matsuno Y, Muto T,
Hirohashi S. E-cadherin is involved in the intrahepatic metastasis
of hepatocellular carcinoma. Hepatology 1996; 24: 1460-1467
[PMID: 8938181]
Miyoshi A, Kitajima Y, Sumi K, Sato K, Hagiwara A, Koga
Y, Miyazaki K. Snail and SIP1 increase cancer invasion by
upregulating MMP family in hepatocellular carcinoma cells. Br J
Cancer 2004; 90: 1265-1273 [PMID: 15026811]
Zheng F, Liao YJ, Cai MY, Liu YH, Liu TH, Chen SP, Bian XW,
Guan XY, Lin MC, Zeng YX, Kung HF, Xie D. The putative tumour
suppressor microRNA-124 modulates hepatocellular carcinoma cell
aggressiveness by repressing ROCK2 and EZH2. Gut 2012; 61:
278-289 [PMID: 21672940 DOI: 10.1136/gut.2011.239145]
Na DC, Lee JE, Yoo JE, Oh BK, Choi GH, Park YN. Invasion and
EMT-associated genes are up-regulated in B viral hepatocellular
carcinoma with high expression of CD133-human and cell culture

March 14, 2015|Volume 21|Issue 10|

Huang W et al . PDSS2 suppresses tumor progression

25

study. Exp Mol Pathol 2011; 90: 66-73 [PMID: 20969862 DOI:
10.1016/j.yexmp.2010.10.003]
Fabregat I. Dysregulation of apoptosis in hepatocellular carcinoma
cells. World J Gastroenterol 2009; 15: 513-520 [PMID: 19195051]

26

Yu H, Shen H, Zhang Y, Zhong F, Liu Y, Qin L, Yang P. CAV1
promotes HCC cell progression and metastasis through Wnt/
β-catenin pathway. PLoS One 2014; 9: e106451 [PMID: 25180681
DOI: 10.1371/journal.pone.0106451]
P- Reviewer: Romero MR, Tanaka T S- Editor: Qi Y
L- Editor: AmEditor E- Editor: Ma S

WJG|www.wjgnet.com

3065

March 14, 2015|Volume 21|Issue 10|

World J Gastroenterol 2015 March 14; 21(10): 3066-3071
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i10.3066

© 2015 Baishideng Publishing Group Inc. All rights reserved.

SYSTEMATIC REVIEWS

Cutaneous metastasis of cholangiocarcinoma
Min Liu, Bai-Long Liu, Bin Liu, Liang Guo, Qiang Wang, Yan-Qiu Song, Li-Hua Dong
METHODS: An extensive search was conducted in the
English literature within the PubMed database using
the following keywords: cutaneous metastasis or skin
metastasis and cholangiocarcinoma or bile duct. The
data of 30 patients from 21 articles from 1978 to 2014
were analyzed. Patient data retrieved from the articles
included the following: age, gender, time cutaneous
metastasis occurred, number of cutaneous metastases
throughout life, sites of initial cutaneous metastasis,
anatomic site, pathology and differentiation of
cholangiocarcinoma, and immunohistochemical results
of the cutaneous metastasis. The assessment of overall
survival after cutaneous metastasis (OSCM) was the
primary endpoint.
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RESULTS: The median age at diagnosis of cutaneous
metastasis of cholangiocarcinoma was 60.0 years
(range: 35-77). This metastasis showed a predilection
towards males, with a male to female ratio of 3.29. In
8 cases (27.6%), skin metastasis was the first sign of
cholangiocarcinoma. Additionally, 18 cases (60.0%)
manifested single cutaneous metastasis, while 12
cases (40.0%) demonstrated multiple skin metastases.
In 50.0% of patients, the metastasis occurred in the
drainage region, while 50.0% of patients had distant
cutaneous metastases. The scalp was the most
frequently involved region of distant skin metastasis,
occurring in 36.7% of patients. The median OSCM
of cholangiocarcinoma was 4.0 mo. Patient age and
cutaneous metastatic sites showed no significant
relation with OSCM, while male gender and single
metastasis of the skin were associated with a poorer
OSCM (hazard ratio: 0.168; P = 0.005, and hazard
ratio: 0.296; P = 0.011, respectively).
CONCLUSION: The prognosis of cutaneous metastasis
of cholangiocarcinoma is dismal. Both male gender
and single skin metastasis are associated with a poorer
OSCM.

Abstract
AIM: To investigate the clinical characteristics
and prognostic factors of cutaneous metastasis of
cholangiocarcinoma by a retrospective analysis of
published cases.
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will help to clarify the value of cutaneous metastasis in
predicting the survival outcome in cholangiocarcinoma
patients.
The Kaplan-Meier method was used to generate the
cumulative survival curve, and the log-rank (Mantel-Cox)
test was used to compare survival differences. We used
SPSS version 17.10 (SPSS, Inc., Chicago, IL, United
States) for data analysis, and p < 0.05 was considered
statistically significant.

Core tip: Skin metastasis from internal malignancy is
rare, especially from cholangiocarcinoma. The clinical
characteristics and prognosis of the metastases are
unclear and need to be further defined. We performed
a systemic analysis of 30 cases in the English literature
from 1978 to 2014 to expand our understanding of
this condition. To the best of our knowledge, this is the
first comprehensive analysis of cutaneous metastasis of
cholangiocarcinoma.

RESULTS
Clinical and pathological features

As shown in Table 1, the median age at diagnosis
of cutaneous metastasis of cholangiocarcinoma was
60.0 years (range: 35-77). This metastasis affected
more males, with a male to female ratio of 3.29. Skin
metastasis was the first sign of cholangiocarcinoma in
8 cases (27.6%). For those with a definite diagnosis
of cholangiocarcinoma, the mean time for cutaneous
metastasis development was 14.51 mo.
In total, 18 cases (60.0%) manifested single
cutaneous metastasis, while 12 cases (40.0%)
demonstrated multiple skin metastases. In 50.0%
of patients, the metastasis occurred in the drainage
region, namely the percutaneous biliary drainage
or catheterization site, while 50.0% of patients had
distant cutaneous metastasis. The scalp was the most
frequently involved region of distant skin metastasis,
occurring in 36.7% of all patients.
The cutaneous metastases presented as nodules,
papules, erythema and lesions with or without
ulcers, which were sized between 0.3 cm and 4 cm.
Figure 1 shows a metastatic nodule and erythema in
the scalp and along the drainage tube, respectively.
The size of skin metastases had no association with
OSCM.
In total, 24 cases had explicit descriptions of the
anatomic site of cholangiocarcinoma, of which 4 cases
were extrahepatic, 10 cases were hilar, and 10 cases
were intrahepatic. With respect to the pathology of
cholangiocarcinoma, 26 cases had clear documentation,
of which 25 cases were adenocarcinoma and one
case was small cell cholangiocarcinoma. Additionally,
17 cases had information on the differentiation of the
primary tumor. The well, well-to-moderate, moderateto-poor, poor, and undifferentiated types comprised
6, 2, 1, 7, and 1 cases, respectively. Only 9 cases had
detailed immunohistochemical analysis of the cutaneous
metastasis (Table 2).
When cutaneous metastasis (or metastases)
occurred, 8/24 patients underwent surgery, including
to the skin lesion, while 16/24 did not. Chemotherapy
was performed in 8/23 patients, while 15/23 patients
did not undergo chemotherapy. Only 4/23 patients
received local radiotherapy to the skin metastasis,
while 19/23 did not. However, the response to
chemotherapy or radiotherapy was poor.

Liu M, Liu BL, Liu B, Guo L, Wang Q, Song YQ, Dong
LH. Cutaneous metastasis of cholangiocarcinoma. World J
Gastroenterol 2015; 21(10): 3066-3071 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/3066.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.3066

INTRODUCTION
Skin metastasis is rare, involving 0.7%-9% of all
[1]
cancer patients . Lung and breast cancer are the
leading causes of cutaneous metastasis in males and
[1]
females, respectively . The early recognition of skin
metastasis of previously undiagnosed cancers is critical
[1,2]
for timely intervention .
Cutaneous metastases originating from cholan
giocarcinoma are rarely encountered in clinical practice.
To date, little is known about the clinicopathological
features and prognosis of this condition, as only
sporadic case reports or series are available. To obtain a
full understanding of the disease, systemic reviews and
analyses are required. To the best of our knowledge,
our research is the first comprehensive analysis of
cutaneous metastasis of cholangiocarcinoma.

MATERIALS AND METHODS
An extensive search of the English literature was
performed in PubMed using the keywords “cuta
neous metastasis” or “skin metastasis” and “cholan
giocarcinoma” or “bile duct”. Only cases with a definite
pathologic diagnosis and disease course description
were included. In total, 30 cases have been described
[3-23]
in case reports or series between 1978 and 2014
.
The data that were retrieved included the following:
age, gender, time cutaneous metastasis occurred,
number of cutaneous metastases throughout life,
sites of initial cutaneous metastasis, anatomic site,
pathology and differentiation of cholangiocarcinoma,
and immunohistochemical results of the cutaneous
metastasis. The primary aim was to determine overall
survival after cutaneous metastasis (OSCM), defined
as the period from diagnosis of cutaneous metastasis
to death or latest follow-up. The evaluation of OSCM
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Table 1 Clinical features of patients with cutaneous
metastasis of cholangiocarcinoma

Table 2 Immunohistochemical analysis of cutaneous
metastasis in 9 cases

Age (n = 30)

n (%)

Case number

2 (6.7)
6 (20.0)
6 (20.0)
9 (30.0)
7 (23.3)

1
2
3
4
5
6
7
8
9

23 (76.7)
7 (23.3)
8 (26.7)
21 (70.0)
1 (3.3)

immunohistochemistry results
CK7+, CEA-, CK20CK7+, CK19+
CK19+, CEA+
CK7+, CK8/18/19+, CEA+, CK20CK7+, CAM5.2+, AE1/3+, CK20CK7+, CK20+, CA199 (focally+), TTF1CK7+, CK19+
CK7 (strongly+), CK20 (weakly+)
CK7+, CK20+, p53+

150

18 (60.0)
12 (40.0)

Percent survival

Median at diagnosis (yr) 60.0
Range (yr) 35-77
30-40
41-50
51-59
60-70
> 70
Sex (n = 30)
Male
Female
Cutaneous metastasis occurrence (n = 30)
Before diagnosis of cholangiocarcinoma
After diagnosis of cholangiocarcinoma
Not available
Number of cutaneous metastasis throughout life
(n = 30)
Single
Multiple
Sites of initial cutaneous metastasis (n = 30)
Drainage site
Distant site
Scalp1
Head2
Shoulder
Trunk

15 (50.0)
15 (50.0)
11 (36.7)
2 (6.7)
1 (3.3)
1 (3.3)

100

50

0

1

Including a case with initial skin metastasis of scalp and head and two
cases with initial skin metastasis of scalp and trunk; 2Including a case with
the initial skin metastasis on the head, face, and trunk.

0

5

10

15

Follow-up (mo)

Figure 2 overall survival after cutaneous metastasis of cholan
giocarcinoma (n = 24). The median OSCM of cholangiocarcinoma was only 4.0
mo. OSCM: overall survival after cutaneous metastasis.

A

Prognostic factors of overall survival

As shown in Figure 2, the median OSCM of cholan
giocarcinoma was only 4.0 mo (n = 24). When
cutaneous metastasis occurred, 12/13 patients had
concurrent metastasis of other sites, such as the bone,
lung, brain, and lymph nodes. In 17 cases, there was
no description of concurrent metastasis in other sites.
As shown in Figure 3A and B, male gender and
single metastasis were associated with a poorer OSCM
(male vs female, 2.4 mo vs 10 mo; hazard ratio (HR)
= 0.168; 95% confidence interval (CI): 0.058-0.490;
p = 0.005; single metastasis vs multiple metastases:
2.3 mo vs 7 mo; HR = 0.296; 95%CI: 0.104-0.842; p
= 0.011.
As shown in Figure 3C and D, age and cutaneous
metastatic sites showed no significant relationship with
OSCM (≥ 60 years vs < 60 years, 4 mo vs 6 mo: HR
= 1.203; 95%CI: 0.448-3.231; p = 0.878; drainage
vs distant, 2.15 mo vs 5.5 mo: HR = 1.638; 95%CI:
0.542-4.956; p = 0.223).

B

DISCUSSION

Figure 1 Typical manifestations of skin metastasis of cholangiocarcinoma.
A: A metastatic nodule in the scalp[11]; B: Erythema along the catheter tract[8].
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B

150
Female

HR = 0.168 (0.058-0.490)
P = 0.005

50

0

5

10

100

50

0

15

Single metastasis

0

5

Follow-up (mo)

D

150
≥ 60

HR = 1.203 (0.448-3.231)
P = 0.878

5

10

Drainage site

HR = 1.638 (0.542-4.956)

< 60

50

0

15

150

P = 0.223

100

0

10
Follow-up (mo)

Percent survival

Percent survival

C

Multiple metastases

HR = 0.296 (0.104-0.842)

Male

100

0

150

P = 0.011

Percent survival

Percent survival

A

100

50

0

15

Follow-up (mo)

Distant site

0

5

10

15

Follow-up (mo)

Figure 3 Prognostic factors of overall survival after cutaneous metastasis. A: Male gender was associated with a poorer OSCM (HR = 0.168; 95%CI: 0.058-0.490;
p = 0.005); B: Single metastasis was associated with a poorer OSCM (HR = 0.296; 95%CI: 0.104-0.842; p = 0.011); C: Age showed no significant association with
OSCM; D: Cutaneous metastatic site had no significant association with OSCM. HR: Hazard ratio; CI: Confidence interval.

from the epithelial cells of the bile duct, and
[23]
it accounts for less than 2%
of all cancers.
Cholangiocarcinoma is typically defined according
to the anatomic site, as intrahepatic, hilar, or
[24]
extrahepatic cholangiocarcinoma . Unfortunately,
cholangiocarcinoma has a very poor prognosis,
with the majority of patients losing the opportunity
for radical surgery. Cholangiocarcinoma is prone
to metastasize to the lung, liver, peritoneum, and
retroperitoneal lymph nodes, while cutaneous
[23]
metastasis is uncommon . Currently, cutaneous
metastasis has only been described in sporadic case
reports or series. No systematic research has been
initiated to elucidate the clinicopathological features,
prognosis and overall survival related to cutaneous
metastasis, and we are the first group to analyze and
summarize the characteristics of skin metastasis of
cholangiocarcinoma.
Interestingly, in 27.6% (8/29) of cases, skin
metastasis was the first sign of cholangiocarcinoma,
suggesting that bile duct examination should be
performed for cutaneous metastasis of unknown
origin. The confirmation of primary malignancy
was the prerequisite of rational treatment. In our
research, skin metastasis of cholangiocarcinoma

WJG|www.wjgnet.com

could be further divided into two subtypes, involving
the site of percutaneous biliary drainage (PTBD) or
distant regions, which have different tumor behavior.
The former showed seeding of the tumor along the
catheter tract, while the latter was associated with
distant dissemination. However, skin metastasis of
the drainage site composed half of all the cutaneous
metastasis in cholangiocarcinoma, suggesting that
more attention should be paid to this complication
of PTBD. Hepatocellular carcinoma has also been
related to cutaneous metastasis in the biopsy site.
When addressing scalp metastasis of unknown origin,
we should keep the possibility of bile duct-derived
carcinoma in mind, as our data showed that the scalp
was the most frequently involved site of distant skin
metastasis in cholangiocarcinoma. This hematogenous
dissemination likely resulted from the intracranial
venous sinuses, which communicated with valveless
vertebral venous plexus. Additionally, the abdominal
and pelvic venous blood enters into the vertebral
[11]
venous plexus .
Skin metastasis of cholangiocarcinoma usually
indicates a poor prognosis, with a median OSCM
of 4 mo. In our analysis, the longest OSCM was 12
mo, while the shortest was only 21 d. In univariate
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cholangiocarcinoma patients.

analysis, female gender showed an OSCM advantage
over male gender (10 mo vs 2.4 mo). However, the
number of female cases with OSCM data was small
(only 6), and more cases should be recruited in the
future to confirm this trend. Surprisingly, the group
with multiple skin metastases was superior to the
group with a single metastasis with respect to OSCM.
Among the 18 patients with a single cutaneous
metastasis, 12 cases (66.7%) had a lesion at the
drainage site. Patients who required PTBD usually
had more advanced primary tumors and, thus, were
more likely to have a single skin metastasis. As more
advanced primary tumors were usually associated
with a shorter overall survival, this phenomenon partly
accounts for the unexpected observation that patients
with a single skin metastasis had a shorter survival
than those with multiple metastases.
Skin metastasis of cholangiocarcinoma is rather
rare compared with lung cancer or breast cancer.
Over a span of nearly 50 years (from 1978 to
2014), only 30 cases could be found in the English
language literature. Only published cases with a
description of disease course could be included, and
the characteristics of unpublished cases may not be
representative. Despite the limitation in case numbers,
we have helped to expand the understanding of this
unique entity. With new reports of such cases in the
future, more consensus will be achieved.
In conclusion, the prognosis of cholangiocarcinoma
with cutaneous metastasis is dismal. The scalp is
the most frequently involved site of distant skin
metastasis. Male gender and single metastasis are
associated with a relatively poorer OSCM.

Experiences and lessons

The prognosis of cutaneous metastasis of cholangiocarcinoma is very poor,
and both male gender and single metastasis are associated with worse overall
survival after cutaneous metastasis.

Peer-review

This is a comprehensive, detailed analysis with interesting findings, as it is the
first combined analysis of clinical data and survival of many cases of cutaneous
metastasis of cholangiocarcinoma, which is an extremely rare manifestation of
this disease.
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META-ANALYSIS

Effectiveness of probiotics in irritable bowel syndrome:
Updated systematic review with meta-analysis
Tina Didari, Shilan Mozaffari, Shekoufeh Nikfar, Mohammad Abdollahi
for literature published between September 2007
and December 2013. The applied Mesh terms were
“probiotics,” “irritable bowel syndrome,” and “irritable
bowel syndrome treatment.” The collected data
contained24 clinical trials, of which 15 were eligible for
meta-analysis and nine were reviewed systematically.
All studies were randomized placebo-controlled trials
in patients with IBS that investigated the efficacy of
probiotics in IBS improvement. The Jadad score was
used to assess the methodological quality of trials. The
quality scale ranges from 0 to 5 points, with a score
≤ 2 indicating a low quality report, and a score of ≥
3 indicating a high quality report. Relative risk (RR),
standardized effect size, and 95%CI were calculated
using the DerSimonian-Laird method. The Cochran
Q test was used to test heterogeneity with P < 0.05.
Funnel plots were constructed and Egger’s and BeggMazumdar tests were performed to assess publication
bias.
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RESULTS: A total of 1793 patients were included in
the meta-analysis. The RR of responders to therapies
based on abdominal pain score in IBS patients for two
included trials comparing probiotics to placebo was
1.96 (95%CI: 1.14-3.36; P = 0.01). RR of responders
to therapies based on a global symptom score in IBS
patients for two included trials comparing probiotics
with placebo was 2.43 (95%CI: 1.13-5.21; P = 0.02).
For adequate improvement of general symptoms in IBS
patients, the RR of seven included trials (six studies)
comparing probiotics with placebo was 2.14 (95%CI:
1.08-4.26; P = 0.03). Distension, bloating, and
flatulence were evaluated using an IBS severity scoring
system in three trials (two studies) to compare the
effect of probiotic therapy in IBS patients with placebo,
the standardized effect size of mean differences for
probiotics therapy was -2.57 (95%CI: -13.05--7.92).

Abstract
AIM: To investigate the efficacy of probiotics in irritable
bowel syndrome (IBS) patients.

CONCLUSION: Probiotics reduce pain and symptom
severity scores. The results demonstrate the beneficial
effects of probiotics in IBS patients in comparison with

METHODS: PubMed, Cochrane library, Scopus, Google
Scholar, and Clinicaltrial.gov databases were searched

WJG|www.wjgnet.com

3072

March 14, 2015|Volume 21|Issue 10|

Didari T et al . Effectiveness of probiotics in IBS
[16]

placebo.
Key words: Evidence-based medicine; Irritable bowel
syndrome; Meta-analysis; Probiotics; Systematic review;
Clinical trial
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Irritable bowel syndrome (IBS) is a gastro
intestinal tract dysfunction with a complicated etiology.
Probiotics may influence IBS symptoms. The present
meta-analysis included 1793 patients with all subtypes
of IBS from 15 randomized, double-blind clinical trials
conducted during 2007-2013. The current and previous
meta-analyses are mainly limited by the use of different
scales to analyze the mean differences of symptoms
among various studies. Thus, further clinical trials are
still needed to conclude the effectiveness of probiotics
on specific major IBS symptoms of patients. Probiotics
may have a beneficial therapeutic role in IBS patients.
Didari T, Mozaffari S, Nikfar S, Abdollahi M. Effectiveness
of probiotics in irritable bowel syndrome: Updated systematic
review with meta-analysis. World J Gastroenterol 2015;
21(10): 3072-3084 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/3072.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.3072

MATERIALS AND METHODS

INTRODUCTION

Data sources

Irritable bowel syndrome (IBS) is a gastrointestinal
[1]
tract dysfunction with a complicated etiology .
Prevalence of IBS varies between Asian and North
American societies, but the total range in the general
[2-4]
population is estimated at 5%-11% . Besides the
interference with daily life of patients and caregivers,
socioeconomic costs of IBS have increased, as the
[2]
majority of IBS patients are young (20-39 years) .
Abdominal pain, stool pattern alteration, distention,
bloating, straining, abdominal discomfort, and
[5,6]
urgency are major symptoms observed in IBS .
Genetic background, environmental factors, history of
inflammatory bowel disease in a family member, and
psychological factors, such as stressful social activities,
[7]
are involved in the pathogenesis of IBS . The level
of severity of IBS depends on various factors, such as
chronic immunity reactions after intestinal microbiome
alteration, visceral hypersensitivity associated with
gut-brain pathways, and impaired bowel permeability.
It is believed that initiation of IBS in some people is
[8,9]
associated with a post-microbial infection . However,
[10-14]
the precise cause of IBS is currently unknown
.
Pharmacologic, psychologic, and complementary
approaches are considered as therapeutic options
[15]
in IBS patients . Pharmacologic medications
include antispasmodics, selective serotonin reuptake
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[17]

inhibitors , tricyclic antidepressants , and
5-hydroxytryptamine type-3 antagonists such as
[18]
ramosetron and alosetron , and lubiprostone and
[19]
linaclotide . However, due to lack of favorable efficacy
and associated adverse events with pharmacologic
treatments, some IBS patients look for alternative
treatments such as herbal medications and Chinese
[2,20-22]
acupuncture
. Probiotics are live microorganisms
which have been demonstrated to exhibit potential
[23]
effects on human health . Probiotics may influence
the IBS symptoms including abdominal pain, bloating,
distension, flatulence, altered bowel movements, and
[24]
gut microbiota .
The nature of probiotics explains their beneficial
role in intestinal function as they can protect
against pathogenic bacteria via their antimicrobial
[25]
properties . Probiotics also amplify the intestinal
tight junctions and stabilize the permeability.
Moreover, probiotics stimulate goblet cells to produce
mucus to enhance the intestinal barrier function,
normalize bowel movements, and reduce visceral
[25]
[26,27]
hypersensitivity
in pediatric and adult patients
.
Several probiotic strains showed beneficial outcomes
[28,29]
in IBS patients
. The present study was performed
[30]
to update the previous meta-analysis
with
consideration of further clinical trials. A systematic
review has been also conducted to assess the efficacy
of probiotics in IBS patients in clinical trials that were
not eligible for inclusion in the meta-analysis.

PubMed, Cochrane library, Scopus, Google Scholar, and
Clinicaltrial.gov databases were searched for articles
published between September 2007 and December
2013. The applied Mesh terms were “probiotics,”
“irritable bowel syndrome,” and “irritable bowel
syndrome treatment.”

Study selection

Three reviewers inspected the topic and abstracts of all
articles to eliminate identical studies, review articles,
systematic reviews, and meta-analysis investigations.
All relevant characteristics of included trials, such
as IBS type, probiotic strain, dose of probiotics, trial
and follow-up duration, and patient characteristics
and outcomes, were collected and summarized. All
randomized controlled trials that considered IBS
symptom improvement as outcome of interest were
included. The reference lists of searched articles were
reviewed to identify any additional eligible articles.

Assessment of trial quality

The Jadad score, which indicates the quality of studies
based on their description of randomization, blinding,
and dropouts (withdrawals), was used to assess
[31]
the methodological quality of trials . The quality
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Table 1 Jadad quality score of randomized controlled trial
included in the meta-analysis

Potentially relevant articles in electronic search
(n = 11748)

Study
Excluded due to time limitation
(n = 2859)
Clearly not eligible trials (n = 8719)

Kajander et al[33]
Williams et al[32]
Zeng et al[39]
Enck et al[35]
Drouault-Holowacz
et al[37]
Sinn et al[42]
Enck et al[36]
Simrén et al[40]
Sondergaard et al[43]
Guglielmetti et al[44]
Ducrotté et al[45]
Kruis et al[34]
Ki cha et al[38]
Dapoigny et al[46]
Roberts et al[41]

Potentially relevant eligible studies
(n = 170)

Excluded because of duplication,
Lack of control group,
Prebiotic in combination with probiotic,
Herbal treatments plus probiotics,
Meta-analysis and review articles
(n = 146)

Trials which met eligible criteria
(n = 24)

Withdrawals
and dropouts

Total
score

2
1
1
1
2

2
2
2
1
2

1
1
1
1
1

5
4
4
3
5

2
1
2
2
2
1
2
2
1
2

2
2
2
2
2
2
2
2
2
2

1
1
1
1
1
1
1
1
1
1

5
4
5
5
5
4
5
5
4
5

meet our inclusion criteria. Of the remaining studies,
those without a control group, using probiotics in
combination with herbal medication or prebiotics, and
with unsuitable details about inclusion criteria were
excluded. Furthermore, one trial that had applied the
Likert score, two trials that were performed in pediatric
patients, and two crossover trials were excluded (Figure
1). Fifteen trials met our criteria for meta-analysis,
which included the use of Rome Ⅱ (n = 7), Rome
Ⅲ (n = 6), and International Classification of Health
Problems in Primary Care and World Organization of
Family Doctors (n = 2) criteria. The quality score of
included trials were assessed and reported according
to Jadad quality score; all trials had high quality with
scores ranging from 3 to 5 (Table 1). A total of 1793
patients with diarrhea-predominant IBS (D-IBS),
constipation-predominant IBS (C-IBS), and alternative
IBS (A-IBS) were included.
The characteristics of studies are scrutinized
in Table 2. Nine other clinical trials that were not
applicable for our meta-analysis were reviewed
systematically. The characteristics and outcomes of
these trials are summarized in Table 3.

Excluded because of:
Likert score evaluation (n = 1)
Pediatric patients (n = 1)
Cross-over studies (n = 2)
Lack of proper evaluation, figures and
tables for analysis (n = 5)

Eligible studies to include in meta-analysis
(n = 15)

Figure 1 Flow diagram for study selection.

scale ranges from 0 to 5 points, with a score of ≤ 2
indicating a low quality report, and a score of ≥ 3
indicating a high quality report.

Statistical analysis

Data from selected studies were extracted in the form
of 2 × 2 tables by study characteristics. Included
studies were weighted by effect size and pooled. Data
were analyzed using StatsDirect software version
3.0.107 (StatsDirect Ltd., Cheshire, United Kingdom).
Relative risk (RR), standardized effect size, and
95%CI were calculated using a DerSimonian-Laird (for
random effects) method. The Cochran Q test was used
to test heterogeneity and P < 0.05 was considered as
significant. In case of heterogeneity or few included
studies, the random effects model was used. Egger’
s and Begg-Mazumdar tests were used to evaluate
publication bias indicators in a funnel plot.

Results of meta-analysis

Pain assessments in IBS patients for comparison
of probiotics to placebo therapy: Abdominal pain
severity was evaluated by IBS severity scoring system
in one study for 8-10 wk to compare the effect of
[32]
probiotics therapy with placebo in IBS patients . The
reduction of abdominal pain severity from baseline was
-23.42 ± 30.05 and -17.19 ± 27.73 after 8 and 10
wk, respectively, in the probiotics therapy group,and
-12.29 ± 30.08 and -8.06 ± 27.98, respectively, in the
placebo group.
In another study that assessed abdominal pain
severity using a 6 mo symptom diary with a 0-4 scale,
the mean of severity of reduction was -3.00 ± 9.95 in
the probiotics group in comparison with 0.00 ± 10.27

RESULTS
Based on the electronic search, 11748 publications
were identified. A total of 8719 studies were found
to be inappropriate because they did not clearly

WJG|www.wjgnet.com
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D-IBS (in
majority of
patients)
D-IBS

Ducrotté et al[45]

Kruis et al[34]

All types

ND

Guglielmetti et al[44]

Sondergaard et al[43]

All types

Simrén et al[40]

All types

Drouault-Holowacz
et al[37]

All types
All types

All types

Enck et al[35]

Sinn et al[42]
Enck et al[36]

D-IBS

All types

Williams et al[32]

Zeng et al[39]

All types

Type of IBS

Kajander et al[33]

Trial

Rome Ⅱ

Rome Ⅲ

Rome Ⅲ

Rome Ⅱ

Rome Ⅲ
ICHPPC and
WONCA
Rome Ⅱ

ICHPPC and
WONCA
Rome Ⅱ

Rome Ⅱ

Rome Ⅱ

Rome Ⅱ

Criteria

46.3

36.53

36.65

53.9

42

41.9
49.8

47

49.8

44.6

40

50

Probiotic

45.1

38.4

40.98

48.5

44

47.5
49.4

44

49.4

45.8

38

46

Placebo

Age (yr)

12/48

70/38

21/41

7/20

11/26

6/14
77/72

8/40

76/72

10/4

3/25

2/41

Probiotic

16/44

81/25

19/41

6/19

11/26

8/12
73/75

16/36

75/75

9/6

8/20

4/39

Placebo

Sex (Male/Female)

Table 2 Characteristics of studies included in the meta-analysis
Probiotic dosage

E. coli (Nissle 1917)

L. plantarum 299v

B. longum LA101
L. acidophilus LA102
Lactococcusl actis LA103
S. thermophilus LA104
L. acidophilus SDC 2012, 2013
E. coli and Enterococcusfaecalis
(Pro Symbioflor)
L. paracasei F19
L. acidophilus La5
B. lactis Bb-12
L. paracasei F19
L. acidophilus La5
B. lactis Bb-12
B. bifidum MIMBb75

2.5-25 × 109 CFU

1 × 1010 CFU

1 × 109 CFU

5 × 107 CFU
(500 mL)

5 × 107 CFU

2 × 109 CFU
3-9 × 107 CFU

1 × 1010 CFU

Lactobacillusrhamnosus GG
1 × 107 CFU
L. rhamnosus Lc705
Propionibacteriumfreudenreichii
ssp. shermanii JS
Bifidobacteriumanimalisssp.
lactis Bb-12
L. acidophilus CUL60
2.5 × 1010 CFU
L. acidophilus CUL21
B. lactis CUL34,
B. bifidum CUL20
Streptococcusthermophilus
1 × 108 CFU
L. bulgaricus
1 × 107 CFU
L. acidophilus
B. longum
Escherichia coli (Symbioflor 2) 1.5-4.5 ×107 CFU

Probiotic

12 wk

4 wk

4 wk

8 wk

8 wk

4 wk
8 wk

4 wk

8 wk

4 wk

8 wk

20 wk

Duration of
treatment

-

3 wk

4 wk

8 wk

8 wk

-

-

ND

-

2 wk

3 wk

Follow-up

No significant effects of probiotics in general symptoms,
but enteric flora altered due to gastroenterocolitis or
administration of antibiotics before IBS initiation

↓ IBS symptoms like: pain, discomfort distension,
bloating, digestive disorders
↑ QoL
↓ Abdominal pain and bloating

Improvement in both groups in pain frequency, pain
and bloating severity, satisfaction with bowel habits, and
interference with daily life
Symptom relief in both groups;no difference between
probiotics and placebo

↓ IBS symptoms, abdominal pain and discomfort
↓ 50% global symptom score and abdominal pain score

↑ QoL
↓ Flatulence
↓ Abdominal pain and bloating

↓ Typical symptoms of IBS patients

Mucosal barrier function and bowel symptoms improved
↓ Small bowel permeability

↑ QoL
↓ Symptom severity, bloating not improved

↑ Stabilization of intestinal microbiota
↓ Distension and abdominal pain in probiotic group
↓ IBS symptoms

Outcome
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C-IBS,
A-IBS

All types

D-IBS

Rome Ⅲ

Rome Ⅲ

Rome Ⅲ

44.66

46.1

37.9

43.71

48.8

40.3

14/74

5/20

12/13

14/77

10/15

14/11

B. lactis CNCMI-2494

L. acidophilus
L. plantarum
L. rhamnosus
B. breve
B. lactis
B. longum
S. thermophilus
L. caseirhamnosus (LCR 35)
6 × 108 CFU
(250 mg)
1.25 × 1010 CFU

1 × 1010 CFU

12 wk

4 wk

8 wk

-

2 wk

2 wk

↓ IBS patients complaining of diarrhea
↓ 50% reduction in IBS severity score in probiotic arm
Significant improvement in IBS symptoms in both groups

↑ QoL

WJG|www.wjgnet.com
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Rome Ⅱ
Rome Ⅲ

Rome Ⅲ

Rome Ⅱ

Rome Ⅱ

Rome Ⅲ
Rome Ⅱ

Rome Ⅱ

Rome Ⅲ

Criteria

40.2
21.8±17

33

6.5

46.5 (18-75)

52.3
4-18

48.36

39.6

40.6

33

6.3

44

Placebo

Age (yr)

Probiotic

18/17
5/10

12/25

43/24

5/11

7/19
31/28

9/41

0/19

19/20
3/6

10/26

35/23

6/23

0/19

Placebo

Sex (Male/Female)
Probiotic

Lactobacillus sp. HY7801
B. longum HY804
L. brevis HY7401
Saccharomycesboulardii
VSL#3

Lactobacillusplantarum
MF1298
L. rhamnosus GG

Bifidobacteriumlactis
DN-173010
Bacillusc oagulans
GBI-306086
B. coagulans GBI-306086
VSL#3

Probiotic

2 × 1011 CFU
9 × 1011 bacteria

4 × 109 CFU

3 × 109 CFU

1 × 1010 CFU

2 × 109 CFU
4.5 × 1011 bacteria

8× 108 CFU

1.25 × 1010 CFU

Probiotic dosage

4 wk
8 wk

8 wk

12wk

3 wk

8wk
6 wk

8 wk

4 wk

Duration of
treatment

-

-

8 wk

-

2 wk
6 wk after 2-wk
wash-out

-

1 wk

Follow-up

↑ QoL
↑ QoL
No change in gut microbiota
↑ Specific GSRS-IBS scores

↓ Number of daily bowel movements
↓ Percentage of symptoms, severity and
frequency of abdominal pain and bloating
↑ QoL
Daily symptom scores not different between
probiotic and placebo groups
↓ Frequency and severity of pain, and
improved intestinal permeability
↑ Intestinal barrier function in females
↓ Pain and flatulence defection

↓ Bloating and abdominal pain

↓ Abdominal distension and bloating

Outcome

A-IBS: Alternating irritable bowel syndrome; CFU: Colony Forming Unit; C-IBS: Constipation-predominant irritable bowel syndrome; D-IBS: Diarrhea-predominant irritable bowel syndrome; GSRS: Gastrointestinal Symptom
Rating Scale; IBS: Irritable bowel syndrome; ND: Not determined; VSL#3: A probiotic combination of L. casei, L.plantarum, L. acidophilus, L. delbrueckii ssp. bulgaricus, B. longum, B. breve, B. infantis, and S. thermophiles; QoL: Quality
of life.

D-IBS, A-IBS
D-IBS

Choi et al[54]
Michail et al[52]

ND

Francavilla et al[50]

All types

All types

Ligaarden et al[53]

Hong et al[49]

D-IBS
Alltypes

D-IBS

Hun[48]

Dolin[67]
Guandalini et al[47]

C-IBS

Type of IBS

Agrawal et al[51]

Trial

Table 3 Characteristics of studies included in the systematic review

A-IBS: Alternating irritable bowel syndrome; CFU: Colony forming unit; IBS: Irritable bowel syndrome; C-IBS: Constipation-predominant irritable bowel syndrome; D-IBS: Diarrhea-predominant irritable bowel syndrome;
ICHPPC: International classification of health problems in primary care; ND: Not determined; QOL: Quality of life; WONCA: World organization of family doctors.

Roberts et al[41]

Dapoigny et al[46]

Ki Cha et al[38]
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A

B

Relative risk meta-analysis plot (random effects)

Enck et al , 2008

L'Abbe plot (symbol size represents sample size)

100

1.63 (1.33, 2.01)

Enck et al , 2009

Experimental percent

80

2.84 (1.46, 5.59)

Combined
[random]

1.96 (1.14, 3.36)

1

2
5
Relative risk (95%CI)
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Figure 2 Responders to therapies based on abdominal pain score. A: Individual and pooled relative risk in studies comparing probiotics and placebo in irritable
bowel syndrome patients; B: Heterogeneity indicators for the studies.

Abdominal pain score by visual analogue scale
(VAS): The summary for standardized effect size of
mean differences of abdominal pain score by VAS
ranging from 0 to 10 in IBS patients for probiotics
therapy for two included trials comparing with placebo
was -0.56 (95%CI: -1.29-0.16; P = 0.13) (Figure
[37,38]
3)
. The Cochrane Q test for heterogeneity
indicated that the studies were not heterogeneous (P
= 0.73) and could be combined. However, because too
few studies were included, the random effects model
for individual and summary effect size for standardized
mean was applied.
In one study that scored abdominal pain score on
VAS ranging from 0 to 100, the mean score reduction
was -7.65 ± 9.69 in the probiotics group vs -0.98±7.67
[39]
in the placebo group .

Effect size meta-analysis plot [random effects]
Drouault-holowacz et al ,
2008

Ki Cha et al , 2012

-2

-1
0
1
2
DL pooled weighted mean difference = -0.563799
(95%CI: -1.285845-0.158246)

Distension/bloating/flatulence assessments in IBS
patients for comparison of probiotics to placebo therapy

Figure 3 Individual and pooled effect size for standardized mean for
abdominal pain in studies comparing probiotics and placebo in irritable
bowel syndrome patients.

Distension/bloating/flatulence (DBF): DBF
was evaluated by an IBS severity scoring system in
three trials from two studies to compare the effect of
[32,40]
probiotics therapy with placebo in IBS patients
.
The summary of standardized effect size of mean
differences of DBF for probiotics therapy was -2.57
(95%CI: -13.05-7.92; P = 0.63) (Figure 4).The
Cochrane Q test for heterogeneity indicated that the
studies were not heterogeneous (P = 0.64) and could
be combined. However, the random effects model for
individual and summary effect size for standardized
mean was applied because of the small number of
included studies.
In another study that assessed DBF using 6-mo
symptom diary with a 0-4 scale, the mean severity
reduction was -4.00 ± 11.36 in probiotics group vs
[33]
-2.00 ± 11.2 in the placebo group .

[33]

in the placebo group

.

Abdominal pain improvement: The RR for
abdominal pain improvement in one trial was 1.10
(95%CI: 0.77-1.60), which was not statistically
[34]
significant .
Responders to therapies based on abdominal
pain score: The summary for RR of responders
to therapies based on abdominal pain score in IBS
patients for two included trials comparing probiotics
to placebo was 1.96 (95%CI: 1.14-3.36; P = 0.01)
[35,36]
(Figure 2A)
. The Cochrane Q test for heterogeneity
indicated that the studies were not heterogeneous (P
= 0.11) (Figure 2B) and could be combined. However,
because too few studies were included, the random
effects model for individual and summary RR was
applied.

WJG|www.wjgnet.com

Flatulence: The RR for flatulence improvement in
one trial was 1.20 (95%CI: 0.85-1.77), which was not
[34]
statistically significant .
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= 0.66) and could be combined. However, the random
effects model for individual and summary of effect
size for standardized mean was applied because of the
small number of included studies.

Effect size meta-analysis plot [random effects]
Williams et al , 2008
(8 wk)

Williams et al , 2008
(10 wk)

Assessment of IBS improvement in IBS patients for
comparison of probiotics to placebo therapy

Global score improvement: IBS improvement
was evaluated by subjective global assessment in
one study for 4, 8, and 12 wk to compare the effect
[41]
of probiotics therapy with placebo in IBS patients .
RR was 1.20 (95%CI: 0.89-1.60), 0.90 (95%CI:
0.63-1.20), and 0.90 (95%CI: 0.61-1.20) after4, 8,
and 12 wk, respectively.

Simren et al , 2009

-30

-20

-10

0

10

20

30

Sum score: A sum score was evaluated using an
IBS symptom score (abdominal pain + distension +
flatulence + rumbling) in one study for 4-5, 13-14,
and 20 wk to compare the effect of probiotics therapy
[33]
to placebo in IBS patients . The reduction of sum
score from baseline was -13.00 ± 24.40, -15.00 ±
26.84, and -14.00 ± 26.83 after 4-5, 13-14, and
20 wk, respectively, for patients receiving probiotics
therapy, and -6.00 ± 22.55, -6.00 ± 22.55, and -3.00
± 21.97, respectively, with placebo.

DL pooled weighted mean difference = -2.567613
(95%CI: -13.053095-7.91787)

Figure 4 Individual and pooled effect size for standardized mean for
distension, bloating, and flatulence in studies comparing probiotics and
placebo in irritable bowel syndrome patients.
Effect size meta-analysis plot [random effects]
Williams et al , 2008
(8 wk)

Responders to therapies based on global symptom
score

Williams et al , 2008
(10 wk)

The summary for RR of responders to therapies based
on a global symptom score in IBS patients for two
included trials comparing probiotics with placebo was
[35,36]
2.43 (95%CI: 1.13-5.21; P = 0.02) (Figure 6A)
.
The Cochrane Q test for heterogeneity indicated that
the studies were not heterogeneous (P = 0.06) (Figure
6B) and could be combined. Because of the small
number of included studies, the random effects model
for individual and summary for RR was applied.

Simren et al , 2009

-30

-20

-10

0

10

20

DL pooled weighted mean difference = -5.310558
(95%CI: -13.868012-3.246895)

Adequate general symptoms improvement

The summary for RR of adequate general symptoms
improvement in IBS patients for seven included trials
from six studies comparing probiotics with placebo was
[34,37,42-45]
2.14 (95%CI: 1.08-4.26; P = 0.03) (Figure 7A)
.
The Cochrane Q test for heterogeneity indicated that
the studies were heterogeneous non-combinable (P <
0.01) (Figure 7B), and thus the random effects model
for individual and summary for RR was applied. For
evaluation of publication bias, Egger’s regression of
normalized effect vs precision for all included studies
for “adequate general symptoms improvement” in
IBS patients among probiotics vs placebo therapy was
4.34 (95%CI: -3.13-11.81; P = 0.20), and the BeggMazumdar test on standardized effect vs variance
indicated t = -0.33 (P = 0.38) (Figure 7C).

Figure 5 Individual and pooled effect size for standardized mean for
bowel habit dissatisfaction in studies comparing probiotics and placebo
in irritable bowel syndrome patients.

Bloating: In one study that evaluated bloating
improvement using a 0-100 VAS, the mean score
reduction was 0.34 ± 6.49 in probiotics group in
[39]
comparison to 0.44 ± 5.25 in the placebo group .
Bowel habit dissatisfaction: Three trials in two
studies evaluated bowel habit dissatisfaction using an
IBS severity scoring system to compare the effect of
[32,40]
probiotics therapy with placebo in IBS patients
.
The summary for standardized effect size of mean
differences of bowel habit dissatisfaction for probiotics
therapy was -5.31 (95%CI: -13.87-3.25; P = 0.22)
(Figure 5). The Cochrane Q test for heterogeneity
indicated that the studies were not heterogeneous (P

WJG|www.wjgnet.com

Symptom severity score: Symptom severity score
was evaluated by an IBS severity scoring system in
one study for 8 and 10 wk to compare the effect of
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Figure 6 Responders to therapies based on global symptom score. A: Individual and pooled relative risk in studies comparing probiotics and placebo in irritable
bowel syndrome patients; B: Heterogeneity indicators for the studies.
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Relative risk meta-analysis plot (random effects)

Droualut-holowacz et al , 2008

0.95 (0.60, 1.51)

Ducrotte et al , 2012

9.05 (4.96, 17.09)

Guglielmetti et al , 2011

5.37 (2.33, 12.92)

Sondergaard et al , 2011 (8 wk)

1.57 (0.72, 3.53)

Sondergaard et al , 2011 (16 wk)

1.29 (0.56, 3.00)

Kruis et al , 2012

1.10 (0.77, 1.58)

Sinn et al , 2008
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2.14 (1.08, 4.26)
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Figure 7 Adequate general symptoms improvement. A: Individual and pooled relative risk in studies comparing probiotics and placebo irritable bowel syndrome
patients; B: Heterogeneity indicators for the studies; C: Publication bias indicators.
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[32]

[32]

probiotics therapy with placebo in IBS patients . The
reduction of symptom severity score from baseline was
-132.45 ± 118.30 and -93.49 ± 103.45 for probiotics
therapy group in 8 and 10 wk, respectively, and -80.08
± 116.16 and -58.67 ± 96.38, respectively for patients
in the placebo group.

-12.04, respectively, in the probiotics group . A
crossover clinical trial showed that bloating/gassiness
in 42/59 IBS children was improved, including 16 in
[47]
the placebo group . The overall assessment showed
the effectiveness of probiotics on abdominal bloating
[40]
compared to placebo in the 6-wk trial. Simrén et al
reported a significant reduction of bloating severity
after 2 wk of treatment with probiotics compared to
placebo, but no significant difference was observed
between the two compared groups at the end of trial.

Severity score improvement: RR for severity score
improvement in C-IBS and A-IBS types in one trial was
1.29 (95%CI: 0.72-2.16), which was not statistically
[46]
significant . The RR for severity score improvement
was significant in D-IBS types in one trial, at 1.74
[46]
(95%CI: 1.06-2.66) .

Global IBS score: The specific gastrointestinal
symptom rating scale-IBS score was improved after
[52]
8 wk of probiotics digestion in D-IBS patients .
However, the daily symptom score did not change
among probiotics- and placebo-receiving patients in a
[53]
crossover trial . Probiotics were effective in reducing
[39]
the global IBS score from baseline after 4 wk . In
comparison to placebo, 50% reduction was observed in
[36]
global symptom score after probiotics ingestion . In
another clinical trial, IBS severity score was decreased
by 40% in probiotics-receiving patients, whereas the
reduction was reported as 28% in placebo-receiving
[46]
patients .

Results of systematic review

A systematic review was performed to summarize
non-eligible clinical trials for the meta-analysis
that were excluded because of heterogeneity or
different measurement scales for IBS symptoms.
All the nine studies were classified as randomized
placebo-controlled trials. Four, six, and eight weeks of
treatment with probiotics were reported.
Abdominal pain: Four weeks administration of
probiotics ameliorated the abdominal pain in three
[37,42,45]
clinical trials in comparison to placebo
. In one
multi-center crossover study in children, probiotics
alleviated the intensity and frequency of abdominal
pain after 6 wk; the mean reduction of abdominal
pain score from baseline was 1.0 ± 0.2 and 0.5 ±
[47]
0.2 in probiotics and placebo groups, respectively .
[48]
Hun
reported the improvement of abdominal pain
in a probiotics arm. However, this symptom was also
improved in the placebo group after 6 and 8 wk.
Another study showed that the abdominal pain score
was significantly decreased in the probiotic group;
the mean abdominal pain score was decreased from
baseline (53 ± 21.4) -26.0 and -29.5 after 4 and 8
[49]
wk of probiotics administration, respectively . An
evaluation of pain relief in a crossover trial amongst
children reported improvement with probiotics in
[50]
36/67 children at 12 wk and 49/67 at 20 wk . The
placebo group in that study showed improvement
among 23/69 and 38/69 patients after 12 and 20
[40]
wk, respectively. Simrén et al
demonstrated the
positive effect of probiotics in abdominal pain after 1
wk in comparison to placebo. However, there was no
significant different between probiotics and placebo
groups after 8 wk of treatment.

IBS symptoms relief: Treatment with probiotics for 4,
6, and 8 wk resulted insignificant beneficial effects on
[35,41-44,47]
IBS symptoms in comparison to placebo
.
Quality of life (QoL): Probiotics administration
decreased disease-associated complications in IBS
[37,44,54]
patients after 4 wk
. In a crossover trial, the
elevated QoL in children after 6 wk of probiotics
[47]
digestion was identified . In 2008, Williams et
[32]
al
reported that probiotics improved the QoL from
baseline rather than placebo. Another study performed
[38]
by Ki Cha et al
reported that the changes of QoL
from baseline in the follow-up period were statistically
similar in probiotics- and placebo-receiving patients.
[52]
Michail et al
showed a significant positive effect on
the overall average QoL score in both probiotics and
placebo groups after 8 wk of treatment; QoL was
improved from 3.0 ± 1.3 to 2.1 ± 0.8 in the active
treatment group and from 2.4 ± 1.0 to 1.8 ± 0.6 in
the control group. Twelve-week treatment similarly
resulted in QoL improvement in placebo and probiotics
[34]
groups in D-IBS patients .

Intestinal barrier function and gut microbiota

In IBS patients, bowel function and gut microbiota
are changed. Probiotics modify the impaired intestinal
permeability in pediatric and D-IBS patients after 4 and
[39,50]
12 wk of treatment, respectively
. Furthermore,
probiotics caused significant improvement in intestinal
barrier function among IBS female patients in an 8-wk
[49]
trial . Probiotics digestion alleviated the increased
small bowel permeability in 28.6% of patients in
[39]
comparison to 53.3% in a placebo group . It was

DBF: Flatulence and bloating were improved in
[37,44,45]
probiotics-receiving adult patients after 4 wk
.
Moreover, probiotics alleviated distension and
[51]
bloating in adult female patients with C-IBS .
Another investigation demonstrated that the mean
abdominal distension/bloating in the placebo group
declined from baseline after 8 and 10 wk (-14.74
and -7.52, respectively) compared to -22.80 and
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Table 4 Numbers and causes of reported withdrawals in the included clinical trials in the meta-analysis
Group (n )

Study
[37]

Drouault-Holowacz et al
Kajander et al[33]
Kruis et al[34]
Enck et al[35]
Enck et al[36]
Dapoigny et al[46]
Ki Cha et al[38]

Placebo (53)
Probiotic (53)
Placebo (43)
Probiotic (43)
Placebo (60)
Probiotic (60)
Placebo (148)
Probiotic (149)
Placebo (150)
Probiotic (148)
Placebo (26)
Probiotic (26)
Placebo (25)
Probiotic (25)

Cause of withdrawal
Adverse effect

Non-compliance

Lack of efficacy

Symptom worsening

NR
NR
2
2
NR
2
NR
2
2
3
NR
NR
NR
NR

1
5
NR
NR
NR
NR
1
NR
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR
2
NR
1
NR
NR
NR
NR
NR
NR
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
3
NR
2
NR

NR: Not reported.

[32-34,39,40]

therefore concluded that probiotics improved mucosal
barrier function in D-IBS adult patients. Steady
state of gut microbiota in the probiotics-treated arm
was increased, but it was decreased in the placebo
[33]
arm . However, the balanced gut microbiota was not
observed in probiotics-receiving patients in comparison
[34,52]
to placebo after 8 and 12 wk of treatment
.

severity of DBF
. Global IBS symptoms were
[41]
not improved , but IBS sum score was decreased
[33]
after use of probiotics . The responder rate was
significantly higher in probiotics-treated groups when
[35,36]
global symptom improvement was considered
.
Probiotics were effective in inducing an adequate
[34,37,42-45]
improvement of general IBS symptoms
. The
[32]
severity of symptoms was decreased , but was not
[46]
improved with probiotics compared with placebo .
The same results of clinical improvement in a previous
meta-analysis demonstrated the effectiveness of
[30]
probiotics on IBS symptoms .
The numbers of reported withdrawals are shown
in Table 4. The majority of withdrawals were due to
adverse events in probiotics and lack of efficacy in
placebo groups. Four and seven patients in placebo
and probiotics groups, respectively, discontinued
[33,34,36]
treatment due to adverse events
. Lack of
efficacy was reported as the reason of withdrawal in
[34,35]
three patients in two trials
. Symptom worsening
was reported in five patients who received placebo in
[38,46]
two trials
. The results of the systematic review
demonstrated the beneficial effect of probiotics
[32,34,37,38,44,47,54]
[37,42,45,47-50]
on QoL
, abdominal pain
,
[32,37,44,45,51,54]
[36,39,46,52,53]
DBF
, IBS diagnostic scores
, and
[33,35,42,44,47,67]
IBS total symptoms
.
Generally, use of different scales to analyze the
mean differences of symptoms in various studies
has been the main limitation of all existing metaanalyses concerning IBS, and the present one is no an
exception. Thus, further clinical trials are still needed
to confirm the effectiveness of probiotics on specific
major IBS symptoms and patient QoL. Collectively,
probiotics may have a beneficial therapeutic role in IBS
patients.

DISCUSSION
IBS is manifested with gut-brain axis interactions,
changes in serologic biomarkers, enhanced inflam
matory indicators such as myeloperoxidase, tumor
necrosis factor α, and lipid peroxides, and gut micro
biome disruption, and is also associated with genetic
[55-58]
background and environmental factors
. Among all
factors, change in intestinal microbial flora is important
in the initiation of IBS. Furthermore, diet as an environ
[59]
mental factor influences the human microflora .
Despite pharmacologic approaches and novel drugs
for IBS management, the use of probiotics in IBS has
[60-62]
been confirmed by recovery and gradual healing
.
Additionally, probiotics stabilize immune dysregulation
in IBS, thus enhancing cellular integrity to protect
[63,64]
the colon
. Probiotics also modify the intestinal
microbiota, altering the fermentation pattern inside the
[65]
colon and reducing flatulence .
Although probiotic organisms exert beneficial
effects to the host, they can act as a double-edged
sword with both negative and positive effects.
Therefore, precaution is necessary before they are
[66]
administered . Pain assessment analysis showed that
probiotics significantly reduce pain severity after eight
[32,33]
and ten weeks of administration
. However, the
reduction rate was rather higher at week eight than
week ten, suggesting reduced effectiveness with longterm use. The responder rate based on abdominal pain
[35,36]
was significantly more than placebo
. Probiotics did
not improve abdominal pain significantly vs placebo
[34,38]
in two trials
, and did not significantly affect the
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the general population, and young people in particular. This syndrome is
manifested with abdominal pain, stool pattern alteration, distention, bloating,
straining, abdominal discomfort, and urgency. Genetic background and
environmental factors are important in the pathogenesis of IBS, but the precise
cause of IBS is still unknown. Because of adverse effects of pharmacologic
drugs, some physicians and IBS patients tend to use probiotics.

7

Research frontiers

8

Probiotics are live microorganisms that confer positive effects into the host after
oral administration. Several probiotics strains have shown beneficial outcomes
in IBS patients.

Related publications

9

The authors’ study was performed to update the previous meta-analysis with
the inclusion of additional clinical trials. Moreover, a systematic review was
conducted to assess the efficacy of probiotics in IBS patients in clinical trials
that were not eligible for meta-analysis section.

10

Innovations and breakthroughs

A total of 11748 articles published between 2007 and 2013 regarding the
efficacy of probiotics in IBS were identified and studied. Of these, 15 trials met
inclusion criteria for this meta-analysis and were analyzed. Rome, International
Classification of Health Problems in Primary Care, and World Organization
of Family Doctors criteria were applied to include IBS patients. Totally, 1793
patients with diarrhea- and constipation-predominant IBS, and alternative IBS
were included. Nine other clinical trials that were not applicable for our metaanalysis were reviewed systematically.

11
12

Applications

Pain assessment analysis showed that probiotics significantly reduce pain
severity. The responder rate based on abdominal pain was significantly greater
than with placebo. The responder rate was significantly higher in probiotics
treated groups when global symptom improvement was considered. Probiotics
were effective for improving general IBS symptoms. The majority of withdrawals
were due to adverse events with probiotics and lack of efficacy in placebo
groups. The results of the systematic review demonstrated the beneficial
effect of probiotics on quality of life, abdominal pain, distension, bloating and
flatulence, IBS diagnostic scores and IBS total symptoms. Generally, use
of different scales to analyze the mean differences of symptoms in various
studies has been the main limitation of all existing meta-analyses in IBS.
Thus, well-designed clinical trials are still needed to reach a consensus on
the effectiveness of probiotics on IBS symptoms and patient quality of life.
Collectively, probiotics seem to have a beneficial therapeutic role in IBS patients
if administered accurately.

13

14
15
16
17

Peer-review

18

In this study, we concluded that probiotics confer beneficial effects for alleviation
of IBS symptoms. Generally, use of different scales to analyze the mean
differences of symptoms in various studies is the main limitation of all existing
meta-analyses in IBS. Further well-designed clinical trials are still needed to
confirm the effectiveness of probiotics on major IBS symptoms and patient
quality of life.
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META-ANALYSIS

Association between diabetes mellitus and
gastroesophageal reflux disease: A meta-analysis
Xiao-Meng Sun, Jia-Cheng Tan, Ying Zhu, Lin Lin
GERD. Studies were selected for analysis based on
certain inclusion and exclusion criteria. Data were
extracted from each study on the basis of predefined
items. A meta-analysis was performed to compare
the odds ratio (OR) in DM between individuals with
and without GERD using a fixed effect or random
effect model, depending on the absence or presence
of significant heterogeneity. Subgroup analyses were
used to identify sources of heterogeneity. Publication
bias was assessed by Begg’s test. To evaluate the
results, we also performed a sensitivity analysis.
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RESULTS: When the electronic database and hand
searches were combined, a total of nine eligible
articles involving 9067 cases and 81 968 controls were
included in our meta-analysis. Based on the randomeffects model, these studies identified a significant
association between DM and the risk of GERD (overall
OR = 1.61; 95%CI: 1.36-1.91; P = 0.003). Subgroup
analyses indicated that this result persisted in studies
on populations from Eastern countries (OR = 1.71;
95%CI: 1.38-2.12; P = 0.003) and in younger
patients (mean age < 50 years) (OR = 1.70; 95%CI:
1.22-2.37; P = 0.001). No significant publication bias
’
was observed in this meta-analysis using Begg s test (P
= 0.175). The sensitivity analysis also confirmed the
stability of our results.
CONCLUSION: This meta-analysis suggests that
patients with DM are at greater risk of GERD than those
who do not have DM.

Abstract

Key words: Diabetes mellitus; Gastroesophageal reflux
disease; Meta-analysis

AIM: To investigate whether there is a link between
diabetes mellitus (DM) and gastroesophageal reflux
disease (GERD).

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

METHODS: We conducted a systematic search of
PubMed and Web of Science databases, from their
respective inceptions until December 31, 2013, for
articles evaluating the relationship between DM and
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Core tip: Based on a meta-analysis, we demonstrated
that diabetes mellitus is associated with gastroeso
phageal reflux disease. Our findings suggested that
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this association was greater in patients aged < 50
years and in Asian populations.

MATERIALS AND METHODS
Data source and search

We conducted a systematic search of PubMed and
Web of Science databases from their inceptions until
December 31, 2013. We used combinations of the
subject headings: “diabetes mellitus”, “blood glucose”,
“hyperglycemia”, “glycosylated hemoglobin”, “metabolic
syndrome”, “gastroesophageal reflux”, “esophagitis”,
“heartburn”, “esophageal pH” and “regurgitation”. We
also performed hand searches in reference citations of
identified reviews and original articles selected for fulltext retrieval.

Sun xm, Tan jc, Zhu Y, Lin L. Association between diabetes
mellitus and gastroesophageal reflux disease: A meta-analysis.
World J Gastroenterol 2015; 21(10): 3085-3092 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i10/3085.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i10.3085

INTRODUCTION
Gastroesophageal reflux disease (GERD) is cha
racterized by the presence of esophageal mucosal
injury or reflux symptoms caused by the abnormal
[1]
reflux of gastric contents into the esophagus . The
symptoms include heartburn, acid regurgitation
and non-cardiac chest pain. Serious esophageal
complications of GERD include erosive esophagitis,
esophageal stricture, Barrett’s esophagus and eso
phageal adenocarcinoma. Various conditions such
as disturbance of the lower esophageal sphincter,
increased gastric acid production, increased intragastric
pressure and esophageal acid exposure are believed to
[2-4]
play an important role in the development of GERD .
Our understanding of the mechanisms of this disease
is incomplete. GERD was found to be highly prevalent
in Western societies. However, GERD is a common
disorder in both Western and Asian populations and
has become more prevalent in Asian populations in
recent decades. The disorder is important clinically not
only for its influence on patients’ quality of life, but also
for a significant proportion of the total cost it generates
to the health care system.
Diabetes mellitus (DM) is one of the metabolic
diseases characterized by hyperglycemia resulting
from defects in insulin secretion, insulin action or
[5]
both . Patients with DM suffer various complications
and gastrointestinal (GI) symptoms are frequently
encountered in these patients. The pathogenesis of
GI symptoms in DM, which are usually attributed
to neurological impairment, especially autonomic
neuropathy, have not been clearly elucidated. It is
reported that esophageal dysfunction occurs frequently
[6]
in patients with diabetic autonomic neuropathy and
esophageal transit is delayed in 35% of patients with
[7]
DM .
Studies evaluating the relationship between DM
and GERD have generated conflicting data. Some
studies have indicated a positive association between
[8-10]
either DM or the metabolic syndrome and GERD
,
while others have found no association between these
[11,12]
conditions
.
Given this uncertainty, we conducted a metaanalysis of available studies comparing the risk of
GERD in individuals with and without DM.

WJG|www.wjgnet.com

Study selection

For inclusion in the meta-analysis, a study had to
fulfill the following criteria: (1) report the numbers of
GERD and non-GERD subjects; (2) include data on
individuals with and without DM in both GERD and
non-GERD groups; and (3) be published in English.
For overlapping studies, only the study with the largest
sample numbers was included.

Definition of GERD

Although esophageal manometry and 24-h pH monitoring
are the gold standards for detecting esophageal motor
disorder and GERD, in our study, the diagnosis of
GERD was established on the basis of reflux symptom
questionnaires and the frequency of the cardinal
symptoms, namely heartburn and acid regurgitation,
occurring one or more times a week, with or without other
symptoms.
The definition of esophagitis was established on the
basis of endoscopic esophageal mucosal breaks.

Data extraction and quality assessment

Study selection was performed independently by two
investigators (Sun and Tan). Discrepancies in data
extraction were resolved through consultation with
the third reviewer (Zhu). We extracted the following
data from each publication: the first author’s name,
year of publication, country, proportion of men,
number of GERD and control subjects and number
of subjects with and without DM in both groups. The
quality of each study was independently evaluated by
each investigator using the Newcastle-Ottawa quality
[13]
assessment scale .

Statistical analysis

Data from all relevant studies were combined to
estimate the pooled OR with a 95%CI using a random
effects model. Subgroup analyses according to
geographic region and age were performed to assess
the potential modifying effect of these variables on
outcomes. We also conducted a sensitivity analysis
to investigate the influence of a single study on the
overall risk estimate. Heterogeneity between studies
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Records identified from
PubMed (n = 956). Web of
science (n = 554)

Excluded based on
abstract/title screening
(n = 1441)
Articles selected
for full-text
retrieval (n = 69)

Excluded after full-text screening (n = 60)
Non-English (n = 5)
Duplicate data (n = 6)
No full text (n = 8)
No control group (n = 23)
GERD with other disease (n = 14)

Article included
in meta-analysis
(n = 9)

Figure 1 Flow diagram of the selection process of the studies included in this meta-analysis. GERD: gastroesophageal reflux disease.

Table 1 Characteristics of studies included in the meta-analysis
Ref.

Country

Yönem et al[19]
Kim et al[15]
Chen et al[20]
Tseng et al[17]
Jansson et al[21]
Chiba et al[14]
Rubenstein et al[22]
Ou et al[16]
Hsu et al[18]

Turkey
South Korea
China
Taiwan
Sweden
Japan
United States
Taiwan
Taiwan

Mean
Age (yr)

Men

42.57
46.7
62.5
52.3
48.0
33.9
58.7
51.4
51.7

50.7%
59.0%
41.4%
56.9%
47.0%
77.6%
100.0%
58.6%
46.2%

No. of subjects
GERD (+) DM(+) GERD (+) DM(-)
42
217
119
1691
28
122
248
2018
79
2744
50
678
52
166
60
292
8
123

GERD (-) DM(+)
90
987
766
474
847
117
91
188
28

GERD (-) DM(-)
996
19167
7134
5030
35893
4145
460
1500
584

GERD: Gastroesophageal reflux disease; DM: Diabetes mellitus.

2

relationship between GERD and another disease, eight
studies had no full-text and another four studies were
excluded for having incomplete data. Overall, nine
articles met the inclusion criteria and were included
in the meta-analysis. A flow chart showing the study
selection process is presented in Figure 1.

was assessed using I statistics; random effect models
2
were used to determine when I was at least 50%.
Publication bias was statistically assessed using
Begg’s regression test. All analyses were conducted with
STATA software version 12 (STATA Corporation, College
Station, TX, United States). P values less than 0.05
were considered statistically significant.

Study characteristics

The characteristics of the nine included studies are
summarized in Table 1. All studies were published in
the past 10 years. Of these, one study was conducted
in America, one in Europe and seven in Asia. Records
[14]
[15]
[16-18]
[19]
from Japan , South Korea , Taiwan
, Turkey
[20]
and China
were defined as Asian studies, while
[21]
[22]
those from Europe
and America
were defined
as Western studies. Of these nine studies, eight
were cross-sectional and the other had a casecontrol design. Sample size ranged from 743 to 43
363 participants, with a total of 9067 individuals with
GERD and 81 968 controls. Four studies evaluated the
[14-16,18]
association between erosive esophagitis and DM
.
None of the included records divided DM into Type 1

RESULTS
Study selection

Our search of PubMed and Web of Science databases
and manual review of articles cited in the identified
and related publications initially retrieved 1510 articles,
of which, 956 records were identified from the PubMed
database and the remainder from Web of Science.
After abstract and title screening, 1441 records were
excluded as they were not related to our present
meta-analysis. Of the 69 articles selected for detailed
evaluation, the data of six studies were duplicated, 23
studies did not have a control group, five studies were
not published in English, 14 articles evaluated the
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Study ID

OR (95%CI)

%weight

1 Yönem (2013)

2.14 (1.44, 3.18)

9.50

2 Kim N (2008)

1.37 (1.12, 1.66)

15.26

3 Chen T (2012)

2.14 (1.41, 3.24)

8.97

4 Tseng PH (2012)

1.30 (1.11, 1.53)

16.31

5 Jansson C (2008)

1.22 (0.97, 1.54)

14.09

6 Chiba H (2012)

2.61 (1.86, 3.67)

10.89

7 Rubenstein JH (2013)

1.58 (1.08, 2.33)

9.76

8 Ou JL (2012)

1.64 (1.19, 2.25)

11.58

9 Hsu CS (2011)

1.36 (0.60, 3.05)

3.64

1.61 (1.36, 1.91)

100.00

2

Overall (I = 65.6%, P = 0.003)

0.272

1

3.67

Figure 2 OR and 95%CI of individual studies for the association between gastroesophageal reflux disease and diabetes mellitus in all subjects.

DM and Type 2 DM.

analysis was conducted. The analysis investigated the
influence of a single study on the overall risk estimate
by omitting one study at a time, yielding a narrow
range of ORs from 1.48 (95%CI: 1.29-1.70) to 1.69
(95%CI: 1.38-2.06). In addition, no single study
substantially contributed to the heterogeneity observed
across all studies (Figure 4). Begg’s regression test
revealed that there was no publication bias in the
overall analysis (P = 0.175) (Figure 5).

Main analysis of the prevalence of GERD associated
with DM

None of the included studies divided DM into Type 1
DM and Type 2 DM. The OR was used to evaluate the
association between DM and GERD. High heterogeneity
2
was observed across the studies (I = 65.6%).
Therefore, a random effects model was used. The
overall pooled OR of DM in GERD subjects compared
with that in non-GERD subjects was 1.61 (95%CI:
1.36-1.91; P = 0.003) (Figure 2).

DISCUSSION
This study aimed to explore the relationship between
GERD and DM. Our results showed that DM was a
significant risk factor for the prevalence of both GERD
and esophagitis.
[1]
According to the Montreal definition , GERD is
diagnosed when the reflux of stomach contents causes
troublesome symptoms and/or complications, such
as reflux esophagitis, stricture, Barrett’s esophagus
or esophageal adenocarcinoma, and the disease is
subclassified into esophageal or extra-esophageal
syndromes. The cardinal symptoms in GERD patients
[25]
are heartburn and regurgitation . GERD includes
erosive esophagitis and endoscopy-negative reflux
disease, which are also known as non-erosive reflux
disease. It is reported that one of the reasons for the
difficulty in identifying causative factors for GERD is the
confusion between reflux esophagitis and non-erosive
[1]
reflux disease . Although the reflux of intragastric
contents is defined as the etiology, the underlying
mechanism of GERD has not been adequately
elucidated. Multiple factors have been reported to be
associated with GERD, such as age, gender, body mass
index (BMI), body weight, alcohol consumption and
[26-29]
smoking
.
Patients with DM suffer various complications,

Subgroup meta-analysis

Many studies have found that the prevalence of GERD
[23,24]
increases with age
, presumably because aging
decreases the motility of the esophagus. In order to
explore the influence of age, we performed an agestratified analysis, separating the studies into two
subgroups with mean age < 50 years and mean age ≥
50 years. We identified an association between DM and
GERD in both subgroups and the OR was 1.70 (95%CI:
1.22-2.37) and 1.52 (95%CI: 1.27-1.82), respectively.
However, only the subgroup with mean age < 50 years
showed statistical significance (Figure 3A).
Figure 3B shows the results of subgroup analysis
with reference to geographic region. A pooled analysis
was conducted for the Asian and Western subgroups
in order to explore the relationship between GERD
patients and the risk of DM in different areas. The
combined OR between GERD and DM in the Western
studies was 1.33 (95%CI: 1.05-1.68). However,
there was a more pronounced association in the Asian
subgroup, OR = 1.71 (95%CI: 1.38-2.12).

Sensitivity analysis and publication bias

To test the robustness of our findings, sensitivity

WJG|www.wjgnet.com
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A

Study ID

OR (95%CI)

%weight

1 Yönem (2013)

2.14 (1.44, 3.18)

9.50

2 Kim N (2008)

1.37 (1.12, 1.66)

15.26

5 Jansson C (2008)

1.22 (0.97, 1.54)

14.09

6 Chiba H (2012)

2.61 (1.86, 3.67)

10.89

1.70 (1.22, 2.37)

49.75

3 Chen T (2012)

2.14 (1.41, 3.24)

8.97

4 Tseng PH (2012)

1.30 (1.11, 1.53)

16.31

7 Rubenstein JH (2013)

1.58 (1.08, 2.33)

9.76

8 Ou JL (2012)

1.64 (1.19, 2.25)

11.58

9 Hsu CS (2011)

1.36 (0.60, 3.05)

3.64

1.52 (1.27, 1.82)

50.25

1.61 (1.36, 1.91)

100.00

Mean age < 50 yr

2

Subtotal (I = 82.5%, P = 0.001)
Mean age ≥ 50 yr

2

Subtotal (I = 30.9%, P = 0.216)

2

Overall (I = 65.6%, P = 0.003)
Note: weights are from random
effects analysis
0.272

B

1

3.67

Study ID

OR (95%CI)

%weight

1 Yönem (2013)

2.14 (1.44, 3.18)

9.50

2 Kim N (2008)

1.37 (1.12, 1.66)

15.27

3 Chen T (2012)

2.14 (1.41, 3.24)

8.96

4 Tseng PH (2012)

1.30 (1.11, 1.53)

16.32

6 Chiba H (2012)

2.61 (1.86, 3.67)

10.89

8 Ou JL (2012)

1.64 (1.19, 2.25)

11.57

9 Hsu CS (2011)

1.36 (0.60, 3.05)

3.63

1.71 (1.38, 2.12)

76.15

5 Jansson C (2008)

1.22 (0.97, 1.54)

14.10

7 Rubenstein JH (2013)

1.58 (1.08, 2.33)

9.75

1.33 (1.05, 1.68)

23.85

1.61 (1.36, 1.91)

100.00

Asian

2

Subtotal (I = 70.0%, P = 0.003)

Western

2

Subtotal (I = 22.6%, P = 0.256)

2

Overall (I = 65.5%, P = 0.003)
Note: weights are from random
effects analysis
0.272

1

3.67

Figure 3 OR and 95%CI of individual studies for subgroup analysis by age (A) and by geographic region (B).
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Various studies have reported on the relationship
between diabetic autonomic neuropathy and esopha
geal dysfunction; however, no consensus has yet
been reached. Diabetic neuropathy can develop at
the time when blood glucose begins to increase but is
[36]
usually seen 5-10 years after the onset of diabetes .
Patients with DM frequently have neuropathy without
any gastrointestinal symptoms, which is attributed to
[37]
simultaneous efferent and afferent nerve damage .
Consequently, an exact evaluation of esophageal
dysfunction on the basis of symptoms may be difficult
in patients with DM as typical reflux symptoms may be
[38,39]
vague in some diabetic patients
. Previous studies
indicated that the duration of DM is also an important
factor for GI symptoms in type 2 DM patients as
longer disease duration is associated with more
[39,40]
complications
. It has been reported that diabetic
patients with three major diabetic complications,
retinopathy, neuropathy and nephropathy, are more
[9]
likely to have symptomatic GERD . Thus, maintaining
a good HbA1c level and ideal body weight are important
in preventing GERD in DM patients.
Our subgroup meta-analysis by geographic region
showed that there was an association between GERD
and DM in both the Asian or Western subgroup, while
only the former showed statistical significance. GERD
is known to be a major clinical problem in Western
countries, with 14%-24% of adults experiencing
heartburn and acid regurgitation at least once a
week, and recently, the frequency has increased to
[41]
approximately one-third of the adult population .
Unfortunately, GERD is becoming increasingly prevalent
in Asia where it is currently estimated that more than
10% of the population experiences at least weekly
[26,42]
symptoms of heartburn and/or acid regurgitation
.
There appears to be racial differences in the clinical
presentation as well as in the natural history of GERD
[19]
between Eastern and Western societies . Genetic
factors, a high prevalence of Helicobacter pylori
infection, dietary differences and disparities in parietal
cell mass and gastric acid secretion are possible factors
[43]
accounting for these racial differences .
It is unclear whether the incidence and prevalence
[27]
of GERD symptoms increase with age . Some
cross-sectional studies found no association, while
other reports showed that the prevalence of erosive
[23,24]
esophagitis increased with age
. The results of our
study revealed that there was an association between
age and GERD. The mechanisms responsible for the
higher proportion of severe esophagitis in the elderly
are unknown but it is assumed that impairment of
esophageal motility in the elderly might be a factor. In
addition, the presence of hiatus hernia is a risk factor
for GERD in both the elderly and non-elderly and the
incidence of hiatus hernia in the elderly is extremely high.
Moreover, the mean size of hiatus hernia increases with
[44]
advancing age . A previous study also demonstrated
that the size of hiatus hernia was associated with the

Meta-analysis random-effects estimates (linear form)
Study omitted
1
2
3
4
5
6
7
8
9
0.26

0.31

0.48

0.65

0.72

Figure 4 Sensitivity analysis.
Begg's funnel plot with pseudo 95%CIs
1.5

logRR

1

0.5

0

-0.5
0

0.1

0.2
SE of logRR

0.3

0.4

Figure 5 Begg’s regression for publication bias.

among which esophageal dysfunction is common,
including reduced amplitude of esophageal contractions,
fewer peristaltic waves, a decrease in the velocity
of peristalsis, reduced lower esophageal sphincter
[30-32]
pressure and abnormal gastroesophageal reflux
.
Abnormal gastroesophageal reflux, which is commonly
named GERD, not only affects the quality of patients’
lives, but also increases the risk of esophageal
[33]
adenocarcinoma . The major mechanism for GERD is
transient relaxation of the lower esophageal sphincter.
Classic studies have shown that being overweight
and obesity are important independent risk factors
for GERD. Obesity has been speculated to cause
GERD symptoms due to multiple factors, including
an increased gastroesophageal sphincter gradient,
the incidence of hiatus hernia and intra-abdominal
[34]
pressure . Some patients with DM, particularly those
with type 2 DM, are obese. This may be one reason
why DM causes GERD. Although the pathophysiology
of esophageal dysfunction in patients with DM is
unknown, it has been suggested that this dysfunction
is caused largely by autonomic neuropathy, especially
[6]
vagal nerve damage , as most diabetic patients with
esophageal dysfunction show evidence of coexistent
peripheral motor or autonomic neuropathy. In addition,
gastric emptying can be delayed by diabetic autonomic
[35]
neuropathy, which may promote erosive esophagitis .
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[45]

severity of esophagitis .
In summary, we found a significant association
between GERD and DM. Of course, a meta-analysis
of observational studies in principle can never prove
causality. The detailed mechanism underlying the
relationship between DM and GERD should be studied
as GERD in diabetic patients is clinically important as
it may be associated with changes in the absorption of
oral hypoglycemic drugs, for example. Moreover, the
delayed transit of capsules and increased abnormal
acid reflux may generate a risk of mucosal ulceration
and decrease the patient’s quality of life. Consequently,
early detection of GERD in patients with DM is very
important so that adequate therapy can effectively
delay the onset and slow the progression of such
complications.
This study has a number of inherent limitations that
warrant mentioning. Firstly, as most of the included
studies were cross-sectional, only associations between
DM and GERD could be determined, not cause and
effect. To elucidate possible causal relationships,
further studies with a longitudinal design and paired
controls are required. Secondly, literature retrieval only
included two databases and was restricted to Englishlanguage literature, so there may be a certain selection
bias. Finally, the data were not adjusted for BMI.

4

5
6
7
8

9

10

11
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AIM: To compare the clinical outcomes between jejunal
interposition reconstruction and Roux-en-Y anastomosis
after total gastrostomy in patients with gastric cancer.
METHODS: A systematic literature search was
conducted by two independent researchers on PubMed,
EMBASE, the Cochrane Library, Google Scholar,
and other English literature databases, as well as
the Chinese Academic Journal, Chinese Biomedical
Literature Database, and other Chinese literature
databases using “Gastrostomy”, “Roux-en-Y”, and
“Interposition” as keywords. Data extraction and
verification were performed on the literature included
in this study. RevMan 5.2 software was used for
data processing. A fixed-effects model was applied
in the absence of heterogeneity between studies. A
random effects model was applied in the presence of
heterogeneity between studies.
RESULTS: Ten studies with a total of 762 gastric
cancer patients who underwent total gastrostomy
were included in this study. Among them, 357
received jejunal interposition reconstruction after total
gastrostomy, and 405 received Roux-en-Y anastomosis.
Compared with Roux-en-Y anastomosis, jejunal
interposition reconstruction significantly decreased the
incidence of dumping syndrome (OR = 0.18, 95%CI:
0.10-0.31; P < 0.001), increased the prognostic
nutritional index [weighted mean difference (WMD) =
6.02, 95%CI: 1.82-10.22; P < 0.001], and improved
the degree of postoperative weight loss [WMD = 2.47,
95%CI: -3.19-(-1.75); P < 0.001]. However, there is
no statistically significant difference in operative time,
hospital stay, or incidence of reflux esophagitis.
CONCLUSION: Compared with Roux-en-Y anastomosis,
patients who underwent jejunal interposition
reconstruction after total gastrostomy had a lower risk
of postoperative long-term complications and improved
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life quality.

in light of the poor postoperative quality of life caused
by insufficient food intake and malabsorption in gastric
cancer patients who have undergone Roux-en-Y
reconstruction. Jejunal interposition reconstruction
preserves the duodenum passage, in which food
passes through the duodenum, stimulates the
secretion of bile and pancreatic juice, and is fully
[11]
mixed with chyme . It is beneficial for food digestion
and absorption and the regulation of gastrointestinal
hormone. This surgical approach enhances the
postoperative digestion and absorption of nutrients,
therefore improving the long-term quality of life in
patients with gastric cancer. However, the complexity
of surgical procedure and longer operative time
would certainly increase the risk of the intraoperative
[12]
procedure and of postoperative complications .
Therefore, whether to apply jejunal interposition
reconstruction has in recent years been a research
topic of considerable interest in the surgical field of
digestive tract reconstruction after total gastrostomy.
This study performed a meta-analysis on the long-term
postoperative complications and quality of life between
these two digestive tract reconstructions; thus, it may
provide medical evidence for choosing a reasonable
surgical approach to digestive tract reconstruction after
total gastrostomy in evidence-based practice.

Key words: Gastric cancer; Total gastrostomy; Jejunal
interposition reconstruction; Roux-en-Y anastomosis;
Meta-analysis; Digestive tract reconstruction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study compared the clinical outcomes
between jejunal interposition reconstruction and Rouxen-Y anastomosis after total gastrostomy in patients
with gastric cancer through systematic review and
meta-analysis. We found compared with Roux-en-Y
anastomosis, jejunal interposition reconstruction
significantly decreased the incidence of dumping
syndrome, increased the prognostic nutritional index,
and improved the degree of postoperative weight loss.
However, there is no statistically significant difference
in operative time, hospital stay, or incidence of reflux
esophagitis. Therefore, we conclude that patients who
underwent jejunal interposition reconstruction after
total gastrostomy had a lower risk of postoperative
long-term complications and improved life quality.
Fan KX, Xu ZF, Wang MR, Li DT, Yang XS, Guo J. Outcomes
for jejunal interposition reconstruction compared with Rouxen-Y anastomosis: A meta-analysis. World J Gastroenterol 2015;
21(10): 3093-3099 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/3093.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.3093

MATERIALS AND METHODS
Data retrieval

Two researchers independently conducted a syste
matic literature search. “Gastrostomy”, “Rouxen-Y”, and “Interposition” were used as keywords to
search the papers published in PubMed, EMBASE, the
Cochrane Library, Google Scholar, and other English
literature databases. “Gastrostomy”, “Roux-en-Y”, and
“Interposition” were also used as keywords to search
the papers published in the Chinese Academic Journal,
Chinese Biomedical Literature Database, China Science
and Technology Journal Database, and other Chinese
literature databases. In addition, we explored the links
to the “related articles” to expand the search to all
abstracts, studies, and citation retrievals with related
topics. The final date of database information retrieval
was December 2013. We also retrieved the full texts
from related publication groups.

INTRODUCTION
To date, there are approximately 70 types of digestive
[1]
tract reconstructions after total gastrostomy .
Although operative technique is gradually improving,
there is still no relatively ideal and standard surgical
approach to digestive tract reconstruction after
total gastrostomy. There are two main surgical
approaches: esophagojejunal anastomosis and
jejunal interposition reconstruction with preservation
[2]
of the duodenum passage . However, which type of
digestive tract reconstruction should be applied after
total gastrostomy has long remained controversial
[3-9]
among both domestic and foreign researchers . The
main controversial issues focus on (1) the necessity
of preserving the duodenum passage; and (2) the
necessity of creating a gastric pouch and what form
of pouch reconstruction better duplicates human
physiological function. Because esophagojejunal
anastomosis (Roux-en-Y anastomosis) can be relatively
easily performed, the incidence of postoperative
[10]
complications is lower ; in addition, it can resolve
possible reflux esophagitis relatively well and has
been accepted by most surgeons and researchers.
However, this procedure has not been fully accepted

WJG|www.wjgnet.com

Inclusion and exclusion criteria

Inclusion criteria were as follows: (1) the study
design was a randomized controlled trial; (2) the
study subjects were gastric cancer patients who
underwent total gastrostomy; the study compared two
digestive tract reconstruction approaches, Roux-en-Y
anastomosis and jejunal interposition reconstruction;
and (3) the assessment parameters included operative
time, hospital stay, dumping syndrome, reflux
esophagitis, prognostic nutritional index (PNI), and
postoperative weight loss. Exclusion criteria were
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as follows: (1) non-randomized controlled trials,
retrospective or observational studies; (2) study of
patients with non-primary gastric cancer or benign
gastric tumor, or recurrent gastric cancer; (3) studies
published in neither Chinese nor in English; (4) animal
or molecular studies; and (5) duplicate publication or
studies without detailed retrievable data.

the efficacy of the two digestive tract reconstruction
approaches after total gastrostomy for gastric cancer
for statistical analysis. The weighted mean difference
(WMD) was used as a continuous variable to measure
the effect size. The Q-test was used to evaluate the
heterogeneity between studies. Heterogeneity was
considered to be present if the P-value was greater
than 0.1. The extent of heterogeneity between results
was quantitatively analyzed. A fixed-effects model
was applied in the absence of heterogeneity between
studies. A random-effects model was applied in the
presence of heterogeneity between studies. The ORs
and corresponding 95%CIs were calculated afterward.
The P-value of the overall effect was tested by the
Z-test. Forest plots represented the pooled ORs and
95%CIs. A funnel plot was drawn to detect publication
bias.

Data extraction

Two researchers retrieved and browsed the titles and
abstracts of studies independently. After excluding
studies that obviously did not meet the inclusion
criteria, they read the full texts of potentially included
studies. Only studies published in English and Chinese
were included in this study analysis. Data were
extracted in accordance with the standard criteria
table and cross-checked. For publications where the
two researchers disagreed on inclusion in the analysis,
the decision was made by thorough discussion or
with assistance from a third researcher. The extracted
data included the author, date of publication, time
the study was conducted, sample size, study design,
whether it was a multi-center study, operative time,
hospital stay, dumping syndrome, reflux esophagitis,
PNI, and postoperative weight loss. In the absence
of sufficient information to extract the data from the
original publications, the necessary data would be
obtained from the corresponding author by email. If
the corresponding author could not be reached, the
studies were excluded from this analysis.

RESULTS
Literature retrieval and selection

The preliminary literature selection included 497
English studies and 147 Chinese studies. By browsing
the titles and abstracts, we excluded 623 non-related
studies and non-randomized controlled trials. The
analysis preliminarily included 21 studies. We read the
full texts of the studies and excluded studies that did
not meet the inclusion criteria and those for which the
data could not be extracted from the study results,
indicated by a histogram or line graph. Ultimately,
[13-22]
we included 10 studies
, of which 7 were English
studies and 3 Chinese studies.

Evaluation of the literature quality

We used the Jadad scale to evaluate the quality of
randomized controlled trials (RCTs) in accordance with
the randomization, double-blinding, and numbers
of withdrawals and dropouts from the study. We
evaluated each study as follows: (1) a score of 2
indicates appropriately established randomization;
a score of 1 indicates unclear randomization; and a
score of 0 was given for inappropriate randomization;
(2) an appropriate blocked randomization design was
given a score of 2; a score of 1 was given for unclear
design; and a score of 0 was given to an inappropriate
or absent blocked randomization design; (3) an
appropriately applied blinding design was given a score
of 2; unclear blinding received a score of 1; and a
score of 0 was given to RCTs without blinding design;
and (4) a score of 1 was given to a study if it recorded
the number and cause of withdrawals and dropouts.
No report of withdrawals and dropouts was given a
score of 0. A study with a Jadad scale score of 1-3 has
lower quality, whereas scores of 4-7 represent higherquality literature.

Evaluation of general characteristics and methodology
in included studies

The ten RCT studies included a total of 762 cases that
underwent digestive tract reconstruction after total
gastrostomy. Among these cases, 357 underwent
jejunal interposition reconstruction (PJI group),
and 405 underwent Roux-en-Y anastomosis (R-Y
group). All studies employed randomization, blocked
randomization and blinding design. Follow-up studies
were completed postoperatively in all 10 studies
(Table 1). Five studies reported lost cases within the
follow-up period. One study performed intention-totreat analysis. The quality of the included RCTs was
evaluated using the Jadad scale. The baseline data
of the two groups are similar, presenting relatively
high comparability. The methodological evaluation
showed that the scores of all 10 studies were above 4,
indicating high study quality.

Treatment effectiveness analysis

Operative time: Four studies reported operative
[6,8,10,12]
time
. Heterogeneity was present among the
2
studies (P < 0.01, I = 97%), and thus a randomeffects model was applied for the pooled analysis. The
results showed no statistically significant difference

Statistical analysis

We used the RevMan 5.0 statistical software provided
by the Cochrane collaboration network for analysis.
The OR was used as a categorical variable to evaluate
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Table 1 Characteristics of the studies included
Ref.

Case (n )

Publication year

Roux-en-Y group

PJI group

Randomization

Outcomes
Operation time; length of hospital stay
Prognostic nutritional index; body mass change; reflux
esophagitis incidence; incidence of dumping syndrome
Operation time; length of hospital stay; incidence of dumping
syndrome
Reflux esophagitis incidence; incidence of dumping
syndrome
Operation time
Incidence of dumping syndrome
Operation time; incidence of dumping syndrome
Body mass change
Reflux esophagitis incidence; incidence of dumping
syndrome
Prognostic nutritional index; body mass change

Ishigami et al[13]
Pan et al[14]

2011
2008

51
87

52
45

Yes
Yes

Adachi et al[15]

2003

10

10

Yes

Nakane et al[16]

2001

15

15

Yes

Schwarz et al[17]
Nakane et al[18]
Zherlov et al[19]
Yang et al[20]
Liu et al[21]

1996
1995
2006
2006
2005

30
10
83
15
74

30
10
75
16
74

Yes
Yes
Yes
Yes
Yes

Lu et al[22]

2003

30

30

Yes

PJI: Jejunal interposition reconstruction.

Mean difference

Mean difference

Mean

PJI
SD

Total

Mean

SD

Total

Weight

IV, Random, 95%CI

IV, Random, 95%CI

Adachi 2003

312

69

10

265.5

52.6

10

15.8%

46.50 [-7.28, 100.28]

Ishigami 2011

287

72

52

252

64

51

24.7%

35.00 [8.70, 61.30]

Schwarz 1996

335

9.79

30

361

7.85

30

29.9% -26.00 [-30.49, -21.51]

Zhedov 2006

211

25.2

75

198

22.7

83

29.6%

13.00 [5.49, 20.51]

174

100.0%

12.6 [-18.91, 43.03]

Study or subgroup

Total (95%CI)

Roux-en-Y

167
2

2

2

Heterogeneity: Tau = 829.50; χ = 95.28, df = 3 (P < 0.00001); I = 97%
Test for overall effect: Z = 0.76 (P = 0.45)

-100

-50

Favours [PJI]

0

50

100

Favours [Roux-en-Y]

Figure 1 Forest plot of operative time between the two groups.

in operative time between the two groups (WMD =
12.06, 95%CI: -18.91-43.03, P = 0.45). The result is
shown in Figure 1.

syndrome. No heterogeneity between studies was
2
present (P = 0.45, I = 0%), and thus a fixed-effects
model was applied for the pooled analysis. The
results showed that compared with the R-Y group, the
incidence of dumping syndrome was significantly lower
in the PJI group (OR = 0.18, 95%CI: 0.10-0.31; P <
0.001). The result is shown in Figure 3.

[6,8]

Hospital stay: Two studies reported hospital stay .
Heterogeneity was present between the studies (P =
2
0.04, I = 76%), and thus a random-effects model
was applied for the pooled analysis. The results
showed no statistically significant difference in hospital
stay between the two groups (WMD = 1.26, 95%CI:
-8.44-10.95; P = 0.80).

[7,15]

Prognostic nutritional index: Two studies
reported the prognostic nutritional index. Heterogeneity
2
was present between the studies (P = 0.002, I =
90%), and thus a random-effects model was applied
for the pooled analysis. The results showed that the
prognostic nutritional index was significantly higher
in the PJI group than in the R-Y group (WMD = 6.02,
95%CI: 1.82-10.22; P < 0.01). The result is shown in
Figure 4A.

Incidence of reflux esophagitis: Three studies
[7,9,14]
reported the incidence of reflux esophagitis
.
No heterogeneity between studies was present (P =
2
0.19, I = 40%), and thus a fixed-effects model was
applied for the pooled analysis. The results showed
no statistically significant difference in incidence of
reflux esophagitis between the two groups (OR = 0.58,
95%CI: 0.34-1.01; P = 0.06). The result is shown in
Figure 2.

[7,13,15]

Postoperative weight loss: Three studies
reported the postoperative weight loss. No
heterogeneity was present among the studies (P =
2
0.22, I = 34%), and thus a fixed-effects model was
applied for the pooled analysis. The results showed
that postoperative weight loss was significantly

Incidence of dumping syndrome: Six
[7-9,11,12,14]
studies
reported the incidence of dumping
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PJI
Study or subgroup

Roux-en-Y

Odds ratio

Odds ratio

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

Events

Total

Events

Total

Weight

Liu 2005

13

74

27

74

65.8%

0.37 [0.17, 0.80]

Nakane 2011

1

15

0

15

1.3%

3.21 [0.12, 85.20]

Pan 2008

10

45

21

87

32.9%

0.90 [0.38, 2.12]

176

100.0%

0.58 [0.34, 1.01]

Total (95%CI)

134

Total events

24

48

2

2

Heterogeneity: χ = 3.36, df = 2 (P = 0.19); I = 40%
0.01

Test for overall effect: Z = 1.92 (P = 0.06)

0.1

1

Favours [PJI]

10

100

Favours [Roux-en-Y]

Figure 2 Forest plot of incidence of reflux esophagitis between the two groups.
PJI
Study or subgroup

Roux-en-Y

Odds ratio

Odds ratio

Weight

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

10

3.5%

0.16 [0.01, 3.85]

74

16.0%

0.08 [0.01, 0.62]

1

10

1.3%

1.00 [0.05, 18.57]

15

1

15

2.1%

0.31 [0.01, 8.28]

45

26

87

23.9%

0.23 [0.07, 0.70]

75

45

83

53.1%

0.16 [0.08, 0.34]

279

100.0%

0.18 [0.10, 0.31]

Events

Total

Events

Total

Adachi 2003

0

Liu 2005

1

10

2

74

11

Nakane 1995

1

10

Nakane 2011

0

Pan 2008

4

Zhedov 2006

12

Total (95%CI)

229

Total events

18

86

2

2

Heterogeneity: χ = 2.32, df = 5 (P = 0.80); I = 0%
Test for overall effect: Z = 5.98 (P < 0.00001)

0.005

0.1

1

10
200
Roux-en-Y

PJI

Figure 3 Forest plot of incidence of dumping syndrome between the two groups.

A

PJI

Roux-en-Y

Mean difference

Mean difference

IV, Random, 95%CI

IV, Random, 95%CI

Study or subgroup

Mean

SD

Total

Mean

SD

Total

Weight

Lu 2003

53.1

1.7

30

45.1

1.9

30

53.9%

8.00 [7.09, 8.91]

Pan 2008

51.2

7.6

45

47.5

5.7

87

46.1%

3.70 [1.18, 6.22]

117

100.0%

6.02 [1.82, 10.22]

Total (95%CI)

75
2

2

2

Heterogeneity: Tau = 8.31; χ = 9.87, df = 1 (P = 0.002); I = 90%
Test for overall effect: Z = 2.81 (P = 0.005)

B

-10
PJI

PJI

Study or subgroup

Roux-en-Y

Mean

SD

Total

Lu 2003

1

2.1

Pan 2008

5

2.5

Yang 2006

1

1.7

Total (95%CI)

5
10
Roux-en-Y

Mean difference

Mean difference
IV, Fixed, 95%CI

SD

Total

Weight

30

4

2.8

30

33.2%

-3.00 [-4.25, -1.75]

45

6.7

4.1

87

40.9%

-1.70 [-2.83, -0.57]

15

4

2.3

16

25.9%

-3.00 [-4.42, -1.58]

133

100.0%

-2.47 [-3.19, -1.75]

90

  0

IV, Fixed, 95%CI

Mean

2

-5

2

Heterogeneity: χ = 3.01, df = 2 (P = 0.22); I = 34%
Test for overall effect: Z = 6.70 (P < 0.00001)

-10

-5
PJI

0

5
10
Roux-en-Y

Figure 4 Forest plots of prognostic nutritional index (A) and postoperative weight loss (B) between the two groups.

Publication bias

improved in the PJI group compared with the R-Y
group [WMD = -(-2.47), 95%CI: -3.19-(-1.75); P <
0.01]. The result is shown in Figure 4B.
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The distribution of the funnel plot was relatively
symmetrical in the incidence analysis of dumping
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jejunal interposition reconstruction after total
gastrostomy for gastric cancer could improve the longterm quality of life in patients. Moreover, it would not
extend operative time or hospital stay. It is a safe and
effective digestive tract reconstruction procedure.

Funnel plot of all publications
0.0

SE [log(OR)]

0.5

1.0

COMMENTS
COMMENTS
Background

1.5

2.0

0.005

0.1

1
OR

10

To date, there are approximately 70 types of digestive tract reconstructions
after total gastrostomy. Although operative technique is gradually improving,
there is still no relatively ideal and standard surgical approach to digestive tract
reconstruction after total gastrostomy.

200

Research frontiers

There are two main surgical approaches: esophagojejunal anastomosis and
jejunal interposition reconstruction with preservation of the duodenum passage.
In order to assess accurately the clinical outcomes of these two reconstruction
methods, the authors strictly limited inclusion criteria and carried out a
comprehensive meta-analysis. This will contribute to a more systematic and
objective evaluation of these two methods in gastric cancer treatment.

Figure 5 Funnel plot for publication bias.

syndrome, indicating that publication bias was
relatively small, as shown in Figure 5. Regarding
other measured parameters, fewer than 5 studies
were included in this analysis; therefore, the funnel
plot analysis was not performed and the possibility of
publication bias cannot be ruled out.

Innovations and breakthroughs

This study performed a meta-analysis on the long-term postoperative
complications and quality of life between these two digestive tract
reconstructions; thus, it may provide medical evidence for choosing a
reasonable surgical approach to digestive tract reconstruction after total
gastrostomy in evidence-based practice.

Applications

DISCUSSION

Compared with Roux-en-Y anastomosis, gastric cancer patients who underwent
jejunal interposition reconstruction after total gastrostomy had a lower risk of
postoperative long-term complications, and their quality of life was significantly
improved.

This systematic analysis showed that compared
with Roux-en-Y anastomosis, jejunal interposition
reconstruction has a lower incidence of dumping
syndrome, a higher prognostic nutritional index,
and a lower postoperative weight loss. There was
no statistically significant difference in operative
time, hospital stay, or incidence of reflux esophagitis
between the two reconstruction procedures (P > 0.05
for all).
This systematic analysis has certain limitations:
(1) only a few studies were included in the studies;
moreover, a certain study was conducted with a small
sample size, both of which could affect the results of
meta-analysis; (2) only a few measured parameters
were described in those studies, which may affect
the argument strength of the analysis; (3) we did not
search for RCTs published in other languages, which
may result in a biased distribution; and (4) when we
performed the pooled analysis, a random-effects model
was used for three measured parameters because of
poor homogeneity among the studies. The randomeffects model tends to draw conservative conclusions,
which may affect the analytical results. Therefore,
future clinical trials of digestive tract reconstructions
after total gastrostomy should be reported using the
“consolidated Standards of Reporting Trials” guidelines,
which have been internationally accepted. We should
pay more attention to studies of quality of life in gastric
cancer patients, especially in those with advanced
gastric cancer. Moreover, we should pay attention to
the results of placebo-controlled clinical trials.
In conclusion, compared with Roux-en-Y anastomosis,

WJG|www.wjgnet.com
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METHODS: The PubMed, EMBASE, Science Direct,
and Cochrane library databases were searched for
relevant papers. A meta-analysis was performed using
ORs with 95%CI as the effect sizes. Subgroup analysis
was conducted according to the studies including
patients without varices and those with small varices.
RESULTS: Overall, 784 papers were initially retrieved
from the database searches, of which six randomized
controlled trials were included in the meta-analysis. The
incidences of large varices development (OR = 1.05,
95%CI: 0.25-4.36; P = 0.95), first upper gastrointestinal
bleeding (OR = 0.59, 95%CI: 0.24-1.47; P = 0.26), and
death (OR = 0.70, 95%CI: 0.45-1.10; P = 0.12) were
similar between NSBB and placebo groups. However,
the incidence of adverse events was significantly higher
in the NSBB group compared with the placebo group
(OR = 3.47, 95%CI: 1.45-8.33; P = 0.005). The results
of subgroup analyses were similar to those of overall
analyses.
CONCLUSION: The results of this meta-analysis
indicate that NSBBs should not be recommended for
cirrhotic patients with no or small varices.
Key words: Beta-blocker; Liver cirrhosis; Portal hyper
tension; Variceal bleeding; Varices
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonselective beta-blockers have been recom
mended for the primary and secondary prophylaxis of
variceal bleeding in cirrhotic patients with high-risk varices
and those with previous bleeding. However, their role
remains uncertain in cirrhotic patients with no or small
varices. Our meta-analysis demonstrates that the use of
nonselective beta-blockers should not be recommended

Abstract
AIM: To explore effects of nonselective beta-blockers
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for cirrhotic patients with no or small varices.

development of large varices, incidence of first uppergastrointestinal bleeding, mortality, and incidence of
adverse events.

Qi XS, Bao YX, Bai M, Xu WD, Dai JN, Guo XZ. Nonselective
beta-blockers in cirrhotic patients with no or small varices: A
meta-analysis. World J Gastroenterol 2015; 21(10): 3100-3108
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i10/3100.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i10.3100

Risk of bias assessment

The Cochrane Collaboration’s tool for assessing the risk
of bias was employed. It included six entries: the random
sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome
assessment, incomplete outcome data addressed, and
selective reporting. If one study had more than two
“high-risk” entries, it was considered to be of low quality;
otherwise, it was considered to be of high quality.

INTRODUCTION
Variceal bleeding is the most common lethal complication
[1]
of liver cirrhosis . The first variceal bleeding can lead
to a six-week mortality of 15%-20%. Based on the
results of meta-analyses and numerous randomized
[2-7]
controlled trials (RCTs) , the current practice guidelines
and consensus have clearly recommended the use of
nonselective beta-blockers (NSBBs) for the primary
prophylaxis of variceal bleeding in cirrhotic patients with
medium or large varices without any previous bleeding
and for the secondary prophylaxis in those with a history
[8-10]
of variceal bleeding
. However, the recommendations
of NSBBs in cirrhotic patients with no or small varices
remain obscure. Herein, we collected all available data
from RCTs to explore whether the use of NSBBs could
prevent the development of large varices and first
variceal bleeding, improve the survival, and increase the
incidence of adverse events in such patients.

Statistical analysis

Odds ratios (ORs) with 95% confidence intervals (CIs)
were calculated to assess the effect of dichotomous
2
data. I and P values were calculated to assess the
2
heterogeneity among studies (I > 50% and/or P <
0.1 were considered statistically significant). The ORs
were pooled using only a random effects model to
calculate a more conservative result. Publication bias
was evaluated by Egger’s test. Subgroup analyses
were performed according to the patients with small
and no varices. The difference of subgroup results was
also tested. Sensitivity analyses were performed in the
high-quality studies. P < 0.05 was considered to have
a statistically significant difference in the outcomes
between NSBBs and placebo groups. Review Manager
version 5.1.6 software (The Nordic Cochrane Centre,
Copenhagen, Denmark) and StatsDirect version
3.0.113 software (StatsDirect Ltd., Cheshire, United
Kingdom) were employed for the statistical analyses.

MATERIALS AND METHODS
Study selection

The PubMed, EMBASE, ScienceDirect, and Cochrane
library databases were searched for relevant papers.
The last search was performed on May 3, 2014.
Eligibility criteria were as follows: (1) the study design
should be RCT; (2) the outcomes should include the
change in the diameter of varices and/or development
of variceal bleeding; (3) the participants should include
the cirrhotic patients with no varices and those with
small or low-risk varices, but without any previous
bleeding; (4) the intervention should be NSBBs; and
(5) the comparator should be placebo or no active
treatment. Because the detailed information regarding
small varices was different among studies, we did
not arbitrarily employ any sole definition. However,
small varices should be identified according to the preexisting criteria. Notably, the data concerning medium
to large varices were excluded from our studies.

RESULTS
Study selection

A total of 784 papers were retrieved from the four
databases, among which seven papers were considered
[11-17]
potentially relevant
. Notably, one of them was
excluded because it included only a smaller proportion
[16,17]
of patients than another paper by the same team
.
[11-16]
Finally, six papers were included in the meta-analysis
(Figure 1). Study and patient characteristics are sum
marized in Tables 1 and 2, respectively.

Study characteristics

In two studies, the target populations were cirrhotic
patients with endoscopically documented varices,
[11,16]
irrespective of sizes
. Only the data regarding small
varices were employed for meta-analyses. In one study,
the target populations included cirrhotic patients with
[12]
no varices and those with small varices . In one study,
the target populations were cirrhotic patients without
[13]
any varices . In two studies, the target populations
[14,15]
were cirrhotic patients with small varices
.
[11,12,15,16]
NSBBs included propranolol in four studies
,
[13]
[14]
timolol in one study , and nadolol in one study .

Data extraction

The primary items extracted were as follows: the study
design, enrollment period, target population, definition of
small varices, number of patients, age, sex, underlying
etiology of liver diseases, follow-up information, number
of patients with no and small varices, incidence of
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[11,14]

in Table 3. Two studies were of low quality
[12,13,15,16]
four were of high quality
.

Retrieved papers (n = 784)
PubMed (n = 175)
EMBASE (n = 74)
ScienceDirect (n = 298)
Cochrane library (n = 237)

, and

Outcomes

Development of large varices: Four studies reported
the data regarding the development of large varices
[12-15]
in cirrhotic patients with no or small varices
. The
incidence of development of large varices was similar
between NSBBs and placebo groups (OR = 1.05, 95%CI:
0.25-4.36; P = 0.95) (Figure 2). Heterogeneity among
2
studies was significant (I = 91%; P < 0.01). Publication
bias was not significant (Egger’s bias = -5.64, 95%CI:
-32.848-21.565; P = 0.47).

Duplicate papers (n = 275)
Excluded papers (n = 299)
Comments (n = 25)
Reviews (n = 153)
Basic studies (n = 14)
Case reports (n = 3)
Non-randomized studies (n = 104)

First upper-gastrointestinal bleeding: Six studies
reported the occurrence of first upper-gastrointestinal
bleeding in cirrhotic patients with no or small varices[11-16].
The incidence of first upper-gastrointestinal bleeding was
not significantly different between NSBBs and placebo
group (OR = 0.59, 95%CI: 0.24-1.47; P = 0.26) (Figure
3). Heterogeneity among studies was not significant (I2
= 20%; P = 0.28). Publication bias was not significant
(Egger’s bias = 1.55, 95%CI: -4.995-8.086; P = 0.55).

Randomized studies (n = 210)
Excluded papers (n = 51)
No data regarding varices
or variceal bleeding

Excluded papers (n = 148)
Acute bleeding (n = 6)
Previous bleeding (n = 89)
No bleeding, but medium-large or
high-risk varices (n = 43)
No bleeding, but no information
regarding no or small varices (n = 10)

Death: Four studies reported the data regarding the
[12-15]
death in cirrhotic patients with no or small varices
.
The incidence of death was lower in the NSBBs group
than the placebo group, but the difference was not
statistically significant (OR = 0.70, 95%CI: 0.45-1.10; P
= 0.12) (Figure 4). Heterogeneity among studies was not
2
significant (I = 0%; P = 0.77). Publication bias was not
significant (Egger’s bias = 1.53, 95%CI: -0.939-3.993; P
= 0.12).

Excluded papers (n = 4)
No NSBB treatment group (n = 2)
No placebo control group (n = 2)
Potentially relevant (n = 7)
Excluded papers (n = 1)
The same study with a longer
follow-up, but only a small
proportion of patients included

Adverse events: Four studies reported adverse events
[12-15]
in cirrhotic patients with no or small varices
. The
incidence of adverse events was significantly higher in
the NSBBs group than the placebo group (OR = 3.47,
95%CI: 1.45-8.33; P < 0.01) (Figure 5). Heterogeneity
2
among studies was not significant (I = 39%; P = 0.18).
Publication bias was significant (Egger’s bias = 1.89,
95%CI: 0.075-3.701; P < 0.05).

Included (n = 6)

Figure 1 Flowchart of study selection.

Subgroup analyses

[11]

Placebo included vitamin K in one study
and a tablet
that was identical to NSBBs in appearance in two
[13,16]
studies
. The detailed information regarding placebo
[12,14,15]
was not available in three studies
.

The results of the subgroup analyses were similar
to those of the overall analysis, with no significant
differences between patients with no varices or small
varices (Table 4).

Patient characteristics

Sensitivity analyses

The baseline characteristics regarding age, sex, etiology
of liver cirrhosis, and Child-Pugh score of patients
were comparable between NSBBs and placebo groups.
Notably, only the characteristics of all included patients,
but not those of patients with small varices, could be
[11,16]
extracted in two studies
.

The results of the sensitivity analysis were similar to
those of the overall analysis (Table 5).

DISCUSSION
At the first diagnosis of liver cirrhosis, the prevalence of
gastroesophageal varices is diagnosed in about 50% of
[9]
patients . In cirrhotic patients without any pre-existing

Risk of bias

Risk of bias assessment for each study is summarized
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Table 1 Information of included studies
Ref.

Year

Study design and regions

Period of
enrollment

Target population

Groups

n

Definitions of small varices

Andreani et al[11] 1990 Multi-center RCT from two
centers in Paris

Conn et al[16]

Calés et al[12]

Merkel et al[14]

Groszmann
et al[13]

Sarin et al[15]

Nov. 1985 to
LC without previous
Propranolol vs Non-confluent esophageal varices
Feb. 1988
bleeding, but with esophaplacebo
flattened by insufflation
geal varices (small or
large)
1991 Multi-center double-blinded Oct. 1982 to
LC without previous
Propranolol vs Diameter: 1-3 mm with Valsalva
RCT from three centers in
Aug. 1986 bleeding, but with esophaplacebo
the United States and Spain
geal varices (small or
large)
1999 Multi-center double-blinded April 1991 to
LC without varices or
Propranolol vs
Diameter: < 5 mm
RCT from 14 centers in
June 1993
small esophageal varices
placebo
France
2004 Multi-center single-blinded Dec. 1996 to
LC with small varices
Nadolol vs
F1 without red signs according
RCT from seven hospitals in April 2000
placebo
to Beppu et al[27] (small straight
Italy
varices, minimally elevated on
the esophageal mucosal surface)
2005 Multi-center double-blinded Aug. 1993 to
LC with an HVPG of ³
Timolol vs
NA
RCT from four hospitals in March 1999
6 mmHg, and without
placebo
the United States, Spain,
gastroesophageal varices
and United Kingdom
2013 Single-center single-blinded Oct. 2004 to
LC with small varices,
Propranolol vs
Grade 1 or 2 according to the
RCT in India
June 2007
without any history of
placebo
classification of Conn[28] or small
variceal bleed
according to de Franchis et al[29]

84

102

206

161

213

150

HVPG: Hepatic venous pressure gradient; LC: Liver cirrhosis; RCT: Randomized controlled trial.

Table 2 Patient characteristics of included studies
Ref.

Andreani et al[11]
Conn et al[16]
Calés et al[12]
Merkel et al[14]
Groszmann et al[13]
Sarin et al[15]

Groups

n

Age (yr)

Sex (M/F)

Propranolol
Placebo
Propranolol
Placebo
Propranolol
Placebo
Nadolol
Placebo
Timolol
Placebo
Propranolol
Placebo

43
41
51
51
102
104
83
78
108
105
77
73

55.0 ± 1.3
55.6 ± 1.7
54 ± 9
54 ± 11
52.7 ± 10.4
52.7 ± 11.4
56 ± 9
57 ± 9
46 ± 11
44 ± 11
42 ± 13
44 ± 13

27/16
23/18
38/13
35/16
69/33
68/36
45/38
38/40
70/38
56/49
63/14
57/16

Etiology
Child-Pugh
(alcohol/viral/ score or class
other)
A/B/C
33/-/10
33/-/8
39/-/12
41/-/10
88/-/24
81/-/23
47/34/2
45/28/5
26/73/9
25/69/11
27/42/8
26/38/9

10/19/13
10/21/10
Mean: 8.0
Mean: 8.3
6.8 ± 2.1
6.8 ± 2.0
6.8 ± 1.6
7.1 ± 1.9
5.4 ± 0.7
5.4 ± 0.8
7.4 ± 1.9
7.7 ± 2.3

Follow-up
(mo)
NA
NA
17.1 ± 10.9
16.3 ± 12
NA
NA
36 ± 18
35 ± 15
Median: 52.7
Median: 57.9
25 ± 12.6

Lost to
Small
follow-up varices, n
6
2
NA
NA
41
32
11
10
0
0
0
0

15
17
26
29
60
67
83
78
0
0
77
73

No varices, n

0
0
0
0
42
37
0
0
108
105
0
0

F: Female; M: Male; NA: Not available. Note: data are expressed as mean ± SD unless otherwise indicated.

Table 3 Risk of bias for the study
Entry

Judgment

Support for judgment

Andreani (1990)
Random sequence generation (selection bias)
Low risk
Quote: “the patients in each center were randomly assigned”
Allocation concealment (selection bias)
Unclear risk
Not described
Blinding of participants and personnel (performance bias)
High risk
Quote: “these treatments were not administered blindly”
Blinding of outcome assessment (detection bias)
Unclear risk
Not described
Incomplete outcome data addressed (attrition bias)
High risk
Quote: “Fourteen patients were lost to follow-up after a period of 4.9 ± 1.9 mo
(propranolol=six, sclerosis=six, placebo=two)”
Selective reporting (reporting bias)
Low risk
Both potential efficacy and complications were reported. Review authors do
not believe that bias will be introduced.
Conn (1991)
Random sequence generation (selection bias)
Low risk
Quote: “the patients were randomly selected”
Allocation concealment (selection bias)
Low risk
Quote: “using a sealed envelope technique and computer-generated randomization”
Blinding of participants and personnel (performance bias)
Low risk
Quote: “double-blinded”, “The placebo and the propranolol tablets were identical in appearance”
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Blinding of outcome assessment (detection bias)
Incomplete outcome data addressed (attrition bias)
Selective reporting (reporting bias)

Low risk

Quote: “double-blinded”, “the patients were examined on each visit by a nurse
and the postdoctoral fellow assigned to the study”
Unclear risk
Not described
Low risk
Both potential efficacy and complications were reported. Review authors do
not believe that bias will be introduced

Cales (1999)
Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)

Low risk
Low risk
Low risk

Blinding of outcome assessment (detection bias)

Low risk

Incomplete outcome data addressed (attrition bias)

High risk

Selective reporting (reporting bias)

Low risk

Merkel (2004)
Random sequence generation (selection bias)
Allocation concealment (selection bias)

Low risk
Low risk

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data addressed (attrition bias)

Low risk
High risk
High risk

Selective reporting (reporting bias)

Low risk

Groszmann (2005)
Random sequence generation (selection bias)
Allocation concealment (selection bias)

Low risk
Low risk

Blinding of participants and personnel (performance bias)

Low risk

Blinding of outcome assessment (detection bias)

Low risk

Incomplete outcome data addressed (attrition bias)

Low risk

Selective reporting (reporting bias)

Low risk

Sarin (2012)
Random sequence generation (selection bias)
Allocation concealment (selection bias)

Low risk
Low risk

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data addressed (attrition bias)

Low risk
High risk
Low risk

Selective reporting (reporting bias)

Low risk

Quote: “patients were randomized”
Quote: “by the opaque sealed envelope method”
Quote: “double-blinded”, “Patients and physicians were unaware of the
treatment”
Quote: “double-blinded”, “Patients and physicians were unaware of the
treatment”
Quote: “In the propranolol group, 41 patients were lost to follow-up, compared
with 32 in the placebo group”
Both potential efficacy and complications were reported. Review authors do
not believe that bias will be introduced
Quote: “A total of 83 patients were randomized to”
Quote: “Randomization was generated by tables of random numbers, stratified
by participating centers, prepared at the University of Padua, and administered by opaque sealed and consecutively numbered envelopes containing
randomization”
Quote: “The single-blind study design was chosen”
Quote: “The single-blind study design was chosen”
Quote: “11 patients randomized to nadolol and 10 patients randomized to
placebo were lost to follow-up”
Both potential efficacy and complications were reported. Review authors do
not believe that bias will be introduced
Quote: “patients were randomly assigned”
Quote: “The randomization code was generated by computer for each participating center”
Quote: “The study was an investigator-initiated, randomized, double-blind,
placebo-controlled, clinical trial conducted at four sites”
Quote: “double-blinded”, “To maintain study blinding, the patient’s heart rate
was measured by the study nurse and not by the investigators”
Quote: “The remaining 277 were excluded for the following reasons: …6 were
lost to follow-up…” Patients who were lost to follow-up were excluded from
the final analysis
Both potential efficacy and complications were reported. Review authors do
not believe that bias will be introduced
Quote: “Patients were randomly assigned”
Quote: “All randomizations were done by computer-generated random numbers”
Quote: “single-blind”
Quote: “single-blind”
Quote: “Another 14 patients were excluded because they dropped out before
the completion of 6 months of study” Patients who were lost to follow-up were
excluded from the final analysis
Both potential efficacy and complications were reported. Review authors do
not believe that bias will be introduced

[8-10]

varices, the incidence of esophageal varices is 5 and
28% at one and three years, respectively. In cirrhotic
patients with small varices, the incidence of variceal
progression is 12% and 31% at one and three years,
[18]
respectively . Once large varices develop, the risk of
[19]
bleeding is significantly increased . Accordingly, preand early-primary prophylaxis of variceal bleeding has
been proposed in patients with no and small varices,
respectively. The former therapeutic objective is to
prevent the formation of varices in patients without
any pre-existing varices, and the latter aims to inhibit
the progression from small to large varices in cirrhotic
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patients
.
The major mechanisms of NSBBs for the manage
ment of portal hypertension in liver cirrhosis include
the reduction of cardiac output and splanchnic vaso
constriction, which potentially decrease the portal
pressure and blood flow. Currently, the role of NSBBs for
delaying and avoiding the occurrence and enlargement
of varices has been debated. However, the results of
RCTs were not consistent. The present meta-analysis
evaluated the efficacy and safety of NSBBs in cirrhotic
patients with no and small varices by collecting all
available high-level evidence. Unfortunately, we did not
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1 Development of large varices
1.1 Total analysis
NSBB
Study or subgroup
Events
Total
Cales (1999)
69
102
Merkel (2004)
9
83
Groszmann (2005)
4
108
Sarin (2012)
18
77

Placebo
Events
Total
34
104
29
78
4
105
14
73

Weight
26.7%
25.5%
22.0%
25.8%

Total (95%CI)
370
360
100.0%
Total events
100
81
2
2
2
Heterogeneity: Tau = 1.90; χ = 35.18, df = 3 (P < 0.00001); I = 91%
Test for overall effect: Z = 0.06 (P = 0.95)

Odds ratio
M-H, Random, 95%CI
4.30 [2.40, 7.71]
0.21 [0.09, 0.47]
0.97 [0.24, 3.99]
1.29 [0.59, 2.82]

Odds ratio
M-H, Random, 95%CI

Year
1999
2004
2005
2012

1.05 [0.25, 4.36]
0.01
0.1
1
10
100
Favours NSBB Favours Placebo

Figure 2 Forest plots comparing the development of large varices between nonselective beta-blockers and placebo groups.
2 First bleeding
2.1 Total analysis
Study or subgroup
Andreani (1990)
Conn (1991)
Cales (1999)
Merkel (2004)
Groszmann (2005)
Sarin (2012)

NSBB
Events
Total
0
15
2
26
2
102
2
83
2
108
4
77

Placebo
Events
Total
2
17
2
29
2
104
9
78
5
105
1
73

Weight
7.7%
16.0%
16.7%
23.8%
21.9%
13.9%

Total (95%CI)
411
406
100.0%
Total events
12
21
2
2
2
Heterogeneity: Tau = 0.26; χ = 6.27, df = 5 (P = 0.28); I = 20%
Test for overall effect: Z = 1.12 (P = 0.26)

Odds ratio
M-H, Random, 95%CI
0.20 [0.01, 4.52]
1.13 [0.15, 8.61]
1.02 [0.14, 7.38]
0.19 [0.04, 0.91]
0.38 [0.07, 1.99]
3.95 [0.43, 36.16]

Odds ratio
M-H, Random, 95%CI

Year
1990
1991
1999
2004
2005
2012

0.59 [0.24, 1.47]
0.01 0.1
1
10
100
Favours NSBB Favours Placebo

Figure 3 Forest plots comparing first upper-gastrointestinal bleeding between nonselective beta-blockers and placebo groups.

3 Death
3.1 Total analysis
Study or subgroup
Cales (1999)
Merkel (2004)
Groszmann (2005)
Sarin (2012)

NSBB
Events
Total
9
102
24
83
10
108
3
77

Placebo
Events
Total
10
104
31
78
15
105
2
73

Weight
21.8%
45.3%
27.0%
5.9%

Total (95%CI)
370
360
100.0%
Total events
46
58
2
2
2
Heterogeneity: Tau = 0.00; χ = 1.14, df = 3 (P = 0.77); I = 0%
Test for overall effect: Z = 1.56 (P = 0.12)

Odds ratio
M-H, Random, 95%CI
0.91 [0.35, 2.34]
0.62 [0.32, 1.19]
0.61 [0.26, 1.43]
1.44 [0.23, 8.87]

Odds ratio
M-H, Random, 95%CI

Year
1999
2004
2005
2012

0.70 [0.45, 1.10]
0.1 0.2
0.5
1
2
5 10
Favours NSBB Favours Placebo

Figure 4 Forest plots comparing the rate of death between nonselective beta-blockers and placebo groups.

4 Adverse events
4.1 Total analysis
Study or subgroup
Cales (1999)
Merkel (2004)
Groszmann (2005)
Sarin (2012)

NSBB
Events
Total
12
102
9
83
52
108
7
77

Placebo
Events
Total
2
104
0
78
34
105
2
73

Weight
21.6%
8.1%
50.1%
20.2%

Total (95%CI)
370
360
100.0%
Total events
80
38
2
2
2
Heterogeneity: Tau = 0.32; χ = 4.93, df = 3 (P = 0.18); I = 39%
Test for overall effect: Z = 2.79 (P = 0.005)

Odds ratio
M-H, Random, 95%CI
6.80 [1.48, 31.20]
20.02 [1.14, 350.08]
1.94 [1.11, 3.38]
3.55 [0.71, 17.68]

Odds ratio
M-H, Random, 95%CI

Year
1999
2004
2005
2012

3.47 [1.45, 8.33]
0.01 0.1
1
10
100
Favours NSBB Favours Placebo

Figure 5 Forest plots comparing the rate of adverse events between nonselective beta-blockers and placebo groups.
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Table 4 Results of subgroup analyses
Category

Studies,

Patients,

n

n

Development of large varices
No varices

2

292

Small varices

3

444

First bleeding
No varices

1

213

Small varices

4

398

Death
No varices

1

213

Small varices

2

311

Adverse events
No varices

1

213

Small varices

2

311

OR (95%CI)

Heterogeneity

Subgroup difference

2.43 (0.44-13.55)
P = 0.31
1.07 (0.19-6.18)
P = 0.94

I² = 71%
P = 0.06
I² = 93%
P < 0.01

I² = 0%
P = 0.51

0.38 (0.07-1.99)
P = 0.25
0.64 (0.15-2.79)
P = 0.55

NA

I² = 0%
P = 0.64

0.61 (0.26-1.43)
P = 0.26
0.68 (0.37-1.26)
P = 0.22
1.94 (1.11-3.38)
P = 0.02
5.75 (1.17-28.29)
P = 0.03

I² = 47%
P = 0.13
NA

I² = 0
P = 0.84

I² = 0%
P = 0.39
NA

I² = 37.1%
P = 0.21

I² = 15%
P = 0.28

NA: Not assessed; OR: Odds ratio.

gradient that was associated with the reduction of
[20,21]
hepatocellular carcinoma and hepatic decompensation
.
On the other hand, we observed a trend towards a
lower mortality in the NSBBs group. It is possible that a
statistical significance might be achieved if the sample
size was increased. Notably, NSBBs might improve
the non-hemodynamic outcomes of cirrhotic patients,
independently of its hemodynamic benefits (i.e., the
prevention of variceal bleeding). A meta-analysis by
[22]
Senzolo et al
indicated that NSBBs may protect
against the development of bacterial translocation in
cirrhotic patients, thereby decreasing the incidence of
spontaneous bacterial infection. A recent review by
[23]
Thiele et al
also suggested that NSBBs decrease the
development of hepatocellular carcinoma. Certainly, the
potential deleterious effects of NSBBs on liver cirrhosis
should never be neglected, such as a decreased survival
in patients with refractory ascites via development of
[24,25]
paracentesis-induced circulatory dysfunction
and
an increased risk of portal vein thrombosis in cirrhotic
[26]
patients via reduced portal flow .
This study had several limitations. First, a small
number of included studies limited us to perform more
comprehensive subgroup analyses. Second, the small
sample sizes of the included studies may produce bias.
Third, only three of six included studies were published
after 2000, and only one of them was published within
the last three years. Thus, the definition of small varices
varied greatly among studies. Fourth, a significant
heterogeneity among studies was observed in the
meta-analysis regarding NSBBs for the development of
large varices. But it should be noted that only a random
effects model was employed. Fifth, two of six RCTs were
considered to be of low quality. However, a sensitivity
analysis of high-quality studies was employed to avoid

Table 5 Results of sensitivity analyses
Outcomes

Studies,

Patients,

n

n

Development
of large varices
First bleeding

3

569

4

624

Death

3

569

Adverse events

3

569

OR (95%CI)

Heterogeneity

1.95 (0.73-5.24)
P = 0.18
0.96 (0.37-2.54)
P = 0.94
0.79 (0.43-1.43)
P = 0.43
2.68 (1.33-5.43)
P = 0.01

I² = 74%
P = 0.02
I² = 0%
P = 0.42
I² = 0%
P = 0.65
I² = 24%
P = 0.27

OR: Odds ratio.

find any significant benefits of NSBBs in preventing the
development of large varices, decreasing the incidence of
first bleeding, or improving the survival. In contrast, we
found a significantly higher incidence of adverse events in
the NSBBs group compared to the placebo group. These
findings do not support the use of NSBBs in cirrhotic
patients with no and small varices.
Considering that the risk of first bleeding was signi
ficantly higher in patients with small varices compared
[18]
to those without , subgroup analyses were conducted
to explore the treatment effect of NSBBs in both patient
groups. Sensitivity analyses were also performed to avoid
the potential influence of study quality on the results of
our meta-analysis. However, the results of both subgroup
and sensitivity analyses were similar to those of the overall
analysis.
In spite of a negative result in the overall analysis, we
did not readily exclude any slight benefits of NSBBs in
pre- and early-primary prophylaxis of variceal bleeding.
Undoubtedly, a proportion of cirrhotic patients responded
to NSBBs, thereby reducing the hepatic venous pressure
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6

the potential risk of bias. Sixth, a proportion of patients
[11,12,14]
were lost to follow-up in three studies
, which
might influence the actual results.
In conclusion, based on the current evidence from
a meta-analysis of RCTs, the use of NSBBs might not
be recommended for cirrhotic patients with no or small
varices. Certainly, further studies with larger sample
sizes are warranted to confirm the association of
NSBBs with survival in such patients.

7

8

9
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10

Nonselective beta-blockers (NSBBs) should be recommended for the primary
prophylaxis of variceal bleeding in cirrhotic patients with medium or large
varices without any previous bleeding and for the secondary prophylaxis in
those with a history of variceal bleeding.

Research frontiers

Although NSBBs decreases the hepatic venous pressure gradient, their efficacy
and safety remain controversial in cirrhotic patients with no or small varices.

Innovations and breakthroughs

The present meta-analysis evaluated the efficacy and safety of NSBBs in
cirrhotic patients with no and small varices by collecting all available highlevel evidence. Unfortunately, the authors did not find any significant benefits
of NSBBs in preventing the development of large varices, decreasing the
incidence of first bleeding, or improving the survival of patients.

11

Applications

12

The use of NSBBs might not be recommended for cirrhotic patients with no or
small varices.

Terminology

Nonselective beta-blockers are oral drugs that can reduce the cardiac output
via inhibiting β1 receptor and contract the splanchnic vessels via inhibiting β2
receptor, such as propranolol, timolol, and nadolol, etc. Portal hypertension
is defined as portal venous pressure gradient exceeds 5 mmHg. Varices will
develop as portal venous pressure gradient exceeds 10 mmHg, and will bleed
as the pressure exceeds 12 mmHg.

13
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Prevention of the development of complications of portal hypertension is
an important area of research, and the role of NSBBs remains uncertain in
cirrhotic patients with no or small varices. Although this meta-analysis has
several limitations, it provides evidence supporting the recommendation of the
guidelines and the manuscript is well written.
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CASE REPORT

Successful surgical management of ruptured umbilical
hernias in cirrhotic patients
Nikolaos A Chatzizacharias, J Andrew Bradley, Simon Harper, Andrew Butler, Asif Jah, Emmanuel Huguet,
Raaj K Praseedom, Michael Allison, Paul Gibbs
supportive care and 6%-20% after urgent surgical
repair. Management options include primary surgical
repair with or without concomitant portal venous
system decompression for the control of the ascites.
We present a retrospective analysis of our centre’s
experience over the last 6 years. Our cohort consisted
of 11 consecutive patients (median age: 53 years,
range: 36-63 years) with advanced hepatic cirrhosis
and refractory ascites. Appropriate patient resuscitation
and optimisation with intravenous fluids, prophylactic
antibiotics and local measures was instituted. One failed
attempt for conservative management was followed
by a successful primary repair. In all cases, with one
exception, a primary repair with non-absorbable Nylon,
interrupted sutures, without mesh, was performed.
The perioperative complication rate was 25% and the
recurrence rate 8.3%. No mortality was recorded.
Median length of hospital stay was 14 d (range: 4-31 d).
Based on our experience, the management of ruptured
umbilical hernias in patients with advanced hepatic
cirrhosis and refractory ascites is feasible without the
use of transjugular intrahepatic portosystemic shunt
routinely in the preoperative period, provided that
meticulous patient optimisation is performed.
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Core tip: Acute umbilical hernia rupture in patients
with hepatic cirrhosis and ascites is an unusual, but
potentially life-threatening complication, with high
morbidity and mortality. Management options include
surgical repair with or without concomitant portal
venous system decompression. Recent data suggested
that the routine use of transjugular intrahepatic
portosystemic shunt (TIPS) preoperatively in selected
patients conferred improved perioperative and longer-

Abstract
Acute umbilical hernia rupture in patients with hepatic
cirrhosis and ascites is an unusual, but potentially lifethreatening complication, with postoperative morbidity
about 70% and mortality between 60%-80% after
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term results. We present the successful management
of 11 consecutive cases with only minor postoperative
complications and no mortality. Based on our experience,
the management of such cases is feasible without the
use of TIPS routinely in the preoperative period, provided
that meticulous patient optimisation is performed.

Table 1 Patient characteristics n (%)
Characteristic

Chatzizacharias NA, Bradley JA, Harper S, Butler A, Jah A,
Huguet E, Praseedom RK, Allison M, Gibbs P. Successful
surgical management of ruptured umbilical hernias in cirrhotic
patients. World J Gastroenterol 2015; 21(10): 3109-3113
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i10/3109.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i10.3109

INTRODUCTION
The prevalence of umbilical hernias in patients with
[1,2]
hepatic cirrhosis and ascites can be as high as 20% .
Aetiology includes increased intra-abdominal pressure
associated with ascites, attenuation of the anterior
abdominal wall musculature due to poor nutritional
status, as well as the potential restoration of the preexisting supraumbilical fascial defect by the recanalized
[1-4]
umbilical vein .
[5]
First described in 1901 , acute umbilical hernia
rupture in these group of patients is an unusual, but
potentially life-threatening complication. Published
reports on patients with hepatic cirrhosis and ascites
presenting with complicated paraumbilical hernias
(including incarceration, strangulation and rupture)
evaluated postoperative morbidity as high as 71%,
while the mortality rate varies between 60%-80% after
supportive care and 6%-20% after urgent surgical
[6-8]
repair
. The use of concomitant portal venous
decompression with the surgical management has
been supported by the increase in risk of postoperative
complications and recurrence by the presence of
[2]
uncontrolled ascites . The most favourable method is
the transjugular intrahepatic portosystemic shunting
[2,8,9]
(TIPS)
, while the use of peritoneovenous shunting
[2,10]
(PVS) has also been reported
.
This paper presents our centre’s experience on the
management of ruptured umbilical hernias in patients
with advanced hepatic cirrhosis and refractory ascites.

9 (81.8)
2 (18.2)
8 (72.7)
2 (18.2)
1 (9.1)
8 (72.7)
3 (27.3)
2 (18.2)
2 (18.2)
1 (9.1)
2 (18.2)
1 (9.1)
1 (9.1)
8 (72.7)

ALD: Alcoholic liver disease; HCV: Hepatitis-C virus; NASH: Nonalcoholic steatohepatitis; CTP: Child-Turcotte-Pugh; SBP: Spontaneous
bacterial peritonitis; DM2: Diabetes melitus type 2; CVA: Cerebrovascular
accident; HTN: Hypertension.

All patients were managed for refractory ascites (defined
as ascites that was unresponsive to sodium-restricted
diet and high-dose diuretic treatment or that recurred
[8]
rapidly after therapeutic paracentesis ) with regular
paracentesis, while 7 were also on high dose diuretics.
The median follow-up was 8 mo (range: 0-54 mo).
In the initial phase of this 6-year period, 1 female
patient with hepatic cirrhosis due to alcoholic liver
disease was managed conservatively for a ruptured
umbilical hernia. Portal hypertension was reduced with
TIPS and a long course of prophylactic antibiotics,
including meropenem and cephalexin, was prescribed.
She was discharged on day 29, but readmitted 81 d
later with necrotic skin around the umbilical hernia.
She underwent an emergency debridement and hernia
repair with interrupted, non-absorbable Nylon sutures,
but no mesh, and was discharged 14 d later after
an uneventful recovery. No further complications or
recurrence were recorded during a 54-mo follow-up
period.
One case was managed electively. This was a
patient referred to our centre with intermittent ascitic
fluid leak many years after a primary repair of a
non-ruptured umbilical hernia. Initial conservative
management with diuretics and regular paracentesis
was successful and the patient was discharged 4 d
later. Unfortunately, the ascitic fluid leak persisted
and therefore the patient had an elective repair
with the use of an on-lay polypropylene mesh. The
postoperative course was uneventful, with a 4-d
hospital stay. No complications or recurrence were
recorded during a 9-mo follow-up period. This was the
only case in our cohort were a mesh was used.

CASE REPORT
Eleven consecutive patients with advanced hepatic
cirrhosis and refractory ascites were treated in our
institution for ruptured umbilical hernias over the last
6 years. The median age of the group was 53 years
(range: 36-63 years). Further demographics, including
gender, aetiology and complications of hepatic cirrhosis
and comorbidities, as well as the relevant blood results
on the day of admission are shown on Tables 1 and 2.

WJG|www.wjgnet.com

Patients

Gender
Male
Female
Aetiology of cirrhosis
ALD
ALD + HCV
NASH
CTP class
B
C
Complications of cirrhosis other than ascites
Oesophageal varices
SBP
Oesophageal varices + SBP
Comorbidities
DM2
Chronic pancreatitis
DM2 + CVA + HTN
On liver transplant waiting list

3110

March 14, 2015|Volume 21|Issue 10|

Chatzizacharias NA et al . Ruptured umbilical hernias management in cirrhotics
Table 2 Relevant blood results on the day of admission

Patient 1
Patient 2
Patient 3
Patient 4
Patient 5
Patient 6
Patient 71
Patient 81
Patient 91
Patient 101
Patient 112
Admission 1
Admission 2

INR

Bilirubin (mmol/L)

ALT (U/L)

ALP (U/L)

Albumin (g/L)

Creatinine (mmol/L)

MELD score

1.50
2.3
1.4
1.5
1.7
1.6
1.5
1.3
1.2
1.4

44
50
32
50
38
50
13
15
6
34

7
39
17
22
22
26
19
13
37
31

139
144
306
134
49
117
79
67
146
181

38
25
34
25
50
31
33
31
22
24

111
101
66
204
176
71
120
89
76
69

17
21
13
28
22
16
14
9
8
13

1.5
1.4

12
8

11
8

93
105

23
27

48
54

11
10

Cases referred from other hospitals; 2Admission 1: Failed initial conservative management; admission 2: Successful surgical management. MELD: Model
for end-stage liver disease; INR: International normalized ratio; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.
1

Of the remaining cases, 3 were referrals to our
centre from other hospitals, including a patient with
an immediate leak and recurrence after primary
repair. All patients were optimised with intravenous
hydration, nutritional support and broad spectrum
antibiotics, mainly piperacillin/tazobactam with or
without vancomycin. No portal venous decompression
procedure was performed prior to surgery. The timing
of the operation was decided upon the urgency of
each individual case and the patient’s overall condition.
With the exception of 2 cases where the operation was
performed within 48 h of admission, a longer period
of optimisation (between 6 and 14 d) was considered
necessary. In all cases a primary repair with nonabsorbable Nylon, interrupted sutures was performed.
No mesh was used.
No mortality was observed in the postoperative
or follow-up period (median: 8 mo, range: 0-54
mo). Post-operative complications included 2 cases
of wound infection, treated with antibiotics, 1 case of
mild allergic reaction to the antibiotics used and 1 case
of prolonged ileus and encephalopathy, which was
managed conservatively. The median length of hospital
stay was 14 d (range: 4-31 d). Five patients received a
liver transplant shortly after their hernia operation (one
on the same admission), while 1 patient also had TIPS
procedure prior to transplantation. During the followup period, censored for liver transplantation, 1 patient
had a non-complicated umbilical hernia recurrence,
which was repaired electively.
In summary, 11 cases of primary or recurrent
ruptured umbilical hernias in patients with hepatic
cirrhosis and refractory ascites were managed in our
institution over the last 6 years. One failed attempt for
conservative management was followed by a successful
primary repair. Our perioperative complication rate
was 25% including minor complications (Table 3), with
median length of hospital stay of 14 d (range: 4-31
d) and recurrence rate of 8.3%. No mortality was
recorded during a median follow-up period of 8 mo

WJG|www.wjgnet.com

(range: 0-54 mo).

DISCUSSION
In the absence of prospective clinical trials and results
on large series, there has been a considerable debate in
the existing literature with regards to the management
options of umbilical hernias in patients with hepatic
cirrhosis and refractory ascites. While elective repair
of non-complicated hernias in suitable candidates with
extensive preoperative optimisation and successful
postoperative management of the ascites is gaining
[1,9,11]
more supporters
, the management of ruptured
hernias is still controversial. Current published series
concur that the exact timing of the operation is of no
[2,8,9]
great importance
. As long as appropriate patient
resuscitation and optimisation with intravenous fluids,
prophylactic antibiotics and local measures, such as
non occlusive dressings, is ensured, no increase in
morbidity and mortality has been observed. In our
cohort antibiotics were used in all cases to prevent or
treat the contamination of the ascitic fluid. With regards
to intravenous fluid management, a combination of
crystalloids and human albumin solution were used for
hydration and volume replacement due to the loss of
ascitic fuid. The 25% perioperative morbidity rate in
our cohort, in combination with the minor character of
the complications recorded, supports this observation
and highlights the value of optimising each patient.
With regards to the surgical technique, all published
reports suggest the use of primary closure with non[2,6,8,9,12,13]
absorbable sutures
. Similar approach was
used in our unit with the exception of one case,
where a Prolene on-lay mesh was used to repair a
recurrent ruptured umbilical hernia in an elective
setting. However, we would agree that the safest
approach in the urgent setting is primary closure
with sutures, as the use of a mesh would increase
the risk of infection and potential serious and life-
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Table 3 Postoperative complications n (%)
Complication
Recurrence
Wound infection
Ileus
Encephalopathy
Allergic reaction to antibiotics

Case series characteristics

Patients

Eleven consecutive patients with advanced hepatic cirrhosis and refractory
ascites were treated for ruptured umbilical hernias.

1 (8.3)
2 (16.7)
1 (8.3)
1 (8.3)
1 (8.3)

Clinical diagnosis

Ruptured umbilical hernia in the background of hepatic cirrhosis and refractory
ascites.

Laboratory diagnosis

Full blood count and biochemistry on the day of admission confirming liver
dysfunction.

threatening complications. The use of absorbable
®
®
meshes, like Vicryl or Permacol , could be utilised in
the rare cases with inability for primary closure due to
a large abdominal wall defect. Nonetheless, no such
experience has been recorded.
Finally, one of the most important aspects of
the management of these patients is the effective
management of the ascites. Uncontrolled ascites
increases the risk of complications and recurrence up to
[2,14]
73%
. The use of PVS has been previously reported,
conferring a lower recurrence rate compared to cases
[2,10]
where primary hernia repair was solely performed
.
However, PVS has been largely abandoned due to the
high complication (40%-60%) and mortality (50%)
[14]
rates . On the other hand, surgical portosystemic
shunts have proven effective to control refractory
ascites, although they have been associated with high
mortality rate (10%), high incidence of associated
encephalopathy (50%) and negative impact on a
[2,14]
potential subsequent liver transplantation
. A recently
[9]
published algorithm , which was also supported
[8,15]
by subsequent series
, suggested that the use of
TIPS in the preoperative setting in patients without
severe hepatic or renal insufficiency confers improved
perioperative and longer-term results. Our unit
reports comparable results without the routine use of
preoperative TIPS. TIPS procedure has been shown to
[16]
control refractory ascites in up to 92% of the cases .
However, no consensus has been reached with regards
to any benefit on transplant free survival, while it has
been associated with less favourable results in ChildPugh class C patients with increased risk of hepatic
encephalopathy (25%). Based on our experience, the
management of ruptured umbilical hernias in these
patients is feasible without the use of routine TIPS in the
preoperative period, provided that meticulous patient
optimisation is performed.
Despite the small size, the study reports the largest
published cohort in the “TIPS era”. The infrequent nature
of the condition limits the feasibility of randomised
prospective studies and, taking into consideration
the limitations of our study, our experience shows
that successful primary repair of ruptured umbilical
hernias in cirrhotic patients is feasible after meticulous
optimisation and satisfactory control of the ascites.
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Treatment

Successful primary repair of the ruptured umbilical hernias after meticulous
optimisation with intravenous fluids, prophylactic antibiotics, local measures and
satisfactory control of the ascites with regular paracentesis with or without high
dose diuretics.

Related reports

In the absence of prospective clinical trials and results on large series, there
has been a considerable debate in the existing literature with regards to the
management options of umbilical hernias in patients with hepatic cirrhosis and
refractory ascites.

Experiences and lessons

Successful primary repair of ruptured umbilical hernias in cirrhotic patients is
feasible after meticulous optimisation and satisfactory control of the ascites.

Peer-review

The infrequent nature of the condition limits the feasibility of randomised
prospective studies or large series. Despite the small size, the study reports the
largest published cohort in the “transjugular intrahepatic portosystemic shunt
era”.
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CASE REPORT

Recurrent intussusception as initial manifestation of
primary intestinal melanoma: Case report and literature
review
Konstantinos Kouladouros, Daniel Gärtner, Steffen Münch, Mario Paul, Michael R Schön
to ileocolic intussusception. An emergency laparoscopy
and subsequent laparotomy revealed multiple small
solid tumors across the whole small bowel. An oncologic
resection was not feasible due to the insufficient length
of the remaining small bowel. Only a small segment
of ileum, which included the largest tumors causing
the intussusception, was resected. The pathologic
examination revealed two intestinal malignant me
lanoma lesions. A systematic clinical examination,
endoscopic procedures, and fluorodeoxyglucose
positron emission tomography-computed tomography
scan all failed to reveal any indication of cutaneous,
anal, or retinal melanoma. Hence, the tumor was
classified as a primary intestinal malignant melanoma
with multiple intestinal metastases. Since a complete
oncologic resection of tumors was not possible,
in order to prevent future intestinal obstruction, a
surgical resection of the largest lesions was performed
with palliative intention. The epidemiology, clinical
manifestations, diagnosis and management of
primary intestinal malignant melanoma, and intestinal
intussusception in adults are discussed along with a
review of the current literature.
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Core tip: We report a case of primary intestinal
melanoma presented with an ileocecal intussusception
in an adult female patient. Intussusception is an
unusual cause of intestinal obstruction in adults with
primary intestinal melanoma being a rare intestinal
neoplasia. To the best of our knowledge, very few
cases of primary intestinal melanoma presenting with
enteric intussusception in adults have been reported
thus far. In addition to discussing clinical presentations,
diagnostics and treatment of the primary intestinal

Abstract
Enteric intussusception caused by primary intestinal
malignant melanoma is a very rare cause of intestinal
obstruction. We herein present a case of a 42-yearold female patient with no prior medical history of
malignant melanoma, who was admitted with persistent
abdominal pain, nausea, and vomiting. A computed
tomography scan revealed an intestinal obstruction due
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malignant melanoma, and intestinal intussusception in
adults, we also performed a comprehensive review of
the current literature.

compressed innermost lumen and surrounding outer
enveloping bowel, as well as an intraluminal tumor of
the small intestine (Figure 1). Based on the X-ray and
CT scan results, an emergency surgery was scheduled.
The diagnostic laparoscopy confirmed an ileocecal
intussusception as the cause of the mechanic ileus.
However, a complete laparoscopic reposition was not
feasible; instead, a right pararectal laparotomy was
performed. The successful bimanual repositioning
revealed two solid tumors, each with a diameter of
about 5 cm, 30 cm proximal to the ileocecal valve,
as the leading point of the intussusception. The
intussusceptum showed an adequate perfusion with no
signs of ischemia. A thorough exploration of the small
intestine and colon revealed eight additional suspect
lesions of smaller size in the small bowel 50-420 cm
from the ligament of Treitz. Since the histologic dignity
of the tumors was ambiguous, oncologic resection of
the lesions was not performed due to possible lack of
sufficient length of the remaining small bowel.
A 20-cm-long ileum segment, which included the
largest tumors that had led to the intussusception, was
resected. The continuity of the gastrointestinal tract
was reconstructed with an end-to-end ileoileostomy.
The remaining lesions were left behind until histologic
examination of the tumor and staging were completed.
The postoperative course was uneventful.
The histopathologic examination revealed two
intestinal malignant melanoma lesions with a maximum
diameter of 3.5 cm (Figure 2A). Immunohistochemistry
revealed tumor cells positive for Melan A, HMB45,
S100, and focal for CD117; cells were negative for
SMA, AE1/3, dog1, CD56, chromogranin, CD20,
and CD30 (Figure 2B). The proliferation fraction (Ki67-positive) was 90%. Real-time polymerase chain
reaction test was negative for V600E mutations of the
BRAF gene.
Bearing in mind the histopathologic results, the
patient’s medical history was once again carefully
reviewed. However, no evidence of malignant
melanoma was found. Thorough dermatologic,
gynecologic, and ophthalmologic examinations failed
to reveal any indication of cutaneous, anal, or retinal
melanoma. Double-balloon enteroscopy revealed at
least five lesions in the proximal small bowel located
60-180 cm distally from the pyloric valve, whereas the
last 70 cm of the ileum was absent of tumors (Figure
3). The detected lesions were endoscopically marked
with China ink. A complete enteroscopy attempt
was not successful. A fluorodeoxyglucose-positron
emission tomography-computed tomography (FDGPET-CT) scan showed at least four intra-abdominal
lesions, with a maximum diameter of 2.8 cm, and a
nonspecific focal FDG-accumulating lesion adjacent
to the left diaphragm. However, there still was no
indication of cutaneous, retinal, or anal primary lesions
(Figure 4). The tumor was thus classified as a primary
intestinal malignant melanoma with multiple intestinal
metastases.

Kouladouros K, Gärtner D, Münch S, Paul M, Schön MR.
Recurrent intussusception as initial manifestation of primary
intestinal melanoma: Case report and literature review. World J
Gastroenterol 2015; 21(10): 3114-3120 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/3114.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.3114

INTRODUCTION
Enteric intussusception is a rare case of intestinal
obstruction in adults, and in most cases it is due to a
benign tumor. Metastatic malignant melanoma of the
small bowel has been reported as the leading point
of enteric intussusception, with primary intestinal
melanoma being present in only extremely rare cases.
We present a case of a female adult patient with
recurrent intestinal intussusceptions due to a primary
malignant melanoma of the small bowel.

CASE REPORT
A 42-year-old female patient was admitted to our
emergency department following 12 h of recurrent,
intermittent and colicky abdominal pain, accompanied
with nausea and vomiting. A similar, but milder,
symptomatology was present for approximately two
months prior to the admission. The patient’s medical
history revealed no prior record of malignant melanoma
or any other significant comorbidity. The patient
underwent an appendectomy and a caesarian section
more than five years earlier. Three weeks prior to
being admitted, the patient underwent gastroscopy,
a complete colonoscopy, and a comprehensive
gynecologic examination. The results of these
examinations, along with the outpatient magnetic
resonance imaging (MRI) scan of the abdomen
performed by a private practice one month prior to the
admission, revealed no abdominal pathology; therefore,
the symptoms were attributed to chronic constipation.
The physical examination revealed a soft, but
distended, abdomen with localized tenderness in
the right lower quadrant and increased metallic,
peristaltic sounds. The laboratory tests showed a mild,
normochromic, normocytic anemia, and low serum
iron levels.
Plain abdominal X-ray revealed central air-fluid
levels, and the subsequent computed tomography
(CT) scan of the abdomen showed a mechanic
ileus with distention of the whole small intestine.
The point of occlusion was at the ileocecal valve. A
bowel-within-bowel configuration, typical for ileocolic
intussusception, was described, characterized by the
presence of the mesenteric fat and vessels around the
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A

B

Figure 1 Computed tomography scan findings. A: Depiction of the ileocolic intussusception (arrow); B: Intraluminal tumor of the small intestine (arrow).

A

B

Figure 2 Histopathologic findings. A: Hematoxylin and eosin stain showing a melanocytic intestinal lesion (left: ×10; right: ×100); B: Immunohistochemical depiction
of a melanocytic intestinal lesion with Melan A (×100).

A

B

Figure 3 Melanocytic lesions in the proximal jejunum in a double-balloon enteroscopy.
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Despite palliative chemotherapy with ipilimumab,
the seven-month postoperative follow-up revealed
a progressive intestinal disease, accompanied with
multiple pulmonary metastases, a new cerebellar
metastasis, and meningitis carcinomatosa. The patient
died eight months post-operation due to an advanced,
disseminated disease.

DISCUSSION
[1,2]

First reported in 1674 by Barbette of Amsterdam ,
and presented in a detailed report in 1789 by John
[3]
Hunter , intussusception is defined as the telescoping
of a proximal segment of the gastrointestinal tract
(intussusceptum) into the lumen of the adjacent
distal segment (intussuscipiens). Intussusception is
the leading cause of intestinal obstruction in children
and ranks only second to appendicitis as the most
common cause of acute abdominal emergency
[4]
in pediatric patients . However, the disease is
considered to be rare in adults. It has been estimated
that adult intussusception represents about 5%
of all cases of intussusception, and it accounts for
[5,6]
only 1%-5% of intestinal obstruction in adults .
The most common site for adult intussusception is
the small bowel (35%-60%), followed by ileocecal
intussusception (24%-35%), and colonic intussusception
[4,7-9]
(15%-26%)
.
Intussusception usually presents with acute,
subacute, or chronic complaints, with the leading
[10]
symptoms of abdominal pain, nausea, and vomiting .
[7]
The symptom duration varies from 6 h to 3 years .
The typical clinical triad, pain, palpable abdominal
mass and heme-positive stool, is rarely seen in
[8]
adults . Due to its nonspecific clinical presentation,
intussusception is difficult to diagnose, with accuracy
[5,11-13]
rates ranging 30%-90%
. In 35% of the cases,
[4,7]
the diagnosis is possible only intraoperatively .
A typical target sign and pseudo kidney sign seen
in abdominal ultrasonography and the bowel-withinbowel configuration in CT scan have been shown
[4,7-9]
to have an accuracy varying from 82%-90%
.
However, in some cases of acute intestinal obstruction,
these typical signs may be hard to identify in an
emergency CT scan due to the severe dilatation of the
intestine proximal to the intussusception.
The leading cause of colonic intussusception is
usually a malignant tumor, however, the causes of
enteric intussusception are benign in 71% of the
cases, with lipomas accounting for approximately 27%
of the cases, followed by various nontumorous polyps,
intestinal inflammatory disease, Meckel’s diverticulum,
[9]
and previous surgical procedures . Although almost
75% of all tumors of the small bowel are malignant (1/3
[14]
primary and 2/3 metastatic) , malignant tumors are
only detected in 20% of enteric intussusception cases,
[9]
of which 50% are primary and 50% are metastatic .
Among the metastatic intestinal tumors, malignant
melanoma ranks fifth (7%) and is considered to

Figure 4 Positron emission tomography-computed tomography scan
findings. Multiple intra-abdominal lesions and a focal fluorodeoxyglucoseaccumulating lesion adjacent to the left diaphragm are shown in a maximum
intensity projection.

The case was discussed at the interdisciplinary
Tumor board, and a decision was made to perform a
second surgery to resect the lesions identified in the
FDG-PET-CT scan and those marked endoscopically,
since no extra-abdominal tumor was detected. The
second laparotomy revealed a new intussusception
of the proximal jejunum caused by a large, palpable
tumor approximately 50 cm from the ligament of
Treitz. All of the previously marked lesions were
identified; at least four additional lesions were
palpable in the distal jejunum and the proximal ileum.
After a complete manual repositioning, a 7-cm-long
jejunum segment, along with the tumor that had led
to the second invagination, was resected. A complete
intraoperative enteroscopy through the open jejunal
lumen revealed multiple smaller, and thus impalpable,
metastatic lesions dispersed every 10-15 cm across
the whole small bowel. An oncologic resection with
complete lymphadenectomy was not feasible due to
the insufficient length of the remaining small bowel.
Three additional 2-7-cm-long segments containing
the largest lesions were resected as a prophylaxis
for further invaginations. The histopathologic report
identified all the resected lesions as metastases of
the previously identified malignant melanoma. The
postoperative course was, once again, uneventful, and
the patient was discharged seven days post-operation.
The patient was referred to a melanoma reference
center for further treatment. Due to the absence of
BRAF mutation, a treatment with mitogen-activated
protein kinase inhibitors was not implemented;
instead, a monotherapy with dacarbazine was
performed. A cerebellar metastasis detected three
months postoperatively was surgically resected.
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be the extraintestinal malignancy with the greatest
predilection to metastasize to the bowel. In the
gastrointestinal tract, the small bowel is the most
frequent site of metastasis of melanoma, mainly
[15]
because of its rich blood supply . In 58% of
the patients with malignant melanoma, intestinal
[16]
metastases were found at autopsy . However,
symptomatic involvement of the gastrointestinal tract
is rare among patients with a history of malignant
melanoma (approximately 5%) and is most commonly
[17]
expressed as an acute intestinal obstruction .
According to Chiang, malignant melanoma is the
most common metastatic tumor to cause an enteric
[18]
intussusception, sometimes even multiple ones .
Such cases have been repeatedly reported in the
international literature and in most of these cases
the patient had a history of cutaneous malignant
melanoma. In several cases, a cutaneous lesion had
been resected many years before, and the consequent
[19-22]
follow-up was free of tumor manifestations
, whereas
other patients were diagnosed with disseminated
[23,24]
metastatic disease
.
Small bowel melanoma is a rare disease in adults
that is characterized by atypical clinical complaints.
Due to the difficulty in exploring the whole length of
the small bowel using common diagnostic procedures,
a preoperative diagnosis is often challenging to
[25]
establish . Although different imaging techniques,
such as barium examinations, ultrasonography and
CT, may be able to depict larger intestinal lesions,
these techniques cannot provide information
[26]
regarding the lesions’ histologic identity . In our
case, the abdominal ultrasonography, as well as the
MRI scan, failed to show the presence of any of the
intra-abdominal lesions, whereas, the emergency
CT scan detected only one of the lesions. FDG-PETCT is a more sensitive procedure that can reveal
the largest intestinal lesions, as well as the primary
tumor. In our case, many of the intestinal lesions
identified intraoperatively were depicted in the FDGPET-CT, which, nonetheless, still did not reveal any
extra-abdominal lesion. The conventional endoscopic
procedures (gastroscopy, colonoscopy, double-balloonenteroscopy) identified some of the tumors. However,
these procedures were inadequate for the exploration
of the complete length of the small bowel, where most
of the melanotic lesions were found. Furthermore, none
of the techniques was able to detect any extraluminal
lesions. As an alternative, the capsule-enteroscopy can
be used to investigate segments of the small bowel not
accessible by other endoscopic methods; however, this
technique can be only performed electively and does
[26,27]
not offer the possibility of biopsy
.
Extraintestinal primary lesions are not found in
5%-26% of the patients with intestinal malignant
[17,28]
melanoma
. Our patient underwent comprehensive
dermatologic, gynecologic, and ophthalmologic
examination, as well as a complete staging with
CT, MRI and FDG-PET-CT scans with no sign of
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cutaneous, anal, or retinal malignant melanoma. It
remains controversial if such cases can be described
as primary intestinal melanoma or as metastatic
lesions with spontaneous regression of a primary
[29]
cutaneous melanoma. Mishima
postulated that the
primary melanoma of the small bowel might arise
from Schwannian neuroblast cells associated with
the autonomic innervation of the gut. Other authors
reported the tumor origin in melanoblastic cells of the
neural crest with cells migrating to the distal ileum
through the omphalomesenteric canal or in amine
[30]
precursor uptake decarboxylase cells . On the other
hand, a large retrospective study on 103 malignant
melanoma cases (77 surgical resections and 26
autopsies) concluded that small bowel involvement by
melanoma, even in the absence of any known primary
lesion, is usually metastatic from a cutaneous primary
[31]
lesion that could not be detected . Spontaneous
regression of cutaneous malignant melanoma has
[32,33]
been reported previously
and could account for
the lack of primary extraintestinal lesion in such cases.
[34]
Sachs et al proposed three criteria for diagnosing
primary melanoma of the small intestine: (1)
histologically proven melanoma of the small intestine
at a single focus; (2) no evidence of the disease in
any other organs including skin; and (3) a diseasefree survival of at least 12 mo after diagnosis. A lesion
fulfilling these criteria is likely to be a primary intestinal
melanoma. However, these criteria do not allow for
detection of already metastasized primary intestinal
lesions. Indeed, in several cases of the primary
intestinal melanoma, metastatic lesions were detected
[35-37]
postoperatively
.
To the best of our knowledge, only seven cases
of primary malignant melanoma of the small bowel
causing enteric intussusception have been previously
[34-40]
reported in the international literature
. In all cases,
the patients had no history of malignant melanoma
and were admitted with signs of intestinal obstruction.
Although some patients with intussusception were
diagnosed preoperatively by ultrasonography or CT
[35,38-40]
scan
, in others, the diagnosis could only be set
[34,37]
intraoperatively
. In our case, an emergency CT
scan depicted the level of the obstruction and revealed
the typical signs of an ileocolic intussusception.
In the reported cases, the cause of intussusception
was always a single, solid, intestinal tumor, which
was surgically resected and histologically proven to
be a malignant melanoma. Clinical examination and
imaging failed to reveal any other primary lesion in
all of these cases; hence, after a complete surgical
resection of the intestinal lesion, the patients were
tumor-free. In comparison, our patient had multiple
melanotic lesions, found intraoperatively, leading to
subsequent intussusceptions, which is characteristic
of many metastatic cutaneous melanoma cases.
Despite a comprehensive clinical examination and
imaging, including FDG-PET-CT scan, there was no
indication of an extraintestinal primary lesion. Unlike
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in other reported cases, an R0-status could not be
surgically achieved in our patient. Consequently, the
main purpose of the surgical treatment was to resolve
the acute intestinal obstruction in the first operation
and to prevent an imminent, new intussusception in
the second. Palliative surgery of enteric melanoma
has been described previously and has been shown
to offer a remarkable symptomatic relief with minimal
morbidity and mortality, with no apparent effect on
[41]
the poor overall prognosis . Indeed, our patient
reported an immediate regression of the symptoms
postoperatively and had no further abdominal
complaints, despite the progression of metastatic
disease.
Follow-up data have been reported for five patients.
In two cases, no signs of recurrence were reported
[34,39]
in the 12-mo follow-up
. Hence, these intestinal
melanotic lesions fulfilled the criteria proposed by Sachs
[34]
et al . However, in the other three cases, despite
R0-resection of the intestinal tumor, extraintestinal
metastases (hepatic and cerebral) were identified
4-12 mo postoperatively, without any indication of a
[35-37]
cutaneous lesion
. Although these cases did not fit
the strict Sachs’ criteria, the intestinal lesions were,
nevertheless, officially classified as primary given the
lack of evidence for cutaneous, anal, or retinal lesions.
The same circumstance was seen in our case, where
cerebral metastases and progression of the intestinal
tumor were identified, 3 and 7 mo postoperatively,
respectively.
In conclusion, primary intestinal malignant
melanoma is an unusual tumor of the small bowel.
In rare cases, the melanoma can cause enteric
intussusception, which is clinically presented as an acute
bowel obstruction. Such patients have no previous
history of melanoma. Hence, the diagnosis is difficult to
make, and is usually established postoperatively based
on the histologic findings. Whether primary intestinal
melanoma is a true and separate histologic entity,
or such tumors are metastases from spontaneously
regressed cutaneous, anal or retinal lesions, remains a
controversial matter. Imaging techniques are useful in
detecting the acute bowel obstruction and may reveal
typical signs of intussusception and, in some cases, the
intestinal tumors.
A complete surgical resection of the intestinal
lesions has been associated with a better overall
prognosis. Nevertheless, the palliative role of surgery
in resolving an acute bowel obstruction or preventing
an imminent one should not be underestimated.

COMMENTS
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Case characteristics

A 42-year-old female patient was presented with recurrent, intermittent, and
colicky abdominal pain, accompanied by nausea and vomiting.

Clinical diagnosis

Soft, but distended abdomen with localized tenderness in the right lower
quadrant and increased metallic peristaltic sounds.

Differential diagnosis

Adhesions, intestinal tumor, intussusception, volvulus.

Laboratory diagnosis

Mild, normochromic, normocytic anemia; low serum iron levels; metabolic
panel, white blood cell count, C-reactive protein, and liver function tests were all
within normal limits.

Imaging diagnosis

Plain abdominal X-ray revealed central air fluid levels and the subsequent
computed tomography of the abdomen showed a mechanic ileus with
distention of the whole small intestine, as well as, the typical signs of ileocolic
intussusception. Postoperative fluorodeoxyglucose-positron emission
tomography-computed tomography revealed multiple intra-abdominal lesions,
without any indication of primary cutaneous, ocular, or anal melanoma.

Pathological diagnosis

Histopathologic examination revealed two intestinal lesions of malignant melanoma
with a maximum diameter of 3.5 cm, which were immunohistochemically
positive for Melan A, HMB45, S100, focal for CD117, and negative for SMA,
AE1/3, dog1, CD56, chromogranin, CD20 and CD30.

Treatment

The patient underwent two subsequent laparotomies; an initial explorative
laparotomy and resection of the tumor that caused the intussusception and,
after histologic identification of the tumor, a second laparotomy with palliative
resection of the largest lesions, since an R0 resection was not feasible.

Related reports

The literature has very few cases of primary malignant melanoma presented
with enteric intussusception in adults. The exact histologic identification of the
tumors, the contribution of the imaging techniques, and the role of surgical
treatment are still a matter of discussion.

Term explanation

The term “primary intestinal malignant melanoma” refers to a melanotic lesion in
the small intestine in the absence of cutaneous, ocular, or anal primary tumor.

Experiences and lessons

Primary malignant melanoma is a rare cause of enteric intussusception in
adults. Defining lesions as primary is still up for debate. Imaging techniques
can depict the bowel obstruction, the intussusception, and, in some cases,
the intestinal tumors. An R0 resection of the intestinal tumors can be curative;
however, the role of palliative surgery should not be underestimated.

Peer-review

The authors report a rare case of enteric intussusception as the first clinical
manifestation of primary intestinal malignant melanoma accompanied with a
thorough review of the current literature.
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CASE REPORT

Esophageal diverticulum exposed during endoscopic
submucosal dissection of superficial cancer
Shinwa Tanaka, Takashi Toyonaga, Yoshiko Ohara, Tetsuya Yoshizaki, Fumiaki Kawara, Tsukasa Ishida,
Namiko Hoshi, Yoshinori Morita, Takeshi Azuma
a case of esophageal cancer that had a diverticulum
under cancerous epithelium. The diverticulum was
not detected during preoperative examination, and
led to perforation during the ESD procedure. Our
case shows that, although rare, some diverticula can
exist underneath the mucosal surface without obvious
depression. If there is any sign of hidden diverticula
during ESD, surgeons should proceed with caution
or, depending on the case, the procedure should be
discontinued to avoid adverse events.
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Core tip: We report a case of esophageal cancer with
a diverticulum in a patient who underwent endoscopic
submucosal dissection (ESD). Although most eso
phageal diverticula can be diagnosed by endoscopy or
computed tomography scans, the diverticulum in this
case was not detected by these examinations before
ESD, and led to perforation during the ESD procedure.
This is a rare case; however, we should be aware that
there could be diverticula without obvious depression.
Tanaka S, Toyonaga T, Ohara Y, Yoshizaki T, Kawara F, Ishida T,
Hoshi N, Morita Y, Azuma T. Esophageal diverticulum exposed
during endoscopic submucosal dissection of superficial cancer.
World J Gastroenterol 2015; 21(10): 3121-3126 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i10/3121.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i10.3121

Abstract
Endoscopic submucosal dissection (ESD) is now widely
accepted as a strategy to treat superficial esophageal
neoplasms. The rate of adverse events, such as per
foration, has been decreasing with the improvement
of devices and techniques. In this paper, we report
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INTRODUCTION
An increasing number of superficial esophageal
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A

B

C

Figure 1 Endoscopic observation of esophageal cancer. A, B: Lesion had expanded to half of the circumference of the lumen; C: In magnified narrow band
imaging (NBI) observation, intraepithelial papillary capillary loop (IPCL) was detected as a small dot pattern.

ESD was indicated for the treatment. The ESD
procedure was performed using a FlushKnife BT 1.5
mm (Fujifilm Medical, Tokyo, Japan), and VIO 300D
(ERBE Elektromedizin, GmbH, Tübingen, Germany)
was used as the power source for electrical cutting
and coagulation. Submucosal injection and mucosal
incision were performed without any abnormal events.
However, during the course of the dissection, a
depression in the center of the cancer lesion became
noticeable (Figure 2A). When the dissection reached
the edge of the depression, the muscularis propria
layer abruptly ended. There was an area where mus
cularis propria was missing, which indicated that
there was a shallow pulsion diverticulum under the
tumor (Figure 2B). We proceeded cautiously with the
dissection to separate submucosa and adventitia while
attempting to maintain the appropriate dissection
level, but perforation occurred at the bottom of the
defect of the muscularis propria, when the en bloc
resection was nearly complete. We quickly removed
the dissected tissue and analyzed the perforation
in detail. The defect of the muscularis propria was
about 3 cm x 2 cm in size, and located in the center
of the dissected mucosal defect. The perforation hole
was found at the anal side of the muscularis propria
defect (Figure 3A and B). Since the muscularis propria
defect and the perforation hole were too large to close
using clips, we decided to close the entire muscularis
propria defect using clips and a detachable snare. The
detachable snare was fixed surrounding the defect of

neoplasms are treated by endoscopic submucosal
[1-3]
dissection (ESD) . However, to our knowledge, there
has been only one case reported in which ESD was
[4]
performed in esophageal cancer with diverticula .
This is mainly because the patient will undergo surgical
resection regardless of the depth of the tumor, if the
[5]
cancer lesion is found on a diverticulum . We present
a case of esophageal cancer with diverticulum that
underwent ESD. Esophageal diverticulum was not
diagnosed preoperatively, but was exposed while
dissecting the cancer lesion.

Case report
A 55-year-old woman underwent screening by
esophagogastroduodenoscopy, and a cancer lesion
was detected on the left side of the middle thoracic
esophagus. The macroscopic type was 0-Ⅱc, and
it had expanded to half of the circumference of the
esophagus (Figure 1A and B). In magnified narrow
band imaging (NBI) observation, an intraepithelial
papillary capillary loop (IPCL) was detected as a
small dot pattern (Figure 1C). We diagnosed that
the lesion was limited to epithelial (EP) or lamina
propria mucosal (LPM) invasion due to the lack of
findings indicative of submucosal invasion, such as
fold convergence, elevation of mucosa surrounding
the lesion or advanced irregularity of IPCL. Computed
tomography (CT) scans taken before ESD did not
show the existence of diverticula in the esophagus.
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A

B

Figure 2 Endoscopic submucosal dissection for esophageal cancer. A: Depressed area at the center of the lesion became noticeable during the course of
submucosal dissection (blue arrow); B: Muscularis propria layer abruptly ended at the center of the cancer lesion. The red arrow indicates the muscularis propria layer,
and the yellow arrow indicates the area of the muscularis propria layer defect.

A

B

Figure 3 After removing dissected tissue. A: Ulcer bed after endoscopic submucosal dissection; B: Blue dotted line indicates the defect of the muscularis propria
layer, and yellow dotted line indicates the perforation hole.

the muscularis propria using clips placed approximately
every 0.5 cm using a 2-channel scope (GIF-2TQ260M)
(Figure 4A-D). Clipping was started from the anal
side followed by placing clips one by one on the right
side and the left side; 10 clips were used in total to
surround the entire defect (Figure 4E). The rubber
stopper was tightened, and it was successfully closed
(Figure 5A, B). It took 60 min to dissect the cancer
lesion and 20 min to close the muscularis propria
defect, making the total operation time 80 min.
CT scans after the ESD revealed marked mediastinal
and subcutaneous emphysema (Figure 6). The patient
underwent fasting and a course of antibiotic treatment
(meropenem trihydrate at 1 g/d for 10 d). The mediastinal
and subcutaneous emphysema was improved by day 3
after ESD. She had high fever over 38 degrees Celsius,
chest pain, and the white blood cell count was elevated
up to 14000/μl, but these symptoms had all resolved
by day 7. Contrast examination of the esophagus using
®
diatrizoic acid (Gastrografin ) was undertaken on day
13, confirming that there was no leakage from the
perforated hole. Although 14 d of fasting and 21 d of
admission were required, she was treated conservatively.
Histology revealed that squamous cell carcinoma was
limited within EP, and the muscularis propria layer was

WJG|www.wjgnet.com

not seen in the resected specimen (Figure 7), proving
that the defect of the muscularis propria was not the
result of deep dissection of the esophageal tissue.
Although esophageal stricture developed two
months after ESD, it was not severe and required
two sessions of endoscopic balloon dilation (EBD) to
improve. No recurrence of cancer has been recorded
as of 12 mo after the treatment.

DISCUSSION
Esophageal diverticula are rare, with a prevalence of
0.06% to 3.6% based on radiologic and endoscopic
[7,8]
series . The high risk of developing malignancy has
also been described, for which the carcinogenetic
factors include chronic mechanical irritation by food,
repeated physical injury and inflammation; however,
[9]
the involved mechanism remains elusive . Esophageal
diverticula are classically divided into two types:
pulsion (false) and traction (true) diverticula. Pulsion
diverticula occur as a result of increased intraluminal
pressure and form protrusions of mucosa through the
muscular wall; therefore, they lack muscularis propria.
Zenker’s diverticulum and epiphrenic diverticulum are
included in pulsion diverticula. Traction diverticula are
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A

B
Ulcer bed post ESD

Two channel scope
Musclatis proprea defect

C

D
Detachable snare

Clip

E

F

Figure 4 schema of closure method using detachable snare and clip. A-D: Detachable snare was fixed with clips surrounding the defect of the muscularis propria
layer from the anal to the oral side using a 2-channel scope; E, F: Detachable snare was fixed with about 10 clips. The stopper was tightened and the snare loop was
released.

A

B

Figure 5 Closing perforated hole. A, B: defect of the muscularis propria layer and the perforated hole were successfully sutured.

created by the pulling force of the outside esophagus
due to periesophageal inflammation, fibrosis and
adhesions to surrounding structures. Most traction
diverticula occur in the mid-esophagus, and the
common causes include tuberculosis, histoplasmosis
and malignancy. Most diverticula are easily recognized

WJG|www.wjgnet.com

as mucosal depressions by endoscopic observation.
However, in the present case, we could not diagnose
the diverticulum preoperatively because the depression
was obscured during endoscopy, and CT scans could
not capture it. Although this is a rare case, it indicates
that some esophageal diverticula can exist under the
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even if perforation occurs, the hole would be small
enough to close using clips. However, if the diverticulum
is found in the center of the cancer lesion, the entire
mucosa over the diverticulum will be dissected, which
can lead to a high risk of perforation. Moreover, it will
require closure of the entire diverticulum, which can
be large and may further require advanced skill and
devices other than just clips, as shown in our case.
Closure of the ulcer after ESD for the lesion with
diverticula is essential to prevent delayed perforation.
We closed the perforation hole and the defect of the
muscularis propria layer using clips and a detachable
snare. This method was originally reported to suture
a large mucosal defect after endoscopic resection of
[10]
colorectal neoplasm . We adopted this method for
the esophagus in the present case, and the perforation
hole and muscularis propria defect were successfully
closed. Recently, the effectiveness of polyglycolic acid
sheets and fibrin glue, and the use of an Over-theScope Clip to close the perforation of a digestive tract
[11,12]
were reported
. These new methods might have
been effective in our case; however, they require
special devices or reagents. Therefore, we adopted the
method using clips and a detachable snare, which does
not require other tools besides those in regular clinical
therapy.
When the perforation occurred, we considered
discontinuation of the ESD. However, we decided to
complete the procedure as long as the vital signs were
stable. This was because alternative treatment, such
as surgery or chemoradiation therapy, would involve
overtreatment for the cancer stage of the present case.
Fortunately, the patient’s vital signs were stable until
the procedure was complete. Of note, we routinely use
CO2 insufflation during esophageal ESD. We consider
CO2 insufflation to be absolutely imperative because
it is safer then room air insufflation in the case of
unpredictable complications like this.
In conclusion, we experienced a case of esophageal
cancer with diverticulum, which was not diagnosed
preoperatively. Although it is a rare case, we should be
aware that there could be diverticula without an obvious
depression. In the case of unpredicted perforation
with the diverticulum, the method using clips and a
detachable snare could be very effective to manage
the simultaneous closure of perforation hole and
diverticulum.

Figure 6 Computed tomography scans immediately after endoscopic
submucosal dissection. Marked mediastinal and subcutaneous emphysema
was recognized.

Figure 7 Pathological examination. Pathological diagnosis revealed that
squamous cell carcinoma was retained within epithelial, and the muscularis
propria layer was not seen in the resected specimen.

mucosal surface without obvious depression.
Esophageal cancer that involves diverticula is
generally treated by surgery, regardless of the depth
[5,9]
of invasion . However, in the process of selecting the
therapeutic strategy, it may be important to consider
what type of diverticulum is involved. In the case of
traction diverticulum, which has muscularis propria,
the risk of perforation is presumably less than for
pulsion diverticulum. Therefore, if the cancer invasion
is within EP or LPM, ESD could be indicated.
The use of endoscopic ultrasound (EUS) will help
to detect diverticula; however, EUS is not routinely
performed for superficial esophageal cancer especially
shallow lesion, and accordingly, it was not performed
in the present case. Nevertheless, our case suggests
that preoperative EUS examination should be considered
before ESD, if the coexistence of diverticula is suspected.
When the cancer lesion is on a pulsion diverticulum, ESD
should be avoided.
In addition, the location of diverticula should be
taken into account. If the diverticulum is located at
the edge and only partly involved in the cancer lesion,
ESD is technically possible irrespective of the type of
diverticulum. This is because only part of the mucosal
layer covering the diverticulum will be dissected, and
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COMMENTS
COMMENTS
Case characteristics

A 55-year-old woman underwent screening esophagogastroduodenoscopy, and
a cancer lesion was detected on the left side of the middle thoracic esophagus.

Clinical diagnosis

Esophageal cancer with diverticulum, which was not diagnosed preoperatively.

Differential diagnosis

Esophageal cancer without coexisting diverticulum.

Laboratory diagnosis

Routine laboratory tests showed no abnormal findings.
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Imaging diagnosis

During endoscopic submucosal dissection (ESD), there was an area where
muscularis propria was missing, which indicated that there was a shallow
pulsion diverticulum under the tumor.

3

Histology revealed that squamous cell carcinoma was limited within epithelium,
and the muscularis propria layer was not seen in the resected specimen.

4

The lesion was resected by ESD, but perforation occurred in the center of the
dissected mucosal defect. After removing the dissected tissue, the authors
closed the entire muscularis propria defect using clips and a detachable snare.

5

ESD for esophageal cancer with diverticulum is rare, with only 1 case reported
in the literature.

6

Pulsion diverticula occur as a result of increased intraluminal pressure and
form protrusions of mucosa through the muscular wall; therefore, they lack
muscularis propria. Traction diverticula are created by the pulling force of the
outside esophagus due to periesophageal inflammation, fibrosis and adhesions
to surrounding structures; they have muscularis propria.

7

Pathological diagnosis
Treatment

Related reports

Term explanation

8

Experiences and lessons

Although it is a rare case, the authors should be aware that there could be
diverticula without an obvious depression.

9

Peer-review

The manuscript “An esophageal diverticulum exposed during endoscopic
submucosal dissection of a superficial cancer” is an interesting case report.
Overall, the authors did a nice job and presented the case in an adequate
manner. The authors further briefly discussed the most important aspects of this
case.
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CASE REPORT

Endoscopic submucosal dissection of a large colonic lipoma:
Report of two cases
Jae Min Lee, Jeong Ho Kim, Myungsung Kim, Jun Hyoung Kim, Young Bae Lee, Jae Hyuk Lee, Che Wan Lim
and symptoms. Standard endoscopic submucosal
dissection (ESD) was performed to remove the lipomas
instead of conventional surgical bowel resection.
No complications were observed during or after the
procedure. The tumors were resected en bloc , and the
patients were discharged 2 d after ESD with a regular
diet. The results indicate that ESD can be applied as
safe and effective treatment for a large colonic lipoma.
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Core tip: Endoscopic submucosal dissection (ESD)
was a safe, effective, and suitable treatment modality
to remove large submucosal colonic lipomas from
patients with symptoms despite technical difficulties.
In addition, using other equipment, including special
knifes, a transparent cap, and an electrosurgical unit
may help to remove a large colonic lipoma easier
and safer by ESD. We report two patients with large
colonic lipomas and symptoms, whose lipomas were
successfully removed by ESD.
Lee JM, Kim JH, Kim M, Kim JH, Lee YB, Lee JH, Lim
CW. Endoscopic submucosal dissection of a large colonic
lipoma: Report of two cases. World J Gastroenterol 2015;
21(10): 3127-3131 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i10/3127.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i10.3127

Abstract
A colonic lipoma is a very rare benign tumor that is
usually asymptomatic and is found incidentally by
colonoscopy. Patients with a large colonic lipoma
may present with symptoms such as abdominal pain,
bleeding, and colonic obstruction or intussusceptions.
We report two patients with large colonic lipomas
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INTRODUCTION
Lipoma of the gastrointestinal tract is usually an
[1]
asymptomatic, benign, and submucosal tumor . It is
most commonly found in the cecum and confined to
[2]
the submucosal layer . Colonic lipomas discovered
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Figure 1 A colonoscopy revealed a soft and yellowish submucosal tumor. A: Colonoscopic view revealed an approximate 5 cm, yellowish, smooth submucosal
tumor on the distal descending colon. B: Markings were made around the tumor on the distal side (anal side) with a dual knife and a lifting solution was injected to
make a sufficient submucosal cushion from the muscle layer. C: A precut incision was made on the distal side of the tumor. D: Submucosal dissection was performed
with a dual knife, and dissection was done from the distal side (anal side) while visualizing the yellowish tumor surface. E: The tumor was completely dissected from
the submucosal layer with the proximal side (oral side) of the mucosal layer remaining. F: The tumor was resected completely without complications.

incidentally during colonoscopy or surgery are commonly
small and clinically negligible. However, a patient with a
large colonic lipoma may present with various symptoms
such as abdominal pain, bleeding, constipation, and
[3,4]
colonic obstruction or intussusceptions .
Management of a patient with a large colonic lipoma
and symptoms has typically included surgical treatment;
however, endoscopic therapy has increased with the
technological advances in endoscopic procedures and
equipment. Herein, we report two patients with large
colonic lipomas and symptoms, whose lipomas were
successfully removed by endoscopic submucosal
dissection (ESD).

on the end of the scope. A lifting solution was injected
to make a sufficient submucosal cushion from the
muscle layer (Figure 1B). The solution was a mixture of
10% concentrated glycerin with 5% fructose and 0.9%
sodium chloride and a small amount of epinephrine.
The tumor located in the dependent position for an
easy approach. Then, the precut was made just below
the marking sites, and submucosal dissection was
performed beneath the yellowish submucosal tumor
using a dual knife (KD-650U, Olympus, Tokyo, Japan)
(Figure 1C-E). The procedure time was approximately
28 min. No complications occurred during or after
ESD. The 5.0 cm × 3.0 cm × 1.5 cm diameter tumor
was resected en bloc (Figure 1F). A histopathological
examination revealed a lipoma. The patient was
discharged without complications and relieved of
symptoms afterwards.

CASE REPORT
Case 1

A 41-year-old man was admitted to our hospital
because of repeated lower abdominal pain and
constipation. He had no medical or family history. A
physical examination showed no abnormalities, and
initial laboratory data were within normal limits. A
colonoscopy revealed a soft and yellowish submucosal
tumor about 5 cm in diameter on the distal descending
colon (Figure 1A). We diagnosed it as a colonic lipoma
and decided to perform an ESD procedure. Markings
were made around the base of the tumor on the distal
side (anal side) after a transparent cap was equipped
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Case 2

A 48-year-old man was referred to our hospital due to
a large colonic mass detected during a colonoscopy. He
had repeated lower abdominal pain for 1 year. He had
no medical or family history. The physical examination
at admission was unremarkable, and initial laboratory
data were within normal limits. A colonoscopy revealed
a yellowish submucosal mass approximately 7 cm in
diameter on the proximal ascending colon (Figure 2A).
The mass was soft and compressible, suggesting a
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Figure 2 A colonoscopy revealed a yellowish submucosal mass approximately. A: Colonoscopic view showed an approximate 7 cm, yellowish, smooth
submucosal tumor on the proximal ascending colon. B: Markings were made around the tumor on the distal side (anal side) with a dual knife; C: A lifting solution was
injected to form a sufficient submucosal cushion. D: Precut incision on the distal side and submucosal dissection were performed with the dual knife. E: Dissection
was done with dual and hook knives from the distal side (anal side). F: The tumor was resected as en bloc without complications.

colonic lipoma, and ESD was planned. Markings were
made around the base of the tumor on the distal side
(anal side) after a transparent cap was equipped at
the end of the scope (Figure 2B). A lifting solution
was injected to make a sufficient submucosal cushion
(Figure 2C). The solution was a mixture of 10%
concentrated glycerin with 5% fructose and 0.9%
sodium chloride, with a small amount of epinephrine.
The tumor was located in the dependent position
for an easy approach. Next, a precut was made just
below the marking sites, and the submucosal layer
was dissected beneath the submucosal tumor using
a dual knife (KD-650U, Olympus) and a hook knife
(KD-620LR, Olympus) (Figure 2D). After submucosal
dissection, the mucosal layer of the proximal side (oral
side) was resected with the hook knife (Figure 2E).
The procedure time was approximately 40 min. No
complications occurred during or after ESD. The 7.5
cm × 4.5 cm × 4.0 cm diameter tumor was resected
en bloc (Figure 2F). The histopathological examination
revealed a lipoma. The patient was discharged without
complications and relieved of symptoms afterwards.

submucosal layer in 90% of cases but are occasionally
[6]
observed in the subserosal layer . Although most
cases are found incidentally in asymptomatic patients,
some patients may present with symptoms such as
abdominal pain, bleeding, constipation, and colonic
obstruction or intussusceptions, particularly if the
[3,4]
lipoma is > 3 cm in size .
A colonic lipoma can be diagnosed with barium
enema, abdominal computed tomography (CT), colo
noscopy, and endoscopic ultrasound (EUS). A colonic
lipoma is observed as a round, smooth, and well
[2]
demarcated filling defect on a barium series . In
addition, its shape and size can change according to
[2]
colonic peristalsis (“squeeze sign”) . Abdominal CT is
only useful for diagnosing a large colonic lipoma and
[7]
determining the extent of surgery . It shows moderate
signal intensity (-120 to -40 Hounsfield units) and can
[7]
be distinguished from other tissue . A colonic lipoma
is usually observed as a yellowish, smooth, and round
submucosal tumor without mucosal change during
[6,8,9]
colonoscopy
. In particular, biopsy forceps may help
to diagnose a lipoma; easily elevated mucosa over
the lipoma with biopsy forceps (“tent sign”), recovery
of the indented lipoma with biopsy forceps (“cushion
or pillow sign”), or extrusion of fat tissue after biopsy
[6,8,9]
(“naked fat sign”)
. A colonic lipoma on EUS shows
typical features of a homogenous, high-echogenic
[5]
tumor in the submucosal layer .
Treatment of a colonic lipoma is usually unne

DISCUSSION
A colonic lipoma is the second most common, but very
[2]
rare, benign tumor after colon polyps . The incidence
of colonic lipoma is 0.15% at colonoscopy, and
[3,5]
0.4%-4.4% at autopsy . Lipomas are confined to the
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cessary because there is little possibility for malignant
changes. However, treatment is required if it is
difficult to distinguish the lipoma from other malignant
tumors and it is associated with symptoms such as
abdominal pain, bleeding, colonic obstruction, or
[5,10]
intussusceptions
. Endoscopic removal of colonic
lipomas has increased, and this has become a safe
treatment modality with technological advances in
colonoscopic procedures and equipment, particularly
[11]
for small tumors . However, because a colonic
lipoma > 2 cm is associated with an increased risk
of perforation during endoscopic removal, surgical
[10,12]
removal is usually recommended
. Increasing the
power of the electrosurgical device during endoscopic
removal results in a high temperature, which may
damage the colonic wall with subsequent perforation
[13]
because fat tissue has low electric conductivity .
Thus, various endoscopic procedures, including
snare resection, ESD, and unroofing or the Endoloop technique have been introduced recently for safe
[14-17]
resection
. Compared with other procedures, ESD
is associated with a higher risk of complications such
[12]
as perforation and bleeding . However, ESD can be
safe if performed while continuously observing the
dissected layer. If submucosal dissection is performed
using a knife in coagulation mode and a transparent
cap is equipped at the end of the scope, it might be
safer than other procedures. Submucosal dissection
in coagulation mode is used to control the depth of
the cut and reduce the risk of bleeding. In addition,
because the exposed cutting surface is maintained
using a transparent cap, submucosal dissection
can be performed easily. In contrast, the proximal
side (oral side) of the tumor margin cannot be seen
during standard snare resection or the Endo-loop
technique. Therefore, the risk of incomplete resection
or perforation may increase. There are no reports
demonstrating the indications and contraindications
for ESD of a large colonic lipoma. Although surgery
is not necessarily the first-line treatment option any
more, the following circumstances are good candidates
for operation; in case with wide-base sessile lipoma,
unclear diagnosis, intussusceptions or obstruction,
[18]
involvement of muscular and serosal layers .
In our cases, large colonic lipomas were succe
ssfully resected en bloc using the ESD technique
without any complications. We created a sufficient
submucosal cushion for safer dissection and changed
the location of the colonic lipomas to the dependent
position for easier dissection. In particular, changing
the location of the lesion made the submucosal layer
dissection easier, and the exposed cutting surface
increased. Although colonic lipomas are confined to
the submucosal layer, they have typical yellow color,
which distinguishes them from surrounding tissues.
Therefore, we could safely dissect the submucosal
layer beneath the lipomas by coagulating exposed
vessels.
In conclusion, ESD was a safe, effective, and suitable
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treatment modality to remove large submucosal colonic
lipomas from patients with symptoms despite technical
difficulties. However, this technique should be needed the
special tool and experienced endoscopist.
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CASE REPORT

Primary hepatic neuroendocrine tumor with multiple liver
metastases: A case report with review of the literature
Kai Yang, Ying-Sheng Cheng, Ji-Jin Yang, Xu Jiang, Ji-Xiang Guo
revealed multiple well-circumscribed, heterogeneous,
hypodense masses (largest, 6.4 cm × 6.3 cm × 5.0
cm) with significant contrast enhancement during the
arterial and portal phases and with contrast washout and peripheral enhancement during the delayed
phases. Magnetic resonance images demonstrated
multiple well-circumscribed, heterogeneous, hypo
intense hepatic masses with significant contrast
enhancement (largest, 6.4 cm × 6.5 cm × 5.1 cm);
multiple enlarged porta lymph nodes; and multiple
slightly enlarged retroperitoneal lymph nodes.
Histological and immunohistochemical examination of
the right mass biopsy specimen suggested a malignant
neoplasm that had originated from a neuroendocrine
cell type (grade 2 well-differentiated neuroendocrine
carcinoma). After performing a systemic examination
to exclude metastasis from an extrahepatic primary
site, we considered that the masses had arisen from
a primary hepatic neuroendocrine tumor with multiple
liver metastases. The patient underwent transcatheter
arterial chemoembolization using a combination of
oxaliplatin (150 mg) mixed with one bottle of gelatin
sponge particles (560-710 µm) and lipiodol (6 mL).
Primary neuroendocrine tumors of the liver are
extremely rare. This case is interesting because of the
rarity of this neoplasm and previous misdiagnosis as
multiple liver hemangiomas. Previously reported cases
in the literature are also reviewed.
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Abstract
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Group Inc. All rights reserved.

We herein present a case involving a 41-year-old
woman in whom ultrasound examination revealed
multiple liver hemangiomas more than 3 years ago.
Follow-up ultrasound examination revealed that the
masses had significantly increased; the largest was
located in the right lobe (about 8.2 cm × 7.4 cm × 6.0
cm). Abdominal multidetector computed tomography
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Core tip: Whereas more than 80% of the neuroendocrine
tumors (NETs) found in the liver are metastatic, primary
hepatic neuroendocrine tumors (PHNETs) are very rare,
when a NET is found in the liver, it must be treated
with great care to exclude metastasis from extrahepatic
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primary site, as that is a much more common
occurrence. Only fewer than 100 cases of PHNETs have
been reported in the English literatures and most was
a case report. we report a case of PHNET with multiple
liver metastases have focused on multiple imaging
modalities, including computed tomography, magnetic
resonance imaging, and digital subtraction angiography.

largest mass measured about 2.8 cm × 2.5 cm ×
2.1 cm. In April 2013, the patient reported right
hypochondrial pain secondary to “stomach treatment”;
this pain lessened slightly thereafter. In August 2013,
another ultrasound examination revealed multiple solid
liver masses in the right and left lobes (the largest
was present in the right lobe and measured 8.2 cm
× 7.4 cm × 6.0 cm). The intrahepatic lesions had
significantly increased in size and were considered
to be vascular tumors. Abdominal multidetector CT
revealed multiple well-circumscribed, heterogeneous,
and hypodense masses; the largest was present
in the right lobe and measured 6.4 cm × 6.3 cm ×
5.0 cm. The masses exhibited significant contrast
enhancement during the arterial and portal phases
and exhibited contrast washout and peripheral
enhancement during the delayed phases (Figure 1).
The liver background was not cirrhotic. MR images
(Figure 2A-F) were obtained with a 3.0-T unit using
a liver-specific contrast agent. On T2-weighted fast
spin-echo MR images (TR/TE, 3400/100) and diffusion
images (b = 800), the masses mainly showed high
signal intensity that correlated with the normal
liver parenchyma with hyperintense foci. On T1weighted gradient echo images (TR/TE, 3.6/1.4), the
masses were well-circumscribed, heterogeneous, and
hypointense. The largest was present in the right lobe
and measured 6.4 cm × 6.5 cm × 5.1 cm. Gadoxetic
acid-enhanced T1-weighted MR images demonstrated
significant enhancement of the solid tumor portion in
the early arterial phase, continued enhancement in
the portal venous phase, and a definite defect in the
20-min delayed hepatobiliary phase; multiple enlarged
porta lymph nodes and multiple slightly enlarged
retroperitoneal lymph nodes were also detected. The
patient showed no clinical symptoms, such as nausea,
vomiting, flushing, fever, diarrhea, constipation, or
abdominal pain. No abnormal findings within physical
examination. The laboratory evaluations, including
liver tests and blood levels of tumor markers such
as alpha-fetoprotein (AFP) (11.04 ng/mL; normal,
< 7 ng/mL), carbohydrate antigen 19-9 (CA 19-9)
(42.5 U/mL; normal, < 34 U/mL), neuron-specific
enolase (NSE) (19.25 µg/L; < 17 µg/L), and others
[i.e., CA-724 and carcinoembryonic antigen (CEA)]
were negative. Hepatitis indices were negative, and
liver and renal functions were normal. The patient
underwent CT-guided biopsy of liver masses, and
histological and immunohistochemical examinations
suggested vasogenic tumors. The definitive diagnosis
was multiple cavernous hemangiomas. She underwent
transcatheter arterial chemoembolization (TACE)
with a combination of bleomycin (16 mL) mixed
with lipiodol (6 mL). For the treatment again, six
weeks later, the patient was rehospitalized with no
clinical symptoms and no abnormal findings. The
levels of tumor markers including AFP (9.53 ng/mL),
CA-19-9 (63.97 U/mL), NSE (21.55 µg/L), and others
(i.e., CA-724 and CEA) were negative. Liver and
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INTRODUCTION
Neuroendocrine tumors (NETs), not only behave like
benign tumors and also they exhibit characteristics
of carcinomas. Historically NETs known as carcinoid
tumors or carcinoma-like tumors. These tumors
develop secondary to neoplastic proliferation of
neuroendocrine cells. Although the frequency of NETs
has increased in recent years, they see only 2 of
100000 people on average. These tumors mainly arise
in organs of the bronchopulmonary or gastrointestinal
tract such as the pancreas, ileum, or appendix, but
can occur in almost any organ including the bladder,
prostate, rectum, stomach, bronchi, and biliary tree.
NETs exhibit a varied malignant potential depending
[1]
on their site of origin . While more than 80% of the
NETs found in the liver are metastatic, primary hepatic
NETs (PHNETs) are very rare. When an NET is found
in the liver, extrahepatic metastatic tumors must first
[2]
be determined . In 1958 Edmondson first reported
[3]
a case of PHNET . Since then, fewer than 60 cases
of PHNET have been reported in the English-language
[4]
literature , and these reports have mainly focused on
computed tomography (CT) findings. While most are
generally asymptomatic, the most frequent symptoms
of PHNET are pain and a palpable mass. To the best of
our knowledge, no reports of PHNET with multiple liver
metastases have focused on magnetic resonance (MR)
imaging using hepatobiliary-specific contrast agent
or have described a misdiagnosis of multiple liver
hemangiomas.

CASE REPORT
A 41-year-old woman underwent ultrasound exami
nation more than 3 years ago. At that time, multiple
solid masses were found in the right lobe; the largest
measured about 2.2 cm × 2.0 cm × 1.7 cm. The
masses were considered to be multiple hepatic
hemangiomas. Two years later (1 year prior to the
present report), follow-up ultrasound examination
showed results similar to the first ultrasound; the
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Figure 1 Multidetector computed tomography, axial images. A: Multiple well-circumscribed, heterogeneous, and hypodense liver masses were present; the largest
was located in the right lobe and measured 6.4 cm × 6.3 cm × 5.0 cm; All lesions demonstrated significant enhancement in the (B) arterial and (C) portal phases, with
no enhancement of the irregular necrotic area within the largest lesion; D: Several nonenhanced foci were present in other lesions, and a definite contrast washout
pattern with peripheral rim enhancement was present in the delayed phase. The background liver tissue was not cirrhotic.
[4]

renal functions were normal. MR images showed
that the size of the largest mass was similar to that
shown by the previous MR examination and that the
intrahepatic lesions were slightly larger. We suspected
the results of pathological and immunohistochemical
examinations and thus decided to perform another
ultrasound-guided biopsy of the hepatic masses.
Histological and immunohistochemical examinations
(Figure 3) demonstrated positive staining for the
following markers within tumor cells: cell adhesion
molecule, synaptophysin (Syn), pancreatic and
duodenal homeobox 1 (PDX1), cytokeratin 8, cluster
of differentiation 56, and beta-tubulin. The Ki-67
index was 5%. These findings suggested a malignant
neoplasm that originated from a neuroendocrine cell
type (grade 2 well-differentiated neuroendocrine
carcinoma). After performing a systemic examination
and follow-up of 14 mo to exclude metastasis from
an extrahepatic primary site, we diagnosed a PHNET
with multiple liver metastases. The patient underwent
TACE (Figure 2G) with a combination of oxaliplatin (150
mg) mixed with one bottle of gelatin sponge particles
(560-710 µm) and lipiodol (6 mL).

among all gastrointestinal tumors . The most common
occurrence site of NETs is small intestine (45%); NETs
are seen less often in the rectum (20%), appendix
[4]
(17%), colon (11%), and stomach (7%) . Those
tumors are classified according to their embryological
origin and morphological pattern. The WHO found
that it is more suitable to use the term NET instead
of carcinoid tumor. Thus, the ongoing confusion has
been partially reduced; however, neuroendocrine
tumor and carcinoid tumor still appear to be used in
[5]
the literature . Our group is more appropriate to use
the term NET for these tumor. The WHO updated the
classification system in 2010, differentiating between
the terms NET and neuroendocrine carcinoma.
Proliferation indices (Ki-67 and MIB-1), angioinvasion,
and mitoses are important factors. NETs are divided
into three main categories based on the malignant
[6]
potential of the tumor : well-differentiated endocrine
tumor (< 2 cm in size and Ki-67 index of < 2%, welldifferentiated endocrine carcinoma (> 2 cm in size,
Ki-67 index of > 2%, or presence of angioinvasion),
and poorly differentiated endocrine carcinoma (Ki-67
index of > 20%).
NETs accounted for 1%-2% of all gastrointestinal
tumors, and liver is the main metastasis organ.
Nevertheless, PHNETs are much more rarely seen than
other NETs. A diagnosis of PHNET must be excluded
from extrahepatic metastasis. Currently distinguish
between primary and metastatic NETs is still a thorny

DISCUSSION
Neuroendocrine tumors mainly arise in organs of the
bronchopulmonary or gastrointestinal systems. NETs
are rarely seen and have an incidence of only 1% to 2%
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Figure 2 Magnetic resonance images. A: T2-weighted axial image; and B: diffusion image (b factor = 800) demonstrated well-circumscribed masses of high
signal intensity as well as lobulated, irregular masses with low signal intensity; C: Precontrast T1-weighted image showed well-circumscribed, heterogeneous, and
hypointense lesions. On enhanced magnetic resonance images, the solid portions of these tumors were significantly enhanced in the early arterial phase; D: irregular
to no enhancement was present in the central or foci embellishment of the lesions; E: The enhancement continued in the portal venous phase; F: A definite defect
was present in the 20-min delayed hepatobiliary phase find a well-rim arc-shaped artery vessels accompanied on the lesion side on the coronal image; G: Digital
subtraction angiography showed multiple hypervascular tumor-staining lesions with sharp edges in the arterial phase.

A

B

C

Figure 3 Microscopic findings of the primary hepatic neuroendocrine tumor in the present case. A: Tumor cells surrounded a glass-like substance exhibiting
a cylindrical arrangement of red staining cytoplasm, and the nucleus was darkly stained (high-power field, × 200); B and C: Immunohistochemical synaptophysin and
pancreatic and duodenal homeobox 1 staining in positive tumor cells, respectively.

problem. Occurrence age of PHNET mainly in 40-50
years, although it may occur at any time. Although it
does not show sex preference, but females more often
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develop the disease. The tumors are usually located
in right liver lobe. Clinically asymptomatic patients
with PHNET, the tumor may be found incidentally
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[13]

during the abdominal imaging. For few patients,
right upper quadrant palpable mass and abdominal
pain are the most common symptoms, may be
[7]
associated with carcinoid syndrome symptoms . This
syndrome occurs in less than 10% of patients with
gastrointestinal NETs; When this syndrome is found, it
is always associated with hepatic metastasis, although
the incidence of this syndrome in the gastrointestinal
tract in less than 10%. But interestingly, in patients
[8]
with PHNETs it is quite rarely seen .
The origin of PHNETs remains unclear. Currently
there are three hypotheses been suggested. Firstly, the
neuroendocrine cells scattered among the intrahepatic
biliary tract and the epithelium manifest malignant
transformation. Secondly, these tumors originate from
adrenal tissue settling in the liver or heterotrophic
pancreas tissue. Thirdly, malignant stem cells
[9]
underwent neuroendocrine differentiation . PHNETs
are rarely seen and slow-growing tumors. If they has
not yet resulted carcinoid syndrome, early diagnosis
is difficult. When diagnosis they may be very large,
because they progress asymptomatically. Nonetheless,
several techniques are available to facilitate the
diagnosis despite the fact that the carcinoid symptom
is nonspecific in the early period.
Traditionally, diagnosis of NETs is based on the
measurement of 5-hydroxyindoleacetic acid (5-HIAA),
which is the inactive metabolite of serotonin in 24-h
urine specimens. 5-HIAA, require the tumor secretes
serotonin, cannot be measured in tumors when they
do not show endocrine function, lowering the test
sensitivity. 5-HIAA in 24-h urine specimens may
be performed with high specificity (90%) and low
[10]
sensitivity (73%), so it is still used . Measurement of
this metabolite in 24-h urine specimens is important
because of the fluctuations in serotonin during 24-h.
Serum analysis of chromogranin A (CgA) is the
most specific marker for NETs because of it secreted
by neuroendocrine cells. Whereas the specificity of
the serum CgA level ranges from 84% to 95%, the
[11]
sensitivity ranges from 87% to 100% . Moreover,
unlike the measurement of 5-HIAA, the serum CgA
level can be used to diagnose both tumors secreting
serotonin and atypical or nonsecreting tumors.
However, CgA measurement may obtain false-positive
results in patients with hepatic and renal failure,
atrophic gastritis, or chronic proton pump inhibitor
[12]
use . CgA also can be used for monitoring tumor
recurrence. At present, the tumor markers CEA, CA
19-9, and AFP are nonspecific in PHNETs. Because a
diagnosis of NET was not initially considered in the
case, the urine 5-HIAA level and serum CgA level were
not measurement in the preoperative. Tumor markers
were negative in this case. The AFP, CA 19-9, and NSE
levels were 9.53 ng/mL, 63.97 U/mL, and 21.55 µg/L,
respectively.
Imaging findings of PHNETs often confused with
other liver tumors. Ultrasound, multidetector CT
(MDCT), and MR imaging on PHNETs often had low
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sensitivity . Even so, MDCT is the most frequent use
of radiological technique to show the localization and
[14]
the prevalence of the disease . Abdominal ultrasound,
abdominopelvic MDCT and MRI examinations were
carried out in the case. On the basis of those imagings,
the lesions were misdiagnosed as liver hemangioma.
Although the role of positron emission tomography
CT in the diagnosis of NETs is not clear, but the practice
found that PHNETs usually reflect high update of
18F-fluorodeoxyglucose. Furthermore, the sensitivity
and specificity of positron emission tomography
[15]
CT may be increased in using this technology .
Scintigraphy is an imaging technique that provides
both diagnostic and therapeutic information in
patients with NETs. Octreotide, a somatostatin
receptor analogue, was used in somatostatin receptor
scintigraphy (OctreoScan) for this purpose and was
more valuable than other techniques in detected
the tumor. It had a sensitivity ranging from 85% to
[16]
90% . In addition to identifying the locate of primary
or recurrent, another benefit of the OctreoScan is the
ability to predict the tumor’s response to the octreotide
[17]
analogue therapy .
Histopathological examination is the most accurate
diagnosis method. Used in routine pathological
examination of hematoxylin-eosin staining method
is not specific for NETs but only beneficial to tumor
classification. NSE, CgA, and Syn are highly sensitive
immunohistochemical markers used in the diagnosis of
[18]
PHNETs . In the case, Syn and PDX1 were the main
markers in immunohistochemical examination.
PHNETs are rare and the best treatment is unclear.
However, a multidisciplinary collaborative treatment is
essential in the management. At present, surgery is
[2]
the only approach that can provide a complete cure .
In one study, the 5-year recurrence and survival rates
after complete resection were reportedly 18% and
[19]
74% to 78%, respectively . Recent studies have
shown that although debulking and removal of the
tumor and its metastases is not completely curing
unresectable tumors or metastatic disease, relative to
the palliative effect, to extend the survival period was
[20]
clinically meaningful .
The effect of chemotherapy for PHNETs is still
unknown. Cytotoxic drugs can be used to treat tumors
with a high proliferation index. However, cytotoxic
drugs valid data is limited. Therefore, administration
of a combination of agents such as 5-fluorouracil,
doxorubicin, and streptozocin is the preferred treatment
[21,22]
method
. Transcatheter arterial chemoembolization
(TACE) is one of the most commonly used method
in the management of patients with extrahepatic
NET intrahepatic metastasis. TACE treatment of
patients with PHNET has only been described in few
case reports. In one study, TACE was performed to
treat of 20 patients with hepatic metastases, and the
radiological response and symptom improvement rates
[23]
were 90% . In the case, TACE was performed with
a combination of oxaliplatin mixed with one bottle of
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hypochondrial pain.

gelatin sponge particles and lipiodol to reduce tumor
bleeding and prolong survival.
Another technique used for the diagnosis and
treatment of NETs is the administration of somatostatin
analogues. Somatostatin regulates intracellular
functions and shows its effect by connecting suddenly
to somatostatin receptors 1 to 5. The results show that
the effect on treatment was only through connection
with somatostatin receptor 2. Two somatostatin
analogues (octreotide, which has short-term effects,
and lanreotide, which has long-term effects) are
currently used for this purpose. Although this treatment
effectively controls the symptoms of carcinoid
syndrome, it is largely ineffective for tumor recession as
[23]
shown radiologically . Its therapeutic effect of PHNET
remains unclear because of the lack of available data.
The role of liver transplantation for the treatment
of PHNET is controversial. Some researchers have
shown that the efficacy and survival rate of patients,
with multiple liver tumors and poor liver function, who
performed liver transplantation is higher than those
who undergoing liver resection.
Radiofrequency ablation (RFA) is another treatment
[24]
method for PHNETs . The introduction of RFA has
allowed physicians to surgically address a larger
population of patients with curative intent. RFA may
be performed alone or in combination with resection.
To date, most reports on RFA management are singleinstitution retrospective series. Indications for RFA are
the presence of three or fewer tumors and a tumor
diameter of ≤ 5 cm. Tumors located near the major
branches of the portal and hepatic veins have a higher
[25]
potential for incomplete ablation . These factors have
limited the clinical application of RFA.
In conclusion, PHNETs are very rare and asymptomatic
tumors. Distinguishing it from other liver tumors is
quite difficult in medical imaging. Thus, highly sensitive
laboratory and integrated imaging are required.
However, a PHNETs should always be considered is
detected in the liver when it is a solitary hypervascular
tumor. Pathological and immunohistochemical are
the most important method for clinical diagnosis. The
main treatment methods that can be attempted for
PHNETs with multiple metastases are hepatectomy,
chemotherapy, TACE, somatostatin analogue
administration, RFA, and liver transplantation. The
optimal treatment method should be based on a
comprehensive assessment of the patient’s condition.

Differential diagnosis

Benign neoplasms (Hepatic hemangioma), Malignant tumors (Hepatocellular
carcinoma)

Laboratory diagnosis

Serum analysis of AFP (11.04 ng/mL; normal, < 7 ng/mL), carbohydrate antigen
19-9 (42.5 U/mL; normal, < 34 U/mL), NSE (19.25 µg/L; < 17 µg/L), and others
(i.e., CA-724 and carcinoembryonic antigen) were negative.

Imaging diagnosis

The enhanced mode of CT and MRI is “fast and slow out” and multi-nodular
lesions on MRI.

Pathological diagnosis

Histological and immunohistochemical examinations demonstrated positive
staining for the following markers within tumor cells: cell adhesion molecule,
synaptophysin, pancreatic and duodenal homeobox 1 (PDX1), cytokeratin 8,
cluster of differentiation 56, and beta-tubulin. The Ki-67 index was 5%.

Treatment

The patient underwent transcatheter arterial chemoembolization (TACE) with
a combination of oxaliplatin (150 mg) mixed with one bottle of gelatin sponge
particles (560-710 µm) and lipiodol (6 mL).

Related reports

Primary hepatic NETs (PHNETs) are very rare and asymptomatic tumors.
Distinguishing these tumors radiologically from other liver tumors is quite
difficult. PHNET should always be considered when a solitary hypervascular
tumor is detected in the liver. Certain diagnoses can still be confirmed by
pathological and immunohistochemical investigations. The best treatment
method is unclear.

Term explanation

Neuroendocrine tumors (NETs), also known as carcinoid tumors, behave like
benign tumors. NETs constitute 1%-2% of all gastrointestinal tumors, and they
frequently metastasize to the liver. Whereas more than 80% of the NETs found
in the liver are metastatic, primary hepatic NETs (PHNETs) are very rare.

Experiences and lessons

This case report presents the clinical characteristics of PHNET and also
discusses the treatment of PHNET. PHNET are very rare and asymptomatic
tumors and it is quite difficult to distinguish these tumors radiologically from
should be kept in mind; certain diagnosis can still be confirmed by pathological
and immunohistochemical investigations when found hypervascular tumor of
live and AFP (-)/NSE (+).

Peer-review

The authors have described a case of PHNET included imaging diagnosis,
pathology diagnostic, immunohistochemical results and therapeutic method.
The article highlights the imaging and immunohistochemical characteristics of
this tumor and provides new therapeutic method.
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CASE REPORT

Eosinophilic gastroenteritis associated with eosinophilic
cystitis: Computed tomography and magnetic resonance
imaging findings
Shu-Gao Han, Ying Chen, Zi-Hua Qian, Li Yang, Ri-Sheng Yu, Xiu-Liang Zhu, Qing-Hai Li, Qian Chen
documented. Here, we report two cases of EG and
coexistent EC along with findings from computed
tomography (CT) and magnetic resonance imaging
(MRI). An 18-year-old male with a history of hematuria,
urgency and occasional urodynia for two weeks and a
34-year-old male with a history of abdominal distention
for one week were admitted to our hospital. Abdominal
contrast-enhanced CT in both patients revealed wall
thickening in different parts of the gastrointestinal
tract with inhomogeneous reinforcement, coexistent
with local or diffuse bladder wall thickening with
progressive enhancement, and also showed that the
bladder mucosal lining was nondestructive. Pelvic MRI
showed that the local or diffuse thickened bladder
wall was iso-intense on T1-weighted images, hypointense on T2-weighted images, and slightly restricted
on diffusion weighted imaging (DWI) in one case.
After therapy, the thickened wall of the gastrointestinal
tract and urinary bladder had improved markedly in
the two cases. To the best of our knowledge, this is
the first report on the radiological imaging of EG and
coexistent EC by both CT and MRI and the first with
DWI findings.
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Core tip: This article reports two rare cases of eosinophilic
gastroenteritis (EG) and coexistent eosinophilic cystitis
(EC) with findings from computed tomography (CT)
and magnetic resonance imaging (MRI), which have
not previously been documented in detail. To the best
of our knowledge, this is the first report on EG and
coexistent EC with examinations by both CT and MRI,
as well as the first one with diffusion-weighted imaging
findings.

Abstract
Eosinophilic gastroenteritis (EG) is a rare, distinct
clinical entity, and EG associated with eosinophilic
cystitis (EC) is extremely rare and has not been well
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right part of the bladder wall measured up to 18 mm
in thickness. The thickened bladder wall displayed
mildly homogeneous hyper-intensity relative to muscle
on T1-weighted images (T1WI), hypo-intensity on
fat-saturated T2-weighted images (T2WI), and the
diffusion was slightly restricted on DWI (b-value =
1000) (Figure 2).
Gastroscopy revealed a gastric antral ulcer 0.6
cm × 0.8 cm in diameter, with mucosal hyperemia
and edema and slight secretion in the gastric cavity.
Cystoscopy showed a mass in the right lateral
bladder wall with edematous and hyperemic mucosa.
Biopsy from the patient’s stomach and duodenum
demonstrated extensive subserosal eosinophilic
infiltration. Histopathological examination of the
submitted specimen from cystoscopy further showed
abundant eosinophilic infiltrations of the mucosa and
submucosa of the bladder wall (Figure 3A and B).
Based on the above clinical, imaging and pathological
findings, a diagnosis of EG associated with EC was
considered.
The patient was treated with oral prednisolone,
60 mg per day (1 mg/kg per day). After one week,
the symptoms subsided and the peripheral blood
eosinophilia disappeared. Immunological studies
returned to normal value, and the thickened wall of the
gastric antrum, duodenum and bladder had improved
markedly. There had been no evidence of recurrence
during the past 32 mo of follow-up.
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INTRODUCTION
Eosinophilic gastroenteritis (EG), associated with
eosinophilic cystitis (EC), is an extremely rare entity
[1]
first described in 1974 by Gregg et al , only a few
[1-5]
cases have been documented in the literature , of
which only five cases were the computed tomography
[2,4]
(CT) characteristics of EG and coexistent EC
described in detail. Further, no case that discusses the
imaging features of both CT and magnetic resonance
imaging (MRI) has been published. Here, we present
two patients presenting EG associated with EC and
their examination by CT and MRI. To the best of our
knowledge, this is the first report describing both CT
and MRI data for patients with EG and associated EC
and the first one with data from diffusion-weighted
imaging (DWI).

CASE REPORT
Case 1

Case 2

An 18-year-old Chinese male patient presented with
hematuria, urinary urgency and occasional urodynia for
a span of two weeks. Ten days later, he experienced
intermittent bouts of nausea, vomiting and upper
abdominal distention. He had no history of allergy,
eczema or wheezing. On admission, physical exami
nation showed mild upper abdominal tenderness.
Laboratory results showed an increased white blood
cell count (15100/μL) with 52.5% eosinophils (normal
range 0.5%-5%). Immunological studies showed an
elevated IgE (490 IU/mL; normal range < 165 IU/mL).
Allergy tests showed that antigens of crabs, shrimp,
lobsters and salmon were weakly positive.
Abdominal ultrasound examination showed bladder
wall thickening and moderate ascites. Contrastenhanced CT showed irregular wall thickening of the
gastric antrum and duodenum with inhomogeneous
reinforcement (Figure 1A), and the presence of mural
stratification and increased enhancement of the
mesentery and fat tissue of the small bowel. Contrastenhanced CT also showed asymmetrical thickening
of the right lateral bladder wall with progressive
enhancement on the arterial, portal, venous and
delayed phase scans (Figure 1B-E). Also present was
a low-density mucosal line between the thickened
right lateral bladder wall and urinary bladder cavity.
Additionally, there were moderate ascites in the
abdominopelvic cavity. Pelvic MRI showed that the
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A 34-year-old Chinese male presented with abdominal
distention for one week, acid reflux for three weeks,
and loss of appetite for two weeks. The patient had
no history of allergy, eczema or wheezing. There
were no remarkable urinary symptoms. Physical
examination showed right lower quadrant abdominal
pain with distention and shifting dullness was positive.
Laboratory examination showed an increased white
blood cell count (14400/μL) with 21.1% eosinophils
(normal range 0.5%-5%). Immunological studies
showed elevated IgE (343 IU/mL; normal range < 165
IU/mL), rheumatoid factor (20.7 IU/mL; normal range
< 20 IU/mL), and C-Reaction protein (12.9 mg/dL;
normal range < 0.8 mg/dL). Allergy test results were
unremarkable.
Abdominal ultrasound examination showed severe
fatty liver, multiple gallbladder stones, urinary bladder
wall thickening and moderate ascites. Contrastenhanced CT showed multifocal gastrointestinal
tract wall thickening (Figure 4A-C) from the lower
esophagus to rectum with fat stratification around, and
diffuse, marked circumferential bladder wall thickening
with clear margins and preservation of the mucosa
(Figure 4D). Additionally, there were moderate ascites
in the abdominopelvic cavity.
Endoscopy showed edematous and hyperemic
mucosa, and mild secretion from the lower esophagus
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Figure 1 Contrast-enhanced computed tomography of case 1. Contrast-enhanced computed tomography (CT) showed the wall thickening of gastric antrum (white
arrow) and duodenum (white arrow) with inhomogeneous reinforcement (A). Contrast-enhanced CT examination also showed coexistent right lateral bladder wall
asymmetrical thickening with progressive enhancement (black arrow) on the plain (B), arterial (C), portal (D), and delayed phase (E) scans, with preservation of the
low-density mucosal line (white arrow).

to rectum. Biopsies showed extensive subserosal
eosinophilic infiltration from the lower esophagus to
rectum. Cystoscopy showed nearly circumferential
bladder wall thickening with edematous and hyperemic
mucosa. Histopathological examination also showed
numerous eosinophilic infiltrations of the mucosa and
submucosa. Based on these findings, a diagnosis of EG
associated with EC was considered.
After one week of steroid therapy (oral prednisolone,
1 mg/kg per day), the pelvic MRI scan displayed a
smooth bladder wall without evident thickening (Figure
5A and B). The symptoms subsided, the peripheral
blood eosinophilia disappeared and immunological
studies returned to normal values. The patient was
then discharged from the hospital and there has been
no evidence of recurrence during the past 24 mo of
follow-up.
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DISCUSSION
EG is a rare eosinophil-rich gastrointestinal disorder
without identified causes of eosinophilia such as
drug reactions, parasitic infections and malignancy.
[6]
On the other hand, as first reported by Brown and
[7]
Palubinskas independently in 1960, EC is also a
rare clinicopathological condition characterized by
transmural eosinophilic inflammation of the bladder. EG
[8]
is associated with EC disorder in 4.5% of cases . Both
of our patients had EG associated with EC disorder. EC
[8]
affects adult men and women equally . Both of our
two cases are males.
Although the definite etiology of EG and EC is
unclear, there is evidence that suggests an allergy
[9]
may cause this disease . Our Case 1 showed allergy
tests were weakly positive. Other evidence includes
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Figure 2 Pelvic magnetic resonance imaging of case 1. Pelvic magnetic resonance imaging revealed thickening of the bladder wall measuring 18 mm in thickness
of the right part of the bladder wall (arrow). The thickened bladder wall exhibited mildly homogeneous hyper-intensity relative to muscle on T1WI (A), hypo-intensity on
fat-suppressed T2WI (B), and slight hyper-intensity on DWI (b-value = 1000) (C).

A

B

Figure 3 Histopathological examination of case 1. A: Histopathological examination of the specimen obtained by cystoscopy showed infiltration of the bladder
wall mucosa and submucosa by numerous eosinophils (HE staining, × 200); B: Extensive subserosal eosinophilic infiltration was also demonstrated by gastric and
duodenal biopsies (HE staining, × 400).
[10]

peripheral eosinophilia being present in approximately
[8]
43% of patients and in our two cases with elevated
IgE, a relief of symptoms was observed after steroid
therapy.
The symptoms of EC are most frequently irritative
and mimic those of urinary tract infection. The clinical
presentation, course and outcome of EG depend on
the location and depth of the different layers of the
[10]
gastrointestinal tract by eosinophilic involvement .
According to the reported literature, the primary sites
are the stomach and the small intestine. However, the
esophagus, the large intestine and the rectum may
[11-13]
also be affected
. EG is classified into mucosal,
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submucosal or muscular, and serosal types .
Mucosal involvement presents with vomiting, blood
in the stool, iron deficiency anemia, malabsorption
and protein-losing enteropathy. Patients with muscle
layer involvement typically present with a pyloric or
an intestinal obstruction. Serosal involvement usually
presents with ascites, which were also the clinical
presentations in our two cases. This disease usually
has a relatively benign clinical course and moderate
[14]
self-limited recurrence , though there were no
recurrences during follow-up of our two cases after
being treated.
The diagnosis of EC and EG is confirmed by patho
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Figure 4 Contrast-enhanced computed tomography of case 2. A-C: Contrast-enhanced computed tomography (CT) showed multifocal segmental
gastroenterocolic tract wall thickening (arrow) from the lower esophagus to rectum, with fat surrounding stratification (star), and moderate ascites in the
abdominopelvic cavity (arrowhead); D: Contrast-enhanced CT also showed diffuse, marked, nearly circumferential bladder wall thickening with clear margins and
preservation of the mucosa.

A

B

Figure 5 Pelvic magnetic resonance imaging of case 2. After hormonal therapy, the pelvic magnetic resonance imaging scan revealed the bladder wall was
smooth with no evident thickening on fat-suppressed T1WI (A) and T2WI (B).
[3,9]

logical biopsy . Histologically, there is transmural
inflammation, with the most intense eosinophilic
inflammatory change found in the lamina propria of
the bladder wall, accompanying with edema or muscle
[15]
necrosis . Both of our two cases demonstrated
infiltration in the mucosa and submucosa bladder
wall and the different subserosal locations in the
gastrointestinal tract of numerous eosinophils. Famularo
[16]
et al reported that multiple biopsy specimens should
be taken to avoid a misdiagnosis of EG.
So far, only a few radiological results of EG with
[2,17,18]
associated EC have been described
. EG may have
different CT features owing to the different locations
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and layers of gut involvement. Intestinal wall thickening
[4,19,20]
is the main CT feature in all types of EG on CT
, as
well as in our two cases. Mucosal abnormalities of the
bowel wall are the earliest radiographic manifestation
[19]
in EG
with layering and fold thickening, which is
considered to be a characteristic appearance of the
mucosal EG on CT. Intestinal stenosis is the main
characteristic of muscular EG on CT. Our two patients
presented with luminal narrowing without obstruction, the
cause of which is thought to be functional hypertonicity
or spasm, which is different from intestinal stenosis. The
[4,20]
main CT feature of serosal EG is ascites
, which
was the presentation in our two cases. Moreover,
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both of our two cases demonstrated stratification and
increased enhancement of the mesentery and fat
tissue of the gastrointestinal tract, which were also the
hallmarks of the serosal type of EG, thus highlighting
the fact that both of our cases belong to the serosal
type of EG. The CT findings of EC show that the
bladder wall may be normal or thickened, including
[8,18]
single or multiple bladder sessile masses
. In
addition to these, suspected lymph nodes and upper
[8]
urinary tract dilatation may also be observed . Among
them, only five cases described the CT characteristics
[2,4]
[2]
of EG and coexistent EC
in detail. Kim et al and
[4]
Zhou et al described the CT findings from five cases
of EC, which showed marked and diffuse bladder wall
thickening with intense, progressive enhancement,
and preservation of the mucosal line. No case showed
a localized mass in the right lateral bladder wall as in
Case 1. However, it was compatible with Case 2, which
showed diffuse, marked, nearly circumferential bladder
wall thickening with clear margins and smooth mucosal
lining, based on edema of the inflammation mucosa.
Moreover, CT findings from the five cases of EG
displayed that generalized edema in the jejunum and
ileum, or diffuse wall thickening of the distal ileum or
most of the digestive tract with a target sign, were not
very comparable with our two cases that showed the
wall of the gastric antrum and duodenum irregularly
thickened, with inhomogeneous reinforcement in Case
1 and multifocal segmental gastrointestinal tract wall
thickening from the lower esophagus to the rectum in
Case 2, with surrounding fat stratification.
To the best of our knowledge, there is no case
describing the MRI characteristics of EC and coexistent
EG. Only a few MRI findings of EC have been
[8,17,18]
[8]
described
. Van den Ouden reported that MRI
was conducted in only one patient of 135 cases,
showing soft tissue at the bladder base causing urinary
[18]
retention. Wong-You-Cheong et al
described a
single, sessile mass arising from the posterior bladder
wall that was hyperintense with T1WI, isointense
with T2WI, and enhanced after administration of
contrast material. Case 1 had similar findings with
T1WI features, but displayed different hypointense
manifestations on T2WI, in contrast to the literature.
[17]
However, Tamai et al
revealed smooth and nearly
circumferential thickening of the bladder wall showing
a distinct, low signal intensity on T2WI. The signal
features on T2WI were consistent with Case 1, which
may correlate to massive eosinophilic infiltration and
fibrosis determined histologically. Therefore, we think
that more studies are needed to prove the signalintensity features seen by T2WI. Among the existing
studies, none have mentioned DWI findings. The DWI
features of slight hyperintensity on MRI have not been
reported previously according to our literature search,
which might also correlate with high cellularity due
to massive eosinophilic infiltration and proliferation of
fibrous tissue.
For differential diagnosis, the most important

WJG|www.wjgnet.com

imaging features of both bladder and gastrointestinal
tract wall thickening should differentiate EC and
EG from tuberculosis, Crohn disease, bladder endo
metriosis, bladder and gastrointestinal neoplasm, and
exposure to chemotherapy or irradiation.
In conclusion, we report the CT and MRI findings
for two rare cases of EG with associated EC. The
characteristic CT and MRI features include multifocal
segmental digestive tract wall thickening, luminal
narrowing without obstruction, ascites, local or diffuse
bladder wall thickening, hypointense or isointense
appearance on T2WI, slightly restricted appearance on
DWI, and progressive enhancement with the presence
of the characteristic mucosal-lining. Moreover, the
identification of these features combined with allergy,
peripheral eosinophilia, and respond positively to
steroid therapy will likely make the correct diagnosis
prior to endoscopic biopsies.
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COMMENTS
COMMENTS
Case characteristics

Two middle-aged male patients presented with dissimilar symptoms; one
presented with hematuria, urgency and urodynia, and the other presented
with abdominal distention, acid reflux, and loss of appetite with no remarkable
urinary symptoms.

Clinical diagnosis

The physical signs of the two cases were also dissimilar; upon physical
examination, one case had mild upper abdominal tenderness, and the other
had right lower quadrant abdominal pain with distention and positive shifting
dullness.

Differential diagnosis

Crohn’s disease, bladder endometriosis, bladder and gastrointestinal neoplasm,
and the disease caused by exposure to chemotherapy or irradiation.

Laboratory diagnosis

The first patient had elevated hematological values for white blood cell count
(15100/μL), eosinophils (52.5%), IgE (490 IU/mL), rheumatoid factor (20.2
IU/mL), and antistreptolysin O titer (124 IU/mL); while the second patient
showed elevated hematological values for white blood cell count (14400/μL),
eosinophils (21.1%), IgE (343 IU/mL), rheumatoid factor (20.7 IU/mL), and
C-Reaction protein (12.9 mg/dL).

Imaging diagnosis

For both cases, the computed tomography and magnetic resonance scans
showed multifocal segmental digestive tract wall thickening, luminal narrowing
without obstruction, ascites, associated with local or diffuse bladder wall
thickening, hypointense or isointense appearance on T2-weighted images,
slightly restricted appearance on diffusion-weighted images, and progressive
enhancement, with presence of the characteristic mucosal-lining.

Pathological diagnosis

For both cases, histological examination showed extensive eosinophilic
infiltration of the subserosal digestive tract wall and the mucosa and submucosa
of bladder wall.

Treatment

Both patients were treated with oral prednisolone (1 mg/kg per day) for one
week.

Related reports

Eosinophilic gastroenteritis (EG) with associated eosinophilic cystitis (EC) is
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extremely rare and only a few radiological findings from EG and EC have been
described. Both computed tomography (CT) and magnetic resonance imaging
(MRI) images of EG associated with EC have not reported, especially the
diffusion weighted imaging findings.

9

Term explanation

10

EG is a rare gastrointestinal disorder that selectively affects the gastrointestinal
tract with eosinophil-rich inflammation. EC is also a rare clinicopathological
condition characterized by transmural inflammation of the bladder,
predominantly with eosinophils.

11

Experiences and lessons

This case report presents the clinical, CT and MRI characteristics of EG with
associated eosinophilic cystitis. The authors recommend that for multifocal
segmental digestive tract wall thickening, associated with local or diffuse
bladder wall thickening combined with allergic history, peripheral eosinophilia
and a rapid relief of symptoms by steroid therapy in a patient, a diagnosis of EG
associated with EC should be considered before endoscopic biopsies.

12

Peer-review

13

The authors have described two rare cases of EG associated with EC that
showed rapid relief by steroid therapy. The article highlights the clinical
characteristics of this tumor and provides insights into the CT and MRI findings.

14
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Rare cause of appendicitis: Mechanical obstruction due to
Fasciolopsis buski infestation
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Core tip: The incidence of Fasciolopsis buski infestation
is low in modern society, and Fasciolopsis buski
infestation as a cause of acute appendicitis is even
rare. We describe two patients with appendicitis caused
by Fasciolopsis buski infestation and summarize the
diagnosis and treatment of the disease.
Cao YH, Ma YM, Qiu F, Zhang XQ. Rare cause of appendicitis:
mechanical obstruction due to Fasciolopsis buski infestation.
World J Gastroenterol 2015; 21(10): 3146-3149 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i10/3146.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i10.3146

INTRODUCTION
Fasciolopsis buski, also known as the Asian large bowel
[1]
trematode , is a large parasite, which is normally
found in the human small intestine and can cause
fasciolopsiasis. The incidence of fasciolopsiasis is often
associated with aquatic plants. This disease occurs due
to the ingestion of infected aquatic foods or contact
with infected pigs. Adult Fasciolopsis buski live in the
jejunum of the definitive host and cause mechanical
damage to the bowel wall in the human host. The
parasites and their metabolites can cause an allergic
reaction. This disease is rarely seen in the clinic, but
can occur during a particular season. Fasciolopsis buski
covering the appendiceal orifice leading to appendicitis
is very rare. We present two cases of appendicitis due

Abstract
This study aimed to improve the understanding of the
clinical characteristics of patients with fasciolopsiasis
and thus reduce misdiagnosis and inappropriate
treatment. We retrospectively analyzed the clinical
data of two patients with fasciolopsiasis which caused
appendicitis. Fasciolopsis buski infestation as a cause of
appendicitis is very rarely seen in the clinic. The clinical
characteristics, clinical manifestations, diagnostic
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to mechanical obstruction caused by Fasciolopsis buski
infestation.

of the ileocecal-appendiceal orifice had subsequently
resulted in local appendicitis. The parasites were
sent to the parasite office of the Centers for Disease
Control and Prevention (CDC) and were identified as
Fasciolopsis buski. Following centrifugal precipitation of
the patient’s stool smear, Fasciolopsis buski eggs were
found on microscopy. The final clinical diagnosis was
Fasciolopsis buski infestation. The patient received oral
praziquantel and her abdominal pain disappeared.

CASE REPORT
Case 1

A 45-year-old woman was admitted to our hospital
due to right lower abdominal pain. The abdominal
pain started five days previously with no obvious
predisposing causes. This paroxysmal dull pain was
mainly noted around the navel. The patient’s temperature
was normal. The pain then shifted to the right lower
quadrant. Anal discomfort and mild itching were
observed and she underwent abdominal ultrasound as
an outpatient. Mild swelling of the appendix was noted,
the echo was reduced and distribution was uneven,
the appendix was approximately 62 mm × 9 mm ×
6 mm in size, and a portion of the bowel in the right
lower quadrant was slightly broadened without effusion
between the intestines. The patient was thought
to have appendicitis and was admitted to hospital.
Her physical examination showed a temperature of
37.9  ℃, pulse rate of 80 beats/min, respiration rate of
19 breaths/min, and blood pressure of 130/60 mmHg.
The ventral area was soft and the McBurney point
showed mild tenderness, with no rebound tenderness.
Bowel sounds were slightly active, Rovsing’s sign
was positive, and psoas sign and obturator sign
were negative. A routine blood examination showed
9
a white blood cell (WBC) of 4.4×10 /L, neutrophils
(NEUT)% of 51.4%, leukomonocyte % of 35.8%,
9
eosinophils (EO)% of 0.5%, neutrophils of 2.3 × 10 /L,
9
9
leukomonocyte of 1.6×10 /L, eosinophils of 0.6 × 10 /
12
L, red blood cell (RBC) of 3.21 × 10 /L, hemoglobin
(HGB) of 101 g/L, packed cell volume (PCV) of 0.210
9
L/L, and platelet (PLT) 142 × 10 /L. These findings
demonstrated that the patient was mildly anemic, her
WBC was normal and EO was increased. This patient’s
disease course was more than 3 d, thus we considered
her to have serious periappendicular inflammation.
She was treated conservatively with anti-inflammatory
therapy and another routine blood examination was
carried out 5 d later which showed a RBC of 2.81 ×
12
9
10 /L, HGB of 89 g/L, and WBC 3.4 × 10 /L. Her HGB
progressively declined and the patient underwent
colonoscopy (Figure 1A) which showed two red oval
objects around the ileocecal-appendiceal orifice.
The examiner first thought that these were ileocecal
adenomatous colon polyps. However, on biopsy, they
were found to be alive with obvious peristalsis. The
heads were attached to the intestinal wall by suckers.
The parasites were large, hypertrophic, red in color and
oval, dorsoventrally flat with a narrow head and wide
rear. Following removal of these parasites (Figure 1B),
parts of the ileocecal intestinal wall showed hyperemia
with edema and areas of bleeding. The mucous
membrane was pale and ischemic and the appendiceal
orifice was mildly hyperemic. Based on the results of
colonoscopy, we considered that a parasitic infestation
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Case 2

A 71-year-old woman attended the outpatient
service due to repeated watery stools with dull
right lower abdominal pain for 3 mo. The patient
did not spit blood, and did not experience tarry
stools, severe abdominal pain, chills or fever. Her
physical examination showed ventral softness, mild
tenderness around the navel, tenderness around the
McBurney point, no rebound tenderness or ascites,
and active bowel sounds. Feces examination did not
show pus cells, red blood cells or eggs. Routine blood
9
examination showed a WBC of 5.2 × 10 /L, NEUT of
9
9
12
2.7 × 10 /L, EO of 0.5 × 10 /L, RBC of 3.04 × 10 /L,
HGB of 75 g/L, PCV of 0.180 L/L, and PLT of 212 ×
9
10 /L. These findings demonstrated that the patient
was moderately anemic and her EO was increased.
Colonoscopy showed three red oval objects around
the ileocecal-appendiceal orifice (Figure 1C). These
objects moved when the examiner touched them and
they were attached to the intestinal wall by suckers.
The appendiceal orifice and parts of the intestinal wall
were hyperemic with edema. The parasites were sent
to the parasite office of the CDC and were identified
as Fasciolopsis buski (Figure 1D). The patient received
oral praziquantel and her diarrhea and abdominal pain
significantly improved.

DISCUSSION
Fasciolopsis buski is found in the human small intestine
and causes fasciolopsiasis. The incidence of this disease
is often associated with growing aquatic plants and
cultivating pigs. The two patients reported in this study
came from the same local area - the countryside of
Huyang, Dangtu town of Anhui Province, China. When
asked about the medical history of these patients, their
families indicated a recent small scale Fasciolopsis
buski infestation in the area. Fasciolopsiasis often
occurs following the ingestion of infected aquatic foods
such as water chestnut, chufa and water bamboo, or
contact with infected pigs. The intermediate hosts of
Fasciolopsis buski are aquatic foods and the final hosts
are humans and pigs. Fasciolopsis buski adults often
[2]
live in the final host’s upper small intestine (jejunum) .
The pathogenesis consists of mechanical injury to
the intestinal wall and an allergic reaction caused by
the parasite’s metabolites. As the parasite’s sucker
matures it strongly adheres to the intestine wall. The
mucous membrane can appear necrotic, parts of
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C

D

Figure 1 Colonoscopy. A: Two worm-like parasites covering the appendiceal orifice; B: Following removal of the parasites, the appendiceal orifice showed
hyperemia and edema; C: Three live parasites were found at the ileocecal-appendiceal orifice; D: Following removal of the parasites, parts of the intestinal wall
showed hyperemia and edema, and the mucosa was pale and ischemic.

the intestinal wall can show punctuate bleeding and
edema, and some areas can become ulcerated or
develop abscesses. The lesions can cause significant
infiltration of neutrophils and eosinophils. When routine
blood samples are examined, the ratio and quantity
of eosinophils are significantly increased. Patients can
experience abdominal pain, diarrhea, low temperature,
anemia, edema and mental decline. Very few patients
die of multiple organ failure. The gold standard for
diagnosing fasciolopsiasis is the identification of
Fasciolopsis buski eggs or adults in the intestinal
lumen. More research on the hosts of Fasciolopsis
[3]
buski and pathogenesis of the infestation is required .
In the clinic, acute and chronic appendicitis caused by
Fasciolopsis buski infection has not yet been reported.
In this report, the mechanism of appendicitis caused
by Fasciolopsis buski in these patients was attachment
of the sucker to the appendiceal orifice. This caused a
partial blockage in the local appendix lumen, increased
intraluminal pressure, inflammation and edema in
some areas resulting in acute or chronic appendicitis.
This type of appendicitis did not have a clear abdominal
pain position, and the pain was not severe. When
Fasciolopsis buski did not adsorb the appendiceal
orifice entirely, or the location changed, the pain would
improve or completely disappear. For diagnosis of this
disease, examination of the patient’s feces should be
carried out to determine the presence of eggs, and
abdominal imaging such as computed tomography
and ultrasound can identify inflammation of the

WJG|www.wjgnet.com

appendix, swelling in the lumen, and endoscopy can
show peristalsis of live worms in the appendix cavity
[4]
or appendix . By identifying Fasciolopsis buski adults
and eggs, combined with the clinical characteristics of
patients such as abdominal pain, the diagnosis is often
not difficult. Fasciolopsis buski often infects the upper
[5]
section of the small intestine , however, we found live
parasites in the ileocecal junction of both patients. This
was different from studies reported in the literature.
Many medical staff do not have a deep understanding
of Fasciolopsis buski infestation and this may result
in misdiagnosis and inappropriate treatment. A
comprehensive understanding of the mechanism of
ileocecal junction infection has significance in clinical
practice.

COMMENTS
COMMENTS
Case characteristics

Fasciolopsis buski is a large parasite, is normally found in the human small
intestine, and can cause fasciolopsiasis. Fasciolopsis buski covering the
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The parasites were sent to the parasite office of the CDC and were identified
as Fasciolopsis buski. Following centrifugal precipitation of the fecal smear,
Fasciolopsis buski eggs were found on microscopy.

obstruction due to fasciolopsis buski infestation. The article highlights the
clinical characteristics of this rare cause of appendicitis and provides insights
into the fasciolopsis buski disease.
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In both cases, endoscopy showed Fasciolopsis buski.
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Adenomas of the common bile duct in familial adenomatous
polyposis
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the common bile duct have been reported in the
literature in patients with FAP or Gardner’s syndrome.
Those patients presented with acute cholangitis or
pancreatitis. Local excision or Whipple procedure may
be the reasonable surgical option.
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Core tip: Adenomas or adenocarcinoma in familial
adenomatous polyposis (FAP) and Gardner’s syndrome
are less frequently in the common bile duct (CBD). We
report a case of FAP associated with CBD adenomas
presenting with symptoms of acute cholangitis and
cured after a radical Whipple procedure.
Yan ML, Pan JY, Bai YN, Lai ZD, Chen Z, Wang YD. Adenomas
of the common bile duct in familial adenomatous polyposis.
World J Gastroenterol 2015; 21(10): 3150-3153 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i10/3150.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i10.3150

INTRODUCTION
Adenomas or adenocarcinomas in familial adenomatous
polyposis (FAP) and Gardner’s syndrome (GS) are
often found frequently in the colon and rectum, and
[1-3]
[4-6]
less frequently in the ampulla of Vater , stomach
[7-10]
[11-15]
and duodenum
. There are a few reports
of patients with FAP or GS who have developed
pancreatitis or acute cholangitis caused by adenomas
of the common bile duct (CBD). Here, we report a
case of acute cholangitis due to adenomas of the CBD
in a patient with FAP, accompanied by adenomatous
changes in the stomach, duodenum and the ampulla

Abstract
Familial adenomatous polyposis (FAP) or Gardner’s
syndrome is often accompanied by adenomas of the
stomach and duodenum. We experienced a case of
adenomas of the common bile duct in a 40-year-old
woman with FAP presenting with acute cholangitis.
Only 8 cases of adenomas or adenocarcinoma of
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Figure 1 Magnetic resonance cholangiopancreatography shows
numerous masses in the common bile duct.

Figure 4 Ampulla of Vater is apparently protuberant and the surface is
rough.

to moderate dysplasia. She underwent adenoma
resection through the T-tube in the CBD 8 mo ago, and
pathology showed villous adenomas with moderate
to severe dysplasia. Three days ago, she felt painful
in the right upper quadrant with temperature up to
39.5 ℃ and symptomatic treatment was given at the
local hospital.
On admission, her liver function tests showed that
total bilirubin was 1.0 mg/dl, serum amylase 145
IU/L, ALT 168 U/L, AST 88 U/L, GGT 858 U/L, and
alkaline phosphatase 520 U/L. Magnetic resonance
cholangiopancreatography revealed numerous masses
in the CBD and the greatest diameter of the CBD was
up to 1.7 cm (Figure 1). Her mother, younger brother
and one of three sisters had FAP. Colonoscopy revealed
villous polyps in the colon with the diameter from 0.3
to 2.5 cm (Figure 2). Duodenoscopy showed multiple
polyps in the duodenum and the distal stomach (Figure
3). The ampulla of Vater was apparently protuberant
and the surface was rough (Figure 4). The polyps were
adenomas with low-grade intraepithelial neoplasia.
Capsule endoscopy found no abnormality in the small
intestine.
On July 29, a radical Whipple procedure was
performed. After the operation, we found a 5 cm × 4
cm mass in the ampulla of Vater, and multiple polyps
in the descendant duodenum and distal stomach with
the largest diameter from 0.1 to 0.7 cm. Numerous
polyps filled the middle and distal CBD, and the
greatest diameter of polyps was about 1.2 cm (Figure
5). Microscopic examination of the ampullary and distal
CBD polypoid lesions showed adenomas with highgrade intraepithelial neoplasia (Figure 6). She had an
uneventful postoperative recovery. Seven months later,
she underwent subtotal colectomy with ileosigmoid
anastomosis. There were hundreds of polyps in the
colon which turned out to be tubular adenomas
pathologically.

Figure 2 Colonoscopy shows multiple polyps in the colon.

Figure 3 Gastroscopy shows multiple polyps in the duodenum and the
distal stomach.

of Vater.

CASE REPORT
A 40-year-old woman was admitted to our hospital in
July 2013 for fever and abdominal pain. Eleven months
ago, she underwent laparoscopic cholecystectomy,
CBD exploration and mass resection with T-tube
drainage at the local hospital for acute cholangitis.
Multiple polypoid lesions were seen in the distal CBD.
Pathological analysis showed adenomas with mild
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DISCUSSION
There are a few reports of patients with FAP or
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Table 1 Reported cases of familial adenomatous polyposis associated with adenomas or adenocarcinoma in the common bile duct
Ref.
Lees et al[11]
Järvinen et al[12]
Komorowski et al[13]
Spigelman et al[14]
Futami et al[15]
Present case

Sex

Age

Presentation

Site of obstruction

Treatment

Pathology

M
F
M
F
F
M
F
F

22
40
58
27
56
78
40
40

Jaundice
Jaundice, pruritus, bifurcation
Jaundice with pain
Choledochoscopy
Abdominal pain
Weight loss, abdominal pain
Acute pancreatitis
Acute cholangitis

Distal CBD
Hepatic duct, radiation
CBD, left hepatic duct
Distal CBD
Distal CBD
Extrahepatic duct
Inferior CBD
Distal CBD

T-tube drainage
T-tube drainage
T-tube drainage
Whipple
Whipple
Not described
Sphincterotomy
Whipple

Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenoma
Carcinoma in situ
Adenocarcinoma
Adenoma
Adenoma

CBD: Common bile duct.
[2,7,17]

when there are complications
. The present patient
had many adenomas in the stomach, duodenum and
CBD, and the Whipple procedure is the best choice for
her. The Whipple procedure for advanced duodenal
and ampullary adenomatosis in FAP is a safe and
[2,7]
efficient therapeutic option . For the patients in
whom complete resection is possible, the long-term
prognosis can be good.
It is worth mentioning that our patient firstly
presented with biliary obstruction rather than those
adenomas in the colon and rectum. We recommend
that the patients with FAP or GS undergo endoscopic
surveillance of the upper gastrointestinal tract and
ultrasonography of the hepatobiliary system, especially
those patients with elevated liver enzyme.

Figure 5 Numerous polyps fill the middle and distal common bile duct.

COMMENTS
COMMENTS
Case characteristics

A case of familial adenomatous polyposis (FAP) with adenomas of the common
bile duct (CBD) presented with acute cholangitis.

Clinical diagnosis

The patient was initially admitted for acute cholangitis.

Laboratory diagnosis

Liver function tests showed that the total bilirubin was 1.0 mg/dl, serum
amylase 145 IU/L, ALT 168 U/L, AST 88 U/L, GGT 858 U/L, and alkaline
phosphatase 520 U/L.

Imaging diagnosis

Preoperative magnetic resonance cholangiopancreatography indicated numerous
masses in the CBD and the greatest diameter of the CBD was up to 1.7 cm.

Figure 6 Common bile duct masses are tubular adenomas (HE, × 10).

Pathological diagnosis

Microscopic examination of the ampullary and distal CBD polypoid lesions
indicated adenomas with high-grade intraepithelial neoplasia.

GS who presented with abdominal pain, acute
[12,15]
cholangitis or pancreatitis because of adenomas
or
[11,13,14]
[11-15]
carcinoma
of the CBD. Previous cases
in the
literature with FAP associated with adenomas in the
CBD are summarized in Table 1.
Treatments for adenomas of FAP in the CBD include
local excision and radical resection. Local excision is
[16]
recommended for benign lesions of the inferior CBD ,
[3]
but its major problem is high risk of recurrence .
Therefore, complete resection of adenomas will not
only improve the symptomatology but also prevent
the development of carcinoma. Surgical resection is
necessary when adenomas have malignant potential or
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Treatment

A radical Whipple procedure was performed.

Related reports

Only 2 cases of adenomas of the common bile duct have been reported in the
literature in patients with FAP or Gardner’s syndrome.

Experiences and lessons

The patient firstly presented with biliary obstruction rather than those
adenomas in the colon and rectum. The authors recommend that the patients
with FAP or Gardner’s syndrome undergo endoscopic surveillance of the
upper gastrointestinal tract and ultrasonography of the hepatobiliary system,
especially those patients with elevated liver enzyme.

Peer-review

The contents are interesting, but there is the part that does not make the
appearance of the article. There is the need to correct.
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LETTERS TO THE EDITOR

Atrial fibrillation and gastroesophageal reflux disease: From
the cardiologist perspective
Mariana Floria, Vasile Liviu Drug
cardiologist perspective, some available data were not
highlighted in the review, cardiovascular involvement in
gastroesophageal reflux is less assessed. Hypertension,
obesity or diabetes mellitus are substrate for left atrial
remodeling that initiate and sustained atrial fibrillation
development. One of the pathophysiologic mechanisms
in atrial fibrillation is the presence of a trigger. Gastro
esophageal reflux could be only a trigger for this
arrhythmia. We believe that atrial fibrillation should be
considered as possible extraesophageal syndrome in
the gastroesophageal reflux classification.
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Core tip: The cardiologist point of view about the
relationship between atrial fibrillation and gastro
esophageal reflux disease is less expressed in the
literature. However cardiovascular involvement in
gastroesophageal reflux is less assessed. Hypertension,
obesity or diabetes mellitus are substrate for left atrial
remodeling that initiate and sustained atrial fibrillation
development. One of the pathophysiologic mechanisms
in atrial fibrillation is the presence of a trigger.
Gastroesophageal reflux could be only a trigger for this
arrhythmia. We believe that atrial fibrillation should be
considered as possible extraesophageal syndrome in
the gastroesophageal reflux classification.

Abstract

Floria M, Drug VL. Atrial fibrillation and gastroesophageal
reflux disease: From the cardiologist perspective. World J
Gastroenterol 2015; 21(10): 3154-3156 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i10/3154.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i10.3154

We have read with interest the paper by Roman C.
and colleagues discussing the relationship between
gastroesophageal reflux disease and atrial fibrillation.
The review is presenting the available evidence for the
common pathogenic mechanisms. However, from a
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the ganglia induces spontaneous firing from pulmonary
[4]
veins followed by AF .
Majority of AF patients with GERD have triggered
[5]
AF . During radiofrequency ablation, these patients
[5]
may have positive vagal response . Gastroesophageal
reflux could be only a trigger for AF in paroxysmal AF.
Less known, not only GERD may trigger AF, but
also AF may determine the occurrence of GERD. It
was speculated that an enlarged and fibrillating left
atrium may compress or irritate the neighboring lower
[6]
esophagus .
Indeed, cardiovascular involvement in GERD is less
assessed. It is mandatory to extend the research in
this field for better understanding the relationship of
AF with GERD.
Recognizing that morbidity and mortality associated
with AF had remained unacceptably high despite
all efforts aimed at improving its management, the
aetiology of AF was placed in the foreground for the
first time by the Third Consensus Conference of the
Atrial Fibrillation Competence Network/European Heart
[7]
Rhythm Association .
It seems that among traditional cardiovascular
risk factors, GERD could be an independent risk factor
for AF. Also, we think that AF should be considered
as possible extraesophageal syndrome in the GERD
[8]
classification .

TO THE EDITOR
We have read with interest the paper by Roman C.
and colleagues discussing the relationship between
gastroesophageal reflux disease (GERD) and atrial
[1]
fibrillation (AF) . The review is presenting the available
evidence for the common pathogenic mechanisms.
However, from a cardiologist perspective, some available
data were not highlighted in the review.
Both GERD and AF are common in general population.
The available data suggest that AF seems to be more
frequent that reported in the review. The prevalence of
AF increases with age and reaches the highest values
(about 20%) in a population older than 60 years.
Also, we are assisting in the last two decades to a
[2]
13% increase in incidence . Over 6 million Europeans
suffer from this arrhythmia, and its prevalence is
estimated to at least double in the next 50 years as
[2]
the population ages .
Atrial fibrillation occurs when structural and/or
electrophysiological abnormalities (electrical, mechanical
and structural remodeling of left atrium) alter atrial
tissue to promote abnormal impulse formation and/
or propagation. Beginning with this step AF begets
AF, through remodeled atrial myocardium. Left atrial
remodeling may be caused by diverse pathophysiologic
mechanisms and AF may represent a final common
phenotype for multiple disease pathways.
In a large majority of patients with AF we can find a
pathology like hypertension, obesity or diabetes mellitus
as substrate for left atrial remodeling. Even patients
diagnosed with idiopathic AF have more often suffered
from insidious coronary artery disease than healthy
[3]
controls in sinus rhythm . Most common substrates for
both AF and GERD are obesity and aging. In addition
both AF and GERD are associated with other pathologies
like sleep apnea or diabetes mellitus.
In AF, like in other cardiac arrhythmias, three
elementary electrophysiological mechanisms, alone or
in combination, may be involved in the initiation and
perpetuation of arrhythmia. These are: enhanced or
abnormal automaticity, triggered activity and reentry.
Enhanced or abnormal automaticity and triggered
activity are subcellular mechanisms, whereas reentry
is depending on intercellular and tissue properties.
The trigger and the substrate are at the origin
of AF. The substrat reflects the concept according to
which the triggered electrical activation perpetuates in
an autonomous way. In addition, the trigger itself can
modify the substrate, especially if active for a prolonged
period.
Sympatho-vagal imbalance is one of the principal
[4]
mechanisms of AF associated with GERD . Although
both sympathetic and parasympathetic components
play a role in AF, the cholinergic component appears to
be important for spontaneous initiation of AF. Electrical
stimulation of the left atrial ganglionic plexi (situated on
left atrial posterior wall, close to the esophagus) or the
autonomic nerve endings with retrograde activation of
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Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
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Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome

IV

Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
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Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
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Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon



Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
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Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake

WJG|www.wjgnet.com

Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

VI

Qatar
Abdulbari Bener, Doha
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Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
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Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid

VII

Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
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Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
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Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston

VIII

Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
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EDITORIAL

Update on the management of pancreatic cancer: Surgery
is not enough
Daniel Ansari, Adam Gustafsson, Roland Andersson
survival rate is dependent on new breakthroughs in
our understanding of not at least tumor biology. The
aim of this review is to update and comment on recent
knowledge concerning PDAC biology and new diagnostics
and treatment modalities. One fundamental approach to
improve survival rates is by earlier and improved diagnosis
of the disease. In recent years, novel blood-based
biomarkers have emerged based on genetic, epigenetic
and protein changes in PDAC with very promising results.
For biomarkers to enter clinical practice they need to
have been developed using adequate control groups and
provide high sensitivity and specificity and by this identify
patients at risk already in a pre-symptomatic stage.
Another way to improve outcomes, is by employing
neoadjuvant treatments thereby increasing the number
of resectable cases. Novel systemic treatment regimes
like FOLFIRINOX and nab-paclitaxel have demonstrated
improvements in prolonging survival in advanced cases,
but long-term survival is still scarce. The future improved
understanding of PDAC biology will inevitably render new
treatment options directed against both the cancer cells
and the surrounding microenvironment.
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Abstract

Core tip: This review updates the current progress in
the management of pancreatic cancer with focus on
novel modes of diagnosis and treatment. New bloodbased biomarkers for early detection based on genetic,
epigenetic and protein changes in pancreatic cancer
are discussed and new treatment strategies such as
stromal depletion are highlighted. Pancreatic cancer is
a systemic disease already at diagnosis and demands
multimodal managements strategies in order to
improve outcomes.

Pancreatic ductal adenocarcinoma (PDAC) represents the
fourth cause of death in cancer and has a 5-year survival
of < 5%. Only about 15% of the patients present with
a resectable PDAC with potential to undergo “curative”
surgery. After surgery, local and systemic recurrence, is
though very common. The median survival of resected
patients with adjuvant chemotherapy after surgery is
only 20-23 mo. This underscores the significant need
to improve PDAC management strategies. Increased
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Survival chances

100%

INTRODUCTION
Pancreatic cancer is a devastating disease. The
estimated number of deaths attributed to the disease
[1]
is over 266000 worldwide every year . It represents
the fourth cause of death in cancer but may, by the
time of 2030, have moved to the second place if
[2]
no significant treatment advances are made . The
overall 5-year survival rate is < 5% and a majority
of patients presents with inoperable and non-curable
tumors. Pancreatic cancer refers to adenocarcinoma
arising from the ductal epithelium in the exocrine part
of the gland. Pancreatic ductal adenocarcinoma (PDAC)
accounts for about 90% and is the form mainly add
ressed in this review.
Much effort has focused to find evidence for cau
sative risk factors but reasonably few are widely
established. Tobacco smoking, obesity, longstanding
diabetes, family history of PDAC and chronic pancreatitis
[3]
are risk factors . Overweight (BMI > 25) during adult
life is associated with increased risk and earlier onset
[4]
of the disease . Diabetes mellitus has recently been
presented as an independent risk factor and increased
risk associated with disease duration, although
[5]
metformin reduces this risk . Still this connection is
somewhat complicated since studies have reported
that diabetes might be an early indication of underlying
[6]
PDAC . Several studies have also provided evidence for
the connection between chronic pancreatitis and PDAC.
This usually occurs with a delay of one or two decades
[7]
between the chronic pancreatitis and PDAC .
Lack of early biomarkers together with the silent
nature of the disease, consequently rendering diagnosis
in late, unresectable stages, contributes to the high death
rate (Figure 1). To make progress and improve long-term
survival, advances in several areas such as biomarkers
for early diagnosis, optimized surgical strategies, and
new types of systemic therapy are required (Figure 2).
This review aims to update and comment on recent
knowledge concerning PDAC management. PDAC is a
complex disease with different clinical and pathological
phenotypes and hence requires multiple modes of
intervention to control disease progression.

New biomarkers

Current

needed

biomarkers

0

0

t

Figure 1 Pancreatic ductal adenocarcinoma and biomarkers. Modified from
Herreros-Villanueva et al[13].

Biobanking

Multimodal
management

PDAC

OMICS
technology

Clinical
trials

Figure 2 Different potential ways to improve the management of pancreatic
ductal adenocarcinoma. PDAC: Pancreatic ductal adenocarcinoma.

and graded histological tissue of these lesions, called
pancreatic intraepithelial neoplasia (PanIN) and provided
confirmation for a common pathogenesis with similar
[9]
profiles and progress leading to PDAC . Transformation
from a dysplastic epithelium to dysplasia and ultimately
invasive carcinoma is parallel with the accumulation
[10]
of mutations . There have been focused efforts to
genetically map out PanINs and to discover collective
mutations in order to find clinical useful biomarkers.
Commonly found mutations include activation of KRAS
oncogene, inactivation of tumor suppressor genes
[11]
CDKN2A/INK4A, TP53 and SMAD4 .
KRAS mutation is a critical event and is the most
[12]
frequently found oncogene in PDAC . This mutation
induces degradation of the tumor suppressor protein
p53-SNAIL complex and is present in a higher degree
[13]
in more advanced stages of PanIN . KRAS has been
considered for diagnostic purposes, but has a lack
[14]
in both sensitivity and specificity . The inactivation

PATHOPHYSIOLOGY
In 1976 it was suggested that ductal papillary hyper
plasia, atypia and carcinoma in situ morphologically
appear as precursor lesions. This was based on
examinations of histological samples from 227 cases of
[8]
human PDAC . Numerous studies have since observed
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of CDKN2A results in loss of the p16 protein, a cell
cycle regulator which generates increased cellular
[10]
proliferation . This mutation occurs in PDAC, but is
also seen in several other malignancies. Abnormal
TP53 adds genomic instability by permitting cells to
bypass DNA checkpoints and this way avoid apoptotic
signals. This mutation occurs in approximately
[10]
50%-75% of PDAC . Tumor suppressor gene SMAD4
[15]
is mutated in about 55% of PDAC . SMAD4 occurs
in various cancers but with a higher sensitivity and
specificity in PDAC. It often appears in late stages and
loss of SMAD4 expression correlates with a poorer
[16]
prognosis and potential metastasis . However
almost all PDAC contain one of these four mentioned
[17]
mutations .
The stroma, a hallmark for PDAC, is the structural
framework surrounding the tumor. The PDAC cells
interact with the stromal cells in order to create a
unique microenvironment to facilitate tumor progression
by promoting tumor growth, local hypoxia and pre
[18]
venting the effects of chemotherapy . Signals to
stromal cells, from PDAC cells, modify the structure of
the extracellular matrix (ECM) composed of collagens,
noncollagen glycoproteins, glycosaminoglycans, growth
factors and proteoglycans. These signals (mostly
being proinflammatory) increase the recruitment of
inflammatory cells, but also stimulate proliferation of
[19]
fibroblasts, specifically pancreatic stellate cells (PSCs) .
PSCs contribute to the excess fibrosis formation around
[20]
the tumor and promote tumor progression . PSCs
seem to facilitate immune evasion, chemoresistance
and the recurrence of PDAC, as verified both by in vitro
[21]
and in vivo studies .

such as point mutations, DNA methylation patterns,
microRNAs (miR), and proteins in blood from patients
with PDAC, have opened up new avenues of research
for the early diagnosis and treatment of this lethal
disease.

EARLY DETECTION
Detecting resectable disease is the first step in the
[23]
fight against PDAC . Biomarkers that could increase
the proportion of patients that are candidates for
surgery could potentially improve survival rates. Of
the entire PDAC cohort, only 10%-15% have localized
[24]
disease. According to the American Cancer Society ,
the 5-year survival is 24% for resectable PDAC, 9%
for locally advanced PDAC, and 2% for metastatic
PDAC. However, the 5-year survival rate in resectable
PDAC is about 50% in tumors < 2 cm and close to
[25]
100% in tumors < 1 cm , indicating that even earlier
[26]
detection can improve survival. A recent study
modeled the benefits of early diagnosis of PDAC using
a blood-based biomarker signature. It was found that
the cost-effectiveness depended on the incidence of
PDAC within the population and that certain high-risk
groups, such as familial cases and new-onset diabetes
mellitus, could be screened at an acceptable cost for
the society.

Genetic and epigenetic markers

The genetic alterations occurring during PDAC de
velopment have been extensively studied. A com
prehensive genetic analysis of 24 PDAC found an
average of 63 genetic alterations, the majority of
[27]
which are point mutations . Mathematical analyses
of tumor DNA sequence data suggest a broad time
window of opportunity for early detection to prevent
[28]
deaths from metastatic PDAC . One recent study
showed that mutations in KRAS and TP53 can be
detected using genomic DNA from exosomes derived
from serum from patients with PDAC, providing a
[29]
novel diagnostic tool for PDAC .
PDAC is an epigenetic disease in addition to being
a genetic disease. Epigenetic biomarkers, such as
DNA methylation and microRNAs, may be utilized for
diagnosis of PDAC. One study identified two novel
genes, BNC1 and ADAMTS1, that showed a high
frequency of methylation in PDAC, up to 100% in
[30]
PanIN-3 and 97% in stage Ⅰ invasive cancers . These
alterations could be detected in serum samples from
patients with PDAC. The sensitivity was 79% for BNC1
and 48% for ADAMTS1, whereas specificity was 89%
for BNC1 and 92% for ADAMTS1. Overall sensitivity
using both markers was 81% and specificity was 85%
for PDAC diagnosis. MicroRNAs are small non-coding
RNA molecules, about 22 nucleotides, that regulate
stability and translation of messenger RNAs. One
study investigated differences in microRNA expression
in whole blood between patients with PDAC, chronic
[31]
pancreatitis, and healthy participants . A total of 38

SERUM CARBOHYDRATE ANTIGEN 19-9
Currently, carbohydrate antigen 19-9 (CA19-9) is the
only biomarker used in the routine management of
PDAC. CA19-9 is a sialylated Lewis blood group antigen
that can be quantitatively measured in serum, but its
use is limited to monitoring response to therapy, not
as a diagnostic marker. The sensitivity and specificity
[22]
of CA19-9 is about 80% for PDAC diagnosis . CA19-9
is elevated in benign conditions, such as cholestasis
and chronic pancreatitis, which hampers its specificity
for PDAC. Moreover, approximately 5%-10% of the
population do not express Lewis antigens. Thus, there
is great interest in identifying and developing new
markers for PDAC to help detect early stage PDAC and
its precursors. The development of useful biomarkers
requires well-designed studies that evaluate marker
performance in the appropriate clinical setting where
the marker will be required. Because blood is more
accessible and less invasive to achieve than tissue, the
optimal screening strategy for PDAC will likely involve
the development of highly accurate and inexpensive
blood biomarkers, followed by a second-level, imagingbased test to confirm a positive biomarker result. The
recent developments in the detection of biomarkers,
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microRNAs were significantly dysregulated in patients
with PDAC as compared to controls. Two diagnostic
panels were constructed comprising 4 microRNAs
in index Ⅰ (miR-145, miR-150, miR-223, miR-636)
and 10 in index Ⅱ (miR-26b, miR-34a, miR-122,
miR-126*, miR-145, miR-150, miR-223, miR-505,
miR-636, miR-885.5p). The performance of the panels
was validated in patients with stage ⅠA-ⅡB PDAC,
with an index Ⅰ area under the curve (AUC) of 0.80;
index Ⅰ and CA19-9 AUC of 0.83; index Ⅱ AUC of 0.91;
and index Ⅱ and CA19-9 AUC of 0.91.

and Nutrition. In such cohorts, the performance of the
biomarkers in the months or even years prior to PDAC
diagnosis can be evaluated. Obstructive jaundice is a
common complication of PDAC, but few studies include
patients with benign causes of obstructive jaundice
in their evaluation of tumor markers. Furthermore,
many candidate markers of PDAC have been found
to clearly distinguish PDAC from healthy controls but
fail to distinguish them from chronic pancreatitis. This
may be due to the fact that there is an inflammatory
component in PDAC and several markers may be
shared by both conditions. These observations suggest
that choice of adequate controls is important identify
the most cancer-specific biomarkers.

Protein markers

Proteomics is defined as the large-scale study of
proteins, particularly their abundances, functions,
structures, and interacting partners. In the field of
proteomics, antibody-based technologies and mass
spectrometry are the most common techniques
used for biomarker discovery. One study used a
recombinant antibody microarray platform, targeting
mainly immunoregulatory proteins, in sera from
patients with resectable PDAC, chronic pancreatitis,
[32]
autoimmune pancreatitis, and healthy controls . The
results identified serum portraits distinguishing PDAC
from chronic pancreatitis (AUC: 0.86), autoimmune
pancreatitis (AUC: 0.99) and healthy controls (AUC:
0.95). A 25-serum biomarker signature discriminating
PDAC from the combined group of chronic pancreatitis,
autoimmune pancreatitis, and healthy controls was
determined that had a high diagnostic yield with an AUC
of 0.88. Another study applied protein deep sequencing
E
using high-definition mass spectrometry (HDMS ) to
serum samples from patients with resectable PDAC,
[33]
benign pancreatic disease, and healthy controls .
A global protein expression comparison of the three
study groups was made using label-free quantification
and bioinformatic analyses. More than 71000 features
were detected within the data revealing 715 unique
proteins. Two-way unsupervised hierarchical clustering
identified 134 proteins that successfully classified PDAC
patients from the controls, and found 40 proteins that
showed a significant up-regulation in the PDAC group.
This discrimination reliability was further confirmed by
principal component analysis. Disease link associations
could be made for BAZ2A, CDK13, DAPK1, DST,
EXOSC3, INHBE, KAT2B, KIF20B, SMC1B, and SPAG5,
by pathway network linkages to TP53, the most
frequently altered tumor suppressor in PDAC.

TREATMENT OF RESECTABLE PDAC
Surgical resection with radical intent remains the
only potential curative treatment option today. PDAC
is staged according to the tumor-node-metastasis
classification, which categorizes patients into 3
stages: resectable, locally advanced, and metastatic
[34]
disease . Contrast-enhanced computed tomographyis
an established method for staging and provides around
[35]
80% accuracy concerning resectability . Magnetic
resonance imaging, and endoscopic ultrasound are
valuable modalities if diagnostic difficulties persist
[36]
after . Tumor size, vascular involvement, age and
comorbidity are to be considered in the preoperative
staging and decision to proceed with surgical re
[37]
section . A pancreatoduodenectomy (Whipple), distal
pancreatectomy or a total pancreatectomy is usually
performed, depending on tumor location and type.
The hospital mortality rate following surgical resection
may be below 2%, while overall morbidity remains
[38]
up to 60% . Complications include delayed gastric
emptying, wound infections, abdominal abscess, and
not at least pancreatic fistulas where grades B and C
[39-41]
are most problematic
. It should be emphasized
that an uncomplicated postoperative course is asso
[42]
ciated with a better long-term survival . With regard
to endocrine status, progression of disease has a
greater impact than the surgical intervention, and
diabetes mellitus (especially new-onset) may often be
[43,44]
resolved by resection of the pancreatic tumor
.
Surgical results tend to correlate strongly with
both institutional and surgical volumes. Several
studies have demonstrated significantly decreased
[38,45,46]
mortality and morbidity at high volume centers
.
This association also applies to long-term survival
[47]
even after corrected perioperative mortality . This
association between hospital volume and improved
results is believed to be multifactorial. One suggested
explanation is more experienced medical staff with
ability to detect and treat complications at an earlier
[47]
stage, which may improve the outcome . Superior
surgical performance due to higher operation fre
quency may improve both short- and long-term
outcome. Since the treatment is multimodal and also

CHALLENGES IN BIOMARKER
TRANSLATION
PDAC is generally diagnosed when the disease is at
an advanced stage. As a consequence, the majority of
samples available for biomarker discovery come from
patients with advanced disease. One potential solution
is to take advantage of prospective cohort studies,
such as European Prospective Investigation into Cancer
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[64,65]

includes adjuvant therapy, the oncologists are likely
to improve their results with increased experience as
well. Following the implementation of centralization,
the 2-year survival among resected patients has
increased with over 10% and is considered a great
[46]
way to improve surgical outcome .
The fast-track (FT) concept is a standardized
and coordinated perioperative protocol to handle
surgical patients. This method intends to reduce
surgical stress, accelerate postoperative recovery and
[48]
improve safety . Several studies have displayed
the effect of implementation of the FT concept in
[49-51]
pancreaticoduodenectomy
. It evidently correlates
with early recovery and reduces morbidities, such as
[52]
delayed gastric emptying . The length of hospital stay
[49]
will also be significantly shortened by 2-6 d . The FT
concept is also beneficial from an economical point of
view with reduced hospital costs as demonstrated by
[49]
Kennedy et al .
Adjuvant chemotherapy is recommended after
pancreatic resection for PDAC based on several ran
[53]
[54]
domized controlled trials, including GITSG , ESPAC-1 ,
[55]
[56]
[57]
ESPAC-3 , RTOG-9704
and CONKO-001 .
Whether neoadjuvant therapy is superior to adjuvant
therapy for PDAC is controversial. The proposed
upside of neoadjuvant therapy is early treatment of
micrometastases, potential downstaging of borderline
resectable tumors, decreasing the percentage of
positive lymph nodes, enhanced chemotherapeutic
penetrance due to improved vascularization and a
[58,59]
higher percentage of accomplished R0 resections
.
It has also been hypothesized that patients receiving
neoadjuvant treatment stand a better chance of
[58]
completing the full multimodal treatment . Another
suggested advantage is the selection and the ability to
exclude patients developing progressing and metastatic
[60]
disease, thus avoiding unnecessary surgery . A
neoadjuvant treatment requires histological confirmation
and this might further increase the detection of patients
[59,61]
unlikely to benefit from resection
. Neoadjuvant
therapy is associated with delayed resection, and thus
[62]
theoretically a possible risk of tumor progression .
Previous studies have concluded gemcitabine with
radiotherapy as the most effective neoadjuvant
[58,63]
treatment with the best effect on overall survival
.
A population based study between 1987-2006 demon
strated a 12 mo survival advantage and lower rate
of lymph node positivity between neoadjuvant and
[59]
adjuvant treatment . Still a recent meta-analysis
did not conclude a significant effect on overall survival
among resectable patients after receiving neoadjuvant or
adjuvant treatments approaches. However, there was a
small though not statistically significant effect on survival
benefits for neoadjuvant as compared to adjuvant
[62]
treatment . Thus, with better chemotherapy (see e.g.,
below) there might be a case for neoadjuvant treatment
future on.
Lymph node involvement and resection margin
status (R0/R1) remain important prognostic factors
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after surgical resection for PDAC
. Artificial neural
networks (ANNs) represent a non-linear pattern
recognition technique that simulates the analytic
learning processes of the human brain. Thus, adapting
to changing environment through continuous learning
via trial and error, ANN is supplied with information
from various sources to detect complicated patterns.
The benefit of ANNs is to automatically detect
relationships between “inputs” to the network and
the “output” by integrating all possible connections
[66]
between the input variables . One study displayed
ANN as a tool in prediction of survival after surgical
[67]
resection . This was achieved by including clinical
risk factors in order to create a survival model. The
C-index of ANN was 0.79 compared to Cox regression
0.67 thus, indicating ANNs superior predictive ability.
Biomarkers, if available, should also be taken into
consideration for prognostic prediction. Unfortunately,
there are no validated biomarkers to predict the
[68]
clinical course . In the future, however promising
investigational biomarkers may be incorporated into
ANNs in order to improve prognostic performance and
help inform clinical decision-making.

TREATMENT OF UNRESECTABLE PDAC
Most PDAC patients present with locally advanced
or metastatic disease and are consequently not
suitable for surgery. Single therapy with gemcitabine
has generally been regarded as first-line therapy for
[69]
advanced PDAC over the almost two last decades .
Numerous patients do not respond to gemcitabine
[70]
therapy due to chemoresistance . The variation
in chemoresistance between individuals is partly
attributed the human equilibrative nucleoside trans
[71]
porter-1 (hENT-1) . This transporter is responsible
for the intracellular uptake of gemcitabine and studies
have demonstrated a relationship between longer
[72,73]
median survival and high levels of hENT-1
. Clinical
data have revealed that a majority of patients do not
have a high hENT-1 expression and thus an expected
[70]
decreased response to gemcitabine treatment . To
determine expression of hENT-1 and individualize
gemcitabine treatment strategies could be both cost
efficient and avoid unnecessary treatment, but needs
[74]
further investigations and ethical considerations .
Few combinations of gemcitabine with other
cytotoxic agents have yet provided any significantly
[75,76]
prolonged overall survival rates
. Gemcitabine
treatment combinations also often involved more toxic
effects compared with gemcitabine administration as
[76]
monotherapy . FOLFIRINOX (i.e., a combination of
oxaliplatin, irinotecan, fluorouracil, and leucovorin) has
been proved to prolong both survival (from 6.8 mo with
gemcitabine alone to 11.1 mo with FOLFIRINOX) and
progression free time (3.4 to 6.4 mo) for metastatic
patients with good performance status (ECOG 0-1).
This treatment does, however, also carry significantly
more adverse effects and is only applicable in a
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selected group of patients.
Another interesting treatment regime is albuminbound paclitaxel (nab-paclitaxel) in combination with
gemcitabine. Preclinical studies have showed synergistic
effects and increased chemotherapeutic levels in the
[77]
tumor . SPARC has affinity for albumin, and could thus
theoretically facilitate delivery of paclitaxel to the tumor
stroma. The stroma is thereby broken down (stromal
depletion) and tumor cells close in on each other with
[78]
resulting increased tumor vascularity . Conversely,
a study in mice reported that SPARC deficiency did
[79]
not alter levels of paclitaxel in the tumors . However,
recently published data from a phase 3 study reported
improved survival, in patients with advanced PDAC
treated with gemcitabine and nab-paclitaxel, compared
[80]
to gemcitabine as a single therapy . The toxicity
profile includes neutropenia and neuropathy, but is
not worse when compared to gemcitabine treatment
alone. Consequently, nab-paclitaxel has become a
therapeutic agent with potential to be part of future
[81]
PDAC treatments .
Secreted protein acidic and rich in cysteine (SPARC)
or osteonectin is a calcium-binding glycoprotein
frequently expressed by stromal cells surrounding the
tumor. The biological role of SPARC involves cell-tomatrix interactions, including cell migration and tissue
remodeling, mainly in tissues with high ECM turnover.
SPARC is tumor-specific and could act as a tumor
suppressor, but also have preinvasive characteristics
[82]
that possibly increase efficiency of chemotherapy .
High SPARC expression, as in the pancreatic tumor
stroma, has emerged as a clinical and prognostic
[83,84]
factor for PDAC
. Other strategies to target the
tumor stroma involve reverting the activated PSC to its
quiescent state. It has been found that PSCs express
high levels of the vitamin D and that treatment with
calcipotriol, a vitamin receptor D ligand, depletes
the stroma and increases intratumoral delivery of
[85]
gemcitabine in mouse models of PDAC . Other
therapies aiming to target and block the interaction
between tumor cells and PSCs are also being tested,
hopefully further improving the poor prognosis of
[19]
PDAC . These studies provide novel approaches for
targeting the pancreatic tumor stroma and suggest
that stromal depletion could become the mainstay of
PDAC therapy in the future.

surgical services improves outcomes after PDAC
surgery. Principles for the fast-track concept are now
well recognized as both safe and applying best possible
available evidence-based and structured care. The
benefits of neoadjuvant treatment strategies warrant
further investigation before being fully implemented.
ESPAC-5, an ongoing study with comparisons between
immediate surgical explorations to neoadjuvant
therapy, will hopefully further determine the potential
role of neoadjuvant therapy. Increased understanding
of the stromal compartment of PDAC, both in terms
of tumor progression and as a defense barrier against
innate immunity and chemotherapy, will be of outmost
relevance for the development of future treatments.
Even though improved diagnostics and neoadjuvant/
preoperative chemotherapy might increase the number
of resectable patients, PDAC is a systemic disease
already at the time of diagnosis and surgery alone is
not enough.
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EDITORIAL

Perioperative management of distal pancreatectomy
Yasuhiro Fujino
open DP, and is applicable for benign tumors and some
ductal carcinomas of the pancreas. Robotic DP is also
available for safe pancreatic surgery. En bloc celiac axis
resection offers a high R0 resection rate and potentially
allows for some local control in the case of advanced
pancreatic cancer. Following resection, staple closure
was not found to reduce the rate of PF when compared
to hand-sewn closure. In addition, ultrasonic dissection
devices, fibrin glue sealing, and staple closure with
mesh reinforcement were shown to significantly reduce
PF, although there was some bias in these studies.
In perioperative management, both preoperative
and postoperative treatment affected outcome. First,
preoperative endoscopic pancreatic stenting may
be an effective prophylactic measure against fistula
development following DP in selected patients. Second,
in postoperative management, a multifactorial approach
including prophylactic antibiotics improved high surgical
site infection rates following complex hepato-pancreatobiliary surgery. Furthermore, although conflicting results
have been reported, somatostatin analogues should be
administered selectively to patients considered to have
a high risk for PF. Finally, careful drain management also
facilitates a favorable outcome in patients with PF after
DP. The results of the review indicate that laparoscopic
DP coupled with perioperative management influences
outcome in DP patients.
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Abstract
Recent advances in surgical techniques and perioperative
management have markedly reduced operative mor
bidity after distal pancreatectomy (DP). However,
some questions remain regarding the protocol for the
perioperative management of DP, in particular, with
regard to the development of pancreatic fistula (PF).
A review of DP was therefore conducted in order to
standardize the management of patients for a favorable
outcome. Overall, operative technique and perioperative
management emerged as two critical factors contributing
to favorable outcome in DP patients. As for the operative
method, surgical and closure techniques exhibited
differences in outcome. Laparoscopic DP generally yields
more favorable perioperative outcomes compared to
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glue also prevented PF. In addition, PF was reduced
when the remnant pancreas was tightly patched and
[16,17]
sutured vertically with the hepatic ligament
or an
[18]
absorbable fibrin sealant patch .
Stapling devices can be used at the same time to
[19]
resect the pancreas . This technique is applied mainly
[20]
in laparoscopic DP . However, a randomized trial
demonstrated that staple closure did not reduce the
[21]
occurrence of PF compared to hand-sewn closure .
[22]
Oláh et al
also reported that closure with a stapler
in combination with a seromuscular patch from the
jejunum did not reduce the occurrence of PF compared
to the use of a stapler alone.
[23]
In a systematic review , ultrasonic dissection
[8]
[12]
devices , fibrin glue sealing , and staple closure with
[24]
mesh reinforcement
were shown to significantly
reduce the occurrence of PF, although there was some
bias in these studies.

INTRODUCTION
Distal pancreatectomy (DP) is generally performed
on patients with benign and malignant neoplasms of
the distal pancreas and chronic pancreatitis. Recent
advances in surgical techniques and perioperative
management have markedly reduced the rates of
[1,2]
operative morbidity and mortality after DP . However,
pancreatic fistula (PF) still remains a major cause of
[3]
morbidity . The overall incidence of PF in patients
[1,2]
undergoing DP is as high as 10%-30% . In addition,
PF is associated with additional complications such as
intra-abdominal abscess or hemorrhage, and leads to
[2]
a prolonged hospital stay . Some factors have been
reported to predispose patients to the development of
PF, including the surgical technique, a soft or normal
pancreas, pancreatic thickness, age, obesity, and
[1-6]
extended lymphadenectomy . A review of published
results for DP in PubMed Central from January 1998 to
October 2014 was conducted using the following terms:
“distal pancreatectomy”, “pancreas”, and “randomized
study”. Twenty-one articles and the references therein
were reviewed. Favorable outcome associated with
laparoscopic DP along with clear parameters for
perioperative management are discussed.

Open vs laparoscopic and robotic surgeries

Laparoscopic techniques have been recently applied
[25]
to hepato-pancreato-biliary surgery , so there are
many studies reporting on the use of laparoscopic
DP. Laparoscopic DP is used for resection of benign
[25]
tumors and some ductal carcinomas of the pancreas .
Systematic reviews have demonstrated that laparoscopic
DP leads to significantly more favorable perioperative
[20,25]
outcomes
. Robotic DP is also available and safe for
pancreatic surgery, but the influence of the technique on
[26]
overall survival of oncology patients is still unknown .

Operative Method

Extended surgery

Resection of the pancreas, closure of the remnant
pancreas, and other techniques

DP was performed with various extents of lympha
denectomy based on the disease and stage of cancer.
Although tumors invading the celiac axis had been
[27]
considered unresectable, Hirano et al
advocated DP
with en bloc celiac axis resection. This strategy offers a
high R0 resection rate and potentially allows for some
local control of advanced pancreatic cancer. Although
this method is associated with a high frequency of
[28]
complications, Okada et al
demonstrated that
preservation of the left gastric artery in DP with en bloc
celiac axis resection reduced postoperative morbidity.

Conventional resection of the pancreas was performed
with scissors or electric scissors, bleeding points
were ligated, and the main pancreatic duct was
ligated. The remnant pancreas was closed with hand[1,2]
sewn sutures
. In this approach, ligation of the
main pancreatic duct was found to be important in
[7]
preventing PF .
Recently, more varied techniques and surgical
devices have been introduced into pancreatic surgery
for both resection and closure. Resection of the
pancreas has been performed with ultrasonic dissection
[8]
[9]
devices , saline-coupled bipolar electrocautery , and a
[10]
vessel-sealing system . Ultrasonic dissection devices
in particular are easily available and also significantly
[8]
reduce the occurrence of PF in DP . Seromuscular
[11]
[12]
patches , fibrin glue sealing , the application of
surface-active meshes, and combinations of these
[13]
techniques
were used for closure of the pancreas.
Seromuscular patch closure of the pancreatic remnant
has been described using either an isolated Roux[11]
[14]
[15]
n-Y loop
or gastric serosa . Hassenpflug et al
reported that coverage of the pancreatic remnant
after DP decreased the occurrence of clinically relevant
[12]
PF. Suzuki et al
reported that sealing with fibrin
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Postoperative Management
Prophylactic antibiotics

In general, a prophylactic, intravenous, broad-spectrum
antibiotic (cefotiam or cefazolin sodium) was started
intraoperatively. Once an infective complication was
diagnosed, an appropriate sensitive antibiotic agent
[17]
was selected and administered . A recent study by
[29]
Ceppa et al
reported that a multifactorial approach
improved high surgical site infection rates following
complex hepato-pancreato-biliary surgery.

Somatostatin analogues

Somatostatin analogues inhibit pancreatic exocrine
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secretion, but various groups reported conflicting
results for their use in perioperative management of
patients undergoing DP. In some studies, perioperative
treatment with these compounds was shown to
decrease the rate of clinically significant postoperative
[30]
PF, leak, or abscess . In contrast, other studies failed
to demonstrate a benefit in the perioperative use of
[31,32]
somatostatin analogues in patients undergoing DP
.
Therefore, the use of somatostatin analogues should
be administered selectively to patients considered to
have a high risk for PF.

3

4

5

Drain management

Abdominal drains were positioned on the left subdiaphragm and stump of the remnant pancreas. The
drain of the left sub-diaphragm was usually removed
on postoperative days 2-3, and the drain of the stump
of the remnant pancreas was usually removed within
six postoperative days based on clinical symptoms (no
sign of infection) and the values of drain amylase and
lipase (less than three times the serum amylase and
[1,17]
lipase activity)
.
[33]
Kawai et al
also showed that early removal of
drains was a critical factor in the reduction of morbidity
following pancreaticoduodenectomy. These results
support the view that drains are not mandatory and
that, if placed, should be removed as soon as possible
after DP. Thus, careful drain management also facilitates
[34]
a favorable outcome in patients with PF after DP .

6

7

8

9

Stent management

Prophylactic transpapillary pancreatic stenting has been
proposed as a strategy to prevent PF. However, this
technique does not reduce PF when standardized resection
[35]
of the body and tail of the pancreas is performed .
[36]
However, Abe et al
reported that preoperative
endoscopic pancreatic stenting might be an effective
prophylactic measure against fistula development
following DP in select patients.

10

11

12

CONCLUSION
Perioperative management is important for an early
favorable outcome in patients undergoing DP. Lapa
roscopic DP facilitates favorable results.

13
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EDITORIAL

Contra-lateral liver lobe hypertrophy after unilobar
Y90 radioembolization: An alternative to portal vein
embolization?
Jin-Yao Teo, Brian KP Goh
malignancies. However, an adequate future liver remnant
(FLR) is imperative for safe LR. Presently, in patients
with an inadequate FLR; the 2 most established clinical
techniques performed to induce liver hypertrophy are
portal vein embolization (PVE) and portal vein ligation.
More recently, it has been observed that patients who
undergo treatment via Y90 radioembolization experience
hypertrophy of the contra-lateral untreated liver lobe.
Based on these observations, several investigators
have proposed the potential use of this modality as an
alternative technique for increasing the FLR prior to liver
resection. Y90 radioembolization induces hypertrophy
at a slower rate than PVE but has the added advantage
of concomitant local disease control and tumour downstaging.
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Core tip: Both portal vein embolization and Y90
radioembolization induce significant hypertrophy of
the contralateral lobe. Y90 radioembolization induces
hypertrophy at a slower rate than PVE but has the added
advantage of concomitant local disease control and
tumour down-staging.
Teo JY, Goh BKP. Contra-lateral liver lobe hypertrophy after
unilobar Y90 radioembolization: An alternative to portal vein
embolization? World J Gastroenterol 2015; 21(11): 3170-3173
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i11/3170.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
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Abstract
Liver resection (LR) with negative margins confers
survival advantage in many patients with hepatic
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these retrospective studies are that the patient cohorts
were vastly heterogenous in terms of pathology treated,
underlying liver disease, dosage and delivery of Y90,
number of treatment sessions and time to measurement
of hypertrophy. However, it was clear that unilobar Y90
radioembolization resulted in significant hypertrophy of
the contralateral lobe - the reported average hypertrophy
achieved ranged from 21%-47% at 44 d-9 mo. The
degree of hypertrophy reported is thus comparable
with that achieved with PVE/PVL, although the time to
hypertrophy is clearly heterogenous, and precludes any
meaningful direct comparison. To date, there have been
no prospective trials directly comparing the efficacy
of Y90 radioembolization to PVE/PVL in achieving liver
hypertrophy.
[21]
Only one series
has attempted a direct head-tohead comparison between these two modalities. In this
study, a matched-pair analysis of patients with secondary
liver malignancy confined to the right hemiliver was
performed. Patients were well matched for: (1) baseline
FLR; (2) history of platinum-based chemotherapy; (3)
platelet count; and (4) extent of embolization. Although
subject to the usual biases inherent in such a study, the
authors demonstrated that PVE produced significantly
more hypertrophy (61.5% vs 29.0%) within a shorter
time frame (median 33 d vs 46 d). Another recent
[18]
study
attempted to study the relationship between
the degree of hypertrophy with duration from treatment.
In this study, median FLR growth progressed from 7%
at one month to 45% at 9 mo post-radioembolization.
Hence, based on current evidence it can be concluded
that the kinetics of hypertrophy may differ between
the two modalities, with post Y90 radioembolization
causing a slower, more gradual increase in volume
compared to PVE. Hence, the potential advantage of
Y90 radioembolization in inducing liver hypertrophy
would therefore lie in its ability to provide concomitant
local tumour control and even down-staging. Tumour
response to Y90 according to the RECIST criteria had
[23]
been reported to range between 42%-70% . This
decrease in tumour size, coupled with hypertrophy of
the FLR holds great promise in potentially rendering
previously unresectable disease curable.
It is worth mentioning here the recent development
of another novel technique for inducing liver hypertrophy,
i.e., associating liver partition with portal vein ligation for
staged hepatectomy (ALPPS). This technique allows for
extremely rapid hypertrophy of the FLR, at the expense
of increased morbidity and a significant mortality rate. A
[24]
recent review of the literature concluded that a mean
FLR hypertrophy of 80% at 7-10 d was achievable,
but at the risk of a 35% significant morbidity rate
and a 30-d mortality of 6%. In view of the significant
morbidity and mortality, ALPPS is therefore best
considered to be an experimental technique at present.
It is to be used in highly selected patients in a clinical
trial setting.

LIVER HYPERTROPHY
Liver resection (LR) with negative margins confers
consistent survival advantage in patients with both
primary (hepatocellular carcinoma/cholangiocarcinoma)
[1]
or secondary malignant disease . In patients with
well-preserved liver function, curative liver resection
remains the standard of care. An adequate future liver
remnant (FLR) is imperative for safe LR. Presently, in
patients with a normal liver function, a FLR of at least
25% is deemed sufficient by most clinicians to avoid
liver failure. However, in patients with an impaired liver
function (e.g., cirrhosis), a larger FLR of up to 40%
[2-4]
should be preserved . An inadequate FLR is a major
reason why otherwise suitable patients are precluded
from potentially curative LR.
Presently, the 2 most well-established clinical
techniques performed to induce liver hypertrophy
in patients with an inadequate FLR are portal vein
embolization (PVE) and portal vein ligation (PVL). In
head-to-head comparisons, both these techniques
have been shown to result in equivalent degrees of
[5,6]
hypertrophy , estimated to be between 10%-46%
[7]
at 2 to 8 wk . PVE is preferentially utilised usually in
view of its minimally invasive nature, and the avoidance
of a laparotomy. However, a major drawback of both
PVE and PVL is that tumour growth continues unabated
while awaiting hypertrophy, which may eventually
preclude resection especially in tumours which are in
close proximity to major bilio-vascular structures. This is
far from being a merely theoretical concern as increased
tumour growth rates after PVE have been reported in
[8,9]
[10]
both animal models
and humans .
Based on these concerns, a sequential approach
combining transarterial chemoembolization (TACE) and
PVE has been advocated, with proponents claiming
both a significant rate of FLR hypertrophy as well as
increased local tumour control. This approach was
first shown to result in good FLR hypertrophy, with no
increased risk of liver failure, as might be expected
[11]
after occlusion of the liver’s dual blood supply . These
findings were replicated in subsequent larger studies,
which also showed an improvement in both overall and
disease-free survival in patients undergoing sequential
[12,13]
treatment as opposed to PVE alone
. However, in
these studies, the mean increase in percentage of FLR
achieved in the PVE + TACE arms was only 7.3%-22%,
which was significantly less than that reported with
PVE in the rest of the literature.

Y90 RADIOEMBOLIZATION
The first series to report the phenomenon of contralateral
liver lobe hypertrophy after Y90 radioembolization
[14]
was published in 2008 . Subsequently, several
groups have also published similar results from their
[15-22]
retrospective experience
. The main limitations of
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In light of current evidence, we therefore propose
that instead of being an alternative to PVE, the technique
of Y90 radioembolization is instead complementary. The
former is best utilised in the setting where the tumour
is technically resectable except for a concern over
the adequacy of the FLR. PVE would then result in a
greater degree of hypertrophy over a shorter time
frame. However, in situations where a large, bulky
tumour abuts major vascular and/or biliary structures
which must be conserved or when the ability to
achieve adequate oncological margins are a concern,
then Y90 radioembolisation would provide the added
advantage of both tumour control/downsizing while
increasing the FLR.
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REVIEW

Nuclear factor kappa B role in inflammation associated
gastrointestinal malignancies
Sahil Gambhir, Dinesh Vyas, Michael Hollis, Apporva Aekka, Arpita Vyas
suggest that the NF-κB signaling cascade may be the
central mediator of gastrointestinal malignancies including
esophageal, gastric and colorectal cancers. This review
will explore NF-κB’s function in inflammation-associated
gastrointestinal malignancies, highlighting its oncogenic
contribution to each step of carcinogenesis. NF-κB’s role in
the inflammation-to-carcinoma sequence in gastrointestinal
malignancies warrants stronger emphasis upon targeting
this pathway in achieving greater therapeutic efficacy.
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Core tip: Inflammation has a critical role in cancer, its
metastasis and angiogenesis. One of the critical mediator
is nuclear transcription factor nuclear factor kappa B.
This article will be critically useful for basic scientist and
clinicians in understanding the the importance of this
transcription factor.
Gambhir S, Vyas D, Hollis M, Aekka A, Vyas A. Nuclear
factor kappa B role in inflammation associated gastrointestinal
malignancies. World J Gastroenterol 2015; 21(11): 3174-3183
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i11/3174.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i11.3174

INTRODUCTION
Gastrointestinal cancers, comprised of esophageal,
gastric and colorectal cancers, are some of the most
common and fatal cancers worldwide. However, mortality
rates have declined due to improved efforts in cancer
prevention, earlier detection and a growing number
of treatment options, especially in the development of
therapies targeted to specific signaling pathways. These

Abstract
Nuclear factor kappa B (NF-κB) has an established role
in the regulation of innate immunity and inflammation.
NF-κB is also involved in critical mechanisms connecting
inflammation and cancer development. Recent investigations
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therapies are founded upon the body of basic scientific
research that has implicated various signaling pathways
in different gastrointestinal (GI) malignancies. Recent
literature suggests that the nuclear factor kappa B (NFκB) signaling cascade in particular may serve as a central
mediator of carcinogenesis. The NF-κB signaling pathway
has numerous physiological roles, including regulation of
innate immunity and inflammation, and therefore may
[1,2]
be involved in carcinogenesis in multiple ways . The
primary function of this signaling cascade is to protect
the cell from harm, but if it becomes aberrant, then
the transition from inflammation to cancerous growth
can be elicited. In our previous study, we explored
gastrointestinal epithelial response to injury and by
extension intend to scrutinize NF-κB‘s effects on the gut
[3]
in this review .
Recent epidemiological investigations have shown that
chronic inflammation, including infection, is associated
[4]
with 15%-20% of all human malignancies . Numerous
genetic studies have also exposed NF-κB’s potential role
[4-7]
in inflammation-related cancers . For example, NF-κB’s
constitutive activation has been demonstrated in various
human solid tumors, including those of ovarian, lung,
breast, melanoma, hepatocellular, thyroid, pancreatic,
prostate, colon, esophageal, gastric, laryngeal, pa
rathyroid, bladder, endometrial, retinoblastoma, astro
cytoma and squamous cell carcinoma of the head and
[8-17]
neck
. Moreover, aberrant NF-κB regulation has been
observed in hematopoietic malignancies, such as multiple
myeloma, mantle cell lymphoma, MALT lymphoma,
diffuse large B-cell lymphoma, Hodgkin’s lymphoma,
myelodysplastic syndrome, adult T - cell leukemia,
chronic lymphocytic leukemia, acute myeloid leukemia,
[8,11,18,19]
and chronic myeloid leukemia
.
NF-κB is a pleiotropic transcriptional factor that
[5,20]
is encoded by a family of five main genes
. These
genes contain the homologous domain Rel homology
domain (RHD), which includes RelA (p65), RelB, CRel
(REI), p50 and p52. NF-κB1 (p100) and NF-κB2 (p102)
[21]
are processed to produce p52 and p50 respectively .
The RHD allows these proteins to homo- and heterodimerize, localize to the nucleus, bind to DNA and
[22]
interact with the inhibitor of NF-κB (IκB) . NF-κB
homodimers or heterodimers remain inhibited in
the cytoplasm bound to ankyrin rich regions of IκB
proteins, which prevent NF-κB translocation to the
[22]
nucleus and thus transcription . The IκB family
consists of IκBα, IκBb, IκBg, IκBe, BCL-3 and p100
and p105. It is through IκB kinase dependent (IKKdependent) phosphorylation, polyubiquitination and
proteasomal degradation of IκB proteins that the NF[22]
κB proteins are liberated . The IKK family consists
of two catalytic subunits, IKKα and IKKb, complexed
to the regulatory subunit IKKg/NEMO (NF-κB essential
[22]
modulator) .
The tight regulation and activation of NF-κB
is controlled by two principal signaling pathways,
modulated by divergent but specific stimuli: the
classical or canonical pathway and the alternative

WJG|www.wjgnet.com

pathway
. With regards to the former, inflammatory
stimuli, including TNF-a, IL-1b, TLRs and viruses,
promote phosphorylation at two serine sites of IκB
[21]
through the activation of IKKa, IKKb and NEMO . This
leads to polyubiquitination at adjacent lysine residues
and eventually proteolysis, releasing NF-κB dimersmost commonly p50/p65 heterodimers-and degradation
[5]
of IκB . The alternative pathway is characterized by
its independence from IKKb and NEMO and reliance
[22]
on IKKα . Following stimulation by TNF-α receptor
superfamily members (lymphotoxin (LT) bR, B-cell
activating factor receptor (BAFFR), receptor activator
of NF-κB (RANK), and CD40), IKK mediates the
phosphorylation of NF-κB2/p100:RelB complexed with
[22]
an IκB . The complex is subsequently polyubiquinated,
leading to the proteasome-dependent processing of RelB’
s inhibitor NF-κB2 p100, which results in the liberation
[1,21]
of the ReIB-p50 heterodimer
. In both pathways,
the dimers proceed to translocate to the nucleus, bind
to NF-κB DNA sites and activate transcription. It should
be noted that one of the first proteins transcribed in this
process is IκBa, which then translocates to the nucleus
[5]
and binds to the dimer to inhibit further transcription .
The classical pathway is implicated in preventing
[1,21]
apoptosis and in innate immunity and inflammation
.
The alternative pathway is involved in secondary
lymphoid organogenesis and B cell maturation and
[21]
survival . Thus, both are responsible for cell survival
and ultimately play a role in carcinogenesis.

NF-κB AND CANCER
Virchow first postulated and proposed the causal
relationship between chronic inflammation and cancer.
Chronic inflammation due to irritants is thought to
lead to increased cell multiplication, predisposing cells
to neoplastic DNA changes. An important mechanistic
link may include NF-κB, as recent studies have
suggested that NF-κB promotes tumor growth by
inducing downstream proteins that have oncogenic
[22]
effects . Initial evidence of NF-κB’s link to cancer
was the identification of the p50 subunit and RelA and
its close homology with the oncoprotein v-REL of the
[23]
avian REL retrovirus . The onco-virus constitutively
activates the v-REL oncoprotein, which is an important
[23]
catalyst in the progression of lymphomas . Similarly,
the human T-cell leukemia virus’s oncoprotein TAX
has been shown to constitutively activate the IKK
complex, stimulating both pathways and again leading
[24]
to upregulation of NF-κB’s downstream proteins .
Hanahan and Weinberg’s postulation of each step
of tumorigenesis includes self-sufficiency in growth
signals, insensitivity to growth inhibitor signals, evasion
of apoptosis, limitless replicative potential, sustained
[25-28]
angiogenesis, and tissue invasion and metastasis
.
NF-κB can exert its effects on each of these aspects of
tumorigenesis through the induction of downstream
protein expression, and thus might be the basis of
the transition from inflammation to cancer growth.
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Essentially, NF-κB controls cell proliferation by activating
growth factors, including IL-2, granulocyte monocyte
[25,26]
colony stimulator factor and CD40L
. It also serves
as a positive regulator of cell cycle progression as it
[26]
can activate c-myc and cyclin D1 . NF-κB inhibition of
programmed cell death, through its regulation of the
anti-apoptotic proteins ciAPS, c-FLP and members of
[25,26]
the bcl-2 family, is also well documented
. These
proteins are vital in sustaining genetically altered
precancerous cells, and their effects therefore increase
the probability of malignant changes. NF-κB activity
can also lead to increased angiogenesis and metastasis
through the upregulation of chemokines, such as IL-8
(migration), VEGF (angiogenesis) and MMP (spread).
The altered expression of these genes, with NF-κB
as a key mediator, is associated with tumor growth
[25,26]
and spread
. Finally, the heavily scrutinized proinflammatory gene COX-2, which is under direct control
of NF-κB, has been demonstrated to be closely involved
[25-30]
in the process of carcinogenesis
.
This review article will explore NF-κB’s role in
cancers of the gastrointestinal tract, including eso
phageal, gastric and colonic. Discussion of each cancer
will begin with a presentation of inflammatory stimuli,
including infection and other inciting factors that affect
NF-κB’s expression. Evidence will then be provided
in support of the fact that NF-κB activity increases
through progression of inflammation to cancer on a
continuum that culminates in constitutive expression.
The documented upregulation of NF-κB’s downstream
proteins in each specific GI malignancy will be
discussed next, with emphasis of COX-2 expression.
This will be followed by an illustration of the importance
of targeting the NF-κB pathway for greater therapeutic
efficacy, including addressing chemoresistance. In
essence, the amalgamation of the data presented in
this review will uncover NF-κB as the mechanistic link
between inflammation and tumor growth, specifically
in gastrointestinal cancers. Finally, common themes
will be clarified in emphasizing the connection between
the two entities.

Latif et al showed that bile acids and low pH induced
expression of NF-κB in esophageal cell lines. Similarly,
another study illustrated that physiological levels of bile
acid not only activated NF-κB, but also led to increased
[33]
expression of the downstream protein IL-8 . It is
suggested that after epithelial cells are exposed to
inflammatory stimuli, they defensively resort to activating
the NF-κB pathway in order to prevent apoptosis and
[34]
sustain existence by DNA repair . This persistence
predisposes the cells to malignancy as they continue to
[35]
proliferate due to genetic alterations .
Involvement of NF-κB in promoting inflammatory
changes to metaplasia and the progression to esopha
[36]
geal cancer has been demonstrated in the literature .
Current evidence supports constitutive NF-κB activity in
cancerous growth of both adenocarcinoma and squamous
[11,36-38]
cell carcinoma in in vivo and in vitro studies
.
In one study, nuclear immunologic staining revealed
increased nuclear expression of p50, p52 and ReI in
patient biopsies of esophageal cancer cells compared to
[25]
[38]
normal squamous cells . Abdel-Latif et al
showed
that overexpression of NF-κB in tumor tissues correlated
with higher expression of Rel-A and lower expression of
IκB when compared to expression levels in non-tumor
cells. This was further supported by the finding that
NF-κB expression was increased in patients of Barrett’
s epithelium, however there was virtually no expression
[38,39]
in patients with normal esophageal epithelium
.
In another study, 40% NF-κB expression was noted
in Barrett’s tissues, but markedly increased to 76% in
[36]
adenocarcinomas . In addition to demonstrating NF-κB’s
presence in esophageal malignancy, studies have also
[40]
correlated NF-κB activity with metastasis .
It is the downstream proteins that are responsible
for exerting oncogenic effects, however, and these are
vital in inflammation-related tumorigenesis. A number
of studies have examined this increase in inflammatory
proteins specific to esophageal malignancy. O’Riordan
[37]
et al demonstrated the elevation of proinflammatory
cytokines IL-8 and IL-1B in esophagitis, Barrett’s
epithelium and adenocarcinoma in human histological
specimens. These cytokines contribute to tumor
progression by regulating angiogenesis, sustaining
cancer cell growth and promoting tumor cell migration.
Investigators further found a significant association
of NF-κB activation and cytokine upregulation in
adenocarcinoma. Similar results have been found in
other studies with regard to increased pro-inflammatory
[11,38]
cytokines in esophageal cancerous growth
. Recent
evidence also supports NF-κB’s role in invasion and
metastasis in esophageal carcinomas as it leads to the
upregulation of MMP-9 and reduction of E cadherin, two
[41]
proteins involved in cell migration .
Another example illustrating NF-κB’s involvement in
neoplastic progression is the overexpression of COX-2,
an enzyme important in regulating prostaglandin
[42]
synthesis . In the context of cancer, increased COX-2
activity has been shown to be associated with key
pathways that control cell proliferation, migration,

NF-κB’S ROLE IN ESOPHAGEAL
CARCINOGENESIS
Esophageal cancer is responsible for roughly 16000
deaths in the United States per year; mortality depends
on cell type (adenocarcinoma vs squamous), risk
[31]
factors and location of pathology . There is increasing
evidence that the NF-κB pathway mediates the
progression of inflamed esophageal epithelium through
[30,31]
carcinogenesis
. This begins when the upper GI tract
is exposed to noxious stimuli that promote inflammation
[30,31]
and foster a propensity for cancerous growth
.
Examples of such stimuli include tobacco smoke, alcohol,
reflux, corrosive injury, nitrosamines, HPV and thermal
[31]
injury . Moreover, multiple studies link exposure to
upregulation of NF-κB. One study conducted by Abdel-
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apoptosis, and angiogenesis . Previous studies
have revealed increased simultaneous expression of
NF-κB and COX-2 in cells exposed to inflammation
and cells of malignant growth when compared to
[29]
normal esophageal mucosa . Studies exploring the
effect of COX-2 inhibitors have also shed light upon
the relationship between COX-2 and progression to
[43]
malignancy. Liu et al
studied the effects of aspirin
at different concentrations and different times in
esophageal squamous cell carcinoma cell lines and
found that aspirin significantly reduced COX-2 mRNA
and protein expression and prostaglandin synthesis.
The study’s results demonstrate a dose-dependent
response to aspirin in reducing cell proliferation
and inducing apoptosis. In a recent meta-analysis,
use of aspirin and other COX inhibitors was shown
to be associated with reduced risk of esophageal
adenocarcinoma among patients. They noted that the
use of COX inhibitors decreased the risk of transition
from Barrett’s esophagus to esophageal cancer. Many
in vivo and in vitro studies have reported similar
results and advocate for aspirin use in both preventing
and treating abnormal esophageal changes.
Patients with esophageal cancer often have a poor
prognosis due to late presentation of the disease.
Therefore, it is important to explore new treatments,
[44,45]
such as those that target NF-κB
. In esophageal
adenocarcinoma, elevated NF-κB expression is asso
ciated with advanced stages and inversely correlated
with response to neoadjuvant chemotherapy and
[46,47]
radiation
. NF-κB expression in esophageal cancers
is indicative of poor prognosis and may be implicated in
multidrug resistance and treatment failure. In a recent
study, NF-κB activity in patients with esophageal
squamous and adenocarcinoma correlated with TMN staging,
increased susceptibility to spread, chemoresistance and
[48]
overall poor survival rate . Interestingly, their data
also demonstrated patients who were established to
have NF-κB negative cancer prior to treatment became
positive after receiving chemotherapy, suggesting
chemotherapy as a potential initiator of tumor resistance
[48]
through upregulation of NF-κB . Treatment with
chemotherapy may induce resistance to the therapy,
and therefore, result in poorer prognosis. In addition,
[48]
Izzo et al
showed that after constitutive NF-κB
activity was established, exposure to NF-κB inhibitors,
such as Bay11-7082 and sulfasalazine, reduced cancer
cell proliferation and induced apoptosis. They also found
that treatment with these inhibitors in combination with
chemotherapeutic drugs 5-fluorouracil and cisplatin led to
a synergistic effect on inhibiting cell growth, decreasing
[11]
chemoresistance . This investigation also illustrated
that Bay 11 was associated with decreased tumor
[11]
growth and angiogenesis in animal studies . Tian
[49]
et al
found similar results with siRNA molecules of
p65. They first found p65 expression was decreased
in ESCC cell lines when exposed to siRNA p65 after
establishing constitutive activity of the NF-κB signaling
pathway. Moreover, they too found a synergistic effect
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of siRNA with 5FU as ESCC cells became more sensitive
to 5-FU after exposure to siRNA p65. Finally, utilization
of neoadjuvant treatment with NF-κB inhibitors in the
management of esophageal carcinomas was shown
to help in a specific cohort of refractory treatment
[46,47]
cases
.

NF-κB’S ROLE IN GASTRIC
CARCINOGENESIS
Gastric cancer further elucidates the role of NF-κB
as a central mediator of carcinogenesis and as an
[50,51]
important link between inflammation and cancer
.
Gastric cancer, especially the intestinal type, entails the
progression from chronic gastritis to chronic atrophic
gastritis to intestinal metaplasia, then dysplasia and
[52]
finally adenocarcinoma . The initiation of chronic
inflammation typically begins with the presence of such
risk factors as Helicobacter pylori (H. pylori) infection,
pernicious anemia, smoking or high salt diet. This leads
to longstanding chronic superficial gastritis, which
eventually progresses to intestinal metaplasia followed
[53,54]
by adenocarcinoma
. H. pylori’s detrimental effect
on gastric mucosa has been well established in the
literature through clinical data, animal studies and cell
[52,53]
cultures
. However, only certain H. pylori strains
have been shown to be involved in malignancy and
[54]
these have the pathogenic island, CagA . Current
studies have established that CagA-positive H. pylori
significantly contributes to gastric cancer cell tissue
[55,56]
[57]
invasion
. Wu et al
visualized the link between
CagA-positive H. pylori and NF-κB by using NF-κB
blockers. Exposing gastric cancer cells infected by
CagA-positive strains to NF-κB blockers significantly
reduced tissue invasiveness. This not only supported
CagA’s effects as a pathogenic factor, but demonstrated
the significant role of NF-κB. These data support the
idea that H. pylori becomes a potent NF-κB activator
if it carries CagA pathogenicity. The exact molecular
pathway between CagA and NF-κB cannot be addressed
due to a paucity of evidence. Some studies speculate
the connection lies in the protein transforming growth
[54]
factor-beta-activated kinase 1 (TAK1) .
Constitutive activation of the NF-κB pathway and its
increased production in gastric cancer cells of human
tissue and cell lines has been demonstrated through
various laboratory techniques, including IHC, EMSA
[5,57,58]
and Western blotting
. Constitutive NF-κB activity
has also been documented in H. pylori gastritis and
[11,59]
diffuse gastric cancer
. Although chronic irritants
initiate mucosal inflammation, it is the NF-κB pathway
which is vital in sustaining the gastritis-metaplasiacarcinoma sequence. Studies have shown that NFκB is notably higher in patients with H. pylori gastritis,
and this is significantly correlated with histological
[60]
scores of gastritis . In intestinal type gastric cancer,
increased NF-κB expression is strongly associated with
CagA strain-induced metaplasia, dysplasia and gastric
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cancer itself . This is currently under debate for
[61]
diffuse type gastric cancer. Yamanaka et al identified
a major function of NF-κB in carcinogenesis when they
found that patients with higher NF-κB activity had a
shorter survival rate and concluded that NF-κB was a
prognostic indicator in gastric cancer. Interestingly, NFκB expression is also associated with stage, depth of
invasion, WHO classification and Lauren’s histological
[11,51,52,58,62]
[11]
classification
. Levidou et al
further
concluded through multivariate survival analysis that
NF-κB1 expression was an independent predictor of
gastric cancer prognosis.
For the gastritis-to-carcinoma sequence to be
successful, each step requires a pattern of oncoprotein
expression to promote carcinogenesis. As in esophageal
cancer, NF-κB regulates these oncoproteins in gastric
cancer as well in terms of endorsing tumor growth,
preventing apoptosis, and initiating tumor angiogenesis
[63]
and migration. Keates et al demonstrated an increased
activation of NF-κB and its downstream proteins by
infecting gastric epithelial cells with H. pylori and then
observing increases in p50/p65 heterodimers and p50
dimers, followed by increased IL-8 mRNA and protein
[64]
synthesis. Yin et al
found that IL-6 and VEGF were
significantly increased in NF-κB positive gastric cancer
cells compared to their levels in normal mucosa.
Like IL-8, IL-6 is also associated with malignancyboth facilitate cancer cell apoptosis and stimulation
of angiogenesis. VEGF is a well-known growth factor
implicated in angiogenesis and therefore is crucial in
[65]
carcinogenesis . Other studies have shown that gastric
cell lines exposed to H. pylori have displayed upregulation
of important tumorigenesis markers including MMP-9,
[50]
VEGF and COX-2 .
NF-κB is also an important regulator of COX-2 in
gastric cancer as it is in esophageal cancer. Expression
of NF-κB and COX-2 in the same neoplastic mucosa has
[66,67]
been established in previous studies
. Studies exploring
COX-2 inhibitors also shed light upon the specific actions
[58,68]
of COX-2 and its potential applications
. In one study,
p50 positive cells treated with COX inhibitors showed
a dose-dependent suppression of cell growth in gastric
[66]
cells . A large population-based case-control study
[69]
conducted by Farrow et al revealed that patients who
took aspirin or NSAIDs had a decreased risk of gastric and
esophageal cancer compared to never users. Evidence
provides support that COX-2 inhibitors may prevent
gastric carcinogenesis and can aid in treating gastric
[69]
malignancy . COX-2 expression is, in part, facilitated by
NF-κB expression; if the central regulator can be inhibited,
then all downstream proteins, including COX-2, may be
[50]
suppressed, thereby resulting in reduced oncogenesis .
Despite advances in current therapeutic approaches,
gastric cancer is still one the most prevalent cancers
and the second leading cause of death due to cancer,
worldwide. Therefore, new treatment options should
be explored by scrutinizing the molecular pathway
of the gastritis- adenocarcinoma sequence. The NFκB pathway provides a link between inflammation
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and cancer and can explain many of the hallmarks
[50,52]
of cancer
. Moreover, literature has illustrated the
dysregulation of the NF-κB signaling pathway in gastric
[61]
cancer, with its presence indicating poor prognosis .
Studies have shown in CagA-mediated gastric cancer
that cell migration is attenuated by NF-κB inhibitors.
These results were expanded upon in a study conducted
[63]
by Keates et al , which found that pretreatment
with PDTC, a potent NF-κB inhibitor, reduced H. pyloriactivated p65 and IL-8. In one study, parthenolide,
another NF-κB inhibitor, was used on three gastric
cancer cell lines and significantly induced apoptosis in
[70]
all three . They also found a synergistic effect when
NF-κB inhibitors were combined with chemotherapeutic
[71]
drugs . This finding is analogous to that of combining
NF-κB inhibitors and chemotherapy in addressing
esophageal cancers.

NF-κB’S ROLE IN COLORECTAL
CARCINOGENESIS
The development of colorectal cancer (CRC) is a
multistep process and there is growing evidence in
favor of the connection between inflammation and
carcinogenesis. NF-κB has become the main focus of
this neoplastic transformation. CRC can be divided into
sporadic CRC, hereditary CRC and colitis-associated
carcinoma (CAC). CAC primarily stems from the two
major forms of inflammatory bowel disease (IBD):
ulcerative colitis and Crohn’s disease. NF-κB’s role as
the mechanistic link between inflammation and cancer
has been intensively investigated regarding constitutive
[71-74]
activity of NF-κB in both IBDs and CAC
. CAC
is one of the most well-known examples of an infla
[73,75]
mmation-dysplasia-carcinoma sequence
. IBD
prompts a chronic inflammatory state leading to the
constant production of noxious compounds including
reactive oxygen species (ROS) and other cytokines
(TNF-α, IL-6, and IL-1). In the long term, ROS are
detrimental as they repress regulators of DNA damage
and induce mutagenic enzymes, such as activation[74]
induced cytidine deaminase . Furthermore, studies
indicate that both ROS and cytokines activate the
[74]
NF-κB pathway . These cytokines activate signal
transducer and activator of transcription 3 (STAT3)
in intestinal epithelial cells. This, in turn, contributes
to further inflammation, perpetuating noxious sti
muli and ultimately creating a positive feedback
loop. The combination of DNA damaging agents and
inflammatory cytokines results in constant activation
of the NF-κB pathway, setting up the progression to
carcinogenesis.
Overexpression of NF-κB has been demonstrated
in colon cancer cell lines and human tumor specimens,
[74,76]
including those of sporadic CRC and CAC
. This
is synonymous with genetic syndromes including
familial adenomatous polyposis (FAP) and hereditary
[72]
non-polyposis cancer (HNPCC) . The expression of
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NF-κB was determined to be significantly higher in
the adenocarcinoma tissue compared to expression
levels in tissue specimens earlier in the inflammation[77,78]
adenocarcinoma sequence
. Furthermore, studies
have shown that NF-κB activity increases in association
[74,79]
with histological tumor progression
. This indicates
that NF-κB activity correspondingly increases from the
initiation of inflammation to malignant proliferation.
Notably, one study concluded that NF-κB activation in
[78]
CRC served as a poor prognostic indicator .
As in esophageal and gastric cancer, NF-κB regulates
expression of various oncoproteins in colorectal cancer
as well to sustain inflammation and support cell pro
liferation, inhibition of apoptosis, angiogenesis, invasion
and metastasis. Overexpression of NF-κB and its
[56,79]
downstream effectors are well recognized in CRC
.
For example, IL-8 upregulation was also described
in CRC and was identified in various ways including
[28]
microarray and protein array analyses . In addition,
another cytokine, IL-6, has been found to be weakly
correlated with poor prognosis in CRC. In a well[24]
known study, Greten et al
investigated the role of
NF-κB in inflammation-associated tumor growth using
a mouse model and found that IKKb deletion led to
a direct decrease in tumor incidence. They attributed
these results to decreased expression of anti-apoptotic
proteins. CRC also has a significant association between
[24]
NF-κB overexpression and VEGF .
Another emerging theme is the relationship between
NF-κB and its downstream protein COX-2. Studies of
CRC have shown an upregulation of both NF-κB and
COX-2 and the literature also supports their individual and
[23,24,27,75,78-82]
[83]
coexistent overexpression
. Maihöfner et al
studied surgically resected tissues of CRC patients and
found a high expression of p65, IL-6 and COX-2 compared
[81,82]
to controls
. It is well established that regular aspirin
use is associated with a significant reduction in the risk of
[80]
COX-2-positive CRC . The relative risk of CRC is reduced
by 40%-50% when patients consume aspirin or NSAIDs
[24]
over a period of 10-15 years . Moreover, epidemiologic
evidence shows that NSAID usage protects against CRC
to a greater extent than against other GI malignancies.
In one study, aspirin exposure resulted in apoptosis of
colorectal cancer cell lines in a concentration-dependent
[83]
manner . Specifically, given that CAC is the result of
inflammatory processes, it follows that anti-inflammatory
medication would reduce the risk of cancer.
Inhibition of the master regulator NF-κB will shut off
the different steps of carcinogenesis. NF-κB inhibitors,
such as sulfasalazine, mesalamine, and glucocorticoids,
[23]
have already shown promise in treating IBD . Gan et
[84]
al
explored the effects of sulfasalazine on the NF-κB
signaling pathway. After establishing that patients with
ulcerative colitis (UC) had higher NF-κB and downstream
proteins including IL-6 and IL-8, those who were ex
posed to sulfasalazine demonstrated a decrease in all
[84]
three proteins . Corticosteroids strongly inhibit NFκB activation in vivo and in vitro, and clinical trials have
found dexamethasone to be useful in inhibiting CRC
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metastasis. One study illustrated this by using NF-κB
inhibitors and displaying that blocking the action of NF-κB
[79]
led to inhibition of angiogenesis in CRC . Another study
reported these same inhibitors prompted apoptosis, as
NF-κB could not overcome the anti-apoptotic machinery
[72]
to exert pro-survival activity . After establishing
[72]
constitutive activity of NF-κB in CRC, Lind et al further
showed that NF-κB binding was increased in CRC cell
lines after exposure to the chemotherapeutic agent. In
contrast, pretreating cells with NF-κB inhibitors prior
to administration of gemcitabine showed a decrease in
tumor size. The common theme of chemoresistance
resurfaces and NF-κB may be involved in its deve
lopment. With regards to CRC, NF-κB inhibitors are
already showing clinical applications. Further research
should be employed, as this pathway is involved in many
innate processes and therefore may have a large range
of systemic side effects.

CONCLUSION
This review showed support for NF-κB’s role in inflam
mation-associated cancers. NF-κB activation is elicited
by various inflammatory stimuli (Figure 1). Chronic
irritation induces constitutive NF-κB activity, promoting
carcinogenesis (Figure 1). NF-κB’s mechanistic link to
cancer is best displayed through its pleiotropic effects,
as it leads to upregulation of important proteins that
promote tumor progression (Figure 1). Upregulation
of COX-2 by NF-κB in GI malignancies is consistently
supported in the literature and the efficacy of COX-2
inhibitors is still being scrutinized. This review also
confirmed the presence of NF-κB in advanced gastro
intestinal malignancies. Additionally, this review
noted that NF-κB may play a role in developing
chemo-resistance in gastrointestinal malignancies.
[85]
Recent investigations by Vyas et al
postulate that
chemotherapies may pose therapy-induced resistance
by stimulating various signaling pathways including
the NF-κB cascade. The authors clearly delineated
literature supporting that first-line chemotherapy
agents such as doxorubicin, 5-FU, cisplatin and
paclitaxel commonly induce NF-κB production.
They showed that this led to increased expression
of downstream proteins that promote proliferation,
anti-apoptosis and angiogenesis to sustain tumor
[85]
growth . These findings demonstrated the need
for further research in discovering common themes
among the gastrointestinal malignancies. Interestingly,
[86]
Kim et al
recently reported a significant increase in
the protein caspase-associated recruitment domain
6 (CARD6), a NF-κB activator in esophageal, gastric
[87]
and colorectal tissues . Finally, targeted therapy
focusing upon NF-κB inhibition and its outcomes
for the individual cancers was also discussed. The
amalgamation of all the literature presented in this
review emphasizes the importance of exploring
molecular targeted therapy to hone in on NF-κB.
In addition, although NF-κB is the central mediator,
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Figure 1 Summary model representing stimulation of the NF-κB pathway leading to the classical pathway, followed by expression of NF-κB dependent
proteins. Analogous inflammatory stimuli are common amongst esophageal, gastric and colorectal tissue. The unique stimuli commonly induce inflammation. The
classic pathway is displayed and this model would be consistent with the alternate pathway. An array of genes are transcribed and translated contributing to the
carcinogenesis. ROS: Reactive oxygen species.

targeting the regulators of the actual pathway itself
could also prove fruitful. For instance, the use of
histone deacetylases (HDACs) has gained popularity
as an emerging strategy in inhibiting the NF-κB
pathway. Histone acetyltransferases and deacetylases
modulate NF-κB activity through their actions on the
[87]
[88]
Re1A/p65 subunit . Yun et al
showed acetylation
of Re1A/p65 subsequently increased NF-κB activation
and deacetylation lead to diminished levels of Re1A/
p65 and thus NF-κB. This was further explored when
[89]
Yeung et al
demonstrated that the use of sirtuins,
a group of nicotinamide adenosine dinucleotidedependent HDACs, led to increased apoptosis as these
compounds decreased NF-κB levels; this is yet another
potential strategy for intervention in the future.
NF-κB may induce inflammatory-associated gastro
intestinal carcinomas which are often refractory to current
treatments. We, therefore, urge greater exploration and
development of therapies specifically targeting the NFκB pathway as these may prove more successful for
patients than existing therapeutic options.
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Treatment regimens for inflammatory bowel disease (IBD)
incorporate the use of a variety of immunosuppressive
agents that increase the risk of infections. Prevention of
many of these infections can be achieved by the timely
and judicious use of vaccinations. IBD patients tend to
be under-immunized. Some of the contributing factors
are lack of awareness regarding the significance of
vaccinating IBD patients, misperception about safety of
vaccinations in immunocompromised patients, ambiguity
about the perceived role of the gastroenterologist in
contrast to the primary care physician and unavailability
of vaccination guidelines focused on IBD population.
In general, immunocompetent IBD patients can be
vaccinated using standard vaccination recommendations.
However there are special considerations for IBD patients
receiving immunosuppressive therapy, IBD travelers and
pregnant women with IBD. This review discusses current
vaccination recommendations with updates for adult
IBD patients. Centers for Disease Control and Prevention
2013 vaccination guidelines with 2014 updates and
the Advisory Committee on Immunization Practices
recommendations have been highlighted as a primary
source of recommendations.
Key words: Inﬂammatory bowel disease; Vaccination;
Immunocompromised; Influenza; Pneumococcal; Centers
for Disease Control and Prevention
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with inflammatory bowel disease
(IBD) are at increased risk of infection because of use
of immunosuppressive agents for treatment in many
of them. While immunocompetent IBD patients can be
vaccinated using standard vaccination schedule, special
guidelines need to be followed for IBD patients getting
immunosuppressive therapy. In this review article
the focus is on current vaccination recommendations
for adult IBD patients. This is a much needed dis
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cussion as lack of awareness and misperceptions
about vaccination safety is a major cause of under
immunization in IBD patients.

Table 1 Definition of the immune compromised inflammatory
[1]
bowel disease patient
Treatment with glucocorticoids: > prednisone 20 mg/d equivalent for 2
wk or more
Ongoing treatment with effective doses of 6-mercaptopurine, AZT,
Methotrexate and anti tumor necrosis factor therapy
Within 3 mo of stopping the above listed immunosuppressive therapies
Significant protein-calorie malnutrition

Chaudrey K, Salvaggio M, Ahmed A, Mahmood S, Ali T. Updates
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Table 2 Risk factors for pneumococcal disease
All adults 65 and older
Symptomatic or asymptomatic human immunodeficiency virus
Chronic lung disease (COPD, emphysema, and asthma)
Chronic cardiovascular diseases
Diabetes mellitus
Chronic renal failure
Nephrotic syndrome
Chronic liver disease (including cirrhosis)
Alcoholism
Cochlear implants
Cerebrospinal fluid leaks
Immunocompromising conditions
Functional or anatomic asplenia
Residents of nursing homes or long-term care facilities
Smokers

INTRODUCTION
Inflammatory bowel disease (IBD) is an immunologically
mediated disease often necessitating the use of
immunosuppressive therapies as treatment. Maintenance
therapy can involve long term use of immunomodulators,
biologic agents or the combination of both. Immun
osuppression leads to increased susceptibility to many
infectious diseases as hepatitis B, pneumococcal sepsis
and disseminated zoster. Several of these infections
are preventable with the timely and diligent use of
[1,2]
vaccination . There has been a longstanding debate
about the ability of immunosuppressed patients to mount
an adequate antibody response to vaccinations. Currently
available knowledge has led to the general consensus
that IBD patients including those on immunosuppressive
[3]
therapy will likely respond adequately to vaccinations .
However, even if the response is suboptimal in some
cases, it may still be sufficient to render immunity.
Studies evaluating the safety profile and impact of
vaccinations on disease activity have shown reassuring
results even in immunocompromised patients. Table
1 demonstrates a widely accepted expert consensus
statement that defines an immunocompromised IBD
patient. IBD patients can be vaccinated following the
standard guidelines applicable to general population.
Routine vaccination schedules are recommended to be
followed for most IBD patients. Live vaccinations are
contraindicated in immunocompromised patients. An
approach to vaccination of adult IBD patients including
those on immunosuppressive medications is presented in
this review article.

COPD: Chronic obstructive pulmonary diseases.

leaks and cochlear implants. They are listed in detail
in table 2. Salient factors applicable to IBD patients
are age 65 years and older, smoking and use of
[5-7]
immunosuppressive agents .

Pneumococcal vaccination recommendations

For an adult who has already received 4 doses during
childhood , the first revaccination is to be given 5 years
after the last dose administered, followed by a lifetime
[5]
revaccination dose at age 65 years or above . For
an adult who has not been vaccinated as a child, two
doses are given 8 wk apart. This is followed by first
revaccination to be given 5 years since the last dose
administered, followed by a lifetime revaccination at age
65 years or above. There are two types of pneumococcal
vaccines available: Pneumococcal polysaccharide
(PPSV23) vaccination (Brand name Pneumovax) and
Pneumococcal conjugate 13-valent (PCV13) vaccination
(Brand name Prevnar). PPSV23 is the commonly used
and recommended vaccine for all adults. However for
a subset of adults including immunocompromised IBD
patients, at least one dose of PCV13 is recommended
to be included in their vaccination regimen. Whenever
PCV13 is indicated, it is preferred to be administered
before PPSV23 is administered. CDC and ACIP recom
mend that PCV13 be given in addition to, not instead
of, PPSV23 to all immunocompromised adults of all
ages. For an adult who has an indication for PCV13 but
has not previously received PPSV23, should receive
a single dose of PCV13 followed by PPSV23 at least 8

PNEUMOCOCCAL VACCINE
Pneumococcal Infection

Streptococcus pneumoniae (pneumococcus) remains a
leading cause of serious illness, including bacteremia,
meningitis, and pneumonia among adults in the United
[4]
States .

Pneumococcal Infection and IBD

Major risk factors for pneumococcal disease include
immunocompromising conditions, chronic medical
conditions, functional or anatomic asplenia, CSF

WJG|www.wjgnet.com

3185

March 21, 2015|Volume 21|Issue 11|

Chaudrey K et al . Vaccinations recommended for adult IBD patients
wk later if indicated. If one or more doses of PPSV23
have previously been administered then a dose of
PCV13 should be administered at least one year after
the last PPSV23 dose was received. Interestingly,
[5]
PCV13 is not FDA approved for ages less than 50 .
When immunosuppressive therapy is being considered,
the interval between pneumococcal vaccination and
initiation of immunosuppressive therapy should be at
least 2 wk. PCV13 and PPSV23 is now recommended for
all adults 65 years or older. If not previously vaccinated,
PCV13 should be given first followed by PPSV23 6-12
mo later. If PPSV23 has been given previously, PCV13
[8]
should be given ≥ 12 mo after .

Pneumococcal vaccination and IBD
[9]

patients compared to general population. However,
morbidity and mortality are both increased in individuals
who are immunocompromised. A multicenter, prospective
study was conducted in Tokyo to investigate the
age distribution associated with H1N1 influenza in
immunocompromised IBD patients. A significantly higher
incidence of H1N1 influenza infections in patients aged less
than 20 years was noted, however this was comparable to
[12]
the trend seen in the general population .

Influenza vaccination recommendations

Annual vaccination against influenza is recommended
for all adult IBD patients. Intranasal live attenuated
influenza vaccine (LAIV) and inactive influenza vaccine
(IIV)/trivalent inactivated vaccine (TIV) that can be
administered intramuscularly or intranasally. All nonpregnant and non-immunocompromised IBD patients
[8]
can receive either form of vaccine . Pregnant, immu
nocompromised IBD patients and household contacts of
immunocompromised patients should not receive live
vaccine. Adults aged 65 years and older can receive the
standard dose IIV or the high-dose IIV (Fluzone HighDose). Due to known antigenic drift, a new vaccine is
produced annually. As of 2010 the annual influenza
vaccine also contains the H1N1 component.

[10]

Studies by Melmed et al and Dotan et al
provided
evidence that neither IBD nor monotherapy with
immunomodulators impair vaccine response, however
the combined use of anti- tumor necrosis factors
(TNF) agents with immunomodulators may diminish
[11]
response to pneumococcal vaccine 23. Fiorino et al
have demonstrated significantly dampened response to
pneumococcal vaccination in IBD patients receiving an
anti-TNF agent alone or in combination with azathioprine.
[9]
Melmed et al assessed serological responses to PPSV23
in 21 IBD patients on combined immunomodulator and
biologic therapy vs 25 non-immunosuppressed patients.
Patients on combined therapy had a significantly lower
response rate compared to non-immunosuppressed
patients (45% vs 85%, P = 0.01). Serologic response
rates were similar between non-immunosuppressed
patients and 19 healthy controls (80% vs 85%). In
[10]
a prospective cohort study, Dotan et al
found that
75% of 28 IBD patients vaccinated with Pneumovax
had at least a 2-fold increase between pre- and postvaccination titers to at least 4 out of 14 serotypic
determinants. All patients initiated thiopurine therapy at
[11]
or near the time of vaccination. Fiorino et al evaluated
the response rates to pneumococcal vaccination in four
different treatment groups: mesalamine, azathioprine,
infliximab, and infliximab plus azathioprine. Patients
administered infliximab or the combination immu
nosuppressive therapy had significantly lower response
rates (57.6% and 62.5%, respectively) compared with
the group on mesalamine (88.6%; P < 0.05 for both
comparisons). Azathioprine alone did not influence
the response rate to vaccination (78.9%; P = 0.43 vs
mesalamine group).

Influenza vaccination and IBD

Based on the currently available data, influenza
vaccine is safe and well tolerated in IBD patients.
Annual vaccination appears to impart adequate immu
nogenic response against strain A, irrespective of
immunosuppression status. However, seroprotection
against strain B strain is impaired and is further
blunted due to immunosuppression. In a prospective
[13]
open label study, Lu et al
found more children with
IBD were seroprotected against strains influenza A/
H1N1 and influenza A/H3N2 than influenza B strain
(P < 0.02), regardless of immunosuppression status.
Further sub-analysis showed patients on anti-TNF
were less protected against B strain compared to nonimmunosuppressed IBD patients (14% vs 39%, P =
0.025). In their prospective cohort study, deBruyn
[14]
et al , children with IBD achieved appropriate
immunogenicity to influenza A, immunogenicity to
influenza B appears to be diminished, especially with
immunosuppressive therapy. For influenza B, 53%
children with IBD mounted an immunogenic response
compared to 81% in controls (P = 0.0009) and 79%
immunosuppressed IBD children achieved serologic
protection compared to 100% non-immunosuppressed
[15]
children with IBD (P = 0.02). Cullen et al conducted
an observational prospective open-label study and
found decreased postvaccine response in patients
on combination immunosuppression as compared to
non-immunosuppressed patients (36% vs 64%, P =
0.02), particularly to 2009 H1N1 influenza strain. Also
patients receiving combined immunosuppression had
a significantly less increase in geometric mean titers
than those on monotherapy immunosuppression (3.5

INFLUENZA VACCINE
Influenza infection

Influenza is a highly infectious viral illness that can be
fatal as primary infection and may also be complicated
by superimposed bacterial infections.

Influenza infection and IBD

Currently there is no knowledge of increased predisposition
to influenza infection in non-immunocompromised IBD
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vs 11.5, P = 0.03). A multicenter observational cohort
[16]
by Rahier et al , found H1N1 vaccine to be well
tolerated by IBD patients, regardless of therapy and
the risk of IBD related-flare was concluded to be low.

compared to 78% of those on combined therapy (P =
0.01).

Pertussis

“Whooping Cough”, a highly contagious upper respira
tory infection caused by Bordetella pertussis can
be associated with sequelae including pneumonia,
[19,30]
encephalopathy and seizures
. A pertussis epidemic
was reported in state of Washington by the Secretary
of Health in 2012. About 2520 (37.5 cases per 100000
residents) were reported, a 300% increase compared
with the same period in 2011 and the highest number
[31]
of cases reported in any year since 1942 .

TETANUS, DIPHTHERIA, ACELLULAR
PERTUSSIS VACCINE
Tetanus and diphtheria

Neurotoxin released by Clostridium tetani causes
neuromuscular excitability leading to prolonged
muscle contractions. Those exposed to trauma with
[17]
contaminated wounds are at risk for this condition .
Diptheria is an acute, toxin-mediated respiratory tract
illness caused by the corynebacterium diphtheriae.

Pertussis and IBD

A steady increase in risk of pertussis infection in the
years after completion of the 5-dose DTaP series has
[32]
been reported . The risk likely continues through
adulthood and is attributable, in part, to waning
immunity from DTaP vaccines. This increased risk is
applicable to IBD patients.

Tetanus, diphtheria and IBD

All IBD patients are at risk for tetanus after exposure
[1,2,18,19]
through a contaminated wound
. There has
been a marked decline in the incidence of Diphtheria
[20]
due to vaccinations . A case report of severe
infection with a non-toxigenic strain of C. diphtheria
in immunocompromised patients was reported by
[21]
Wojewoda et al .

Pertussis vaccination recommendations

For all adults, replacing 1 scheduled Td booster with
Tdap is recommended. In an adult with unknown
vaccination status, administer the first 2 doses at least
4 wk apart and then third dose 6-12 mo after the
[25]
second with at least one injection being Tdap . For an
incompletely vaccinated adult i.e., less than 3 doses,
administer remaining doses.

Tetanus and diphtheria vaccination recommendations

Tetanus and diphtheria (Td) is recommended as part
[22]
of the childhood DTaP 5 series injection , followed by
[22-26]
Td once every 10 years
. All adults with unknown
or incomplete history of vaccination should complete
a 3-dose primary vaccination series and all pregnant
women need to be vaccinated during each pregnancy
(preferred during 27-36 wk gestation), regardless of
number of years since prior Td or tetanus, diphtheria,
[27]
acellular, pertussis (TDAP) vaccination .

Pertussis vaccination and IBD

IBD patients should receive the Tdap vaccine according
to current guidelines, preferably before initiation of
[29]
immunomodulator therapy. Dezfoli et al , pros
pectively examined 59 consecutive adults with IBD
who received a booster vaccination for tetanus,
diptheria and acellular pertussis. Patients were
categorized based on their level of immunosuppression
(i.e., no therapy, immunomodulator monotherapy,
biologic monotherapy, or combined immunomodulator
and biologic therapy). Outcomes for these patient
groups were compared with a control group of IBS
patients receiving mesalamine. Serum antibody titers
against pertussis toxoid (PT) and pertussis filamentous
hemagglutinin (FHA) were measured at baseline and
4 wk after vaccination. Response rates to pertussis
toxoid were 68% in the mesalamine group, 67% in
the biologic monotherapy group and 44% in both the
immunosuppressive monotherapy and combination
therapy groups. Similarly, 84%, 87%, 69% and 67%
of the four groups, respectively, achieved response to
pertussis filamentous hemagglutinin. No difference in
response rates between patients off medications or on
biologic monotherapy was noted, as mentioned above.
However, response to PT was lower in patients on
immunomodulator monotherapy, and postvaccination

Tetanus, diphtheria vaccine and IBD

Data to date examining efficacy of tetanus vaccination in
IBD patients is inconsistent, however tetanus vaccine
be administered to all IBD patients irrespective of their
[3]
immunization status. Nielsen et al , revealed that post
vaccination increase in antitetanus antibody levels in 10
patients with clinically inactive Crohn's disease (CD) was
[10]
comparable to 12 healthy controls. Dotan et al , found
that in 37 patients with IBD who initiated thiopurine
therapy at or around the time of Td administration,
[28]
73% had seroconversion. Brogan et al , suggested an
impaired response to the booster vaccination in patients
[29]
with IBD. Dezfoli et al , categorized 59 patients based
on their level of immunosuppression (i.e., no therapy,
immunomodulator monotherapy, biologic monotherapy,
or combined immunomodulator and biologic therapy).
Booster response rates with serum antibody levels
and geometric mean titers (GMTs) were measured at
baseline and approximately 4 wk after vaccination.
Protective tetanus titers were achieved in all patients
either on an anti-TNF or an immunosuppressant alone
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years, and for those aged 13 through 21 years, if not
previously vaccinated. Males aged 22 through 26 years
[40-44]
may be vaccinated
.

Table 3 Risk factors for meningococcal disease
College freshman living in dormitories
Microbiologists routinely exposed to Neisseria meningitidis
Military recruits
Persons who travel to or reside in countries where
Neisseria meningitidis is hyper-endemic or epidemic particularly if
contact with the local population will be prolonged
Persons with persistent complement component deficiency
Persons with anatomic or functional asplenia
Persons with human immunodeficiency virus infection

HPV vaccination and IBD

HPV4 vaccine is safe and immunogenic in most women
with IBD including those on immunosuppressive
[45]
therapy. Jacobson et al , administered 3-dose HPV
vaccine to 37 IBD females aged 9 to 26 years on
immunosuppressive therapy. Geometric mean titers
(GMTs) were determined before dose 1 and 1 mo
after dose 3. Seropositivity after dose 3 was 100%
and GMTs were qualitatively comparable to healthy
females. No serious adverse events were attributable
to the vaccine.

titers were lowest to FHA in those on combined
[29]
immunomodulator and biologic therapy .

HUMAN PAPILLOMAVIRUS
Human papillomavirus (HPV) is the most common
[33]
sexually transmitted infection in the world . An
estimated 20 million persons are currently infected,
and an estimated 6.2 million new HPV infections occur
[34]
annually . HPV is known to cause genital warts,
cervical, vulvar, vaginal, penile, anal and oropharyngeal
cancers. High-risk types of HPV (e.g., types 16 and 18)
are associated with 70% of all cervical and anogenital
cancers.

MENINGOCOCCAL VACCINE
Neisseria meningitidis causes meningitis and sepsis.
Risk factors for the development of meningococcal
disease include antecedent viral infection, household
crowding, chronic underlying illness, and both active
[46]
and passive smoking . They are listed in Table 3.

Meningococcal disease and IBD

IBD patients with the above risk factors are at increased
risk for developing meningococcal disease.

HPV and IBD

Diagnosis of IBD in women is related to an increased
[35-37]
risk of abnormal Pap smear
. Immunosuppressive
therapy and smoking have been shown to exhibit an
association between IBD and cervical dysplasia rather
[38,39]
than just the diagnosis of IBD
.

Meningococcal vaccine recommendations

The two forms of the meningococcal vaccine include
polysaccharide vaccine MPSV4 as well as a conjugate
vaccine MCV4. The MCV4 vaccine is the vaccine of
choice where indicated because it elicits improved
primary immune response, as well as strong anamnestic
[47]
response . Administer 2 doses of MCV4 at least 2 mo
apart to adults with functional asplenia or persistent
complement component deficiencies. First-year college
students up through age 21 years who are living in
residence halls should be vaccinated if they have not
th
received a dose on or after their 16 birthday. For
immunocompromised IBD patients, revaccination
[46]
with MCV4 every 5 years is recommended . Human
immunodeficiency virus (HIV) infection is not an
indication for MCV4, if vaccinated two doses at least
[8]
2 mo apart should be given . MPSV4 is preferred
for people aged 56 and older who have not received
MCV4 previously and who only need a single dose, e.g.,
travelers.

HPV vaccination recommendations

Physician vigilance is especially warranted for IBD
patients transitioning from pediatric age group.
Misconception that HPV is not an adult vaccine and
also assumption that patients might have been
vaccinated already, may lead to HPV under vaccination.
Two vaccines are licensed for use in females, bivalent
HPV vaccine (HPV2) and quadrivalent HPV vaccine
(HPV4), and one HPV vaccine for use in males (HPV4).
Vaccination can be used for all IBD patients including
immunocompromised patients. A complete series for
either HPV4 or HPV2 consists of 3 doses. The second
dose should be administered 1-2 mo after the first
dose; the third dose should be administered 6 mo
after the first dose (at least 24 wk after the first dose).
For females, either HPV4 or HPV2 is recommended in
a 3-dose series for routine vaccination at age 11 or 12
years, and for those aged 13 through 26 years, if not
previously vaccinated. HPV vaccination should not be
administered during pregnancy, but a pregnancy test
is not required before giving vaccination. If woman is
found to be pregnant after vaccination, no intervention
is needed and rest of the series should be delayed till
[8]
after delivery . For males, HPV4 is recommended in
a 3-dose series for routine vaccination at age 11 or 12
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Meningococcal vaccine and IBD

No studies have evaluated the immunogenic profile of
the meningococcal vaccine in the IBD population.

HEPATITIS B VACCINE
Hepatitis B

Hepatitis B is one of the most common infections
in the world with approximately two billion people
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mo schedule with Recombivax HB 40 μg or 4 doses at 0,
1, 2, 6 mo schedule with 2 doses of 20 μg/mL Engerix
is advised. Routine serology testing for immunity is not
required after vaccination in healthy individuals. Post
vaccination titer testing is recommended for person
whose subsequent clinical management depends
on knowledge of their immune status, including
[53]
immunocompromised IBD patients . Serologic testing
of immunocompromised persons with quantitative
anti-HBs is recommended 1-2 mo after administration
of the final dose of the primary vaccine series to
determine the need for revaccination. A concentration
of anti-HBs ≥ 10 mIU/ml establishes immunity.
Revaccination of immunocompromised patients is
achieved by administering Recombivax HB 40 μg/mL
on a 3-dose schedule at 0, 1, and 6 mo or 2 doses
of Engerix-B 20 μg/mL administered simultaneously
on a 4-dose schedule at 0, 1, 2, and 6 mo. Persons
who do not have a protective concentration of antiHBs after revaccination should be tested for HBsAg.
If the HBsAg test result is positive, the person should
receive appropriate management. Persons who test
negative for HBsAg should be considered susceptible
to HBV infection and should be counseled about
precautions to prevent HBV infection and the need
to obtain HBIG post exposure prophylaxis for any
known or likely parenteral exposure to HBsAg-positive
[53]
blood . Immunocompromised persons might need
annual testing to assess anti-HBs concentrations. For
immunocompromised persons the need for booster
doses has not been determined. When anti-HBs
levels decline to < 10 mIU/mL, annual booster doses
should be considered for persons with an ongoing
[53]
risk for exposure . Whenever possible, vaccination
is recommended before starting treatment with
immunosuppressive agents, preferably at the time of
diagnosis.

Table 4 Risk factors for hepatitis
Risk factors for
hepatitis A
18 yr and older who
care for an international adopted child
IV and non IV illicit
drug users
Homosexual males
Chronic liver disease
patient
Patients awaiting
transplant

Risk factors for hepatitis B
Polygamous relationship (e.g., persons with
more than one sex partner during the previous
6 mo)
Persons seeking evaluation or treatment for a
sexually transmitted disease
Current or recent injection-drug users
Homosexual male

Health-care personnel and public-safety workers who are potentially exposed to blood or
other infectious body fluids
Occupational exposure
All diabetics younger than age 60 yr
to Hep A
Persons who receive clot- Diabetics 60 yr or older at the discretion of the
ting factor concentrates
treating clinician
Travel to endemic areas
ESRD, HD
Human immunodeficiency virus chronic liver
disease
Household contacts and sex partners of hepatitis B surface antigen positive persons;
clients and staff members of institutions for
persons with developmental disabilities
International travelers to countries with high or
intermediate prevalence of chronic HBV infection
ESRD: End-stage renal disease.

showing an evidence of prior or current infection and
approximately 1.5 million dying annually from sequelae
[48]
such as cirrhosis and hepatocellular carcinoma .

Hepatitis B and IBD

Prior studies comparing the prevalence of HBV in
healthy controls and IBD patients showed higher
prevalence of HBV in IBD patients. This was attributed
to the increased number of blood transfusions,
endoscopic and surgical interventions for diagnostic
and therapeutic purposes during the course of the
disease. However relatively newer studies have
demonstrated equal prevalence of HBV in IBD patients
[49-51]
as compared to the general population
. Reactivation
of chronic HBV also remains a concern in IBD patients
on immunosuppressants especially those on dual
[52]
immunosupression . Fulminant or fatal infections
have been reported in patients with IBD receiving
[51]
immunosuppressive treatment .

HBV vaccine and IBD

Unlike healthy adults where the 3-dose vaccine
series produces a protective antibody response in >
[53]
90% subjects , immunogenicity in IBD patients,
particularly those on immunosuppressive therapy,
has been reported to be low in several studies.
[18]
[54]
[55]
Melmed et al , Vida et al , and Altunöz et al ,
respectively detected anti-HBs antibody in only 33%,
36% and 76% of immunized IBD patients. Gisbert et
[48]
al
assessed the effectiveness of HBV vaccine with
a double dose at 0, 1 and 2 mo in 241 patients with
IBD. Response was achieved in only 59% of patients.
[56]
Nyström et al successfully re-vaccinated HBV vaccine
non-responders using a double dose of the combined
HAV and HBV vaccine. Forty-four patients who failed
to mount an appropriate post vaccination response
to a standard hepatitis B vaccination schedule were
revaccinated with double-dose combined hepatitis A
and B vaccine. An adequate rise in anti-HBs antibody
titers was seen in 95% of previous non-responders.

Hepatitis B vaccination recommendations

HBV vaccination is recommended in all IBD adults
not vaccinated against HBV in childhood or who fall in
the CDC identified susceptible group shown in Table
4. CDC 2014 standard recommendation is 0, 1, 4 mo
[8]
regimen . If the combined hepatitis A and hepatitis
B vaccine (Twinrix) is used, then 3 doses at 0, 1, and
6 mo are indicated. Alternatively, a 4-dose Twinrix
schedule, administered on days 0, 7, and 21-30
followed by a booster dose at month 12 may be used.
In immunocompromised IBD adults, 3 doses at 0, 1, 6
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that although HAV vaccination is generally effective in
patients with IBD, the seroconversion rates are noted
[59]
to be lower in patients receiving anti-TNF agents .

Hepatitis A Vaccine
Hepatitis A

Hepatitis A is a common worldwide infection commonly
transmitted via feco-oral route.

VARICELLA: CHICKEN POX VACCINE

HAV and IBD

Varicella: Chicken pox

Risk factors for hepatitis A virus infection among
individuals with IBD are the same as for those without
[3]
IBD (Table 4).

Primary infection with Varicella Zoster virus (VZV) is
highly contagious condition. Immunocompromised
patients are especially at risk for severe infection,
severe disease occurs in approximately 30% of such
[60]
persons with primary infection .

HAV vaccine recommendations

All IBD adults not vaccinated against Hepatitis A
in childhood who seek protection against this pre
ventable disease or are categorized to be in the CDC
identified susceptible group, should be offered the
vaccine. Single-antigen vaccine formulations should
be administered in a 2-dose schedule at either 0
and 6-12 mo (Havrix), or 0 and 6-18 mo (Vaqta).
If the combined hepatitis A and hepatitis B vaccine
(Twinrix) is used, administer 3 doses at 0, 1, and 6
mo; alternatively, a 4-dose schedule may be used,
administered on days 0, 7, and 21-30, followed by a
[22]
booster dose at month 12 .

VZV and IBD

Most IBD adults are generally considered to have
acquired immunity to VZV either from childhood
infection or vaccination. Interestingly, a 5 year
retrospective review of charts of the newly diagnosed
163 IBD patients at University of Buffalo found
that a total of 66% of all of the patients had a
history of disease or vaccination. Measurable titers
against varicella were found in only 77% of all of
[61]
the patients . There have been several reports of
severe, disseminated and occasionally fatal primary
varicella infection in immunosuppressed IBD patients.
Corticosteroids and combination immunosuppression
appeared to be a particular risk for contracting this
[62]
infection .

HAV vaccination and IBD

Hepatitis A vaccine is an inactivated vaccine that is
safe and well tolerated in IBD patients. Data about
the immunogeninicity of the vaccine primarily comes
[57]
from pediatric IBD patients. Radzikowski et al
conducted an open, prospective, and controlled
study on anti-HAV-negative IBD patients aged 2-18
years with IBD. HAV vaccine was administered at 0
mo and at 6-12 mo. Seroconversion and GMTs were
measured after each vaccine dose. A total of 134
subjects (66 patients and 68 controls) completed the
whole study course consisting of two doses of vaccine
and six serum samples. There was no significant
difference in the rate of seroconversion between 66
IBD patients and 68 controls when measured after the
second dose of vaccine (97% vs 100%, P = 0.2407).
6-Mercaptopurine (6-MP) or azathioprine (AZA)
treatment with and without steroids did not affect
seroconversion rates. There were no serious adverse
[57]
events related to HAV vaccination during the study .
Twelve anti HAV-negative patients with IBD were
vaccinated using 0 and 6-12 mo schedule. An overall
seroconversion rate of 92% was reported. All of
the patients were receiving infliximab at the time
of vaccination. Two of the patients were receiving
concurrent methotrexate, both of whom responded
to the HAV vaccine. The authors concluded that
pediatric IBD patients on a wide variety of medications
for control of their disease are likely able to respond
[58]
adequately to the HAV vaccine . This seems to be
questioned in a recent open prospective study that
evaluated the efficacy of HAV vaccination in 419 antiHAV-negative adult patients with IBD. It was concluded
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VZV vaccine recommendations

CDC recommends that all adults without evidence of
immunity to varicella should receive 2 doses of singleantigen varicella vaccine or a second dose if they have
received only 1 dose. Adult IBD patients should be
evaluated for immunity to VZV as soon as the diagnosis
is made. Table 5 explains how to establish evidence
of immunity to varicella in adults. Unimmunized,
immunocompetent IBD adults should receive im
munization with a two-dose series of live varicella
vaccine as above at least 3 wk before the start of
immunosupressive therapy. For immunocompromised
patients, live-virus varicella vaccine is contraindicated
until immunosuppressive therapy has been discontinued
[1,22,63]
for at least 3 mo
.

VZV vaccination in IBD

Data about the immunogenicity and safety of this
live vaccine especially in immunocompromised IBD
[64]
patients remains scarce. In 2008, Levin
analyzed
clinical trials of varicella vaccine administration to
immunocompromised children that were reported
since 1975. It was suggested that varicella vaccine is
safe and effective in immunocompromised patients.
This has been most successful when vaccination
occurs during periods of limited immune suppression,
such as before treatment with immunosuppressive
therapy, when therapy is stopped temporarily, or when
maintenance immune suppression is low. However,
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corticosteroid therapy are not considered to be
sufficiently immunosuppressed to justify avoiding
the live zoster vaccine. This is also applicable to
patients on low-dose methotrexate (i.e., ≤ 0.4 mg/
kg per week), azathioprine (≤ 3.0 mg/kg per day),
[65]
or 6-mercaptopurine (≤ 1.5 mg/kg per day) . This
opinion does not extend to other live vaccines and
[68]
patients on anti-TNF therapy .

Table 5 Evidence of immunity to varicella in adults includes
any of the following
Documentation of 2 doses of varicella vaccine at least 4 wk apart
United States-born before 1980 except health-care personnel and pregnant women
History of varicella based on diagnosis or verification of varicella disease by a health-care provider
History of herpes zoster based on diagnosis or verification of herpes
zoster disease by a health-care provider
Laboratory evidence of immunity or laboratory confirmation of disease

HZ vaccine and IBD
[69]

Zhang et al , examined the association between HZ
vaccine and HZ incidence within and beyond 42 d after
vaccination in patients with selected immune-mediated
diseases and in relation to biologics and other
therapies used to treat these conditions. Retrospective
cohort study of 463541 Medicare beneficiaries 60
years and older with 66751 patients with inflammatory
bowel disease were included in the study. Receipt
of HZ vaccine was not associated with a short-term
increase in HZ incidence among Medicare beneficiaries
with selected immune-mediated diseases, including
those exposed to biologics. The vaccine was associated
with a lower HZ incidence over a median of 2 years of
follow-up.

in patients with IBD receiving immunosuppressants,
temporary withdrawal from immunosuppression might
pose considerable risks of disease recurrence or flare.
Therefore in immunocompromised IBD patients at
increased risk of exposure to varicella e.g., primary
school teachers, health-care workers and patients with
no prior immunity, the risks of acquiring the infection
need to be weighed against the potential risks and
[18,51]
benefits of vaccinations
.

ZOSTER: SHINGLES VACCINE
Herpes zoster

After primary infection, VZV persists as a latent
infection in sensory nerve ganglia. The virus can
reactivate after a period of latency, causing herpes
zoster (HZ) especially in the elderly and those who are
immunocompromised. The most common complication
of shingles is postherpetic neuralgia. Other less
common complications include meningoencephalitis,
cerebellitis, herpes zoster ophthalmicus, and RamsayHunt syndrome. In immunocompromised individuals,
reactivation can be complicated by disseminated
[65]
infection and can be potentially fatal .

MEASLES, MUMPS, RUBELLA VACCINE
Measles, mumps, rubella

The developed world has seen a remarkable drop in
the incidence of measles, mumps, rubella (MMR) after
[70]
the introduction of universal vaccination protocols .

MMR and IBD

Even though immunocompetent IBD patients do not
appear to be at higher risk than general patients,
measles can be severe and prolonged among immu
[71]
[72]
nocompromised persons . Naganuma et al , in
their study of IBD patients found a significant number
of patients seronegative for rubella, measles and
mumps (30%, 34%, and 37% respectively). Almost
30% of the patients with a past history of rubella or
measles did not have seropositive antibody levels
and a total of 54% of the patients being treated with
immunosuppressant displayed seronegative levels of
antibodies specific for at least one of the viruses.

HZ and IBD

Patients with IBD, especially those on immun
osuppression, are at increased risk for herpes zoster.
[66]
Gupta et al , in their retrospective cohort and
nested case-control study demonstrated that patients
with IBD, especially those on immunosuppressive
medications, are at higher risk for herpes zoster
compared with the general population. In another
large retrospective cohort and nested case-control
study including more than 100000 patients, Long
[67]
et al , found an increased risk of HZ among IBD
patients as compared to non-IBD patients. Use of
thiopurines, anti-TNF agents, combination therapy and
corticosteroids increases HZ risk.

MMR vaccine recommendations

Individuals born before 1957 are considered immune
to measles and mumps. Immunity is established by
documenting lab titers, clinically diagnosed disease
is not acceptable as an evidence of MMR immunity.
CDC 2014 guidelines recommend that all adults
born in 1957 or later should have documentation
of 1 or more doses of MMR vaccine (unless vaccine
is contraindicated) if they have not already been
vaccinated in childhood. MMR vaccine is contraindicated
in immunocompromised IBD patients and considering
the risk for prolonged viremia, vaccine should not be

HZ vaccine recommendation

A single dose of zoster vaccine for all IBD adults 60
years and older, regardless of previous shingles. HZ
vaccine is contraindicated in immunosuppressed
patients. However, the current ACIP recommendations
report that patients receiving short-term (i.e., <
14 d) or low-to-moderate dose (i.e., < 20 mg/d)

WJG|www.wjgnet.com

3191

March 21, 2015|Volume 21|Issue 11|

Chaudrey K et al . Vaccinations recommended for adult IBD patients

Timing of Live Vaccine in Patients
on Immunosuppressive Therapy or
Considering Initiation

Table 6 Live attenuated vaccines with recommended times of
[2]
administration
Vaccine

MMR

Zoster

Varicella

Before initiation of
immunosuppressive
therapy

Already on immunosuppressive
therapy

Timing of live vaccines is particularly important when
dealing with IBD patients on immunosuppressants or
those with plans to start immunosuppression. Table
6 provides general considerations for timing of live
[2]
immunization in IBD patients .

Contraindicated if
Contraindicated
plans to start therapy
in 6 wk
Contraindicated if
Contraindicated-could consider if:
plans to start therapy On short-term corticosteroids (< 14 d)
On Methotrexate (< 0.4 mg/kg per
in 1-3 mo
week)
On Azathioprine (< 3.0 mg/kg per
day)
On 6-mercaptopurine (< 1.5 mg/kg
per day)
Contraindicated if
Contraindicated
plans to start therapy
in 1-3 mo

Special Situations such as
Pregnancy, Household Contacts
and the Traveler with IBD
Within IBD patients, special population groups
such as pregnant patients, household contacts of
immunocompromised patients and travelers pose
special challenges. In general, it is recommended that
the household contacts of immunocompromised IBD
patients be vaccinated according to recommended
guidelines. However if a live vaccine is administered,
an immunocompromised patient may be predisposed
to exposure from the vaccinated family member. If
the vaccinated household contact is noticed to have
a rash that developed after a live vaccine as varicella,
standard contact precautions should be observed. An
IBD traveler may warrant evaluation by an infectious
disease specialist or travel medicine specialist. Table 7
details recommended vaccines for IBD traveler.
Pregnancy safety categories are applicable to all
vaccinations and are a helpful guide to a physician
when administering vaccines to this subgroup. Table 8
summarizes pregnancy safety categories of different
vaccines. An immunocompromised mother caring
for a newborn should be aware of live vaccines that
are administered to newborns and can inadvertently
expose her to live pathogens as Rotavirus vaccines.
Administration of one dose of Tdap vaccine to pregnant
women during each pregnancy (preferred during 27-36
wk gestation), regardless of number of years since prior
Td or Tdap vaccination is recommended. HPV vaccines
are not recommended for use in pregnant women.
Pregnant women should be assessed for evidence of
varicella immunity. Women who do not have evidence
of immunity should receive the first dose of varicella
vaccine upon completion or termination of pregnancy
and before discharge from the health-care facility.
The second dose should be administered 4-8 wk
[23]
after the first dose . For women of childbearing
age, regardless of birth year, rubella immunity should
be determined. Pregnant women who do not have
evidence of immunity should receive MMR vaccine

MMR: Measles, mumps, rubella.

Table 7 Inflammatory bowel disease traveler
Vaccine

Type

Travel related indication

Yellow fever

Live

Typhoid
polio
influenza
BCG vaccine
Hepatitis A

Live and
inactivated

Parts of South America and
Sub-Saharan Africa
Asia, Africa, Latin America,
The Caribbean, and Oceania

Meningococcal vaccine
Japanese encephalitis
virus

Inactivated
Inactivated

Live
inactivated

Highly endemic area > 1 yr
Central or South America,
Mexico, Asia (except Japan),
Africa, and Eastern Europe
Africa
Rural Japan

BCG: Bacillus Calmette-Gue’rin.

given to patients expected to start immunosuppressive
[73]
agents in < 6 wk . The MMR vaccine is considered
safe for household contacts of immunosuppressed
[74]
persons with IBD .

MMR vaccine and IBD

Early on there was concern about a possible link
between measles virus containing vaccines and
inflammatory bowel disease (IBD). This was raised by
[75]
Thompson et al
in 1995 when their study in United
Kingdom suggested that measles virus containing
vaccine recipients had an up to 3-fold increased risk
for subsequently developing Crohn’s disease and
ulcerative colitis. However several larger studies have
now demonstrated that there is no increased risk of
[76,77]
IBD with MMR vaccination
ACIP concurs with the
[71]
conclusion .
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Table 8 Vaccination in pregnancy
Category B
Influenza (LAIV)

Category C

Category X

PPSV23
Adacel( Tdap)

Varicella; non-immune
1st dose. Upon completion or termination of pregnancy
and before discharge from the health care facility
2nd dose. 4-8 wk later

Influenza (IIV)

1 dose of Tdap vaccine during each pregnancy
regardless of immunization status
Zoster
Boostrix (Tdap)
Meningococcus
1 dose of Tdap vaccine during each pregnancy
Hep A and B
regardless of immunization status
MMR. Non-immune
HPV 4, HPV 2
1st dose. Upon completion or termination of
pregnancy and before discharge from the health
care facility
PCV 13
2nd dose. 4-8 wk later

Newborns of immunosuppressed mothers must not receive any live vaccination up to first 6 mo. Tdap: Tetanus, diphtheria, acellular, pertussis; HPV:
Human papillomavirus vaccine.

Table 9 Vaccinations in inflammatory bowel disease summary (quick reference)
Vaccine

How often

Influenza (Flu Vaccine)
Varicella (Chicken Pox)
Measles, mumps, rubella
Zoster (Shingles)
Tetanus, Diphtheria, Acellular Pertussis
(Td/Tdap)
Human papilloma virus
Pneumococcal (pneumonia vaccine) for
subset of patients

Meningococcal (meningitis vaccine) for
subset of patients
Hepatitis A
Hepatitis B

Live vaccine

1 dose every year
Nasal spray
If no documented immunity: 2 doses 4-8 wk apart
Yes
If no documented immunity: 2 doses, 4 wk apart
Yes
1 dose starting at age 60 yr or older
Yes
If no prior vaccination: 3 doses (0, 1, 6-12). Then 1
No
dose of Tdap followed by a booster of Td every 10 yr
No
Female: 3 doses through age 26 (0, 2 and 6 mo)
Male: 3 doses through age 21 (0, 2 and 6 mo)
No
If no prior vaccination: (0, 2 then 5 yr) 1 dose at 65
If had prior vaccination: 1 dose 5 yr after the last
dose and 1 dose at age 65
2 doses, 2 mo apart
No
2 doses, 6 mo apart
3 doses (0, 1 and 6 mo)

No
No

Patients on immunosuppressive therapy
Use flu shot only
Contraindicated
Contraindicated
Contraindicated
Follow recommended regimen
Follow recommended regimen
Follow recommended regimen

Follow recommended regimen
Follow recommended regimen
Follow recommended regimen

Centers for Disease Control and Prevention recommended vaccines for adults 2014, modified for inflammatory bowel disease patients.

upon completion or termination of pregnancy and
before discharge from the health-care facility.
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REVIEW

Hyponatremia in cirrhosis: Pathophysiology and
management
Savio John, Paul J Thuluvath
of the sodium-retaining neurohumoral mechanisms
which include the renin-angiotensin-aldosterone
system, sympathetic nervous system and antidiuretic
hormone (ADH). The net effect is the avid retention of
sodium and water to compensate for the low effective
circulatory volume resulting in the development of
ascites. Although not apparent in the early stages
of cirrhosis, the progression of cirrhosis and ascites
leads to impairment of the kidneys to eliminate solutefree water. This leads to additional compensatory
mechanisms including non-osmotic secretion of ADH,
also known as arginine vasopressin, further worsening
excess water retention and thereby hyponatremia.
Hyponatremia is associated with increased morbidity
and mortality in patients with cirrhosis, and is an
important prognostic marker both before and after
liver transplant. The management of hyponatremia
in this setting is a challenge as conventional therapy
for hyponatremia including fluid restriction and loop
diuretics are frequently inefficacious. In this review,
we discuss the pathophysiology and various treatment
modalities, including selective vasopressin receptor
antagonists, for the management of hyponatremia in
patients with cirrhosis.
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Core tip: Hyponatremia is the most common electrolyte
abnormality observed in hospitalized patients and is a
common finding in patients with advanced cirrhosis.
The management of hyponatremia in cirrhosis is
challenging as conventional therapy for hyponatremia
including fluid restriction and loop diuretics are
frequently inefficacious. Vaptans, drugs that selectively
antagonizes the effects of arginine vasopressin on the
V2 receptors in the kidney tubules, represent a logical
step in the treatment of hyponatremia. The currently

Abstract
Hyponatremia is frequently seen in patients with
ascites secondary to advanced cirrhosis and portal
hypertension. The development of ascites in patients
with cirrhosis is multi-factorial. Portal hypertension and
the associated systemic vasodilation lead to activation
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available vaptans, however, are not approved for use
in patients with cirrhosis due to the increased risk for
hepatic failure and mortality.

cleared from the gastrointestinal tract due to portal
systemic shunting and defective reticuloendothelial cell
function in cirrhosis.
It has been suggested that endotoxemia may be
a causative factor for increased systemic prostacyclin
synthesis, and could be reversed to some extent by
[13]
antibacterial agents . It is possible that when one of
the vasoactive mediators, such as NO or prostacyclin,
is inhibited, other vasoactive pathways such as the
angiotensin-Ⅱ, norepinephrine, vasopressin and
the augmented sympathetic tone, are up-regulated
thereby preventing the correction of the splanchnic
vasodilation. The complex relationship among these
vasoactive systems implies that no one factor is likely
to be solely responsible for the splanchnic vasodilation
seen in patients with portal hypertension. This may
explain the difficulty in developing pharmacological
agents to counteract splanchnic vasodilation.

John S, Thuluvath PJ. Hyponatremia in cirrhosis: Pathophysiology
and management. World J Gastroenterol 2015; 21(11): 3197-3205
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i11/3197.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i11.3197

INTRODUCTION
Hyponatremia is the most common electrolyte ab
[1]
normality observed in hospitalized patients . Hypo
natremia in cirrhosis is currently defined as a serum
[2]
sodium level of less than 130 meq/L . It has been
suggested that the prevalence of a serum sodium
concentration less than 135, 130 and 120 meq/L in
patients with cirrhosis and ascites is 49.4%, 21.6%
[3]
and 1.2%, respectively . Patients with cirrhosis may
develop hyponatremia due to either hypovolemia
(example: loss of extracellular fluid due to diuretics) or
hypervolemia (expanded extracellular fluid volume due
to the inability of the kidneys to excrete solute-free water
proportionate to the amount of free water ingested). In
this review, we will discuss the pathogenesis, prognostic
value and management of dilutional hyponatremia
(hypervolemic hyponatremia) in patients with cirrhosis
and portal hypertension.

Water balance and role of antidiuretic hormone (also
known arginine vasopressin)

The total body water and osmolality are maintained
within normal limits in such a way that an increase
in water intake (normally 1.5-3 L/d; may vary from
0.5-20 L/d under extreme conditions) is followed by
an increase in renal solute-free water excretion and a
decrease in water intake is ensued by a decrease in
free water excretion. The serum osmolality (and hence
serum sodium) is tightly regulated primarily at the
level of hypothalamus via the release of antidiuretic
hormone (ADH). A rise or fall in serum osmolality is
accompanied by a corresponding increase or decrease
of ADH secretion. Under normal physiologic conditions,
the kidneys are in a state of antidiuresis with a 24-h
[14]
urine osmolality higher than plasma osmolality .
The collecting duct has minimal water permeability
under normal conditions, but permeability increases
when ADH is released in response to hyperosmolality
and hypovolemia. The enhanced binding of vasopressin
to the V2 receptors on the basolateral membrane of the
cells lining the renal collecting ducts leads to production
of cyclic AMP and subsequent activation of protein kinase
A. This in turn phosphorylates microtubular subunits that
aggregate to form specific water channel, aquaporin-2
(AQP-2), that are translocated from the cytoplasmic
vesicles to the apical plasma membrane. This process
allows the reabsorption of large volumes of water from
the collecting duct, which leads to an increase in body
[15-20]
water content and hypervolemic hyponatremia
(Figure 3). Under physiologic conditions, when serum
osmolality increases, ADH secretion increases, aquaporin
channels in the renal collecting duct are activated,
resulting in water reabsorption. A fall in serum osmolality
leads to inactivation of the renal aquaporin channels
and excretion of dilute urine to maintain the volume
status and serum osmolality. The rapid adaptation of the
free water excretion depends on the presence of intact
osmoreceptors in the anterior hypothalamus, the release

PATHOGENESIS
Systemic vasodilation

Systemic vasodilation and arterial underfilling play a
major role in development of hyponatremia in patients
with cirrhosis and portal hypertension (Figure 1). A
hyperdynamic circulation, characterized by an increased
cardiac output, markedly reduced systemic vascular
resistance and reduced mean arterial pressure, is
a common cardiovascular physiological manifestation of
[4,5]
patients with cirrhosis and advanced portal hypertension .
The marked reduction in vascular resistance predominantly
[6]
involves the splanchnic arterial circulation . The opening
[5]
of portasystemic collaterals and the increased synthesis
of circulating vasodilators, including nitric oxide (NO),
glucagon, vasoactive intestinal peptide, substance P,
platelet activating factor, prostaglandins and pro
stacyclins play a crucial role in the pathogenesis of
[7]
splanchnic vasodilation (Figure 2). The accumulating
circumstantial evidence favors a key role for NO in the
pathogenesis of splanchnic vasodilation in patients with
[8-10]
advanced cirrhosis and portal hypertension
. The
activation of nitric oxide synthase in the endothelial cells
is multi-factorial, which include mechanical stimuli due
to ‘shear stress’, vascular endothelial growth factors,
tumor necrosis factor alpha, and more importantly
[11,12]
endotoxins or bacterial DNA
that are less efficiently
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Cirrhotic portal hypertension

Portosystemic
shunts

Impaired RES
Function

Increased intestinal
permeability

? Endotoxemia

? Increased NO/PG

Systemic/Splanchnic Vasodilation

Decreased effective arterial blood volume

Activation of RAAS

Nonosmotic AVP/ADH Release

Na retention and renal vasoconstriction

Activation of SNS

Systemic vasoconstriction

Tubular Water Resorption and Solute-free Water Retention

Dilutional/Hypervolemic hyponatremia

Figure 1 Proposed mechanisms for the development of hyponatremia. SNS: Sympathetic nervous system; RAAS: Renin-angiotensin-aldosterone system; NO:
Nitric oxide; RES: Reticuloendothelial system; PG: Prostaglandin; AVP: Arginine vasopressin; ADH: Antidiuretic hormone.

Vasodilators:
Nitric oxide
Glucagon
Prostacyclin
Prostaglandin E2
Kallikrein-kinin system
Atrial Natriuretic Peptide
Adrenomedullin
Calcitonin gene-related peptide
Vasoactive Intestinal Polypeptide
Substance P
Platelet activating factor

Excessive response to
vasodilators

Vasoconstrictors:
ADH
Endothelin-1
Thromboxane A2
Angiotensin Ⅱ
Leukotrienes
Adenosine
Noradrenaline
Neuropeptide Y

Splanchnic arterial vasodilation

Resistance to
vasoconstrictors

Figure 2 Mechanisms involved in the splanchnic vasodilation in cirrhosis. ADH: Antidiuretic hormone.

of ADH and the appropriate interaction between the ADH
and AQP-2.
ADH is a polypeptide hormone that is synthesized
in the supraoptic and paraventricular nuclei of the
hypothalamus and stored in the posterior pituitary gland.
Increased plasma osmolality and hypovolemia are the
principal physiological stimuli for vasopressin secretion.

WJG|www.wjgnet.com

Thus both osmotic and non-osmotic stimulations regu
late ADH release. The osmotic pathway is mediated via
osmoreceptors located in the anterior hypothalamus
close to the supraoptic nuclei. These receptors sense
the intracellular water content in the neurons (by their
swelling and shrinking) and respond linearly to the
[21]
changes in plasma osmolality . The major non-osmotic
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Figure 3 Mechanism of action of vaptans. AVP: Arginine vasopressin; AQP2: Aquaporin-2; AQP3: Aquaporin-3; AQP4: Aquaporin-4.

plays in mediating this abnormal water excretion was
[27]
studied by Bichet et al
who measured plasma ADH
concentrations before and after the water load test in
cirrhotic patients with and without ascites. There was
a significant difference in the inability to suppress ADH
after the water load test in decompensated cirrhotic
patients with ascites as compared to compensated
cirrhotic patients, despite the presence of a low serum
osmolality in decompensated cirrhotic patients.
The relative role of osmotic and non-osmotic path
ways for the hypersecretion of ADH in patients with
cirrhosis has been debated. Most cirrhotic patients
have low serum osmolality and sodium levels, and one
would expect to see suppression of ADH release if the
[2]
stimulation was primarily from the osmoreceptors .
The ADH, norepinephrine, and aldosterone levels
as well as renin activity were significantly higher in
cirrhotic patients with ascites after the water load
test implying that there was activation of the sodiumretaining neurohumoral mechanisms. It appears that
the decrease in systemic vascular resistance leads to
effective arterial underfilling, which causes baroreceptor
mediated nonosmotic stimulation of ADH and other
vasoconstricting systems leading to the activation of
sodium retaining neurohumoral mechanisms in order to
[6]
restore perfusion pressure . These findings may suggest
that the hypo-osmotic stimuli to suppress ADH release
are overridden by the nonosmotic stimuli secondary
[28]
to arterial under filling . Thus in order to prevent
impending vascular collapse from effective circulatory
volume depletion, the body sacrifices the osmolar
homeostasis and releases ADH in response to the nonosmotic stimulus of the endogenous vasoconstrictor
agents. The net result is enhanced sodium and water
retention to correct the depletion of circulatory volume
and this occurs despite the presence of increased total
body extracellular sodium, plasma volume, and cardiac
output. As suppression of ADH release is required to
excrete a water load, the inability of kidneys to excrete
water in the presence of the non-osmotically triggered

Table 1 Vasopressin receptors
Receptor
V1a

V1b
V2

Location

Function

Vascular smooth muscle Vasoconstriction and myocardial
hypertrophy
Platelets
Platelet aggregation
Hepatocytes
Glycogenolysis
Myometrium
Uterine contractions
Anterior pituitary
ACTH release
Basolateral membrane in
Water reabsorption
collecting tubule
Vascular endothelium
Release of vonWillebrand factor
and factor Ⅷ
Vascular smooth muscle
Vasodilation

pathway for ADH release involves the autonomic nervous
system which is mediated via the baroreceptors located
in the atria, ventricle, aortic arch, and carotid sinus.
These baroreceptors communicate to the hypothalamus
via parasympathetic pathways and cause a release of
ADH in response to hypovolemia. Please refer to Table 1
for the details of vasopressin receptor subtypes.

Non-osmotic stimulation of renin-angiotensinaldosterone system, sympathetic nervous system and
ADH

The systemic/splanchnic vasodilation and arterial under
filling in patients with cirrhosis and portal hypertension
lead to a decrease in the effective circulatory volume and a
reduction in stretch at the carotid and renal baroreceptors.
In order to restore the effective circulatory volume, the
sodium-retaining neurohumoral mechanisms, such as
the renin-angiotensin-aldosterone system, sympathetic
nervous system and ADH, are activated leading to maximal
retention of sodium and water.
Water and sodium retention secondary to impaired
renal elimination of solute-free water clearly has been
shown to occur in decompensated cirrhotic patients
with ascites and edema. This impairment could be
subclinical and only detected by a water loading test
[22-26]
in compensated cirrhosis
. The role that ADH
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ADH release leads to the development of a dilutional or
hypervolemic hyponatremia. Thus the hyponatremia in
this patient population is purely dilutional and does not
reflect a sodium deficient state.
Many other factors including elevated atrial natriuretic
[29]
[30-34]
peptide , decreased renal production of PGE-2
and
decreased metabolism of ADH have been implicated in
[35,36]
the development of hyponatremia in cirrhosis
.

TREATMENT
Management of hyponatremia in the presence mode
rate to severe ascites is challenging for both physicians
and patients. Hypovolemic hyponatremia should
be treated with fluid resuscitation to restore the
circulatory volume and withdrawal of the precipitating
factor (usually diuretic therapy). On the other hand,
hypervolemic/dilutional hyponatremia in cirrhosis is
ideally managed with fluid restriction and measures
to enhance the renal solute-free water excretion. The
majority of patients find it difficult to adhere to fluid
restriction, and discontinuation of diuretics may further
worsen ascites and hydrothorax requiring repeated
paracentesis or thoracocentesis.
Rapid correction (> 9 mEq/L in 24 h) of serum
sodium may lead to serious neurological complications
such as central pontine myelinolysis or seizures.
Hyponatremia could pose significant risk to patients
if they were to undergo liver transplantation where
it is not always possible to maintain fluctuations in
serum sodium levels to less than 10 mEq/L over 24
h. However, treatment for hyponatremia is indicated
when the serum sodium is less than 120 meq/L or the
patient has neurologic symptoms that might be due to
hyponatremia. The general principles of the treatment
of hyponatremia are broadly outlined below.

Prognostic value of hyponatremia in cirrhosis

In patients without cirrhosis, hyponatremia depending on
its severity may lead to a range of symptoms including
mild cognitive dysfunction, falls, seizures, coma and
[37]
very rarely death . Hyponatremia in cirrhosis is a
chronic process and this allows the brain to adapt to
the hypo-osmolality of the extracellular fluid. The most
important factor in determining the severity of neurologic
symptoms in patients with hyponatremia is the acuity of
fall of serum sodium rather than the absolute reduction
of serum sodium. Hence patients with cirrhosis and
hyponatremia are less likely to have severe neurologic
[38]
symptoms . However, hyponatremia may pose a
second osmotic hit to cerebral edema and astrocyte
swelling, in addition to the astrocyte dysfunction caused
by increased intracellular glutamine concentration from
ammonia metabolism, thereby precipitating hepatic
[38]
encephalopathy .
The quality of life is poor in patients with cirrhosis
and hyponatremia due to the requirement for strict
fluid restriction. Hyponatremia has been found to be
an independent predictive factor of the impaired health
[39]
[40]
related quality life as well as hepatic encephalopathy .
Numerous studies have shown that the severity of
hyponatremia and ascites is a major determinant of
[26,41-48]
disease severity and prognosis in cirrhosis
. In
one study, the serum sodium level before the onset
of spontaneous bacterial peritonitis (SBP) was an
[49]
independent predictor of renal failure triggered by SBP .
It has also been suggested that serum sodium is an earlier
and more sensitive test than serum creatinine to detect
circulatory dysfunction resulting in renal failure and/or
[47]
death . Although patients with hyponatremia are at a
very high risk for developing hepatorenal syndrome, low
serum sodium in hepatorenal syndrome is not only due
to high ADH levels but also due to decreased GFR and
[38]
proximal sodium reabsorption .
Patients with hyponatremia were found to have
a higher risk of early death before transplantation
independent of the severity of cirrhosis as assessed by
[48]
the MELD scores . Hence, some investigators have
advocated an expedited liver transplantation under a
‘sickest first’ model in cirrhotic patients with MELD scores
[48]
below 21, persistent ascites and hyponatremia . It has
been suggested that serum sodium could be incorporated
[48]
into the MELD score , and this may provide a more
[50]
accurate survival prediction than MELD alone . Other
studies have also identified hyponatremia to be a risk
factor for increased morbidity and mortality after liver
[51,52]
transplantation
.
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Water restriction

The mainstay of therapy of hyponatremia in patients
with cirrhosis is fluid restriction (1-1.5 L/d) to a
level sufficient to induce a negative water balance.
Fluid restriction should be considered if the patient
has neurologic symptoms that might be due to
hyponatremia or when the serum sodium is less than
120 mEq/L, which occurs in about 1% of patients
[3]
with cirrhosis . There is no role for routine free
water restriction in patients with mild, asymptomatic
hyponatremia. To be effective, fluid intake should be
less than urine output to account for the endogenous
production of water by the body. In the authors’
experience, compliance with fluid restriction is poor in
these patients even in the hospital setting and often
difficult to achieve. Patients on strict fluid restriction
may be encouraged to suck on ice chips or lollipops
to quench the thirst. A good indicator of adequate
water restriction is the change in plasma sodium
concentration within the first 24-48 h. If there is no
increase in the plasma sodium levels within the first
48-72 h, either the patient is not following the water
restriction or a stricter water restriction is needed.
Sodium restriction (2 g/d) should be continued in
addition to fluid restriction as these patients also have
ascites.

Hypertonic saline

Hypertonic saline is indicated only in symptomatic
patients who are intolerant or unresponsive to free
water restriction, those with profound hyponatremia (<
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[57]

110 mEq/L), or within hours of liver transplantation to
prevent the likelihood for an emergent rapid correction
in the operating room when the serum sodium levels
are somewhat higher (between 120-130 mEq/L).
Extreme care should be exercised not to overcorrect the
serum sodium levels above 9 mEq/L per 24 h to avoid
the risks of central pontine myelinolysis, quadriplegia,
coma or death. As hypertonic sodium chloride infusion
leads to increasing ascites and edema, it is usually
not recommended for the treatment of hypervolemic
hyponatremia, except in cases of profound hyponatremia
as discussed above.

24 h . The aquaretic effect was not sustained, and
moreover, it was associated with major neurological
side effects including personality disorders and mild
confusion. Hence, no large scale studies have been
performed with κ-opioid agonists.

Vasopressin receptor antagonists or vaptans

The biologic effects of AVP (ADH) are mediated via
specific receptors called V1a, V1b, and V2 receptors as
discussed earlier in this review. Anti-diuretic properties
of ADH are mediated primarily through the V2 receptors,
which are found exclusively in the renal collecting
ducts. Activation of V2 receptors is responsible for water
reabsorption. The development of V2 receptor antagonists
was therefore a logical step in the management of fluid
overload and hyponatremia as effective V2 receptor
antagonists could theoretically produce pure aquaresis
(Figure 3).
The initial studies on vaptans in cirrhosis were done
[13,58]
on patients with cirrhosis without hyponatremia
.
These studies demonstrated the efficacy of oral
vaptans in increasing the urine volume and solute-free
water excretion resulting in a negative fluid balance.
The subsequent studies with vaptans have consistently
demonstrated their efficacy in improving serum sodium
[59-64]
levels in the short term
, but with increased risk for
mortality in patients with cirrhosis, as explained below.
Tolvaptan, satavaptan and lixivaptan are all oral
agents which selectively block the V2 receptor. The
intravenous agent, conivaptan, which blocks both V2
and V1 receptors may lead to further reduction in blood
pressure, increase the risk of variceal bleeding via the
[65]
V1a receptor blockade . Tolvaptan is a selective nonpeptide V2 receptor antagonist and when this drug was
added to standard diuretic therapy for periods ranging
[61,63]
from 25 to 60 d in patients with heart failure
,
treated patients had significantly lower weight and
improvement in edema as well as serum sodium levels
compared to those who received placebo. This drug
was initially approved by the United States Food and
Drug Administration (FDA) for use in hyponatremia
based on a randomized controlled trial involving a
predominant patient population comprising of those
with congestive heart failure. Sixty three patients
with cirrhosis with a CTP score less than 10 and
serum sodium less than 120 were also included in
[61]
the above study . However, based on the findings
of multicenter trials evaluating the effect of tolvaptan
on the progression of disease in polycystic kidney
[66,67]
disease
, the FDA determined that tolvaptan
should not be used in patients with liver disease or
cirrhosis due to the risks for liver failure and death.
Similarly, a one year follow-up study on patients on
satavaptan showed increased mortality compared to
placebo, resulting in withdrawal of the drug by the
[68]
pharmaceutical company .
Domeclocycline, another ADH antagonist, which
increased free water excretion and thus corrects

Correction of hypokalemia

Correction of hypokalemia also appears to be important in
patients with cirrhosis and hyponatremia for two reasons:
hypokalemia promotes the development of hepatic
encephalopathy; correction of hypokalemia tends to raise
serum sodium concentration. Hypokalemia predisposes
to hepatic encephalopathy by at least two mechanisms:
hypokalemia increases renal ammonia synthesis; the
concomitant alkalemia increases the fraction of unionized
ammonia in the plasma. As potassium is as osmotically
active as sodium, supplementation of potassium can
raise serum sodium and osmolality in patients with
[53]
hyponatremia .

Albumin infusion

Intravenous albumin infusion might be useful in the short
term, although long term use has not been studied and
[54]
this approach is expensive and impractical .

Pharmacological therapy

The objectives of pharmacological therapy are to
increase solute-free water excretion. There have
been many attempts to achieve this goal with varying
success rates, and this is a field in evolution. The
target of pharmacological therapy has focused on the
release or action of ADH [arginine vasopressin (AVP)].
The potential options include use of κ-opioid agonists
to block the central release of ADH, blockade of the
V2 receptor of ADH with specific antagonists; and
finally alteration of the effect of ADH at the level of the
collecting duct in the kidney. Democycline could block
the action of ADH in the collecting ducts, but could
cause renal failure and hence is not recommended.
Therefore only κ-opioid agonists and V2 receptor
antagonists have been studied in both animals and
humans.

κ -opioid agonists

κ-opioid agonists inhibit ADH release from the neu
rohypophysis, and have been shown to exert an
aquaretic effect in animal models and in patients with
cirrhosis. In the only human study, niravoline (0.5-2
[55,56]
mg, iv) was given to 18 patients with cirrhosis
.
There was a marked aquaretic effect between 1 and 2
h after administration with a return to basal values at
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hyponatremia, should not be used in cirrhosis due to
[69]
its nephrotoxic potential . Since most patients with
hyponatremia have advanced cirrhosis, the side-effect
profile of single dose-finding studies must be interpreted
with caution, as in the case of the preliminary studies
on vaptans, because adverse events are more likely to
occur after long term administration in an unselected
population with greater co-morbidities.
Terlipressin, by virtue of its strong effect on vaso
pressin V 1 receptor, has therapeutic potential in
portal hypertensive bleeding as well as hepatorenal
syndrome. Terlipressin is also a partial agonist of renal
vasopressin V2 receptors and acute reduction in serum
sodium level has been documented in patients who are
[70]
initiated on terlipressin . The resultant hyponatremia,
although severe in some patients, is usually reversible
after withdrawal of terlipressin therapy. Hence serum
sodium levels should be monitored while patients are
on therapy with terlipressin.
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CONCLUSION
Hyponatremia is very common in patients with cirrhosis
and the routine correction of asymptomatic hyponatremia
is not recommended. The main indications for correction
of hyponatremia are presence of neurologic symptoms
that might be due to hyponatremia and serum sodium
less than 120 mEq/L. The only exception is in patients
who are likely to receive liver transplantation within hours
when their serum sodium concentration is less than 130
mEq/L to avoid rapid correction in the operating room as it
may be associated with serious neurological complications.
Correction of hypokalemia and fluid restriction are the
mainstays of treatment. Administration of hypertonic
saline may be considered in a monitored setting to correct
profound hyponatremia (serum sodium < 110 mEq/
L) and in the immediate pre-liver transplant period to
prevent the risk of osmotic demyelination syndrome. No
vasopressin receptor antagonist is currently approved by
the FDA for treatment of hyponatremia in patients with
liver disease or cirrhosis. The availability of selective and
efficacious oral V2 receptor antagonists, without major side
effects, will be a major development for the management
of hyponatremia.
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found that treatment of mice bearing human gastric
cancer cells with anti-CD9 antibody successfully inhibited
tumor progression via antiproliferative, proapoptotic, and
antiangiogenic effects, strongly indicating that CD9 is a
possible therapeutic target in patients with gastric cancer.
Here, we describe the possibility of CD9 manipulation as
a novel therapeutic strategy in gastric cancer, which still
shows poor prognosis.

Abstract
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Core tip: Tetraspanin CD9 is a cell-surface protein with
four transmembrane domains and is found in several
organs. Although CD9 was primarily identified as a
tumor suppressor, it exhibits diverse functions through
its association with various partner proteins. CD9
relates to tumor proliferation, apoptosis, migration,
adhesion, and angiogenesis, therefore involving several
steps of tumor formation: communication with the
environment, dissemination, and metastasis. In this
review, we describe the possibility of CD9 manipulation
as a novel therapeutic strategy to improve clinical
outcome in gastric cancer.

There are 33 human tetraspanin proteins, emerging
as key players in malignancy, the immune system,
fertilization, cellular signaling, adhesion, morphology,
motility, proliferation, and tumor invasion. CD9, a
member of the tetraspanin family, associates with and
influences a variety of cell-surface molecules. Through
these interactions, CD9 modifies multiple cellular
events, including adhesion, migration, proliferation, and
survival. CD9 is therefore considered to play a role in
several stages during cancer development. Reduced
CD9 expression is generally related to venous vessel
invasion and metastasis as well as poor prognosis. We
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INTRODUCTION
Gastric cancer is one of the most common malignancies,
remaining a major public health issue as the fourth
most common cancer and the second leading cause
[1]
of cancer death worldwide , with a particularly high
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incidence in Japan, China, South Korea, Chile and
Costa Rica. The large regional incidence variations
possibly reflect different prevalences of Helicobacter
pylori infection, which is responsible for > 60% of
gastric cancer globally. Advanced gastric cancer is an
aggressive disease, and the prognosis remains poor.
The 5-year survival rate for locoregional disease is
[2-4]
25%-35%
and the median survival ranges from
[5,6]
10 to 14 mo in advanced disease . Although various
treatment modalities have been developed and the
mortality rate of gastric cancer has gradually decreased
[7]
over recent decades , many of them have failed to
[8]
eliminate gastric cancer cells curatively . Therefore, a
novel therapeutic strategy is clinically desired.
CD9, a member of the tetraspanin family, has
been reported to relate to growth and invasion of
tumor cells. There are many reports of the relationship
between CD9 expression and disease prognosis. In
addition, molecular mechanisms of CD9 functions
have been gradually clarified. In this field, we also
reported apoptotic signals after CD9 ligation in gastric
cancer cells, as well as the treatment of gastric-cancerbearing mice with anti-CD9 antibody.
We review the characteristics of CD9 and discuss
the possibility of CD9 as a novel therapeutic target in
gastric cancer.

Table 1 CD9 associated with partner proteins
Partner protein
EWI-2

EWI-F
Integrin β1

Other tetraspanins
(e.g., CD81, CD151)
Claudin-1
EGFR

HB-EGF

PKC isoforms
Type Ⅱ PI4K

Function

Ref.

Modulates integrin-dependent [5-6,8,44,45,50]
cell motility, morphology and/
or spreading
Functions unknown
[5-6,8,46,47]
CD9 modulates integrin[5,11]
dependent cell morphology, cell
migration, signaling and adhesion strengthening
Form TEMs
[7,8]
CD9 stabilizes expression of
non-junctional Claudin-1
CD9 enhances the internalization of EGFR and reduces EGFEGFR-induced signals
CD9 upregulates both diphtheria toxin binding and mitogenic
functions of HB-EGF
Contribute to signaling and
tumor-suppressor functions
Contribute to signaling and
tumor-suppressor functions

[10]
[11]

[23,24]

[29]
[30]

EGFR: Epidermal growth factor receptor; HB-EGF: Heparin-binding
epidermal-growth-factor-like growth factor; PKC: Protein kinase C; TEMS:
Tetraspan-enriched microdomains.

[10,20-24]

facilitate cell adhesion, motility, and signaling
.
For examples, antibody (Ab) ligation of CD9 induces
homotypic aggregation of pre-B cells and augments
their adhesion to bone marrow fibroblasts through the
[10]
modification of integrins . Treatment with anti-CD9
Ab can induce strong adhesion between stromal and
[25,26]
hematopoietic cells
as well as inhibit the migration of
[27]
malignant cells . In addition, CD9 acts as a co-receptor
for diphtheria toxin. CD9 does not bind directly to the
toxin, but interacts with the diphtheria toxin receptor
(transmembrane precursor of heparin-binding epidermalgrowth-factor-like growth factor; HB-EGF), leading
[28,29]
to the elevation of juxtacrine activity of HB-EGF
.
Also, CD9 functionally associates with Fcγ receptors,
and co-cross-linking of CD9-Fcγ receptors modifies
signals for phagocytosis and inflammatory responses on
[30]
macrophages .
CD9 affects physical processes, such as cell
[31-33]
proliferation, apoptosis and tumor metastasis
.
Treatment of cells with anti-CD9 Ab has revealed
[16,18]
antiproliferative effects
via the suppression of
[31]
extracellular signal-regulated kinase (ERK) 1/2 activity .
In addition, CD9 ligation concurrently induces apoptosis
via the selective activation of the c-Jun N-terminal
kinase/stress-activated protein kinase (JNK/SAPK) and
p38 mitogen-activated protein kinase (MAPK) pathway,
[31]
as well as caspase-3 and the p46 Shc isoform .
Moreover, CD9 can associate with conventional protein
[34]
kinase C (PKC) isoforms including PKCα and PKCβ ,
[35]
as well as type Ⅱ phosphatidylinositol 4-kinase ,
which could contribute to tumor-suppressor functions.
In addition, CD9 may affect the Wnt signaling pathway

CD9 FUNCTIONS
Tetraspanins, which have four putative membranespanning domains, are integral membrane proteins
including at least 33 distinct family members, such as
[9-11]
CD9,CD37, CD53, CD63, CD81, CD82, and CD151
.
Members of this family are involved in many physiological
and pathological processes, such as fertilization, cellular
[9-12]
adhesion, motility, and tumor invasion
. To date,
tetraspanins are believed to act as molecular facilitators
or adaptors, which form a network of interaction among
the cell-surface molecules, known as the “tetraspanin
[12,13]
web” or tetraspan-enriched microdomains
. Notably,
some tetraspanin proteins have key roles in tumor
initiation, promotion, metastasis, and angiogenesis.
CD9, which was identified as a suppressor of cancer
[14]
spread , belongs to the tetraspanin family. Like other
tetraspanins, CD9 has four putative transmembrane
domains, which provide the short N- and C-terminal
cytoplasmic domains, a small intracellular loop, and
[11,12]
two extracellular loops
(Figure 1). CD9 is widely
expressed on the surface of several types of cells,
including many malignant tumor cells as well as normal
[11,12]
hematopoietic, endothelial and epithelial cells
.
CD9 interacts with a number of transmembrane
proteins, including integrins, immunoglobulin superfamily
member EWI proteins (EWI-2 and EWI-F) and other
[10-13]
[15]
tetraspanins (e.g., CD81 and CD151)
, Claudin-1 ,
[16]
epidermal growth factor receptor (EGFR) , and
[17-19]
membrane-bound ligands for EGFR
(Table 1).
These interactions form functional complexes, which
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Figure 1 Structural features of CD9. CD9 has four putative transmembrane domains, which provide the short N- and C-terminal cytoplasmic domains, a small
intracellular loop, and two extracellular loops. C: Cysteine; G: Glycine.
[36]

by downregulating Wnt genes . Expression of CD9
also acts to protect transforming growth factor α from
cleavage, thereby regulating cell proliferation and
[19]
migration . Therefore, CD9 expression has an ability to
regulate a variety of intracellular signals.

As mentioned above, many investigators believe
that CD9 is a suppressor of tumor development.

CD9 AND CANCER

Anti-CD9 monoclonal Abs (mAbs), ALB6 and PAINS-13
are ligand-mimic Abs, therefore, Ab ligation of CD9
with these antibodies enhances, but does not inhibit,
CD9 functions (Figure 2). We first introduce some
interesting data concerning mechanisms of CD9
functions obtained by using these Abs. We previously
reported that treatment with anti-CD9 mAb (ALB6),
which enhances CD9 functions, inhibited cell growth
in CD9-positive tumor cell lines (MKN-28, MKN-45,
[31]
SW480, HT-29, CaCO2, MIA-PaCa-2 and A459) .
In a gastric cancer line MKN-28, CD9 ligation induced
apoptosis. ALB6 treatment activated JNK/SAPK and
[31]
p38 MAPK as well as caspase-3 . Notably, ALB6
treatment selectively induced tyrosine phosphorylation
of the p46 Shc isoform, and overexpression of its
dominant-negative form completely cancelled the
ALB6-induced activation of JNK/SAPK, p38 MAPK and
caspase-3, leading to loss of apoptosis. Therefore, Ab
ligation of CD9 induced apoptotic signals via restricted
activation of the p46 Shc isoform. We also reported
that CD9 ligation enhanced the internalization of
[16]
EGFR . ALB6 treatment induced a dotted or patchlike aggregation composed of CD9-EGFR and CD9-β1
integrin on the surface of MKN-28 cells. Furthermore,
expression of CD9 specifically attenuated EGFR
signaling in CD9-overexpressing CHO cells via the
[16]
downregulation of surface expression of EGFR .
Therefore, CD9 expression negatively regulates cell
surface EGFR expression levels. Finally, we examined
in vivo effects of ALB6 Ab to treat patients with gastric
cancer. MKN-28 cells were inoculated subcutaneously

POSSIBILITY OF CD9-TARGETED
THERAPY IN GASTRIC CANCER

From experiments manipulating CD9 in tumor cell
lines, CD9 has been demonstrated to be primarily a
[27,37-40]
suppressor of metastasis
. Several clinical studies
have also shown an important prognostic value of CD9.
The reduced CD9 expression is associated with poor
[41]
[28]
prognosis in melanoma , non-small-cell lung cancer ,
[37,42]
[43]
[44]
[45]
and breast
, colon , pancreatic , ovarian
and
[46]
prostate
cancer. Expression of CD9 is also related to
[43,44,47,48]
metastasis of the gastrointestinal carcinoma
.
For example, reduced CD9 expression is significantly
associated with more venous vessel invasion and liver
[27,43]
metastasis in patients with colon cancer
. Although
diverse physiological functions (clinical data) of CD9
[49,50]
have been suggested
, we and others have found
that the amount of CD9 is inversely correlated with
[48]
lymph node status in gastric cancer and in esophageal
[47]
squamous cell carcinoma . Moreover, expression of
CD9 protein in gastric cancer tissues was significantly
stronger in patients without regional lymph node or
[51]
distant metastasis than in those with metastasis .
Furthermore, the reduction of CD9 protein was asso
ciated with distant metastasis of gastric cancer. Thus,
decreased levels of CD9 are strongly associated with an
increased risk of recurrence, especially in patients with
N0 nodal status and M0 metastatic status. Low levels
of CD9 expression are related to poor prognosis. These
findings are consistent with previous reports. Therefore,
reduced CD9 expression is generally related to more
venous vessel invasion and metastasis as well as poor
prognosis in most common types of cancer.
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Antibody ligation of CD9

CD9
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Integrin β1

EGFR

Cell membrane
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Figure 2 CD9 signaling. CD9-EGFR and CD9-β1 integrin co-localize on the cell surface. CD9 enhances the internalization of EGFR and reduces EGF-EGFRinduced signals[11]. CD9 ligation induced apoptosis via the selective activation of JNK and p38 MAPK pathway as well as caspase-3 and the p46 Shc isoform [26].
CD9 modulates integrin-dependent cell motility, cell migration, adhesion strengthening, and spreading[5,11]. EGFR: Epidermal growth factor receptor; p38 MAPK: p38
mitogen-activated-protein kinase; JNK: c-Jun NH2-terminal kinase; FAK: Focal adhesion kinase.

into SCID mice. After a tumor was visualized, the MKN28-bearing mice were injected with ALB6 or control
Ab three times per week. In the ALB6 treatment
group, tumor volume was significantly suppressed,
and the apoptotic indexes were increased. Therefore,
administration of mice bearing human gastric cancer
cells with anti-CD9 Ab successfully inhibited tumor
[52]
progression . Similar to our results, it has been
reported that anti-CD9 mAb PAINS 13 inhibited in vivo
[53]
tumor growth of colon cancer cells . The inhibition
of cell proliferation in colon carcinoma cells caused by
anti-CD9 mAbs PAINS‑13 was related to the enhanced
integrin-dependent adhesion and the increased
expression of membrane tumor necrosis factor (TNF)-α.
Therefore, TNF-α partly mediates the antipro
liferative effects of CD9 in this case.
Overexpression of vascular endothelial growth factor
(VEGF)-A is associated with tumor angiogenesis, nodal
[54,55]
metastasis, and poor prognosis in cancer patients
.
A report that CD9 gene transduction could downregulate
[36]
VEGF-A expression is now available . In this situation,
CD9 is also likely to regulate tumor development
negatively.
With regard to interactions between CD9 and
integrins, CD9 seems to positively and/or negatively
involve tumor development through functional
modification of integrins. Indeed, the enhancement
of integrin-mediated cell adhesion by CD9 inhibits
metastasis and invasion of tumor cells and contributes
[56]
to cell-adhesion-mediated drug resistance .

WJG|www.wjgnet.com

PRESENT TREATMENT FOR PATIENTS
WITH GASTRIC CANCER
Improving molecular characterization has translated
into better survival in select patients with advanced
gastric and esophageal cancer. Trastuzumab, an
antibody targeting the anti-human epidermal growth
factor receptor 2 (HER2) extracellular domain, induces
antibody-dependent cellular cytotoxicity and inhibits
the HER2 downstream signals. In the ToGA study,
standard chemotherapy regimens (capecitabine
plus cisplatin or fluorouracil plus cisplatin) combined
with trastuzumab resulted in a longer survival time
than standard regimens without trastuzumab in
[57,58]
patients with HER2-positive gastric cancer
. In
addition, ramucirumab, an mAb targeting vascular
endothelial growth factor receptor (VEGFR)-2, is
the first biological treatment that showed survival
benefits as a single-agent therapy for the secondline chemotherapy (REGARD trial) in patients with
advanced gastric cancer who progressed after first[59]
line chemotherapy . An early report of the phase Ⅲ
RAINBOW trial, testing ramucirumab in combination
with paclitaxel for the second-line therapy after
platinum-fluoropyrimidine failure, also demonstrated
an overall survival benefit of 9.6 mo vs 7.4 mo
[60]
as compared with paclitaxel alone . With recent
success of ramucirumab, investigations with several
other antiangiogenic agents have begun. These
include the VEGFR-2 inhibitor, apatinib, and the multi-
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targeted tyrosine kinase receptor inhibitors, axitinib
[60]
and pazopanib . In addition to the HER family and
VEGFRs, the phosphatidylinositol 3-kinase-AKTmammalian target of rapamycin (mTOR) and the
c-MET signaling pathways are promising candidates,
and some molecular targeting agents are now in
[61]
clinical investigation .

change CD9 functions, and we showed apoptotic
signals after CD9 ligation in gastric cancer cells as well
as successful treatment of gastric-cancer-bearing mice
with anti-CD9 Ab. CD9 influences intracellular signals,
cell adhesion, and cell proliferation, and is involved in
several events during development of gastric cancer.
Taken together with evidence from clinical data, the
manipulation of CD9 is likely to have the potential to
improve clinical results of therapy for gastric cancer.
When implementing CD9-targeted therapy in gastric
cancer, we should come up with various ideas to
enhance CD9 functions.
A new therapy to target HER2, VEGFR-2, is
responsible for a significant increase in survival of
patients with advanced gastric cancer. Unfortunately,
advanced gastric cancer continues to have a poor
prognosis. In the future, new strategies to target
CD9 will hopefully be developed and implemented for
gastric cancer treatment.

FUTURE PROSPECTS
A number of recent reports have suggested that
tetraspanin targeting by Abs, soluble large-loop
proteins, RNAi technology, or adenoviral transduction
[62]
methods could be therapeutically beneficial . In the
case of CD9, we and others have proposed that CD9
ligation is likely to be useful to treat malignancies.
Ectopic expression of CD9 in small-cell lung carcinoma
[63]
cells inhibited their proliferation , and adenoviral
transduction of CD9 inhibited lymph node metastasis
[40]
in an orthotopic lung cancer model . With cDNA
expression microarray experiments, CD9 was reported
[64]
to be one of the genes upregulated in gastric cancer .
Thus, CD9 expression in non-cancerous tissues is
lower than that in gastric cancer tissues, indicating
that adverse effects of anti-CD9 treatment on normal
gastrointestinal tissues might be tolerable.
Tumor growth is dependent on angiogenesis, which
[65]
forms new blood vessels . Targeting tumor vessels
provides several advantages over traditional anti-tumor
approaches. CD9 enhancement contributes to tumor
angiogenesis, presumably by affecting endothelial cell
function, although their contributions to angiogenesis
have not been shown using de novo tumor models. It
was previously reported that CD9 gene transduction
could downregulate VEGF-A expression, which is
[36]
essential for angiogenesis . Therefore, enhancement
of CD9 functions may also be worthwhile in particular
circumstances.
With regard to tumor metastasis, CD9 is involved
in cell adhesion via enhancing integrin functions. In
[10,11,13,66,67]
addition, associations of CD9 with EWI-2
,
[68,69]
[70]
[10]
[23,24]
EWI-F
, EPCAM , Claudin-1
or HB-EGF
could have different effects on tumor cell invasion and
[71]
metastasis. Indeed, the CD9 partners EWI-F and
[72]
EWI-2 can markedly affect cell migration , and EWI-2
influences the association of CD9 with membrane-type
1 matrix metalloproteinase (MT1‑MMP; also known as
[73]
MMP14) and MMP2 , which could alter proteolysis
during invasion. Thus, CD9 acts on multiple steps of
tumorigenesis, and because CD9 function is dependent
on its associating proteins, efficacy of the CD9targeting therapy may be determined by expression of
these associating molecules as well as CD9 itself.
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REVIEW

Ghrelin-ghrelin O -acyltransferase system in the
pathogenesis of nonalcoholic fatty liver disease
Shao-Ren Zhang, Xiao-Ming Fan
to play a crucial role in both the development of steatosis
and its progression to nonalcoholic steatohepatitis.
Ghrelin, the natural ligand of the growth hormone
secretagogue receptor, is a 28-amino acid peptide
possessing a unique acylation on the serine in position 3
catalyzed by GOAT. The ghrelin-GOAT system is involved
in insulin resistance, lipid metabolism dysfunction, and
inflammation, all of which play important roles in the
pathogenesis of NAFLD. A better understanding of
ghrelin-GOAT system biology led to the identification
of its potential roles in NAFLD. Molecular targets
modulating ghrelin-GOAT levels and the biologic effects
are being studied, which provide a new insight into the
pathogenesis of NAFLD. This review probes into the
possible relationship between the ghrelin-GOAT system
and NAFLD, and considers the potential mechanisms
by which the ghrelin-GOAT system brings about insulin
resistance and other aspects concerning NAFLD.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
a progressive disorder that can lead to impaired liver
function and, ultimately, liver failure. The ghrelin-ghrelin
O -acyltransferase (GOAT) system has recently been found
to play a crucial role in both the development of steatosis
and its progression to nonalcoholic steatohepatitis. This
review probes into the possible relationship between
ghrelin-GOAT system and NAFLD, and considers the
potential mechanisms by which the ghrelin-GOAT
system brings about insulin resistance and other aspects
concerning NAFLD.

Abstract
Nonalcoholic fatty liver disease (NAFLD) is currently
considered as the most common liver disease in Western
countries, and is rapidly becoming a serious threat
to public health worldwide. However, the underlying
mechanisms leading to the development of NAFLD
are still not fully understood. The ghrelin-ghrelin
O-acyltransferase (GOAT) system has recently been found
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advances in the pathogenesis of NAFLD. Advances in
the understanding of autophagy have provided insights
into the relationship between autophagy and NAFLD.
Autophagy might stimulate lipid metabolism and have
[27]
therapeutic potential in NAFLD . Helicobacter pylori
infection is involved in the pathogenesis of IR, which is
[28]
closely linked with NAFLD . The role of H. pylori infection
in the development of NAFLD is gaining attention
because its eradication is easy and much less expensive
than long-term treatment of the other risk factors.
Besides, overexpression of miR-185, an endogenous
non-protein coding small RNA molecule, improved
insulin sensitivity and reduced liver steatosis in an
NAFLD animal model, and thus may be a therapeutic
[29]
target . In recent years, several adipocytokines and
proinflammatory cytokines, which decrease or enhance
IR, were also found to be involved in the pathogenesis
[30-32]
of NAFLD
. Nevertheless, the complicated mechanisms
of NAFLD are not entirely clear at present. Future betterdesigned research will provide more insights into the
pathogenesis and therapeutic strategies for NAFLD.
The ghrelin-ghrelin O-acyltransferase (GOAT)
system has recently been reported to play a crucial role
in both the development of steatosis and progression to
NASH. The ghrelin-GOAT system is involved in IR, lipid
metabolism dysfunction, and inflammation, all of which
[33-36]
play important roles in the pathogenesis of NAFLD
.
Therefore, there is an urgent need to better understand
the mechanisms of ghrelin-GOAT system involvement
in NAFLD. This review will illuminate the relationship
between the ghrelin-GOAT system and pathogenesis of
NAFLD.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a metabolic
disorder syndrome that is not due to the abuse of alcohol.
The term NAFLD encompasses a spectrum of histologically
defined liver disorders. The disease can progress from
macrovesicular lipid accumulation in the hepatocytes
(termed steatosis) to nonalcoholic steatohepatitis (NASH)
to outright fibrosis, cirrhosis, and even hepatocellular
[1-3]
carcinoma
(Figure 1). The occurrence of NAFLD is
strongly linked to obesity, insulin resistance (IR) and other
aspects of the metabolic syndrome.
The reported prevalence of NAFLD in the United
States and other Western countries ranges from 30%
[4-6]
to 46% . This disease has also become prevalent in
Eastern countries where it has become a significant
[7,8]
public health concern
. However, patients with
NAFLD often have normal liver aminotransferases and
the potential presence of NAFLD may be neglected by
[9-12]
clinicians
. Patients with NAFLD are always at high
risk for cardiometabolic complications, such as type 2
[13-16]
diabetes (T2DM) and cardiovascular disease
.
The exact pathogenesis of NAFLD remains unknown.
A number of environmental and genetic factors are
involved in the NAFLD development and progression
(Figure 1). The “two-hits hypothesis” is currently the
most recognized theory to explain NAFLD development
[17]
and progression . Fat accumulation in hepatocytes
is considered as the primary insult, while the following
events, including mitochondrial dysfunction, lipid
peroxidation, IR, and oxidative stress, result in liver
cell inflammation and apoptosis, which eventually
[18-20]
progress from simple steatosis to NASH
. Although
the “two-hits hypothesis” of NAFLD pathogenesis is
currently the most recognized theory, the “multi-hits
hypothesis” that involves lipotoxicity, oxidative stress,
mitochondrial dysfunction, a chronic inflammatory
state, and endoplasmic reticulum stress, is getting
more and more attention. The “multi-hits hypothesis”
summarizes the complex factors and interactions
between cytokines, free fatty acids (FFAs) metabolism,
[21,22]
inflammation, and IR in NAFLD
.
As oxidative stress and inflammation are key
events in the progression from simple steatosis to
NASH, retardation of these processes may reverse
[18,20]
the development of NAFLD
. Thus, use of low sideeffect agents that ameliorate those key events of
NAFLD may provide important therapeutic evidence for
the development of NAFLD. In recent years, a number
of chemical agents have been found to have protective
efficacy against NAFLD-induced liver injury, oxidative
[23-26]
stress, and inflammation
.
Recently, several studies have shown some
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OVERVIEW OF THE GHRELIN-GOAT
SYSTEM
Ghrelin

Ghrelin is a small peptide and hormone comprised of 28
[37]
amino acids that is mainly produced by the stomach
and the pancreas, which stimulates appetite and is a
potent stimulator of growth hormone through the action
of its receptor, the growth horomone secretagogue
[38,39]
receptor
. A number of studies have shown that
exogenous administration of ghrelin produces multiple
physiologic effects, including the ability to increase
[38,40]
food intake and decrease energy expenditure
.
Ghrelin undergoes a post-translational modification,
in which the third serine residue is covalently linked
[38]
to a medium-chain fatty acid, typically octanoate .
[41]
The O-n-octanoylation of ghrelin is unique , and only
the octanoylated form, which represents 10%-15% of
circulating ghrelin, is able to stimulate body weight gain
[42,43]
and food intake
.
There are two forms of ghrelin: acylated and desacyl ghrelin (DAG). Without food intake, both forms
rise gradually in the plasma. Although some effects
of DAG are still controversial and its receptor has not
been identified, the biologic activities of DAG have
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Figure 1 Pathogenesis and natural history of nonalcoholic fatty liver disease. FFA: Free fatty acid; HSC: Hepatic stellate cell; NAFLD: Nonalcoholic fatty liver
disease; NASH: Nonalcoholic steatohepatitis.
[44,45]

been reported, including gastric motility
, adiposity,
[46]
and glucose metabolism . Further evidence for
metabolic function of ghrelin has been provided by
phenotypic analysis of rodents with genetic deletions
[47]
[48]
of either ghrelin or its receptor, GHS-R1a .

markedly increased GOAT mRNA levels in the gastric
mucosa of fasted rats. It has been indicated that
fasting low-leptin levels prevent an increase in GOAT
mRNA levels, and therefore, GOAT can be added to
the list of leptin-regulated genes under this specific
condition. Leptin is the primary signal through which
the hypothalamus senses the nutritional state and
modulates food intake and energy balance. Leptin
plays an opposite functional role of ghrelin in food
intake and it also regulates ghrelin receptor GHS[59,60]
R1a
. Increased GOAT mRNA levels relevant
to chronic malnutrition may elucidate the potential
mechanism responsible for increased acylated ghrelin
[61]
levels in anorexia nervosa .
Alimentary lipids are important for the activation
of GOAT. In fact, GOAT knockout mice subjected to
a diet containing 10% medium-chain triglycerides
exhibited lower body weights, possibly due to lower
[57]
fat mass, compared to wild-type mice . In addition,
large amounts of acyl ghrelin were produced by GOAT
[57]
transgenic mice . An important function of ghrelin is
the maintenance of viability during famine. The study
of wild-type and GOAT knockout mice subjected to
a 60% calorie-restricted diet showed 30% and 75%
body weight loss, respectively, which could explain this
[62]
hypothesis .

Ghrelin O-acyltransferase

Ghrelin is acylated on the serine in position 3. Both
forms of ghrelin may result from the processing of
[49]
preproghrelin . The acylation is catalyzed by GOAT
[29,50]
during the processing of the peptide
. Ingestion
of either medium-chain fatty acids or medium-chain
[51]
triglycerides can enhance acylation of ghrelin .
[52]
Lim et al
found that GOAT is expressed in all
human tissues studied (stomach, adrenal cortex,
breast, and right and left colon). The widespread
expression of GOAT corresponds to the widespread
distribution of ghrelin expression. GOAT expression
was high in the stomach and gut, the major ghrelinsecreting tissues, and in the pituitary, ghrelin showed
autocrine and paracrine effects. In addition to the
important endocrine effects of acylated ghrelin, the
paracrine effects of locally synthesized and acylated
ghrelin may also be important. The concept was
supported by the identification of GOAT expression in
various tissues. It will be helpful to search for GOAT
inhibitors as an alternative approach to reduce the
actions of ghrelin, such as feeding and adiposity. As
the action of GOAT and its inhibition are very specific
to ghrelin, this may be a promising therapeutic target.
The activity of GOAT is modulated by fasting and
[53-55]
satiation
. Although feeding suppresses both
acylated ghrelin and DAG, long-term fasting inhibits
[56]
ghrelin acylation but not total ghrelin secretion .
The exact effect of fasting and feeding on GOAT
[57,58]
mRNA expression remains vague
. GOAT has been
[57]
confirmed as a leptin-regulated gene , and González
[58]
et al
found that exogenous leptin administration
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GHRELIN-GOAT SYSTEM AND NAFLD
The ghrelin-GOAT system is linked to energy and
lipid metabolism, IR, inflammation, and apoptotic cell
death, which are common to both obesity and NAFLD.
Therefore, the role of the ghrelin-GOAT system in
NAFLD has become a subject of considerable interest in
recent years.
The relation of the ghrelin gene products and their
involvement in metabolic and inflammatory pathways
linked with the development of NAFLD were recently
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[34]

reported . It was found that patients with NASH had a
twofold higher concentration of DAG than patients with
non-NASH. Ghrelin concentration positively correlated
with fibrosis stage. Apparently, products of the ghrelin
gene may be important for the pathogenesis of NASH
[33]
and fibrosis. The report by Li et al showed that both
administration of ghrelin during the induction of NAFLD
and after the establishment of NAFLD could improve
liver injury via attenuating alanine aminotransferase/
aspartate transaminase, oxidative stress, inflammation,
apoptosis, and restoring hepatic lipid metabolism. Such
effects might partly act through targeting the PI3K/Akt
and LKB1/AMPK pathways. Therefore, ghrelin can be
a critical therapeutic agent against NAFLD. However,
other research yielded different results. One study
reported that the plasma levels of ghrelin in obese
individuals were lower than those in normal-weight
people, indicating that ghrelin may not be related to the
[63]
progression of obesity .
The role of ghrelin in appetite regulation and
energy metabolism is well established and it is now
recognized as a very promising target for the treatment
[64]
of NAFLD . GHS-R antagonists and ghrelin antibodies
[65]
are being studied in these systems . An anti-obesity
vaccine that prevents ghrelin from reaching the central
[66]
nervous system has been developed . A glucagonlike peptide-1 receptor agonist, exendin-4, has shown
[67]
the effect of inhibiting ghrelin secretion .
Besides ghrelin and GHS-R, GOAT has also been
implicated as a potential target for anti-NAFLD treat
[35,36]
ment
. GOAT inhibition will lead to decreased
ghrelin acylation and increased levels of DAG, which is
[68,69]
suggested to be beneficial for glucose homeostasis
.
At the moment, there are no anti-NAFLD drugs on
the market that target the ghrelin system. This is
mainly due to the variation or lack of efficacy, potency,
non-selectivity, poor bioavailability, sustained weight
loss, and/or adverse side effects. However, specific
antagonists are being developed and their relevance to
clinical practice is being studied.

reports have demonstrated ghrelin expression in
[77-80]
pancreatic islets
and the ability of ghrelin to regulate
insulin secretion and promote β-cell proliferation and
[81,82]
survival
. However, the role of ghrelin in the secretion
and action of insulin remains controversial. Some studies
[79,81,83-85]
show that ghrelin increases insulin secretion
,
[86-89]
whereas other reports show that it inhibits it
.
Mice genetically deficient in the GOAT enzyme
lack acylated ghrelin and exhibit a modest decrease
in body weight and fat mass when fed a diet rich in
[57]
medium-chain triglycerides . When these mice were
subjected to a period of severe caloric restriction, they
were unable to maintain normal blood glucose levels,
resulting in eventual death, unless either ghrelin or
[62]
growth hormone was provided . A recent report
showed that a GOAT-specific acyltransferase inhibitor
could improve glucose tolerance and reduce weight
gain, indicating the effect of the ghrelin-GOAT system
[90]
on glucose homeostasis .
IR patients with NAFLD show decreased insulin
sensitivity not only in muscle, but also in liver and
[73,91]
adipose tissue
. The adipose tissue becomes
resistant to the anti-lipolytic effect of insulin, and
[92]
the release of fatty acids is increased in IR . An
important source of FFAs is the increased spillover
[93]
from chylomicrons under postprandial conditions .
It was supposed that ectopic fat may be a defense
[94,95]
mechanism against lipotoxicity
, and that patients
with NAFLD develop NASH and cirrhosis only after
a second hit. Therefore, it is not surprising that gut
hormones that are known to control the uptake of
nutrients by organs are now increasingly investigated
in NAFLD.

Role of the ghrelin-GOAT system in lipid and energy
metabolism

The first step in the development of NAFLD is hepatic
steatosis, which is characterized by macrovesicular
accumulation of triglycerides in the cytoplasm of
hepatocytes. Sources of increased hepatic lipids in
NAFLD include excess dietary chylomicron remnants,
increased new lipogenesis, or excess FFAs released
[96-98]
from the lipolysis of adipose tissue
. Saturated
fat seems to stimulate hepatic lipid accumulation
and progression into NASH, whereas unsaturated
fat, choline, antioxidants, and high-protein diets
rich in isoflavones seem to have a more preventive
[99]
effect. Li et al
recently found that ghrelin activated
hepatocyte lipogenesis via the mTOR-PPARγ signaling
pathway; ghrelin-induced lipogenesis was mediated
by mTOR, and the effect was significantly attenuated
by PPARγ antagonism in cultured hepatocytes and in
PPARγ-deficient mice.
Lipid accumulation within the liver represents an
equilibrium between synthesis and utilization. The
indiscriminate lipid metabolism and increased lipid flux
through the liver result in intracellular stress, apoptosis,
[100]
and consequent liver damage . IR in adipose tissue

Role of the ghrelin-GOAT system in IR

IR is a disorder in insulin signaling in many organs,
including the liver, fat, and muscle, and is a major
characteristic of obesity, T2DM, and NAFLD. IR is an
essential requirement for NAFLD and is believed to
influence “the first hit” in NAFLD. Some research has
[70-73]
illuminated that IR is a typical character of NAFLD
.
[74]
NAFLD is highly prevalent among patients with T2DM .
By addressing NAFLD both as a consequence and as
a cause of IR through lessons learned from the liver
[75]
of patients with T2DM, Takamura et al
presented
the remarkable changes in the liver in NAFLD. The
development of NAFLD appears to be associated with
food intake, as diet is an important contributor to its
[76]
pathogenesis .
In recent years, ghrelin has been found to play
a direct role in glucose homeostasis. A number of
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with uncontrolled lipolysis resulting in enhanced FFA
delivery to the liver has been postulated to be a critical
factor in development of NAFLD. IR in adipose tissue
has been shown to correlate with severity of liver
[101]
biopsy findings in NASH
. Adipose tissue tumor
necrosis factor (TNF)-α and circulating interleukin 6
are associated with IR and circulating FFA levels, and
[102-104]
both are increased in patients with NAFLD
. It
is entirely plausible that endocrine abnormalities with
hormonal excess and deficiencies may be implicated in
the pathogenesis of NAFLD.
Ghrelin stimulates food intake and decreases energy
[48,105-108]
expenditure in rats
. Ghrelin also increases
[105]
appetite and stimulates food intake in humans
.
A recent study evaluated ghrelin levels and their
relationship with NAFLD and IR in obese adolescents,
and found that ghrelin was negatively correlated
[109]
with weight
. Ghrelin concentrations decrease with
weight gain resulting from overfeeding, pregnancy, or
[110-113]
olanzapine treatment
. Indeed, ghrelin stimulates
the gene expression of lipogenic enzymes, such as
acetyl CoA carboxylase, stearoyl CoA desaturase, and
[114]
fatty acid synthase in white adipose tissue .
In order to determine GOAT expression and fun
ctional regulation, measurement of its protein levels
and activity will be critical. Recently, genetic variation
in GOAT was found in association with anorexia
[115]
nervosa , though whether it may also be involved
in NAFLD remains unknown. Inhibition of GOAT by
a peptide-based bisubstrate analog (GO-CoA-Tat)
reduced weight gain and improved glucose tolerance
[84]
in wild-type mice . In fact, GOAT is the only enzyme
responsible for ghrelin acylation and its alteration will
only affect the physiologic process of ghrelin acylation.
In the future, special medicine targeting GOAT may be
designed as a novel therapeutic approach for NAFLD.

anti-inflammatory role of ghrelin in many organs, it is
possible that future study will identify its pharmacologic
role in the development of NAFLD.

CONCLUSION
NAFLD is becoming a serious threat to public health
worldwide. However, the underlying mechanisms leading
to the development of NAFLD are not fully understood.
The involvement of the ghrelin-GOAT system in NAFLD
and a better understanding of its biology have led to
the identification of pharmacologic targets and the
development of pharmacologic compounds for the
treatment of NAFLD and related diseases. Thus, the
ghrelin-GOAT system represents a promising target for
the treatment of NAFLD.
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MINIREVIEWS

Biomarkers in nonalcoholic fatty liver disease-the emperor
has no clothes?
Madhusudana Girija Sanal
prognostic markers rather than accurate diagnostic
markers which will help to minimize the frequency of liver
biopsies to evaluate disease progression. There are several
biomarker panels commercially available, however, there is
no clear evidence that more sophisticated panels are better
compared to simple criteria such as, presence of diabetes
over five years, metabolic syndrome, obesity, obstructive
sleep apnea, aspartate transaminase/alanine transaminase
(ALT) ratio > 0.8 or ferritin levels > 1.5 times normal in
patients with over six month history of raised ALT and/or
ultrasonological evidence of fat in the liver. Currently the
biomarker panels are not a replacement for a liver biopsy.
However the need and benefit of liver biopsy in NAFLD
is questionable because there is no convincing evidence
that biopsy and detailed staging of NAFLD improves the
management of NAFLD and benefits the patient. After
all there is no evidence based treatment for NAFLD other
than management of lifestyle and components of “metabolic
syndrome”.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
not a single disease, but encompasses a spectrum of
diseases and this makes it very difficult to find highly
specific and sensitive biomarkers. We should therefore
aim to find relevant prognostic markers rather than
accurate diagnostic markers which will help to minimize
the frequency of liver biopsies to evaluate disease
progression. There is no evidence that biopsy and
detailed staging of NAFLD is important in the NAFLD
management and benefits patients. Finally, there is
no evidence based treatment for NAFLD other than
management of ‘metabolic syndrome’ by pharmacological
or non-pharmacological (lifestyle management/surgical)
approaches.

Abstract
Fatty liver is present in over ten percentage of the world
population and it is a growing public health problem.
Nonalcoholic fatty liver disease (NAFLD) is not a single
disease, but encompasses a spectrum of diseases of
different etiologies. It is difficult to find highly specific
and sensitive diagnostic biomarkers when a disease is
very complex. Therefore, we should aim to find relevant
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times normal in patients with over six months history
of raised ALT and/or ultrasonological evidence of fat in
liver.
It is important to detect the development of
inflammation in fatty liver because greater than a
quarter of these patients develop fibrosis which is
associated with a high mortality rate. Detection of
inflammation requires microscopic examination of
liver biopsy specimens. The diagnosis of nonalcoholic
steatohepatitis (inflamed fatty liver) is therefore
[1-3]
histological . However, liver biopsy is an invasive
procedure which involves some serious patient risk
[3]
and suffers from sampling errors . In association with
liver biopsy, various studies have reported mortality
[4]
as high as 2% in the literature . Though liver biopsy
is recommended for therapeutic decisions, clinical
practice guidelines for NAFLD have been modified
therefore to include noninvasive tests for diagnosis
of NASH. The European Association for the Study
of the Liver had a special topic conference in NAFLD
which showed a renewed interest on noninvasive
[5]
biomarkers . The prospect of imaging techniques
[such as real-time elastography, acoustic radiation
force impulse elastography, magnetic resonance
spectroscopy and certain magnetic resonance imaging
(MRI) based techniques] are currently more promising
when compared to the prospect of biomarkers in
the evaluation of fibrosis. Many of the non-invasive
diagnosis techniques now employed for NAFLD were
actually developed for managing chronic hepatitis C.
The most important criteria to be evaluated in hepatitis
C virus (HCV) and NAFLD are inflammation and
progression of fibrosis, the two most important turning
points in the course of fatty liver disease progression.
While there are several markers for inflammation
only liver enzymes are specific to liver and even
few are sufficiently sensitive enough to be a serum
biomarker for clinical use. For example cytokeratin-18
(CK-18) is a relatively useful marker to differentiate
non-alcoholic steatohepatitis (NASH) from fatty liver
without inflammation. However its plasma levels are
altered in several inflammatory conditions involving
apoptotic response such as chronic viral hepatitis,
chronic lung and renal diseases. Therefore, CK-18 is
not definitive enough for routine diagnostic use as a
[6]
marker for staging NASH .
This review will focus on the limitations of biomarkers
and diagnostic panels presently available in the diagnosis
and management of NAFLD. Although tremendous
advances are presently being made in non-invasive
imaging methods and other non-biomarker based
methods inclusive of ultrasound based methods such
as transient ultrasound elastography, Doppler analysis,
acoustic radiation force impulse (ARFI), real-time
elastography, tissue strain imaging, supersonic shear
imaging, magnetic resonance based techniques such
as MRI, diffusion-weighted MRI, magnetic resonance
spectroscopy, X-ray based imaging techniques such
as computed tomography (CT) and radioisotope
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INTRODUCTION
Fatty liver can be a sign of an underlying disorder
but by itself it is not a disease. Nonalcoholic fatty
liver disease (NAFLD) is not a single disease but
encompasses a spectrum of diseases. No wonder that
efforts to find a highly specific and sensitive biomarker
for NAFLD have not become successful. About a
quarter of fatty livers develop liver inflammation
[nonalcoholic steatohepatitis (NASH)] and over a
quarter of NASH patients develop severe fibrosis.
We need biomarkers for the excess fat in liver,
inflammation and fibrosis of liver. It is less likely that
we could find liver specific proteins/molecules which
can be used in commercial settings for identifying fat in
liver. While there are several markers for inflammation,
but it is difficult to find markers which are liver specific
but superior to classic liver enzymes such as alanine
transaminase (ALT). Similarly, it is difficult to find
biomolecules which are specific for fibrosis of liver.
We should therefore aim to find relevant prognostic
markers rather than accurate diagnostic markers
which will help to minimize the frequency of liver
biopsies to evaluate disease progression. Despite
several years of research, there is no clear evidence in
the literature that any of the sophisticated algorithms
or proprietary biomarker panels are good enough to
avoid a liver biopsy compared to simple criteria such
as, presence of diabetes over five years, metabolic
syndrome, obesity, obstructive sleep apnea, aspartate
transaminase (AST)/ALT ratio > 0.8 or ferritin levels
> 1.5 times normal in patients with over six months
history of raised ALT and/or ultrasonological evidence
of fat in liver. Therefore, “more” is not necessarily ‘the
better’ when it comes to the number of biomarkers,
accuracy of diagnosis and staging of NAFLD. Moreover,
the performance of biomarkers depends on the
etiology of NAFLD and the stage of the disease and
compromising their reliability. After all there is no
evidence based treatment for NAFLD other than
management of lifestyle and components of “metabolic
syndrome”. There is no convincing evidence that
biopsy and detailed staging of NAFLD improves the
management of NAFLD and benefits the patients.
Appropriate combination of lifestyle adjustments,
pharmacological and non-pharmacological (such
as bariatric surgery) intervention to improve the
underlying cause of NAFLD such as diabetes should be
undertaken in all cases of NAFLD with diabetes over
five years, metabolic syndrome, obesity, obstructive
sleep apnea, AST/ALT ratio > 0.8 or ferritin levels > 1.5
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[18]

based imaging techniques such as positron emission
tomography and single photon emission computed
tomography (SPECT), however they are beyond the
scope of this review.
There exists a plethora of panels and scoring
systems and plenty of redundancy exists among these
tests. We will only consider some of these panels or
scoring systems as detailed discussion about these all is
also beyond the scope of this review. There are already
many good reviews on biomarkers and diagnostic
[7-12]
panels used in NAFLD, NASH and fibrosis
.
MicroRNAs are implicated in pathogenesis of NAFLD,
however more research is required to confirm and
validate their usefulness as diagnostic or prognostic
[13]
markers to qualify them for clinical use .

TNF-α . To be useful, IL-6 and TNF-α, should be
sufficiently specific and should be able to distinguish
between a fatty liver without inflammation from one
with inflammation. The same is true for markers
such as CRP, adiponectin, resistin, leptin, visfatin
or retinol-binding protein 4 and PTX3. Ferritin is an
intracellular protein that binds to iron and releases it
in a controlled fashion present in all cells. Ferritin level
increases in response to infection and inflammation.
Serum ferritin is an independent predictor of advanced
[19]
hepatic fibrosis among patients with NAFLD . Both
inflammation and accumulated fat in liver creates
oxidative stress. Partially oxidized fat causes cellular
damage and is known to attract leukocytes resulting
in inflammatory response. Measurement of oxidative
stress therefore is an indirect predictor of inflammation.
However, both obesity and diabetes are independently
[20]
associated with oxidative stress and inflammation .
Accumulated fat in liver will undergo slow oxidation
inside hepatocytes, generating free radicals which will
initiate a cascade of free radical reactions. Several of
the stable intermediates and final products of these
reactions can be quantified. Products of free radical–
mediated oxidation of linoleic acid (9- and 13-hydroxy
octadecadienoic acid and 9-13-oxo-octadecadienoic
acid) measured in plasma were significantly elevated
in NASH patients with reference to patients with fatty
liver without inflammation or patients with normal
[21]
biopsies . Several compounds such as oxidized low
density lipoproteins, malonaldehyde, thiobarbituric acid
reactive substances (TBARS) or compounds arising
from oxidized tyrosine are useful markers of oxidative
stress. However they are of limited use in clinical
[22,23]
diagnosis or management of NASH
.
The human body has an anti-free radical regimen
to counteract oxidative/nitrosative stress which is
depleted during chronic free radical stress conditions
such as NASH. The degree of depletion of antioxidant
components of mammalian systems, such as glutathione
(which is considered the main regulator of redox balance)
[24]
is a reasonable surrogate measure for oxidative stress .
However, oxidative/nitrosative stress is now recognized
to be a common characteristic of many acute and chronic
[25]
diseases in addition to the normal aging process .

question of becoming better than
the gold standard
An important fact to note is that when we decide the
quality of a non-invasive test or biomarker, all noninvasive tests or biomarkers are compared against
the “gold standard” and for NASH diagnosis it is liver
biopsy. It is well documented that liver biopsy suffers
[3]
from sample variability and inter-observer variability .
It is possible that in a proportion of samples where
liver biopsy results were inaccurate but the biomarkers
were correct, the comparative performance of bio
marker will be reported inferior despite the reality that
they gave superior results.

Markers of Inflammation
Pro-inflammatory cytokines, such as tumor necrosis
factor-α (TNF-α) and interleukin-6 (IL-6), are raised
in plasma in NASH patients compared to patients who
suffer from fatty liver without inflammation. There are
several reports showing strong association between IL-6
[14]
and non-alcoholic steatohepatitis (NASH) . However,
IL-6 is raised in several inflammatory conditions including
insulin resistance and triggers fibrosis in multiple
[15]
organs IL-6 is not only involved in inflammation and
infection responses but also it has anti-inflammatory
action, besides, it is also involved in the regulation
[16]
of metabolic, regenerative, and neural processes .
TNF-α level is increased several fold in NASH, however
it is also increased in several inflammatory diseases,
cancer and infections. Obesity is characterized by
increased plasma levels of TNF-α, IL-6 and acute
phase reactant proteins like C-reactive protein (CRP).
It may be noted that about 70% of adults age twenty
years and over are overweight or obese according
to Center for Disease Control and Prevention, United
[17]
States . Pentraxin-related protein (PTX3), also
known as TNF-inducible gene 14 (TSG-14) protein
is rapidly induced in many cell types, in particular by
mononuclear phagocytes, fibroblasts and endothelial
cells in response to inflammatory signals such as
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Markers of repair and remodeling
response
Chronic inflammation results in cell death (apoptosis
and necrosis) which in turn induces repair and remo
deling responses. Liver has enormous regeneration
[3,7,9]
potential
and during this process several bio
molecules are released into the bloodstream mainly
from damaged/dying cells, tissue matrix, infiltrated
immune cells and possibly from regenerating cells.
This includes, liver enzymes and other proteins such as
aspartate transaminase (AST), alanine transaminase
(ALT), gamma-glutamyl transpeptidase (GGT), α2
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macroglobulin (an inhibitor of fibrinolysis), haptoglobin (a
protein which binds to free hemoglobin), apolipoprotein
A1 (component of high density lipoprotein), tissue
inhibitor of metalloproteinase 1 (TIMP1), Chitinase-3like protein 1 (CHI3L1 also known as YKL-40, is a secreted
glycoprotein) and constituents of extracellular matrix such
as hyaluronic acid (HA) , laminin ,type Ⅳ collagen 7S
domain, Pro-collagen Ⅲ (PⅢNP), procollagen Ⅰ carboxyl
terminal peptide (PICP), procollagen Ⅳ C peptide,
procollagen Ⅳ N peptide (7-S collagen), cytokeratin
18 (CK-18 or KRT18- a type Ⅰ cytokeratin present in
glandular epithelia of the digestive, respiratory and
[7-12]
urogenital tracts etc.)
.

miRNAs, (miR-122, miR-451 and miR-27) and the up
regulation of three (miR-200a, miR-200b and miR-429)
in high fat diet (standard diet with high fructose and
high fat diet combined with high fructose).

Nonalcoholic Steatohepatitis
Diagnostic Panels: the more
parameters the better?
Although, there exists a variety of scoring systems and
panels for evaluating the progression of fatty liver to
NASH and cirrhosis exists, none of these markers can
be a replacement for liver biopsy. Some of these panels
depend on a dozen or more variables to derive the scores
while others depend only on three or four parameters
(table 1). Despite the difference in the number of factors
and the complexity of the mathematics involved in the
biomarker panel development, the difference in efficiency
and accuracy in diagnosing and/or staging inflammation
and fibrosis that is associated with fatty liver disease is
not very much different between these tests (see below).

Primary etiological markers
of NAFLD and indirect markers
associated with declining liver
function and health
Type 2 diabetes mellitus and adipose tissue dysfunction
[3]
results in deposition of fat in liver . Insulin resistance,
dyslipidemia and obesity are therefore markers of fatty
liver disease. Similarly, dysfunction of other organ
systems may result in liver pathology. Liver is a key
organ in maintaining good health and liver damage
results in secondary damage to other organ systems.
Liver damage is associated with changes in platelet
values, renal and nervous system pathology. NAFLD
is associated with cardiovascular risk and events
[1-3]
associated with primary arterial hypertension .

Brief review on the biomarkers/panels in NAFLD

[31]

In a paper published in 2001 Dixon et al
found
that: (1) a raised index of Insulin; Resistance (OR
= 9.3); (2) systemic hypertension (OR = 5.2); and
(3) raised alanine aminotransferase (OR = 8.6) were
independent predictors of NASH. A combination of any
two or all three of these predictors showed a sensitivity
of 0.8 and specificity of 0.89 for NASH. The accuracy of
the test was found by receiver operating characteristic
(ROC) analysis. They reported an area under the curve
(AUC) equal to 0.90 for the combination of these three
[31]
predictors .
A composite index for distinguishing steatosis
[32]
from NASH was formulated by Palekar et al
which
included the risk factors, age > 50 years, female
2
gender, AST 45 IU/l, BMI 30 kg/m , AST/ALT ratio
≥ 0.80, and HA ≥ 55 mcg/l, and its accuracy was
determined by ROC analysis to be 0.763. The presence
of three or more risk factors had sensitivity and
[32]
specificity of 73.7% and 65.7% respectively .
A commercial panel, the “NashTest” from BioPredictive
a French company, combines α2-macroglobulin, hapto
globin, apolipoprotein A1, total bilirubin, GGT, fasting blood
glucose (FBS), triglycerides (TG), cholesterol, ALT and AST,
with parameters adjusted for patient’s age, gender, weight
[33]
and height . According to Thierry Poynard, the inventor
of this patented test, the accuracy of NashTest was
determined by ROC analysis. The AUC of the “NashTest”
for diagnosing NASH in the training and validation groups
[34]
were, 0.79 and 0.79 (P = 0.94) respectively . Therefore
the test result for “NashTest” was not quite as impressive;
and we need several independent and international studies
to prove the usefulness of the “NashTest”.
The “FibroTest” (in the United States it is marketed
as “FibroSure”) is a hepatic damage score that is

MICRORNAS AS BIOMARKERS IN NAFLD
Recently, certain microRNAs were implicated in
NAFLD, however, the available data is not sufficient to
suggest their diagnostic use as markers of steatosis,
inflammation or fibrosis. miR-122 and miR-34a levels
were positively correlated with disease severity from
simple steatosis to steatohepatitis. In both chronic
hepatitis C (CHC) and NAFLD patients serum levels of
miR-122 and miR-34a correlated with serum lipids, liver
enzymes levels, and fibrosis stage and inflammation
[26]
activity . In a recent study, serum levels of circulating
miRNAs, miR-21, miR-34a, miR-122 and miR-451
were found associated with nonalcoholic fatty liver
disease and the serum level of miR-122 was correlated
[27]
with the severity of liver steatosis . Over-expressed
microRNA-27a and 27b influence fat accumulation
and cell proliferation during rat hepatic stellate cell
activation but corresponding data from human studies
[28]
are not presently available or corroborative . In
[29]
another rat study, Venugopal et al , reported that
liver fibrosis is associated with a down regulation of
miRNA-150 and miRNA-194 in hepatic stellate cells
and their overexpression causes decreased stellate cell
[30]
activation. In a study by Alisi et al in rats, the miRNAs
analysis showed the significant down regulation of three
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Table 1 Some of these panels depend on a dozen or more variables to derive the scores while others depend only on three or four
parameters
Noninvasive test
APRI

Parameters

Disease

AUC

AST, platelet count

Fibrosis, cirrhosis in
mixed patient population
Enhanced liver fibrosis Hyaluronic acid, tissue inhibitor of
NAFLD in children
Chronic liver disease
(ELF) test
matrix metalloproteinase-1, amino
terminal propeptide of procollagen
type Ⅲ
HAIR
Hypertension, ALT, IR index
NAFLD
NashTest
Alpha2-macroglobulin, haptoglobin,
NAFLD
A commercial panel
apolipoprotein A1, total bilirubin,
from Biopredictive,
GGT, fasting glucose, triglycerides,
France
cholesterol, ALT, AST, age, gender,
weight, height
FIB-4
Platelets, ALT, AST and age
HCV fibrosis
NAFLD fibrosis
FibroTest/FibroSure
A commercial panel
from Biopredictive,
France
FibroQ
Lok index
Forns Score
BARD Score
NAFLD fibrosis score

Fibrometer

Ref.
[40]

0.82

Adler et al , Hepatology (2008)

0.92 to 0.99
0.80

Nobili et al[50], Gastroenterology (2009)
Nobili et al[50], Gastroenterology (2009)

0.90
0.79

Dixon et al[31], Gastroenterology (2001)
Poynard et al[34], BMC Gastroenterology (2006)

0.76
0.80

α2-macroglobulin , apolipoprotein
A1, haptoglobin, total bilirubin, GGT

NAFLD fibrosis

0.86

Vallet-Pichard et al[38], Hepatology 2006
Shah et al[39], Clinical Gastroenterology and Hepatology (2009)
Ratziu et al[37], BMC gastroenterology (2006)

Age, AST, platelet
Count, PT-INR
Platelet count, PT-INR, AST, ALT
Age, platelet count,
GGT, cholesterol
Body-mass index, AST/ALT ratio,
type 2 diabetes mellitus
Age, hyperglycemia, body mass
index, platelet count, albumin, and
AST/ALT ratio
Platelets, prothrombin index,
aspartate aminotransferase, α2macroglobulin (A2M), hyaluronate,
urea, and age

HCV fibrosis
(F2-4)
HCV fibrosis
HCV fibrosis
Fibrosis from all causes
NAFLD fibrosis

0.783

Hsieh et al[41], Chang Gung Med J (2009)

0.78
0.86
0.76
0.67

Lok et al[42], Hepatology (2005)
Forns X et al, Hepatology (2002)
Adler et al[40], Hepatology (2008)
Ruffillo et al[47], Journal of Hepatology (2011)

NAFLD fibrosis

0.82
0.68

Angulo et al[45], Hepatology (2007)
Ruffillo et al[47], Journal of Hepatology (2011)

Viral and alcoholic
chronic liver diseases
fibrosis
NAFLD

0.883

Calès et al[43], Hepatology (2005)

0.943

Calès et al[44], Journal of Hepatology (2009)

NashTest, FibroTest/FibroSure. SteatoTest and FibroMax are products from Biopredictive, France. FibroMax is the combination of NashTest, FibroTest/
FibroSure and SteatoTest. AUC: Area under the curve; APRI: AST-to-platelet ratio index; AST: Aspartate transaminase; ALT: Alanine transaminase;
NAFLD: Nonalcoholic fatty liver disease; GGT: Gamma-glutamyl transpeptidase; HCV: Hepatitis C virus.

useful in a variety of diseases involving the liver. It is
[33]
derived from age, gender and five serum markers .
The markers are α-2-macroglobulin, haptoglobin,
apolipoprotein a1 (APOA1), GGT, total bilirubin. ALT is
used in another sub-test called ActiTest, for measuring
necro inflammatory activity in patients with chronic
hepatitis C or B. The patented formula for calculating
the FibroTest score logistic regression coefficient is the
following or a variant which can be found in the public
[35]
domain .
The “FibroTest” is well standardized, reproducible
and commercially available. According to a report
[36]
by Imbert-Bismut et al
the impact of parameter
analytical variability on Fibrotest and Actitest results
was less than 10% and intra-patient reproducibility
[36]
was within acceptable limits . FibroTest was
evaluated in two groups, group 1 from a reference
center and group 2 was a multicenter study. The ROCs
for the diagnosis of advanced fibrosis (F2F3F4): 0.86
[37]
in group 1 and 0.75 in group 2 .
Biopredictive also offers the “SteatoTest” which
combines α 2-macroglobulin, haptoglobin, APOA1, total
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bilirubin, GGT, fasting glucose, triglycerides, cholesterol
and ALT, parameters adjusted for patient’s age, gender,
weight and height according to the company’s website.
Fibromax is the combination of FibroTest, SteatoTest
and NashTest, available from the same company,
[33]
“Biopredictive” .
FIB-4 is “an inexpensive and accurate marker
of fibrosis in HCV infection in comparison with liver
biopsy and Fibrotest” according to Vallet-Pichard et
[38]
al
in a paper published in 2006. FIB-4, depends
common clinical parameters-platelets, ALT, AST and
age. According to the authors, “FIB-4 value < 1.45
or > 3.25 (64.6% of the cases) was concordant with
the FibroTest results in 92.1% and 76%, respectively”
[39]
and AUC was 0.76. A 2009 study by Shah et al
compared the performance of the FIB4 index with six
other non-invasive markers of fibrosis in patients with
NAFLD. They found that the FIB4 index is superior to
the other noninvasive markers of fibrosis in patients
with NAFLD [the AUC was greatest for FIB4 (AUC =
0.802)]. The authors however highlighted the need for
even better noninvasive markers for NAFLD.
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The AST-to-platelet ratio index (APRI) was developed
as a simple, easy to use method in clinics to predict,
severe fibrosis or cirrhosis in both HCV mono-infected
and co-infected (HCV and HIV) patients. According
to a meta-analysis of twenty two studies with 4,266
subjects, the summary AUCs of the APRI for significant
fibrosis and cirrhosis were 0.76 and 0.82, respectively.
For significant fibrosis, an APRI threshold of 0.5 was
81% sensitive and 50% specific. The Forns Index is
mathematically derived from four simple parameters,
age, GGT, cholesterol and platelet count. This index is
best studied in HCV related fibrosis and it is useful with
AUC of 0.750 and 0.760 respectively for the prediction
of significant fibrosis (F/S2-4) in HCV and fibrosis from
all causes. Comparable values for FibroTest are AUC of
[40]
0.794 and 0.800 respectively .
AST level, platelet count and prothrombin time
(PT) international normalized ratio (INR) and the
at onset are the variables considered in “FibroQ”,
another test for predicting fibrosis in HCV developed
by a group in Taiwan in 2009. According to these
investigators, FibroQ performed better than APRI,
but was similar to ALT/AST ratio, in the prediction
of significant fibrosis (it was possible to distinguish
between patients with or without fibrosis in 77% of
[41]
the patient population) .
[42]
Lok et al
proposed another simple formula for
predicting fibrosis in chronic hepatitis C (CHC). The
Lok index was based on platelet count, PT-INR, serum
[42]
AST and ALT levels. Lok et al
studied a cohort of
1141 patients with CHC and reported an AUROC of
[43]
0.78-0.81 to detect cirrhosis. Calès et al
in 2005
reported a test which they named the “Fibrometer”
to characterize different fibrosis parameters in viral
and alcoholic chronic liver diseases. This test is based
on the values platelets, prothrombin index, aspartate
aminotransferase, α2-macroglobulin, hyaluronate,
urea, and age. The AUC for Fibrometer was 0.883
compared with 0.808 for the Fibrotest. Recently the
same group used Fibrometer to measure fibrosis in
NAFLD. They found that it was superior to NAFLD
fibrosis score (NFSA) and APRI. AUC for Fibrometer
was 0.943 and for NFSA and APRI the values were
[44]
0.884 and 0.866, respectively . The NAFLD fibrosis
[45]
score was introduced by Angulo et al
in 2007 and
includes routine clinical/lab variables such as age,
hyperglycemia, body mass index, platelet count,
albumin, and AST/ALT ratio. This scoring was efficient
in predicting fibrosis and had an AUC of 0.82 in the
[46]
validation group. Harrison et al
proposed an index,
referred to as the BRAD score, which included- bodymass index (BMI), AST/ALT ratio (AAR), and presence
of type 2 diabetes mellitus. They scored these
2
variables as follows-BMI ≥ 28 kg/m = 1 point, BMI <
2
28 kg/m = 0 point; AST/ALT ratio ≥ 0.8 = 2 points,
AST/ALT ratio < 0.8 = 0 points; freshly recognized or
preexisting diabetes = 1 point. A total of 2-4 points
[46]
[47]
meant significant fibrosis . Ruffillo et al
evaluated
the diagnostic accuracy of this score in NAFLD patients
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and concluded that this score is useful in identifying
patients without severe fibrosis.
A total of 2411 patients with compensated CLD (HCV
= 75.1%, HBV = 10.5%, NASH = 7.9%, HIV/HCV
= 6.5%) were evaluated by APRI, Forns index, Lok
index, AST/ALT ratio, Fib-4, platelets and FibrotestFibrosure against liver biopsy, in a multicenter study.
This study concluded that the diagnostic performance
is better for significant fibrosis for CHC compared
with NAFLD patients, but accuracy was relatively poor
[48]
among CHC patients with ALT .
Enhanced liver fibrosis (ELF) is a modified version
[49]
of the original European Liver Fibrosis panel . The
original panel includes hyaluronic acid, tissue inhibitor
of matrix metalloproteinases-1, amino terminal
propeptide of procollagen type Ⅲ (which are involved
in the synthesis and degradation of extracellular
matrix) and age. Later the parameter “age” was
removed from the panel establishing the enhanced
[49,50]
liver fibrosis (ELF) test
. The test was effective in
predicting NAFLD in children (AUC ranging from 0.92
[50]
to 0.99, from fibrosis stage 1 to stage 3) .

How important is exact stage
information in the management
of NAFLD?
It seems, rather than patient management, exact stage
information is more important in academic research
and in clinical trials (especially where different drugs
are being tried on a limited number of patients). There
may be only subtle differences between some of these
drugs, which can only be better identified if there
exists a good scoring system to evaluate the progress
or regression of steatohepatitis.
The appearance and persistence of inflammation
is an important turning point in the history of fatty
liver disease. The presence of inflammation in “fatty
liver” needs to be taken quite seriously because it can
progress to fibrosis depending on the patient’s genome
[1-4]
and epigenome over time . The major deficiency
of most of the panels is the inability to identify this
critical point effectively. Current panels are not
reliable in distinguishing fatty liver disease from
NASH accurately, although they are good at deciding
fibrosis. Identification of fatty liver disease is important
because of the associated liver, cardiovascular and
[3,51]
cerebrovascular risk
. However when it comes to
the disease staging, it is hitherto not clear whether
accurate staging of the disease has a role in the
management and what is its implication in practice.
The usefulness of accurate staging and grading
of steatosis, inflammation and fibrosis in the mana
gement of NAFLD is controversial because of the
following reasons. Firstly, pharmacological treatment is
not warranted for simple fatty liver (fatty liver without
inflammation). Secondly, there are no approved drugs
[5]
for NASH . Finally, to date, anti-fibrotic treatment
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of fibrosis represents, an unsuccessful area, by and
[52]
large, for drug development . Currently therapy for
NAFLD aims at achieving good control of diabetes,
hypertension and body mass in diabetic, hypertensive
and overweight/obese NASH patients through phar
macological, surgical or non-pharmacological methods
such as lifestyle modification. There is no clear “evidence[53,54]
based treatment” for NAFLD
. A literature search,
didn’t reveal to date, any definite guidelines from
professional organizations other than what is described
(vide-supra) for management of inflammation and
fibrosis associated with NAFLD in a stage specific
manner. It is therefore difficult to decide the usefulness
of staging information on steatosis, inflammation and
fibrosis in the currently available treatment methods
for NAFLD. This implies, as far as treatment and
benefit to the patients is concerned, small differences
in efficiency (calculated often in terms of AUC by
ROC analysis) between sophisticated, proprietary and
costly/commercial tests and scoring algorithms versus
simple, inexpensive, easily available non-proprietary
tests and scoring systems may be insignificant (table
1). A simple criteria such as presence of diabetes over
five years, metabolic syndrome, obesity, obstructive
sleep apnea, AST/ALT ratio > 0.8 or ferritin levels > 1.5
times normal in patients with over six months history
of raised ALT and/or ultrasonological evidence of fat in
liver would identify patients who need special care and
personalized treatment depending on the comorbidities
and etiology of NAFLD.
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MINIREVIEWS

Mitochondrial uncoupling protein 2 and pancreatic cancer:
A new potential target therapy
Massimo Donadelli, Ilaria Dando, Elisa Dalla Pozza, Marta Palmieri
is nearly 5%, making this cancer type one of the most
lethal neoplasia. Furthermore, the incidence rate of
pancreatic cancer has a growing trend that determines
a constant increase in the number of deceases caused
by this pathology. The poor prognosis of pancreatic
cancer is mainly caused by delayed diagnosis, early
metastasis of tumor, and resistance to almost all tested
cytotoxic drugs. In this respect, the identification of
novel potential targets for new and efficient therapies
should be strongly encouraged in order to improve
the clinical management of pancreatic cancer. Some
studies have shown that the mitochondrial uncoupling
protein 2 (UCP2) is over-expressed in pancreatic cancer
as compared to adjacent normal tissues. In addition,
recent discoveries established a key role of UCP2 in
protecting cancer cells from an excessive production
of mitochondrial superoxide ions and in the promotion
of cancer cell metabolic reprogramming, including
aerobic glycolysis stimulation, promotion of cancer
progression. These observations together with the
demonstration that UCP2 repression can synergize with
standard chemotherapy to inhibit pancreatic cancer
cell growth provide the molecular rationale to consider
UCP2 as a potential therapeutic target for pancreatic
cancer. In this editorial, recent advances describing
the relationship between cancer development and
mitochondrial UCP2 activity are critically provided.
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Core tip: The dramatic poor prognosis of pancreatic
cancer forces towards the identification of novel
efficient therapeutic targets against this neoplasia.
Overexpression of uncoupling protein 2 (UCP2) and its
functional involvement in cancer development, reactive
oxygen species production, and cancer metabolic
reprogramming may represent the rationale and the

Abstract
Overall 5-years survival of pancreatic cancer patients
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[9-11]

starting point for future drug design projects focused
on the identification of specific UCP2 inhibitors as
innovative therapeutic tool against pancreatic cancer.

combinatorial tumorigenic strategies
.
Several efforts made to identify pancreatic tumor
[12,13]
biomarkers
have brought to the identification of
the carcinoembryonic antigen and the carbohydrate
antigen 19-9, which, however, are considered low
sensitive and specific for screening pancreatic cancer
at early stages. Despite these advances, more than
90% of patients who have received a diagnosis of
pancreatic cancer die from the disease as a result
of extensive metastasis (70%) or of bulky primary
[14]
tumors with limited metastatic disease (30%) .
Thus, delayed diagnosis, early metastasis, and
resistance to almost all the classes of cytotoxic drugs
are considered the main causes of the extremely poor
prognosis of PC. For all these reasons, research is now
focused on the identification of new prognostic and
diagnostic biomarkers and efficient therapeutic targets
in order to improve the clinical management of PC.
In this respect, we here provide critical comments on
the possible usage of the antioxidant mitochondrial
uncoupling protein 2 (UCP2) as a new potential target
for PC treatment. Several studies have indeed shown
that UCP2 is broadly over-expressed in various cancer
types and its over-expression is strictly related with
the regulation of reactive oxygen species (ROS) and
cell metabolism (including autophagy), both processes
known to be generally altered in cancer cells.

Donadelli M, Dando I, Dalla Pozza E, Palmieri M.
Mitochondrial uncoupling protein 2 and pancreatic cancer:
A new potential target therapy. World J Gastroenterol 2015;
21(11): 3232-3238 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3232.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3232

INTRODUCTION
Pancreatic cancer (PC) ranks amongst the most lethal
cancers and has a mortality rate that nearly equals
the incidence rate and an overall 5-years survival of
[1,2]
approximately 5% . Dismally, its mortality rate has
been increasing in the last years with a prediction for
next years having the same trend. In contrast, in the
last decades, an overall reduction in cancer-related
mortality in Western countries has been observed
[3]
for lung, breast, colorectal, and prostate cancers .
The reduced cancer mortality for the latter tumors
is likely the result of several strategies, including
development of early detection, prevention programs,
and the discovery of new therapeutic targets and
drugs. In the case of PC, because of its low incidence,
population-based screening has been considered
[4]
not feasible . Indeed, the worldwide incidence of all
the types of pancreatic cancers (85% of which are
adenocarcinomas) ranges from 1 to 10 cases per
100000 people and is generally higher in developed
countries and among men. Furthermore, PC has been
classified as the eighth leading cause of death for
[5]
cancer in men and the ninth in women . Pancreatic
adenocarcinoma (PDAC), the most aggressive and
frequent PC, possesses a variety of hallmarks that
include: (1) high rate of KRAS activating mutations;
(2) progression from distinct types of precursor
lesions; (3) propensity for both local invasion and
distant metastasis; (4) extensive stromal reaction
(desmoplasia) resulting in a hypovascular and hypoxic
microenvironment; (5) reprogramming of cellular
[6]
metabolism; and (6) tumor immune evasion . More
than 90% of all grades pancreatic intraepithelial
[7]
neoplasia possess KRAS mutations . Instead, the
mutational inactivation of the CDKN2A, p53, and
SMAD4 tumor suppressors has been detected with
increasing frequency in type Ⅱ and type Ⅲ lesions of
pancreatic intraepithelial neoplasia, suggesting that
they may represent rate-limiting events for tumor
progression, while KRAS mutations would contribute to
[8]
its inception . The epidermal growth factor receptor,
the nuclear factor κB, the antiapoptotic protein BclxL, and mitogen-activated protein kinase pathways
have also been shown to contribute to KRAS-mediated
pancreatic adenocarcinoma, suggesting alternative
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Uncoupling protein superfamily

Mitochondrial ATP production occurs by coupling
the electron transport chain (ETC) with the phos
phorylation of ADP into ATP, the so-called oxidative
phosphorylation. These two processes are not always
efficiently coupled, mainly because of the presence
in the inner membrane of mitochondrial transporters,
such as uncoupling proteins (UCPs). The UCPs belong
to the superfamily of anion transport carriers of the
[15]
mitochondrial inner membrane
and some of them
are involved in thermogenesis and regulation of
mitochondrial ROS. UCP1 was first discovered and
[16]
cloned in 1986
and is involved in the non-shivering
[17]
thermogenesis activity of brown adipose tissue (BAT) .
Since then, the discovery of UCPs has grown rapidly,
UCP1 homologues being found across mammalian
species (UCP2 and UCP3) but also in other eukaryotes
[18,19]
from plants to animals
. UCP1, UCP2, and UCP3
are thought to differ in the nature of their uncoupling
[20,21]
[22]
activity
and of their potential physiological roles .
A rapid overview of data collected on UCP1, 2 and 3
highlights how these proteins differ from each other.
First, while UCP1 tissue expression is localized and
abundant in BAT, UCP2 has been found in several
tissues, including liver, brain, pancreas, adipose
tissue, immune cells, spleen, kidney, and the central
[23-25]
nervous system
, and UCP3 is mainly present in
[18]
the skeletal muscle . Also, the physiological role of
UCP1 is restricted to thermogenesis, which is unlikely
to be the role for UCP2 and 3, as shown by their
[26,27]
respective knock-out models
. UCP2 and 3 have
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been involved in a number of postulated functions
in energy regulation, including regulation of insulin
[28]
secretion
or ROS production and control of the
[26]
immune response . The other two members of the
UCP superfamily, UCP4 and UCP5, are expressed
in a tissue-specific manner and are involved in
[29]
mitochondrial membrane potential reduction .

Hence, the mild uncoupling of mitochondrial oxidative
phosphorylation may represent the first line of defense
[32]
against oxidative stress . According to this pattern,
UCP2 can dissipate the proton gradient to prevent the
proton-motive force from becoming excessive, thus
[33]
decreasing ROS produced by electron transport .
Overall, it is estimated that 0.2%-2% of the O 2
consumed in mitochondria is reduced to superoxide
by electron leakage. Mitochondrial superoxide ion is
considered the initial and leading molecule of ROS
signaling and is generally converted into hydrogen
peroxide (H 2 O 2 ) by superoxide dismutases. In
addition, upon reaction with H2O superoxide ion can
•
generate hydroxyl radicals ( HO) implicated in lipid
[34,35]
damage and protein oxidation
. The electron
leakage causing superoxide production can occur
both at complex Ⅰ (CⅠ) and complex Ⅲ (CⅢ) of
[36]
the respiratory chain : at CⅠ, superoxide has
been shown to be exclusively directed toward the
mitochondrial matrix and converted into membranepermeable H2O2 by manganese-superoxide dismutase
(Mn-SOD), while at CⅢ, superoxide is released to both
the matrix and the intermembrane space where it
can be converted into H2O2 by copper/zinc-superoxide
[37]
dismutase (Cu/Zn-SOD) (Figure 1) . In addition,
some evidence indicates that mitochondrial matrixdirected superoxide can be released from mitochondria
through voltage dependent anion channels causing
[38]
an increase of cytosolic ROS . Therefore, UCP2 acts
as a sensor of mitochondrial oxidative stress and

UCP2 and reactive oxygen species

The cellular antioxidant systems include a large set of
enzymes and low-molecular-weight compounds that
sequester excessively generated ROS or prevent their
production by aerobic respiration. Some antioxidant
systems can be energetically expensive because of
their dependence on both ATP and NADPH usage. The
UCP system represents an acute and energetically
costly mechanism to decrease ROS production in
[30]
mitochondria . Indeed, as shown in Figure 1, the
uncoupling of oxidative phosphorylation is a short
circuit in which the transport of protons from the
intermembrane space to the matrix bypasses ATP
synthase resulting in a decrease of: (1) mitochondrial
inner membrane potential; (2) leakage of electrons
from ETC; and (3) consequently, ROS generation. The
existence of a strong correlation between mitochondrial
membrane potential and ROS production is well
[31]
known . Minor increases in membrane potential
induce ROS formation, whereas slight decreases can
substantially diminish their production, without greatly
lowering the efficiency of oxidative phosphorylation.

WJG|www.wjgnet.com

3234

March 21, 2015|Volume 21|Issue 11|

Donadelli M et al . UCP2 and pancreatic cancer

Cytosolic
GAPDH with
glycolytic activity
ROS

Efflux of
pyruvate out of
mitochondria

Krebs cycle

UCP2

Export of C4
metabolic
intermediates out
of mitochondria

Nuclear
GAPDH

Transcriptional
induction of cell
death genes

Aerobic glycolysis
or Waburg effect

Tumor growth
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[43]

constitutes an important component of local feedback
mechanisms generally implicated in cyto-protective
activities controlling the production of mitochondrial
ROS and regulating redox-sensitive cytosolic signaling
pathways.

cells . Furthermore, UCP2 catalyzes the exchange
of intramitochondrial C4 metabolites for cytosolic
+
phosphate by an H -assisted mechanism, which is
stimulated by both the electrical potential (negative
inside) and pH gradient (acidic outside) existing across
[44]
the inner mitochondrial membrane of respiring cells .
In particular, by exporting oxaloacetate and related
C4 compounds from mitochondria, UCP2 negatively
controls the oxidation of acetyl-CoA-producing
substrates via the Krebs cycle, thus lowering the
redox pressure on the mitochondrial respiratory chain,
the ATP: ADP ratio, and ROS production. Notably,
the mitochondrial concentration of oxaloacetate is
usually very low, and its availability regulates the
entry of acetyl-CoA into the Krebs cycle. Thus, UCP2
prevents mitochondrial glucose oxidation and favors
a higher glucose utilization by aerobic glycolysis. In
this context, our research group further confirmed
the pro-glycolytic effect of UCP2 demonstrating for
the first time that UCP2 can stabilize the glycolytic
enzyme glyceraldehyde 3-phosphate dehydrogenase
[45]
(GAPDH) in the cytoplasm of cancer cells . Accor
dingly, in response to oxidative stress, GAPDH has
been demonstrated to undergo protein oxidation
of redox-sensitive cysteine residues that stimulates
[46]
its translocation to cell nuclei , where the enzyme
favors transcriptional induction of cell death-related
[47,48]
genes
. Thus, the antioxidant effect of UCP2 can
inhibit both GAPDH oxidation and nuclear translocation
supporting the glycolytic flux and preventing cancer
cells from stimulating cell death mechanisms (Figure 2).

UCP2 and cancer metabolism
[39]

In 1956, Warburg et al
proposed that cancer was
caused by defects in mitochondria, forcing cells to
shift to energy production through glycolysis despite
aerobic conditions. This characteristic of cancers is
described as the ‘‘Warburg effect.’’ Warburg statement
is based on the observation that the irreversible injury
to mitochondrial respiration is followed by a long fight
for existence in which a part of the cells perishes
for lack of energy while another part succeeds in
replacing the lost respiration energy by developing
aerobic glycolysis. The Warburg effect, considered now
a hallmark of cancer, plays an important role in the
growth of tumors, including gastrointestinal cancers,
by remodeling the metabolic profile in order to allow
[40]
tumor cell survival under adverse conditions . More
recently, some scientists tried to create a cellular
model of the Warburg effect by developing an
0 [41]
epithelial cell line lacking mitochondrial DNA (rho ) .
Among the regulated genes, UCP2 expression was
0
predominantly higher in rho cells suggesting that
UCP2 may inhibit ROS accumulation and protect
the cells from excessive ROS production induced by
mitochondrial defects linked to Warburg effect. In this
respect, UCP2 may function as a potential diagnostic
marker of cancer associated with the Warburg
[42]
effect . In addition to its antioxidant role, UCP2 acts
as a direct metabolic regulator contributing to the
Warburg phenotype. Indeed, as schematically reported
in Figure 2, UCP2 has been proposed to function as
a uniporter for pyruvate, which promotes pyruvate
efflux from mitochondria, restricts mitochondrial
respiration, and increases the rate of glycolysis in cancer
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UCP2 and pancreatic cancer

A careful analysis of the recent scientific literature
concerning the role of UCP2 in tumor development
reveals that UCP2 and cancer may have a double
relationship. Indeed, a dual regulation of UCP2
expression, depending on the stages of cancer
development, has been observed in many tumor types.
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kidney, colorectal, lung, breast, leukemia, prostate, as
[42]
well as pancreas cancers . This study has concluded
that UCP2 over-expression is a general phenomenon
linked to the progression of human cancers. Along this
line of evidence, our research group has demonstrated
that increased expression of UCP2 mRNA directly
correlates with resistance to gemcitabine treatment,
in a panel of pancreatic adenocarcinoma cell lines,
and that the UCP2 gene is induced by gemcitabine,
demonstrating that the antioxidant effect of UCP2
plays a critical role in pancreatic cancer cell resistance
to standard chemotherapy. We have also shown that
UCP2 inhibition has a synergistic antiproliferative
effect with gemcitabine in pancreatic adenocarcinoma
[57]
cell growth . Despite the availability of the above
described data on the relationship between UCP2
expression/activity and PC, we believe that further
studies need to be performed in order to better clarify
the functional role of UCP2 in PC tumorigenesis and
progression. Of crucial importance will be analyses on
proteome and metabolic profiles of pancreatic cancer
cells after knock-down or over-expression of UCP2
and clinical studies correlating UCP2 expression with
clinicopathological factors and prognosis outcome on
PC patients.

UCP2 expression/activity levels

ROS

Chemoresistance
tumor aggressiveness
metastasis

ROS

Genomic
instability
Normal tissue

Tumorigenesis

Tumor progression

Figure 3 Relation between cancer development and uncoupling protein
2 expression or activity. ROS: Reactive oxygen species; UCP2: Uncoupling
protein 2.

A number of studies have established the key role that
UCP2 has in tumorigenesis and in chemoresistance.
The generally accepted thesis envisages that, during
the first stages of tumorigenesis, UCP2 is repressed to
allow ROS accumulation and genomic instability, while
it is triggered or over-expressed in the following stages
of cancer development, determining chemoresistance
and tumor aggressiveness by defending cancer
cells from apoptosis through the negative regulation
[49-51]
of mitochondrial ROS production (Figure 3)
.
Accordingly, UCP2-null mice have a predisposition
for enhanced tumorigenesis in the proximal colon,
providing the first in vivo confirmation of a link between
[52]
mitochondrial uncoupling proteins and cancer , while
highly expressed UCP2 is associated with metastatic
[53]
colon cancer and tumor aggressiveness . The
dual and opposite regulation of UCP2 expression in
various stages of tumor development has also been
demonstrated in breast cancer. In this system, the
repression of UCPs by estrogens, a major risk factor
for breast cancer initiation, may play a key role in
[54]
estrogen-induced breast carcinogenesis . On the
contrary, the enhanced expression of UCP2 has been
correlated to breast cancer progression. Indeed, a
significant correlation between UCP2 levels and tumor
grade-associated functional phenotypes has been
found in a large number of breast cancer patients (n
[55]
= 234) . Concerning PC, some studies have shown
that the protein level of UCP2 is significantly higher
in human PC samples than in the adjacent normal
tissues, suggesting that UCP2 may promote tumor
[56]
growth in this tumor type . An extensive study on
Oncomine data sets addressed to analyze the UCP2
expression level in a number of cancer types, including
pancreatic cancer, has revealed that UCP2 is overexpressed in ovarian, bladder, esophageal, testicular,
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CONCLUSION
UCP2 over-expression may be considered a strategy
adopted by cancer cells to protect themselves from
excessive ROS production and to support the Warburg
effect by reprogramming cancer cell metabolism.
Thus, UCP2 inhibition can represent a therapeutic
opportunity, in association to radio- or chemo-therapy,
to treat tumors resistant to traditional therapy, such
as PC. For this reason, we believe that UCP2 may
be considered a potential target therapy for this
tumor type. However, an efficient and specific UCP2
inhibitor is not yet available. The tools currently used
in research studies to inhibit UCP2 are the genetic
repression of UCP2 mRNA by a specific siRNA or the
inhibition of UCP2 activity by genipin, a natural aglycon
derived from geniposide, an iridoid glycoside extracted
from the fruit of gardenia jasminoides. Genipin,
however, has unspecific pharmacological properties
including anti-inflammatory and antidepressant[58]
like effects . Thus, drug design research to identify
or synthetize a specific and effective UCP2 inhibitor
should be strongly encouraged in order to counteract
progression of pancreatic cancer and of many other
tumor types over-expressing this protein, which is
crucial for their aggressive phenotype.
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RESULTS: After lipopolysaccharide/D-galactosamine
challenge, UⅡ rose very rapidly and reached a maximal
level 0.5 h, and the level remained significantly
elevated after 2 h (P < 0.05). Six hours after challenge,
UⅡ began to degrade, but remained higher than at 0
h (P < 0.05). Pretreatment with urantide, an inhibitor
of the UⅡ receptor, suppressed the degree of UⅡ
increase in liver and blood at 6 h after challenge (P <
0.05 vs paired controls). In addition, liver and blood
TNF-α increased from 1 to 6 h, and reached a peak at
1 and 2 h, respectively; however, IL-1β did not rise until
6 h after challenge. Urantide pretreatment inhibited
the degree of TNF-α and IL-1β increase following
downregulation of UⅡ post-challenge (all P < 0.05).
CONCLUSION: UⅡ plays a role in the pathogenesis
and priming of ALF by triggering an inflammatory
cascade and driving the early release of cytokines in
mice.
Key words: Acute hepatic failure; interleukin-1β; Mouse;
tumor necrosis factor α; Urantide; Urotensin-Ⅱ
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we found that urotensin-Ⅱ (U
Ⅱ) increased before tumor necrosis factor (TNF)-α
and interleukin (IL)-1β following lipopolysaccharide/
D-galactosamine challenge. Furthermore, pretreatment
with urantide, an inhibitor of the UⅡ receptor, blocked
TNF-α and IL-1β increases following downregulation
of UⅡ in liver and blood at different time points after
challenge. Therefore, UⅡ may play a pivotal role in
the pathogenesis and priming of acute liver failure by
triggering the inflammatory cascade, and initiating
and driving the early release of TNF-α and IL-1β in
lipopolysaccharide/D-galactosamine-challenged mice.

Abstract
AIM: To investigate urotensin-Ⅱ (UⅡ) and its effects
on tumor necrosis factor (TNF)-α and interleukin (IL)-1β
in early acute liver failure (ALF).
METHODS: We investigated the time-dependent
alteration in UⅡ levels and its effects on TNF-α
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Table 1 Polymerase chain reaction primer sequences and
product lengths
Gene
UⅡ

Sense: 5’-GAGCATTCCCTTCATCGTAG-3’
Antisense: 5’-CATAGCGTTCACTGCTCATT-3’
TNF-α
Sense: 5’-GGCGGTGCCTATGTCTACG-3’
Antisense: 5’-GACAAGCCTGTAGCCCACC-3’
IL-1β
Sense: 5’-CCAGTGAAATGATGGCTTATTACAG-3’
Antisense: 5’-GTAGTGGTGGTCGTAGATTCGTA-3’
Sense: 5’-CCTGGCACCCAGCACAAT-3’
β-actin
Antisense: 5’-GGGCCGGACTCGTCATAC-3’
Sense: 5’-ATATCGCTGCGCTGGTCGTC-3’
Antisense: 5’-AGGATGGCGTGAGGGAGAGC-3’

INTRODUCTION
Urotensin- Ⅱ (U Ⅱ ), a somatostatin-like cyclic
vasoactive polypeptide, is released from numerous
[1,2]
tissues , and exerts a wide range of actions in the
progression of many diseases, including cardiovascular,
[3]
endocrine, immune system, and kidney diseases .
A recent study found that U Ⅱ level in plasma
and liver was upregulated in patients with acute
[4]
liver failure (ALF) . UⅡ and its G-protein coupled
receptor, GPR14, are mainly expressed in Kupffer
[4]
and endothelial cells in liver tissues during ALF .
Kupffer and endothelial cells are important immune
inflammatory cells in organisms; thus, there seems
to be an interrelationship between the high level
of UⅡ polypeptide and immune-mediated hepatic
inflammatory injury in ALF.
ALF is an inflammatory process caused by a variety
of proinflammatory cytokines, including interleukin
(IL)-1β and IL-6, and particularly tumor necrosis
[5,6]
factor (TNF)-α . The cascades of these cytokines
induced by the early burst of TNF-α result in acute
[7]
inflammation in liver tissues, and lead to ALF . Our
recent study showed that high UⅡ-mediated ALF was
associated with the upregulation of proinflammatory
[8]
cytokines . However, the impact of UⅡ on these
cytokines in patients with ALF remains unclear.
Therefore, we investigated the time-dependent
alteration in UⅡ level and its effects on TNF-α and IL1β levels in the early stage of ALF.

Product
size (bp)
385
354
151
156
517

IL: Interleukin; TNF: Tumor necrosis factor; UⅡ: Urotensin-Ⅱ.

sodium pentobarbital anesthesia, and all efforts were
made to minimize suffering.

Experimental design

Mice were injected intraperitoneally with 800 mg/
kg D-GalN and 50 µg/kg LPS dissolved in 200 µL of
[9]
pyrogen-free normal saline . The mice were randomly
divided into two groups: non-urantide, which received an
intravenous injection of 100 µL normal saline, or urantide
pretreatment, with 0.6 mg/kg urantide dissolved in
100 µL normal saline 30 min before the LPS/D-GalN
[8]
injection, as previously described . The mice were then
anesthetized and killed at 0.0, 0.5, 1.0, 2.0 and 6.0 h
after the LPS/D-GalN injection (n = 6 at each time point
per group), and blood and liver were collected for testing.

Reverse transcription-polymerase chain reaction

Total RNA was extracted from liver tissues with
TRIzol reagent (Invitrogen of Thermo Fisher Scien
tific, Waltham, MA, United States) following the
manufacturer’s instructions. Two micrograms of total
RNA were used for the synthesis of first-strand cDNA
with an M-MLV reverse transcription (RT) kit (Fermentas
of Thermo Fisher Scientific). The polymerase chain
reaction (PCR) primers were designed by Primer
Premier 6.0 software (PremierBiosoft, Palo Alto, CA,
United States) from the reported sequences (GenBank
accession number X66539 for TNF-α, NM031512 for IL1β, NM011910 for UⅡ, and NM031144 for β-actin) (Table
1). PCR was performed with the following thermal
cycling conditions: denaturation at 94 ℃ for 5 min
followed by 32 cycles of denaturation at 94 ℃ for 1 min,
primer annealing at 58 ℃ (for UⅡ) or 55 ℃ (for TNF-α
and IL-1β) for 45 s, and primer extension at 72 ℃ for
45 s, with a final extension at 72 ℃ for 10 min.

MATERIALS AND METHODS
Materials

Lipopolysaccharide (LPS) (Escherichia coli strain O55:
B5) and D-galactosamine (D-GalN) were obtained from
Sigma-Aldrich (St. Louis, MO, United States). Urantide
was purchased from Peptides (Louisville, KY, United
States). Male BALB/c mice (6 wk of age) weighing
20-22 g were obtained from the Animal Center of the
First People’s Hospital Affiliated to Shanghai Jiaotong
University, and maintained in specific pathogen-free
air at a temperature of 22 ± 2 ℃ with a 12 h light/
dark cycle and relative humidity of 50%. Animal care
and treatment were humane and in compliance with
the recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institutes of
Health. The protocol was approved by the Committee
on the Ethics of Medical Scientific Research of the
First People’s Hospital, Shanghai Jiaotong University
(No: 2013KY041). All surgeries were performed under
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Primer sequences

Enzyme-linked immunosorbent assay

Serum cytokine levels, including TNF-α and IL-1β, were
quantified using an enzyme-linked immunosorbent
assay (ELISA) kit (R&D Systems Inc., Minneapolis,
MN, United States) according to the manufacturer’s
protocol; and serum UⅡ levels were determined using
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Figure 1 Time-dependent expression of urotensin-Ⅱ in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or without urantide
treatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products from liver (M: DNA marker; Lines 1, 2, 3, 4, and 5: 0.0, 0.5, 1.0,
2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of UⅡ mRNA in the liver (normalized to β-actin); C: Levels of UⅡ secretion in
blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without urantide pretreatment. UⅡ:
Urotensin-Ⅱ; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.

Time-dependent expression of TNF-α in the early stage
of the LPS/D-GalN challenge in mouse liver and blood

an enzyme immunoassay kit (Phoenix Biotech, Beijing,
China), based on the principle of a “competitive” enzyme
[10]
immunoassay , according to the manufacturer’s
guidelines.

TNF-α levels were measured in the early stage of the
LPS/D-GalN challenge in liver and blood in mice with
or without urantide pretreatment. As shown in Figure
2, TNF-α increased and peaked at 1 and 2 h, and
remained elevated at 6 h after drug administration in
liver and blood (both P < 0.05). TNF-α levels in liver
and blood were not significantly different between 0
and 0.5 h. However, TNF-α levels in liver and blood in
urantide-pretreated mice were significantly lower than
in paired control mice from 1 to 6 h after challenge (all
P < 0.05).

Statistical analysis

SPSS 13.0 statistical software (SPSS Inc., Chicago, IL,
United States) was used in the study. The results are
expressed as means ± standard deviation. A P < 0.05
was considered statistically signiﬁcant.

RESULTS
Time course of UⅡ in the early stage of the LPS/D-GalN
challenge in mouse liver and blood

Time-dependent alteration in IL-1β in the early stage of
the LPS/D-GalN challenge in mouse liver and blood

A rapid increase in UⅡ level was observed in the very
early stage of the LPS/D-GalN challenge in mice with
or without urantide pretreatment. As shown in Figure
1, LPS/D-GalN induced a significant increase in UⅡ,
which reached a peak from 0.5 to 2.0 h and remained
elevated in liver and blood at 6 h (both P < 0.05).
However, in urantide-pretreated mice, UⅡ levels were
statistically lower from 0.5 to 6.0 h after challenge
compared with the paired control (all P < 0.05).

WJG|www.wjgnet.com

The time-dependent alteration in IL-1β following
urantide pretreatment was also determined in the
early stage of the LPS/D-GalN challenge. As shown in
Figure 3, IL-1β did not increase in liver and blood until
6 h after the LPS/D-GalN challenge (P < 0.05). IL-1β
levels were not significantly different at 0.0, 0.5, 1.0,
and 2 h. However, urantide pretreatment lowered IL-1β
levels in liver and blood compared with paired control
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Figure 2 Time-dependent expression of tumor necrosis factor-α in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or
without urantide pretreatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products from liver (M: DNA marker; Lines 1, 2, 3, 4,
and 5: 0.0, 0.5, 1.0, 2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of TNF-α mRNA in the liver (normalized to β-actin); C:
Levels of TNF-α secretion in blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without
urantide pretreatment. TNF: Tumor necrosis factor; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.

inflammatory diseases. To validate the role of UⅡ
signals in the pathogenesis of ALF, we serially tested
the levels of UⅡ in liver and blood to investigate the
sequence of events preceding acute liver damage,
which was not fully apparent until 6 h after co[5]
administration of LPS/D-GalN . An early event prior
to obvious injury may reveal the pathophysiologic
mechanisms of ALF. We found that UⅡ is significantly
induced in liver and plasma 6 h after LPS/D-GalN
challenge, increasing and reaching a maximal level
very rapidly. At 6 h after the challenge, UⅡ levels
began to degrade, but remained high. In addition, we
also observed that urantide pre-treatment suppresses
the degree of this increase, suggesting an autocrine
loop in the in vivo production of UⅡ. With positive
feedback, early enhancement of UⅡ expression may
be induced, finally leading to hepatic inflammatory
injury after the LPS/D-GalN challenge. Therefore, UⅡ
has cytokine-like activity.
To gain further mechanistic insights, we determined
whether U Ⅱ has an effect on proinflammatory
cytokines, including TNF-α and IL-1β, the pacing
factors in the inflammatory response to hepatic
injury. TNF-α in liver and blood increases following U
Ⅱ upregulation, but not until 1 h after the LPS/D-GalN

mice at 6 h after challenge (P < 0.05).

DISCUSSION
[11]

LPS induces lethal ALF in mice sensitized by D-GalN .
For more than 20 years, LPS/D-GalN-induced hepatitis
in mice has been regarded as a well-established model
[12,13]
for gaining insight into the mechanism of ALF
.
Our previous reports showed that the simultaneous
administration of LPS and D-GalN led to high mortality
due to a severe hepatic inflammatory response
followed by massive cell apoptosis and necrosis in
[5,8,14]
mice
. Elevated levels of UⅡ were also observed in
the liver and blood in this animal model, and blockade
of the signal with urantide markedly suppressed liver
[8]
apoptosis and acute inflammation .
UⅡ is a cyclic polypeptide that exerts a wide
[15,16]
range of actions in health and disease
, and has
an important effect on inflammation-related diseases,
[17]
[18]
such as hypertension , coronary atherosclerosis ,
[19]
[20]
chronic glomerulonephritis , and hepatic cirrhosis .
Patients with ALF also exhibit enhanced expression
[4]
[21]
of UⅡ in the liver . Watanabe et al
and Ban et
[22]
al
showed that UⅡ is associated with endothelial
dysfunction-related diseases and immune-driven
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Figure 3 Time-dependent expression of interleukin-1β in the early stage of lipopolysaccharide/D-galactosamine challenge in mice with or without urantide
pretreatment. A: Representative ethidium bromide-stained gel of reverse transcription-PCR products in liver (M: DNA marker; Lines 1, 2, 3, 4, and 5: 0.0, 0.5, 1.0,
2.0, and 6.0 h after LPS/D-GalN challenge, respectively); B: Relative expression levels of IL-1β mRNA in the liver (normalized to β-actin); C: Levels of IL-1β secretion
in blood as assayed by ELISA. Values are mean ± standard deviation (n = 6); aP < 0.05 vs 0 h; cP < 0.05 vs 6 h; eP < 0.05 vs mice without urantide pretreatment. IL:
Interleukin; LPS: Lipopolysaccharide; D-GalN: D-galactosamine.

In conclusion, UⅡ can cause acute liver injury by
triggering the inflammatory response, and by initiating
and driving the early release of proinflammatory
cytokines in LPS/D-GalN-challenged mice.

challenge. This is subsequently followed by elevations
of liver and blood IL-1β levels, the secretion of which
did not rise until 6 h after the LPS/D-GalN challenge.
This time-dependent alteration suggests a causal
relationship between UⅡ and both TNF-α and IL-1β in
early ALF.
To confirm this deduction, the potency of the UⅡ
receptor antagonist, urantide, was evaluated by the
expression of TNF-α and IL-1β. We found that urantide
pretreatment suppresses the increase in UⅡ, and
reduces the degree of increase of TNF-α and IL-1β
at different time points in the early stage of the LPS/
D-GalN challenge. These results extend our previous
finding on the inhibitory effect of urantide on the
production of proinflammatory cytokines in mice with
[8]
ALF . From these results, we suggest that the sharp
and rapid upregulation of UⅡ induces early expression
and secretion of TNF-α and IL-1β.
TNF-α is known to play a central role in the
[23]
pathogenesis of LPS/D-GalN-induced liver failure
by
inducing the release of a variety of proinflammatory
[7]
cytokines, including IL-1β . Previous reports showed
[24]
that UⅡ induced the expression of IL-6 , and was
[25]
upregulated by IFN-γ . Therefore, UⅡ is involved in
the vicious cycle of inflammatory cytokine release in
immune-related tissue injury.
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Background

Urotensin- Ⅱ (U Ⅱ ) plays a role in inflammation-related diseases and is
upregulated in acute liver failure (ALF), an inflammatory process caused
by proinflammatory cytokines including tumor necrosis factor (TNF)-α and
interleukin (IL)-1β. However, the impact of UⅡ on these cytokines remains
elusive.

Research frontiers

This study examines the mechanisms of immune-mediated inflammatory injury
in acute liver failure, and the role of the urotensin system in tissue damage and
inflammation.

Innovations and breakthroughs

This study demonstrated that UⅡ may cause acute liver injury by triggering
the inflammatory response, and by initiating and driving the early release of
proinflammatory cytokines in lipopolysaccharide/D-galactosamine-challenged
mice.

Applications

The urotensin system may be a new research hotspot in mechanistic studies,
and may provide a new drug target for the future treatment of ALF.

Terminology

ALF is a life-threatening clinical syndrome with a sudden loss of hepatic
function in patients with no preexisting history of liver disease. The pathologic

3243

March 21, 2015|Volume 21|Issue 11|

Liu LM et al . Urotensin-Ⅱ effects on cytokines
feature of ALF is the death of a large number of parenchymal hepatocytes
resulting from cell apoptosis and necrosis. Massive cell loss leads to functional
impairment of the liver, and ultimately, multi-organ failure and death. Mortality
is high in patients with ALF (approximately 90%). UⅡ, initially isolated from the
teleost urophysis, is a somatostatin-like cyclic neuropeptide widely distributed
in many tissues in many classes of vertebrates, including humans, and exerts
biologic actions in both physiologic and pathologic conditions.
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The paper investigated the role of UⅡ in modifying the levels of TNF-α and IL1β in a well-established model of ALF. The major finding is the demonstration of
the role of UⅡ in initiating the proinflammatory cascade in ALF.
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AIM: To investigate the biological role of miR-1290 in
esophageal squamous cell carcinoma (ESCC) progression
and invasion and the underlying mechanism.
METHODS: Quantitative real-time polymerase chain
reaction (qRT-PCR) was performed to evaluate miR-1290
expression in ESCC tissue samples. The roles of miR-1290
in cell proliferation, migration and invasion were identified
using miR-1290 mimic-transfected cells. In addition, the
regulatory effect of miR-1290 on suppressor of cancer cell
invasion (SCAI) was evaluated using qRT-PCR, Western
blot analysis and a dual luciferase reporter assay.
RESULTS: miR-1290 was significantly upregulated in
ESCC tissue samples compared with normal adjacent
tissues (9.213 ± 1.150 vs 1.000 ± 0.0), (P < 0.01).
Upregulation of miR-1290 was associated with tumor
differentiation (P = 0.021), N classification (P = 0.006)
and tumor-node-metastasis stage (P = 0.021) in ESCC
patients. Moreover, ectopic miR-1290 expression potently
promoted ESCC cell growth (P < 0.01), migration (P <
0.01) and invasion (P < 0.01) in vitro . miR-1290 over
expression in ESCC cell lines decreased SCAI expression
at the translational level and reduced SCAI-driven
luciferase-reporter activity (P < 0.01).
CONCLUSION: Our findings suggested that miR-1290
may play an oncogenic role in cellular processes of
ESCC.
Key words: MicroRNA; miR-1290; Esophageal squamous
cell carcinoma; Suppressor of cancer cell invasion;
Invasion; Metastasis
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Suppressor of cancer cell invasion (SCAI) is a tumorsuppressor gene that is downregulated in several
human tumors. Decreased SCAI levels are tightly
[13]
correlated with increased invasive cell migration .
Nevertheless, whether miR-1290 can regulate SCAI
expression in human ESCC cells remains unknown.
In the present study, we investigated the relative
miR-1290 expression level between tumor and normal
tissues; we further studied the possible mechanism of
miR-1290 in ESCC metastasis. The results showed that
the expression level of miR-1290 in ESCC tissues was
higher than that in normal adjacent tissues. Moreover,
miR-1290 overexpression promoted colony formation,
proliferation, migration and invasion; miR-1290
overexpression also reduced SCAI mRNA and protein
levels in Eca109 and TE13 human ESCC cells in vitro.
Understanding the molecular mechanisms of miR-1290
in the initiation and progression of human ESCC could
provide the basis for developing a treatment strategy
for ESCC.

Core tip: In this study, we reported the clinical significance
and biological effects of miR-1290 in esophageal squamous
cell carcinoma (ESCC). We found that miR-1290 was
significantly up-regulated in ESCC tissues. Moreover, we
showed that ectopic expression of miR-1290 significantly
promoted ESCC cell growth, migration and invasion.
Further investigation revealed that suppressor of cancer
cell invasion was a downstream target of miR-1290.
Li M, He XY, Zhang ZM, Li S, Ren LH, Cao RS, Feng YD, Ji
YL, Zhao Y, Shi RH. MicroRNA-1290 promotes esophageal
squamous cell carcinoma cell proliferation and metastasis.
World J Gastroenterol 2015; 21(11): 3245-3255 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i11/3245.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i11.3245

INTRODUCTION

MATERIALS AND METHODS

Esophageal cancer accounts for 2% of all human
malignant tumors and is the sixth leading cause of
cancer death. Esophageal cancer morbidity evidently
varies with geographic location; for example, this
cancer type is common in China, Japan and Africa
[1]
in both males and females . In China, esophageal
squamous cell carcinoma (ESCC) is currently the
major histologic subtype of esophageal cancer. Despite
advances in therapeutic methods, ESCC remains one
of the most common malignancies in China with an
[2]
overall five-year survival rate of 20% after surgery .
Tumor proliferation and metastasis are main factors
responsible for ESCC mortality. However, the molecular
mechanism of proliferation and metastasis remains
[3]
unclear . Studies have shown that microRNAs (miRNAs)
[4,5]
play a considerable role in tumor dissemination .
miRNAs are a group of endogenous small non-coding
RNAs of approximately 22 nucleotides that inversely
regulate gene expression by imprecisely binding to
a complementary sequence in the 3′-untranslated
[6]
region (UTR) of their target mRNAs . miRNAs play an
important role in gene regulation, cell differentiation,
[7]
proliferation, apoptosis and tumor genesis . These
miRNAs function as either oncogenes or tumor
[8,9]
suppressors . A study has shown that patients in the
same pathological stage of esophageal cancer receiving
identical surgical therapy by the same surgeon but
with differences in miRNA expression may have distinct
[10]
prognoses .
Previous study have shown that miR-1290 is
upregulated in colon cancer cells and osteosarcoma
[11,12]
cells
. These studies have also demonstrated that
miR-1290 functions as an oncogenic miRNA. However,
the association between miR-1290 and ESCC has
not been evaluated yet, and the biological value of
miR-1290 in ESCC remains poorly understood.

WJG|www.wjgnet.com

Patient samples and RNA extraction

A total of 24 matched human ESCC tumor tissues and
normal adjacent tissues (NAT) were collected directly
after surgical resection was performed at the First
Affiliated Hospital, Nanjing Medical University (China).
All of the tissue samples from patients with no prior
neoadjuvant treatment were immediately frozen in
liquid nitrogen and stored at -80 ℃ until miRNA was
extracted. Clinicopathological information for all of
the samples was available. ESCC tumors were graded
according to the 2010 WHO classification of the
[14]
tumors of digestive system . Our research protocol
was approved by the Ethics Review Committee of the
Institutional Review Board of the hospital. Standard
written consent was obtained from each patient. Total
RNA was extracted from tissue samples and cell lines
using TRIzol reagent (Invitrogen, Carlsbad, CA, United
States) according to the manufacturer’s protocol.

Cell lines and oligonucleotide transfection

Human ESCC cell lines Eca109 and TE13 were pur
chased from the Shanghai Institute of Biochemistry
and Cell Biology (Shanghai, China). All of the cell lines
were maintained in Roswell Park Memorial Institute
(RPMI)-1640 medium (Invitrogen) with 10% fetal
bovine serum (FBS; Gibco, Gaithersburg, MD, United
States) supplemented with 100 U/mL penicillin and 100
μg/mL streptomycin (Invitrogen) at 37 ℃ in a humidified
chamber with 5% CO2. Hsa-miR-1290 mimic (sense
5′-UGGAUUUUUGGAUCAGGGA-3′, antiDallasense
5′-CCUGAUCCAAAAAUCCAUU-3′), negative control
oligonucleotide (sense 5′-UUCUCCGAACGUGUCACGUTT-3′,
antisense 5′-ACGUGACACGUUCGGAGAATT-3′), has-miR-1290
inhibitor (sequence 5′-UCCCUGAUCCAAAAAUCCA-3′)
and miRNA inhibitor negative control (sequence 5′
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-CAGUACUUUUGUGUAGUACAA-3′) were synthesized
by Genepharma (Shanghai, China). Ectopic miR-1290
expression in the cells was achieved by performing
transfection with has-miR-1290 mimic using Lipo
fectamine 2000 reagent (Invitrogen) according to the
manufacturer’s instructions.

ethanol and stained with 0.5% crystal violet, and the
number of colonies containing > 50 cells was counted.

Migration and invasion assays

To perform transwell migration or invasion assays,
5
we placed Eca109 or TE13 cells (1 × 10 cells/well)
transfected with has-miR-1290 mimic, has-miR-1290
inhibitor or negative control in 0.2 ml of RPMI-1640
without FBS in the upper chamber of each insert (8
μm pore size, BD Biosciences, United States) with or
without 60 μl of 1 mg/ml Matrigel (BD, Biosciences,
Bedford, MD, United States). The lower chamber was
filled with 600 μl of RPMI1640 medium containing
10% FBS as a nutritional attractant. After 28 h, the
cells on the top surface of the membrane were carefully
removed using a cotton swab. Migrant cells attached to
the lower surface were fixed with 75% methanol and
stained with crystal violet for 30 min. The number of
cells was counted in five different fields of view using an
inverted microscope (magnification × 100).

Quantitative real-time PCR

For quantitative real-time PCR (qRT-PCR), 2 μg
of total RNA was reverse transcribed with BulgeTM
Loop miRNA-specific reverse transcription primers
(RiboBio, Guangzhou, China). Quantitative PCR
was performed with SYBR Premix Ex Taq (Takara,
TM
Dalian, China) reagents and Bulge-Loop primers
(RiboBio, Guangzhou, China) in an ABI PRISM 7900
system (Applied Biosystems, Carlsbad, CA, United
States) with small nuclear RNA U6 as a normalization
control. The mRNA levels of SCAI were determined
by qRT-PCR using SYBR Premix Ex Taq (Takara,
Dalian, China) in an ABI PRISM 7900 Sequence
Detection System and normalized to GAPDH
levels. The SCAI primers used were: forward, 5′
-AAGCAGTGGCAGTCCTATTTTG-3′ and reverse, 5′
-GCTTCAAGCCATACCGATTATCC-3′. GAPDH primers
were: forward, 5′-CGGAGTCAACGGATTTGGTCGTAT-3′
and reverse, 5′-AGCCTTCTCCATGGTGGTGAAGAC-3′
(HuaGene, Shanghai, China). All of the samples were
normalized to internal controls, and fold changes
-∆∆Ct
were calculated using 2
.

miRNA target prediction

The putative targets of miRNA were predicted using
TargetScan (www.targetscan.org) and miRanda (www.
microRNA.org).

Dual luciferase reporter assays

The 3′-UTR of SCAI containing the predicted miR-1290
binding seed sequence was synthesized and directly
cloned downstream of the firefly luciferase gene at
XbaI sites to create a pGL3-SCAI-3′UTR-wt plasmid
(5′-ACCCUGAGAAGAGUAAAUCAUUUAUUUUUGUAUA
AUGAGGUAAAUCCAACUCUUAUACUUGGACCUAAGU
UAAAUGUCUGGAUUUGGA-3′; Invitrogen, Shanghai,
China). The corresponding mutant reporter
plasmid (pGL3-SCAI-3′UTR-mut; 5′-ACCCUGAGAA
GAGUAAAUCAUUUAUUUUUGUAUAAUGAGGUUA
GUCUAACUCUUAUACUUGGACCUAAGUUAAAUGUCU
GGAUUUGGA-3′) was then synthesized. The pGL3SCAI-3′UTR-wt/-mut reporter plasmid (800 ng) and
phRL-TK vector (800 ng) expressing Renilla luciferase
(Invitrogen) were co-transfected in Eca109 and TE13
cells with 80 ng has-miR-1290 mimic and negative
control using Lipofectamine 2000 reagent (Invitrogen).
After 48 h, cells were harvested and lysed with
passive lysis buffer (Promega). Luciferase activity
was determined using a dual-luciferase reporter
assay system (Promega, Madison, WI, United States)
according to the manufacturer’s protocol. Renilla
luciferase activities were used for normalization.

Cell proliferation and apoptosis assays

For cell proliferation assays, cells were seeded in 96-well
plates with 3000 cells for Eca109 and 2000 cells for
TE13 per well on 0 d (24 h after has-miR-1290 mimic
or has-miR-1290 inhibitor was transfected and negative
control was administered). On 1, 2, 3, 4 and 5 d, cell
viability was determined using cell counting kit-8 (CCK-8,
Beyotime, Haimen, China). In brief, 10 μl of CCK8
solution was added to each well of the 96-well plate,
and the plate was incubated for 2 h in an incubator.
After the incubation was performed, the plates were
washed with phosphate-buffered saline (PBS). The
absorbance of each well was read at a wavelength
of 450 nm and a proliferation curve on the basis of
absorbance and time was constructed. To perform flow
cytometry analysis (FCM) of cell apoptosis, an Annexin
V-FITC/PI apoptosis detection kit (KeyGEN, Nanjing,
China) was used. At 48 h after transfection, cells were
harvested and washed with PBS twice, incubated with
Annexin V-FITC and propidium iodide for 15 min in a
dark room and analyzed by flow cytometry according to
the manufacturer’s instructions.

Western blot analysis

Western blot analysis was performed to detect the
protein expression of SCAI in ESCC tissues and cell
lines. The cells were lysed 48 h post-transfection with
RIPA lysis buffer (Beyotime, Jiangsu, China) containing
protease inhibitor; the proteins were then harvested.
Total protein content was quantified by BCA assay

Colony formation assay

After transfection was performed, 300 cells were
seeded in each well of a six-well culture plate and
incubated for 14 d. Fresh culture medium was replaced
at an interval of 3 d. The cells were fixed with 75%
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Figure 1 miR-1290 expression is upregulated in clinical specimens. A: qRT-PCR analysis showed that miR-1290 expression was upregulated in ESCC tissues
compared with paired normal adjacent tissues; B: miR-1290 expression was significantly higher in ESCC patients with lymph node metastasis compared with
patients without lymph metastasis bP < 0.01 between groups. small nuclear RNA U6 was used as a normalization control. NAT: normal adjacent tissues; qRT-PCR:
Quantitative real-time polymerase chain reaction; ESCC: esophageal squamous cell carcinoma.

Statistical analysis

Table 1 Association of miR-1290 upregulation with
clinicopathological characteristics of 24 patients with
esophageal squamous cell carcinoma
Characteristic
Age (yr)
< 60
≥ 60
Gender
Female
Male
Differentiation
High
Middle + low
T classification
T1 + T2
T3 + T4
N classification
N0
N1-N3
TNM Stage
Ⅰ+ Ⅱ
Ⅲ

High

Low

12
12

5
6

7
6

0.682

10
14

5
6

5
8

0.729

13
11

3
8

10
3

0.021

10
14

3
8

7
6

0.240

Data are presented as mean ± standard deviation
(SD) from at least three independent experiments.
Statistical analyses were performed with SPSS 18.0
software (SPSS Inc., Chicago, IL, United States). The
difference between groups was analyzed using a twotailed Student’s t-test to compare two independent
groups only and ANOVA followed by Student-NewmanKeuls q test to compare two groups among three
groups. The relationship between miR-1290 and SCAI
expression was explored by Spearman’s correlation
analysis. Significant associations between miR-1290
changes and clinicopathological parameters were
2
assessed using a χ test. Two-sided P-values < 0.05
were considered statistically significant.

13
11

3
8

10
3

0.006

RESULTS

15
9

4
7

11
2

0.021

Relative miR-1290 expression level is specifically
upregulated and correlated with lymph node metastasis
and tumor-node-metastasis stage in patients with ESCC

Total (n = 24)

miR-1290 expression

P value

Relative miR-1290 expression was detected by qRTPCR between paired tumor tissues and normal
adjacent tissues from 24 patients with ESCC. Our
results demonstrated that the relative fold increases
in miR-1290 expression were markedly upregulated
in ESCC samples compared with the paired tumoradjacent tissues (9.213 ± 1.150 vs 1.000 ± 0.0), (P
< 0.01; Figure 1A). To evaluate the clinical value of
miR-1290 in ESCC patients, we divided the patients
into two groups according to the median value
(6.6181) of miR-1290 level. The association between
relative miR-1290 expression and clinicopathological
information was then analyzed. A significant difference
was observed between the two groups in terms
of differentiation (P = 0.021), N classification (P =
0.006) and tumor-node-metastasis stage (P = 0.021)
(Figure 1B, Table 1). No significant association was
found between miR-1290 expression and other clinical
characteristics, such as age, gender and T classification
(Table 1). Hence, upregulated miR-1290 expression

TNM: Tumor-node-metastasis.

(Beyotime). Equal amounts of protein extracts (30
to 40 ng) were separated using 8% gradient sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinylidene
difluoride (PVDF) membranes (Millipore, Billerica, MA,
United States). Afterwards, blots were blocked with
5% fat-free milk powder for 1 h. The membranes were
incubated overnight at 4 ℃ in a 1:500 dilution of antihuman SCAI rabbit monoclonal antibody (Abcam,
Cambridge, MA, United States). The blots were
subsequently incubated with a horseradish peroxidaseconjugated secondary antibody (1:5000) and visua
lized using a super enhanced chemiluminescence
detection reagent (Amersham Biosciences, Piscataway,
NJ). Protein expression was assessed using Alpha
Innotech imaging software (San Leandro, CA). GAPDH
was used as an endogenous protein for normalization.
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Figure 2 mRNA and protein expression of suppressor of cancer cell invasion is downregulated in clinical esophageal squamous cell carcinoma
specimens. A: Quantitative real-time PCR analysis showed that the relative mRNA expression of SCAI was downregulated in ESCC tissues compared with that in
paired adjacent normal tissues, n = 6; B: Protein expression level of SCAI was significantly decreased in ESCC compared with that in paired adjacent normal tissues,
n = 6. bP < 0.01 vs control. NAT: normal adjacent tissues; SCAI: suppressor of cancer cell invasion; PCR: polymerase chain reaction; ESCC: esophageal squamous
cell carcinoma.

was closely related to ESCC metastasis.

TE13 cell lines transfected with has-miR-1290 mimic
to form colonies. Our data indicated that miR-1290
significantly stimulated Eca109 and TE13 cells to grow
numerous and large colonies on soft agar (P < 0.01;
Figure 3C). miR-1290 overexpression in Eca109 cells
and miR-1290 under-expression in TE13 cells did not
significantly change the apoptotic ability of cells (Figure
3D). The results revealed that miR-1290 enhanced the
proliferation ability of ESCC cells.

mRNA and protein expression of SCAI is downregulated
in ESCC tissues

The mRNA and protein expression of SCAI in ESCC
tissues was analyzed by qRT-PCR and Western blot
analysis between paired tumor tissues and normal
adjacent tissues from six patients with ESCC. These
results showed that the relative mRNA and protein
expression of SCAI was downregulated in ESCC tissues
(P < 0.01; Figure 2A, B), which is in accordance with
[15]
the results from a previous study .

miR-1290 overexpression promotes the migration and
invasion of ESCC cell lines

To understand the biological effects of miR-1290
overexpression on the migration and invasion of ESCC
cell lines in vitro, we performed transwell assays by
transfecting Eca109 and TE13 cell lines with hasmiR-1290 mimic or inhibitor. Matrigel-coated (for
invasion) or uncoated (for migration) Transwell assays
revealed that miR-1290 overexpression markedly
promoted the invasion and migration of Eca109
and TE13 cells (P < 0.01; Figures 4A, C). The effect
of miR-1290 under-expression was examined. As
expected, miR-1290 under-expression remarkably
decreased the invasion capabilities of Eca109 and TE13
cells (P < 0.01; Figure 4B, D). These observations
suggested that miR-1290 significantly promoted the in

miR-1290 promotes proliferation in ESCC cell lines

The significantly increased expression of miR-1290 in
ESCC tissues prompted us to investigate the possible
biological function of miR-1290 in tumorigenesis.
qRT-PCR analysis results showed that miR-1290
expression increased by more than 100-fold in Eca109
and TE13 cells transfected with has-miR-1290 mimic
compared with the control cells (P < 0.01; Figure
3A). A CCK8 staining assay revealed that miR-1290
promoted significant proliferation in Eca109 and
TE13 cell lines transfected with has-miR-1290 mimic
compared with the control cells (P < 0.01; Figure
3B). We also evaluated the ability of Eca109 and
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Figure 3 MiR-1290 overexpression promotes the growth of Eca109 and TE13 cells. A: miR-1290 expression was significantly higher in cells transfected with
miR-1290 mimic than in negative control cells; B: CCK8 assay showed that miR-1290 promoted Eca109 and TE13 cell proliferation; C: Colony formation assay
showed that miR-1290 enriched the colony formation of Eca109 and TE13 cells; D: miR-1290 overexpression in Eca109 cells and miR-1290 under-expression in TE13
cells did not significantly alter cell apoptosis ability. bP < 0.01 vs control; aP < 0.05 vs control. nc: negative control; inhi: inhibitor; inc: inhibitor negative control.
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Invasion
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Figure 4 MiR-1290 enhances the migration and invasion of Eca109 and TE13 cells. Transwell migration assays were carried out in Eca109 and TE13 cells
transfected with either miR-1290 mimic (A) or miR-1290 inhibitor (B). Representative fields of migrating cells on the membrane are presented. The histogram shows
the number of migrating cells from three independent experiments. Overexpression (C) and under-expression of miR-1290 in Eca109 and TE13 cells (D) showed
similar results in both invasion and migration assays. bP < 0.01 vs control. nc: Negative control; inhi: Inhibitor; inc: Inhibitor negative control.

vitro migration and invasion of ESCC cell lines.

can be directly suppressed by miR-1290 via mRNA
degradation and translation repression.

miR-1290 negatively regulates mRNA and protein
expression of SCAI in vitro

DISCUSSION

To further observe the correlation of miR-1290,
SCAI mRNA and protein expression in Eca109 and
TE13 cell lines, we performed qRT-PCR and Western
blot analyses. qRT-PCR analysis results indicated a
decrease in the mRNA expression of SCAI in miR1290-overexpressing cells, whereas miR-1290- underexpressing cells had increased mRNA levels of SCAI
(P < 0.01; Figure 5A). Similar changes were found in
SCAI protein levels from Western blot assays (P < 0.01;
Figure 5B). These findings confirmed that miR-1290
overexpression downregulated the mRNA and protein
expression of SCAI in Eca109 and TE13 cell lines.

Evidence has shown anomalous miRNA expression
[16,17]
in various types of human tumors
. Thus, studies
have focused on tumor-associated miRNAs and specific
target genes to elucidate biological mechanism. The
identification of cancer-specific miRNAs and their target
genes is necessary for understanding their role in
tumor metastasis, which may be a requisite to define
new therapeutic targets. miR-1290 is upregulated in
[11,18]
several cancer forms
. Therefore, whether miR-1290
is upregulated in ESCC and whether miR-1290 can
promote ESCC cell metastasis are postulated.
In the present study, miR-1290 expression in 24
pairs of human ESCC tumor tissues and normal adjacent
tissues was determined by qRT-PCR. The miR-1290
expression was upregulated in ESCC. The upregulated
miR-1290 in human ESCC may promote the tumor
initiation and progression; this result indicates that
[11]
miR-1290 may play an oncogenic role . Before this
study was conducted, however, the role of miR-1290
and its target genes was unclear in ESCC. Therefore, this
study focused on the biological mechanisms of miR-1290
in human ESCC.
To characterize the functions of miR-1290 in human
ESCC, we examined the changes in Eca109 and TE13
cell lines after miR-1290 was overexpressed and
under-expressed. A CCK8 assay was performed to
analyze the cell viability in Eca109 and TE13 cell lines;
our results showed that miR-1290 enhanced cell viability.
In the colony formation assay, however, miR-1290
promoted colony formation activities of Eca109 and TE13
cell lines. These findings showed that ectopic miR-1290
expression affected cell viability over a short time period
and enhanced ESCC cell proliferation. Transwell assays
with or without Matrigel were conducted to determine

miR-1290 directly binds to the 3′-UTR of SCAI

The putative miR-1290 target genes were predicted
using the target prediction programs TargetScan and
miRDB. SCAI was identified as a candidate miR-1290
target gene and sequence analysis results indicated
that miR-1290 target sequence at 330 nt to 336 nt of
the SCAI 3′-UTR was highly conserved across different
species (Figure 6A). The relationship between the
SCAI mRNA level and miR-1290 in 24 ESCC tissues
was tested using qRT-PCR, and data showed an clearly
negative relationship between expression SCAI and
miR-1290 (r = -0.842, P = 0.000, Figure 6B). To
validate whether SCAI is a valid target of miR-1290, we
inserted wild-type or mutant SCAI 3′-UTR sequence in
the downstream region of the luciferase reporter gene
and co-expressed these sequences with either hasmiR-1290 mimic or has-miR-1290 nc in Eca109 cells.
miR-1290 overexpression caused an unambiguous
decrease in relative luciferase activity (P < 0.01;
Figure 5C); in contrast, activity did not decrease in the
mutant 3′-UTR reporter, indicating that functionality
depends on an intact seed sequence. Therefore, SCAI
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Figure 5 miR-1290 negatively regulates the mRNA and protein expression of suppressor of cancer cell invasion. A: mRNA expression of SCAI in Eca109
cells transfected with miR-1290 mimic decreased evidently compared with that in cells transfected with miR-1290 nc. Conversely, the mRNA expression of SCAI in
TE13 cells transfected with miR-1290 inhibitor increased evidently compared with that in cells transfected with miR-1290 inc; B: Protein expression of SCAI exhibited
a similar pattern in Eca109 cells transfected with miR-1290 mimic and miR-1290 nc or in TE13 cells transfected with miR-1290 inhibitor and miR-1290 inc. bP < 0.01
vs control. nc: Negative control; inhi: Inhibitor; inc: Inhibitor negative control; SCAI: Suppressor of cancer cell invasion.

the functions of miR-1290 in the migration and invasion
of Eca109 and TE13 cells. Our results demonstrated
that miR-1290 overexpression significantly accelerated
the migration and invasion of Eca109 and TE13 cells
compared with the control group. Conversely, the
migratory and invasive abilities were markedly decreased
in Eca109 and TE13 cells transfected with has-miR-1290
inhibitor. In summary, miR-1290 promoted ESCC colony
formation, migration and invasion in Eca109 and TE13
cell lines.
In this research, the role of miR-1290 in targeting
SCAI in human Eca109 and TE13 cell lines was con
sidered. Using bioinformatics technology, we confirmed
SCAI as one of the target genes of miR-1290. SCAI
functions in the RhoA-Dia1 signal transduction pathway
and localizes in the nucleus, where it binds and inhibits

WJG|www.wjgnet.com

myocardin-related transcription factor MAL by forming
a ternary complex with the serum response factor
[13]
[15]
(SRF) . In a previous study , it was found that
protein and mRNA expression of SCAI was significantly
downregulated in glioma tissues and cell lines. SCAI
silencing robustly promoted invasive and cancer stem
cell-like phenotypes of glioma cells. Furthermore, SCAI
downregulation activated Wnt/beta-catenin signaling
and Wnt/beta-catenin pathway inhibition abrogated
the effects of SCAI downregulation on glioma cell
aggressiveness. SCAI acts as a transcriptional modulator
to regulate cancer cell motility by suppressing MAL/
[19]
SRF-dependent gene transcription . These studies
have suggested that SCAI may be involved in cancer
development. Thus, a lower SCAI expression level was
observed in ESCC than in adjacent normal tissues;
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Figure 6 suppressor of cancer cell invasion is a direct target of miR-1290. A: Putative miR-1290 binding sequence in the 3′-UTR of the mRNA of SCAI is shown; B:
Inverse correlation between miR-1290 and mRNA levels of SCAI in tissue samples was illustrated; C: Dual-luciferase reporter assay showed a significant decrease in
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< 0.01 vs control) in Eca109 cells. SCAI: Suppressor of cancer cell invasion.
disease and metastasis remains poor.

miR-1290 expression was inversely correlated with
SCAI expression in tumor tissues. Furthermore, the
relative fluorescence intensity of pGL3-SCAI-3′UTR-wt
was specifically responsive to miR-1290 overexpression.
A mutation in the miR-1290 binding site abolished the
effect of miR-1290 on the regulation of fluorescence
intensity. An increase in mRNA and protein levels of SCAI
was found in Eca109 and TE13 cells transfected with a
miR-1290 inhibitor. These results suggested that SCAI is
a target of miR-1290 and is negatively regulated. SCAI
may also exhibit anti-proliferative and anti-malignant
transformation effects in Eca109 and TE13 cell lines.
In summary, miR-1290 expression was upregulated
in ESCC tissues; miR-1290 elicited oncogenic effects,
including the promotion of ESCC cell proliferation,
migration and invasion, by targeting the anti-oncogene
SCAI, highlighting the function of miR-1290 in tumor
progression.

Research frontiers

miRNAs have been found to be involved in the regulation of multiple
pathological processes that contribute to tumorigenesis and metastasis,
such as tumor cell proliferation, differentiation, apoptosis, and invasion. In
esophageal squamous cell carcinoma (ESCC), studies have indicated that
miRNAs play important roles in regulating tumor invasion and metastasis.
Previously, Zhang et al reported that miR-100 promoted migration and invasion
through mammalian target of rapamycin in ESCC. However, the role of
miR-1290 in ESCC progression and metastasis remains unclear and needs
further exploration.

Innovations and breakthroughs

The authors found that the level of miR-1290 was significantly up-regulated
in ESCC tissues compared with normal adjacent tissues. Ectopic expression
of miR-1290 markedly promoted the proliferation, invasion and metastasis in
ESCC cell lines. Further analysis indicated that the suppressor of cancer cell
invasion (SCAI) was a direct downstream target of miR-1290. Collectively, these
results demonstrated that miR-1290 promoted cell invasion and metastasis by
targeting SCAI, thus providing a valuable target for cancer therapy.

Applications

The findings in this study indicated that miR-1290 was significantly up-regulated
in ESCC with distant metastases. Further investigation identified that the SCAI
was a direct target of miR-1290. Taken together, these data implicate that
miR-1290 might be used a prognostic indicator and therapeutic target in ESCC
patients.

COMMENTS
COMMENTS
Background

Terminology

Esophageal cancer is the sixth leading cause of cancer-related deaths in China.
Although recent developments in therapeutic strategies have helped cure many
patients with early stage disease, the prognosis of patients with advanced
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MicroRNAs: a group of small non-coding RNA molecules (approximately 22
nucleotides in length) found in plants, animals, and some viruses that function
in transcriptional and post-transcriptional regulation of gene expression.
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Abstract
AIM: To evaluate the prognostic value of high-mobility
group box 1 (HMGB1) expression in intrahepatic
cholangiocarcinoma (IHCC) and the possible underlying
mechanism.
METHODS: Tissue microarray was constructed
from 65 IHCC patients. Immunohistochemistry was
performed to validate expression of HMGB1 and
Vascular endothelial growth factor C (VEGF-C). Realtime PCR and Western blot analyses were used to
study transcript and protein levels. The interaction
between HMGB1 and VEGF-C was evaluated by siRNA,
real-time PCR, and enzyme-linked immuno assays.
The correlation between HMGB1 expression and other
2
clinicopathologic parameters was analyzed by χ test,
and the univariate as well as multivariate analyses
were accomplished by Kaplan-Meier method and Coxregression model, respectively.
RESULTS: Overall, overexpression of HMGB1 was
found in 38/65 (58.8%) IHCCs, whereas VEGF-C
overexpression was present in 30/65 (46.2%) cases.
Overexpression of HMGB1 was significantly correlated
with lymphatic microvessel density (P = 0.031, r =
0.268) and VEGF-C expression (P = 0.041, r = 0.254).
With univariate analysis, both HMGB1 (P = 0.001) and
VEGF-C (P = 0.004) were identified to be significantly
associated with overall survival rate. Multivariate
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analysis indicated that HMGB1 could be served as an
unfavorable independent prognostic factor in IHCCs
(P = 0.005). siRNA knockdown of HMGB1 inhibited
transforming growth factor-β-induced epithelialmesenchymal transition (EMT) by elevating E-Cadherin
expression and reducing expression of N-Cadherin,
Vimentin and Snail in RBE cells. Further in vitro study
revealed that HMGB1 silencing significantly decreased
the level of VEGF-C, whereas the recombinant HMGB1
increased the VEGF-C level in RBE cells (both P < 0.05),
which suggested that HMGB1 could promote lymphatic
microvessel density, and subsequently lymphatic
invasion, via promoting VEGF-C expression.

especially intrahepatic cholangiocarcinoma (IHCC),
[3]
have been increasing worldwide in recent years .
IHCC is characterized by silent clinical signatures, early
regional invasiveness, distant metastasis, and a poor
[4]
prognosis . Therefore, new insights into the biologic
process of IHCCs and identification of novel biomarkers
are urgently needed for cancer management and
treatment.
High-mobility group box 1 (HMGB1) is a proinfla
[5]
mmatory cytokine and chromatin-binding molecule ,
and is involved in a variety of biologic processes, inclu
ding transcription, DNA repair, differentiation, and
[6]
extracellular signal transduction . Emerging data have
suggested that HMGB1 could promote tumor progression
via promoting proliferation and invasiveness of cancer
[7]
cells . Clinically, overexpression of HMGB1 has been
[8]
reported in multiple malignancies including melanoma ,
[9]
[10]
[11]
gastric cancer , colorectal cancer , prostate cancer ,
[12]
and nasopharyngeal carcinoma . However, to the
best our knowledge, there has been no study so far to
investigate the role of HMGB in IHCC.
Vascular endothelial growth factor C (VEGF-C) is
a key mediator of lymphangiogenesis, acting via its
receptors VEGF-R2 and VEGF-R3. Multiple studies have
suggested that increased levels of VEGF-C correlate
[13]
with lymphangiogenesis and distant metastasis .
[14]
Interestingly, Moriwaka et al
demonstrated a
link between HMGB1 expression and lymph vessel
density as well as VEGF-C expression in colon cancer.
Additionally, HMGB1 has been suggested to promote
lymphangiogenesis and invasive capacity of tumor cells
through a VEGF-C-related pathway in oral squamous
[15]
cell carcinoma .
Epithelial-mesenchymal transition (EMT), an
early embryonic development program in which cells
convert from the epithelial to the mesenchymal state,
has been shown to play a critical role during cancer
[16]
progression and metastasis . During this process, the
epithelial cancer cells lose epithelial characteristics and
acquire mesenchymal properties resulting in reduction
of adhesions and improvement of motility, thus pro
[17]
moting invasion and metastasis . HMGB1 has been
reported as a key regulator in the EMT process in
[18]
mesothelial cells . However, the link between HMGB1
and the EMT process remains unclear in the context of
IHCC progression.
In this study, for the first time, we evaluated the
expression and prognostic significance of HMGB1 in
IHCCs. The roles of HMGB1 in EMT processes of IHCC,
as well as the relationship between HMGB1 expression
and VEGF-C were also investigated.

CONCLUSION: Our results define an important role of
HMGB1 in the progression of cholangiocarcinoma, and
HMGB1 may serve as a prognostic marker for IHCC
patients.
Key words: Epithelial-mesenchymal transition; Highmobility group box 1; Intrahepatic cholangiocarcinoma;
Lymphatic microvessel density; Vascular endothelial
growth factor C
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cholangiocarcinoma is a lethal malignancy of
the biliary tract, for which novel biomarkers are urgently
needed for its management and treatment. This
study shows that high-mobility group box 1 (HMGB1)
is an independent prognostic factor in intrahepatic
cholangiocarcinoma that positively correlates with
lymphatic microvessel density and vascular endothelial
growth factor C expression. Furthermore, HMGB1
enhances the secretion of vascular endothelial growth
factor C and promotes epithelial-mesenchymal transition
of RBE cells. Together, these results define an important
role of HMGB1 in the progression of cholangiocarcinoma,
which may serve as a prognostic marker for intrahepatic
cholangiocarcinoma patients.
Xu YF, Ge FJ, Han B, Yang XQ, Su H, Zhao AC, Zhao MH,
Yang YB, Yang J. High-mobility group box 1 expression and
lymph node metastasis in intrahepatic cholangiocarcinoma.
World J Gastroenterol 2015; 21(11): 3256-3265 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i11/3256.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i11.3256

INTRODUCTION
Cholangiocarcinoma (CCA) is the second most common
cancer after hepatocellular carcinoma, and accounts
for approximately 7%-10% of all primary hepatic
[1]
cancers . CCA is characterized by poor responsiveness
to chemotherapy and radiotherapy in the majority of
[2]
cases . So far, surgical resection is the only potentially
curative option. The morbidity and mortality of CCA,
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MATERIALS AND METHODS
Patients and follow-up

Our study consisted of specimens from 65 IHCC patients
(32 male; 33 female) who underwent surgical resections
between 2005 and 2011 at the Qilu Hospital of Shandong

3257

March 21, 2015|Volume 21|Issue 11|

Xu YF et al . HMGB1 in intrahepatic cholangiocarcinoma
[26]

University (Jinan, China). Detailed clinicopathologic
profiles were obtained from medical records. The
specimens were reviewed by two pathologists (Han B
and Yang XQ). Tumor staging and histologic classification
th
were assessed according to the 7 edition of American
Joint Committee on Cancer/Union for International
Cancer Control (AJCC/UICC) classification. The mean
age of the patients was 56.9 ± 10.9 years (range, 28-83
years). Follow-up data were available for 57 patients,
ranging from 3 to 96 mo (mean: 27.6 ± 27.3 mo). This
study was approved by the Institutional Review Board
at the School of Medicine of Shandong University and
written consent was obtained from all patients.

three fields were recognized as the value of LMVD . The
average score of LMVD of all samples was selected as
the cut-off. The cut-off of LMVD was 12.7 and separated
[27]
LMVD into high and low group .

Cell culture and reagents

The IHCC cell line RBE and perihilar cholangiocarcinoma
cell line QBC939 were purchased from Cell Bank of
the Chinese Academy of Sciences (Shanghai, China),
The IHCC cell line HUCCT-1 was obtained from RIKEN
Bioresource Center (Japan). All lines were cultured
in RPMI-1640 medium supplemented with 10% FBS
(Gibco of Thermo Fisher Scientific, Waltham, MA,
United States). Human recombinant HMGB1 (rHMBG1)
was purchased from Sino Biological Inc., Beijing, China
(Cat No. 10326-H08H).

Tissue microarray construction and
immunohistochemistry (IHC)

The tissue microarray was constructed as previously
[19]
described . Two cores (1.0 mm in diameter) were
taken from the representative areas of each tumor
block and re-embedded into the recipient block. IHC
[20]
was performed as previously described . Briefly, 4 μm
sections were deparaffinized and rehydrated. Sections
were submerged into antigenic retrieval buffer (pH 6.0
citric acid) for heat-mediated retrieval by microwave
for 15 min. The slides were incubated with primary
antibodies for HMGB1 (GTX101277, 1:500; GeneTex
Inc., Irvine, CA, United States) and VEGF-C (ab9546,
1:500; Abcam, Cambridge, United Kingdom) overnight
at 4 ℃, then visualized using 3, 3-diaminobenzidine
tetrahydrochloride as the chromogen. Slides incubated
without primary antibody were considered as the
negative control. The slides were then evaluated by
two independent observers (Han B and Yang XQ)
who were blind to the clinicopathologic data. The
expression of HMGB1 and VEGF-C were evaluated
with a semiquantitative scoring system based on
[21-23]
intensity and distribution of positive-stained cells
.
Briefly, the staining intensity (range, 0-3) and the
percentage of positive cells (0, 0%-10%; 1, 11%-25%;
2, 26%-50%; 3, 51%-75%; 4, 76%-100%) were
multiplied. Overexpression and non-overexpression
were designated by a score of ≥ 8 or < 8, respectively.

siRNA-mediated HMGB1 knockdown

Small interfering RNA (siRNA) was used to knockdown
HMGB1 expression. Three specific siRNAs were
designed and synthesized by Songon (Shanghai,
C h i n a ) . T h e m o s t e f f e c t i ve s i n g l e s i H M G B 1
(sense, 5’-CCUGUCCAUUGGUGAUGUUTT-3’; antisense, 5’-AACAUCACCAAUGGACAGGTT-3’) was
used for further experiments. A scrambled siRNA
(scHMGB1) sequence was used as a control: sense,
5’-UUCUCCCAACGUGUCACG-3’; anti-sense, 5’
-ACGUGACACGUUCGGAGAATT-3’.

Real-time PCR

Total RNA was extracted from the RBE cells and
cDNA was synthesized by reverse transcription.
A SYBR Green Realtime PCR Master Mix (Toyobo
Co., Osaka, Japan) and ABI Prism 7700 Sequence
Detection System (Applied Biosystems of Thermo
Fisher Scientific) were used in this experiment.
The primers of HMGB1 were as follows: sense, 5’
-TTTAGATCTATGGCAAAGGAGATCCTAAGAAG-3’;
anti-sense, 5’-TTTGAATTCTTATTCATCATCAT
CATCTTCTTCTTCATCT-3’. The relative HMGB1
expression was normalized to GAPDH (sense 5’
-GAGTCAACGGATTTGGTCGT-3’; anti-sense, 5’
-TTGATTTTGGAGGGATCTC-3’). PCR assays were
performed in triplicate, and fold induction was calculated
-ΔCT
[4]
using the 2
method .

Assessment of lymphatic microvessel density

The quantitative vessel counts were performed according
[24]
to the method described by Weidner et al . Lymphatic
microvessel density (LMVD) of the tumor was deter
mined by using the D2-40 antibody (ab77854, 1:500;
Abcam); the methodology and validation criteria were
in compliance with the international consensus on
evaluation of angiogenesis quantification in solid human
[25]
tumors . Regions with the highest LMVD were initially
selected with low magnification (× 100) scanning, and
then five “hotspot” fields in the corresponding area were
selected and observed at a magnification of × 200. Any
brown-stained, separated endothelial cell cluster was
considered a single, countable lymphatic microvessel.
The average amounts of lymphatic microvessels in the
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Western blot

Cells were lysed and protein was extracted as pre
[20]
viously described . After SDS-PAGE, proteins were
transferred to nitrocellulose membranes (BioTrace NT
Nitocellulose; Pall Corp., Port Washington, NY, United
States). The membrane was incubated with primary
antibodies overnight at 4 ℃: Anti-HMGB1 (1:500), and
antibodies against E-cadherin, N-cadherin, vimentin,
slug, snail, claudin-1, ZO-1 and β-catenin (1:1000,
#9782; Cell Signaling Technology Danvers, MA, United
States). The secondary anti-rabbit antibody (Beyotime
Company, China) was used at a dilution of 1:10000
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A

B

C

D

E

Figure 1 Representative immunohistochemistry in intrahepatic cholangiocarcinoma. A: Negative staining for high-mobility group box 1; B: Strong staining
for high-mobility group box 1 was mainly localized in the nucleus, and effused to cytoplasm and extra milieu in inflamed or necrotic areas; C: Negative staining for
vascular endothelial growth factor C; D: Strong staining for vascular endothelial growth factor C in cytoplasm; E: Representative staining for D2-40 in lymphatic
endothelial cells. A cancer embolus in lymph-vessel is shown; magnification, × 200.

and the blot was developed with RapidStep ECL
Reagent (Millipore Corp., Billerica, MA, United States).
For the EMT assay, RBE cells were stimulated with 10
ng/mL transforming growth factor (TGF)-β for 72 h,
and the cells were lysed and protein was extracted for
further analysis.

VEGF-C ELISA kit (Boster Systems Inc., Pleasanton,
CA, United States) according to the manufacturer’s
instructions. Absorbance at a wavelength of 450 nm in
every well was measured in spectrophotometer.

Statistical analysis

All the statistical analyses were performed by SPSS
17.0 software (SPSS, Chicago, IL, United States).
The associations between HMGB1 expression and
2
clinicopathologic parameters were assessed by a χ
test. Spearman’s Rank correlation coefficient was used
to identify the correlation between HMGB1 and LMVD.
Cumulative overall survival rates were calculated by
the Kaplan-Meier method and survival curves were
compared by a log-rank test. For multivariate analysis,
factors from univariate analysis were selected with a P
[28]
= 0.20 cutoff . Forward stepwise multivariate analysis

Enzyme-linked immuno assay detection of secreted
VEGF-C

RBE cells cultured in 12-well plate at a density of
4
2.5 × 10 cells per well were treated with scHMGB1,
siHMGB1, or RPMI-1640 supplemented with 2 μg/mL
rHMBG1. Cells treated with Lipofectamine 2000 alone
served as a mock transfection group. The supernatants
from each group were collected and centrifuged at
1000 rpm for 3 min after 48-h transfection/incubation.
The levels of VEGF-C were detected using the human

WJG|www.wjgnet.com
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Table 1 Association of high-mobility group box 1 and vascular endothelial growth factor with clinicopathologic parameters in
patients with intrahepatic cholangiocarcinoma n (%)
Parameters

P value

HMGB1
Low

Age (yr)
< 60
≥ 60
Gender
Male
Female
Tumor size (cm)
<5
≥5
Histologic classification
Well
Moderate
Poor
Tumor stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Node stage
Negative
Positive
UICC stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Microvascular invasion
Negative
Positive
Perineural invasion
Negative
Positive
Satellite nodular
Negative
Positive
HBV infection
Negative
Positive
Calculus
Negative
Positive
LMVD
Low
High

High

P value

VEGF-C
Low

High

18 (42.9)
9 (39.1)

24 (57.1)
14 (60.9)

0.771

25 (59.5)
10 (43.5)

17 (40.5)
13 (56.5)

0.056

15 (46.9)
12 (36.4)

17 (63.6)
21 (63.6)

0.390

15 (46.9)
18 (54.5)

17 (53.1)
15 (45.5)

0.536

8 (36.4)
19 (44.2)

14 (63.6)
24 (55.8)

0.545

10 (45.5)
23 (53.5)

12 (54.5)
20 (46.5)

0.540

8 (47.1)
10 (32.3)
9 (52.9)

9 (52.9)
21 (67.7)
8 (47.1)

0.329

12 (70.6)
10 (32.3)
12 (70.6)

5 (29.4)
21 (67.7)
5 (29.4)

0.016

21 (41.2)
6 (42.9)

30 (8.8)
8 (57.1)

0.910

25 (49.0)
8 (57.1)

26 (51.0)
6 (42.9)

0.590

25 (50)
2 (13.3)

25 (50)
13 (86.7)

0.011

30 (60.0)
3 (20.0)

20 (40.0)
12 (80.0)

0.007

18 (48.6)
9 (32.1)

19 (51.4)
19 (67.9)

0.181

21 (56.8)
12 (42.9)

16 (43.2)
16 (57.1)

0.267

20 (39.2)
7 (50.0)

31 (60.8)
7 (50.0)

0.458

26 (51.0)
7 (50.0)

25 (49.0)
7 (50.0)

0.948

22 (38.6)
5 (62.5)

35 (61.4)
3 (37.5)

0.2601

30 (52.6)
3 (37.5)

27 (47.4)
5 (62.5)

0.475a

24 (44.4)
3 (27.3)

30 (55.6)
8 (72.7)

0.292

27 (50)
6 (54.5)

27 (50)
5 (45.5)

0.783

24 (42.1)
3 (37.5)

33 (57.9)
5 (62.5)

1.0001

30 (52.6)
3 (37.5)

27 (47.4)
5 (62.5)

0.475a

23 (40.4)
4 (50.0)

34 (59.6)
4 (50.0)

0.7121

29 (51.8)
3 (37.5)

27 (48.2)
5 (62.5)

0.708a

15 (57.7)
12 (30.8)

11 (42.3)
27 (9.2)

0.031

18 (69.2)
15 (38.5)

8 (30.8)
24 (61.5)

0.015

1

Analyzed by Fisher's exact test. HBV: Hepatitis B virus; LMVD: lymphatic microvessel density. HMGB1: High-mobility group box 1; VEGF-C: Vascular
endothelial growth factor.

was used to identify independent prognostic factors. P
< 0.05 was considered as significant.

and various clinicopathologic parameters are demon
strated in Table 1. Overall, overexpression of HMGB1
was significantly associated with lymph node metastasis
(P = 0.011). No significant correlation was identified
between HMGB1 overexpression and age, gender,
tumor size, histologic classification, or microvascular or
perineural invasion. Similarly, VEGF-C overexpression
correlated with histologic classification (P = 0.016) and
lymph node metastasis (P = 0.007).

RESULTS
Expression of HMGB1 and VEGF-C and correlations
with clinicopathologic parameters

HMGB1 expression was mainly identified in the nucleus
with slight penetration to cytoplasm or extracellular
milieu, and the penetration tendency was manifest
especially in area adjacent to necrosis. Overall, HMGB1
was overexpressed in 38/65 (58.8%) patients with
IHCCs. VEGF-C expression was identified in the cytoplasm
and overexpression was found in 32/65 (49.2%) IHCC
cases. Representative IHC images of HMGB1 and VEGF-C
are shown in Figure 1.
The relationship between HMGB1 overexpression

WJG|www.wjgnet.com

Correlations of HMGB1 with LMVD and VEGF-C

The LMVD values of the 65 specimens ranged from 4
to 37 (mean: 12.7 ± 5.9), and tumors below or equal
to 12.7 were classified as the low LMVD group (n =
26) and tumors above 12.7 were classified as the high
LMVD group (n = 39). HMGB1 overexpression in high
2
and low LMVD groups was compared by a χ test, and
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Table 2 Correlations of high-mobility group box 1 with lymphatic microvessel density and vascular endothelial growth factor C in
patients with intrahepatic cholangiocarcinoma
HMGB1
Negative
Positive

LVD
Low

High

15
11

12
27

P value

r

0.031

0.268

VEGF-C
Negative

Positive

18
15

9
23

P value

r

0.03

0.268

HMGB1: High-mobility group box 1; VEGF-C: Vascular endothelial growth factor; LVD: Lymphatic microvessel density.

P = 0.016

Table 3 Multivariate analysis of prognostic factors in patients
with intrahepatic cholangiocarcinoma

40

LMVD

30

Parameters

a

Node stage
Negative
Positive
Tumor size (cm)
<5
≥5
Microvascular invasion
Negative
Positive
HMGB1
Negative
Positive
VEGF-C
Negative
Positive

20
10
0

HMGB1 high

HMGB1 low

Figure 2 Distribution of lymphatic microvessel density categorized by
high-mobility group box 1 expression. aP < 0.05 vs high expression. LMVD:
Lymphatic microvessel density; HMGB1: High-mobility group box 1.

the difference were statistically significantly (P = 0.016)
(Figure 2).
In Spearman’s Rank correlation coefficient analysis,
HMGB1 overexpression positively correlated with LMVD
(P = 0.031, r = 0.268) and VEGF-C (P = 0.03, r = 0.268)
(Table 2).

95%CI

P value

1.000
3.166

1.108-9.046

0.031

1.000
4.212

1.429-12.420

0.009

1.000
2.730

1.088-6.850

0.032

1.000
4.517

1.458-13.992

0.009

1.000
3.003

1.016-8.875

0.047

HMGB1: High-mobility group box 1; HR: Hazard ratio; VEGF-C: Vascular
endothelial growth factor C.

decreased protein expression of N-cadherin, vimentin,
snail, and E-cadherin. By contrast, no significant change
was identified in the protein expressions of claudin-1,
ZO-1, β-catenin, or slug after si-HMGB1 treatment.

Prognostic value of HMGB1 expression in IHCC

Univariate analysis revealed that HMGB1 was an
unfavorable prognostic factor (P = 0.001). Additionally,
tumor size (P = 0.022), lymph node metastasis (P <
0.001), LMVD (P = 0.016), and VEGF-C (P = 0.004)
were also significantly associated with overall survival.
In a multivariate analysis, HMGB1 overexpression
remained an independent prognostic factor (hazard
ratio = 4.517, 95%CI: 1.458-13.992; P = 0.009)
(Table 3). Notably, the IHCC patients who showed coexpression of HMGB1 and VEGF-C had the poorest
survival compared with other subgroups when analyzed
by the Kaplan-Meier method (Figure 3).

Modulation of VEGF-C by HMGB1 in conditioned
supernatants

The level of VEGF-C in conditioned medium was
significantly decreased in the siHMGB1 group compared
with the control groups (P < 0.005). In the rHMGB1treated group, the VEGF-C level was significantly
increased compared with the control (P < 0.001) (Figure
5).

DISCUSSION

HMGB1 expression in CCA cell lines

Western blotting was utilized to determine the ex
pression levels of HMGB1 in a panel of CCA cell lines.
As shown in Figure 4A, the protein expression level of
HMGB1 was substantially higher in RBE cells compared
with HUCCT-1 and QBC939 cells.

Although the pathogenesis of CCA is poorly understood,
a number of risk factors have been identified, including
primary sclerosing cholangitis, liver fluke, biliary
[29]
calculus, and chronic infection of hepatitis C virus .
Chronic inflammation induced by these risk factors
together with partial bile obstruction form a complex
tumor-promoting microenvironment. Within the tumor
microenvironment, cytokines, chemokines, and reactive
oxygen species induce the recruitment of inflammationmediating immune cells and lead the necrosis of
biliary epithelial cells, resulting in active secretion
and/or passive releasing of HMGB1 to the extracellular

In vitro effect of HMGB1 on EMT

We firstly confirmed the decreased mRNA and protein
expression levels of HMGB1 in siHMGB1-treated RBE
cells when compared with those of control groups (Figure
4B, C). As shown in Figure 4D, knockdown of HMGB1
suppressed the TGF-β-induced EMT, as indicated by

WJG|www.wjgnet.com
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Figure 3 Survival curves of high-mobility group box 1 and vascular endothelial growth factor C in intrahepatic cholangiocarcinoma. Kaplan-Meier method
univariate analyses of HMGB1 (A); VEGF-C (B); Survival curves of intrahepatic cholangiocarcinoma patients with and without expression of HMGB1 and VEGF-C coexpression (C). VEGF-C: Vascular endothelial growth factor C; HMGB1: High-mobility group box 1.

milieu. In turn, release of HMGB1 further stimulates
inflammatory responses, hence, a feed-forward cycle
of inflammation exists in the tumor microenvironment
[30]
of CCA . In the current study, HMGB1 expression was
also identified in extracellular milieu, which suggests
that HMGB1 can be actively secreted or passively
released into extracellular space in the CCA.
Extracellular HMGB1 binding to its receptors
(RAGE and Toll-like receptors) subsequently initiates a
signaling cascade involving mitogen-activated protein
kinase, nuclear factor-κB, phosphoinositide 3-kinase,
and Cdc42 in the setting of cancer, may lead to tumor
[31]
cell survival, expansion, and metastasis . Elevated
expression of HMGB1 has been reported in carcinomas
[32]
[30]
[33]
[34]
of the stomach , liver , breast , and prostate .
Univariate and multivariate analyses revealed that
HMGB1 overexpression is a poor prognosis factor in
IHCC. Our results suggest that HMGB1 contributes to
the development and progression of CCA.
Additionally, we show that overexpression of HMGB1
is associated with VEGF-C expression and high LMVD
levels. Of note, VEGF-C is a prognostic factor and
more importantly, the subset of IHCC patients with cooverexpression of HMGB1 and VEGF-C had the worst
[35]
cancer-related survival. Previously, Chuangui et al
reported that the expression of HMGB1 is associated
with lymph node metastasis and poor prognosis in
esophageal squamous cell carcinoma. We thus speculate
that HMGB1 playa a role in lymphangiogenesis through
[36]
interaction with VEGF-C signaling pathways . Further
in vitro analysis showed that levels of VEGF-C in

WJG|www.wjgnet.com

supernatants are significantly decreased with HMGB1
knockdown, and increased with rHMGB1 treatment. This
indicates that HMGB1 expression in RBE cells promotes
the secretion of VEGF-C. Alternatively, it is possible that
HMGB1 binding to its receptors activates transduction
signals such as Ras/mitogen-activated protein kinase
and nuclear factor-κB, which stimulate the expression
[37]
of VEGF-C, thereby, promoting lymphangiogenesis .
Metastasis is a central hallmark of malignancy
during which cancer cells disseminate from the original
[38]
site and transfer to distant organs . EMT is considered
[39]
as a critical step in this process . The main molecular
characteristic of EMT is the down-regulation of epithelial
markers and the up-regulation of mesenchymal
[40]
markers . In the current study, for the first time, our
data suggest that HMGB1 overexpression promotes
EMT of RBE cells, and HMGB1 might endow CCA cells
with the ability to metastasize via induction of EMT.
There are several limitations in our study. First,
the IHCC cohort is relatively small. CCA is a rare
malignancy, with only approximately 9760 new cases
[41]
diagnosed annually in the United States , and
[42]
IHCC only occupies about 20% of these cases .
Moreover, the majority of patients are diagnosed at
an unresectable stage, which makes it difficult to
obtain samples and perform a large randomized trial.
Another limitation is the lack of in vivo data to further
characterize the role of HMGB1 in IHCC. Although we
have found that HMGB1 is an independent prognostic
factor in IHCC, and HMGB1 expression is associated
with lymph node metastasis, the underlying molecular
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Figure 4 High-mobility group box 1 overexpression promotes epithelial-mesenchymal transition in RBE cell line. A: HMGB1 protein expression level in RBE,
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Figure 5 Vascular endothelial growth factor C levels in different groups.
NC: Negative control; rHMGB1: Human recombinant high-mobility group box 1;
siHMGB1: short interfering microRNA to high-mobility group box 1; aP < 0.05 vs
control. VEGF-C: Vascular endothelial growth factor C.

Research frontiers

High-mobility group box 1 (HMGB1) is involved in a variety of biologic
processes, including transcription, DNA repair, differentiation, and extracellular
signal transduction. Clinically, overexpression of HMGB1 has been reported in
multiple malignancies, but there has been no study so far to investigate the role
of HMGB in IHCC.

mechanism of how HMGB1 contributes to faster CCA
progression still remains unclear. More experiments
are needed to elucidate the receptor and downstream
signaling pathways initiated by HMGB1, as well as
the entire signaling network of HMGB1. In addition,
animal models are an essential tool to study the role
of biomarkers in cancer progression. We hope that our
results in vitro trigger further investigation on the role
of HMGB1 in IHCC in vivo.
In summary, this is the first study to systematically
characterize HMGB1 expression in an IHCC cohort.
HMGB1 is shown to be an independent poor prognostic
factor in IHCC, and our data suggest a link between
HMGB1 and VEGF-C in IHCC. That is, overexpression

WJG|www.wjgnet.com

Innovations and breakthroughs

This study, for the first time, showed that HMGB1 is an independent prognostic
factor in IHCC and positively correlates with lymphatic microvessel density and
vascular endothelial growth factor C (VEGF-C) expression. In vitro analysis
suggests that HMGB1 enhances the secretion of VEGF-C and promotes
epithelial-mesenchymal transition of RBE cells.

Applications

This results defined an important role of HMGB1 in the progression of
cholangiocarcinoma, and HMGB1 may serve as a prognostic marker for IHCC
patients. These findings suggested that HMGB1 could be a potential molecular
target in cholangiocarcinoma.

Peer-review

The authors evaluated HMBG1 as a possible novel prognostic marker for IHCC.
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Additionally, mechanistic studies were performed investigating a presumed
functional link between HMBG1 and epithelial-mesenchymal transition and
VEGF-C-dependent lymphangiogenesis. This study deals with an interesting
topic; some of the findings herein have not been reported in this particular
setting and may indeed give some new insights.
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Abstract
AIM: To investigate the serovirological prevalence and
clinical features of hepatitis E virus (HEV) infection
in end-stage renal failure patients and in the healthy
population.
METHODS: HEV infection is a viral disease that can
cause sporadic and epidemic hepatitis. Previous studies
unexpectedly showed a high prevalence of HEV antibodies
in immunosuppressed subjects, including hemodialysis
(HD) patients and patients who had undergone kidney
transplant. A cohort/case-control study was carried out
from January 2012 to August 2013 in two hospitals in
southern Italy (Foggia and S. Giovanni Rotondo, Apulia).
The seroprevalence of HEV was determined in 801 subjects;
231 HD patients, 120 renal transplant recipients, and
450 health individuals. All HD patients and the recipients
of renal transplants were attending the Departments
of Nephrology and Dialysis at two hospitals located in
Southern Italy, and were included progressively in this
study. Serum samples were tested for HEV antibodies (IgG/
IgM); in the case of positivity they were confirmed by a
Western blot assay and were also tested for HEV-RNA, and
the HEV genotypes were determined.
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RESULTS: A total of 30/801 (3.7%) patients were positive
for anti-HEV Ig (IgG and/or IgM) and by Western blot. The
healthy population presented with a prevalence of 2.7%,
HD patients had a prevalence of 6.0%, and transplant
recipients had a prevalence of 3.3%. The overall combined
HEV-positive prevalence in the two groups with chronic
renal failure was 5.1%. The rates of exposure to HEV
(positivity of HEV-IgG/M in the early samples) were lower
in the healthy controls, but the difference among the
three groups was not statistically significant (p > 0.05).
Positivity for anti-HEV/IgM was detected in 4/30 (13.33%)
anti-HEV Ig positive individuals, in 2/14 HD patients, in
1/4 transplant individuals, and in 1/12 of the healthy
population. The relative risk of being HEV-IgM-positive was
significantly higher among transplant recipients compared
to the other two groups (OR = 65.4, 95%CI: 7.2-592.7, p
< 0.001), but the subjects with HEV-IgM positivity were
numerically too few to calculate a significant difference. No
patient presented with chronic hepatitis from HEV infection
alone.

causes of liver disease in end stage renal failure
[1-5]
patients on hemodialysis (HD) . In recent years,
preventive measures and extensive infection control
guidelines guided a progressive decrease of HCV
[2-9]
and HBV rates in these patients . Nevertheless, a
proportion of liver illnesses due to non A-B-C hepatitis
occur in these individuals. Previous seroprevalence
surveys in developed countries showed variable rates
of anti-hepatitis E virus (HEV) positivity in healthy
[10,11]
populations
, and several studies reported an
unexpectedly high prevalence of antibodies against
[12-15]
HEV in hemodialysis patients
. The higher
prevalence of HEV-IgG in chronic hemodialysis patients
could be related to their impaired immunity, with an
increased susceptibility to infections and decreased
immune responses to antigenic stimuli (e.g., HBV
[16-18]
vaccination)
. Furthermore, they present a reduced
response to HBV vaccination. In fact, these patients
have an increased risk of contact with nosocomiallytransmitted agents, and the role of entericallytransmitted hepatitis viruses in such cases needs to be
defined.
Hepatitis E, a single-stranded RNA virus, is the
main aetiological agent of enteric non-A hepatitis. In
the recent past, it was believed to be present only in
developing countries, where it was associated with
epidemic outbreaks through the fecal-oral route from
contaminated water supplies, but it is now recognized
as a worldwide infection, sometimes related, in
developed countries, to an asymptomatic zoonotic
[19-21]
infection (as well as undercooked meat products)
[22-24]
or to parenteral/vertical transmission
. Furthermore,
it has been recently noted that a variable rate of
[25-27]
blood donors were positive for HEV-RNA
. There
are scant reports on the prevalence and possible
nosocomial transmission of HEV in HD patients.
Some authors highlighted the high rates of anti-HEV
antibodies in their HD patients and hypothesized other
routes of transmission besides the fecal-oral route,
although the real prevalence of HEV infection through
the parenteral route, particularly via hemodialysis, is
[28]
unknown . Other investigators observed low rates of
[15,29,30]
anti-HEV-positivity in their HD populations
.
Previous seroprevalence studies showed antiHEV/IgG positivity in 6%-16% of renal transplant
[31-33]
recipients
; this variability is often because this
virus is not routinely screened for in cases of acute
hepatitis in recipients of solid-organ transplants.
Recently, HEV infection has been presented as a
chronic infection, sometimes with associated cirrhosis
in immunosuppressed individuals. These cases
included solid-organ (including kidney) transplant
[33-36]
recipients receiving immunosuppressive therapy
,
[37-39]
patients with hematological malignancies
, and
[40]
subjects with HIV infection . It is not known whether
HEV can induce chronic hepatitis in subjects with
defects of humoral and cellular immunity, such as in
patients with end-stage renal failure requiring renal
replacement therapy.

CONCLUSION: This study indicated a higher, but not
significant, circulation of HEV in hemodialysis patients
vs the healthy population. Chronic hepatitis due to the
HEV virus was not observed.
Key words: hepatitis E virus infection; Prevalence;
Immunosuppressed subjects; Hemodialysis patients;
Transplant recipients
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatitis E, a single-stranded RNA virus, is
the main aetiological agent of enteric non-A hepatitis.
Previous seroprevalence surveys in developed coun
tries showed variable rates of anti-hepatitis E virus
(HEV) positivity in healthy populations, and several
studies reported an unexpectedly high prevalence of
antibodies against HEV in hemodialysis patients. The
purpose of this survey was: (1) to compare the rate
of HEV infection in renal transplant recipients and
patients undergoing chronic hemodialysis to a control
population; (2) to determine if these patients have an
increased risk for HEV exposure; and (3) to evaluate
the stage of liver disease.
Scotto G, Aucella F, Grandaliano G, Martinelli D, Querques
M, Gesuete A, Infante B, Carri PD, Massa S, Salatino G, Bulla
F, Fazio V. Hepatitis E in hemodialysis and kidney transplant
patients in south-east Italy. World J Gastroenterol 2015;
21(11): 3266-3273 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3266.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3266

INTRODUCTION
Blood-borne viral hepatitis [hepatitis B virus (HBV) and
hepatitis c virus (HCV)] infections represent relevant
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To our knowledge, few studies have examined
the seroprevalence rate and clinical evolution of HEV
infection among HD patients and in recipients of
renal transplants in Italy. The purpose of this survey
was (1) to compare the rate of HEV infection in
renal transplant recipients and patients undergoing
chronic hemodialysis to a control population; (2) to
determine if these patients have an increased risk for
HEV exposure; and (3) to evaluate the stage of liver
disease.

on recombinant proteins (HEV IgG/IgM; DIA.PRO,
Diagnostic BioProbes, Milan, Italy). If repeatedly
positive (when sera gave an absorbance greater than
the cut-off value), the results were confirmed by a
Western blot assay (HEV-recomBlot, Nuclear Laser
Medicine, Milan, Italy).
To determine HEV-RNA, a commercially-available
assay was used (Qiamp viral RNA mini-kit, Qiagen,
Chatsworth, CA). After RT-nested PCR, genotyping was
performed using restriction endonuclease analysis;
a technique in which DNA fragments obtained from
digestion with restriction enzymes are compared to
construct a restriction map showing the position of
[41]
specific sites along a sequence of DNA . Anti-HEV
antibodies, Western blots, determination of HEV-RNA,
and genotype assessments were performed using the
same assays in a single laboratory (Foggia).
HBV markers were assayed by commercial
immunoassay (Abbott-Auszyme Mc, Abbott Laboratories,
North Chicago, IL, United States). The presence of
antibodies to HCV was determined by the use of a
third-generation enzyme-linked-immunoabsorbent
assay (HCV-ELISA, Ortho Diagnostic System,
Raritan, NJ, United States) and confirmed by a thirdgeneration-recombinant-immunoblot assay (RIBA,
Ortho Diagnostic Systems, Raritan, NJ, United States).
To determine HBV-DNA and HCV-RNA, a commerciallyavailable assay was used (Qiamp viral RNA, Qiagen,
Chatsworth, CA). The presence of antibodies to HIV 1
and 2 was determined by a commercial immunoassay
(Ortho Diagnostic Systems, Raritan, NJ, United States).
To determine HIV-RNA, a commercially-available assay
was used (Artus HIV virus 1, Rg RT-PCR kit, Qiagen,
Chatsworth, CA, United States).
Serum alanine-amino-transferase (ALT) was
quantified by ultraviolet-enzymatic-assay (normal
range, 0-40 IU/L). Each patient’s hepatic biochemical,
epidemiological, and virological parameters were
recorded, and a serum sample was taken and frozen
at -70 ℃ prior to being tested for HEV by reverse
transcriptase-polymerase chain reaction (RT-PCR),
anti-HEV immunoglobulin G (IgG, IgM) immunoassays,
and western blotting.

MATERIALS AND METHODS
This observational study was carried out from January
2012 to August 2013. The seroprevalence of HEV was
determined in 801 subjects (231 HD patients, 120
renal transplant recipients, and 450 individuals coming
from the general population as controls). All of the
HD patients and the recipients of renal transplants
were attending the Departments of Nephrology and
Dialysis at two hospitals located in southern Italy
(Foggia and S. Giovanni Rotondo, Apulia), and were
included progressively in this study. The controls
were aged > 18 years and were identified from outpatient populations attending these hospitals for blood
tests. Among the control patients, most were healthy,
others had a range of acute/chronic general medical
conditions, and some (approximately 6%) had a
history of liver disease. All of the subjects included in
the study were orally informed about the purpose of
the study and invited to participate. Each patient gave
informed consent. The research was conducted in
accordance with the Declaration of Helsinki (as revised
in 2008) and according to local guidelines and laws.
Because this was a case-control study, the assent
of the local Ethics Committee was not mandatory.
At baseline, all study participants were requested
to complete a questionnaire to obtain demographic,
lifestyle, socio-economic, and clinical data in order to
assess their previous exposure to viral hepatitis. These
data included sexual orientation, ethnicity, and liver
function tests; underlying nephrological diagnosis,
previous transplantation (if on chronic hemodialysis),
hemodialysis, and transplant vintage and previous/
current immunosuppressive treatment data were
obtained for HD and transplant patients. Routine HD
techniques were performed with 0.75 h treatments
three times a week. The history of blood transfusion
requirements for each patient was evaluated. No
patient admitted had a history of intravenous drug
abuse. All enrolled subjects also received a full
clinical examination and were treated according to
their clinical situation. The demographic, clinical, and
laboratory data of all patients are presented in Table 1.
The samples were investigated for the presence
of anti-HEV immunoglobulin (IgG/IgM) using a
commercial enzyme immunoassay (EIA) based
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Statistical analysis
2

The χ test was used to compare categorical variables
(sex, positivity for anti-HEV IgG/M, Western blot test
results for HEV antibodies, HCV antibodies, and HBV
markers). When possible, odds ratio and 95%CIs were
calculated. Continuous variables (age and ALT levels)
were compared by Student’s t-test for independent
samples and ANOVA. Logistic-regression models were
used to account for the confounding effects of patient
demographics. P values < 0.05 were considered
significant. The data were analyzed by STATA 10 MP
software (Stata Corp., United States) for Mac OS X.
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Table 1 Clinical characteristics, n

Total
Sex (male:female)
Median age (yr)
Causes of renal failure

Median HD treatment

Immunosuppressive treatment

Transplant patients

HD patients

General population

120
82:38
48
Chronic glomerulonephritis: 43
Nephroangiosclerosis: 21
Polycystic kidney disease: 16
Diabetic nephropathy: 14
Chronic interstitial nephritis: 11
Other aetiologies: 15
18 mo (range: 1-54 mo)
17 mo (range: 1-48 mo) HEV-negative
21 mo (range: 3-54 mo) HEV-positive
All of the patients (120)

231
126:105
63
Chronic glomerulonephritis: 73
Nephroangiosclerosis: 27
Polycystic kidney disease: 32
Diabetic nephropathy: 44
Chronic interstitial nephritis: 26
Other aetiologies: 29
79 mo (range: 3-154 mo)
78.9 mo (range: 3-149 mo) HEV-negative
81 mo (range: 7-154 mo) HEV-positive
Yes: 2 (males)

450
178:272
40

HEV: hepatitis E virus; HD: hemodialysis.

patients (1 dialysis and 1 transplant, both HEV/HCV
co-infected), who presented with hepatic fibrosis.
Among dialysis and transplant patients with acute
hepatitis (anti-HEV IgM), one carried genotype 1
(an immigrant) and two presented with genotype 3;
among the general population the only anti-HEV IgM
patient presented with genotype 3.
There was no significant correlation for either
group between sex (males 7/14 in HD patients,
2/4 in renal transplants recipients, and 8/12 in the
healthy population) and HEV-IgG/IgM and Western
blot positivity (p > 0.05). The mean age in the
transplant individuals and in the dialysis patients was
not significantly different between subjects who were
HEV-positive (age of transplant subjects: 48.5 ±
12.1 years; age of HD patients: 59.0 ± 6.7) vs HEVnegative (age of transplant subjects: 48.5 ± 18.9
years; age of HD patients: 62.9 ± 6.3; p > 0.05).
Instead, the mean age of the healthy population was
significantly higher in HEV-positive subjects (49.8 ±
12.1 years) vs HEV-negative (39.7 ± 18.9 years, p <
0.05). However, in logistic-regression models adjusted
for age, sex, and group, the risk of anti-HEV positivity
was not significantly higher in HD patients compared
with the other two groups. The only statistically
significant association in HD patients was with age
(OR = 11.7, 95%CI: 5.9-23.2, p < 0.001). The cohort
of patients > 45 years presented with HEV positivity
more frequently than the groups aged 21-45 years.
The risk of Western blot positivity was related to age
and was higher in HD patients (OR = 12.3, 95%CI:
5.9-25.5, p < 0.001).
The hemodialysis vintage in HD patients ranged
between 4-121 mo (median 79.2 mo) for anti-HEV
positive patients and between 1-184 mo (median 79.4
mo) for the anti-HEV negative patients (p > 0.05).
Among the patients with a functioning transplant,
only 2/4 patients who were HEV positive had a prior
history of HD treatment (median 21 mo vs 17 mo for
HEV-negative patients). The length of hemodialysis
treatment in these subjects also did not seem to be a
significant risk factor for HEV IgG positivity; however,

Table 2 Hepatitis E virus antibodies n (%)
Transplant patients HD patients General population
Total
Anti-HEV Ig pos.
HEV IgM pos.
HEV RNA pos.

120
4 (3.3)
1
2

231
14 (6)
2
3

450
12 (2.7)
1
1

HEV: hepatitis E virus; HD: hemodialysis.

RESULTS
A total of 30/801 (3.7%) patients were anti-HEV Ig (IgG
and/or IgM) and Western blot positive; almost none of
the patients showed any clinical symptom that could be
related to acute or chronic hepatitis. The prevalence in
dialysis patients was 6.0% (14 patients); in transplant
recipients the prevalence was 3.3% (4 individuals) and
in the general population the prevalence was 2.7% (12
subjects). The combined overall HEV-positive prevalence
in the two groups with chronic renal failure was 5.1%.
The rates of exposure to HEV (positivity of HEV-IgG/M
in the early samples) were lower in the healthy controls,
but the difference among the three groups was not
statistically significant (p > 0.05).
Positivity for anti-HEV/IgM was detected in 4/30
(13.33%) anti-HEV Ig positive individuals, in 2/14 HD
patients, in 1/4 transplant individuals, and in 1/12
individuals from the healthy population (Table 2).
There was not a statistically significant difference
between the rates in HD patients and healthy controls
(0.98% vs 0.22%, p > 0.05). The relative risk of being
HEV-IgM-positive was significantly higher in transplant
recipients compared to the other two groups (OR =
65.4, 95%CI: 7.2-592.7, p < 0.001), but the subjects
with HEV-IgM positivity were numerically too few to
determine a significant difference. The origin of acute
HEV infection (IgM positive and HEV-RNA detectable)
in HD patients, transplant recipients, and the healthy
population was uncertain.
HEV-RNA determination was positive in all IgMpositive patients and in two of the IgG positive
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[11,44,45]

the duration of HD treatment before renal transplant in
HEV-positive individuals was lower compared to that of
hemodialysis patients.
Five out of one hundred and thirty one (2.2%)
HD patients and 1/120 (0.83%) transplant recipient
presented with HBV infection (hepatitis B surface
antigen positive), while 67/231 (29.0%) HD patients
and 29/120 (24.2%) transplant recipients had
serological parameters of previous HBV infection (antiHBc and/or anti-HBs positivity). The individuals who
had been immunized with hepatitis B vaccine were
not included in this calculation of HBV infection. Coinfection with HBV/HEV was not present in any of the
HD or transplant subjects.
Moreover, we observed 18/231 (7.8%) patients
with an anti-HCV antibody among HD patients and
19/120 (15.8%) patients with an anti-HCV antibody
among the transplant recipients. Co-infection with
HEV/HCV was present in 1/14 (7.1%) of the HD
patients and 1/4 (25%) of the transplant subjects. No
co-infection with other hepatitis viruses was present in
the HEV positive subjects from the general population.
Patients with chronic renal failure and HEV-IgG
positivity were for the most part asymptomatic; only
7/18 (38.9%) reported moderate asthenia, whereas
jaundice was present in 1/3 (33.3%) IgM-positive
patients and hepato-splenomegaly and distended
abdomen were observed in 2/3 (66.76%).
Among the HD patients and transplant recipients
who were anti-HEV positive, approximately 67% of
individuals had normal ALT values. Higher serum levels
of ALT were observed in HEV-IgM positive vs HEVIgM negative subjects (178.8 ± 131.1 vs 33.7 ± 14.5,
p < 0.001). Among the HEV-IgG positive subjects,
ALT levels were not significantly different among
HD patients (31.59 ± 18.05 UI/ml) vs transplant
individuals (28.8 ± 13.1) and the general population
(54 ± 30 UI/ml), p > 0.05.
There is no connection between any stage of
chronic hepatitis and HEV infection alone in any of
the patients groups who presented with chronic renal
failure. In fact, the two IgG positive patients (1 dialysis
and 1 transplant patient) who presented with chronic
active hepatitis with advanced fibrosis were HCVHEV co-infected, and both patients presented with
genotype HEV 3.

in just in southern Italy
.
In this survey, we studied three cohorts of
individuals (hemodialysis patients, kidney transplant
recipients, and the general population as a control);
the overall prevalence of circulating HEV-Ab was
3.7% with appreciable, but not significant, deviations
between the general population (2.7%) and HD
patients (6.0%), but not kidney transplant recipients
(3.3%), compared to the general population.
There are few studies with conflicting results about
[10,11,14,15]
HEV epidemiology among HD patients
. The
different prevalence of HEV infection in the general
[42,43,46]
population
, the parameters for the inclusion
[22,24]
of patients, the routes of HEV transmission
,
[47,48]
and the serological assays used
could partially
explain the different findings. In our research
in patients with defects in cellular and humoral
immunity, we confirmed HEV-Ig positivity with western
immunoblotting techniques, which validated both the
acute-phase and chronic-phase with better sensitivity
[49]
and specificity . The seroprevalence of anti-HEV/IgG
observed in our HD patients is lower than that reported
[10]
in other recent studies in the United Kingdom ,
[46]
[15]
France , and Japan , and is consistent with HEV
[13,30]
seroprevalence data in Greece
, another study in
[29]
[31]
[50]
Japan , Spain , and Saudi Arabia . In all of these
studies, there was a higher anti-HEV seroprevalence in
HD patients vs controls.
A logistic regression analysis showed that neither
length of HD, nor other variables related to HD, such
as blood transfusion, were associated with HEV, while
a significant link was reported between the presence
of antibodies type IgG and older age (> 70 years).
The correlation of HEV/older age could reflect a
cohort phenomenon due to infections acquired some
decades ago. Antibodies for HEV/IgG can persist
over the long-term, and it may be that water-borne
hepatitis outbreaks of unknown aetiology occurred in
Apulia earlier in the 20th century and became present
as sporadic cases owing to the fecal pollution of
drinking water with hepatitis E and not A (previously
related to the high circulation of HAV in our region,
which is approximately 60% of subjects older than 50
years).
HEV is usually associated with an entericallytransmitted infection, but the high prevalence of antiHEV reported in some studies in HD patients indicated
that the fecal-oral route may not be the only route of
transmission of HEV and these individuals with a high
risk for HBV and HCV could also have been infected
by unknown HEV. In fact, experimental transmission
of HEV in humans showed a transient phase of
viremia preceding the onset of clinical symptoms,
and prolonged viremia has been observed in some
[50]
patients . Therefore, a theoretical possibility of HEV
parenteral transmission has been suggested, mainly
[50,51]
in endemic areas
. In our study, only two patients
presented with an association between HEV and HCV.
Our data are probably different than that of regions

DISCUSSION
In the past few years, there has been increasing
evidence that HEV, with the development of
acute/chronic clinical disease (mainly in immunecompromised patients, HD patients, and transplant
recipients), may occur in non-endemic areas, with
the zoonotic pathway (porcine zoonosis) having been
[20,21,42,43]
found to be the major reason for this infection
.
There are few data on the prevalence of HEV infection
and/or the prevalence of circulating HEV antibodies in
end-stage renal failure patients for Italy as a whole or
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with high rates of HEV infection for two reasons: first,
in Italy, there is a modest rate of anti-HEV and a low
flow of HEV in our community, resulting in a reduced
risk of chronic HCV co-infection; second, a relatively
small number of patients were tested.
Another interesting and stimulating hypothesis
[52]
was suggested by Harrison et al , claiming that the
use of heparin, derived from porcine small intestine,
in HD patients might be one possible cause of HEV
[53]
infection ; HEV has been found in the porcine small
[54]
intestine after experimental HEV infection in pigs .
It is not known whether heparin regularly used in
humans is infected with HEV, but this might be a
[52]
possible route of infection and merits further studies .
Acute HEV in HD and transplant patients is
infrequent and possibly under-diagnosed. Only
0.9% (2/31) of HD patients and 1/120 (0.8%) of
transplant recipients in the present survey were antiHEV/IgM positive, and only one of the patients had
any symptoms/signs suspected or diagnosed as
acute hepatitis. The clinical events usually associated
with acute hepatitis are often less evident in these
patients (low grade or subclinical hepatitis); this factor
might have contributed to the failure to recognize
and document any clinical episodes of hepatitis in our
patients. Serum levels of ALT are low in HD patients,
and its elevation is usually less pronounced in these
individuals, even in the presence of acute hepatitis. In
fact, chronic uremic patients present with a reduced
immune competence, and this situation can be
responsible for the attenuated inflammatory reactions
in the liver and consequently reduced hepatocyte
destruction, and, therefore, the AST/ALT levels in HD
[50,55]
patients are usually suppressed
. The ALT levels in
the three patients found to be IgM anti-HEV positive in
our study showed only mild abnormalities; the highest
ALT levels, with a peak elevation within 1 ± 3 d of the
onset of the illness followed by a decline, were less
than twice the upper limit of normal levels.
We observed that the HD patients had a higher
HEV seroprevalence than transplant recipients
(6% vs 3.3%), suggesting that hemodialysis could
represent a risk factor for HEV infection. However,
in our study, renal transplant recipients with a prior
history of HD had the same rate of HEV infection than
that seen in transplants recipients without prior HD
treatment. The different seroprevalence between the
HD patients and transplant recipients is unexplained,
although it is possible that anti-HEV serological assays
perform poorly in transplant recipients receiving
immunosuppressive treatment are the cause, thereby
determining a percentage error with false negative
[56]
results . In the transplant recipients in our survey,
the numbers and the doses of immunosuppressive
drugs were decreased when they were diagnosed antiHEV IgM and HEV-RNA positive. In fact, this is the first
[33]
approach to control HEV infection in these patients ,
because these drugs decrease the synthesis of
antibodies and inhibit the cell-cycle progression and
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differentiation of human B lymphocytes. The humoral
immune response is necessary to clear HEV and
[57,58]
prevent hepatitis
.
However, in the past few years, many studies have
reported a surprisingly high prevalence of chronic HEV
hepatitis in immunosuppressed patients, including
[34-36]
kidney transplant recipients
. In our survey, at
6 mo of follow-up, no patient remained chronically
viremic and there was not a correlation between any
stage of chronic hepatitis and HEV infection alone
in any patient of the two groups with chronic renal
failure. The only patients who presented with chronic
active hepatitis were HCV-HEV co-infected.
Finally, this study showed a higher circulation of
HEV in end-stage renal failure in the district of Foggia
vs the healthy population, but this high prevalence is
mainly related to hemodialysis patients.
There was no relationship between the duration of
HD treatment and the risk of acquiring a HEV infection.
None of the kidney transplant recipients or HD patients
had any evidence of chronic HEV. Although no specific
therapy is currently available, unexplained hepatitis in
the dialysis setting and in kidney transplant recipients
undergoing chronic immunosuppression calls for
an evaluation of HEV infection, especially in kidney
transplant candidates.

COMMENTS
COMMENTS
Background

Hepatitis E is the main aetiological agent of enteric non-A hepatitis. In the
recent past, it was believed to be present only in developing countries, where
it was associated with epidemic outbreaks through the fecal-oral route from
contaminated water supplies, but it is now recognized as a worldwide infection,
sometimes related, in developed countries, to an asymptomatic zoonotic
infection (as well as undercooked meat products).

Research frontiers

Recently, previous seroprevalence surveys in developed countries showed
variable rates of anti-hepatitis E virus (HEV) positivity in healthy populations,
and several studies reported an unexpectedly high prevalence of antibodies
against HEV in hemodialysis patients.

Innovations and breakthroughs

There are scant reports on the prevalence and possible nosocomial
transmission of HEV in hemodialysis (HD) patients. Some authors highlighted
the high rates of anti-HEV antibodies in their HD patients and hypothesized
other routes of transmission besides the fecal-oral route, although the real
prevalence of HEV infection through the parenteral route, particularly via
hemodialysis, is unknown. Other investigators observed low rates of anti-HEVpositivity in their HD populations.

Applications

This study showed a higher circulation of HEV in end-stage renal failure in
the district of Foggia vs the healthy population, but this high prevalence is
mainly related to hemodialysis patients. There was no relationship between
the duration of HD treatment and the risk of acquiring a HEV infection. None
of the kidney transplant recipients or HD patients had any evidence of chronic
HEV. Although no specific therapy is currently available, unexplained hepatitis
in the dialysis setting and in kidney transplant recipients undergoing chronic
immunosuppression calls for an evaluation of HEV infection, especially in
kidney transplant candidates.

Terminology

Hepatitis E, a single-stranded RNA virus, is the main aetiological agent of
enteric non-A hepatitis. The prevalence of HEV-IgG in chronic hemodialysis
patients and transplant recipients could be related to their impaired immunity,
with an increased susceptibility to infections and decreased immune responses
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to antigenic stimuli.

Peer-review

15

Scotto et al report the results from screening a large number of HD and
control patients for prior and current HEV infection. This is of interest because
chronic HEV has been shown to infect immunosuppressed populations, and
hemodialysis patients are in some respects immunocompromised. There has
also been a relatively high prevalence found in renal transplant patients that
come from this population.

16

REFERENCES
1

2
3
4

5

6

7

8

9

10
11

12

13

14

Tsianos EV, Dalekos GN, Elisaf M, Zervou E, Siamopoulos KC.
High frequency of antibodies to Hantaan virus and hepatitis C virus
in chronic haemodialysis patients. Coincidence or cross-reaction?
J Intern Med 1993; 234: 607-610 [PMID: 8258753 DOI: 10.1111/
j.1365-2796.1993.tb01021.x]
Fabrizi F, Lunghi G, Martin P. Hepatitis B virus infection in
hemodialysis: recent discoveries. J Nephrol 2002; 15: 463-468
[PMID: 12455711 DOI: 10.1111/j.1525-139x.2007.00311.x]
Fabrizi F, Poordad FF, Martin P. Hepatitis C infection and the
patient with end-stage renal disease. Hepatology 2002; 36: 3-10
[PMID: 12085342 DOI: 10.1053/jhep.2002.34613]
Wong PN, Fung TT, Mak SK, Lo KY, Tong GM, Wong Y, Loo
CK, Lam EK, Wong AK. Hepatitis B virus infection in dialysis
patients. J Gastroenterol Hepatol 2005; 20: 1641-1651 [PMID:
16246180 DOI: 10.1111/j.1440-1746.2005.03837.x]
Mina P, Georgiadou SP, Rizos C, Dalekos GN, Rigopoulou EI.
Prevalence of occult hepatitis B virus infection in haemodialysis
patients from central Greece. World J Gastroenterol 2010; 16:
225-231 [PMID: 20066742 DOI: 10.3748/wjg.v16.i2.225]
Alter MJ, Favero MS, Maynard JE. Impact of infection control
strategies on the incidence of dialysis-associated hepatitis in the
United States. J Infect Dis 1986; 153: 1149-1151 [PMID: 3701120
DOI: 10.1093/infdis/153.6.1149]
Ayoola EA, Huraib S, Arif M, al-Faleh FZ, al-Rashed R, Ramia
S, al-Mofleh IA, Abu-Aisha H. Prevalence and significance of
antibodies to hepatitis C virus among Saudi haemodialysis patients.
J Med Virol 1991; 35: 155-159 [PMID: 1725179 DOI: 10.1002/
jmv.1890350303]
Niu MT, Alter MJ, Kristensen C, Margolis HS. Outbreak of
hemodialysis-associated non-A, non-B hepatitis and correlation
with antibody to hepatitis C virus. Am J Kidney Dis 1992; 19:
345-352 [PMID: 1562024 DOI: 10.1016/s0272-6386(12)80452-5]
Okuda K, Hayashi H, Yokozeki K, Kobayashi S, Kashima T,
Irie Y. Acute hepatitis C among renal failure patients on chronic
haemodialysis. J Gastroenterol Hepatol 1998; 13: 62-67 [PMID:
9737574 DOI: 10.1111/j.1440-1746.1998.tb00547.x]
Dalton HR, Bendall R, Ijaz S, Banks M. Hepatitis E: an emerging
infection in developed countries. Lancet Infect Dis 2008; 8:
698-709 [PMID: 18992406 DOI: 10.1016/s1473-3099(08)70255-x]
Scotto G, Martinelli D, Centra M, Querques M, Vittorio F, Delli
Carri P, Tartaglia A, Campanale F, Bulla F, Prato R, Fazio V.
Epidemiological and clinical features of HEV infection: a survey
in the district of Foggia (Apulia, Southern Italy). Epidemiol
Infect 2014; 142: 287-294 [PMID: 23673019 DOI: 10.1017/
s0950268813001167]
Dalekos GN, Zervou E, Elisaf M, Germanos N, Galanakis E,
Bourantas K, Siamopoulos KC, Tsianos EV. Antibodies to hepatitis
E virus among several populations in Greece: increased prevalence
in an hemodialysis unit. Transfusion 1998; 38: 589-595 [PMID:
9661693 DOI: 10.1046/j.1537-2995.1998.38698326339.x]
Stefanidis I, Zervou EK, Rizos C, Syrganis C, Patsidis E,
Kyriakopoulos G, Sdrakas L, Tsianas N, Rigopoulou EI,
Liakopoulos V, Dalekos GN. Hepatitis E virus antibodies in
hemodialysis patients: an epidemiological survey in central Greece.
Int J Artif Organs 2004; 27: 842-847 [PMID: 15560678 DOI:
10.1016/j.jcv.2005.05.007]
Sylvan SP, Jacobson SH, Christenson B. Prevalence of antibodies
to hepatitis E virus among hemodialysis patients in Sweden. J Med

WJG|www.wjgnet.com

17
18
19

20

21

22

23

24

25
26

27

28

29

30

3272

Virol 1998; 54: 38-43 [PMID: 9443107 DOI: 10.1002/(sici)1096-9
071(199801)54]
Mitsui T, Tsukamoto Y, Hirose A, Suzuki S, Yamazaki C, Masuko
K, Tsuda F, Endo K, Takahashi M, Okamoto H. Distinct changing
profiles of hepatitis A and E virus infection among patients with
acute hepatitis, patients on maintenance hemodialysis and healthy
individuals in Japan. J Med Virol 2006; 78: 1015-1024 [PMID:
16789007 DOI: 10.1002/jmv.20657]
Litjens NH, Huisman M, van den Dorpel M, Betjes MG. Impaired
immune responses and antigen-specific memory CD4+ T cells in
hemodialysis patients. J Am Soc Nephrol 2008; 19: 1483-1490
[PMID: 18480314 DOI: 10.1681/asn.2007090971]
Edey M, Barraclough K, Johnson DW. Review article: Hepatitis
B and dialysis. Nephrology (Carlton) 2010; 15: 137-145 [PMID:
20470270 DOI: 10.1111/j.1440-1797.2009.01268.x]
Cohen G, Haag-Weber M, Hörl WH. Immune dysfunction in
uremia. Kidney Int Suppl 1997; 62: S79-S82 [PMID: 9350688
DOI: 10.3390/toxins4110962]
Reuter G, Fodor D, Forgách P, Kátai A, Szucs G. Characterization
and zoonotic potential of endemic hepatitis E virus (HEV) strains
in humans and animals in Hungary. J Clin Virol 2009; 44: 277-281
[PMID: 19217346 DOI: 10.1016/j.jcv.2009.01.008]
Christensen PB, Engle RE, Hjort C, Homburg KM, Vach W,
Georgsen J, Purcell RH. Time trend of the prevalence of hepatitis E
antibodies among farmers and blood donors: a potential zoonosis in
Denmark. Clin Infect Dis 2008; 47: 1026-1031 [PMID: 18781880
DOI: 10.1086/591970]
Meng XJ, Wiseman B, Elvinger F, Guenette DK, Toth TE,
Engle RE, Emerson SU, Purcell RH. Prevalence of antibodies to
hepatitis E virus in veterinarians working with swine and in normal
blood donors in the United States and other countries. J Clin
Microbiol 2002; 40: 117-122 [PMID: 11773103 DOI: 10.1128/
jcm.40.1.117-122.2002]
Mushahwar IK. Hepatitis E virus: molecular virology, clinical
features, diagnosis, transmission, epidemiology, and prevention.
J Med Virol 2008; 80: 646-658 [PMID: 18297720 DOI: 10.1002/
jmv.21116]
Somani SK, Aggarwal R, Naik SR, Srivastava S, Naik S. A
serological study of intrafamilial spread from patients with sporadic
hepatitis E virus infection. J Viral Hepat 2003; 10: 446-449 [PMID:
14633178 DOI: 10.1046/j.1365-2893.2003.00458.x]
Teshale EH, Grytdal SP, Howard C, Barry V, Kamili S, Drobeniuc
J, Hill VR, Okware S, Hu DJ, Holmberg SD. Evidence of personto-person transmission of hepatitis E virus during a large outbreak
in Northern Uganda. Clin Infect Dis 2010; 50: 1006-1010 [PMID:
20178415 DOI: 10.1086/651077]
Cleland A, Smith L, Crossan C, Blatchford O, Dalton HR, Scobie
L, Petrik J. Hepatitis E virus in Scottish blood donors. Vox Sang
2013; 105: 283-289 [PMID: 23763589 DOI: 10.1111/vox.12056]
Mansuy JM, Bendall R, Legrand-Abravanel F, Sauné K,
Miédouge M, Ellis V, Rech H, Destruel F, Kamar N, Dalton HR,
Izopet J. Hepatitis E virus antibodies in blood donors, France.
Emerg Infect Dis 2011; 17: 2309-2312 [PMID: 22172156 DOI:
10.3201/eid1712.110371]
Scotto G, Giammario A, Centra M, Vittorio F, Martinelli D, Fazio
V. Seroprevalence of hepatitis E virus among blood donors in a
district of southern Italy. Blood Transfus 2012; 10: 565-566 [PMID:
22682344 DOI: 10.2450/2012.0154-11]
Mitsui T, Tsukamoto Y, Yamazaki C, Masuko K, Tsuda F,
Takahashi M, Nishizawa T, Okamoto H. Prevalence of hepatitis E
virus infection among hemodialysis patients in Japan: evidence for
infection with a genotype 3 HEV by blood transfusion. J Med Virol
2004; 74: 563-572 [PMID: 15484278 DOI: 10.1002/jmv.20215]
Kikuchi K, Yoshida T, Kimata N, Sato C, Akiba T. Prevalence of
hepatitis E virus infection in regular hemodialysis patients. Ther
Apher Dial 2006; 10: 193-197 [PMID: 16684223 DOI: 10.1111/
j.1744-9987.2006.00363.x]
Psichogiou M, Vaindirli E, Tzala E, Voudiclari S, Boletis J,
Vosnidis G, Moutafis S, Skoutelis G, Hadjiconstantinou V, Troonen
H, Hatzakis A. Hepatitis E virus (HEV) infection in haemodialysis

March 21, 2015|Volume 21|Issue 11|

Scotto G et al . HEV-infection in end-stage renal failure patients

31

32

33

34
35

36

37

38

39

40

41

42
43
44

45

patients. The Multicentre Haemodialysis Cohort Study on Viral
Hepatitis. Nephrol Dial Transplant 1996; 11: 1093-1095 [PMID:
8671974 DOI: 10.1093/oxfordjournals.ndt.a027461]
Ibarra H, Riedemann S, Reinhardt G, Ardiles L, Calvo M, Siegel
F. Anti-HEV in dialysis and renal transplant patients in an endemic
region in Chile. Clin Nephrol 1998; 50: 267-268 [PMID: 9799076
DOI: 10.1016/s0140-6736(94)90315-8]
Buffet C, Laurent-Puig P, Chandot S, Laurian Y, Charpentier B,
Briantais MJ, Dussaix E. A high hepatitis E virus seroprevalence
among renal transplantation and haemophilia patient populations.
J Hepatol 1996; 24: 122-125 [PMID: 8834035 DOI: 10.1016/
s0168-8278(96)80196-6]
Kamar N, Selves J, Mansuy JM, Ouezzani L, Péron JM, Guitard J,
Cointault O, Esposito L, Abravanel F, Danjoux M, Durand D, Vinel
JP, Izopet J, Rostaing L. Hepatitis E virus and chronic hepatitis
in organ-transplant recipients. N Engl J Med 2008; 358: 811-817
[PMID: 18287603 DOI: 10.1056/nejmoa0706992]
Gérolami R, Moal V, Colson P. Chronic hepatitis E with cirrhosis
in a kidney-transplant recipient. N Engl J Med 2008; 358: 859-860
[PMID: 18287615 DOI: 10.1056/nejmc0708687]
Gérolami R, Moal V, Picard C, Colson P. Hepatitis E virus as
an emerging cause of chronic liver disease in organ transplant
recipients. J Hepatol 2009; 50: 622-624 [PMID: 19157619 DOI:
10.1016/j.jhep.2008.12.008]
Haagsma EB, van den Berg AP, Porte RJ, Benne CA, Vennema H,
Reimerink JH, Koopmans MP. Chronic hepatitis E virus infection
in liver transplant recipients. Liver Transpl 2008; 14: 547-553
[PMID: 18383084 DOI: 10.1002/lt.21480]
Ollier L, Tieulie N, Sanderson F, Heudier P, Giordanengo V,
Fuzibet JG, Nicand E. Chronic hepatitis after hepatitis E virus
infection in a patient with non-Hodgkin lymphoma taking
rituximab. Ann Intern Med 2009; 150: 430-431 [PMID: 19293084
DOI: 10.7326/0003-4819-150-6-200903170-00026]
Péron JM, Mansuy JM, Récher C, Bureau C, Poirson H, Alric L,
Izopet J, Vinel JP. Prolonged hepatitis E in an immunocompromised
patient. J Gastroenterol Hepatol 2006; 21: 1223-1224 [PMID:
16824086 DOI: 10.1111/j.1440-1746.2006.04209.x]
Tamura A, Shimizu YK, Tanaka T, Kuroda K, Arakawa Y,
Takahashi K, Mishiro S, Shimizu K, Moriyama M. Persistent
infection of hepatitis E virus transmitted by blood transfusion in
a patient with T-cell lymphoma. Hepatol Res 2007; 37: 113-120
[PMID: 17300706 DOI: 10.1111/j.1872-034x.2007.00024.x]
Dalton HR, Bendall RP, Keane FE, Tedder RS, Ijaz S. Persistent
carriage of hepatitis E virus in patients with HIV infection. N Engl
J Med 2009; 361: 1025-1027 [PMID: 19726781 DOI: 10.1056/
nejmc0903778]
Gouvea V, Hoke CH, Innis BL. Genotyping of hepatitis E virus
in clinical specimens by restriction endonuclease analysis. J
Virol Methods 1998; 70: 71-78 [PMID: 9506814 DOI: 10.1016/
s0166-0934(97)00172-9]
Purcell RH, Emerson SU. Hepatitis E: an emerging awareness of
an old disease. J Hepatol 2008; 48: 494-503 [PMID: 18192058
DOI: 10.1016/j.jhep.2007.12.008]
Aggarwal R, Naik S. Epidemiology of hepatitis E: current status.
J Gastroenterol Hepatol 2009; 24: 1484-1493 [PMID: 19686410
DOI: 10.1111/j.1440-1746.2009.05933.x]
Gessoni G, Manoni F. Hepatitis E virus infection in north-east
Italy: serological study in the open population and groups at risk.
J Viral Hepat 1996; 3: 197-202 [PMID: 8871881 DOI: 10.1111/
j.1365-2893.1996.tb00095.x]
Fabrizi F, Lunghi G, Bacchini G, Corti M, Pagano A, Locatelli
F. Hepatitis E virus infection in haemodialysis patients: a

46

47

48

49

50

51

52

53

54
55

56

57

58

seroepidemiological survey. Nephrol Dial Transplant 1997; 12:
133-136 [PMID: 9027787 DOI: 10.1093/ndt/12.1.133]
Mansuy JM, Peron JM, Abravanel F, Poirson H, Dubois M,
Miedouge M, Vischi F, Alric L, Vinel JP, Izopet J. Hepatitis E in
the south west of France in individuals who have never visited an
endemic area. J Med Virol 2004; 74: 419-424 [PMID: 15368508
DOI: 10.1002/jmv.20206]
Bendall R, Ellis V, Ijaz S, Ali R, Dalton H. A comparison of two
commercially available anti-HEV IgG kits and a re-evaluation
of anti-HEV IgG seroprevalence data in developed countries. J
Med Virol 2010; 82: 799-805 [PMID: 20336757 DOI: 10.1002/
jmv.21656]
Drobeniuc J, Meng J, Reuter G, Greene-Montfort T, Khudyakova
N, Dimitrova Z, Kamili S, Teo CG. Serologic assays specific
to immunoglobulin M antibodies against hepatitis E virus:
pangenotypic evaluation of performances. Clin Infect Dis 2010; 51:
e24-e27 [PMID: 20578874 DOI: 10.1086/654801]
Haqshenas G, Huang FF, Fenaux M, Guenette DK, Pierson FW,
Larsen CT, Shivaprasad HL, Toth TE, Meng XJ. The putative
capsid protein of the newly identified avian hepatitis E virus shares
antigenic epitopes with that of swine and human hepatitis E viruses
and chicken big liver and spleen disease virus. J Gen Virol 2002;
83: 2201-2209 [PMID: 12185274]
Ayoola EA, Want MA, Gadour MO, Al-Hazmi MH, Hamza MK.
Hepatitis E virus infection in haemodialysis patients: a case-control
study in Saudi Arabia. J Med Virol 2002; 66: 329-334 [PMID:
11793384 DOI: 10.1002/jmv.2149]
Chauhan A, Jameel S, Dilawari JB, Chawla YK, Kaur U, Ganguly
NK. Hepatitis E virus transmission to a volunteer. Lancet 1993;
341: 149-150 [PMID: 8093748 DOI: 10.1016/0140-6736(93)9000
8-5]
Harrison A, Scobie L, Crossan C, Parry R, Johnston P, Stratton J,
Dickinson S, Ellis V, Hunter JG, Prescott OR, Madden R, Lin NX,
Henley WE, Bendall RP, Dalton HR. Hepatitis E seroprevalence
in recipients of renal transplants or haemodialysis in southwest
England: a case-control study. J Med Virol 2013; 85: 266-271
[PMID: 23169048 DOI: 10.1002/jmv.23463]
Jaques LB, Kavanagh LW, Kuo SH. Variation in commercial
heparin and its relation to the problem of heparin standardization for
clinical use. Thromb Res 1973; 3: 295-306 [DOI: 10.1016/0049-384
8(73)90055-8]
Lee YH, Ha Y, Ahn KK, Chae C. Localisation of swine hepatitis
E virus in experimentally infected pigs. Vet J 2009; 179: 417-421
[PMID: 18308595 DOI: 10.1016/j.tvjl.2007.10.028]
Fabrizi F, Lunghi G, Finazzi S, Colucci P, Pagano A, Ponticelli C,
Locatelli F. Decreased serum aminotransferase activity in patients
with chronic renal failure: impact on the detection of viral hepatitis.
Am J Kidney Dis 2001; 38: 1009-1015 [PMID: 11684554 DOI:
10.1053/ajkd.2001.28590]
Legrand-Abravanel F, Kamar N, Sandres-Saune K, Lhomme S,
Mansuy JM, Muscari F, Sallusto F, Rostaing L, Izopet J. Hepatitis
E virus infection without reactivation in solid-organ transplant
recipients, France. Emerg Infect Dis 2011; 17: 30-37 [PMID:
21192851 DOI: 10.3201/eid1701.100527]
Luo H, Chen H, Daloze P, Chang JY, St-Louis G, Wu J.
Inhibition of in vitro immunoglobulin production by rapamycin.
Transplantation 1992; 53: 1071-1076 [PMID: 1585470 DOI:
10.1097/00007890-199205000-00019]
Aagaard-Tillery KM, Jelinek DF. Inhibition of human B
lymphocyte cell cycle progression and differentiation by
rapamycin. Cell Immunol 1994; 156: 493-507 [PMID: 7517796
DOI: 10.1006/cimm.1994.1193]
P- Reviewer: Kanda T, Kaplan DE, Tamori A S- Editor: Ma YJ
L- Editor: Rutherford A E- Editor: Zhang DN

WJG|www.wjgnet.com

3273

March 21, 2015|Volume 21|Issue 11|

World J Gastroenterol 2015 March 21; 21(11): 3274-3281
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3274

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL
??????????????
ARTICLE
Retrospective Cohort Study

Ratio of metastatic lymph nodes is more important
for rectal cancer patients treated with preoperative
chemoradiotherapy
In Ja Park, Chang Sik Yu, Seok-Byung Lim, Yong Sik Yoon, Chan Wook Kim, Tae Won Kim, Jong Hoon Kim,
Jin Cheon Kim

Abstract

In Ja Park, Chang Sik Yu, Seok-Byung Lim, Yong Sik Yoon,
Chan Wook Kim, Jin Cheon Kim, Department of colon and
rectal Surgery, University of Ulsan College of Medicine and
Asan Medical Center, Seoul 138-736, South Korea
Tae Won Kim, Department of Medical Oncology, University
of Ulsan College of Medicine and Asan Medical Center, Seoul
138-736, South Korea
Jong Hoon Kim, Department of Radiation Oncology,
University of Ulsan College of Medicine and Asan Medical
Center, Seoul 138-736, South Korea
Author contributions: Park IJ designed study and write
manuscript; Yu cs designed study and provided critical
comments on manuscript; Lim SB, Yoon YS, Kim CW, Kim
TW, Kim JH and Kim JC provided clinical data and were also
involved in editing the manuscript; Kim JC provided critical
comments on manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Chang Sik Yu, MD, PhD, Professor,
Department of colon and rectal Surgery, University of Ulsan College
of Medicine and Asan Medical Center, 86 Asanbyeongwon-gil,
Songpa-gu, Seoul 138-736, South Korea. csyu@amc.seoul.kr
Telephone: +82-2-30103494
Fax: +82-2-4749027
Received: August 7, 2014
Peer-review started: August 8, 2014
First decision: August 27, 2014
Revised: October 6, 2014
Accepted: November 19, 2014
Article in press: November 19, 2014
Published online: March 21, 2015

WJG|www.wjgnet.com

AIM: To evaluate the predictive value of the lymph
node (LN) ratio (LNR, number of metastatic LNs/
examined LNs) for recurrence in patients with rectal
cancer and to compare its applicability according to
preoperative chemoradiotherapy (PCRT).
METHODS: From 2000 to 2009, 967 patients with
metastatic LNs after curative resection for locally
advanced rectal cancer were identified. Patients were
categorized according to PCRT (PCRT vs No PCRT).
The cut-off LNR was determined based on the pN1
vs pN2 when the recommended number of LNs was
harvested. The 5-year recurrence-free survival (RFS)
rates using the Kaplan-Meier method were compared
according to p/yp N stage and the LNR in each group.
RESULTS: Among patients with the same p/ypN stage,
the 5-year RFS rate differed according to the LNR. In
addition, the 5-year RFS rate was significantly different
between pN and LNR groups in patients with No PCRT.
In PCRT group, however, only LNR was associated with
prognosis. On multivariate analysis, both pN and LNR
were significant independent prognostic factors for
5-year RFS in the No PCRT group. In the PCRT group,
only LNR category was found to be associated with
RFS (HR = 2.36, 95%ci: 1.31-3.84, and P = 0.001).
CONCLUSION: The LNR is an important prognostic
predictor of RFS in rectal cancer patients especially
treated with PCRT. Current pN categories could not
discriminate between prognostic groups of RFS after
PCRT.
Key words: Rectal cancer; Preoperative chemora
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postoperative pathologic results in patients treated by
PCRT has not been fully assessed. Furthermore, while
a correlation between lymph node metastasis and poor
oncologic outcome in patients treated with PCRT and
radical resection has been suggested, the value of the
[14,15]
LNR after PCRT remains controversial
. PCRT has
been shown to result in a significant decrease in both
the size and number of LNs available for examination
[16-20]
after resection
. Consequently, the number of LNs
examined could be below the recommended number
in patients with rectal cancer. Therefore, for patients
with rectal cancer treated with PCRT, a complementary
LN metastasis stratification method may be needed
than for those treated with upfront surgery.
It is unclear whether the impact of the LNR on
prognosis differs between rectal cancer patients treated
with PCRT and those treated with upfront surgical
resection. The aim of this study was to evaluate the
prognostic impact of the LNR in rectal cancer patients
with metastatic LNs after radical resection.

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

Core tip: The number of metastatic lymph node might
show different prognosis according to the number of
examined lymph node. Retrieved number of lymph
node after preoperative chemoradiotherapy (PCRT) has
been known fewer than those without PCRT. However,
number of metastatic lymph nodes used in pathologic
staging was same between patients treated with PCRT
and those without PCRT. The present study suggests the
metastatic lymph node ratio would be useful prognostic
indicator and it is more prominent in patients treated
with PCRT.
Park IJ, Yu CS, Lim SB, Yoon YS, Kim CW, Kim TW,
Kim JH, Kim JC. Ratio of metastatic lymph nodes is more
important for rectal cancer patients treated with preoperative
chemoradiotherapy. World J Gastroenterol 2015; 21(11):
3274-3281 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3274.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3274

MATERIALS AND METHODS
Patients, clinical staging, and treatment

We performed a retrospective consecutive cohort
study of patients with biopsy-proven, locally advanced
mid and low rectal cancer who were treated at Asan
Medical Center between 2000 and 2009. Patients were
identified from our institutional colorectal cancer patient
database and tumor registry. Among the identified
patients, 967 patients proved to have metastatic
LNs on final pathologic examination. Patients with
concurrent distant metastasis, concurrent inflammatory
bowel disease, hereditary colorectal cancer syndromes,
concurrent malignancy, emergent surgery, a prior
history of radiotherapy to the pelvis, or a prior history of
malignancy were excluded. Study approval was obtained
from the Asan Medical Center Institutional Review Board.
Pretreatment clinical stage was assessed based
on transrectal ultrasound (TUS), magnetic resonance
imaging (MRI), or computed tomography (CT) findings.
All patients also underwent full colonoscopic evaluation
to exclude synchronous tumors, as well as digital
rectal examination and proctoscopy to identify the
tumor distance from the anal verge. Some patients
were treated with PCRT, with a median radiotherapy
dose of 50.4 Gy and concurrent fluoropyrimidinebased chemotherapy (mainly single-agent infusional
5-fluorouracil or capecitabine). For patients treated
with PCRT, operations were generally performed 6
to 8 wk following the completion of PCRT using total
mesorectal excision principles.
Standard pathologic tumor staging of the resected
specimen was then performed. Postoperative followup consisted of routine physical examination with
carcinoembryonic antigen (CEA) measurement every 3
to 6 mo, as well as colonoscopy every 2 to 3 years and

INTRODUCTION
The current staging system for colorectal cancer is
based solely on the number of metastatic lymph nodes
[1]
(LNs) . To accurately stage patients using this system,
a sufficient number of LNs-greater than 12 for colorectal
cancer-must be examined to avoid underestimation of
[2]
nodal stage . The number of identified metastatic LNs
can be influenced by the total number of LNs examined,
[3-5]
and this can affect staging . However, it remains
unclear whether the prognostic significance of the
number of metastatic LNs differs between patients who
have only a small number of LNs retrieved compared to
patients who have several LNs retrieved.
To overcome this limitation of the TNM staging
system, a complementary LN metastasis stratification
method is needed. The LNR, defined as the ratio of
metastatic to examined LNs, has been shown to be
useful in identifying prognostic subgroups within gastric
[6,7]
and esophageal cancer patients . The prognostic
value of the LNR has also been demonstrated in
[8-10]
colon and rectal cancer
. These previous studies
have shown that the LNR can be used not only as a
prognostic indicator, but also as a parameter for a
more accurate stratification system than the metastatic
LN absolute number-based staging system in colon
and rectal cancer.
Preoperative chemoradiotherapy (PCRT) has been
shown to induce shrinkage of tumors and provide
lymphatic drainage, and is associated with improved
[11-13]
local control
. However, the applicability of
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RESULTS

Table 1 Patient and tumor characteristics n (%)

Age (mean ± SD) (yr)
< 50
50-65
> 65
Gender
Male
Female
Location1
6-10 cm
≤ 5 cm
Sphincter preservation
Among patients with low
rectum
LNR2
Number of harvested LNs
< 12 LNs harvested
Number of positive LNs
p/yp N category
p/yp N1
p/yp N2
Follow-up duration,
(Interquartile range) (mo)

Non-PCRT,
n = 724

n = 243

PCRT,

P value

54 ± 10.3
154 (21.3)
346 (47.8)
224 (30.9)

59.2 ± 11.3
80 (32.9)
130 (53.5)
33 (13.6)

< 0.001

434 (59.9)
290 (40.1)

148 (60.9)
95 (39.1)

474 (65.5)
250 (34.5)
600 (82.9)
133 (53.2)

100 (41.2)
143 (58.8)
177 (72.8)
81 (56.6)

0.25 ± 0.24
18.2 ± 8.5
153 (21.1)
3.9 ± 3.7

0.252 ± 0.19
14.8 ± 7.1
96 (39.5)
2.8 ± 2.8

445 (61.5)
279 (38.5)
60 (39-80)

181 (74.5)
62 (25.5)
56 (43-68)

Patient population and tumor characteristics

A total of 256 patients who were treated with PCRT
and 724 who were treated with upfront surgery
for rectal cancer during the study period and had
pathologically proven cancer with metastatic LNs
(ypN+) were included. The median age was 55 years
[interquartile range (IQR): 48-62 years)]. The median
distance of the tumor from the anal verge was 5 cm
(IQR: 4-7 cm). All patients underwent total mesorectal
excision. A sphincter-saving procedure was performed
in 777 patients (80.3%). Age, gender, and sphincter
preservation rates did not differ between patients who
underwent PCRT and those who did not. The number
of harvested and metastatic LNs was significantly
lower among patients treated with PCRT (Table 1).
There were 96 patients (39.5%) in the PCRT group
and 153 patients (21.1%) in the -No PCRT group who
had less than 12 LNs resected. Of the 724 patients in
the No PCRT group, 445 (61.5%) were N1 and 279
(38.5%) were N2. In the PCRT group, 181 (74.5%)
were N1 and 62 (25.5%) were N2 (Table 1). The mean
LNR was not different between the two groups.

< 0.001
0.005

< 0.001

< 0.001
0.370
0.170
< 0.001
< 0.001
< 0.001
< 0.001

0.540

1

From the anal verge; 2 Lymph node ratio. PCRT: Preoperative
chemoradiotherapy; LNR: Lymph node ratio; LNs: Lymph nodes.

Recurrence-free survival and prognostic factors for
recurrence-free survival

cross-sectional imaging every 6 to 12 mo for 5 years.

The median follow-up duration was 40 mo (IQR:
32-58 mo) for the entire cohort. Within the same ypN
category, the 5-year RFS rate differed significantly
according to the LNR group. By contrast, significant
differences in ypN were not found within LNR groups
(Table 2). RFS for each group according to the pN
category and the LNR category was analyzed. Both
pN category and LNR category showed stratification
of RFS in the No PCRT group (Figure 1). In the PCRT
group, however, RFS did not differ by the pN category.
Only the LNR category showed stratification of RFS in
the PCRT group (Figure 1).
Influence of the pN and the LNR category on RFS
was evaluated according to the number of harvested
LNs. In the No PCRT group, RFS differed according
to both the pN and the LNR category regardless of
whether 12 LNs were examined. For the PCRT group,
RFS differed according to LNR when < 12 and ≥ 12
LNs were harvested; in contrast, the pN category did
not statistically significantly impact RFS irrespective of
the number of harvested lymph node (Table 3).

Statistical analysis

To investigate the association of the metastatic LNR
with oncologic outcome, categorization of LNRs was
performed. A cut-off value of 0.25 was chosen to
facilitate patient assignment to subgroups because 0.25
represents the number of metastatic lymph node of
pN1 category based on 12 LNs harvested, which are
recommend by the current TNM staging system for
proper staging.
Patients were then assigned to two groups based
on their LNR: LNR1, less than or equal to 0.25; LNR2,
greater than 0.25. Pathologic N category of TNM
staging system was chosen for comparison of function
as a prognostic predictor with the two LNR subgroups
of patients.
Categorical data were summarized by frequency
within each cohort, and comparisons were performed
2
using the χ test for proportions. A test for binary
correlation was used to assess associations between
selected polynomial categorical variables. For recurrencefree survival (RFS) analysis, cases were identified as
failures at the time of disease recurrence. RFS rates
were determined for each LNR-based group using
pT category and current TNM stage-based group.
Cox proportional hazards regression analysis was
performed for multivariate comparisons. P values less
than 0.05 were considered statistically significant.
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Risk factors of recurrence-free survival: Prognostic
implication of pN and LNR category

In univariate analysis, LNR category was associated
with RFS in both the No PCRT and the PCRT group. pN
category, however, was not associated with RFS in the
PCRT group. Other factors related with RFS in the No
PCRT group were location of tumor, lymphovascular
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Table 2 Five-year recurrence-free survival for T-stage subgroups stratified by lymph node ratio and pN category
P value2

No PCRT
LNR1
LNR2
Overall
P value1

pN1

pN2

Overall

78.6%
59.5%
76.3%

60.1%
51.2%
53.4%
< 0.001

76.2%
52.9%

P value2

PCRT

< 0.001

pN1

pN2

Overall

58.7%
27.6%
54.3%

42.0%
38.1%
44.3%
< 0.262

59.2%
33.8%

< 0.001

1

RFS according to the LNR; 2RFS according to pN category. PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio; RFS: Recurrence-free survival.

A

B
pN1

0.8

pN2

0.6
0.4

Recurrence-free survival

Recurrence-free survival

1.0

P < 0.001

0.2
No PCRT
0.0
0

12

24

36

48

60

1.0

LNR2

0.6
0.4

P < 0.001
0.2
0.0
0

72

LNR1

0.8

No PCRT
12

24

0.8
0.6

ypN1

0.4
0.2

ypN2

P = 0.26
PCRT

0.0
0

12

24

36

48

60

D

1.0

Recurrence-free survival

C
Recurrence-free survival

t /mo
1.0

36

48

60

72

t /mo

0.8

72

LNR1

0.6
0.4
0.2
0.0
0

LNR2

P < 0.001
PCRT
12

24

t /mo

36

48

60

72

t /mo

Figure 1 Recurrence-free survival. A: pN category in the no PCRT group; B: LNR category in the No PCRT group; C: ypN category in the PCRT group; D: LNR
category in the PCRT group. LNR represents prognostic groups in both the No PCRT and the PCRT group. Current ypN status failed to show stratification with
advancement of ypN status. PCRT: preoperative chemoradiotherapy; LNR: lymph node ratio.

Table 3 Five-year recurrence-free survival stratified by lymph node ratio and pN-category according to the number of harvested
lymph nodes
No PCRT
p/yp N1
p/yp N2
LNR1
LNR2

PCRT

< 12

P value

≥ 12

P value

< 12

P value

≥ 12

P value

67.8%
43.3%
74.2%
51.3%

0.01

79.2%
55.0%
76.6%
53.6%

< 0.001

43.8%
36.5%
50.2%
31.9%

0.90

62.4%
47.2%
63.0%
38.1%

0.080

0.01

< 0.001

0.05

0.007

PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio.

prognostic factor showing stratification for RFS (Table
4).

invasion, perineural invasion, and increased preo
perative serum CEA (sCEA). In the PCRT group,
perineural invasion was the only factor associated with
RFS. In multivariate analysis, both the pN and the LNR
category were confirmed as independent prognostic
factors of RFS in the No PCRT group. However, in the
PCRT group, only the LNR category was an independent
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Prognostic groups combined with p/ypT category and
LNR

We compared the 5-year RFS according to the current
th
7 TNM stage (Figure 2). The current TNM stage could
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Table 4 Factors associated with recurrence-free survival: Multivariate analysis
Factor

No PCRT
HR

p/yp N category
N1
N2
LNR category
LNR1
LNR2
Lymphovascular invasion
None
Present
Perineural invasion
None
Undetermined
Location
6-10 cm
≤ 5 cm
Preoperative CEA
Normal
Increased

PCRT

P value

95%CI

HR

95%CI

< 0.001
1.00
1.90

0.380
1.00
1.21

1.43-2.53

0.79-1.85

< 0.001
1.00
1.97

P value

0.001

1.48-2.63

1.00
1.94

1.31-2.88

1.00
1.42

0.89-2.27

0.34
1.00
1.24

0.93-1.67

0.110

0.04
1.00
1.65

0.030
1.00
1.86

1.12-2.43

1.18-2.93

0.02
1.00
1.34

0.040
1.00
0.62

1.05-1.85

0.40-0.98

0.02
1.00
1.46

1.07-1.98

PCRT: Preoperative chemoradiotherapy; LNR: Lymph node ratio; CEA: Carcinoembryoinc antigen.

B 1.0

1.0
Ⅲa

0.8

Ⅲb

0.6
Ⅲc

0.4

P < 0.001
0.2
No PCRT
0.0
0

12

24

36

48

60

Recurrence-free survival

Recurrence-free survival

A

0.8

R2

0.6

R3

0.4

P < 0.001
0.2
0.0
0

72

R1

No PCRT
12

24

1.0
0.8
Ⅲa

0.6

Ⅲc

0.4
0.2

Ⅲb

P = 0.01
PCRT

0.0
0

12

24

36

48

60

72

36

48

60

72

t /mo

D

1.0

Recurrence-free survival

C
Recurrence-free survival

t /mo

0.8
0.6
0.4
0.2

P < 0.001
PCRT

0.0
0

12

24

t /mo

36

48

60

72

t /mo

Figure 2 Recurrence-free survival. A: TNM stage by the 7th AJCC cancer staging system in the No PCRT group; B: R stage combined with pT/LNR in the No PCRT
group; C: TNM stage in the PCRT group; D: R stage using yp T/LNR in the PCRT group. ypT/LNR combined groups showed significant categorization of prognostic
groups. PCRT: preoperative chemoradiotherapy; LNR: lymph node ratio.

not effectively represent prognostic groups among
patients of the PCRT group. We further analyzed the
5-year RFS considering the ypT and the LNR category
and divided patients into three groups that showed
statistical differences in RFS, R1 as ypT0-2 LNR1, R2
as ypT3-4 LNR1 and ypT0-2 LNR2, and R3 as ypT3-4
LNR2. These groups, which combined ypT and the LNR
showed significant differences in 5-year RFS (Figure
2) and effectively separated patients into prognostic

WJG|www.wjgnet.com

groups. For the No PCRT group, the R group, which
is based on LNR and pT category, also showed
stratification of RFS. In contrast, in the PCRT group,
the R groups, but not the current TNM subgroups,
showed significant differences in RFS.

DISCUSSION
In the PCRT group, LNR was found to be the most

3278

March 21, 2015|Volume 21|Issue 11|

Park IJ et al . Ratio of metastatic lymph nodes
significant prognostic factor for RFS in the present
study. However, pN category could not discriminate
patients into prognostic groups. Indeed, the LNR was
significant both in patients with more than 12 LNs as
well as in patients with less than 12 LNs examined.
Although the harvesting of more than 12 LNs is
recommended for proper staging, the number of
LNs that can be harvested decreases in rectal cancer
[16,18]
patients who have undergone PCRT
. Therefore, it
is questionable whether the same absolute numberbased staging system should be applied to all patients,
including those with less than 12 retrieved LNs or
patients who have been treated with PCRT. Based on
the results of this study, the LNR could be applied to
such patients as a prognostic predictor.
Patients within the same ypN category had a
diverse distribution of the LNR. When patients within
the same ypN category were stratified according to
the LNR, there were significant differences in the
5-year RFS between LNR groups. In contrast, patients
within the same LNR group did not show significant
differences in RFS according to ypN category, except
for the LNR1 group. This suggests that patients within
the same ypN category could be further divided into
different prognostic groups according to the LNR which
might be a more proper discriminating category.
The LNR was confirmed as the only independent
prognostic factor for RFS in the PCRT group using
multivariate analysis. These findings suggest that a
ratio-based approach is a better predictor of RFS than
absolute number-based LN staging in patients with
stage Ⅲ rectal cancer treated with PCRT.
Invasion through the bowel wall is also an indepen
dent high risk factor for recurrence and survival. We
compared the 5-year RFS according to the current TNM
stage and R group combined with the pT/ypT and the LNR
category. The 5-year RFS significantly differed according
to both TNM stage and the ypT/LNR-based R group in
the No PCRT group. However, the current TNM stage
could not show corresponding poor outcome according
to advanced stage in the PCRT group. R groups, in
comparison, showed better stratification for RFS in the
PCRT group. The inherent value of any cancer staging
system lies in its reproducibility and applicability to
current methods of pathological assessment. As the
stage Ⅲ patient group is defined by the identification
and quantification of mesenteric nodes, accuracy of
staging is directly proportional to nodal identification.
Whereas examination of at least 12 LNs has been
recommended for adequate determination of stage Ⅲ
colorectal cancer, the finding of any nodal involvement,
regardless of the number of nodes examined, is defined
as stage Ⅲ disease. Therefore, a LNR was introduced
to complement lymph node retrieval. In addition, the
depth of invasion of tumor to bowel wall has to be
considered alongside nodal status because nodal status
was not the only determinant of pathologic stage. The
present study compared RFS based on stage including
the p/ypT category as well as the p/ypN category, and
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the LNR.
The results showed that the LNR-based category
may be a useful prognostic factor accompanying p/yp
T category. For patients in the PCRT group, LNR-based
stage, but not the current TNM stage, was able to
stratify patient for RFS.
This study has several limitations. Although the data
were collected prospectively, the study was designed
retrospectively, which may have introduced a selection
bias. In addition, the prognostic significance of the
LNR has been previously evaluated using different
methodologies yielding varying results, particularly due
to differences in the cut-off values used for grouping
[8-10,21-23]
patients and heterogeneity of collected data
for colorectal cancer. For the practical use of the LNR
as a prognostic variable, the most effective LNR cutoff values need to be determined. Although many
studies, including our study, demonstrated that the LNR
was a significant prognostic factor, further larger-scale
comprehensive studies are warranted to determine the
LNR cut-off values for rectal cancer. However, in the
present study, the ratio between the number of positive
LNs(4) which is generated by dividing pN2 from pN1
and the number of retrieved LNs(12) recommended for
proper staging using the current staging system was
used as a cut-off LNR value (0.25). Therefore, this LNR
value is likely reasonable to compare the prognostic
implication of p/yp N categories of the current TNM
staging system with LNR-based categories.
Furthermore, studies regarding the LNR for rectal
cancer patients treated with PCRT should be performed
independently because PCRT influences LN status and
significantly reduces the number of harvested LNs.
Persistence of LN metastasis after PCRT may serve as
a marker for a more aggressive biologic behavior of
a tumor and the consequent need for more intensive
postoperative treatment.
In conclusion, we found that the LNR was a more
important prognostic factor for RFS in patients with
lymph node metastasis after PCRT than those who did
not undergo PCRT. Furthermore, absolute numberbased nodal staging could not adequately predict
prognosis for patients treated with PCRT. In addition,
the predictive ability of the LNR was maintained when
less than 12 LNs were harvested. Combined with ypT
status, the LNR could be used to assign patients to
a prognostic group as an alternative to the current
TNM staging system. A large-scale comparative study
to confirm the prognostic impact of the LNR and to
determine the optimal LNR cut-off value is required.
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The number of metastatic lymph node could be various according how many
lymph nodes (LNs) were examined. The current staging system using number
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defined as the ratio of metastatic to examined LNs, has been shown to be
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useful in identifying prognostic subgroups for non-irradiated rectal cancer, colon
cancer and other type of cancers. preoperative chemoradiotherapy (PCRT)
which is one of the standard treatment for locally advanced rectal cancer has
been shown to influence on the number of retrieved lymph node. Therefore, the
LNR may more useful for patients treated with PCRT. To evaluate the efficacy
of LNR as a prognostic indicator in patient who receive PCRT, the present
study compare oncologic outcomes according to current TNM stage and new
classification using LNR among patients treated with PCRT and those without
PCRT.
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Risk of recurrence was well stratified based on LNR in PCRT patients. In
case of patients treated with PCRT, categories based on LNR had stronger
association with recurrence-free survival. Future investigation is required to
make staging system based on LNR and decide on clinical suitability of new
staging system based on LNR in PCRT patients.
The current study shows the effectiveness of LNR to predict prognosis in
patients who did not receive PCRT as well as those treated with PCRT. The
present study gives importance of LNR on prognostication in PCRT than noPCRT setting and suggests new staging system based on LNR and ypT
category to apply practically.

11

Applications

The LNR-based category of patients with advanced rectal cancer treated by
PCRT can be used to predict oncologic outcome. It is more accurate than
LN number based staging system for prognostication. Adjuvant treatment
and surveillance need to be given based on prognostic implication based
on pathologic stage and LNR may have a role in case under-staging was
suspicious based on current pathologic staging system.
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This article is very important because it underlines the impact of neoadjuvant
radiochemotherapy of rectal cancer and moreover can predict recurrence free
survival. It would be useful to check these patients data according to tumor
regression grade as well.
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Annika Gauss
METHODS: All patients with a confirmed diagnosis
of ulcerative colitis undergoing therapy with infliximab
and/or adalimumab at the outpatient clinic for
inflammatory bowel diseases at the University Hospital
Heidelberg between January 2011 and February 2014
were retrospectively enrolled. Patients with a followup period of less than 6 mo from start of anti-TNFα
therapy were excluded. Medical records of all eligible
individuals were carefully reviewed. Steroid-free clinical
remission of a duration of at least 3 mo, colectomy
rate, duration of anti-TNFα therapy, need for anti-TNFα
dose escalation, and the occurrence of adverse events
were evaluated as the main outcome parameters.
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RESULTS: Seventy-two patients were included (35
treated with infliximab, 17 with adalimumab, 20 with
both consecutively). Median follow-up was 27 mo
(range: 6-87 mo). Steroid-free clinical remission was
achieved by 22.2% of the patients (median duration:
21 mo until end of follow-up; range: 3-66 mo). Patients
attaining steroid-free clinical remission displayed lower
hemoglobin and albumin blood levels at the start of
treatment than those who did not achieve remission.
The overall colectomy rate was 20.8%. Nearly 50%
of the patients underwent anti-TNFα dose escalation
during the follow-up period. For both the infliximab
and the adalimumab treated patients, non-response to
anti-TNFα therapy was the major reason for treatment
discontinuation. 18.2% of the infliximab-treated
patients and 13.5% of the adalimumab-treated patients
had to discontinue their therapy due to adverse events.
CONCLUSION: Real-life remission rates of ulcerative
colitis under anti-TNFα are overall low, but some
patients have a clear long-term benefit.

Abstract

Key words: Inflammatory bowel disease; Tumor necrosis
factor α inhibitors; Ulcerative colitis; Outcome; Real life

AIM: To evaluate the outcome of anti-tumor necrosis
factor alpha (anti-TNFα) therapy in outpatients with
ulcerative colitis at a tertiary referral center.
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24 patients were included in their study. There are
no head-to-head clinical trials that compare IFX with
ADA in the treatment of UC. However, a recent metaanalysis suggests that IFX, ADA and golimumab are
[12]
equally effective .
Although randomized controlled trials (RCTs) are
considered the gold standard for the evaluation of the
efficacy of a drug, real-life data provide more insight
into factors that might influence therapy outcomes.
Therefore, this study was aimed at evaluating firm
practical end points of therapy outcomes with TNFα
antagonists in a real-life setting, and to identify factors
influencing the efficacy of the treatment. It was not
the objective of this study to compare outcomes of IFX
therapy with those of ADA therapy.

Core tip: Tumor necrosis factor alpha inhibitors are a
widely accepted therapeutic option for the treatment of
ulcerative colitis. Results from different real-life settings
on their use in ulcerative colitis are controversial.
Weighing anti tumor necrosis factor alpha against other
treatment options, it is very important to decide on
the best therapy for a patient. This retrospective study
from a tertiary referral centre shows a rate of steroidfree clinical remission of 22.2% and a colectomy rate
of 20.8% for ambulatory patients with ulcerative
colitis under therapy with tumor necrosis factor alpha
inhibitors. These rather disappointing outcomes should
be thoroughly discussed with the patients before start
of therapy.

MATERIALS AND METHODS

Baki E, Zwickel P, Zawierucha A, Ehehalt R, Gotthardt D,
Stremmel W, Gauss A. Real-life outcome of anti-tumor necrosis
factor α in the ambulatory treatment of ulcerative colitis. World
J Gastroenterol 2015; 21(11): 3282-3290 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i11/3282.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i11.3282

Study design and data collection

This is an uncontrolled, open-label retrospective
study of outpatients with moderate or severe UC at
a German university hospital serving as a tertiary
referral center for the treatment of inflammatory bowel
diseases (IBD). The study was approved by the Ethics
Committee of the University of Heidelberg. Inclusion
criteria were: a confirmed diagnosis of UC (based
on the European Crohn’s and Colitis Organisation
[13]
criteria ); treatment with IFX or ADA or both
consecutively; and a documented follow-up after start
of treatment of at least 6 mo.
Patients who changed to the outpatient IBD clinic
of the University of Heidelberg after they had started
anti-TNFα treatment, patients who had previously
undergone intestinal surgery, and patients with acute
severe colitis were excluded. All data were retrieved
from entirely computerized medical records. To identify
eligible individuals, electronically available daily lists
of all patients treated in the outpatient IBD clinic
between January 1, 2011 and February 28, 2014
were screened. Patients who had started anti-TNFα
treatment at our outpatient clinic prior to January 1,
2011, but were treated within the time frame of the
study, were also included. Demographic and clinical
parameters of all eligible individuals were entered into
a Microsoft Excel spreadsheet. At the IBD outpatient
unit, patients under anti-TNFα therapy are routinely
examined by a gastroenterologist 6 and 12 wk after
the start of therapy, and every 3 mo thereafter. IFX
was delivered via intravenous (IV) infusions (5 mg/kg
body weight) at weeks 0, 2 and 6. After that, patients
received scheduled infusions (5 mg/kg body weight)
every 8 wk, if no dose intensification was deemed
necessary. ADA was delivered by subcutaneous
injections of 80 mg at days 1, 2 and 14, and then 40 mg
every other week as long as no dose escalation was
required. In this study, blood concentrations of IFX and
ADA and anti drug antibodies were not measured, so
that decisions on dose escalation were mainly based
on the patients’ symptoms.

INTRODUCTION
Despite considerable progress over the past decades,
treatment options for ulcerative colitis (UC) are still
unsatisfactory. Realistically attainable remission rates
are far below the goals set, and long-term remission
remains elusive. The introduction of tumor necrosis
factor alpha (TNFα) inhibitors into the therapy of Crohn’s
[1-5]
disease revolutionized its treatment . Infliximab (IFX)
and adalimumab (ADA) were the first anti-TNFα agents
to be also approved for induction and maintenance
[6,7]
of remission in UC . The ACT-1 and ACT-2 studies
evaluated the efficacy of IFX for induction and
[6]
maintenance therapy in adults with UC . Remission
rates at week 8 were at 38.8% in ACT-1 and 33.9%
[6]
in ACT-2 . Rates of sustained remission (at week 8
and week 30) were even lower at 26.2% (ACT-1) and
[6]
22.5% (ACT-2) . Results of the phase Ⅲ trials of ADA
were slightly less promising: at week 8, 18.5% of the
patients in the high-dose group were in remission,
[7]
compared with 9.2% in the placebo group . The
recently approved TNFα inhibitor golimumab was also
shown to induce and maintain clinical remission in
[8,9]
patients with moderate-to-severe UC .
Post-marketing experience reveals inconsistent
[10]
results. Armuzzi et al found remission rates of 17%,
28.4%, 36.4% and 43.2% at 4, 12, 24 and 54 wk in
88 patients treated with ADA for active UC. Considering
that many of their patients had previously been treated
with IFX, these results compare favorably to the phase
[7]
Ⅲ data cited above . In their retrospective study,
[11]
Zhou et al
described a remarkably high remission
rate of 61.5% by week 30 of IFX treatment, but only
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Definitions

Statistical analysis

The Montréal classification for UC was applied to
[14]
categorize disease extent . Steroid-free clinical
remission was defined by the absence of diarrhea
(≥ 4 bowel movements per day), bloody stools
and abdominal pain without intake of steroids for at
least 3 mo, as evaluated by the treating physician.
In our study, response was not employed as an
outcome parameter, as variables for the calculation
of reliable disease activity scores had not been
documented precisely enough in our sample of
patients. The decision to discontinue therapy due
to inadequate response was in all cases made by a
senior gastroenterologist. Dose escalation of antiTNFα therapy involved a reduction of the IFX dosing
interval to at least 4 wk and/or an increase of the
dose to at most 10 mg/kg body weight. For ADA, dose
escalation meant shortening of the dosing interval to
at least 7 d. The decision on dose intensification was
left to the treating physician’s judgment. Primary nonresponse was defined as absence of amelioration of
UC symptoms up to 3 mo of treatment. Concomitant
immunosuppressive treatment was considered if a
patient was on immunomodulators for at least 3 mo
after start of anti-TNFα therapy.

The objective of the study was to assess anti-TNFα in
the treatment of UC, not to compare IFX with ADA.
Analyses were performed per patient for outcome
parameters like remission and need for colectomy,
because one individual cannot appear twice in outcome
analysis. Other parameters - like the occurrence of
adverse events - were analyzed per therapy. Patients
who had received IFX and ADA in either order were
additionally evaluated in a separate section. All
statistical analyses were performed using IBM SPSS
Statistics 21.0. Descriptive statistics were calculated
as percentages for discrete variables, and presented
as medians with ranges, as appropriate. To identify
potential predictors of steroid-free clinical remission,
the Mann-Whitney-test was used for ordinal variables,
2
and χ tests for categorical variables. Wilcoxon
matched pairs signed rank test was used to compare
disease activity markers (except for the occurrence
of bloody stools) before and after the start of antiTNFα therapy. McNemar’s test was used to compare
the number of patients reporting the occurrence of
blood in stool before and after the start of anti-TNFα
therapy. Statistical significance was set at the 95%CI
(P < 0.05). To confirm predictors of steroid-free clinical
remission, a multivariate, logistic regression analysis
was performed. Kaplan-Meier estimator equations
were used to compare the survival curves of treatment
duration.

End points

The primary end point was the induction of steroid-free
clinical remission under anti-TNFα therapy. Secondary
end points were the need for colectomy within the
follow-up period, discontinuation of therapy due to
insufficient efficacy, discontinuation of treatment due to
adverse events, and need for dose escalation according
to the treating physician’s judgment. Patients were not
followed up if they left the outpatient clinic to change
to a different treatment center or practice. Therefore,
colectomy rates could only be calculated for the time
that the patients stayed at our outpatient clinic.
Further information retrieved from the electronic
patient charts comprised gender, age, disease duration,
body mass index (BMI), family history of IBD, presence
of extraintestinal manifestations, smoking habits, prior
and concomitant medications, side effects under antiTNFα therapy, and laboratory markers before and after
start of therapy, including blood cell counts, plasma
ferritin, C-reactive protein (CRP) and serum albumin
levels.

RESULTS
Patient demographics and clinical characteristics

In all, 72 patients were enrolled. Thirty-five patients
received IFX, 17 underwent treatment with ADA, and
20 patients were on both medications consecutively
(15 IFX first, 5 ADA first). The median followup time was 27 mo (range, 6-87 mo). All patient
demographics and clinical baseline characteristics
may be viewed in Table 1.

Prior and concomitant medications

Before starting their first anti-TNFα therapy, 66 (91.7%)
of the 72 patients had been on oral 5-aminosalicylic
acid (5-ASA), 21 (29.2%) on oral budesonide, 70
(97.2%) on oral cortisone, 55 (76.4%) on azathioprine
(AZA), 3 (4.2%) on 6-mercaptopurine (6-MP),
12 (16.7%) on methotrexate (MTX), 4 (5.6%) on
tacrolimus, and 4 (5.6%) on cyclosporine. These
and the medications concomitant with IFX and ADA
treatment are shown in Table 1.

Evaluation of disease activity

As this is a retrospective study, disease activity scores
were not consistently available. As a surrogate, we
analyzed single variables which occur in commonly
used UC activity scores, and which were routinely
asked by the treating physician and documented in the
computerized charts. These included numbers of bowel
movements per 24 h and the occurrence of bloody
stools. They were evaluated at the start of treatment
and 3 mo after the start of treatment.
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Steroid-free clinical remission under anti-TNFα therapy

Sixteen patients (22.2%) attained steroid-free clinical
remission. Seventy-five percent of these patients
were on IFX and 25% were on ADA. The median time
to steroid-free clinical remission was 3 mo (range:
1-10 mo). The duration of steroid-free remission was
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could be maintained for more than one year, in 56.3%
for more than 2 years, and in 37.5% for more than 3
years. The rate of steroid-free clinical remission was
not related to: patient age at the start of treatment;
gender; disease extent according to the Montréal
classification; disease duration; the presence of
extraintestinal manifestations; smoking status; BMI;
family history of IBD; previous treatment with purines,
methotrexate or a calcineurin inhibitor; or concomitant
therapy with steroids, purines, or 5-ASA (Table 2).
Patients with higher plasma CRP concentrations
before treatment tended to achieve steroid-free
remission more often than those with lower plasma
CRP concentrations (P = 0.104; Table 2). Leukocyte
and platelet numbers, and plasma ferritin levels at
start of treatment did not differ between the remission
and the non-remission group. Patients with lower
hemoglobin concentrations at the start of treatment
achieved remission more frequently than those with
higher hemoglobin concentrations (P = 0.023; Table 2).
Steroid-free clinical remission was more often induced
in patients with lower serum albumin levels at the start
of treatment than in those with higher albumin levels (P
= 0.009; Table 2).

Table 1 Demographic and clinical baseline characteristics of
all 72 patients included in the study n (%)
Characteristic
Anti-TNFα therapy
IFX only
35 (48.6)
ADA only
17 (23.6)
IFX and ADA
15 (20.8)
ADA and IFX
5 (6.9)
Demographic characteristics
Gender (female:male)
39: 33
Age at start of treatment (median; range) (yr)
33 (15-71)
Disease extent according to Montréal
5:32:35
classification, n (E1:E2:E3)
Duration of disease at start of anti-TNFα
69.5 (2-480)
therapy, median (range) (mo)
Presence of at least one extraintestinal
30 (41.7)
manifestation
Smoking status, n (active smokers:non-smokers:
6:54:5 (n = 65)
ex-smokers)
BMI, median (range) (kg/m2)
24.1 (17.3-61.9) (n = 69)
Family history of IBD (n positive: n negative)
5:18 (n = 23)
History of colitis medication prior to start of
anti-TNFα treatment
Steroids
70 (97.2)
Oral budesonide
21 (29.2)
5-ASA
66 (91.7)
Azathioprine
55 (76.4)
6-Mercaptopurine
3 (4.2)
Methotrexate
12 (16.7)
Tacrolimus
4 (5.6)
Cyclosporine
4 (5.6)
Medications concomitant with IFX therapy at
start of therapy (n = 55)
Steroids
37 (67.3)
Oral budesonide
16 (29.1)
5-ASA
35 (63.6)
Azathioprine
16 (29.1)
6-Mercaptopurine
1 (1.8)
Methotrexate
3 (5.5)
Tacrolimus
1 (1.8)
Cyclosporine
0
Medications concomitant with ADA therapy at
start of therapy (n = 37)
Steroids
25 (67.6)
Oral budesonide
10 (27.0)
5-ASA
28 (75.7)
Azathioprine
11 (29.7)
6-Mercaptopurine
0 (0)
Methotrexate
1 (2.7)
Tacrolimus
0 (0)
Cyclosporine
0 (0)

Colectomy rate during the follow-up period

During the period that the patients were observed at
our clinic, 15 (20.8%) patients underwent colectomy,
all due to refractory UC. There were no emergency
colectomies. Seven of these patients had been on
therapy with IFX alone and eight with subsequent
IFX/ADA or ADA/IFX prior to colectomy. The median
duration of anti-TNFα therapy before surgery was 9
mo (range: 2-44 mo). Among the patients undergoing
colectomy, nine were male and six were female. Their
median age was 33 years (range: 19-72 years).

Disease activity under anti-TNFα treatment

While under both IFX and ADA treatment, surrogates
of disease activity changed to the expected directions,
the changes were in all small. The only significant
differences were realized for the number of bowel
movements per 24 h as well as leukocyte numbers in
the IFX-treated patients, and platelet numbers in the
IFX- and the ADA-treated patients (Table 3).

ADA: Adalimumab; 5-ASA: 5-Aminosalicylic acid; BMI: Body mass index;
IBD: Inflammatory bowel disease; IFX: Infliximab, TNFα: Tumor necrosis
factor alpha.

Anti-TNFα treatment duration

At month 6, 67.3% of the patients receiving IFX were
still under treatment, at month 12, 50.5% continued
their treatment. Of the patients under ADA therapy,
64.9% were still receiving treatment at month 6, and
47.9% at month 12 (Figure 1).

21 mo (range: 3-66 mo). The median follow-up of
the patients attaining remission was 24 mo (range:
6-69 mo). Eleven of the 16 patients (68.8%) were on
additional anti-inflammatory or immunosuppressive
medications when they reached remission: 68.8%
took a 5-ASA preparation and 18.8% were on AZA.
Eleven of the 16 patients (68.8%) were still treated at
our outpatient clinic and in remission at the end of the
follow-up period. In 81.3% of all patients achieving
remission, the status of steroid-free clinical remission
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Indications for anti-TNFα treatment discontinuation

The reasons for discontinuation of anti-TNFα treatment
were grouped into five categories: non-response;
loss of response; adverse events; treatment pause in
stable remission; or other. Of the 55 patients receiving
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Table 2 Characteristics of patients who achieved steroid-free clinical remission under anti-tumor necrosis factor alpha treatment and
of patients who did not achieve remission
remission (n = 16)

Variable
Age, (yr)
Sex (female: male)
Disease extent according to Montréal (E1:E2:E3)
Disease duration, (mo)
Patients with extraintestinal manifestations
Smoking (active:non-smokers: ex-smokers)
BMI, (kg/m2)
Previous medications
Purine analogons
Methotrexate
Calcineurin inhibitors
Concomitant medications
Steroids, (at start of treatment)
5-ASA
Purine analogons
Laboratory parameters before start of treatment with antiTNFα
CrP, (mg/L)
Leukocyte number, (G/L)
Hemoglobin, (g/dl)
MCV, (fl)
Platelet number, (G/L)
Albumin concentration, (g/L)
Ferritin concentration, (µg/L)

no remission (n = 56) P value (univariate) P value (multivariate)

32 (15-58)
11:5
1:7:8
69.5 (7-288)
6 (37.5)
2:9:2 (n = 13)
23.9 (18.9-30.8)

34 (18-71)
28:28
4:25:27
66 (2-480)
24 (42.9)
4:45:3 (n = 52)
24.2 (17.3-61.9) (n = 53)

0.755
0.184
0.988
0.968
0.338
0.318
0.654

14 (87.5)
4 (25.0)
2 (12.5)

42 (75.0)
8 (14.3)
5 (8.9)

0.289
0.310
0.671

12 (75.0)
12 (75.0)
4 (25.0)

40 (71.4)
40 (71.4)
20 (35.7)

0.778
0.778
0.423

7.9 (0-45.3) (n = 14)
3.1 (0-88.9) (n = 55)
8.8 (3.6-16.6) (n = 14)
8.8 (2.7-22.0) (n = 55)
11.3 (8.3-13.9) (n = 14) 12.4 (9.0-17.0) (n = 55)
82.5 (65-105) (n = 14)
87 (61-112) (n = 55)
408 (233-666) (n = 14) 333 (150-850) (n = 55)
41.5 (26.6-45.1) (n = 9) 43.9 (36.0-48.8) (n = 44)
17 (2-201) (n = 8)
27.5 (5-489) (n = 34)

0.685
0.560
0.873

0.546

0.104
0.817
0.023
0.374
0.114
0.009
0.223

0.561

0.034

Data are expressed as n (%) or median (range). 5-ASA: 5-Aminosalicylic acid; BMI: Body mass index, CrP: C-reactive protein (normal: < 5 mg/L); MCV:
Mean cell volume.

Table 3 Surrogates of disease activity before and 3 mo after start of infliximab or adalimumab therapy, median (range)
Variable

Before start of therapy
IFX

Number of bowel movements per 24 h
Occurrence of blood in stool (yes/no) (%)
CRP, (mg/L)
Leukocyte number (G/L)
Platelet number (G/L)
Hemoglobin (g/dL)

ADA

6 (1-30)
32/47 (68)
4.9 (0-51)
9.4 (2.7-17.6)
338 (150-879)
12.2 (8.3-15.9)

6 (1-17)
23/36 (63.9)
3.6 (0-122)
7.7 (2.5-22)
335 (194-850)
12.4 (8.1-17)

P value

3 mo after start of therapy
IFX

ADA

IFX

ADA

5 (1-40)
29/50 (58)
2.9 (0-312)
7.4 (2.2-22.9)
307 (166-758)
12.7 (8.5-15.9)

5 (1-20)
19/35 (54.3)
3.6 (0-145)
7.3 (3.9-15.4)
298 (170-787)
12.9 (6.4-16.4)

0.042
0.678
0.310
0.037
0.005
0.084

0.229
0.453
0.435
0.524
0.007
0.501

ADA: Adalimumab; IFX: Infliximab; CrP: C-reactive protein (normal: < 5 mg/L).

IFX (including those who had previously been on
ADA), 39 (70.9%) discontinued their therapy during
the follow-up period after a treatment duration of
8 mo (range: 0.5-44 mo). The reasons were: nonresponse in 16 patients (41%); loss of response in 12
(30.8%); adverse events in 10 (25.6%); and stable
deep remission in one patient (2.6%). Among the 37
patients on ADA (including those who had previously
been on IFX), 25 (67.6%) discontinued their therapy
after a median treatment duration of 6 mo (range: 1-29
mo). Reasons for discontinuation of treatment with
ADA were: non-response in 14 patients (56%), loss
of response in 5 patients (20%), adverse events in 5
patients (20%), and pregnancy in one patient (4%).

23 (43.4%) were able to taper off their steroids
completely during anti-TNFα treatment. Of these 23
patients, 14 (60.9%) were successful in tapering under
IFX treatment, and 9 (39.1%) under ADA treatment.

Anti-TNFα dose escalation (therapy intensification)

Under the assessment of the treating physician,
the doses of 26 of all 54 IFX therapies (48.1%;
no sufficient information on dose escalation in one
patient) were escalated after a median treatment
duration of 5 mo (range: 1-26 mo), and in 17 of all
37 ADA therapies (45.9%) after a median treatment
duration of 4 mo (range: 1-12 mo).

Safety and tolerability of anti-TNFα treatment

Steroid withdrawal during anti-TNFα treatment

Among 55 patients who underwent therapy with IFX,
39 patients (70.9%) reported at least one side effect
during the treatment. The most frequently observed

Among 53 patients who were on steroids at the start
of treatment with at least one of the anti-TNFα agents,
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Figure 1 Cumulative probability of continuing infliximab or adalimumab
therapy during follow-up. The dashes represent patients who remained on
therapy during the follow-up and mark their individual end of follow-up. IFX:
Infliximab; ADA: Adalimumab.
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side effects were fatigue (reported in 23.6%), a
rash (reported in 23.6%), pruritus (20%), and
arthralgias which had not been present before start of
therapy (20%). One patient developed acute bullous
dermatosis (linear IgA dermatosis) after his third IFX
infusion, and one patient without previous neurological
disease suffered an epileptic seizure after his first IFX
infusion. Finally, one patient experienced Varizella
Zoster Virus (VZV) reactivation under IFX therapy.
Side effects under IFX treatment may be viewed in
Figure 2A. Ten patients (18.2%) had to discontinue IFX
treatment under the advice of the treating physician
due to severe side effects (Table 4 for individual
reasons). Among 37 ADA-treated patients (partly
overlapping with the IFX-treated group), 25 (67.6%)
developed at least one relevant adverse event (Figure
2B). The most frequently reported side effect was a
rash (21.6%). All side effects may be viewed in Figure
2B. Five patients (13.5%) had to discontinue ADA
therapy due to adverse events (Table 4 for individual
reasons).
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Figure 2 Side effects of infliximab treatment (A) and adalimumab
treatment (B).

TNFα antibody for non-response or secondary loss of
response achieved remission on the second antibody.
This means that the group switching due to side
effects reached remission significantly more often than
the group switching due to non-response or secondary
loss of response (P = 0.028).

Patients switching between TNFα inhibitors

Among the 72 patients in this study, 20 received both
IFX and ADA consecutively; 15 were on IFX first,
and five were on ADA first. Nine patients changed
the anti-TNFα agent due to primary non-response,
while four switched agents after a secondary loss of
response and six due to side effects induced by the
first TNFα inhibitor they used. One patient stopped IFX
therapy as he had attained remission, and started ADA
treatment after an interval of no anti-TNFα therapy.
Three of six patients who switched due to side effects
experienced allergic reactions to IFX, two switched
due to IFX-induced arthralgia, and one switched from
ADA to IFX due to ADA-induced hepatitis. Two of the
six patients who switched therapy due to side effects
achieved remission on the second anti-TNFα antibody,
while none of the 13 patients who had switched the
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6

DISCUSSION
Although a considerable number of UC patients are
currently treated with TNFα inhibitors, the number of
published reports on real-life experience using anti[10,11,15-19]
TNFα agents to treat UC is relatively low
.
Our study suggests that the clinical outcome
of anti-TNFα treatment for UC in a real-life setting
at a tertiary referral center is rather disappointing.
However, interpretation of our results should take into
consideration that patients transferred to a tertiary
referral center usually suffer from refractory colitis
that was not manageable using corticosteroid or
immunomodulator treatment. As a matter of course,
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steroid-free clinical remission as the primary end point,
we could not confirm this relationship. Surprisingly, we
found that patients with lower hemoglobin and serum
albumin concentrations at the start of treatment had
a greater chance of achieving steroid-free clinical
remission than those with higher concentrations. These
[18]
results are in contrast to those of Oussalah et al
who found that one of the predictors for primary nonresponse to anti-TNFα in UC was a hemoglobin level of
less than 9.4 g/dL before treatment. It seems logical
that anti-TNFα therapy might be more successful
in patients with more severe inflammation, thus
expressing more anti-TNFα in their intestinal mucosa,
but patients with very low hemoglobin levels might
have too severe disease to respond to therapy. It is
also known that very low levels of plasma albumin can
[21]
impair the efficacy of anti-TNFα treatment , yet our
ambulatory patients did not display very low albumin
concentrations.
In the period of this study, 20.8% of our patients
required colectomy because of non-response to
therapy. In the literature, colectomy rates for UC
vary between 9% and 35% and thus correspond to
[6]
our numbers . However, the colectomy rate might
not be a reliable outcome parameter in our study, as
patients whose therapies failed sometimes changed to
a different center or doctor or alternative treatment to
avoid surgery. These patients were lost to our followup. This is why real colectomy rates may be higher
than the ones found in this study.
Another important result of this study is that, in
our cohort, no patient who switched from one TNFα
antagonist to the other for primary non-response or
loss of efficacy had a therapeutic benefit from the
second TNFα inhibitor.
In our cohort, adverse events under anti-TNFα
therapy were frequent (in 70.9% of IFX-treated
patients and 67.6% of ADA-treated patients).
Comparable numbers have been reported in large
RCTs. In the ACT study, 87.6% of the patients treated
with an IFX dose of 5 mg/kg body weight and 91%
of the patients treated with a dose of 10 mg/kg body
[6]
weight developed side effects . In the ULTRA-1
study, about 50% of the patients treated with ADA
[7]
experienced side effects . As expected, due to the
higher immunogenicity of IFX as compared with ADA,
allergic reactions were observed more often in IFXtreated patients than in ADA-treated patients.
In our study, 18.2% of the IFX-treated patients and
13.5% of the ADA-treated patients had to discontinue
their therapy due to severe side effects. This difference
between the two medications may be explained by the
relatively high number of severe allergic reactions often manifesting as anaphylaxis - in the IFX-treated
group.
There are several interesting individual findings in
this study concerning potential anti-TNFα side effects.
One of our male patients developed drug-induced
linear IgA dermatosis with a clear temporal relationship

Table 4 Adverse events necessitating discontinuation of
infliximab therapy and adalimumab therapy
Adverse events necessitating discontinuation of infliximab therapy
Severe non-preexisting arthralgia with high anti-IFX antibody titer
IFX-induced linear IgA dermatosis after 3rd infusion
Epileptic seizure (first event) directly after start of 1st infusion
IFX-induced hepatitis
Severe non-preexisting arthralgia
Severe anaphylactic reaction
Severe anaphylactic reaction
Allergic reaction after 19 mo of therapy
Severe non-preexistent myalgia and arthralgia
Severe anaphylactic reaction
Adverse events necessitating discontinuation of adalimumab therapy
Generalized pruritus and exanthema, classified as allergic reaction
ADA-induced hepatitis
Acute absceding pyelonephritis
EBV-associated B-cell Hodgkin lymphoma, nodular-sclerosing type,
stadium ⅢB1
Frequent infections, especially of the upper respiratory tract
1

The patient had been under therapy with azathioprine for one year,
subsequently with IFX for 19 mo, and then after a pause with ADA for
6 mo. IgA: Immunoglobulin A; ADA: Adalimumab; EBV: Epstein-Barr
virus; IFX: Infliximab.

clinical trials also include individuals with refractory
disease, but they carry the bias of strict inclusion
criteria and select patients who are more likely to be
motivated and compliant.
The rate of steroid-free clinical remission under
anti-TNFα treatment in this real-life study was only
22.2%. Comparing our results with those of RCTs is
difficult, as definitions and time points vary greatly in
[6]
different studies. In the ACT study by Rutgeerts et al
the clinical remission rate at week 54 of IFX treatment
was 34.7%, and in the ULTRA-2 study, the one year
[20]
remission rate of ADA-treated patients was 22% .
Our rate of overall steroid-free clinical remission under
anti-TNFα therapy is comparable to the latter.
Our data stand in sharp contrast to data from
an otherwise comparable real-life observational
[17]
study from Canada that included 53 UC patients .
Responses to induction therapy were 96.4% for
IFX and 80% for ADA (P = 0.089). However, these
data cannot be readily compared with ours, as our
end point of steroid-free clinical remission was more
rigorous than an end point of response. Yet, in our
study, the overall reduction of the number of bowel
movements, bloody stools and biochemical parameters
of inflammation under anti-TNFα treatment was
remarkably poor. However, our results should not be
interpreted too negatively, as most of the patients
who achieved remission had a clear benefit from the
treatment with remission times up to 69 mo.
Another objective of our study was to examine
whether there are potential factors influencing the
response to anti-TNFα therapy in UC patients. It has
been shown previously that outcomes under anti-TNFα
therapy may be more favorable in patients with no
[10]
prior use of immunosuppressants . In our study, with
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against tumor necrosis factor alpha, which is a cytokine involved in systemic
inflammation, also playing a role in the pathogenesis of ulcerative colitis.
TNFα inhibitors approved for the treatment of ulcerative colitis are infliximab,
adalimumab, and golimumab.

to IFX therapy. After discontinuation of treatment, the
disease only healed using high doses of steroids plus
diamino-diphenyl sulfone (dapsone) for a long time
period. To our knowledge, this is the first report on
such a case in the literature. In addition, there was
one case of a very young male who developed EBVpositive B cell Hodgkin lymphoma while under ADA
treatment after consecutive therapies with AZA and
IFX. The effect of immunosuppressive drugs on the
[22]
risk of lymphoma remains a matter of debate . Data
from patients with rheumatoid arthritis suggest an
increased incidence of malignancy in patients with
rheumatoid arthritis treated with TNFα antibodies,
with a disproportionate representation by lymphoma,
[23]
but mainly Non-Hodgkin lymphoma . Some authors
suggest that AZA therapy is more detrimental than
anti-TNFα therapy regarding the development of
[24,25]
malignancies and especially lymphomas
. In our
case, it cannot be proven whether anti-TNFα therapy
was responsible for the development of lymphoma, or
whether AZA, or the subsequent immunosuppressive
therapy - or none of the treatments - were. Yet this
case should remind us of this potential life-threatening
complication when starting a patient on anti-TNFα
therapy, especially if he or she is EBV positive.
Overall, IFX and ADA can be considered as effective
treatment options for UC, but only in about a fifth of all
patients. Those patients who achieve clinical remission
mostly have a long-term benefit from the therapy.
However, as remission rates are still low, patients
should be made aware of the expected success
rates and be offered alternative therapies, such as
proctocolectomy. Furthermore, our data suggest that
switching anti-TNFα agents for UC for lack of response
is no viable option to improve response to therapy.

Peer-review

The present article deals with an important health problem: How to treat
patients with ulcerative colitis? The purpose of the study was to determine to
what extent treatment with anti-TNFα agents (infliximab and adalimumab) may
lead to clinical remission of ulcerative colitis in patients (in a real-life setting).
Real life remission rates were overall low. The results show that about one fifth
of the 72 patients achieved remission. Although the data presented indicate
that the real life remission rates of ulcerative colitis after treatment with antiTNFα were low, the report gives, nevertheless, information that is very useful
for further work in the field.
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Abstract
AIM: To investigate the relationship between the ironmetabolism-related gene expression profiles and efficacy
of antiviral therapy in chronic hepatitis C patients.
METHODS: The hepatic expression profile of ironmetabolism-related genes was analyzed and its association
with virological response to pegylated-interferon plus
ribavirin combination therapy was evaluated. A hundred
patients with chronic hepatitis C (genotype1b, n = 50;
genotype 2, n = 50) were enrolled and retrospectively
analyzed. Liver biopsy samples were subjected to
quantitative polymerase chain reaction for iron-metabolismrelated genes and protein expression (Western blotting
analysis) for ferroportin. As a control, normal liver tissue was
obtained from 18 living donors of liver transplantation.
Serum hepcidin level was measured by sensitive liquid
chromatography/electrospray ionization tandem mass
spectrometry.
RESULTS: Iron overload is associated with liver damage
by increasing oxidative stress and hepatitis C virus (HCV)
is reported to induce iron accumulation in hepatocytes
in vivo . Conversely, iron administration suppresses HCV
replication in vitro . Therefore, the association between
HCV infection and iron metabolism remains unclear.
Compared with controls, patients had significantly
higher gene expression for transferrin, iron-regulatory
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proteins 1 and 2, divalent metal transporter 1, and
ferroportin, but similar for transferrin receptors 1 and
2, and hepcidin. When the expression profiles were
compared between sustained virological response (SVR)
and non-SVR patients, the former showed significantly
lower transcription and protein expression of hepcidin
and ferroportin. Expression of hepcidin-regulating genes,
BMPR1, BMPR2, and hemojuvelin, was significantly
increased, whereas BMP2 was decreased in HCV-infected
liver. BMPR2 and hemojuvelin expression was significantly
lower in the SVR than non-SVR group. HCV infection
affects the expression of iron-metabolism-related genes,
leading to iron accumulation in hepatocytes.

for chronic hepatitis C because it can bring patients
into sustained virological response (SVR) at a high
rate. Nowadays, an inhibitor of HCV NS3/4A protease,
telaprevir or simeprevir, is added to PEG-IFN and
[2,3]
RBV to achieve higher SVR rates . However, some
relevant adverse events such as severe anemia still
hinder the effect of the treatment by leading to dose
reduction and cessation of treatment.
Iron is an essential biometal, and mammalian
cells require sufficient amounts of iron to satisfy
metabolic needs and accomplish some specialized
functions. In humans, the vast majority of iron (> 2 g)
is distributed to hemoglobin and is involved in oxygen
transport. A significant amount of iron is also present
in macrophages (≤ 600 mg) and in the myoglobin
of muscles (≤ 300 mg), whereas excess body iron
(about 1 g) is stored in the liver. Mammals lose iron by
sloughing off their mucosal and skin cells, but do not
possess any regulated mechanism for iron excretion
from the body. Therefore, the iron balance needs
to be regulated tightly, although the amount of iron
uptake from nutrition and iron excretion is relatively
[4]
low (1-2 mg) . Liver iron overload is a well-described
but not fully understood feature of HCV infection,
which can induce liver damage by increasing oxidative
stress. More than 30% of patients with chronic HCV
infection have shown increased serum and hepatic iron
[5-9]
concentrations . Elevated iron index is correlated with
progression of liver disease, while iron administration
[10]
in vitro suppresses HCV replication . Although the
mechanism of disordered iron metabolism has not
been fully elucidated, the recent discovery of hepcidin,
a liver-derived iron-regulatory protein (IRP), has
[1,11,12]
changed the philosophy of iron metabolism
. Iron
is absorbed by intestinal villous cells through divalent
metal transporter (DMT) 1 and transported into blood
through ferroportin expressed on the basal membrane
of villous cells. Serum iron is bound to transferrin and
imported into hepatocytes via the function of transferrin
receptor (TFR) 1 and 2, and DMT1 expressed on
hepatocytes. Absorbed iron is stored with ferritin and
ferroportin excretes iron into blood. Hepcidin, a hepatic
peptide hormone, is a primary regulator of systemic
iron status by blocking iron release from villous cells into
the blood through binding to and driving degradation
[1]
of ferroportin . Recent studies have shown that the
function of hepcidin is reduced in patients with chronic
hepatitis C, leading to the pathogenesis of hepatic iron
[13,14]
overload
.
In some studies, hepatic iron accumulation was
associated with resistance to IFN-based antiviral
therapy and iron depletion before therapy improved
[15-24]
SVR rates in patients with chronic hepatitis C
.
Conversely, another study showed that hepatic iron
storage was predominant in treatment responders and
useful as a predictive marker for efficacy of IFN-based
[25]
therapy . Some studies have shown an association
between iron overload and virological response to IFN

CONCLUSION: Decreased expression of hepcidin and
ferroportin in SVR patients indicates the importance
of hepatocytic iron retention for viral response during
pegylated-interferon plus ribavirin treatment.
Key words: Chronic hepatitis C; Iron-metabolism;
Hepcidin; Ferroportin; Interferon
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The first showing the relationship between
expression of iron-metabolism-related genes and
response to pegylated-interferon (PEG-IFN) and ribavirin
(RBV) therapy in patients with chronic hepatitis C. The
expression of hepcidin and ferroportin in the liver
before therapy was significantly lower in sustained
virological response (SVR) patients than non-SVR
patients. The expression of hepcidin was positively
correlated with that of ferroportin. The variation in
hepatic expression profile in iron-metabolism-related
genes is important for the response to PEG-IFN + RBV
treatment.
Kohjima M, Yoshimoto T, Enjoji M, Fukushima N, Fukuizumi K,
Nakamura T, Kurokawa M, Fujimori N, Sasaki Y, Shimonaka
Y, Murata Y, Koyama S, Kawabe K, Haraguchi K, Sumida
Y, Harada N, Kato M, Kotoh K, Nakamuta M. Hepcidin/
ferroportin expression levels involve efficacy of pegylatedinterferon plus ribavirin in hepatitis C virus-infected liver.
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INTRODUCTION
Hepatitis C virus (HCV) is a major pathogen of
chronic hepatitis and subsequent liver cirrhosis and
hepatocellular carcinoma. Approximately 170 million
people are infected with HCV worldwide and, according
to natural history studies, 5%-20% of patients develop
[1]
cirrhosis after about 20 years of infection . Pegylatedinterferon (PEG-IFN) plus ribavirin (RBV) combination
therapy has developed as a basic antiviral treatment
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metabolism-related genes and evaluated its association
with virological response to PEG-IFN+RBV therapy.

Table 1 Demographic and clinical characteristics of the
patients
Number of patients
SVR/non-SVR
Age (yr)
Male/female
Genotype (1b/2a/2b)
HCV RNA (log IU/mL)
Aspartate aminotransferase (< 30 IU/L)
Alanine aminotransferase (< 30 IU/L)
g-glutamyl transpeptidase (< 50 IU/L)
Fe (male, 55-200 μg/dL; female, 45-180 μg/dL)
Unsaturated iron binding capacity (105-300 μg/dL)
WBC (4000-9000/μL)
Hemoglobin (male, 13-17; female, 11-15 g/dL)
Platelet (11 × 104-35 × 104/mL)
Dose reduction of ribavirin (%)

100
63/37
56.3 ± 7.4
39/61
50/17/33
5.87 ± 0.95
51.1 ± 35.9
61.8 ± 53.0
50.7 ± 58.9
130.3 ± 64.2
215.1 ± 84.2
4987 ± 1303
13.6 ± 1.5
19.6 ± 6.7
47

MATERIALS AND METHODS
Study population

In Kyushu Medical Center, a standard protocol in Japan
[subcutaneous PEG-IFNα2a (180 μg) or PEG-IFNα2b
(median dose of 1.5 μg/kg, range 1.3-1.7) weekly,
along with oral RBV daily for 48 wk] was adopted for
chronic hepatitis C. The dose of RBV was adjusted
according to body weight: 600 mg for patients weighing
< 60 kg; 800 mg for patients weighing 60-80 kg;
and 800 mg for patients weighing > 80 kg. In these
protocols, 48-wk and 24-wk regimens were applied
to patients infected with HCV genotype 1b (HCV-1b)
and those infected with HCV genotype 2 (HCV-2),
[37]
respectively . The study protocol was approved by the
Ethics Committee of the National Hospital Organization,
and written informed consent was obtained from all
patients. HCV-1b patients (n = 50) and HCV-2 patients
(n = 50) were enrolled and retrospectively analyzed.
The background of the patients is shown in Table 1.
Blood biochemistry was examined 1 or 2 d before
biopsy. For real-time reverse transcription polymerase
chain reaction (RT-PCR), tissue samples were obtained
by liver biopsy. As a control, normal liver tissue was
obtained from 18 living donors of liver transplantation
whose liver function and histological findings were
normal. Written informed consent was obtained from
these donors for this investigation.

Normal range is presented in parenthesis. Measured values are shown in
mean ± SD. SVR: Sustained virological response; HCV: Hepatitis C virus;
WBC: White blood cell.

Table 2 Primer sets used for real-time polymerase chain
reaction
Gene

Forward primer
5’

Reverse primer
3’

5’

3’

Ferritin

CAGGTGCGCCAGAACTACCCACATCATCGCGCA
GTCAAAG
Transferrin
CGAAGACTGCATCGCCAA- ACACTTGCCCGCTATGA
GTAGACAAAC
Hepcidin
AGCCTGACCAGTGGCTCTGT TTCGCCTCTGGAACATGG
Ferroportin AAGGGCAAGAATCCCAATTTGCCAGGCTTAACTC
GAAGGCTTACAC
TFR1
GCATGTGGCATGTTCATCGTCTCAAGACCAGTATAA
GAGCTTGTCACTA
TFR2
GCGACTGACACGCATGTACCATGAAGATGTGCAAC
GCGGAAC
DMT1
CTTGCGAGGCAATCTCAGCTGAGACAGTGA
GAACTTTGCAACCA
IRP1
GAAACAGTCCTGCTGCTC- GAGCCATAGGAGTTGCTAC
GAATTCTCGTG
IRP2
TTTATCTCCAGGCAGTCTGCGTCTGATAGGGATG
AGGGTGCTGTA
BMPR1
TGGGAGTTGCTGCATTGCT- ATGTAGCGTTTGGTGACC
GCCCACCC
BMPR2
GCCACAAATGTCCTGGATG- GAGGGGCGCCACCGCA
GCTTAAG
BMP2
TTGCGCCAGGTCCTTTGAC- ACCTGGGGAAGCAGCAG
CAACGCTA
Hemojuvelin
TGCCAGACGGCTGTGCGGGCATCCTCCAAGG
CAGTGCTGC
RBBP6
GCGACCTGCAGATCACCAA
TGCCATCGCTGGTTCAGTTC

Laboratory data

Hematological, biochemical and virological parameters
were determined by the clinical laboratory at Kyushu
Medical Center. Serum HCV RNA concentrations
were measured by the COBAS TaqMan PCR HCV test
(Roche Diagnostics, Tokyo, Japan). SVR was defined
as undetectable HCV RNA at 24 wk after therapy
completion.

Real-time RT-PCR

Total RNA was extracted with TRIzol reagent (Invitrogen,
Carlsbad, CA, United States) and cDNA was synthesized
from 1.0 μg RNA using GeneAmp RNA PCR (Applied
Biosystems, Branchburg, NJ, United States) with
random hexamers. Real-time RT-PCR was performed
using LightCycler-FastStart DNA Master SYBR Green
1 (Roche, Basel, Switzerland) according to the
[38]
manufacturer’s instructions . The reaction mixture
(20 μL) contained LightCycler-FastStart DNA Master
SYBR Green 1, 4 mmol/L MgCl2, 0.5 μmol/L upstream
and downstream PCR primers, and 2 μL first-strand
cDNA as a template. To control for reaction variations,
all PCR data were normalized against the expression
of retinoblastoma binding protein 6, which was also
[37,39]
selected in previous studies
. Primer sets used for
real-time PCR are shown in Table 2.

TFR: Transferrin receptor; DMT: Divalent metal transporter; IRP: Ironregulatory protein; BMP: Bone morphogenetic protein; BMPR: BMP
receptor; RBBP: Retinoblastoma binding protein.

[26-28]

+ RBV therapy
, but others have shown that iron
content is not correlated with response to antiviral
[29-36]
therapy
. The relationship between iron metabolism
and response to antiviral therapy is still confused. In
this study, we analyzed the hepatic expression of iron-
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in the liver of HCV-infected patients (HCV liver) (Figure
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and IRP2 were significantly increased in HCV-1b or
HCV-2 liver compared with normal controls. The levels
of ferritin and TFR1 were significantly increased in
HCV-1b liver, but not in HCV-2 liver. Expression levels
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consistent regardless of HCV genotype, except for
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Figure 1 Expression levels of iron-metabolism-related genes in hepatitis
C virus-infected liver in each genotype. The levels were measured by realtime reverse transcription polymerase chain reaction. aP < 0.05 vs genotype1b,
b
P < 0.01 vs genotype1b, cP < 0.05 vs control, dP < 0.01 vs control.

Expression of iron-metabolism-related genes and
treatment outcome

Protein expression

We studied the involvement of iron metabolism in
outcomes of PEG-IFN + RBV combination therapy.
SVR patients showed significantly lower expression of
hepcidin and ferroportin than non-SVR patients (Figure
2A), but no significant difference was found in other
iron-metabolism-related genes (data not shown).
Anemia is one of the critical adverse events during
therapy and often compels a reduction in total RBV
dose. It is possible that the changes in expression of
hepcidin and ferroportin might affect iron metabolism
and anemia. Furthermore, HCV genotype might be
involved in the expression of the genes and treatment
response. We compared the expression of hepcidin
and ferroportin between the treatment outcomes for
each HCV genotype, and between patients with and
without RBV dose reduction. The expression of hepcidin
and ferroportin was still lower in the SVR group both in
HCV-1b and HCV-2 liver, although the difference was
significant only in HCV-2 (Figure 2B). SVR patients,
who did not need RBV reduction, showed significantly
lower hepcidin and ferroportin expression than nonSVR patients showed, while expression did not differ
significantly between SVR and non-SVR patients
in the group with RBV dose reduction (Figure 2C).
Serum hepcidin levels were also lower in SVR patients,
although the difference was not significant (Figure 3A).
Hepcidin is the protein regulating ferroportin expression
through binding and degrading ferroportin, and might
influence the protein level of ferroportin in hepatocytes
as well as villous cells. We examined the expression of
ferroportin protein in the liver. Hepatic levels of ferroportin
protein, as well as RNA, were significantly lower in SVR
patients than non-SVR patients (Figure 3B).

Liver biopsy samples were lysed in phosphate-buffered
saline containing 1% Triton X-100. Forty-microgram
aliquots of total tissue lysate were separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis
and blotted onto Immobilon-P polyvinylidene fluoride
membranes (Millipore, Billerica, MA, United States). The
membranes were incubated with primary antibodies to
ferroportin (ab85370: rabbit polyclonal to SLC40A1, Abcam,
Tokyo, Japan) and β-actin (ab3280: mouse monoclonal
to actin, Abcam), followed by incubation with peroxidaselabeled anti-rabbit and anti-mouse IgG antibodies (170-5046
and 170-5047, Bio-Rad, Tokyo, Japan), respectively. The
bands were visualized by chemiluminescence using the
ECL Western blotting analysis system (Amersham
Biosciences, Little Chalfont, Bucks, United Kingdom).

Measurement of hepcidin

Serum hepcidin level was measured by sensitive
liquid chromatography/electrospray ionization tandem
mass spectrometry using an AB Sciex Triple Quad
5500 system (AB Sciex, Foster City, CA, United
States) equipped with a Prominence UFLCXR system
(Shimadzu Corporation, Kyoto, Japan), as reported
[40,41]
previously
. Hepcidin exists in three isoforms, the
iron bioactive 25-amino acid peptide (Hep-25) and its
two amino-terminal truncated isoforms (Hep-20 and
-22). In mass spectrometry-based studies, Hep-25
and Hep-20 can be measured in serum, while Hep-22
[42]
is found only in urine .

Statistical analysis

Statistical analysis was performed using JMP software
(SAS Institute, Cary, NC, United States). Mann-Whitney
U test was used for continuous variables including the
difference in gene expression. A value of P ≤ 0.05 was
considered to be statistically significant.
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Relationship between hepcidin-expression-associated
gene expression and treatment outcome

We examined the gene expression of known regulators
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Figure 2 Expression levels of hepcidin and ferroportin genes. A: Sustained virological response (SVR) vs non-SVR; B: Genotype 1b vs 2a/2b; C: RBV dose
reduction (+) vs (−). The levels were measured by real-time reverse transcription polymerase chain reaction. aP< 0.05 vs SVR, bP < 0.01 vs SVR, cP < 0.05 vs control,
d
P < 0.01 vs control.

of hepcidin expression. Although the regulation of hepcidin
expression is not completely clear, a few pathways are
known to control hepcidin expression: (1) TFR2 for sensing
serum iron and saturated transferring; (2) IL-6 receptor
(IL-6R) and signal transducer and activator of transcription
(STAT) pathway for reflecting infection and inflammation;
and (3) bone morphogenetic protein receptor (BMPR)
and hemojuvelin, which are receptor and co-receptor
[43-45]
for BMP2 and 6, respectively
. Hepatic expression
of TFR2 and IL-6R was similar in SVR and non-SVR
patients, and control subjects (data not shown). The
levels of BMPR2 and hemojuvelin were significantly
lower in SVR liver, and the same trend was found for
BMPR1 and BMP2 expression, although the difference
was not significant (Figure 4).
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DISCUSSION
In this study, we examined the hepatic expression of
the genes involved in iron metabolism and compared
the expression levels between SVR and non-SVR
patients. In HCV liver, expression levels of transferrin,
TFR1, DMT1, ferritin, ferroportin, IRP1 and IRP2 were
upregulated, while those of hepcidin and TFR2 were
similar to the control levels. Transcription of ferritin
and ferroportin was higher in patients with HCV1b than HCV-2a/2b. It is possible that the change
of expression might have affected iron deposition in
the liver, although the mechanism was unclear. HCV
genotype 2a/2b patients are known to achieve higher
viral clearance during IFN treatment than patients with
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present study is believed to be the first showing the
relationship between expression of iron-metabolismrelated genes and response to PEG-IFN and RBV
therapy. The expression of hepcidin and ferroportin
in the liver before therapy was significantly lower in
SVR patients than non-SVR patients regardless of HCV
genotype and RBV dose reduction. Serum hepcidin
and hepatic ferroportin protein were also lower in SVR
[27]
patients. Jaroszewicz et al
have also reported that
a decrease in serum prohepcidin level was associated
with successful treatment using PEG-IFN and RBV.
When we checked iron storage in the liver by staining
biopsy tissue, we could not detect much difference
between the liver of SVR and non-SVR patients (data
not shown). These findings indicate the following: (1)
Patients with enough capacity for accumulating iron in

genotype 1b. The difference in gene expression might
be affected by innate immunity reaction or influence
viral response through iron metabolism.
It is reported that iron administration in vitro
[10]
suppresses HCV replication . Furthermore, hepatic
iron storage is reported to be predominant in treat
ment responders and useful as a predictive marker
[25]
for efficacy of IFN-based antiviral therapy . Con
versely, iron overload and HFE gene mutations are
associated with resistance to IFN therapy, and iron
depletion before therapy is effective in patients
[15-24]
with chronic hepatitis C
. In other studies, no
association was found between iron overload and the
[29-36]
response to IFN and RBV therapy
. Therefore, the
relationship between iron metabolism and response to
antiviral therapy is still unclear and controversial. The
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treatment using PEG-IFN and RBV. Patients with enough capacity for
accumulating iron in the liver may achieve viral clearance during PEG-IFN +
RBV therapy.

the liver achieve viral clearance during PEG-IFN+RBV
therapy; (2) The amount of hepatic iron deposition
at the beginning of treatment might not influence the
therapeutic response to PEG-IFN and RBV; (3) Patients
who have higher hepcidin and ferroportin expression
in the liver could store more hepatic iron released from
red blood cells via RBV-induced hemolysis; and (4)
Oxidative stress from accumulated iron might inhibit
viral replication and help completion of viral clearance.
Transcriptional regulation of hepcidin might be
mediated by the BMP-BMPR pathway but not the
TFR2 or IL-6 pathway. It is possible that decreased
hepcidin expression in SVR patients is affected by
decreased iron in serum or liver tissue. However,
serum iron concentration, as well as iron deposition
in the liver, was similar between SVR and non-SVR
patients. In addition, we could not detect any major
difference in the expression of TFR2 that could play
a role in tracking iron concentration between SVR
and non-SVR patients. These findings indicate that
downregulation of hepcidin in the liver of SVR patients
might not reflect iron insufficiency, and that patients
with decreased hepatic hepcidin via expression change
in the BMP-BMPR pathway have greater capacity to
absorb iron into the body and liver, and higher capacity
for viral clearance. Moreover, the expression of
hepcidin showed parallel change with the expression of
ferroportin, and we found that these expressions were
positively correlated with each other. It is possible that
these expressions are affected by HCV infection or iron
demand via a shared mechanism.
The variation in hepatic expression profile in ironmetabolism-related genes in patients with chronic
hepatitis C is important for the response to PEGIFN + RBV treatment. As an adverse event, anemia
is more serious during triple therapy with telaprevir
or boceprevir in combination with PEG-IFN and RBV.
Therefore, characterization of iron metabolism during
triple therapy has become more important. Further
studies for controlling iron balance and metabolism
could not only prevent dose reduction during therapy,
but also enhance the therapeutic effect.

Terminology

HCV infection affects the expression of iron-metabolism-related genes, leading
to iron accumulation in hepatocytes. Decreased expression of hepcidin and
ferroportin in SVR patients, which can be regulated via the BMP-BMPR
pathway, indicates the importance of hepatocytic iron retention for viral
response during PEG-IFN + RBV treatment.

Peer-review

The authors present novel data and have presented a good context for the
findings. The results indicating the importance of hepatic iron retention for viral
response were interesting for readers.
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METHODS: From January 2000 to December 2009,
408 patients underwent curative intent treatment for
CRLM. We excluded patients using the criteria: size of
CRLM > 3 cm, number of CRLM ≥ 5, percutaneous RFA,
follow-up period < 12 mo, double primary cancer, or
treatment with both RFA and hepatectomy. We matched
51 patients who underwent RFA with 102 patients who
underwent hepatectomy by propensity scores.
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RESULTS: The median follow-up period was 45 mo
(range, 12 mo to 158 mo). Hepatic recurrence was
more frequent in the RFA than the hepatectomy group
(P = 0.021) although extrahepatic recurrence curves
were similar (P = 0.716). Survival curves of hepatectomy group were better than that of RFA for multiple,
large (> 2 cm) CRLM (P = 0.034). However, survival
curves were similar for single or small (≤ 2 cm) CRLM (P
= 0.714, P = 0.740).
CONCLUSION: Hepatectomy is better than RFA
for the treatment of CRLM. However, RFA might be
suitable for selected patients with single, small (≤ 2
cm) CRLM.
Key words: Colorectal neoplasm; Metastasis; Catheter
ablation; Hepatectomy; Liver
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previous studies reported that hepatectomy is
better than radiofrequency ablation (RFA) to improve
survival outcomes in the patients with colorectal liver
metastasis (CRLM). However, there is still controversy
that RFA is beneficial in selected patients. In this study,
hepatectomy was better than RFA for the treatment
of CRLM. However, RFA might be suitable for selected
patients with single, small CRLM (≤ 2 cm).

Abstract
AIM: To compare outcomes from radiofrequency
ablation (RFA) and hepatectomy for treatment of
colorectal liver metastasis (CRLM).
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We calculated propensity scores using a multivariable
logistic model considering the variables sex; age;
preoperative carcinoembryonic antigen (CEA) level;
location of the primary colon cancer; number, location
and maximal size of CRLM; tumor node metastasis
(TNM) stage; lymphatic invasion; vascular invasion;
neoadjuvant chemotherapy; adjuvant chemotherapy;
and cell differentiation. Using the logit of the estimated
propensity score, one case from the RFA group was
matched to two cases from the hepatectomy group
using a caliper of 0.2. Covariate balance and surgical
outcomes between the matched groups were evaluated
after matching. We could not take indocyanine green
(ICG) clearance test for calculating propensity score
because we did not performed ICG retention test in
every patients with colorectal liver metastasis. We
routinely checked ICG retention rate in selected patients
with chronic liver disease.
We matched 51 patients who underwent RFA
with 102 patients who underwent hepatectomy using
propensity scores. From RFA group, 5 patients were
not matched and from the hepatectomy group, 76
were not matched (Figure 1).
We investigated extrahepatic metastases preo
peratively using computed tomography (CT) and
positron emission tomography images. All patients
underwent prior surgical excision of a primary colorectal
cancer. In the RFA group, an interventional radiologist
performed RFA using open surgical or laparoscopic
approaches with a 460 KHz generator expendable
needle radiofrequency system (model 500 or 1500;
RITA Medical Systems, Mountain View, CA; Cool Tip,
Radionics Corporation, Burlington, MA). For lesions at
the liver surface or adjacent to the intestine, patients
were treated by laparoscopic or intraoperative RFA.
For all patients who underwent RFA, complete necrosis
of liver metastases was confirmed by intraoperative
ultrasonography and CT or magnetic resonance imaging
within 1 week of the procedure.
To prevent recurrence, we recommended adjuvant
chemotherapy based on fluorouracil (5-FU) for all
patients. Postoperative surveillance for recurrence
was performed every 3 to 6 mo for the first 3 years
and annually thereafter; this included physical
examination, chest X-ray, and abdominal CT scanning.
Local recurrence was defined as recurrence at the RFAablated area or resection margin of the hepatectomy.
In addition to medical records, Roentgen images
were reviewed retrospectively to identify recurrence
patterns. Endpoints were time to tumor recurrence
and time to death.
Sex, age, preoperative CEA level, location of
the primary colon cancer, number, location and size
of CRLM, TNM stage, lymphatic invasion, vascular
invasion, cell differentiation, comorbidity, postoperative
complication, recurrence, site of recurrence, death,
disease-free survival (DFS), and OS were recorded for
each patient. TNM staging, lymphatic invasion, vascular
invasion, and cell differentiation were determined from

Lee H, Heo JS, Cho YB, Yun SH, Kim HC, Lee WY, Choi
SH, Choi DW. Hepatectomy vs radiofrequency ablation for
colorectal liver metastasis: A propensity score analysis. World
J Gastroenterol 2015; 21(11): 3300-3307 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i11/3300.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i11.3300

INTRODUCTION
Hepatectomy is the standard treatment for colorectal
liver metastasis (CRLM). Estimated 5-year overall survival
[1]
(OS) rates are between 27% and 58% . However,
hepatectomy is difficult to perform and has a high
complication rate. To reduce morbidity, radiofrequency
ablation (RFA) has been used for decades to treat
[2,3]
patients with CRLM .
Numerous studies have reported that RFA is a safe
and feasible treatment option for a limited population of
[4]
patients with CRLM . RFA has a low risk of complications
[3,5-8]
and is an effective treatment
. Recent studies,
however, demonstrated that hepatectomy is superior
to RFA and that RFA should be used only in patients
[9-11]
unsuitable for hepatectomy
. However, outcomes after
RFA to treat CRLM have rarely been evaluated according
to location, number, and synchronicity of metastases
even though these are important considerations in
a treatment plan. Moreover, a recent study reported
that survival was comparable for CRLM patients who
underwent RFA or hepatectomy, despite the high local
[2]
recurrence rate observed after RFA .
A randomized controlled trial to compare the out
comes of RFA and hepatectomy would be difficult.
Instead, propensity score matching analysis has been
used to minimize bias in evaluating the effectiveness
[12-14]
of RFA in patients with hepatocellular carcinoma
.
However, no propensity score analysis for patients with
CRLM has been published.
Our aim in this study was to use propensity score
matching to determine if survival outcomes were
different between patients who underwent RFA and
patients who underwent hepatectomy.

MATERIALS AND METHODS
We reviewed 1189 colorectal cancer patients with liver
metastasis between January 2000 and December
2009. We identified 408 patients who underwent
curative intent hepatectomy or intraoperative RFA to
treat CRLM. Exclusion criteria were CRLM size > 3 cm,
number ≥ 5, percutaneous RFA, follow-up period < 12
mo, double primary cancer, hereditary nonpolyposis
colorectal cancer (HNPCC), or treatment by both RFA
and hepatectomy. Based on these criteria, 174 patients
were excluded: 100 for CRLM size > 3 cm, 6 for CRLM
number ≥ 5, 4 for percutaneous RFA, 11 for follow-up
< 12 mo, 11 for double primary cancer, 3 for HNPCC,
and 39 for both RFA and hepatectomy.
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Figure 1 Flow diagram of patients identified and selected. CRLM: Colorectal liver metastasis; RFA: Radiofrequency ablation; HNPCC: Hereditary nonpolyposis
colorectal cancer.

the primary colorectal cancer. However, postoperative
complications, recurrence, and site of recurrence
were associated with the CRLM. Complication severity
was classified using the Clavien-Dindo (CD) grading
[15]
system . CD scores of two or higher were regarded as
a significant morbidity case. American Joint Committee
th
on Cancer (AJCC) 7 TNM classification was used to
[16]
define disease stage .

(range, 30 years to 79 years) and median follow-up
duration was 45 mo (range, 12 mo to 158 mo). In the
hepatectomy group, 29 patients (28%) were women;
in the RFA group, 16 (31%) were women. CRLM had
a colon cancer origin in 53 patients (52%) in the
hepatectomy group and 29 (57%) in the RFA group.
Analysis of patient characteristics revealed no
significant differences between groups in sex; age;
preoperative CEA level; primary tumor location (colon
or rectum); neoadjuvant chemotherapy; adjuvant
chemotherapy; number, location, or maximal diameter
of CRLM; TNM stage; lymphatic invasion; vascular
invasion; histological differentiation or comorbidities.
Median diameter of CRLM was 1.7 cm (range, 0.2 cm
to 3.0 cm) in the hepatectomy group and 1.8 cm (range,
1.0 cm to 3.0 cm) in the RFA group. A single CRLM
was seen in 63 patients (62%) in the hepatectomy
group and 29 (57%) in the RFA group. The CRLM was
located in the unilateral hemiliver in 80 patients (78%)
in the hepatectomy group and 38 (75%) in the RFA
group. All characteristics were appropriately distributed
between the two groups (Table 1).

Statistical analysis

Statistical analyses were used the statistical software
SPSS (SPSS for Windows version 20.0, Chicago,
IL). Categorical variables are reported as numbers
(percentages). Continuous variables are reported as
medians (ranges). Categorical variables were compared
2
using a χ or Fisher’s exact test. Continuous variables
were compared using the Mann-Whitney U test. Survival
was calculated by Kaplan-Meier survival analysis and
Cox proportional hazard model. Differences in survival
curves were assessed by multivariate analyses that
included clinically important factors such as sex, age,
T stage, lymph node involvement, and primary tumor
location. We calculated hazard ratio (HR) and 95%CI.
P-values less than 0.05 were considered statistically
significant.

Perioperative outcomes

Postoperative complications (CD score ≥ 2) developed in
28 patients (27%) after hepatectomy and 5 (10%) after
RFA (P = 0.012). However, no significant differences
were noted in complication rates for treatment of CRLM.
Perihepatic fluid collection or hepatic abscess were seen
in 5 patients (5%) in the hepatic resection group and 2
(4%) in the RFA group (P = 0.99) with no postoperative

RESULTS
Demographics

The hepatectomy group comprised 102 patients and
the RFA group comprised 51. Median age was 60 years
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RFA groups (P = 0.194) (Figure 3).
We performed subgroup analysis according to
CRLM number, size, and location. Survival curves were
similar between the two groups for single or small (≤
2 cm) CRLM (P = 0.714 and P = 0.740). However, the
trend was that survival curves for the hepatectomy
group were better than for the RFA group for multiple,
large (> 2 cm) CRLM (P = 0.034) (Figure 4). No
significant differences were seen by tumor distribution.
Associations between RFA, sex, age, CRLM size
or number, synchronicity, CRLM location, T stage,
N stage, adjuvant chemotherapy, histologic grade
and DFS were evaluated using a Cox proportional
hazard model. In multivariate analysis, RFA, lymph
node metastasis and poorly differentiated grade were
significant risk factors for recurrence (HR = 1.57, P =
0.040 for RFA; HR = 1.94, P = 0.015 for lymph node
metastasis; and HR = 1.79, P = 0.049 for histologic
grade) (Table 2).

Table 1 Patient characteristics n (%)

Sex (M/F)
Age (years) median (range)
Preoperative CEA (ng/mL)
median (range)
Size of liver metastases,
median (range)
Number of liver metastasis
Single
Multiple
Metastasis type
Synchronous
Metachronous
Location of liver metastasis
Unilobal
Bilobal
N stage
N0
N1, N2
Location of primary colorectal
cancer
Colon
Rectum
Histological differentiation1
High grade
Low grade
Comorbidity
Liver cirrhosis2
Diabetes mellitus
Hypertension
Cardiovascular disease
Pulmonary disease
Neoadjuvant chemotherapy
Yes
No
Adjuvant chemotherapy
Yes
No

P

Hepatectomy

RFA

n = 102

n = 51

73/29
60 (3-79)
4.4 (0.1-202)

35/16
58.5 (35-79)
6.5 (0.9-144)

0.71
0.99
0.19

1.7 (0.2-3.0)

1.8 (1.0-3.0)

0.26

63 (62)
39 (38)

29 (57)
22 (43)

0.56

76 (75)
26 (25)

33 (65)
18 (35)

0.21

80 (78)
22 (22)

38 (75)
13 (25)

0.59

30 (29)
72 (71)

13 (25)
38 (75)

0.61

53 (52)
49 (48)

29 (57)
22 (43)

0.57

88 (86)
14 (14)

45 (88)
6 (12)

0.73

5 (5)
20 (20)
29 (28)
3 (3)
6 (6)

6 (12)
13 (25)
12 (24)
1 (2)
2 (4)

0.18
0.40
0.52
0.72
0.99

6 (6)
70 (94)

5 (10)
28 (90)

0.30

95 (93)
7 (7)

46 (90)
5 (10)

0.54

DISCUSSION
Survival of colorectal cancer patients has improved over
the last decades, largely due to newly developed surgical
techniques and chemotherapeutic agents. In addition,
techniques such as RFA have also been developed. We
found that, by Cox regression multivariate analysis, RFA
for CRLM was associated with a high recurrence rate.
The hepatic recurrence rate was significantly higher
after RFA than after hepatectomy by recurrence pattern
analysis. However, oncologic outcomes were similar
after RFA and hepatectomy for single or small (≤ 2 cm)
CRLM.
We found significant differences in complication rates
between the hepatectomy and RFA groups although
the overall complication rate was low in both RFA and
hepatectomy groups. Other studies also reported that
[5-8]
RFA is less invasive than hepatectomy . However, RFA
should be considered as only an alternative treatment
[2,9-11,17-21]
for patients not indicated for hepatectomy
.
Hepatectomy is not always possible, however. A
sufficient volume of remnant liver must be present
before hepatectomy to reduce surgical risk. Portal
blood pressure and biliary drainage are also important
factors. If the estimated volume of the remnant liver
is too small, portal vein embolization is useful to
[22]
decrease surgical risk .
In our study, survival outcomes were similar in the
RFA and hepatectomy groups, in particular for patients
with single or small CRLM. However, the location of
CRLM was not a significant factor for survival outcomes.
Therefore, RFA might be substitute treatment for
selected patients with single, small CRLM. The optimum
diameter of CRLM for RFA has been controversial. Some
studies suggest that RFA is acceptable if the CRLM are
[18,20,23,24]
less than 3 cm in diameter
. However, other
studies showed that RFA is associated with higher local
[19,25,26]
recurrence rates, even for CRLMs less than 3 cm
.
In this study, survival curves for the hepatic resection

1

High grade: well or moderately differentiated, Low grade: poorly
differentiated or mucinous carcinoma; 2The grade of liver cirrhosis was
Child-Pugh Class A in all 11 patients. RFA: Radiofrequency ablation; CEA:
Carcinoembryonic antigen.

mortality.

Recurrences

During follow-up, 98 of 152 patients (64%) experienced
recurrence after hepatectomy or RFA. Hepatic
recurrences were more common in the RFA than in
the hepatectomy group (P = 0.021). Extrahepatic
recurrences were not significantly different between the
two groups (P = 0.716) (Figure 2).

Survival

DFS was 68.4% at 1 year, 45.2% at 3 years, and
39.7% at 5 years after hepatectomy and 52.9%,
30.4%, and 23.9% after RFA (P = 0.056). OS rates
were 93.1% at 1 year, 73.9% at 3 years, and 55.2%
at 5 years after hepatectomy and 92.2%, 62.4%,
and 48.2% after RFA, respectively. Differences in OS
curves were significant between the hepatectomy and
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Figure 2 Recurrence patterns after hepatectomy or radiofrequency ablation for colorectal liver metastasis. A: Hepatic recurrence; B: Extrahepatic recurrence.
RFA: Radiofrequency ablation; CRLM: Colorectal liver metastasis.
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Figure 3 Kaplan-Meier survival analysis for disease-free survival and overall survival after hepatectomy or radiofrequency ablation for colorectal liver
metastasis. A: Disease-free survival; B: Overall survival. RFA: Radiofrequency ablation; CRLM: Colorectal liver metastasis.

group were higher than for the RFA group for tumor
size > 2 cm, although the difference was not significant.
A study reported that OS of an RFA group was
comparable to OS for a hepatectomy group despite a
high rate of local recurrence after RFA. This finding might
be due to similar rates of extrahepatic recurrence, a
[2]
crucial survival factor . In our study, we verified RFA
using a variety of criteria. RFA was associated not only
with high local recurrence, but also poor OS. Cluster
of differentiation 95 (CD95) is thought to affect the
recurrence of cancer after RFA because of the potential
of RFA to cause hypoxic damage. CD95 can induce
apoptosis, but can also promote tumorigenesis in
[27]
apoptosis-resistant tumor cells .

WJG|www.wjgnet.com

We used propensity score matching to minimize
possible bias from stratification. We also used a
Cox proportional hazard model to analyze multiple
variables of RFA, sex, age, CEA, size, number of CRLM,
metachronicity, bilobal distribution, TN stage, adjuvant
chemotherapy, and cell differentiation. We found that
RFA, lymph node metastasis and poorly differentiated
cell type were associated with poor prognosis. Lymph
node metastasis is a well-known prognostic factor for
[28]
colorectal cancer treatment . In this study, the lymph
node metastasis and poorly differentiated type were
poor prognostic factors.
To overcome the shortcomings of RFA, microwave
[29-32]
ablation was developed to treat hepatic neoplasms
.
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Figure 4 Kaplan-Meier survival analysis for disease-free survival after hepatectomy or radiofrequency ablation for colorectal liver metastasis according to
tumor number and size. A: Single CRLM; B: Multiple CRLM; C: Size of CRLM (≤ 2 cm); D: Size of CRLM (2 cm < CRLM ≤ 3 cm); E: Single and size of CRLM (≤ 2
cm); F: Multiple or size of CRLM (2 cm < CRLM ≤ 3 cm). RFA: Radiofrequency ablation; CRLM: Colorectal liver metastasis.
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Table 2 Disease-free survival after surgical treatment with
curative intent for colorectal liver metastasis by multivariate
analysis by Cox regression proportional hazard model (n = 153)
Factors

Propensity score matching is widely used in recent studies when randomized
controlled trial is difficult to apply. The aim in this study was to use propensity
score matching to determine if survival outcomes were different between
patients who underwent RFA and patients who underwent hepatectomy.

Univariate
Multivariate analysis of DFS
analysis of DFS

P
Radiofrequency ablation
Female sex
Age
CEA (ng/mL)
Size (cm)
Multiple
Metachronous
Bilobal
T22
T32
Lymph node metastasis
Adjuvant chemotherapy
Poorly differentiated
grade

0.033
0.890
0.270
0.130
0.210
0.140
0.089
0.300
0.130
0.090
0.003
0.810
0.033

Innovations and breakthroughs

A randomized controlled trial to compare the outcomes of radiofrequency
ablation (RFA) and hepatectomy would be difficult. Instead, propensity
score matching analysis has been used to minimize bias in evaluating the
effectiveness of RFA in patients with hepatocellular carcinoma. However, no
propensity score analysis for patients with CRLM has been published.

P1

HR
1.57

95%CI
1.02-2.41

0.040

1.03

0.99-1.01

0.480

1.01
0.75

0.65-1.57
0.45-1.24

0.970
0.260

0.55
0.78
1.94

0.18-1.65
0.41-1.49
1.14-3.31

0.290
0.450
0.015

1.79

1.01-3.18

0.049

Applications

The long-term follow-up survival analysis revealed that hepatectomy was
superior to RFA for treating CRLM. RFA was associated with hepatic recurrence
and was a poor prognostic factor. However, RFA might be an option for selected
patients with single, small (≤ 2 cm) CRLM.

Peer-review

This is a good descriptive study and the methodology was so good. The
particular point of this article is “propensity score analysis”. The authors used
this method to match patients between these two groups and tried to overcome
bias resulting from retrospective study.

1

Cox regression proportional hazard model; 2Compared with T4 (T stage
of primary colorectal tumor). CEA: Carcinoembryonic antigen; DFS:
Disease-free survival; CRLM: Colorectal liver metastasis.
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Abstract
AIM: To evaluate the incidence and risk factors of
Korean tuberculosis (TB) infection in patients with
inflammatory bowel disease (IBD) undergoing anti-TNF
treatment.
METHODS: The data of IBD patients treated with
anti-TNFs in 13 tertiary referral hospitals located
in the southeastern region of Korea were collected
retrospectively. They failed to show response or were
intolerant to conventional treatments, including steroids
or immunomodulators. Screening measures for latent
TB infection (LTBI) and the incidence and risk factors of
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active TB infection after treatment with anti-TNFs were
identified.

IBD was extremely rare, have had a rapidly increasing
number of patients with IBD. The population-based
Korean data showed that the mean annual incidence
rates of Crohn’s disease (CD) and ulcerative colitis
(UC) increased from 0.05 and 0.34 per 100000
persons, respectively, in 1986-1990 to 1.34 and 3.08
[2]
per 100000, respectively, in 2001-2005 . Anti-TNF
agents such as infliximab and adalimumab have been
used with gradually increasing frequency since they
were approved for IBD treatment in the mid 2000s in
[3-5]
Korea .
One of the primary concerns regarding antiTNF agents is an increased risk of tuberculosis (TB)
infection. Despite a wide variation in TB rates among
different countries, it has been reported that there
was an approximately four-fold increased risk of TB
in patients with rheumatoid arthritis (RA) treated with
anti-TNF agents compared with those not treated
[6,7]
with anti-TNF agents . For IBD patients, the current
incidence of active TB after treatment with an anti-TNF
[8,9]
inhibitor is approximately 1%-2% . The majority
of TB cases occurred within 3-4 mo after anti-TNF
therapy, suggesting that TB develops as a result of
reactivation of latent disease rather than as a new
[9,10]
infection
. Furthermore, the clinical characteristics of
TB infection in anti-TNF treated patients are markedly
atypical, presenting a greater chance of disseminated
[11,12]
and extra-pulmonary diseases
.
Although the incidence rate of TB infection in
South Korea has been declining over recent decades,
it remains one of the most common infectious
diseases in the country. According to the World Health
Organization, the incidence rate of TB in South Korea
[13]
was 108 per 100000 inhabitants in 2012 . Whereas
the risk of TB in Korean patients with RA treated with
[14]
infliximab has been reported , there have been no
reports on the incidence of TB infection in Korean IBD
patients using anti-TNFs. Given that TB risks vary in
[15]
different countries and with different diseases , it
would be noteworthy to identify the risk of TB infection
due to anti-TNF therapy in Korean patients with IBD.
The aim of this study was to evaluate the incidence
of active TB infection and associated risk factors in
Korean IBD patients treated with anti-TNF agents.
Additionally, the clinical characteristics of TB infection
in these subjects were estimated.

RESULTS: Overall, 376 IBD patients treated with antiTNF agents were recruited (male 255, mean age of
anti-TNF therapy 32.5 ± 13.0 years); 277 had Crohn’s
disease, 99 had ulcerative colitis, 294 used infliximab,
and 82 used adalimumab. Before anti-TNF treatment,
screening tests for LTBI including an interferon gamma
release assay or a tuberculin skin test were performed
in 82.2% of patients. Thirty patients (8%) had LTBI.
Sixteen cases of active TB infection including one
TB-related mortality occurred during 801 personyears (PY) follow-up (1997.4 cases per 100000 PY)
after anti-TNF treatment. LTBI (OR = 5.76, 95%CI:
3
1.57-21.20, P = 0.008) and WBC count < 5000 mm
(OR = 4.5, 95%CI: 1.51-13.44, P = 0.007) during
follow-up were identified as independently associated
risk factors.
CONCLUSION: Anti-TNFs significantly increase the risk of
TB infection in Korean patients with IBD. The considerable
burden of TB and marked immunosuppression might be
attributed to this risk.
Key words: Tuberculosis; Anti-TNF; Korea; Inflammatory
bowel disease; Latent tuberculosis infection; Risk factor
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Anti-TNF antagonist therapy implies significant
tuberculosis (TB) risk in inflammatory bowel disease
(IBD) patients residing in areas with an intermediate
burden of TB infection. The risk of susceptibility to
TB under anti-TNF treatment is associated with latent
TB infection and considerable immunosuppression.
Rigorous and sustained assessment of TB infection
should be implemented in Korean IBD patients
undergoing anti-TNF therapy.
Kim ES, Song GA, Cho KB, Park KS, Kim KO, Jang BI, Kim
EY, Jeon SW, Lee HS, Yang CH, Lee YK, Lee DW, Kim SK, Kim
TO, Lee J, Kim HW, Jee SR, Park SJ, Kim HJ. Significant risk
and associated factors of active tuberculosis infection in Korean
patients with inflammatory bowel disease using anti-TNF agents.
World J Gastroenterol 2015; 21(11): 3308-3316 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i11/3308.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i11.3308

MATERIALS AND METHODS
This study was conducted in 13 referral hospitals
in Gyeongsang province in the southeastern region
of Korea. Two anti-TNF agents, infliximab and
adalimumab, are currently approved to treat IBD
in South Korea. Candidates approved for the use of
anti-TNFs by the National Health Insurance Service
were patients with a moderate to severe stage of
IBD who failed to show response or were intolerant
to conventional treatments, including steroids or
[4,5]
immunomodulators
. IBD patients treated with

INTRODUCTION
Anti-TNF agents are able to favorably change the
natural course of inflammatory bowel disease (IBD),
and these drugs are currently the most effective
treatment to achieve sustained clinical remission
[1]
and mucosal healing . Korea and other East Asian
countries, once considered being a region in which
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isolation of Mycobacterium tuberculosis from a clinical
specimen or (2) typical symptoms with radiological
or histological findings of TB without culture or when
[18]
a culture sample could not be obtained . Although
there was no bacterial confirmation, these cases were
regarded as active TB when the clinical symptoms and
the radiological or histological findings improved with
[18]
anti-TB therapy . The patients diagnosed with active
TB before the initiation of anti-TNF therapy were not
counted as the TB cases in the study.

Table 1 Baseline characteristics of patients treated with antiTNF agent
n = 376
Sex (male:female)
Age of diagnosis (yr)
Age at the start of anti-TNFs (yr)
Follow-up (mo)
Diseases
Crohn’s disease
L1/L2/L3/L1+L4/L3+L4
B1/B2/B3
Perianal disease
Ulcerative colitis
E1/E2/E3
Previous anti-TB treatment
Diabetes Mellitus
Anti-TNF agents
Infliximab
Adalimumab

255:121
27.9 ± 12.6
32.5 ± 13.0
81.6 ± 58.9
277 (73.7)
48/60/157/4/8
102/87/88
160 (42.5)
99 (26.3)
8/45/46
8 (2.1)
12 (3.2)

Statistical analysis

The incidence rate of active TB was calculated using
person-years (PY) and was expressed as new cases
per 100000 PY. Differences in the categorical variables
2
between the groups were assessed with the χ test
or Fisher’s exact test. For comparisons of continuous
variables, the Mann-Whitney test was used. To
investigate the independent risk factors associated with
active TB infection during anti-TNF therapy, a logistic
regression analysis was performed using variables
with statistically significant associations identified in a
univariate analysis. Age and sex were also included as
variables for a multivariate analysis because these are
[19,20]
considered important risk factors of TB infection
.
A two-tailed P value < 0.05 was considered significant.
The statistical analysis was performed with SPSS
version 14.0 (SPSS, Chicago, IL, United States).

294 (78.2)
82 (21.8)

Data are espressed as n (%) or mean ± SD. TB: Tuberculosis; UC: Ulcerative colitis.

either of these TNF antagonists from June 2003 to
January 2014 were included in this study. Information
regarding clinical and demographic characteristics
such as sex, age of IBD diagnosis, disease duration,
anti-TNF drug exposure period, location and behavior
of CD, and extent of UC were obtained from medical
records. For the risk factors for TB, diabetes mellitus
(DM), previous TB infection, latent TB infection (LTBI),
concomitant immunosuppressant at the start of antiTNF therapy, and WBC count measured around the last
follow-up day were recorded. When active TB infection
developed after anti-TNF therapy, WBC counts at the
time of TB diagnosis were counted. However, history
regarding contact with active TB patients was not
obtained. The study was approved by the ethics review
committee of the Institutional Review Board of all of
the hospitals participating in the study.

RESULTS
In total, 376 IBD patients using anti-TNF agents
were included in the study (255 males, mean age at
the start of anti-TNF therapy of 32.5 ± 13.0 years,
with 277 patients with CD and 99 patients with UC).
The ileocolon (157, 56.7%) and non-stricturing nonpenetrating type disease (102, 36.8%) were the most
common location and behavior of CD, respectively.
The majority of the UC patients had extensive disease
(46, 46.5%). Eight patients (2.1%) had a previous
TB infection history with successful anti-TB treatment.
Infliximab and adalimumab were used in 294 (78.2%)
and 82 (21.8%) patients, respectively. The baseline
characteristics of the patients are described in Table 1.

Definition of TB infection and screening modalities

According to the Korean Guidelines for Tuberculosis
published in 2011, chest radiography, a tuberculin
skin test (TST), and an interferon gamma release
assay (IGRA) should be performed for LTBI screening
[16]
before the initiation of anti-TNF therapy . Abnormal
findings on chest radiography included apical densities,
pleural scarring, and calcified granulomas. TST
was performed according to the Mendel-Mantoux
method using purified protein derivative (PPD). Skin
induration with a diameter ≥ 10 mm at 48-72 h after
the PPD inoculation on the forearm was considered
[17]
positive . Two methods for IGRA are available in
®
Korea: QuantiFERON -TB Gold In-Tube (QFT-GIT;
®
Cellestis, Carnegie, VIC, Australia) and T-SPOT .TB
(T-SPOT; Oxford Immunotec, Abingdon, UK). LTBI
was defined as (1) cases of an abnormal chest X-ray
without previous complete TB treatment or (2) positive
[18]
results with TST or IGRA . The criteria for active TB
infection were as follows: (1) typical symptoms with
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Screening for latent TB infection before anti-TNF therapy

The screening outcomes prior to anti-TNF therapy
are summarized in Table 2. A chest X-ray was taken
before anti-TNF therapy in the majority of patients
(356, 94.7%); 8 (2.2%) of the chest x-rays showed
abnormal appearances, suggesting old pulmonary TB.
Among these patients, 4 had a history of a complete
course of anti-TB treatment for pulmonary TB infection.
IGRA was performed in 276 (73.4%) patients, and the
positivity rate was 5.8% (16/276). One hundred and
thirty-one patients (34.8%) underwent TST before antiTNF therapy, and the positivity rate was 9.2% (12/131).
Both IGRA and TST were performed in 98 patients
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initiating anti-TNF treatment. Fifteen patients (93.8%)
were taking immunosuppressants, including steroids
or azathioprine, within 1 wk of the screening tests,
and 4 patients had LTBI. Among the 4 LTBI cases,
2 patients received prophylactic treatment of either
isoniazid for 9 mo or isoniazid plus rifampicin for 3
mo, and one patient had a previous complete antiTB medication history for active pulmonary TB. The
majority of the patients (15/16, 93.8%) were taking
steroids or azathioprine when the active TB diagnosis
was made. We conducted a univariate analysis to
identify the risk factors of TB infection during antiTNF treatment in IBD patients (Table 4). The positive
rate of screening for LTBI in the TB infection group
was higher than in the non-TB infection group (25%
3
vs 7.2%, P = 0.031). A WBC count < 5000 mm was
more often observed in the TB infection group than
in the non-TB infection group (62.5% vs 31.9%, P =
0.015). There was no significant difference between
the groups regarding disease type, DM, anti-TNF
agents, and immunomodulator use at the start of
anti-TNF treatment. A multivariate analysis using
logistic regression after adjustment for age and
sex demonstrated that LTBI (OR = 5.76, 95%CI:
1.57-21.20, P = 0.008) and white blood cell (WBC)
3
count < 5000 mm during follow-up (OR = 4.5,
95%CI: 1.51-13.44, P = 0.007) were significant
independent risk factors for active TB infection during
anti-TNF agent therapy (Table 5).
One 24-year-old male patient with CD undergoing
infliximab treatment died 55 d after miliary TB
diagnosis because of devastating acute renal failure.
His chest X-ray had been normal, and TST had shown
a negative result. He was taking steroids at the time of
the TST.

Table 2 Screening outcomes for latent tuberculosis infection
before anti-TNF agent
n = 376, n (%)
Chest X-ray
Done
Old tuberculosis
Negative
IGRA
Unknown
Done
Positive
Negative
Indeterminate
Steroid or thiopurine at IGRA
QuantiFERON
Positive
Negative
Indeterminate
T-SPOT
Positive
Negative
Indeterminate
TST
Unknown
Done
Positive
Negative
Steroid or thiopurine at TST
Screening tests for LTBI
1 test (IGRA or TST)
2 tests (IGRA and TST)
Neither IGRA or TST
Latent tuberculosis infection

356 (94.7)
8/356 (2.2)
348/356 (97.8)
9 (2.4)
276 (73.4)
16/276 (5.8)
241/276 (87.3)
19/276 (6.9)
214/276 (77.5)
247 (62.9)
14/247 (5.7)
218/247 (88.3)
15/247 (6)
29 (12.6)
2/29 (6.9)
23/29 (79.3)
4/29 (13.8)
10 (2.7)
131 (34.8)
12/131 (9.2)
117/131 (89.3)
104/131 (79.4)
211 (56.1)
98 (26.1)
59 (15.7)
30 (8.0)

IGRA: Interferon gamma release assay; TST: Tuberculin skin test; LTBI:
Latent tuberculosis infection.

(26.7%). The use of IGRA increased considerably from
34% in 2009 to 90.2% in 2013, whereas there was no
significant change in the use of TST during the same
period, with TST being performed in 30% and 39.8%
of patients in 2009 and 2013, respectively. Using
chest X-ray, IGRA and TST as screening measures,
LTBI was confirmed in 30 patients (8.0%). Of these
LTBI cases, 16 patients received prophylactic antiTB medications. The patient flow diagram is shown
in Figure 1. Immunosuppressants, such as steroids
or thiopurine, were being administered at the time
of IGRA and TST screening in 77.5% and 79.4% of
patients, respectively.

Clinical features of active tuberculosis infection during
treatment with anti-TNF agents

Fever (43.8%) was the most common clinical
manifestation, followed by cough, dyspnea, abdominal
distension, fatigue and chest pain. The most frequent
sites of infection were the lung, lymph node and
pleura, in that order. Miliary TB was observed in 6
(37.5%) patients. The majority of the patients (81.3%)
showed extra-pulmonary TB, indicating an atypical
presentation of TB infection. The clinical characteristics
of active TB infections are shown in Figures 2A and 2B.

Incidence and risk factors of active TB infection after
anti-TNF agents

DISCUSSION

Sixteen cases of active TB infection occurred during
the 801 PY follow-up period after anti-TNF exposure
(1997.4 per 100000 PY). The median time from antiTNF initiation to active TB infection was 28.7 wk
(range, 8-142). The clinical characteristics of these
patients are summarized in Table 3. Infliximab was
used in 15 patients, whereas adalimumab was used
in 1 patient. All of the patients except one (who had
a chest X-ray only) underwent LTBI screening tests
of IGRA (75%, 12/16) or TST (31.2%, 5/16) before

WJG|www.wjgnet.com

In this study, the incidence rate of TB infection was
1997.4 per 100000 PY in IBD patients exposed to antiTNF inhibitors, and this risk was associated with LTBI
confirmed by the screening tests and with leukopenia
3
(WBC < 5000 mm ) during the follow-up period. These
rates are much higher than the rates found in Western
[7,9,11]
studies
. The remarkably high incidence of TB
in this study might be related to the large burden of
TB in the general population. South Korea has been
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IBD patients with anti-TNFs
n = 376
1

LTBI screening
No

Yes
12

364
LTBI
Negative

Positive
334

30
Anti-TB prophylaxis
Yes

No
14

2

12

0

2

322

12

16

2

12

2

2

14

2

Figure 1 Flow diagram of patients, illustrating screening outcomes. 1Chest X-ray, tuberculin skin test, or interferon gamma release assay; 2Development of
active tuberculosis infection after anti-TNF therapy. LTBI: Latent tuberculosis infection.

Table 3 Clinical characteristics of patients developing active tuberculosis infection after anti-TNF agent
No. IBD Sex Age of anti- Anti- Previous TB Screening Screening
TNFs (yr) TNFs treatment
IGRA
TST
1
2
3
4
5
6
7
81
9
10
11
12
13
14
15
16

CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
CD
UC
UC
UC
UC
UC

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

21
24
24
42
34
29
41
24
27
23
21
32
70
21
56
25

IFX
ADA
IFX
IFX
IFX
IFX
IFX
IFX
IFX
IFX
IFX
IFX
IFX
IFX
IFX
IFX

No
No
No
Yes
Yes
No
No
No
No
Yes
No
No
No
No
No
No

ND
+
ND
ND
ND
+
+
+

IS at
screening

Prophylaxis Interval to TB IS at TB
ExtraNo. of invol
infection (wk) diagnosis pulmonary TB vement organ

ND
None
ND
ND
CS
INH
ND
CS +AZA
ND
ND
CS
ND
ND
AZA
ND
ND
AZA
ND
AZA
ND
CS
ND
AZA
ND
AZA
ND
Unknown CS +AZA
ND
ND
AZA
INH + RFP
ND
AZA
ND
ND
CS +AZA
ND
ND
AZA
ND
AZA
ND

83
22
35
46
23
10
12
8
22
8
129
40
142
52
47
12

CS + AZA
None
AZA
CS + AZA
AZA
AZA
AZA
CS
AZA
CS + AZA
CS + AZA
AZA
AZA
AZA
AZA
AZA

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
No
Yes
Yes
Yes

1
1
3
6
1
5
1
4
1
1
3
4
1
3
2
2

1

This patient died 55 d after miliary tuberculosis diagnosis due to devastating acute renal failure. IBD: Inflammatory bowel disease; CD: Crohn’s disease;
UC: Ulcerative colitis; IFX: Infliximab; ADA: Adalimumab; ND: Not done; TB: Tuberculosis; IGRA: Interferon gamma release assay; TST: Tuberculin skin
test; IS: Immunosuppressant; CS: Corticosteroid; AZA: Azathioprine; INH: Isoniazid; RFP: Rifampin.

[14,18]

reported to have an intermediate burden of TB with
an incidence, mortality and prevalence of 108, 5.4 and
[13]
146 per 100000 persons, respectively, in 2012 . For
reference, the incidence, mortality, and prevalence of
TB in the United States were 3.6, 0.14, and 4.7 per
[13]
100000 persons, respectively, in the same year . The
incidence rates were also considerably high in Korean
ankylosing spondylitis (AS) or RA patients using antiTNF agents, with the rates ranging from 540 to 2558
per 100000 PY, which is similar to the observations in

WJG|www.wjgnet.com

our study
. To the best of our knowledge, this is
the first study to evaluate the risk of TB infection in a
large number of Korean IBD patients undergoing antiTNF therapy.
Although the Korean Guidelines for TB in 2011
recommend TST or IGRA as screening tests before
initiating anti-TNF agents, TST and IGRA were used
in only 34.8% and 73.4% of patients, respectively, in
the present study. This low compliance of screening
tests might be partly attributed to the patients who
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Table 4 Univariate analysis of risk factors for active
tuberculosis infection after anti-TNF therapy n (%)
TB infection (n = 360)

P value

26 (21-70)
3 (18.8)

30 (11-76)
118 (32.8)

0.808
0.287
0.772

11 (68.8)
5 (31.3)
1 (6.3)

266 (73.9)
94 (26.1)
11 (3.1)

15 (93.8)
1 (6.3)
4 (25)
13 (81.3)
10 (62.5)

279 (77.5)
81 (22.5)
26 (7.2)
228 (63.3)
115 (31.9)

TB infection +
(n = 16)
Age at anti-TNF (yr)
Female
Diseases
Crohn’s disease
Ulcerative colitis
Diabetes mellitus
Anti-TNF agent
Infliximab
Adalimumab
LTBI
IM at anti-TNF agent
WBC count < 5000 mm3

Table 5 Multivariate analysis of risk factors for active
tuberculosis infection after anti-TNF therapy

Age at anti-TNF
Female
LTBI
WBC count < 5000 mm3

95%CI

P value

0.94-1.02
0.53-7.18
1.57-21.20
1.51-13.44

0.346
0.328
0.008
0.007

LTBI: Latent tuberculosis infection; WBC: White blood cell.

0.411
0.212

results for the tests. Immunosuppression has been
known to negatively affect the outcomes of TST and
IGRA, resulting in low sensitivity of these screening
[26]
tests . Therefore, the ideal time for LTBI screening
would be prior to the initiation of immunosuppressant
therapy.
There has been no study on the risk factors for the
development of TB infection during anti-TNF therapy
because the number of TB cases is too small for a
precise assessment. We identified positive LTBI and a
3
WBC count < 5000 mm as independent risk factors
for active TB infection during anti-TNF therapy. Patients
with LTBI were more likely to have active TB infection
than patients without LTBI (OR = 5.76, 95%CI:
1.57-21.20, P = 0.008) (Table 5). This result is not
surprising because LTBI is likely to progress to active
TB in immunocompromised patients, such as those
[17]
taking anti-TNF inhibitors . There is clear evidence
suggesting that chemoprophylaxis with screening for
[28,29]
LTBI considerably reduces the TB reactivation rate
.
However, we should consider that chemoprophylaxis
for suspected LTBI prior to anti-TNF therapy does not
[30]
entirely avoid the development of active disease .
It has been reported that chemoprophylaxis is only
[28,30]
moderately effective
. In the present study,
we could not find a prophylactic effect of anti-TB
medications; 12.5% (2/16) of patients with LTBI who
took prophylactic anti-TB medication still developed
active TB, whereas 14.3% (2/14) of patients with LTBI
who did not take prophylaxis had active TB during
anti-TNF therapy (Figure 1). Although the exact reason
for the lack of efficacy of prophylaxis in this study is
unclear, the emergence of drug-resistant TB in Korea
[31,32]
might be a possible explanation
.
Guidelines recommend delaying to begin anti-TNF
[16,33]
for at least 3 wk when LTBI is confirmed
. AntiTNF agents can be started early in some inevitable
cases for disease control. Given that LTBI positivity
is a significant risk factor for the development of
active TB and there seems to be the lack of efficacy
of chemoprophylaxis for that, we should consider
seriously undertaking the balance between the risk
and the benefit before initiating anti-TNF agents in
IBD patients with positive result for LTBI. If anti-TNF
is used in these patients, more strict and complete
anti-TB prophylaxis measures should be followed by
rigorous monitoring for the development of active TB.
Our result showing leukopenia as an independent

0.031
0.187
0.015

LTBI: Latent tuberculosis infection; IM: Immunomodulator.

were taking anti-TNF agents in the early period when
LTBI screening before the use of TNF blockers was
not strictly performed in Korea. A study from the USA
also showed a low rate (65%) of LTBI screening prior
to initiating anti-TNF therapy in IBD patients, and
the authors reported that the initiation of treatment
[21]
prior to 2006 was a risk factor for screening failure .
In our study, the use of IGRA rose significantly over
time from 34% in 2009 to 90.2% in 2013. However,
the rate of TST remained low throughout the study
period, reflecting the low preference for TST due
to insufficient accuracy of TST for LTBI screening,
particularly in Korea, where Bacille Calmette-Guerin
(BCG) vaccination is mandatory, which might influence
TST results. A lack of specificity for pathogenic
Mycobacterium tuberculosis is a limitation of TST, and
this might be due to cross-reactivity with the BCG
[22,23]
vaccination and environmental mycobacteria
.
Therefore, IGRA might be more appropriate as a
LTBI screening test in countries using routine BCG
[24]
vaccination, such as Korea .
One important finding of the present study
was the low positivity rates of each screening test
(5.8% for IGRA and 9.2% for TST). There appear
to be different positivity rates of LTBI screening
tests between patients with different diseases. For
example, the TST and IGRA positivity rates of RA
patients were relatively high, up to 23% and 31.6%,
[25]
respectively , whereas the rates of IBD patients
[26,27]
were 12.5%-16% and 7.2%-9%, respectively
,
which are similar to our results. Although the cause
of the difference between the studies is unclear, the
different patient age ranges and the varying use of
concomitant immunosuppressants during screening
might be plausible explanations. IBD patients are
typically younger than RA patients, and age is strongly
associated with the positivity of TST as a result of
[26]
longer exposure to Mycobacterium tuberculosis .
Additionally, approximately 80% of patients in the
present study were taking steroids or thiopurine during
the screening tests, which could lead to low positive
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OR
0.98
1.95
5.76
4.50
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A

[7,38]

disease
. Similarly, we determined that the rates of
extrapulmonary manifestations and miliary TB were
considerably high at 81.3% and 37.5%, respectively
(Figure 2B). Furthermore, these patients presented
a variety of non-specific symptoms, including fever,
fatigue, abdominal distension, dyspnea, and chest pain
(Figure 2A). These results suggest that the potential
diagnosis of active TB infection should be vigilantly
evaluated when any patient taking an anti-TNF
inhibitor has these constitutional symptoms aside from
coughing because the TB manifestations under antiTNF therapy are remarkably atypical.
Most cases of TB related to anti-TNFs are con
sidered as reactivations of LTBI because it has been
reported that TB develops early after the initiation
[9,10]
of TNF blockade, usually within 3-4 mo
. In the
present study, however, the median time from the first
anti-TNF dose to TB diagnosis was 28.7 wk, which was
longer than previous studies, and a quarter of TB cases
occurred 1 year after the initiation of anti-TNF agents.
We presumed that some TB cases in our study might
represent de novo infection from exposure to other
TB-infected persons during the course of anti-TNF
treatment instead of representing reactivation of LTBI.
This finding is in accordance with another Korean study
evaluating the TB incidence in AS patients taking anti[18]
TNFs with a long median time of 21.5 mo . These
results highlight the recommendation that information
regarding close contact with TB-infected individuals
should be rigorously and continuously assessed in
patients receiving anti-TNF therapy, particularly in
countries with a significant TB burden such as South
Korea. Further prospective studies are needed to
clarify whether periodically repeated screening tests
for LTBI are effective in this population.
This study has several limitations. The retrospective
design is the major limitation. Important information
regarding contact with active TB patients could not
be obtained. The WBC count was not systematically
collected for the analysis of risk factors. The WBC
counts of non-TB patients were obtained at the last
follow-up visit, whereas the WBC counts of the TB
patients were obtained at TB diagnosis.
In conclusion, anti-TNF inhibitors imply significant TB
risk in IBD patients residing in areas with an intermediate
burden of TB infection. The risk of susceptibility to TB
under anti-TNF therapy is significantly associated with
LTBI and considerable immunosuppression. Rigorous
and sustained assessment of TB infection should
be performed in IBD patients undergoing anti-TNF
therapy. Further studies to establish the strategy of
effective TB monitoring in this population are required.
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Figure 2 Clinical symptoms (A) and involvement locations (B) of active
tuberculosis infection after anti-TNF therapy in patients with inflammatory
bowel disease.

factor for active TB infection might indicate the synergistic
risk of the substantial level of immunosuppression in
anti-TNF users. Anti-TNF blocker plus azathioprine
combination therapy has been shown to be the
[34,35]
most effective treatment for IBD
. A significant
proportion (87.5%, 14/16) of patients with active TB
infection had concomitant azathioprine treatment at
the time of TB diagnosis (Table 3). However, we are
not certain that the relative leukopenia at the time of
TB diagnosis is entirely a result of immunomodulator
therapy alone because leukopenia can be observed in
some patients with disseminated TB infection, such as
[36]
[36]
miliary TB . Mert et al observed leukopenia in 26%
of miliary TB patients, and this was considered to be
a poor prognostic sign, although the exact cause was
[37]
not clear . Therefore, the results of our study should
be interpreted cautiously.
In contrast to TB in immunocompetent individuals,
where pulmonary infection is the main manifestation,
patients who received anti-TNF therapy showed a
significantly high percentage of extrapulmonary
disease, at 57%-75%, and 25% had disseminated
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However, Anti-TNF agents considerably increase the risk of tuberculosis (TB)
infection.
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population.
In this study, the incidence rate of TB infection was 1997.4 per 100000 personyears in IBD patients exposed to anti-TNF inhibitors and these rates are much
higher than the rates found in Western studies. The risk was associated with
LTBI confirmed by the screening tests and with leukopenia (WBC < 5000 mm3)
during the follow-up period.
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skin test or interferon gamma release assay.
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High neutrophil-lymphocyte ratio indicates poor prognosis
for acute-on-chronic liver failure after liver transplantation
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neutrophil-lymphocyte ratio (NLR) in determining the
prognosis of liver transplant (LT) recipients with acuteon-chronic liver failure (ACLF).
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METHODS: Data were collected from the liver
transplantation data bank. The NLR values and other
conventional inflammatory markers were evaluated for
their ability to predict the prognosis of 153 patients
with ACLF after LT. The NLR cut-off value was based
on a receiver operating characteristic curve analysis.
A Kaplan-Meier curve analysis and univariate and
multivariate Cox regression models were used to define
the independent risk factors for poor outcomes.
RESULTS: The optimal NLR cut-off value was 4.6. Out
of 153 patients, 83 (54.2%) had an NLR ≥ 4.6. The 1-,
3-, and 5-year overall survival rates were 94.3%, 92.5%
and 92.5%, respectively, in the normal NLR group and
74.7%, 71.8% and 69.8%, respectively, in patients
with high NLRs (P < 0.001). Furthermore, there was a
significant difference in infectious complications after LT
between the high and normal NLR groups. There were
no significant differences for other complications. In
the multivariate Cox regression model, a high NLR was
defined as a significant predictor of poor outcomes for
LT.
CONCLUSION: A high NLR is a convenient and
available predictor for prognosis of LT patients and can
potentially optimize the current criteria for LT in ACLF.
Key words: Liver transplantation; Acute-on-chronic liver
failure; Neutrophil-lymphocyte ratio; Acute liver failure;
Inflammation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: In China, because of a great many patients
with hepatitis B, liver donation is far away from filling in

AIM: To investigate the significance of pre-transplant
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the need of liver transplantation. Therefore, improving
the prognosis of liver transplant (LT) is a hot issue.
However, the criteria of LT for acute-on-chronic liver
failure (ACLF) are according to acute liver failure,
and about 20% of liver recipients are still have poor
survival outcomes. The pre-transplant high neutrophillymphocyte ratio is a reflection of suboptimal patient
conditions and immune response disorder, which
could precisely predict the prognosis of LT. This result
potentially was applied to select appropriate candidates
for LT and even improve the current criteria of LT for
ACLF.

knowledge, the majority of ACLF patients who were
currently receiving positive supportive treatments
before LT, such as an artificial liver support system,
were in relatively stable condition and did not show
severe clinical manifestations of extrahepatic organ
failure during LT. Predictably, the organ failure
scores, such as the APACHE Ⅱ and SOFA, may be
less helpful in predicting long-term survival following
[11]
LT, which is consistent with a report by Binwei et al .
Therefore, an accurate biomarker to identify the
benefits of LT for ACLF that facilitates organ allocation
is needed.
Cytokines and inflammatory molecules play
[12]
significant roles in the rapid development of ACLF .
Previous data have revealed that ACLF patients
occasionally exhibited clinical manifestations of
systemic inflammatory response syndrome (SIRS)
and that the SIRS was associated with a proinflammatory milieu that exacerbated the previous
circulatory disturbance caused by cirrhosis, which
led to inadequate tissue perfusion and multiple
[1,12,13]
organ failure
. In addition, SIRS is a significant
independent determinant factor for outcomes of liver
[14]
cirrhosis patients with acute renal failure . SIRS was
first defined in 1992; however, this characterization
was a conglomeration of very crude and simple clinical
and hematological measures using temperature,
respiratory and heart rates, and absolute peripheral
[15]
white cell counts . Neutrophil amplification and
lymphocytopenia are physiological responses to
adverse stressful events, and a high neutrophillymphocyte ratio (NLR) implies the presence of
subclinical inflammation. The NLR is normally relatively
stable; an increased NLR has recently been suggested
[16]
to indicate immune disorders and SIRS . An elevated
NLR inversely correlates with the overall and cancerspecific survival rates of various malignancies and the
[17-21]
prognoses of non-tumorous diseases
. In addition,
researchers explored the feasibility of expanding the LT
[22,23]
pool for hepatic carcinoma (HCC) using the NLR
.
Thus, the effect of pre-transplant NLR on ACLF patients
after LT is warranted.
The aim of this study was to determine the utility
of conventional inflammatory markers and the NLR in
predicting the long-term survival outcomes of patients
with ACLF following LT. We also determined the
association between NLR and complications after LT.

Lin BY, Zhou L, Geng L, Zheng ZY, Jia JJ, Zhang J, Yao J, Zheng
SS. High neutrophil-lymphocyte ratio indicates poor prognosis
for acute-on-chronic liver failure after liver transplantation. World
J Gastroenterol 2015; 21(11): 3317-3324 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i11/3317.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i11.3317

INTRODUCTION
Acute-on-chronic liver failure (ACLF) is a serious
condition with a varied etiology that depends on
the geographic region and population; in addition,
ACLF patients have an inordinately high mortality
rate due to rapid disease progression and multiple
organ dysfunction resulting from deterioration in liver
[1]
function . In China, the high prevalence of hepatitis
B accounts for more than 80% of chronic liver
[2]
diseases, which can progress to ACLF . The primary
precipitating events responsible for ACLF are quite
distinct in the West and the East. Alcohol and drugs
are largely responsible for acute insults in the West,
whereas infectious incidents are most common in the
[3]
East . Some patients respond well to appropriate
management and can be discharged from hospital
quickly; however, a considerable proportion of patients
develop complications of cirrhosis and multiple organ
dysfunction. These symptoms are often recommended
as a suitable indication for liver transplantation (LT).
Moreover, several reports have revealed that LT is a
convincing choice to improve the prognosis of ACLF
[4,5]
patients . However, the long-term mortality rate still
reaches approximately 20% after LT for ACLF, and a
generalizable set of selection criteria for LT remains
lacking.
The predictive significance of several scoring
systems that address the severity of chronic liver
disease with respect to the prognosis of ACLF patients
[6]
was evaluated . The results revealed that the Model
[7]
of End Stage Liver Disease (MELD) or the Child[8]
Pugh score was similar to the Acute Physiology,
[9]
Age and Chronic Health Evaluation (APACHE) and
[10]
the Sequential Organ Failure Assessment (SOFA) .
Thus, liver function is not the main factor affecting
the outcomes of cirrhotic patients with ACLF. To our
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MATERIALS AND METHODS
Ethics statement

The study was performed according to the ethics
guidelines of the Declaration of Helsinki in 1975 and
was approved by the ethics committee of Zhejiang
University. Informed written consent was obtained
from all patients.

Study objectives and data collection

The definition of ACLF used in this study conforms
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collection system of the LT database at the First
Affiliated Hospital of Zhejiang University School of
Medicine. Venous blood samples were routinely taken
the day prior to LT, and the cut-off and predictive
values of the NLR, white blood cells, neutrophils,
lymphocytes, monocytes, lymphocyte-monocyte
ratio (LMR) and platelet-lymphocyte ratio (PLR) were
defined using a receiver operating characteristic (ROC)
curve analysis. All patients were divided into one of
two groups based on either high or normal NLR. The
demographics and clinical characteristics of the two
groups are presented in Table 1.

Table 1 Patient characteristics (P values indicate differences
between two groups)
Variable

High NLR
(n = 83)

Normal NLR
(n = 70)

Age (yr), mean ± SD
Gender
Male
Female
WBC (/pL)
Neutrophil (/pL)
Lymphocyte (/pL)
Monocyte (/pL)
PLR
LMR
Albumin
Serum creatinine > 133
AFP > 25
Total bilirubin (μmol/L)
MELD score
INR
Diabetes
Hypertension
HE
Child-Pugh scores
Total ischemia time (min)

43.9 ± 14.9

48.6 ± 15.3

51
32
(6.87 ± 2.37)
(5.87 ± 2.43)
(0.55 ± 0.28)
(0.53 ± 0.35)
129.33 ± 101.44
1.33 ± 0.97
32.71 ± 6.92
15
35
419.75 ± 223.78
31.01 ± 7.19
2.67 ± 1.33
8
8
36
11.29 ± 1.16
293.91 ± 241.78

46
24
(4.76 ± 2.56)
(2.80 ± 1.77)
(1.21 ± 0.81)
(0.52 ± 0.34)
60.94 ± 33.53
3.69 ± 4.72
32.41 ± 6.24
9
15
301.01 ± 182.62
28.63 ± 7.26
2.57 ± 1.05
3
0
21
11.37 ± 1.39
255.82 ± 264.47

P value
0.059
0.585

< 0.001
< 0.001
< 0.001
0.900
< 0.001
< 0.001
0.779
0.377
0.006
0.001
0.046
0.605
0.202
0.021
0.088
0.690
0.358

Management after LT and subsequent surveillance

The patients were followed closely by the outpatient
service or communication system from the date of
hospital discharge to the date of death or the last
follow-up visit. Graft function was monitored using
biochemical tests, ultrasonography, emission computed
tomography and liver puncture every 3 mo for 2 years
post-transplant and every 6 months thereafter.
The immunosuppression protocol following LT
consisted of tacrolimus, basiliximab and mycophenolate
mofetil. Antibiotics for trigemini with piperacillintazobactam, fluconazole and ganciclovir were administered
immediately after the surgery as an anti-infection
strategy. To prevent the recurrence of hepatitis
B, all liver recipients were treated with low-dose
immunoglobulin and oral lamivudine.

WBC: White blood cell; PLR: Platelet-lymphocyte ratio; LMR: Lymphocytemonocyte ratio; AFP: Alpha feto protein; MELD: Model for end-stage liver
disease; INR: International normalized ratio; HE: Hepatic encephalopathy.

to the recommendation provided by the Asian
Pacific Association for the study of the liver (APASL).
Specifically, ACLF was defined as “acute hepatic insult
manifesting as jaundice and coagulopathy, complicated
within 4 wk by ascites and/or encephalopathy in a
patient with previously diagnosed or undiagnosed
[3]
chronic liver disease” . Patients who were 18 years of
age or older and met the aforementioned diagnostic
criteria between January 2004 and December 2012
were enrolled in this study. The operative methods
for LT depended on the origin of the donor liver
and included both donation after cardiac death
liver transplantation (DCDLT) and live donor liver
transplantation (LDLT). The eligibility criteria of LT
followed the standard King’s College Hospital criteria.
To exclude the impact of potential infections, patients
with high pre-transplant white blood cell counts were
withdrawn from the study. To reduce the heterogeneity
of patients with ACLF, some patients were precluded
from the study because their chronic liver diseases
underlying ACLF were not caused by hepatitis B.
Additional criteria were used to preclude subjects: (1)
HCC confirmed by pathologic examination after LT; (2)
loss to follow-up; (3) history of steroid administration
that could influence the NLR before LT; and (4)
presence of an ABO-incompatible LT with controversial
survival outcomes. The primary precipitating events
included recurrent hepatitis B, alcohol abuse, infection
and upper gastrointestinal hemorrhage.
The demographics of patients, operative variables,
preoperative treatments and clinical course were
prospectively collected via the hospital information
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Statistical analysis

Overall survival (OS) and graft survival (GS) were
calculated from the date of surgery until death or graft
dysfunction, respectively. The optimal cut-off values for
high NLR, WBC, neutrophil, lymphocyte and monocyte
counts, PLR and LMR were evaluated using an ROC
curve analysis. Potential predictive factors were
assessed using Kaplan-Meier curves and the log-rank
test. Preoperative factors that reached significance (p
< 0.10) for OS or GS in the univariate analysis were
entered into a multivariate analysis model using the
Cox proportional hazards model (backward selection
likelihood function) to determine their independent
effects. Fisher’s exact test, independent sample t-test
2
and Pearson’s χ test were performed to assess the
differences in the clinicopathologic factors of ACLF
patients with high and normal NLRs. The confidence
interval (CI) was set at 95%, and the cut-off value for
statistical significance was p < 0.05. All data analyses
were conducted with SPSS ver. 19.0 for Windows (SPSS
Company, Chicago, Illinois, United States).

RESULTS
Patient demographics and outcomes

Of the 153 adult patients who underwent LT for ACLF
during the study period, 97 (63.4%) were men and
56 (36.6%) were women. The mean age of patients
was 46.1 years (range: 24-72 years) at transplant.
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Overall survival
1.0

Variable (cut-off value/median/n )

P value

HR (95%CI)

0.8

Gender
Male (n = 97)
Female (n = 56)
Age (46 yr)
NLR (4.6)
Albumin (35 g/L)
Total bilirubin (337 μmol/L)
MELD score (28)
Child-Pugh score (11)
INR (2.5)
Serum creatinine (133 μmol/L)
Pretransplant diabetes (11)
Hypertension before LT (8)
HE (57)
AFP (25 μg/L)

0.370
0.503
< 0.001
0.288
0.163
0.010
0.824
0.360
< 0.001
0.475
0.686
0.629
0.286

1.429 (0.655-3.121)
0.774 (0.366-1.638)
4.860 (1.857-12.719)
0.631 (0.270-1.475)
1.683 (0.809-3.500)
3.251 (1.328-7.958)
0.912 (0.406-2.050)
1.371 (0.697-2.695)
3.823 (1.813-8.062)
1.545 (0.468-5.100)
0.662 (0.090-4.873)
1.198 (0.576-2.491)
0.63 (0.27-1.472)

Cum survival

Table 2 Univariate analysis of variables affecting overall
survival after liver transplant

0.4
Normal NLR
High NLR
P < 0.001

0.2
0.0
0

2

4
6
Followed-up years

8

10

8

10

Graft survival
1.0

NLR: Neutrophil lymphocyte ratio; PLR: Platelet-lymphocyte ratio; LMR:
Lymphocyte-monocyte ratio; AFP: Alpha feto protein; MELD: Model for
end-stage liver disease; INR: International normalized ratio; HE: Hepatic
encephalopathy.

Cum survival

0.8

Seventy-nine (51.6%) patients received pre-transplant
artificial liver support. The median international
normalized ratio, total bilirubin, MELD score and Child
Turcotte Pugh score were 2.5, 337 µmol/L, 28 and 11,
respectively. Increased alpha fetoprotein and serum
creatinine (Scr) were detected in 50 and 24 patients,
respectively. A total of 57 (37.25%) subjects suffered
hepatic encephalopathy at diagnosis. DCDLT and LDLT
were performed in 129 and 24 patients, respectively.
The median total ischemia time was 254 min.
Death was confirmed for 30 patients, and 6
patients underwent a second LT during follow-up. The
main cause of death, which occurred in 20 patients,
was sepsis/multi-organ dysfunction. Other causes
of death included liver failure secondary to chronic
rejection in 2 patients, gastrointestinal bleeding in 3
patients, recurrent hepatitis B in 2 patients, biliary
complications in 2 patients and heart attack in 1
patient. The median follow-up time was 47.7 mo
(range: 0.01-121 mo). The 1-, 3- and 5-year OS rates
were 82.9%, 80.4% and 79.4%, respectively, and the
GS rates were 81.7%, 76.8% and 75.8%, respectively.

0.6
0.4
Normal NLR
High NLR
P < 0.001

0.2
0.0
0

2

4
6
Followed-up years

Figure 1 Kaplan-Meier results for overall survival and graft survival for
patients classified according to their preoperative neutrophil-lymphocyte
ratios. NLR: neutrophil-lymphocyte ratio.

respectively).

Predictive variables for OS, GS and complications

To determine whether the aforementioned blood
parameters could serve as predictors for survival
outcomes of ACLF patients following LT, we performed
a univariate analysis. We found that an MELD score ≥
28, NLR ≥ 4.6 and Scr > 133 were all preoperative
risk factors of poor OS (Table 2). Of 153 patients, 83
(54.2%) had an NLR ≥ 4.6, and 24 (15.7%) had a
high Scr. The respective 1-, 3-, and 5-year OS rates
were 94.3%, 92.5% and 92.5% in the normal NLR
group and 74.7%, 71.8% and 69.8% in the high
NLR group (p < 0.001, Figure 1). In addition, the 1-,
3- and 5-year OS rates were significantly higher in
the normal Scr group (86.8%, 84.9% and 84.9%,
respectively) when compared with the high Scr group
(62.5%, 62.5% and 55.6%, respectively); (p < 0.001,
Figure 2). These three factors were selected for further
multivariate analysis. The results showed that a MELD
≥ 28 did not reach statistical significance; however, a
high NLR and increased Scr maintained their predictive
value (Table 3). Patients who presented with a normal
NLR and a normal Scr showed favorable survival

suitable cut-off value for NLR

The peripheral WBC, neutrophil, lymphocyte and
monocyte counts, albumin, NLR, PLR and LMR are
commonly considered as a reflection of immune
function. Hence, these blood parameters were selected
as candidates for predicting outcomes of ACLF patients
after LT. The areas under the ROC curves for peripheral
WBC, neutrophil, lymphocyte and monocyte counts,
PLR, LMR and NLR were 0.542, 0.564, 0.397, 0.556,
0.425, 0.483 and 0.736, respectively. An NLR value of
4.6 presented a sensitivity of 76.7% and a specificity
of 65.9%. This cut-off was used to divide patients
into high and normal NLR groups (≥ 4.6 and < 4.6,
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Cum survival

Overall survival
1.0

Table 3 Multivariate analysis of factors affecting overall
survival after liver transplant for acute-on-chronic liver failure

0.8

Variable

0.6

NLR ≥ 4.6
Serum creatinine ≥ 133
MELD ≥ 28

0.4

HR (95%CI)

0.003
0.003
0.242

4.305 (1.637-11.322)
3.141 (1.486-6.639)
1.793 (0.674-4.766)

NLR: Neutrophil-lymphocyte ratio; MELD: Model for end-stage liver
disease.
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Figure 2 Kaplan-Meier results for overall survival and graft survival for
patients classified according to their preoperative serum creatinine. Scr:
serum creatinine.

outcomes. The 1-, 3- and 5-year OS rates were up
to 98.4%, 96.4% and 96.4%, respectively. Liver
recipients with high NLRs and increased Scr presented
with extremely adverse prognoses. The 1-, 3- and
5-year OS rates decreased to 60.0%, 60.0% and
50.0%, respectively (Figure 3).
The main complications after LT consisted of
hyperglycemia, infectious diseases, hyperlipidemia,
gastrointestinal hemorrhage, recurrent hepatitis B,
biliary and neural complications, graft-vs-host disease
and acute rejection. A total of 18 subjects showed
acute rejection after LT as determined by pathologic
findings according to the Banff criteria. Subsequent
augmentative steroid administration was effective.
The number of infectious complications in the high
NLR group was greater when compared with the
normal NLR group; however, there were no significant
differences in other complications after LT (Figure 4).

0.4
0.2
0.0
0

2

4
6
Followed-up years

8

10

Figure 3 Kaplan-Meier results for overall survival and graft survival for
patients with high serum creatinine and high neutrophil-lymphocyte
ratios. The 1-, 3- and 5-year overall survival rates, respectively, were 98.4%,
96.4% and 96.4% in the A group (NLR < 4.6 and normal Scr), 66.7%, 66.7%
and 66.7% in the B group (NLR < 4.6 and high Scr), 77.9%, 74.4% and 74.4%
in the C group (NLR ≥ 4.6 and normal Scr), 60.0%, 60.0% and 50.0% in the D
group (NLR ≥ 4.6 and high Scr). NLR: neutrophil-lymphocyte ratio; Scr: serum
creatinine.

rate is clearly evident. According to the data of Jalan
[1]
et al , the in-hospital mortality for ACLF ranged
from 43% to 88%, and the intensive care unit (ICU)
mortality ranged from 37% to 89%. Completion of
LDLT or DDLT for ACLF showed encouraging post[5,11,24]
transplant prognoses
. The King’s College Hospital
criteria are the most widely applied selection criteria
for LT in acute liver failure with a high prognostic
value, and it was also recommended for ACLF by
APASL; however, the predictive value in ACLF requires

DISCUSSION
In ACLF, both chronic and acute insults coincide. It
is unclear how the survival outcome of the patient
is influenced by the degree of acute and/or chronic
insults in ACLF patients; however, a high mortality
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Complications

presented with infectious complications postoperatively
in the high NLR group; however, only 6 (8.57%)
cases presented with this complication in the normal
NLR group (p = 0.026). These results provide a
possible explanation for high NLR resulting in a worse
prognosis. Furthermore, previous studies revealed
that SIRS and immunological dissonance were
associated with multiple organ dysfunction syndrome
[30]
and secondary infectious complications . In our
study, the majority of study subjects with high NLRs
also possessed lower lymphocyte counts and higher
neutrophil counts compared with normal NLR patients.
Therefore, marked neutrophilia and lymphocytopenia
were considered to be physiological responses of
the immune system to various stressful events, and
[16]
NLR can express the severity of affliction. Zahorec
suggested that NLR can be routinely applied to clinical
ICU practice as an additional index for infection.
Lymphocytes have an important role in the host
immune system, and a lymphocytopenia-impaired
immune response to pathogens showed a positive
[16,31,32]
correlation with bacteremia
. However, patients
with acute or chronic hepatitis commonly presented
[33,34]
with intestinal endotoxemia
. Several reports
have disclosed that endotoxins significantly decrease
the phagocytic capacity of neutrophils and induce a
functionally heterogeneous neutrophil compartment
[35]
that increases the susceptibility to infection . In
[36]
addition, Yang et al
demonstrated that neutrophils
unexpectedly inhibited protective immune responses in
fatal bacterial infection-induced toxic shock. These data
explain why high NLR patients with pro-inflammatory
milieu are prone to infection.
A high NLR is currently regarded as an available
indicator of SIRS because it closely correlates with
[16]
the presence of system inflammation . SIRS is a
common insult that precipitates liver dysfunction in a
patient with previously compensated liver diseases.
Moreover, the mortality rates of patients with cirrhosis
or acute liver failure are higher with the presentation
[37-39]
of SIRS
. SIRS is an earlier stage of multiple
organ dysfunction and represents serious immune
response dysfunction; thus, the presence of SIRS
promotes postoperative infection and negative survival
outcomes. The factors affecting the NLR consisted of
underlying liver diseases, infection and steroidal drugs.
Patients with these factors were excluded from the
study. Therefore, we did not assess the relationship
between NLR and SIRS in this study due to the
absence of complete white blood cell counts.
In addition to the elevated NLR, high Scr was also
an independent adverse factor for prognosis in ACLF
patients after LT. Of the 24 patients with high Scr
levels, 13 (54.2%) died. Moreover, liver recipients
with high NLRs and increased Scr presented the
worst survival outcomes. The 1-, 3- and 5- year
survival rates were 60.0%, 60.0% and 50.0%,
respectively. Although there was poor sensitivity for
[40]
Scr to determine the extent of renal dysfunction ,
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Figure 4 Incidence of postoperative complications in patients and the
relationship between complications and neutrophil-lymphocyte ratio.
NLR: neutrophil-lymphocyte ratio; GVHD: graft-vs-host disease.
[25,26]

further validation
. To facilitate graft allocation, it is
important to establish clear selection criteria to define
which candidates would most benefit from LT.
The imbalanced expression of both anti-inflammatory
and pro-inflammatory cytokines contributes to the
[27-29]
[28]
immunopathogenesis of ACLF
. Sen et al
de
scribed that multiple pro-inflammatory cytokines,
including tumor necrosis factor (TNF)-α, interleukin
(IL)-2, IL-6, and IL-8, were elevated in ACLF patients.
[29]
Zou et al
revealed that interferon (INF)-γ, TNF-α
and IL-10 were markedly up-regulated in ACLF when
compared with chronic hepatitis B patients and normal
controls. As a marker of immune disorders, patients
with high NLRs presented worse clinical conditions
before LT in our study. Furthermore, we found that
patients with normal NLRs presented better survival
outcomes when compared with patients that had
elevated NLRs. However, other inflammatory markers
did not show predictive effects. This study is the first
to identify a relationship between increased NLR and
poor outcomes of patients with ACLF after LT. The
5-year survival rate reached 92.5% in LT patients
with normal NLRs, which validated the use of NLR as
an indicator for selecting LT candidates. Although 4.6
was the optimal cut-off value in our study, the cut-off
value of NLR has varied in previously reported articles;
however, as expected, a greater value correlates with
a worse prognosis. Therefore, the results and the
optimal value of the NLR need to be further confirmed
through prospective studies with larger sample sizes.
The precise mechanism underlying how the NLR
affects OS remains unclear. We found that the main
cause of death was sepsis/multiple organ failure. Of
the 25 subjects with high NLRs who died, 18 (72%)
showed sepsis/multiple organ failure. Furthermore,
elevated NLRs were associated with infectious
complications. A total of 18 patients (21.69%)
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the results revealed that markers of pre-transplant
extrahepatic organ dysfunction can affect LT prognosis.
Thus, these markers combined with NLR would provide
effective predictive value.
Notably, there were several inevitable limitations
of this study. First, only 24 (15.7%) liver recipients
showed high Scr levels. Further analyses and larger
sample sizes are needed. In addition, lymphocyte and
neutrophil subsets were not routinely measured before
LT. Hence, basic contributing mechanisms require
further assessment.
In summary, high NLR corresponded to the severity
of pre-transplant chronic liver diseases and immune
disorders, and it showed powerful predictive value
compared with general inflammatory markers. ACLF
patients with high NLRs presented poorer OS and GS
after LT. Neutrophil paralysis and lymphocytepenia
promote infections that may result in poorer outcomes
in ACLF patients with high NLRs following LT.

2
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4

5

COMMENTS
comments

6

Background

Liver transplantation (LT) is an optimal choice for patients with acute on chronic
liver failure (ACLF), with reported survival rates of around 80%. The criteria
of LT for ACLF are according to acute liver failure, and about 20% of liver
recipients still have poor survival outcomes. In China, because of a great many
patients with hepatitis B, liver donation is far away from filling in the need of
liver transplantation. Therefore, improving the prognosis of LT is a hot issue.
Recently published data revealed that immune response played an important
role in progression of ACLF. Thus, finding a precise marker of immune response
that is correlated with outcomes of LT potentially improves the criteria of LT for
ACLF.
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8

Research frontiers

Neutrophil amplification and lymphocytopenia are physiological responses to
adverse stressful events, and a high neutrophil-lymphocyte ratio (NLR) is a
new precise marker of inflammation. An elevated NLR inversely correlates with
the overall and cancer-specific survival rates of various malignancies and the
prognoses of non-tumorous diseases. In addition, researchers explored the
feasibility of expanding the LT pool for hepatic carcinoma using the NLR.
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Innovations and breakthroughs

The area under the receiver operating characteristic curve for NLR was 0.736
and an NLR value of 4.6 presented a sensitivity of 76.7% and a specificity of
65.9%. Using a Kaplan-Meier curve analysis and univariate and multivariate
Cox regression models, we defined that a high NLR was a significant predictor
of poor outcomes for LT. The 1-, 3-, and 5-year overall survival rates were
94.3%, 92.5% and 92.5%, respectively, in the normal NLR group and 74.7%,
71.8% and 69.8%, respectively, in patients with high NLR (p < 0.001).

11

Applications

This study showed that liver recipients with high NLRs had a tendency for
infection and presented poorer survival outcomes after LT. These results implied
that up-regulated NLR could be used as an indicator of antibiotic prophylaxis
and improve the criteria of LT for ACLF to scientifically allocate the donor livers
or expand the LT pool.
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NLR means neutrophil-lymphocyte ratio, which is a new marker of immune
response.
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Terminology
Peer-review

This is a nice study. Results would have clinical relevance if alternative
treatments other than LT were offered to high NLR patients. Furthermore, the
commonly assessed marker creatinine is equally predictive.
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Abstract
AIM: To compare the number of regulatory T-cells
(Tregs) measured by flow cytometry with those
obtained using a real-time quantitative PCR (qPCR)
method in patients suffering from inflammatory bowel
disease (IBD).
METHODS: Tregs percentages obtained by both flow
cytometry and qPCR methods in 35 adult IBD patients,
18 out of them with Crohn´s disease (CD) and 17 with
ulcerative colitis (UC) were compared to each other as
well as to scores on two IBD activity questionnaires
using the Harvey Bradshaw Index (HBI) for CD patients
and the Simple Colitis Clinical Activity Index (SCCAI) for
UC patients. The Treg percentages by flow cytometry
+
high
low
+
were defined as CD4 CD25 CD127 FOXP3 cells in
peripheral blood mononuclear cells, whereas the Treg
percentages by qPCR method were determined as
FOXP3 promoter demethylation in genomic DNA.
RESULTS: We found an average of 1.56% ± 0.78%
Tregs by using flow cytometry, compared to 1.07%
± 0.53% Tregs by using qPCR in adult IBD patients.
There were no significant correlations between either
the percentages of Tregs measured by flow cytometry
or qPCR and the HBI or SCCAI questionnaire scores in
CD or UC patients, respectively. In addition, there was
no correlation between Treg percentages measured
by qPCR and those measured by flow cytometry (r =
-0.06, P = 0.73; Spearman Rho). These data suggest
that, either Treg-related immune function or the
clinical scores in these IBD patients did not accurately
reflect actual disease activity. Until the cause(s) for
these differences are more clearly defined, the results
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[7,8]

suggest caution in interpreting studies of Tregs in
various inflammatory disorders.

have been identified in human whole blood . The
two main subpopulations in humans seem to be
thymus-derived natural Tregs (nTregs) and peripherally
generated induced Tregs (iTregs). While many different
biomarkers have been proposed to differentiate
[9]
between nTregs and iTregs these assays vary in their
[10]
ability to correctly identify these two subpopulations .
To our knowledge Treg percentages measured by
different methods in the same IBD patients have not
been adequately assessed.
The purpose of the studies reported here was to
compare the Treg percentages measured by flow
cytometry to those obtained with a methylation sen
sitive, real-time PCR method specific for detection of
the Treg-specific demethylated region (TSDR) in the
same adult IBD patients and to compare the results of
both methods to self-reported IBD activity assessed by
approved questionnaires.

CONCLUSION: The two methods did not produce
equivalent measures of the percentage of total Tregs
in the IBD patients studied which is consistent with
the conclusion that Tregs subtypes are not equally
detected by these two assays.
Key words: regulatory T-cells; Inflammatory bowel
disease; Crohn´s disease; Ulcerative colitis; Method
comparison
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In our study neither regulatory T-cells (Tregs)
percentages measured by flow cytometry defined as
+
high
low
+
CD4 CD25 CD127 FOXP3 cells in peripheral blood
mononuclear cells or by real-time PCR measured as
forkhead box P3 promoter demethylation in genomic
DNA correlated with self-reported inflammatory
bowel disease activity. This suggests that either Tregrelated immune function or the clinical scores did not
accurately reflect actual disease activity. We conclude
that natural and induced Tregs are not equally
detected by the assays applied.

MATERIALS AND METHODS
This work was part of a larger study approved by the
institutional review board and designed to evaluate
whether a number of laboratory measures of immune
function could be used as surrogate markers of disease
activity in adults with either Crohn´s disease (CD) or
ulcerative colitis (UC). Written informed consent was
[11]
obtained from all patients before enrolment . Treg
percentages obtained by both flow cytometry and
quantitative PCR (qPCR) in 35 adult IBD patients (18
with CD and 17 with UC) were compared to each other
as well as to results of two IBD self-assessing activity
questionnaires according to the Harvey Bradshaw
Index (HBI) for CD patients and the Simple Colitis
Clinical Activity Index (SCCAI) for UC patients. Patients
were not preselected by their disease activity.
Flow cytometry analysis was performed as des
[12]
cribed previously . The Treg percentages were
+
high
low
+
defined as CD4 CD25 CD127 FOXP3 cells. Briefly,
peripheral blood mononuclear cells (PBMCs) were
isolated by density-gradient centrifugation using the
®
Lymphoprep -protocol (Axis-Shield; Oslo, Norway)
and stored at -80 ℃ in 10% (v/v) dimethylsulfoxide
and 90% (v/v) bovine serum albumin until analysis.
In order to control the pre-analytical steps, it was
verified that the freezing and thawing of PBMCs did
not affect the flow cytometry results in comparison
to fresh samples. PBMCs were incubated with 20 μL
anti-human CD4-FITC (Catalogue number # 555346,
all conjugates used by Becton Dickinson Pharmingen,
Heidelberg, Germany), 5 μL anti-human CD25-PECy7 (# 560920) and 20 μL anti-human CD127-Alexa
Fluor 647 (# 558558). After cell fixation and membrane
permeabilization according to the manufacturer´s protocol,
20 μL FOXP3-PE (clone 259D/C7) and corresponding
mouse isotype control antibodies were added. The
quantification of regulatory T cells was done using an
8-color flow cytometer (FACS Canto Ⅱ, Becton Dickinson;
+
high
low
Germany). CD4 CD25 CD127 T-cells were gated out

Brandhorst G, Petrova DT, Weigand S, Eberle C, von Ahsen N,
Schmitz J, Schultze FC, Raddatz D, Karaus M, Oellerich M,
Walson PD. Lack of correlation between Treg quantification
assays in inflammatory bowel disease patients. World J
Gastroenterol 2015; 21(11): 3325-3329 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i11/3325.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i11.3325

INTRODUCTION
The immune system has been postulated to be
involved in the pathogenesis of inflammatory bowel
disease (IBD). Either IBD associated immune dys
function leads to excessive responses to normal
intestinal microflora or changes in the intestinal
microflora or epithelial barrier function somehow lead
to exaggerated or abnormal reactions by the mucosal
[1]
immune system . Regardless of whether immune
changes are the cause of or the result of IBD, the
percentage of regulatory T-cells (Tregs) has been used
[2]
as a marker of immune function in IBD patients and
some authors have suggested that Treg imbalances
[3]
correlate with IBD activity .
Expression of the forkhead box P3 (FOXP3) gene
[4]
has been claimed to be a specific marker of Tregs
and a number of both research and commercial
FOXP3 based methods have been used to assess Treg
percentages in whole blood. However, contrary to what
[5]
has been reported to be true in murine models and
[6]
in human cord blood a number of Treg subtypes
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Table 1 Regulatory T-cells percentages obtained by both flow cytometry and real-time PCR methods in 35 patients with
inflammatory bowel disease
Subjects

n

Patients with Crohn´s disease
Female
Male
Patients with ulcerative colitis
Female
Male
Current drug therapy
Infliximab
Azathiaprine
Systemic corticosteroids

18
10
8
17
8
9
4
14
9

r

P value

1.05 ± 0.56
1.00 ± 0.70
1.12 ± 0.35
1.10 ± 0.52
0.99 ± 0.45
1.19 ± 0.58

-0.10
-0.18
-0.30
-0.05
-0.06
-0.03

0.68
0.61
0.47
0.85
0.89
0.93

0.98 ± 0.34
1.07 ± 0.60
0.91 ± 0.40

0.20
-0.21
-0.06

0.80
0.48
0.88

Age (yr)

Flow cytometry (%)

qPCR (%)

Average ± SD

Average ± SD

Average ± SD

38 ± 10
39 ± 11
37 ± 9
43 ± 17
45 ± 14
41 ± 20

1.62 ± 0.62
1.44 ± 0.66
1.83 ± 0.53
1.50 ± 0.93
1.39 ± 0.63
1.60 ± 1.17

46 ± 11
41 ± 18
39 ± 12

1.65 ± 0.97
1.57 ± 0.81
1.73 ± 0.98

Data stratification: patients with Crohn´s disease and ulcerative colitis, as well as applied drug therapy. Correlation coefficients (r) and respective P values
were calculated according to Spearman Rho.

patients were corrected by a factor of two.

CD

3.0

UC

Tregs [%]
measured by qPCR

2.5

RESULTS

2.0

We found an average of 1.56% Tregs (SD: 0.78%) by
using flow cytometry, compared to 1.07% Tregs (SD:
0.53%) by using qPCR in these adult IBD patients (Table
1). There were no statistically significant correlations
between either the flow cytometry or qPCR measured
percentages of Tregs and the HBI or SCCAI questionnaire
scores in CD or UC patients, respectively. There were
no significant differences between these correlations for
either male vs female patients, the presence or absence
of remission, or the drug therapies currently used (Table
1). In addition, there was no significant correlation
between Treg percentages measured by qPCR and those
measured with the flow cytometry (r = -0.06, p = 0.73;
Spearman Rho); (Figure 1).

1.5
1.0
0.5

r = -0.06
P = 0.73

0.0
0.0

1.0

2.0

3.0

4.0

Tregs (%)
Measured by flow cytometry

Figure 1 Lack of correlation between the percentages of regulatory T-cells
measured by flow cytometry and qPCR in 35 patients with inflammatory
bowel disease (r = -0.06, p = 0.73; Spearman Rho). CD: Crohn´s disease;
UC: ulcerative colitis.

of the lymphocyte region (forward/sideward scatter).
+
high
From these, the intersection between CD4 CD25
high
low
and CD25 CD127 gates was formed followed by
the identification of Treg cells according to their level
of FOXP3 expression. Data were analyzed with BD
FACS Diva software (Becton Dickinson) to identify the
+
high
low
+
percentage of CD4 CD25 CD127 FOXP3 cells.
As a second method of assessing the Treg percentage
the FOXP3 promoter demethylation signature was
determined using methylation-sensitive real-time
[6,13,14]
PCR as previously described
and adapted in our
[15]
laboratory . Briefly, genomic DNA was isolated by
®
NucleoSpin columns (Macherey-Nagel; Düren, Germany)
and treated with bisulfite for conversion of unmethylated
TM
cytosine into uracil (EZ DNA Methylation Gold , Zymo
Research, Irvine, California). After quantification in
triplicates of methylated and unmethylated FOXP3-specific
PCR products by use of real-time PCR and methylation®
specific primers on a LightCycler 480 (Roche Diagnostics;
Mannheim, Germany), the FOXP3 demethylation status
was calculated as a ratio. Due to X-chromosomal
inactivation of the FOXP3 gene the results for female
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DISCUSSION
These data suggest that, at least in this small cohort of
IBD patients, either Treg-related immune function or the
clinical scores did not accurately reflect actual disease
activity. It is possible that either a different scoring
system or measurement of tissue e.g., from intestine
biopsies rather than circulating Treg percentages
[3,16-18]
would have been more predictive
. Interestingly,
in a small study that included septic patients a weak
correlation between flow cytometry and demethylation
[19]
PCR methods could be demonstrated . However, the
lack of correlation between the two measures of Treg
percentages is consistent with studies that suggest that
+
high
low
FOXP3 activity is not confined to CD4 CD25 CD127
[18,20]
. This
cells and can be expressed in non-Treg cells
is also consistent with reports that the flow cytometry
methods that have been previously used to identify
Tregs are incapable of separating induced from
[17]
natural Tregs . More recently Neuropilin 1 (Nrp1)
expression has been proposed as a method capable of
[21]
distinguishing between nTregs and iTregs . Measuring

3327

March 21, 2015|Volume 21|Issue 11|

Brandhorst G et al . Non-equivalence between flow cytometry and qPCR

Innovations and breakthroughs

demethylation status at the FOXP3 locus using TSDR
may also aid in the differentiation of Treg subtypes
due to the different degree of methylation in nTregs
[10]
and iTregs . Thus TSDR demethylation assays would
be expected to identify primarily nTregs which would
explain why the two assays found different percentages
of Tregs in these IBD patients. Differences can also be
caused by analytical interference from drug therapy.
For example basiliximab has been shown to interfere
[22]
with the detection of CD25 in flow cytometry assays .
However, for tumour necrosis factor alpha antibodies
like infliximab are unlikely to interfere due to their
different mode of action.
In the present preliminary study a cohort selection
effect might be a limiting factor. In addition to selfassessment scores the disease activity could be
assessed using other methods including endoscopy
and/or by more objective, cheaper and conventional
biochemical markers for inflammation such as fecal
calprotectin, C-reactive protein in serum, platelets,
leukocytosis, IL-6, etc. Determination of Treg
populations in peripheral blood would be an expensive
routine measure of disease activity. Finally, Treg
proportions in the blood may not really represent Treg
proportions in the lamina propria. The determination of
Treg subtypes in the inflamed mucosa might have more
pathogenic relevance.
Until the cause(s) for these differences are more
clearly defined, the results suggest caution in interpreting
studies of Tregs in various inflammatory disorders.
In conclusion, in this study neither Treg percentages
in whole blood measured by flow cytometry or qPCR
correlated with self-reported disease activity. This
suggests that either Treg-related immune function
or the clinical scores did not accurately reflect actual
disease activity. Additionally, the flow cytometry and
qPCR methods did not produce equivalent measures
of the percentage of Tregs in these 35 adult IBD
patients which is consistent with the conclusion that
Tregs subtypes are not equally detected by these two
assays.

Either Treg-related immune function or the clinical scores in these IBD patients
did not accurately reflect actual disease activity.

Applications

The lack of correlation between these two assays for quantification of Tregs
suggests caution in interpreting studies of Tregs in various inflammatory
disorders.

Terminology

Expression of the forkhead box P3 (FOXP3) gene has been claimed to be a
specific marker of Tregs.

Peer-review

The authors clearly show that there is poor correlation between two different
metods for measuring Tregs in perfiferal blood. Thus, studies on Tregs in
various inflammatory disorders should be read with great caution.
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Abstract
AIM: To study the results of stem-cell therapy under a
Compassionate-use Program for patients with recurrent
anal fistulae.
METHODS: Under controlled circumstances, and approved
by European and Spanish laws, a Compassionate-use
Program allows the use of stem-cell therapy for patients
with very complex anal fistulae. Candidates had
previously undergone multiple surgical interventions
that had failed to resolve the fistulae, and presented
symptomatic recurrence. The intervention consisted of
limited surgery (with closure of the internal opening),
followed by local implant of stem cells in the fistula-
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tract wall. Autologous expanded adipose-derived stem
cells were the main cell type selected for implant. The
th
first evaluation was performed on the 8 postoperative
week; outcome was classified as response or partial
response. Evaluation one year after the intervention
confirmed if complete healing of the fistula was
achieved.

INTRODUCTION
A limited surgical treatment in recurrent perianal
fistulae often results in new recurrence, whereas there
is a high risk of fecal incontinence if an extensive
[1-3]
surgical treatment is performed . The use of stem
cells to treat complex fistulae is a promising area of
[4,5]
research , for they may help to regenerate damaged
perianal tissue. Especially in Crohn’s disease, the
presence of these cells could favor healing through
[6-9]
anti-inflammatory and immunomodulatory effects .
Various randomized controlled trials using stem cells
for the treatment of anal fistulae have already been
conducted, and all of them show an excellent safety
profile. Nevertheless, the real efficacy is currently
[5]
difficutl to assess . A recent Spanish study revealed
that the mean annual global cost of conventional
treatments for patients with Crohn’s disease and
[10]
perianal fistulae is > € 8000/year .
According to current regulatory issues at the time
(2002), our team started a clinical trial process in
order to test the ability of adipose-derived stem cells
(ASC) to improve healing in complex perianal fistulae,
including those associated with Crohn’s disease.
The chosen cell source was adipose tissue because
the harvesting process for ASC following liposuction
was simple and could be performed in our on-site
[11]
laboratory . To the date, we have finished a complete
[12]
[13]
clinical trial process: a pilot study , and Phase Ⅱ and
[14]
Phase Ⅲ clinical trials . Although a complex perianal
fistula is the worst scenario, we observed satisfactory
healing in our patients, without associated fecal
incontinence. We are currently developing novel clinical
trials directed to test different strategies in order to
[5]
improve our results .
Some of the patients with multi-recurrent anal
fistulae did not meet the strict eligibility criteria of
clinical trials or were scheduled in control groups. The
only option to treat these fistulae with stem cells was
by “compassionate use”. To achieve this, the European
regulatory laws and the Spanish Medicine Agency
guidelines were followed in order to obtain regulatory
permissions. Under the Compassionate-use Program,
the surgical technique and the cells’ lineage is tailored
for each patient, reinforcing the possibilities of cure,
as opposed to the clinical trial setting. In these special
cases, we performed minimal surgical maneuvers
(limited surgery) directed to the conditioning of the
surgical field, followed by implant of cells, in order to
improve healing. This strategy enabled us to avoid
[6]
anal sphincter injury and facilitated cell homing .
The aim of this paper is to report our experience
in a clinical trial- complementary Compassionateuse Program, and discuss the possible clinical uses of
stem cells in the future, focusing on the treatment of
complex and recurrent perianal fistulae.

RESULTS: Ten patients (8 male) with highly recurrent
and complex fistulae were treated (mean age: 49
years, range: 28-76 years). Seven cases were nonCrohn’s fistulae, and three were Crohn’s-associated
fistulae. Previous surgical attempts ranged from 3
to 12. Two patients presented with preoperative
incontinence (Wexner scores of 12 and 13 points).
After the intervention, six patients showed clinical
th
response on the 8 postoperative week, with a
complete cessation of suppuration from the fistula.
Three patients presented a partial response, with
an evident decrease in suppuration. A year later,
six patients (60%) remained healed, with complete
reepithelization of the external opening. Postoperative
Wexner Scores were 0 in six cases. The two patients
with previous incontinence improved their scores from
12 to 8 points and from 13 to 5 points. No adverse
reactions or complications related to stem-cell therapy
were reported during the study period.
CONCLUSION: Stem cells are safe and useful for
treating anal fistulae. Healing can be achieved in severe
cases, sparing fecal incontinence risk, and improving
previous scoring.
Key words: Adipose-derived stem cells; Cell therapy;
Compassionate use; Crohn’s disease; Fistula-in-ano
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our group has performed various clinical trials
with adipose stem cells. Patients with very complex
fistulae, multiple previous surgeries, and treatment
failure are generally not able to enter these studies
despite the benefit and “last chance” of cure. We
present the results of a Compassionate-use Program,
which enabled the application of stem-cell therapy to
these patients, under strict regulations. Ten patients
were treated, and after one year of follow-up, we
conclude that adipose stem cells are effective and safe,
and 60% of the patients achieved complete healing.
Garcia-Olmo D, Guadalajara H, Rubio-Perez I, Herreros MD,
de-la-Quintana P, Garcia-Arranz M. Recurrent anal fistulae:
Limited surgery supported by stem cells. World J Gastroenterol
2015; 21(11): 3330-3336 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i11/3330.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3330
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Table 1 Study data
ID

Sex

Age Crohn’s
Park’s
(yr) disease classification

1
2

Male
Male

58
43

No
No

Ⅲ

3
4
5

Male
Male
Female

76
57
45

No
No
Yes

Ⅲ

6
7
8

Male
Male
Male

35
40
59

Yes
Yes
No

9
10

Male
Female

50
28

No
No

Initial
incontinence
score (Wexner)

Surgical technique

Fibrin
glue

8
4

1
Unknown

No
Yes

eASC
eASC

Yes
Yes

0
4

Yes
No

5
12
6

0
0
12

Flap + deep curettage
IO closure + partial
fistulectomy
IO closure + deep curettage
IO closure + deep curettage
IO closure + deep curettage

Yes
Yes
Yes

eASC
eASC
eASC

Partial
Yes
Partial

0
0
8

No
Yes
Yes

5
3
11

Unknown
Unknown
13

IO closure + deep curettage
IO closure + deep curettage
Flap + deep curettage

No
Yes
No

No
Yes
Partial

0
0
5

No
Yes
No

3
5 + ileostomy

Unknown
Not evaluable

Fistulotomy
Flap + partial fistulectomy

Yes
Yes

eASC
eASC
eASC
Allog
eASC
SVF

Yes
Yes

0
Not
evaluable

Yes
Yes

Ⅱ

Ⅲ
Ⅳ (multiple

Cells Response Incontinence Healing
th
th
one year
8 week
score 8
after
week

Previous
surgical
attempts

tracts)
Ⅱ (stenosis)
Ⅲ
Ⅱ

I
Ⅲ

IO: Internal opening; eASC: expanded adult stem cells; Allog: Allogeneic; SVF: Stromal vascular fraction.

was digested with type Ⅰ collagenase (Gibco) at a final
concentration of 0.075% in saline solution at 37  ℃ for
45 min.
Collagenase was inactivated with Dulbecco’s
modified Eagle’s medium (DMEM; Gibco) containing
fetal bovine serum (10% v/v). Cells in suspension
were then centrifuged for 10 min (250 × g) and PBS
was used again to wash the pellet. Centrifugation was
repeated and afterwards the remaining erythrocytes
were lysed by treating the suspension with ammonium
chloride 160 mmol/L for 10 min at room temperature.
To conclude the cellular extraction, a final wash and a
filtration of the product through a 40 μm nylon mesh
was performed.
Before injection, cells were suspended in sterile
ringer-lactate solution (Griffols S.A., Barcelona, Spain).
Morphologic determinations and phenotypic analyses
were performed during product obtention. Data are
[12]
partly published in García-Olmo et al . The cell
viability was always > 95% as determined by trypanblue (Sigma-Aldrich, St Louis, MO, United States).

MATERIALS AND METHODS
We present an observational study, including 10
patients (8 male and 2 female) with recurrent perianal
fistulae who had previously undergone at least three
surgical interventions (maximum: 12, average: 6.2),
with failure to resolve the fistula. The mean age of the
patients was 49 years, and ranged from 28 to 76 years
(Table 1). Seven patients presented complex non[15]
Crohn’s fistulae (four were Parks’ type Ⅲ) and three
patients had Crohn’s-associated perianal fistulae. Two
of these patients complained of fecal incontinence at
the moment of enrollment in this study, with a Wexner
[16]
Score > 10.
Autologous expanded adipose-derived stem cells
(eASC) were selected in eight cases. Another case
was treated using stromal vascular fraction (SVF) and
in the last one, allogeneic adipose derived stem cells
(Allo-eASC) were employed.
Both eASC (autologous and allogeneic) and SVF
protocols were approved by the Ethics Committee of
La Paz University Hospital in accordance with Spanish
law, and by the Spanish Medical Agency according
to European Medicine Agency (EMA) guidelines. All
patients signed a detailed informed consent prior
to any intervention, which included permission for
data publication. Our institutional Committee on
Human Experimentation (La Paz University Hospital)
supervised all interventions performed. All ethical
standards were in accord with those of the Helsinki
Declaration (1975).

Autologous stem cell expansion and preparation for
implantation

The released cellular fraction (SVF) was seeded at
4
2
2-3 × 10 cells/cm . Culture was carried out in DMEM
with 10% fetal bovine serum and 1% ampicillin/
streptomycin. No additional supplements were added.
The atmospheric conditions were 37  ℃ with a 5% CO2
atmosphere.
Cells were re-plated once 80% confluency was
confirmed; their prior detachment was performed by
trypsinization (trypsin-EDTA; Gibco). This cycle was
repeated up to three times until the required number
of cells for implantation was obtained. Due to logistics
and personal issues, in two cases the cells were then
frozen for preservation.
Morphologic determinations and phenotypic
analyses were performed by flow cytometry during

SVF from lipoaspirate

The liposuction was performed by a plastic surgeon
and obtained 80-100 ml of fat. Phosphate buffered
saline (PBS; Gibco of Thermo Fisher Scientific,
Waltham, MA, United States) was used to wash the
raw lipoaspirate and remove local anesthetics and
cells. To extract the cellular fraction, the washed fat
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[19]

expansion. Mycoplasma was detected using a Myco
Alert Mycoplasma Detection Kit (Cambrex Corp.,
East Rutherford, NJ, United States). Data are partly
[12]
published in García-Olmo et al .
At least one week before the surgical intervention
was scheduled, expanded ASCs were prepared (washed
with PBS, trypsinized, and centrifuged). Their viability
was checked (> 95%), and finally the cells were
resuspended in ringer-lactate solution (Griffols S.A.) at
the desired volume and concentration (depending on
the fistula) for their immediate use.

evaluation

.

RESULTS
Of the ten highly recurrent perianal fistulae treated,
6/10 (60%) showed a clinical response 8 wk after the
procedure, and 3/10 (30%) showed a partial response.
One year later, 6/10 (60%) remained healed, with
the external opening being completely epithelialized
(Table 1). Postoperative results of Wexner Scores for
[16]
Incontinence
were 0 in 6 cases. In the two patients
with previous fecal incontinence, the scoring improved
from 12 to 8 and from 13 to 5. No adverse reactions
or complications related to stem-cell therapy were
reported during the study period.
No statistical relationships have been established
between the use of fibrin glue, surgical approach or
cell lineage, due to the small number and variability of
patients.

Allogeneic stem cell expansion and preparation for
implantation

These cells were manufactured from donors by Tigenix
SAU (Madrid, Spain) according to EMA permissions
and regulations from healthy donors. The expansion
protocol was similar to that of autologous procedures.

Treatment procedure and evaluation of healing

All surgical procedures were performed at La Paz
University Hospital (Madrid), by the same team of
surgeons, belonging to the Colorectal Surgery Unit.
In all cases, a deep curettage of the tracts was first
performed, and then the ASC suspension (50%) was
injected through a long, fine needle into the tract walls.
The injections were superficial; not deeper than 2 mm.
In seven cases, the fistulous tract was sealed with
fibrin glue (Baxter Inc., Deerfield, IL, United States)
containing a portion (1 ml) of the cells. The fibrin
glue was used as a sealant to finalize the procedure
in order to ensure cells remained in the fistulous area.
The main reason for injecting a percentage of the
ASC into the fibrin glue was to have a reservoir in
the area so they could act for longer. However, recent
investigations indicate that cells alone are sufficient for
[17,18]
a therapeutic effect
.
In very complex perianal fistulae, a partial
fistulectomy was performed without removing intrasphincteric tracts. The closure of the internal opening
was achieved by stitches in six cases and by a mucosal
advancement-flap in three cases. In the remaining
patient, a fistulotomy was performed.

Treatment outcomes

DISCUSSION
Following strict regulations, we treated ten patients
with recurrent perianal fistulae, achieving a 90%
response and a complete healing after one year in
six cases, with no associated incontinence. Moreover,
in two cases, previous incontinence was reduced. It
is important to remark that the performance of this
therapeutic strategy does not produce injury to the
anal sphincter, because intrasphincteric-tract resection
is not required. Although this is not a randomized
controlled trial, the results are similar to those already
[12-14]
published
.
ASCs enlarge the therapeutic arsenal for anal
fistulae, and can be considered an interesting tool
for the regeneration/repair of wounds or chronically
damaged tissues. The specific mechanism of action
of ASCs is still under study, but it has been widely
[6]
demonstrated that these cells improve healing . Two
different biologic effects are responsible for this healing
effect: proliferation and differentiation on the one
hand, and immune regulation and local suppression of
[6]
inflammation on the other .
According to the EMA, ASC treatments in the EU
should be administered only under clinical trials or
other controlled conditions, such as Compassionateuse Programs. It is important to remark that all
clinical uses of stem cells outside of these regulatory
conditions are considered illegal. This is clearly stated
in the law RD 1015/2009. In this way, in February
2011, the EMA published a report on stem cell-based
medicinal products. It expressed concerns about the
unregulated use of medicinal products containing
ASCs.
In this context, one of the limitations of our
study is the small number of patients included. We
believed that a limited surgical treatment supported
by ASC could be beneficial for these patients; but only
those that did not meet the inclusion criteria or were

th

A first evaluation was performed on the 8 pos
toperative week, and a final evaluation was scheduled
one year after the procedure (although patients
attended the outpatient clinic in between, at variable
intervals). Response was defined as a complete
cessation of suppuration on week 8, despite not
achieving a complete re-epithelization. Partial response
was defined as an evident decrease in suppuration.
Healing was defined as no suppuration from the
external orifice, achieving a complete re-epithelization
after one year of follow-up. These intervals of time
for follow-up were selected following published data
about the best periods for long-term fistula follow-up
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Table 2 Published studies on stem cell therapy for anal fistulae
Ref.

Year

García-Olmo et al[11] 2003
García-Olmo et al[12] 2005

García-Olmo et al[13] 2009
García-Olmo et al[22] 2010
Ciccocioppo et al[25]

2011

Cho et al[24]

2012

Herreros et al[14]

2012

Herreros et al[14]

2012

Guadalajara et al[23]

2012

de la Portilla et al[17]

2012

Lee et al[20]

2013

Condition

Study design

Recto-vaginal fistula in Crohn’s
Case report
disease
Enterocutaneous, recto-vaginal,
Phase Ⅰ
perianal fistula in Crohn’s
disease
Perianal fistula with or without
Phase Ⅱ
Crohn’s disease
Recto-vaginal fistula in Crohn’s
Case report
disease
Enterocutaneous and complex
Case report
perianal fistula in Crohn's
disease
Phase Ⅰ
Perianal fistula in Crohn’s
disease
Complex perianal fistula
Phase Ⅲ
without Crohn’s disease
Complex perianal fistula
Observational
without Crohn’s disease
Perianal fistula with or without Observational
Crohn’s disease
Phase Ⅰ/Ⅱ
Perianal fistula in Crohn’s
disease
Perianal fistula in Crohn’s
Phase Ⅱ
disease

Cell source

Cell quantity (dose)

Intervention model

Autologous eASC

1 × 107

Single arm

Autologous eASC

1-3 × 107 re-suspended
in fibrin glue

Single arm

Autologous eASC

Not specified

Allogenic eASC

Not specified

Two arms: fibrin glue,
fibrin glue + eASC
Single arm

Expanded
autologous bone
marrow
Autologous eASC

5 × 107

Single arm

Autologous eASC
Autologous eASC
Autologous eASC
Allogeneic eASC
Autologous eASC

Not specified

Single arm: dose
escalation study
2 × 107 then 4 × 107 if no Three arms: fibrin glue,
effect
eASC, fibrin glue + eASC
2 × 107 then 4 × 107 if no Three arms: fibrin glue,
effect
eASC, fibrin glue + eASC
Not specified
Two arms: fibrin glue,
fibrin glue + eASC
2 × 107 then 4 × 107 if no
Single arm
effect
Depending on the
Single arm
fistula. Re-dosing (1.5
times) if no effect

SAE: Serious adverse events (those requiring hospital admission > 24 h); eASC: expanded adult stem cells.

scheduled in control groups of our clinical trials could
be selected for the present study.
Various randomized controlled trials using ASCs for
the treatment of anal fistulae have been conducted,
and all of them show an excellent safety profile.
Nevertheless, the actual efficacy is difficult to assess.
To date, there are 11 published papers including data
on stem cell-based treatment of anal fistulae (Table
[11]
2). The first one was published in 2003 , and the last
[20]
was published very recently, in 2013 . Eight of these
[11-14,17,21-23]
have been published by Spanish groups
,
[20,24]
two other papers come from South Korea
, and
[25]
one from Italy . The majority refer to ASC treatment
of Crohn’s disease-related fistulae. The Italian study
was the only one to select bone marrow as the ASC
[25]
source for the treated fistula . The rest of the studies
employed autologous or allogeneic cells from adipose
tissue. In all studies, cells were expanded, and a wide
[25]
range of doses applied. Except for the Italian study ,
all procedures included closure of the internal opening,
and in all cases the cell injections were intra-lesional.
Over three hundred patients have been enrolled in
these studies and the most important result is the
assurance of the excellent safety profile of stem cells:
no serious cell-related adverse events were described.
Regarding efficacy, results show very different profiles,
but about 40%-60% of patients achieved healing (Table
3).
The cost of the treatment is another important
issue. Nowadays, the production cost of expanded
ASCs (Good Manufacturing Practice compliant) can

WJG|www.wjgnet.com

range from € 8000-12000, though the production
[13]
could be reduced to € 3000-4000 without expansion .
We estimate that a high scale industrial production
could significantly reduce the expenses. A reasonable
strategy that we propose, considering the high cost of
cell expansion and our previous results, would be to
apply a first treatment with SVF, freeze a portion of the
cells obtained, and propose a second treatment with
expanded cells in cases achieving no response after
eight weeks.
Treatment of recurrent fistulae is a difficult surgical
challenge. In these patients, the pursuit of healing
usually involves multiple operations, with a subsequent
perianal scarring and distortion. In the most complex
cases, the condition is worsened by the accompanying
fecal incontinence. Therefore, these individuals are
progressively more difficult to treat, resulting in the
[26]
exasperation of both the patient and the surgeon .
In these cases, wound healing is a critical issue, and
indeed, new approaches are needed. For the reasons
outlined earlier, we believe that once available, ASCs
will fulfill a clear and previously unmet medical need,
helping to improve the healing and hence the quality
of life of patients with recurrent perianal fistulae.
In conclusion, limited surgery supported by ASCs
may constitute as a new therapeutic strategy in the
treatment of recurrent fistulae.
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Table 3 Outcomes of published clinical experience of stem cell treatment for anal fistula
Ref.

Procedure

García-Olmo et al[11]
García-Olmo et al[12]
García-Olmo et al[13]

García-Olmo et al[22]
Ciccocioppo et al[25]
Cho et al[24]
Herreros et al[14]

Healed (n )

No. of patients treated

Follow-up (mo)

Recurrence (n )

SAE (n )

3

0

0

12

Not specified

0

12

4 (1 related to
fibrin glue, others
unrelated)
0

Closure of IO. Injection in
1
1
site, without fibrin glue
Cells resuspended in fibrin
9
6
glue. Injection in site
Closure of IO. Injection in
Fibrin glue: 25
Fibrin glue: 3
site
Fibrin glue + eASC: 24 Fibrin glue + eASC: 17
Closure of IO. Injection in
site, without fibrin glue
Four injections in site
Closure of IO and fibrin
glue. Injection in site
Closure of IO. Injection in
site

1

1

36

Fibrin glue: 0
Fibrin glue +
eASC: 2
1

10
9

7
3

12
15

0
0

0
0

eASC: 64
Fibrin glue + eASC: 60
Fibrin glue: 59

eASC: 27
Fibrin glue + eASC: 24
Fibrin glue: 23

6

4 unrelated to
study treatment

12

eASC: 0
Fibrin glue +
eASC: 4
Fibrin glue: 0
Not specified

0

Herreros et al[14]

Closure of IO. Injection in
site

Not specified

Guadalajara et al[23]

Closure of IO. Injection in
site

Fibrin glue: 13 Fibrin
glue + eASC: 21

eASC: 57%
Fibrin glue+ eASC:
52.4%
Fibrin glue: 37.3%
Fibrin glue: 3
Fibrin glue + eASC: 10

de la Portilla et al[17]

Closure of IO. Injection in
site, without fibrin glue
Injection in site and fibrin
glue

24

9

4

Fibrin glue: 1
Fibrin glue +
eASC: 5
Not specified

43

27

12

4

Lee et al[20]

38

1 unrelated to
study treatment

2 unrelated to
study treatment
0

IO: Internal opening; SAE: Serious adverse events (those requiring hospital admission > 24 h); eASC: expanded adult stem cells.
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aspects and taking care of the patients.

This study, and various others in a randomized controlled trial setting, suggests that
the surgical application of stem cells in anal fistula tract is a potentially therapeutic
strategy that could resolve even the most recurrent and complex fistulae. In the
same direction, ACSs are being used for the regeneration of skin, cartilage, bone,
cornea, endothelium, etc. Applications to other organs, such as the heart and
lung, and the nervous system have raised high expectations in the field. Research
continues, and new applications are sure to develop in the near future.

COMMENTS
COMMENTS
Background

Terminology

The concept of stem cell therapy came from the possibility of obtaining an
immature cell that could differentiate into a specific lineage if placed in the
correct environment. One of the first examples was the transplantation of stem
cells in hematologic patients, which could achieve the regeneration of normal
marrow, and is now widely used. Following this idea, researchers raised the
question of whether or not there could be different stem cells for other organs,
or even embryonic cells that could develop into any of them. The study and
therapeutic use of these types of cells could be the answer for many incurable
injuries and diseases.

An anal fistula is an abnormal conduct communicating the anal canal with the
perianal skin. The fistula tract typically breaks through the sphincters, and
can have multiple ramifications. If one of the openings is blocked, an abscess
occurs, which can worsen the condition. Drainage of these abscesses and
surgical attempts to close the fistula can damage the muscle of the sphincters
and cause fecal incontinence. The former, associated to suppuration and
pain are the most common symptoms, creating a permanent discomfort for
patients. Adult (somatic) stem cells are undifferentiated cells that can be found
in differentiated tissue (such as bone, fat, and muscle) and have the potential
to give rise to the specialized cell types present in the tissue from which
they originate. A stem cell fulfills three characteristics: self-renewal capacity,
differentiation potential, and in vivo engraftment capacity. Stem cell therapy: use
of stem cells to replace those from damaged or diseased tissue. The source of
the cells can either be the patient (autologous), another individual (allogeneic),
or an animal (xenogeneic).

Research frontiers

Complex and recurrent anal fistulae (whether associated or not to Crohn’s disease),
constitute an important surgical problem, which can be difficult to solve. Many
strategies have been proposed to achieve healing, including different surgical
techniques, including fibrin glues and plugs. The application of stem cells in the
fistula tract promotes the “closure” of the fistula by stimulating the regeneration
of the tissue, both by direct growth and immunomodulatory effects. The exact
mechanisms by which stem cells induce healing are still under investigation.

Peer-review

A good and interesting study even though it includes only ten patients.
However, the results are very useful to speculate about the best current
treatment of recurrent complex fistulae. It will be interesting if a randomized
cross-over multicenter study can confirm these results with stem cell therapy in
the complex anal fistulae.

Innovations and breakthroughs

An increasing number of randomized controlled trials have tested the
application of adipose-derived stem cells (ASCs) in perianal fistulae, with
variable rates of success. In the present study, we applied ASCs to the worst
patients, those with recurrent fistulae despite multiple previous treatments
and interventions. In these desperate cases, even a partial response to the
treatment was a success, as patients’ distress was a constant after so many
failures. ACSs were remarkably effective and we achieved healing in 60% after
one year of follow-up.
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Economic and medical benefits of ultrasound screenings for
gallstone disease
Hung-Ju Shen, Chung-Te Hsu, Tao-Hsin Tung
METHODS: This clinical study was initially conducted in
2002 in Taipei, Taiwan. The study cohort total included
2386 healthy adults who were voluntarily admitted to
a regional teaching hospital for a physical check-up.
Annual follow-up screening with ultrasound sonography
for gallstone disease continued until December 31,
2007. A decision analysis using the Markov Decision
Model was constructed to compare different screening
regimes for gallstone disease. The economic evaluation
included estimates of both the cost-effectiveness and
cost-utility of screening for gallstone disease.

Hung-Ju Shen, Chung-Te Hsu, Tao-Hsin Tung, Cheng Hsin
General Hospital, Taipei 112, Taiwan
Tao-Hsin Tung, Faculty of Public Health, School of Medicine,
Fu-Jen Catholic University, Taipei 24205, Taiwan
Tao-Hsin Tung, Department of Nursing, Kang-Ning Junior
College of Medical Care and Management, Taipei 114, Taiwan
Author contributions: Shen HJ, Hsu CT and Tung TH carried
out the study and drafted the manuscript; Shen HJ participated
in the design of the study and performed the statistical analysis;
Tung TH conceived of the study, and participated in its design
and coordination; all authors read and approved the final
manuscript.
Supported by grant from the National Science Council, No.
NSC-98-2314-B-350-002-MY3 (in part).
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Tao-Hsin Tung, PhD, Cheng Hsin
General Hospital, Shih-Pai, Taipei 112,
Taiwan. ch2876@chgh.org.tw
Telephone: +886-2-28264400
Fax: +886-2-28264550
Received: September 23, 2014
Peer-review started: September 25, 2014
First decision: October 14, 2014
Revised: November 3, 2014
Accepted: December 8, 2014
Article in press: December 8, 2014
Published online: March 21, 2015

RESULTS: Direct costs included the cost of screening,
regular clinical fees, laparoscopic cholecystectomy,
and hospitalization. Indirect costs represent the loss
of productivity attributable to the patient’s disease
state, and were estimated using the gross domestic
product for 2011 in Taiwan. Longer time intervals in
screening for gallstone disease were associated with
the reduced efficacy and utility of screening and with
increased cost. The cost per life-year gained (average
cost-effectiveness ratio) for annual screening, biennial
screening, 3-year screening, 4-year screening, 5-year
screening, and no-screening was new Taiwan dollars
(NTD) 39076, NTD 58059, NTD 72168, NTD 104488,
NTD 126941, and NTD 197473, respectively (p < 0.05).
The cost per quality-adjusted life-year gained by annual
screening was NTD 40725; biennial screening, NTD
64868; 3-year screening, NTD 84532; 4-year screening,
NTD 110962; 5-year screening, NTD 142053; and
for the control group, NTD 202979 (p < 0.05).
The threshold values indicated that the ultrasound
sonography screening programs were highly sensitive
to screening costs in a plausible range.

Abstract

CONCLUSION: Routine screening regime for gallstone
disease is both medically and economically valuable.
Annual screening for gallstone disease should be
recommended.

AIM: To investigate whether screening for gallstone
disease was economically feasible and clinically
effective.
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early; a policy on who should be treated; diagnosis
and treatment are cost-effective; and case-finding
should be a continuous process. The costs of screening
programs and early treatment for GSD might be offset
by these benefits if the early treatment was known
to reduce the incidence of the disease or slow its
progression and reduce the need for cholecystectomy.
However, relevant cost analyses did not consider the
natural history of GSD, and therefore, might have
provided inaccurate estimations. The unique medical
environment of Taiwan requires careful analysis of
the costs and benefits before firm conclusions can
be drawn and standards set. Our previous study
indicated that compared with the control group,
routine screening strategies for GSD reduced the
necessity of cholecystectomy by approximately the
following amounts: annual screening 82.9% 95%CI:
75.7%-90.4%); biennial screening 71.6% (95%CI:
57.0%-88.8%); 3-year screening 64.8% (95%CI:
46.1%-81.5%); 4-year screening 49.6% (95%CI:
23.9%-75.3%); and 5-year screening 32.1% (95%CI:
-2.8%-66.7%)[9]. In this study, we further investigated
whether a routine ultrasound sonography screening
program is a cost-effective strategy for managing GSD
in the Chinese population in Taiwan.

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

Core tip: The results of this economic evaluation of
screening for gallstone disease indicated that routine
ultrasound sonography screening is worthwhile. We
recommend that the Chinese population is screened
annually for gallstone disease, regardless of whether or
not they have been diagnosed with gallstone disease in
the past.
Shen HJ, Hsu CT, Tung TH. Economic and medical benefits of
ultrasound screenings for gallstone disease. World J Gastroenterol
2015; 21(11): 3337-3343 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i11/3337.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3337

INTRODUCTION
Gallstone disease (GSD) is a common gastrointestinal
disease, and > 14% of adults are affected by this
[1,2]
disorder
. In the United States, the direct and
indirect economic cost of treating GSD patients has
been estimated at USD 16 billion annually, and GSD
[3,4]
annually accounts for > 800000 hospitalizations .
Cholecystectomy is considered to be a safe treatment
[2,5]
of choice for symptomatic GSD patients . Never
theless, depending on the clinical manifestations of
the disease and changes in symptoms over time,
expectant management might also present a valid
[2]
therapeutic approach for certain GSD patients . From
the clinical viewpoint, early detection of the disorder
through regular ultrasound sonography screening,
followed by appropriate treatment regime, could avert
the need for cholecystectomy.
Laparoscopic cholecystectomy is widely accepted
in developed countries as the first line of treatment for
uncomplicated GSD. Up to 80% of cholecystectomies
[6,7]
are laparoscopies in such countries
, which are
relatively safe (mortality is < 0.2% and morbidity
< 5.0%) and are highly acceptable to both patients
[2,8]
and physicians . In addition, previous study also
indicated that laparoscopic cholecystectomy is
associated with a significantly shorter hospital stay
and quicker convalescence compared with open
[2]
cholecystectomy .
GSD is an important health problem, therefore,
it is matched to the Wilson criteria for routine
screening. This means that the disease natural course
should be understood; a recognizable latent or early
symptomatic stage; a clinical test is easy to perform
and interpret, reliable, accurate, acceptable, sensitive
and specific; an accepted treatment recognized for
the disease; it is more effective if treatment is started

WJG|www.wjgnet.com

MATERIALS AND METHODS
Data source and collection

We recruited a study cohort to evaluate the economic
implications of GSD screening in Taipei, Taiwan. The
initial study cohort comprised 2386 healthy adults
(1235 men and 1151 women) who were voluntarily
admitted to a regional teaching hospital in Northern
Taiwan to receive a physical check-up. The study was
initially conducted between January and December
2002. Annual follow-up screenings for GSD continued
until December 31, 2007. We analyzed information on
patients who received at least two GSD screenings.
One thousand and seven (42.2%) patients in the
original study group failed to complete the entire
assessment series. Participants who were lost to followup during the 5-year period showed the following
characteristics compared to those who remained: more
advanced age (50.2 ± 10.8 years vs 45.0 ± 9.9 years,
P < 0.0001), higher systolic blood pressure [(SBP);
127.9 ± 21.0 mmHg vs 120.7 ± 19.1 mmHg, P <
0.0001)], and higher fasting plasma glucose (102.6 ±
25.1 mg/dl vs 95.2 ± 24.0 mg/dl, P < 0.0001). All
study procedures were performed in accordance with
the guidelines of our Institutional Ethics Committee and
adhered to the tenets of the Declaration of Helsinki.
The data from all participants remained anonymous.
Access to personal demographic and medical records
was approved by the Human Subjects Review Board at
Cheng-Hsin General Hospital, Taipei, Taiwan.

Diagnosis of GSD

In the present study, GSD was diagnosed by a panel
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Figure 1 Markov Decision Model for two options, that is, screening and non-screening for gallstone disease. GSD: Gallstone disease.

of specialists using real-time ultrasound sonography
(nemio SSA-550A; Toshiba, Japan). The abdominal
region of the patients was examined after they had
fasted for ≥ 8 h, and sonography was used to identify
movable hyperechoic foci with acoustic shadows. The
diagnosis of GSD was classified as follows: single
gallbladder stone; multiple gallbladder stones; and
gallstones requiring cholecystectomy. Gallbladder
polyps were not included. The study cases were
[10]
identified among all types of GSD patients .
To determine consistent criteria for the diagnosis
of GSD, the κ statistic was further used to evaluate
the inter-observer reliability among various medical
specialists. A pilot study was performed using the data
of 100 randomly selected healthy participants; none of
our patients were included in this stage. The κ value
of the inter-observer reliability for the diagnosis of
GSD among the medical specialists was 0.79 (95%CI:
[10]
0.61-0.95) .

on the basis of TreeAge software (DATA 3.5, Tree-Age,
Inc., Williamstown, MA, United States) for medical
decision analyses. This software uses the influence
diagram approach and tree structure.
As Figure 1 shows, a decision analysis using the
Markov Decision Model was constructed to compare
various screening regimens for GSD with no screening
group. The assumption of the no-screening group
was that except for GSD screening, patients still
received routine medical care until they received a
cholecystectomy. According to stochastic process
theory, the Markov Chain Model is determined by both
the initial state and the transition matrix. This model
starts with the decision to screen or not to screen a
patient, and the overall expected value is based on
the expected values of the end nodes rather than all
nodes. As Circle A shows in figure 1, four states of the
natural history of GSD are possible for each decision,
that is, no GSD, single stone, multiple stones, and
requiring cholecystectomy. The initial state distribution
is based on the results of this study. Transition
probabilities from one state to another, representing
the natural course of GSD, were derived by our
previous empirical estimation. In addition, the Circle B
indicated that the same disease process with Markov
property between the screening and non-screening
groups. For each scenario, the expected probability
based on participants’ aggregate experiences, using
data accumulated for each stage during the 10-year
follow-up were calculated.

Economic evaluation of screening for GSD

Markov decision model of screening for GSD:
Decision tree analysis is a statistical technique used
for selecting an optimal decision rule. A study problem
is formulated in a tree-structured format, including
the decision node ( □ ), chance node ( 〇 ), and
value node (△ ). An expected value for each node is
calculated, and the best decision is selected based on
[11]
the expected values . The economic evaluation tool
in this study used to assess the GSD screening was
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by subtracting this number from 1.0, that is, the utility
[12,13]
value = 1.0 - (time traded/time of remaining life)
.
The CUA approach was then used to compare the cost
per quality-adjusted life-year (QALY) gained between
the screened and non-screened groups.

Table 1 Cost assumptions, utility value, transition
probabilities in decision analysis of screening for gallstone
disease
Parameter

Value

Annual direct cost (NTd)
Screening cost1
Regular clinics fee2
Laparoscopic cholecystectomy
Hospitalizations and others
Total
Annual indirect cost (NTd)
Gross domestic product
Utility (quality of life) value
No GSD
Single stone
Multiple stones
Cholecystectomy
Annual transition probability (%)[9]
No GSD → Single stone
Single stone → Multiple stones
Multiple stones → Cholecystectomy

1382
509
11710
26825
40426

Sensitivity analysis and discount rate: One-way
sensitivity analyses were conducted on individual
estimates to assess the effect of screening for GSD
on costs, effectiveness, and utility. To account for
time preference (i.e., receiving a benefit earlier and
incurring the cost later) we discounted all costs and
benefits to the present value at 5% annually.

635670
0.92 ± 0.10
0.90 ± 0.12
0.89 ± 0.19
0.88 ± 0.08

RESULTS
Table 1 shows the annual direct and indirect cost
of GSD screening in the decision analysis. Direct
costs included the cost of screening (NTD 1382),
regular clinical fees (NTD 509), cost of laparoscopic
cholecystectomy (NTD 11710), and cost of hospi
talization and others (NTD 26825). The total annual
direct costs are estimated as NTD 40426. Indirect
costs represent the loss of productivity attributable
to the patient’s disease state, and were estimated at
NTD 635670 using the gross domestic product (GDP)
for 2011 in Taiwan. The utility value for no GSD, single
stone, multiple stones, and cholecystectomy was
0.92 ± 0.10, 0.90 ± 0.12, 0.89 ± 0.19, and 0.88 ±
0.08, respectively. In addition, the annual transition
probabilities from each stage to the next stage were as
follows: no GSD to single stone, 5.05%; single stone
to multiple stones, 10.00%; and multiple stones to
[9]
cholecystectomy, 13.76% .
Table 2 shows the results of CEA for various GSD
screening programs during the 10-year follow-up.
Annual screening incurred the lowest cost and yielded
the greatest effectiveness. The cost per life-year
gained (average cost-effectiveness ratio) for annual
screening, biennial screening, 3-year screening, 4-year
screening, 5-year screening, and control (no-screening)
was NTD 39076, NTD 58059, NTD 72168, NTD
104488, NTD 126941, and NTD 197473, respectively.
Compared with the non-screened group, the screened
groups showed greater effectiveness and lower costs.
In other words, any screening program was more costeffective than no program.
Table 2 also shows the results after adjusting
for utility. Annual screening provided the highest
QALY combined with the lowest cost. The cost per
QALY gained of annual screening, biennial screening,
3-year, 4-year, and 5-year screenings, and for the
no screening was NTD 40725, NTD 64868, NTD
84532, NTD 110962, NTD 142053, and NTD 202979,
respectively. Compared with not screening, routine
screening provided greater effectiveness at a lower
economic cost. Any screening program was more costeffective than no program at all.
Table 3 shows the sensitivity analysis of CEA and

5.05
10.00
13.76

1

Screening cost includes clinician’s fee, ultrasound examination, SMA-12
test, and manpower cost; 2Regular clinics fee includes clinician’s fee and
pharmacist’s fee. GSD: Gallstone disease; NTD: New Taiwan dollars.

Cost estimation: Both the direct and indirect costs
both were analyzed. Direct costs included the cost of
GSD screening, cost of regular clinical fees, and further
treatment costs. For indirect costs, we included only
the loss of productivity for the patient because of time
off work for treatment. Due to the fact that participants
were not accompanied every time by an attendant,
the cost of an attendant was not considered. The
average time off work for treatment was estimated by
the specialists. All costs are expressed in new Taiwan
dollars (NTD).
Cost-effectiveness analysis (CEA) and costutility analysis (CUA): We conducted a CEA to
compare the cost per life-year gained by the screened
patients relative to the non-screened group. To adjust
for quality of life, a series of utility scores was assigned
based on the CUA, as follows: no GSD, single stone,
multiple stones, and requiring cholecystectomy. The
time trade-off method was used to evaluate the
utility value according to a standard procedure with
[12]
modification . A scenario was described to the
participants as follows: “Imagine a situation in which
you could live for 10 years with your current health
status. Now imagine you were given the opportunity
to restore your health status to perfect health. This
opportunity could increase your quality of life, but
would also decrease your chance of survival. What is
the maximum number of years you would be willing
to forgo so that you could receive this opportunity and
have the best health for the remainder of your life?”
Then the utility value was calculated as follows:
the number of years a patient was willing to trade
in return for improving one’s health, divided by the
estimated number of years of remaining life, followed
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Table 2 Cost-effectiveness analysis and cost-utility analysis for different screening programs for gallstone disease during 10 years
follow-up
Screening strategy Cost (NTD)
Annual
Biennial
3-yearly
4-yearly
5-yearly
Control group

199856
215231
253908
331477
368002
508117

Effectiveness
(life-years gained)

Cost/effectiveness
(NTD)

ICER (compared to
control group)

Utility
(QALY)

Cost/
utility(NTD)

ICUR (compared to
control group)

5.1146
3.7071
3.5183
3.1724
2.8990
2.5731

39076
58059
72168
104488
126941
197473

Dominate1
Dominate1
Dominate1
Dominate1
Dominate1
-

4.9075
3.3180
3.0037
2.9873
2.5906
2.5033

40725
64868
84532
110962
142053
202979

Dominate1
Dominate1
Dominate1
Dominate1
Dominate1
-

1

Any screening program was more cost-effective than no program. ICER: Incremental cost-effectiveness ratio; ICUR: Incremental cost-utility ratio; NTD:
New Taiwan dollars; QALY: Quality-adjusted life-year.

Table 3 Sensitivity analysis of cost-effectiveness analysis and cost-utility analysis of different screening programs for Gallstone
disease
Variable

Base case

Annual screening
Screening cost (NTD)
Indirect cost (NTD)
Percentage of cholecystectomy
Biennial screening
Screening cost (NTD)
Indirect cost (NTD)
Percentage of cholecystectomy
3-yr screening
Screening cost (NTD)
Indirect cost (NTD)
Percentage of cholecystectomy
4-yr screening
Screening cost (NTD)
Indirect cost (NTD)
Percentage of cholecystectomy
5-yr screening
Screening cost (NTD)
Indirect cost (NTD)
Percentage of cholecystectomy

Range

Threshold of CEA

Threshold of CUA

1382
231834
0.8

1000-50000
0-635670
0.1-0.9

41630
Dominate1
Dominate1

40082
Dominate1
Dominate1

1382
231834
0.8

1000-50000
0-635670
0.1-0.9

38771
Dominate1
Dominate1

37250
Dominate1
Dominate1

1382
231834
0.8

1000-50000
0-635670
0.1-0.9

36048
Dominate1
Dominate1

36003
Dominate1
Dominate1

1382
231834
0.8

1000-50000
0-635670
0.1-0.9

32186
Dominate1
Dominate1

31952
Dominate1
Dominate1

1382
231834
0.8

1000-50000
0-635670
0.1-0.9

29063
Dominate1
Dominate1

28579
Dominate1
Dominate1

1

Any screening program was more cost-effective than no program. CEA: Cost-effectiveness analysis; CUA: Cost-utility analysis; NTD: New Taiwan dollars.

CUA for various GSD screening regimes. The threshold
values showed that screening programs were highly
sensitive to costs within a plausible range. Compared
to no screening, the threshold of CEA in annual
screening, biennial screening, 3-yearly screening,
4-yearly screening, and 5-yearly screening was NTD
41630, NTD 38771, NTD 36048, NTD 32186, and NTD
29063, respectively. The screening cost threshold of
CUA also decreased with increasing screening interval.
For indirect cost and percentage of cholecystectomy,
any screening program was more cost-effective than
no program.

patients with severe or mild symptoms no longer
experienced biliary pain during follow-up, and the
rate of symptom development in asymptomatic
[2]
patients was low . However, participants with GSD
showed increased rates of cardiovascular disease,
cancer, and all-cause mortality compared with no
GSD. This relationship was found among patients
in the United States who were either diagnosed
with GSD after an ultrasound scan, or who had
received a cholecystectomy. The association was
largely unexplained by multiple demographic and
[21]
cardiovascular disease risk factors in this population .
One case-control study in Sweden revealed that more
than twice as many young women who had died of
cancer had received a cholecystectomy than women
[22]
who had died from other causes . Another study
that used a progressive disease model to describe the
natural history of GSD reported that the estimated
mean duration for the stages of no GSD, single
stone, and multiple stones was 18.18 years, 8.77
[9]
years, and 6.76 years, respectively . Based on these
findings, if we assume that no patients progressed

DISCUSSION
The well-known factors related to GSD include type
[14-19]
2 diabetes, obesity, and metabolic syndrome
.
The presence of metabolic syndrome as an insulin
resistance phenotype is related to increased morbidity
[19,20]
in GSD
. A previous study showed that both
asymptomatic and symptomatic GSD patients
displayed a benign natural history. The majority of

WJG|www.wjgnet.com

3341

March 21, 2015|Volume 21|Issue 11|

Shen HJ et al . Evaluation of gallstone screening
directly from having a single gallstone to receiving a
cholecystectomy, the average time to progress from
no GSD to requiring a cholecystectomy is about 33.7
years for the general population. This slow progression
indicates that clinicians should be able to detect single
or multiple stones at an early stage, and thus, reduce
GSD-related mortality.
Currently, it is under discussion if cholecystectomy is
suggested for patients with asymptomatic GSD. However,
in symptom-free patients, it is generally conceived that
[23]
surgical procedures are not recommended .
Evidence-based studies have suggested that
screening for and treating GSD is extremely costeffective. In Chile, a screening program for GSD in a
high-risk population achieved significant benefits at low
incremental costs and acceptable cost-effectiveness.
The incremental cost-effectiveness ratios were as
follows: universal screening and elective intervention,
NTD 180; high-risk intervention, NTD 147; and
[24]
selective screening strategy, NTD 481 . Considering
both cost and efficacy, prevention programs that
screened for GSD resulted in substantial federal budget
savings combined with highly cost-effective health
care. In the present study, the CEA and CUA showed
that annual GSD screening was the most effective
and efficient screening schedule. Thus, the safest and
most aggressive approach to preventing GSD should
include annual screening. In addition, professionals
responsible for establishing standards for the quality
of health care must consider the marginal benefit of
frequent ultrasound sonography examinations.
Economic evaluations are commonly criticized by
decision makers for ignoring budgetary constraints,
which are of prime concern to decision makers.
Stakeholders might encounter financial difficulties
if they adopt too many cost-effective interventions
in which the affordability of a program depends on
[2,25]
the overall volume of patients
. From a clinical
perspective, the annual cost of screening for GSD
(including clinician fees and ultrasound examinations)
is relatively low per patient at USD 29.35 or NTD 882.
Our results showed that an annual screening regimen
could offer greater cost-effectiveness than any longer
screening intervals. However, long-term follow-up
might be affected by difficulties in maintaining contact
with patients; such patients might be unlikely to
remember to schedule an examination after several
years have passed.
The use of primary data and the calculation of
both direct and indirect costs allowed us to estimate
the true benefit of GSD screening more accurately
than in previous studies. Nonetheless, this study
was subject to certain limitations. First, we did not
explicitly consider the sensitivity and specificity of
the GSD screening. A greater understanding of GSD
from the asymptomatic to the symptomatic stage
and the ideal conditions for screening would help
to determine the optimal frequency of sonography
check-ups and the sensitivity and specificity of this
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screening tool. Second, although the κ value for
[26]
inter-observer reliability appeared adequate , nondifferential misclassification-bias identification might
have influenced the results. Third, potential selfselection bias might have occurred because our study
design was hospital-based and the follow-up rate was
relatively low (57.8%). This is more likely caused
by non-respondents with older ages and severe SBP
and fasting plasma glucose than participants, that
is, of it not being exactly representative of the whole
general population. Fourth, because laparoscopic
cholecystectomy is not performed routinely for GSD
(only polyp > 1 cm), further studies will be needed to
explore cholecystectomy (this study recommended it
only in cases with multiple stones): such as patients
with cholecystitis who required cholecystectomy with
one stone or no stone. Finally, our sample size was
too small to estimate certain variables that would
likely affect the optimal screening intervals for GSD.
These variables include comorbidity (e.g., obesity or
type 2 diabetes), influence of GSD development over
time and among various age groups on the stage of
disease, and the occurrence of complications. Further
long-term studies should be conducted to clarify
whether patients whose weight is well controlled, or
those at an early stage of GSD, would benefit from the
least frequent screening interval.
In conclusion, the results of our economic evaluation
of GSD screening suggested that screening is
worthwhile. We recommend that Chinese people are
screened annually for GSD, regardless of whether or
not they have been diagnosed with GSD in the past.

COMMENTS
COMMENTS
Background

Gallstone disease (GSD) is an important health problem, therefore, it is
matched to the Wilson criteria for routine screening. The authors investigated
whether a routine ultrasound sonography screening program is a cost-effective
strategy for managing GSD in the Chinese population in Taiwan.

Research frontiers

The costs of screening programs and early treatment for GSD might be offset
by these benefits if early treatment reduces the incidence of the disease or
slows its progression and reduces the need for cholecystectomy.

Innovations and breakthroughs

Longer time intervals in screening for GSD were associated with reduced
efficacy and utility of screening and with increased cost. The cost per lifeyear gained (average cost-effectiveness ratio) for annual screening, biennial
screening, 3-year screening, 4-year screening, 5-year screening, and noscreening was NTD 39076, NTD 58059, NTD 72168, NTD 104488, NTD
126941, and NTD 197473, respectively (P < 0.05). The cost per quality-adjusted
life-year (QALY) gained by annual screening, NTD 40725; biennial screening,
NTD 64868; 3-year screening, NTD 84532; 4-year screening, NTD 110962;
5-year screening, NTD 142053; and for the control group, NTD 202979 (P <
0.05). The threshold values indicated that the ultrasound sonography screening
programs were highly sensitive to screening costs in a plausible range.

Applications

The results of the present economic evaluation of GSD screening suggested
that screening is worthwhile. The authors recommend that Chinese people
are screened annually for GSD, regardless of whether or not they have been
diagnosed with it in the past.

3342

March 21, 2015|Volume 21|Issue 11|

Shen HJ et al . Evaluation of gallstone screening

Terminology

Considering both cost and efficacy, prevention programs that screened for
GSD resulted in substantial federal budget savings combined with highly costeffective health care. In this study, the cost-effectiveness analysis and costutility analysis showed that annual GSD screening was the most effective and
efficient screening schedule. Thus, the safest and most aggressive approach to
preventing GSD should include annual screening.

12
13

Peer-review

This manuscript purports to show that there are economic and medical benefits
from ultrasound screening for gallstones. Using a Markov Decision model they
calculated QALY gained by different screening regimens. The authors can
clarify if the patients were accompanied every time by an attendant. If yes, then
cost and wages lost of the attendant has to also be taken into consideration. Or
else the authors can state that attendant was not required.

14

15

REFERENCES
1
2

3

4

5
6

7

8
9
10

11

16

Portincasa P, Moschetta A, Palasciano G. Cholesterol gallstone
disease. Lancet 2006; 368: 230-239 [PMID: 16844493 DOI:
10.1016/S0140-6736(06)69044-2]
Festi D, Reggiani ML, Attili AF, Loria P, Pazzi P, Scaioli E,
Capodicasa S, Romano F, Roda E, Colecchia A. Natural history
of gallstone disease: Expectant management or active treatment?
Results from a population-based cohort study. J Gastroenterol
Hepatol 2010; 25: 719-724 [PMID: 20492328 DOI: 10.1111/
j.1440-1746.2009.06146.x]
Everhart JE, Khare M, Hill M, Maurer KR. Prevalence and
ethnic differences in gallbladder disease in the United States.
Gastroenterology 1999; 117: 632-639 [PMID: 10464139 DOI:
10.1016/S0016-5085(99)70456-7]
Zacks SL, Sandler RS, Rutledge R, Brown RS. A population-based
cohort study comparing laparoscopic cholecystectomy and open
cholecystectomy. Am J Gastroenterol 2002; 97: 334-340 [PMID:
11866270 DOI: 10.1111/j.1572-0241.2002.05466.x]
Roda E, Festi D, Lezoche E, Leuschner U, Paugartner G,
Sauerbruch T. Strategies in the treatment of biliary stones.
Gastroenterol Int 2000; 13: 7-15
Teerawattananon Y, Mugford M. Is it worth offering a routine
laparoscopic cholecystectomy in developing countries? A Thailand
case study. Cost Eff Resour Alloc 2005; 3: 10 [PMID: 16259625
DOI: 10.1186/1478-7547-3-10]
Hobbs MS, Mai Q, Fletcher DR, Ridout SC, Knuiman MW.
Impact of laparoscopic cholecystectomy on hospital utilization.
ANZ J Surg 2004; 74: 222-228 [PMID: 15043732 DOI: 10.1111/
j.1445-2197.2004.02955.x]
National Institutes of Health Consensus Development Conference
Statement on Gallstones and Laparoscopic Cholecystectomy. Am J
Surg 1993; 165: 390-398 [PMID: 8480870]
Hsu CT, Lien SY, Jiang YD, Liu JH, Shih HC, Tung TH.
Screening gallstone disease by ultrasound decreases the necessity
of cholecystectomy. Asia Life Sci 2013; 22: 51-60
Liu CM, Tung TH, Chou P, Chen VT, Hsu CT, Chien WS, Lin
YT, Lu HF, Shih HC, Liu JH. Clinical correlation of gallstone
disease in a Chinese population in Taiwan: experience at Cheng
Hsin General Hospital. World J Gastroenterol 2006; 12: 1281-1286
[PMID: 16534886 DOI: 10.3748/wjg.v12.i8.1281]
Tung TH, Shih HC, Chen SJ, Chou P, Liu CM, Liu JH. Economic

17

18
19

20
21
22

23

24
25

26

evaluation of screening for diabetic retinopathy among Chinese
type 2 diabetics: a community-based study in Kinmen, Taiwan. J
Epidemiol 2008; 18: 225-233 [PMID: 18776707]
Brown MM, Brown GC, Sharma S, Shah G. Utility values and
diabetic retinopathy. Am J Ophthalmol 1999; 128: 324-330 [PMID:
10511027]
Brown MM, Brown GC, Sharma S, Busbee B, Brown H. Quality
of life associated with unilateral and bilateral good vision.
Ophthalmology 2001; 108: 643-647; discussion 647-648 [PMID:
11297474]
Chien WH, Liu JH, Hou WY, Shen HJ, Chang TY, Tung TH.
Clinical implications in the incidence and associated risk factors
on gallstone disease among elderly type 2 diabetes in Kinmen,
Taiwan. Int J Gerontol 2014; 8: 95-99
Chen JY, Hsu CT, Liu JH, Tung TH. Clinical predictors of
incident gallstone disease in a Chinese population in Taipei,
Taiwan. BMC Gastroenterol 2014; 14: 83 [PMID: 24775330 DOI:
10.1186/1471-230X-14-83]
Grundy SM. Metabolic syndrome scientific statement by the
American Heart Association and the National Heart, Lung,
and Blood Institute. Arterioscler Thromb Vasc Biol 2005; 25:
2243-2244 [PMID: 16258150]
Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH,
Franklin BA, Gordon DJ, Krauss RM, Savage PJ, Smith SC,
Spertus JA, Costa F. Diagnosis and management of the metabolic
syndrome: an American Heart Association/National Heart, Lung,
and Blood Institute Scientific Statement. Circulation 2005; 112:
2735-2752 [PMID: 16157765]
Eckel RH, Alberti KG, Grundy SM, Zimmet PZ. The metabolic
syndrome. Lancet 2010; 375: 181-183 [PMID: 20109902 DOI:
10.1016/S0140-6736(09)61794-3]
Chen LY, Qiao QH, Zhang SC, Chen YH, Chao GQ, Fang LZ.
Metabolic syndrome and gallstone disease. World J Gastroenterol
2012; 18: 4215-4220 [PMID: 22919256 DOI: 10.3748/wjg.v18.
i31.4215]
Cojocaru C, Pandele GI. [Metabolic profile of patients with
cholesterol gallstone disease]. Rev Med Chir Soc Med Nat Iasi
2010; 114: 677-682 [PMID: 21243792]
Ruhl CE, Everhart JE. Gallstone disease is associated with increased
mortality in the United States. Gastroenterology 2011; 140: 508-516
[PMID: 21075109 DOI: 10.1053/j.gastro.2010.10.060]
Lowenfels AB, Domellöf L, Lindström CG, Bergman F, Monk
MA, Sternby NH. Cholelithiasis, cholecystectomy, and cancer: a
case-control study in Sweden. Gastroenterology 1982; 83: 672-676
[PMID: 7095370]
Portincasa P, Ciaula AD, Bonfrate L, Wang DQ. Therapy of
gallstone disease: What it was, what it is, what it will be. World
J Gastrointest Pharmacol Ther 2012; 3: 7-20 [PMID: 22577615
DOI: 10.4292/wjgpt.v3.i2.7]
Puschel K, Sullivan S, Montero J, Thompson B, Díaz A. [Costeffectiveness analysis of a preventive program for gallbladder disease
in Chile]. Rev Med Chil 2002; 130: 447-459 [PMID: 12090112]
Ubel PA, Hirth RA, Chernew ME, Fendrick AM. What is the
price of life and why doesn’t it increase at the rate of inflation?
Arch Intern Med 2003; 163: 1637-1641 [PMID: 12885677 DOI:
10.1001/archinte.163.14.1637]
Byrt T. How good is that agreement? Epidemiology 1996; 7: 561
[PMID: 8862998]
P- Reviewer: Kang JY, Sureka B, Vasilescu A S- Editor: Ma YJ
L- Editor: Kerr C E- Editor: Zhang DN

WJG|www.wjgnet.com

3343

March 21, 2015|Volume 21|Issue 11|

World J Gastroenterol 2015 March 21; 21(11): 3344-3350
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3344

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Observational Study

Weekly pattern of emergency room admissions for peptic
ulcers: A population-based study
Li-Ting Kao, Ming-Chieh Tsai, Herng-Ching Lin, Femi Pai, Cha-Ze Lee
Li-Ting Kao, Graduate Institute of Life Science, National Defense
Medical Center, Taipei 110, Taiwan
Ming-Chieh Tsai, Division of Gastroenterology, Department of
Internal Medicine, Cathay General Hospital, Taipei 110, Taiwan
Herng-Ching Lin, Sleep Research Center, Taipei Medical
University Hospital, Taipei 110, Taiwan
Femi Pai, School of Medicine, Taipei Medical University, Taipei
110, Taiwan
Cha-Ze Lee, Department of Internal Medicine, National Taiwan
University Hospital and College of Medicine, Taipei 110,Taiwan
Author contributions: Kao LT and Tsai MC conceived of and
designed the study; Lin HC analyzed the data; Lee CZ, Kao LT,
Pai F, and Kao LT wrote the manuscript.
Ethics approval: This study was based on de-identified
secondary data from the LHID2000 released to the public for
research purposes, and thus was exempted from full review by
the National Defense Medical Center’s Internal Review Board.
Informed consent: This study retrieved data from an
administrative dataset. Therefore, informed consent was not
needed.
Conflict-of-interest: The authors declare no conflicts of interest.
Data sharing: The LHID2000, which is open to researchers, is
available from the National Health Research Institute of Taiwan
(http://nhird.nhri.org.tw/date_01.html); dataset available from
nhird@nhri.org.tw.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Cha-Ze Lee, Department of Internal
Medicine, National Taiwan University Hospital and College of
Medicine, No. 1, Changde St, Taipei 110,
Taiwan. czl@ntu.edu.tw
Telephone: +886-2-2736
Fax: +886-2-23789788
Received: November 7, 2014
Peer-review started: November 8, 2014
First decision: November 26, 2014
Revised: December 9, 2014

WJG|www.wjgnet.com

Accepted: January 8, 2015
Article in press: January 8, 2015
Published online: March 21, 2015

Abstract
AIM: To investigate variations in the incidence of peptic
ulcers (PUs) in Taiwan by day of the week within age
subgroups.
METHODS: Ambulatory care data were retrieved from
the Longitudinal Health Insurance Database 2000.
There were 7204 subjects ≥ 18 years-old with an
emergency room admission claim for the treatment of
PUs, resulting in a total of 9234 emergency room visits
for PUs between 2009 and 2011. Data was divided into
the seven days of the week and an additional variable
for holidays. One-way analysis of variance was used to
examine associations among the daily mean number
of PU emergency room admissions and holidays/
weekends/weekdays.
RESULTS: One-way analysis of variance showed that
there was a significant difference in emergency room
admissions for PUs by the day of the week (P < 0.001),
with admission more likely to occur on Sundays or
holidays than weekdays within the total and working
populations. The weekday patterns of admission were
similar for the patients aged 18-64 years and ≥ 65
years of age. Holidays, followed by Sundays, had higher
PU admissions than the mean daily PU emergency room
admissions. Furthermore, inclusion of only those treated
for PUs with hemorrhage or perforation, Sundays and
holidays had higher mean emergency room admissions
than other days. Inclusion of patients who diagnosed
with Helicobacter pylori infection, only holidays had
higher mean emergency room admissions than other
days. Inclusion of patients who had been prescribed
non-steroidal anti-inflammatory drugs (NSAIDs) for over
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30 d, Sundays and holidays had higher mean PU ER
admissions than other non-holiday weekdays.

show a higher incidence of perforated PUs on Tuesdays
[12,13]
and Wednesdays
, whereas a study in Scotland
[14]
revealed a high incidence on Fridays and Saturdays ,
and a Norwegian study found a higher incidence on
[15]
Thursdays and Fridays . Thus, the results of such
chronobiologic studies on the daily variation of PU
incidence remain inconsistent.
The main purpose of this population-based study
was to investigate the variations in PU incidence in
Taiwan by day of the week within subgroups defined
by age. If the weekly pattern associated with PU
onset could be established, it might provide decisive
information for clinicians and ultimately, guide in the
development of preventive strategies.

CONCLUSION: There is a higher incidence of emer
gency room admission for PUs on weekends than on
weekdays for the total and working populations.
Key words: Chronology; Epidemiology; Peptic ulcer;
Weekly pattern
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study used a population-based dataset in
Taiwan to investigate the variations in peptic ulcer (PU)
incidence by day of the week within subgroups defined
by age. We identified 7204 subjects ≥ 18 years-old
with an emergency room (ER) admission claim for
the treatment of PUs, resulting in a total of 9234 ER
visits for PU between 2009 and 2011. There was a
higher incidence of PU admission on weekends than
on weekdays for the total and working populations.
Furthermore, Sundays and holidays had higher mean
ER admissions than other days for cases of PUs with
hemorrhage or perforation.

MATERIALS AND METHODS
Data source

Ambulatory care data were retrieved from the
Longitudinal Health Insurance Database (LHID2000)
published by the Taiwan National Health Research
Institute. The LHID2000 includes de-identified claims
data on one million randomly selected enrollees of
Taiwan’s National Health Insurance program that was
designed to be representative of the total enrolled
population as of December 2000 (n = 23.72 million),
and thus was exempted from full review by the
National Defense Medical Center’s Internal Review
Board. The Taiwan National Health Research Institute
and independent researchers have demonstrated the
representative validity of the sample and the high
data accuracy of the claims-based LHID2000 on the
diagnostic and therapeutic documentation relative to
[16,17]
patient charts
.

Kao LT, Tsai MC, Lin HC, Pai F, Lee CZ. Weekly pattern of
emergency room admissions for peptic ulcers: A populationbased study. World J Gastroenterol 2015; 21(11): 3344-3350
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i11/3344.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i11.3344

INTRODUCTION

Study sample

A peptic ulcer (PU) is a common gastrointestinal tract
disorder that is mainly located in the stomach and
[1-3]
proximal duodenum . Previous studies show that the
overall prevalence of PUs varies by country, e.g., 4.1%
[4]
[5]
in northern Sweden , 8.4% in the United States ,
[6]
and 17.2% in China . In addition, some studies have
reported monthly or seasonal variations in PU-related
disorders among various regions or countries. An
Italian study shows that the number of PU cases is
[7]
lower in summer than in winter, spring, or autumn .
Studies from China and Japan also report that cases
of hemorrhage caused by PU increase during the
[8-10]
winter and decrease during summer
. Furthermore,
researchers in Turkey have observed a peak in the
number of PU incidences in winter, consistent with
[11]
findings of previous studies .
Although prior studies have reported the same
pattern of seasonal variation in PU incidence, very
few studies have focused on PU onset variation with
respect to the daily rhythm of people’s lives. The
majority of such studies were also performed in the
1980s. For example, studies in Canada and Israel
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A total of 9234 emergency room (ER) admission
claims for the treatment of PU (ICD-9-CM codes
530-531) from 7204 subjects ≥ 18 years-old between
January 2009 and December 2011 were identified.
Readmission to the ER within seven days of the first
visit was not counted, but treated as part of the same
episode.

Statistical analysis

The statistical methods of this study were reviewed by
Yi-Hua Chen from the School of Public Health of Taipei
Medical University. Data analyses were performed with
SPSS 10.0 (SPSS Inc., Chicago, IL, United States)
statistical software. Data were divided into the seven
days of the week, with an additional variable for
holidays (defined as national holidays in Taiwan) falling
on weekdays or weekends. The daily mean number of
incidences of PU ER admissions within the week for the
total and each age group (18-64 years old and ≥ 65
years old) is presented.
Subgroup analyses were conducted to investigate
daily mean incidences of PU ER admissions in patients
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Table 1 Demographic characteristics of patients with peptic
ulcers admitted to an emergency room in Taiwan between
2009 and 2011 (n = 7204)

Table 2 Emergency room admissions by weekday of patients
with peptic ulcers

n (%)

Age (yr)
18-44
45-64
≥ 65
Sex
Male
Female
Geographic region
Northern
Central
Southern
Eastern
Urbanization level
1 (most urbanized)
2
3
4
5 (least urbanized)
Monthly income
NTD 1-15840
NTD 15841-25000
≥ NTD 25001

2426 (33.7)
2211 (30.7)
2567 (35.6)
3842 (53.3)
3362 (46.7)
3099 (43.0)
1878 (26.1)
1898 (26.4)
329 (4.6)

Mean

SD

Days

Minimum

Maximum

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Holiday

8.42
7.63
7.91
7.99
7.75
8.65
9.98
12.07

2.86
2.74
3.04
2.80
2.73
3.09
3.12
5.01

149
153
152
154
155
150
152
30

2
2
1
2
2
2
4
5

18
15
15
15
17
18
17
22

14

1796 (24.9)
1869 (25.9)
1137 (15.8)
1182 (16.4)
1220 (16.9)
3308 (45.9)
2593 (36.0)
1303 (18.1)

12

10

8

6
Mon Tue

who had been diagnosed with Helicobacter pylori (H.
pylori) infection (ICD-9-CM code 04186) and in patients
who had been prescribed non-steroidal anti-inflammatory
drugs (NSAIDs) for > 30 d, which are important factors
[18,19]
for young and elderly patients with PUs
.
One-way analysis of variance was used to examine
associations between the daily mean number of PU
ER admissions and holidays/weekend days/work
days. The percentage of variation from the mean
daily figures was calculated as: (specific day ER visit
number - mean daily visit number)/mean daily visit
number. Data are presented as mean ± SD, and
statistical significance was set at P ≤ 0.05.
This study was conducted in accordance with the
Strengthening the Reporting of Observational Studies
[20]
in Epidemiology guidelines .

Wed Thu
Fri
Sat
Day of the week

Sun Holiday

Figure 1 Daily mean incidences and 95%CI of peptic ulcer admitted to the
emergency rooms.

PU ER admissions by weekday are presented in Table
2 and Figure 1. Sundays (9.98 ± 3.12) and holidays
(12.07 ± 5.01) had higher mean PU ER admissions
than other non-holiday weekdays.
Correspondingly, one-way analysis of variance
showed a significant weekly variation of PU onset in
the 18-64 years of age group (P < 0.001), but not for
the ≥ 65 years of age group. The daily mean incidence
of PU ER admissions by age group is presented in
Figure 2.
The percent variations of daily admissions of each
age group from the mean daily admission during the
three-year study period are shown in Figure 3. The
patterns of weekday-wise variations were similar for
the 18-64 and ≥ 65 years of age groups. The patterns
showed an increase on Saturdays and a peak number
on holidays; Sundays and holidays had 13.4% and
37.1% higher PU ER admissions, respectively, than the
mean daily PU ER admissions.
In addition, limiting the PU ER admissions to
those treated for PU with hemorrhage or perforation,
Sundays and holidays still had higher mean ER PU
admissions than other non-holiday weekdays (Figure
4).
Table 3 presents the daily mean incidences of PU
ER admissions for patients diagnosed with H. pylori
infection. Only holidays had higher mean PU ER
admissions than other non-holiday weekdays and

RESULTS
Based on the distribution of sample subjects by
demographic characteristics, the mean sample age
was 57.5 ± 19.8 years (Table 1). Almost half (43.0%)
of the sample subjects resided in northern Taiwan,
where Taipei, the most populated city and region
in Taiwan, is located. Moreover, the lowest income
population (36.0%) was more likely to be affected with
PU than the highest income population (18.1%). These
results might be due to poor standards of hygiene,
psychologic stress, and health risk behaviors in the low
[21]
socioeconomic status population .
In the period of 2009-2011, there was a total of
9234 ER admissions for PU, with a mean of 8.4 ± 3.1
daily PU ER admissions. The daily mean numbers of

WJG|www.wjgnet.com

Variable

Daily mean incidences of peptic
ulcer admitted to emergency room

Variable
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B

10

Daily mean incidences of peptic
ulcer admitted to emergency room

10

Daily mean incidences of peptic
ulcer admitted to emergency room

A

8

6

4

2
Mon Tue Wed Thu
Fri
Sat
Day of the week

Sun Holiday

8

6

4

2
Mon Tue

Wed Thu
Fri
Sat
Day of the week

Sun Holiday

Figure 2 Daily mean incidences and 95%CI of peptic ulcer admitted to the emergency rooms, by different age groups: 18-64 (A) and ≥ 65 years old (B).

Percentage variation about mean
daily frequency

60

Total

18-64 years

≥ 65 years

20
-20
-60
-100
-140
-180

Mon

Tue

Wed

Thu

Fri

Sat

Sun

Holiday

Figure 3 Mean daily average percentage variations in peptic ulcer emergency room visits according to age groups (2009-2011).

DISCUSSION

Daily mean incidences of peptic
ulcer with hemorrhage or perforation
admitted to emergency room

3.5

This population-based study demonstrates a sta
tistically significant variation with days of the week for
PU ER admissions. The highest ER admissions of PU
with or without complications occur on Sundays and
holidays. Similar patterns are also observed for ER
admissions of PU with hemorrhage and perforation.
Moreover, with further stratification by age, a
significant weekly variation of PU onset is observed in
the group aged 18-64 years, but not for the group of
patients ≥ 65 years.
Numerous studies have investigated diurnal, weekly,
or seasonal variations in the onset of different diseases,
[7,22-24]
such as cardiovascular diseases
, cerebrovascular
[25,26]
[27-29]
diseases
, and psychiatric disorders
, as well as
complicated (including hemorrhage and perforation)
[8-11]
and uncomplicated PUs
, for which the highest
incidences are in winter. This seasonal fluctuation of PU
may be affected by several factors, including climatic
[30]
[31]
factors , increased intake of NSAIDs in winter ,
significantly increased number of H. pylori infections
[32]
[33]
in winter , and variations in alcohol consumption .
The importance of the diurnal and weekly rhythms in

3
2.5
2
1.5
1
Mon Tue

Wed Thu
Fri
Sat
Day of the week

Sun Holiday

Figure 4 Daily mean incidences and 95%CI of peptic ulcer with
hemorrhage or perforation admitted to emergency rooms.

weekends.
Daily mean incidences of PU ER admissions for
patients who had been prescribed NSAIDs for over
30 d are shown in Table 4. Sundays and holidays had
higher mean PU ER admissions than other non-holiday
weekdays.
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Table 3 Emergency room admissions by weekday of patients
with peptic ulcers diagnosed with Helicobacter pylori
infection

Table 4 Emergency room admissions by weekday of patients
with peptic ulcers receiving non-steroidal anti-inflammatory
drugs for > 30 d

Variable

Variable

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Holiday

Mean

SD

Days

Minimum

Maximum

3.35
2.54
2.57
3.05
2.90
3.33
3.63
5.07

4.56
4.00
4.06
4.41
4.38
4.88
5.40
7.57

149
153
152
154
155
150
152
30

0
0
0
0
0
0
0
0

16
14
14
15
16
18
16
21

Monday
Tuesday
Wednesday
Thursdays
Friday
Saturday
Sunday
Holiday

people’s lives has been emphasized for many years
and the associated physiologic variables have recently
[34]
been identified .
The discrepancy of our results with previous studies
may be due to several factors. First, all of the preceding
studies focused on the onset of perforated PU, whereas
the present study included both complicated and
uncomplicated PUs. Second, the studies in Canada and
Israel used data from selected hospitals, preventing
[12,13]
the generalizability of their conclusions
. Third,
most of the studies were conducted before H. pylori
was identified. In recent years, the management of PU
has improved and the prevalence of H. pylori infection
[35]
has decreased . Thus, the current fluctuations in
PU onset may be different from those reported three
decades ago. However, our results of increased PU
admissions on weekends and on holidays (defined as
off-hour in Taiwan) are in agreement with a recent
study in Norway reporting that off-hour admission
rates (Saturdays and Sundays and/or during evening
and nighttime) of perforated PU are higher than during
[36]
regular office hours (weekdays and/or daytime) .
There are different patterns of weekly variations
in PU admission by age in this study. In contrast to
the significantly higher PU incidence on weekends and
holidays in those 18-64 years of age, the frequency
of PU admission is not different between workdays
and weekends/holidays in those ≥ 65 years-old.
This phenomenon may be due to dissimilar lifestyles
of patients in different age groups. In Taiwan, the
retirement age for workers is approximately 65 yearsold. Moreover, the lifestyle of people aged ≥ 65 years
is more consistent across the whole week than in the
working population. Thus, the weekly variation in PU
admission is not observed in the elderly group.
The strengths of this study include the use of
a nationwide population-based dataset, which has
a single-payer system and covers 99.6% of the
[37]
population (23 million) in Taiwan . These features can
avoid selection bias. This study also uses the diagnostic
codes and medical information from the National
Health Insurance database rather than the memory
of PU patients, preventing recall bias. However, some
limitations should also be noted. First, there is no
clinical information or records regarding cigarette

WJG|www.wjgnet.com

Mean

SD

Days

3.97
2.71
3.81
3.23
3.15
3.61
5.22
9.67

4.83
4.23
4.80
4.51
4.46
5.16
5.69
6.89

149
153
152
154
155
150
152
30

Minimum Maximum
0
0
0
0
0
0
0
0

16
15
15
15
17
18
17
22

smoking, alcohol consumption, or emotional stress,
which may all be risk factors for PU onset. Second,
some PU patients with mild symptoms may not be
admitted to the ER, and thus, will not be recorded
in the database. This condition may underestimate
the onset of PU in this study. It is difficult for patients
with severe PUs to endure the pain and associated
complications, such as hemorrhage and perforation.
Moreover, it is easy for patients to access medical care
in Taiwan due to the National Health Insurance system.
In addition, most patients will be admitted to ERs
immediately when severe PUs occur. ERs are the only
medical care sources available on Saturday afternoons,
Sundays, and holidays, which can result in an increase
number of ER visits on such days. Nonetheless, ER
admission is provided on all days of the week, even at
night. Therefore, the working population could receive
ER health service after getting off work. Furthermore,
patients must have a serious symptom in order to
be admitted to the ER for observation in Taiwan. In
order to mitigate the potential effect of this issue, the
weekly variation for only complicated PUs (including
hemorrhage and perforation) was investigated, and its
fluctuation is similar to that found for both complicated
and uncomplicated PUs.
In conclusion, daily fluctuations over the week
are observed in PU ER admission. There is a higher
incidence of PU admission on weekends than on
weekdays for the total population and working popu
lations. The findings may provide some information
for clinicians and government officials. Public health
authorities can tailor their health promotion events to
include information on how to prepare for high-risk PU
days and provide strategies to reduce the risk of PU on
weekends and holidays.

COMMENTS
COMMENTS
Background

A peptic ulcer (PU) is a common gastrointestinal tract disorder that is mainly
located in the stomach and proximal duodenum. Many studies have reported
monthly or seasonal variations in PU-related disorders within various regions
or countries. However, very few studies have focused on the weekly pattern
concerning PU onset.

Research frontiers

The importance of the diurnal and weekly rhythms in people’s lives has been

3348

March 21, 2015|Volume 21|Issue 11|

Kao LT et al . Weekly patterns of peptic ulcer admissions
emphasized in recent years, and the associated physiologic variables have
been identified. However, relevant studies on the weekly fluctuation of PU onset
are still limited.

12

Innovations and breakthroughs

13

This study demonstrates a statistically significant variation over the days of the
week for PU emergency room (ER) admissions. The highest ER admissions
for PU with or without complications occur on Sundays and holidays. Similar
patterns are also observed for ER admissions of PU with hemorrhage and
perforation. Moreover, with further stratification by age, a significant weekly
variation of PU admission is observed in the working population.

14
15

Applications

16

Daily fluctuations over the week are observed in PU ER admission. There is
a higher incidence of PU admission on weekends than on weekdays for the
total and working populations. The findings may provide some information for
clinicians and government officials. Public health authorities can tailor their
health promotion events to include information on how to prepare for high-risk
PU days, and to provide strategies to reduce the risk of PU on weekends and
holidays.

17

Peer-review

18

This is a good population-based study in which the authors observed the
fluctuation of PU ER admissions over the week. The results of this study
showed that higher incidence of PU admission occurs on weekends than on
weekdays for the total and working populations.

19

REFERENCES
1
2
3
4

5
6

7

8

9

10

11

20

Najm WI. Peptic ulcer disease. Prim Care 2011; 38: 383-394, vii
[PMID: 21872087 DOI: 10.1016/j.pop.2011.05.001]
Ramakrishnan K, Salinas RC. Peptic ulcer disease. Am Fam
Physician 2007; 76: 1005-1012 [PMID: 17956071]
Malfertheiner P, Chan FK, McColl KE. Peptic ulcer disease.
Lancet 2009; 374: 1449-1461 [PMID: 19683340 DOI: 10.1016/
s0140-6736(09)60938-7]
Aro P, Storskrubb T, Ronkainen J, Bolling-Sternevald E,
Engstrand L, Vieth M, Stolte M, Talley NJ, Agréus L. Peptic
ulcer disease in a general adult population: the Kalixanda study:
a random population-based study. Am J Epidemiol 2006; 163:
1025-1034 [PMID: 16554343 DOI: 10.1093/aje/kwj129]
Garrow D, Delegge MH. Risk factors for gastrointestinal ulcer
disease in the US population. Dig Dis Sci 2010; 55: 66-72 [PMID:
19160043 DOI: 10.1007/s10620-008-0708-x]
Li Z, Zou D, Ma X, Chen J, Shi X, Gong Y, Man X, Gao L, Zhao Y,
Wang R, Yan X, Dent J, Sung JJ, Wernersson B, Johansson S, Liu
W, He J. Epidemiology of peptic ulcer disease: endoscopic results
of the systematic investigation of gastrointestinal disease in China.
Am J Gastroenterol 2010; 105: 2570-2577 [PMID: 20736940 DOI:
10.1038/ajg.2010.324]
Manfredini R, Manfredini F, Boari B, Bergami E, Mari E,
Gamberini S, Salmi R, Gallerani M. Seasonal and weekly patterns
of hospital admissions for nonfatal and fatal myocardial infarction.
Am J Emerg Med 2009; 27: 1097-1103 [PMID: 19931757 DOI:
10.1016/j.ajem.2008.08.009]
Du T, Lewin MR, Wang H, Ji X, Bohn HH, Xu T, Xu L,
Zhang Y, Li Y. Circadian and seasonal rhythms of acute upper
gastrointestinal bleeding in Beijing. Emerg Med J 2010; 27:
504-507 [PMID: 20515908 DOI: 10.1136/emj.2009.075820]
Chen J, Li D, Xu S, Sun Z, Wang B, Deng C. Influence of
meteorological factors on the seasonal onset of esophagogastric
variceal bleeding. O J Gas 2013; 3: 134-137 [DOI: 10.4236/
ojgas.2013.32022]
Nomura T, Ohkusa T, Araki A, Chuganji Y, Momoi M,
Takashimizu I, Watanabe M. Influence of climatic factors in the
incidence of upper gastrointestinal bleeding. J Gastroenterol
Hepatol 2001; 16: 619-623 [PMID: 11422613]
Kocer B, Surmeli S, Solak C, Unal B, Bozkurt B, Yildirim O,
Dolapci M, Cengiz O. Factors affecting mortality and morbidity
in patients with peptic ulcer perforation. J Gastroenterol
Hepatol 2007; 22: 565-570 [PMID: 17376052 DOI: 10.1111/
j.1440-1746.2006.04500.x]

WJG|www.wjgnet.com

21

22
23
24

25
26
27
28

29

30

31
32

3349

Cohen MM. Perforated peptic ulcer in the Vancouver area: a
survey of 852 cases. Can Med Assoc J 1971; 104: 201-205 [PMID:
5539727]
Lazarus S. Perforated peptic ulcer in israel. Gut 1964; 5: 590-596
[PMID: 14244037]
Jamieson RA. Acute perforated peptic ulcer; frequency and
incidence in the West of Scotland. Br Med J 1955; 2: 222-227
[PMID: 14389732]
Svanes C, Sothern RB, Sørbye H. Rhythmic patterns in incidence
of peptic ulcer perforation over 5.5 decades in Norway. Chronobiol
Int 1998; 15: 241-264 [PMID: 9653578]
Kang JH, Chen YH, Lin HC. Comorbidity profiles among patients
with ankylosing spondylitis: a nationwide population-based study.
Ann Rheum Dis 2010; 69: 1165-1168 [PMID: 20375121 DOI:
10.1136/ard.2009.116178]
Cheng CL, Kao YH, Lin SJ, Lee CH, Lai ML. Validation of the
National Health Insurance Research Database with ischemic stroke
cases in Taiwan. Pharmacoepidemiol Drug Saf 2011; 20: 236-242
[PMID: 21351304 DOI: 10.1002/pds.2087]
Rosenstock S, Jørgensen T, Bonnevie O, Andersen L. Risk factors
for peptic ulcer disease: a population based prospective cohort
study comprising 2416 Danish adults. Gut 2003; 52: 186-193
[PMID: 12524398]
Huang JQ, Sridhar S, Hunt RH. Role of Helicobacter pylori
infection and non-steroidal anti-inflammatory drugs in pepticulcer disease: a meta-analysis. Lancet 2002; 359: 14-22 [PMID:
11809181 DOI: 10.1016/s0140-6736(02)07273-2]
von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. J Clin Epidemiol 2008; 61: 344-349
[PMID: 18313558 DOI: 10.1016/j.jclinepi.2007.11.008]
Bytzer P, Howell S, Leemon M, Young LJ, Jones MP, Talley
NJ. Low socioeconomic class is a risk factor for upper and lower
gastrointestinal symptoms: a population based study in 15 000
Australian adults. Gut 2001; 49: 66-72 [PMID: 11413112]
Herlitz J, Eek M, Holmberg M, Holmberg S. Diurnal, weekly
and seasonal rhythm of out of hospital cardiac arrest in Sweden.
Resuscitation 2002; 54: 133-138 [PMID: 12161292]
Eng H, Mercer JB. Seasonal variations in mortality caused by
cardiovascular diseases in Norway and Ireland. J Cardiovasc Risk
1998; 5: 89-95 [PMID: 9821061]
Arntz HR, Willich SN, Schreiber C, Brüggemann T, Stern R,
Schultheiss HP. Diurnal, weekly and seasonal variation of sudden
death. Population-based analysis of 24,061 consecutive cases.
Eur Heart J 2000; 21: 315-320 [PMID: 10653679 DOI: 10.1053/
euhj.1999.1739]
Manfredini R, Casetta I, Paolino E, la Cecilia O, Boari B, Fallica
E, Granieri E. Monday preference in onset of ischemic stroke. Am
J Med 2001; 111: 401-403 [PMID: 11583644]
Wang H, Sekine M, Chen X, Kagamimori S. A study of weekly
and seasonal variation of stroke onset. Int J Biometeorol 2002; 47:
13-20 [PMID: 12461606 DOI: 10.1007/s00484-002-0147-x]
Marriott PF, Greenwood KM, Armstrong SM. Seasonality in
panic disorder. J Affect Disord 1994; 31: 75-80 [PMID: 8071478]
Bulbena A, Pailhez G, Aceña R, Cunillera J, Rius A, GarciaRibera C, Gutiérrez J, Rojo C. Panic anxiety, under the weather?
Int J Biometeorol 2005; 49: 238-243 [PMID: 15726446 DOI:
10.1007/s00484-004-0236-0]
Geoffroy PA, Bellivier F, Scott J, Etain B. Seasonality and bipolar
disorder: a systematic review, from admission rates to seasonality
of symptoms. J Affect Disord 2014; 168: 210-223 [PMID:
25063960 DOI: 10.1016/j.jad.2014.07.002]
Liu DY, Gao AN, Tang GD, Yang WY, Qin J, Wu XG, Zhu DC,
Wang GN, Liu JJ, Liang ZH. Relationship between onset of peptic
ulcer and meteorological factors. World J Gastroenterol 2006; 12:
1463-1467 [PMID: 16552822]
Langman MI. The seasonal incidence of bleeding from the upper
gastrointestinal tract. Gut 1964; 5: 142-144 [PMID: 14159402]
Moshkowitz M, Konikoff FM, Arber N, Peled Y, Santo M,

March 21, 2015|Volume 21|Issue 11|

Kao LT et al . Weekly patterns of peptic ulcer admissions

33

34

Bujanover Y, Gilat T. Seasonal variation in the frequency of
Helicobacter pylori infection: a possible cause of the seasonal
occurrence of peptic ulcer disease. Am J Gastroenterol 1994; 89:
731-733 [PMID: 8172147]
Manfredini R, De Giorgio R, Smolensky MH, Boari B, Salmi
R, Fabbri D, Contato E, Serra M, Barbara G, Stanghellini V,
Corinaldesi R, Gallerani M. Seasonal pattern of peptic ulcer
hospitalizations: analysis of the hospital discharge data of the
Emilia-Romagna region of Italy. BMC Gastroenterol 2010; 10: 37
[PMID: 20398297 DOI: 10.1186/1471-230x-10-37]
Tuomisto MT, Terho T, Korhonen I, Lappalainen R, Tuomisto T,
Laippala P, Turjanmaa V. Diurnal and weekly rhythms of healthrelated variables in home recordings for two months. Physiol

35

36

37

Behav 2006; 87: 650-658 [PMID: 16500686 DOI: 10.1016/
j.physbeh.2005.12.012]
Sung JJ, Kuipers EJ, El-Serag HB. Systematic review: the
global incidence and prevalence of peptic ulcer disease. Aliment
Pharmacol Ther 2009; 29: 938-946 [PMID: 19220208 DOI:
10.1111/j.1365-2036.2009.03960.x]
Thorsen K, Søreide JA, Kvaløy JT, Glomsaker T, Søreide K.
Epidemiology of perforated peptic ulcer: age- and gender-adjusted
analysis of incidence and mortality. World J Gastroenterol 2013;
19: 347-354 [PMID: 23372356 DOI: 10.3748/wjg.v19.i3.347]
Bureau of National Health Insurance. Universal Health Coverage
in Taiwan, May 2012. Available from: URL: http://www.nhi.gov.tw/
Resource/webdata/21717_1_20120808UniversalHealthCoverage.pdf
P- Reviewer: Matsuda A, Tripathi D, Xu JM S- Editor: Qi Y
L- Editor: AmEditor E- Editor: Zhang DN

WJG|www.wjgnet.com

3350

March 21, 2015|Volume 21|Issue 11|

World J Gastroenterol 2015 March 21; 21(11): 3351-3360
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3351

© 2015 Baishideng Publishing Group Inc. All rights reserved.

META-ANALYSIS

Diagnostic value of magnetic resonance
cholangiopancreatography in choledocholithiasis
Wen Chen, Jing-Jia Mo, Li Lin, Chao-Qun Li, Jian-Feng Zhang
METHODS: We systematically searched MEDLINE,
EMBASE, Web of Science, and Cochrane databases for
studies reporting on the sensitivity, specificity and other
accuracy measures of diagnostic effectiveness of MRCP
for detection of common bile duct (CBD) stones. Pooled
analysis was performed using random effects models,
and receiver operating characteristic curves were
generated to summarize overall test performance. Two
reviewers independently assessed the methodological
quality of studies using standards for reporting
diagnostic accuracy and quality assessment for studies
of diagnostic accuracy tools.
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RESULTS: A total of 25 studies involving 2310 patients
with suspected choledocholithiasis and 738 patients
with CBD stones met the inclusion criteria. The average
inter-rater agreement on the methodological quality
checklists was 0.96. Pooled analysis of the ability of
MRCP to detect CBD stones showed the following effect
2
estimates: sensitivity, 0.90 (95%CI: 0.88-0.92, χ =
65.80; P < 0.001); specificity, 0.95 (95%CI: 0.93-1.0,
χ 2 = 110.51; P < 0.001); positive likelihood ratio, 13.28
2
(95%CI: 8.85-19.94, χ = 78.95; P < 0.001); negative
2
likelihood ratio, 0.13 (95%CI: 0.09-0.18, χ = 6.27; P
< 0.001); and diagnostic odds ratio, 143.82 (95%CI:
2
82.42-250.95, χ = 44.19; P < 0.001). The area under
the receiver operating characteristic curve was 0.97.
Significant publication bias was not detected (P =
0.266).
CONCLUSION: MRCP has high diagnostic accuracy
for the detection of choledocholithiasis. MRCP should
be the method of choice for suspected cases of CBD
stones.
Key words: Choledocholithiasis; Diagnosis; Magnetic
resonance cholangiopancreatography; Common bile
duct; Meta-analysis

Abstract
AIM: To evaluate the diagnostic accuracy of magnetic
resonance cholangiopancreatography (MRCP) in
patients with choledocholithiasis.
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severe biliary pancreatitis. However, ERCP and
endoscopic sphincterotomy are invasive procedures
[7,9]
that may cause serious complications
and can
[6]
potentially exacerbate acute pancreatitis . Therefore,
an accurate, safe, and efficacious method is needed to
diagnose CBD stones in a definitive manner.
The diagnostic accuracy of endoscopic ultrasono
graphy (EUS) for biliary tract stone disease is >
95%, which is less invasive than ERCP and is reliable
[10-13]
at identifying bile duct stones
. However, its
results are highly dependent on the operator, and the
procedure is not widely available in clinical practice.
In addition, visualization of all segments of the biliary
[11]
tract may be incomplete or unsuccessful during EUS .
In many institutions, magnetic resonance cho
langiopancreatography (MRCP) is replacing ERCP
as a diagnostic procedure for the investigation of
benign biliary obstructions and chronic pancreatitis,
[14]
in part due to its comparable accuracy . MRCP has
an advantage because of its technical versatility,
multiplanar capability, superior soft tissue resolution,
and the potential to evaluate choledocholithiasis
accurately in the preoperative acute calculous chole
cystitis setting. Unlike ERCP, MRCP is noninvasive, can
be performed rapidly, does not expose the patients to
[15]
ionizing radiation or iodinated contrast materials ,
which is useful for evaluating biliopancreatic disease,
[16]
and has good results for detecting CBD stones . All
segments of the biliary tree can be visualized using
MRCP. Although ERCP is considered the standard for
diagnosis of bile duct stones, small bile duct stones can
[17]
be overlooked . However, the selective use of MRCP
in clinically equivocal situations has not been explored
until now. The goal of this study was, therefore, to
rigorously evaluate the effectiveness of MRCP for
detection of CBD stones in patients with suspected
choledocholithiasis via systematic review and metaanalysis.

Core tip: Unlike endoscopic retrograde cholan
giopancreatography, magnetic resonance cholan
giopancreatography (MRCP) is noninvasive, can be
performed rapidly and has demonstrated good results
for the detection of common bile duct stones. Moreover,
MRCP does not expose patients to ionizing radiation or
iodinated contrast media, which is useful for evaluating
biliopancreatic disease. However, the selective use of
MRCP in clinically equivocal situations has not been
explored until now. The goal of this study was to
evaluate the effectiveness of MRCP for the detection
of common bile duct stones in patients with suspected
choledocholithiasis.
Chen W, Mo JJ, Lin L, Li CQ, Zhang JF. Diagnostic
value of magnetic resonance cholangiopancreatography in
choledocholithiasis. World J Gastroenterol 2015; 21(11):
3351-3360 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3351.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3351

INTRODUCTION
The incidence of choledocholithiasis in patients with
the common disorder, cholelithiasis, varies between 7%
[1,2]
and 20%, of which 5% are asymptomatic . Although
common bile duct (CBD) stones may be silent, the
development of complications such as cholangitis and
acute pancreatitis is associated with major morbidity
and mortality. Therefore, the detection and treatment
of CBD stones is mandatory.
Usually, the diagnosis of choledocholithiasis is
based on a combination of clinical suspicion (biliary
colic, jaundice and cholangitis), biochemical analysis
(raised conjugated bilirubin and alkaline phosphatase
levels) and imaging findings. Individually, these
indicators have varying levels of diagnostic accuracy
and none represent a completely reliable method
[3]
for identifying bile duct stones . Intraoperative
cholangiography (IOC) is standard procedure during
open cholecystectomy that can detect CBD stones
[4]
with a sensitivity of 100% and specificity of 98% .
It is an invasive investigation with intraoperative
and postoperative morbidity of 6.3% and 15.9%,
respectively. Its routine use is associated with
[5]
increased cost and operating time .
Endoscopic retrograde cholangiopancreatography
(ERCP) is the gold standard for both diagnosis
and treatment of CBD stones. It also allows direct
visualization of duct anatomy. However, the procedure
is associated with an overall complication rate of
[6-8]
5%-10% and mortality rate of 0.02%-0.50%
.
Ductal cannulation is difficult or impossible in patients
who have undergone previous surgery, which includes
Billroth type Ⅱ gastrectomy and hepaticoenterostomy.
Early ERCP and stone extraction after endoscopic
sphincterotomy decrease morbidity in patients with

WJG|www.wjgnet.com

MATERIALS AND METHODS
Search strategy

In March 2014, we searched MEDLINE (1980-2014),
EMBASE (1980-2014), Web of Science (1990-2014)
and Cochrane databases to identify studies. Although
no language restrictions were imposed initially, only
English-language articles were included for the fulltext review and final analysis. Additional articles
were searched using the “Related articles” function in
PubMed and by manually searching reference lists of
identified articles and review articles. The following
search terms were used: “magnetic resonance
cholangiopancreatography” or “MRCP” and “common
bile duct” or “choledocholithiasis” and “diagnosis” and
“sensitivity” and “specificity.” We contacted experts in
the field to ask about studies that we may have missed
in the databases. Conference abstracts and letters to
the editor were excluded because of the limited data
they contained.
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Study inclusion criteria

States). The following measures of test accuracy
were analyzed for each study: sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio
(NLR) and diagnostic odds ratio (DOR). A summary
[21]
ROC (SROC) curve
was generated for each study
based on a single test threshold for sensitivity and
[20,22]
specificity
. A random effects model was adopted
to calculate the average sensitivity, specificity, and
[23,24]
other measures across studies
.
To assess the effects of STARD and QUADAS scores
on the diagnostic power of MRCP, we included them as
covariates in a univariate, inverse variance-weighted
meta-regression. We also analyzed the effects of other
covariates on DOR, such as cross-sectional design,
consecutive or random sampling of patients, singleor double-blinded interpretation of experimental
and reference measurements, and prospective or
retrospective data collection. The relative DOR (RDOR)
was calculated to analyze the change in diagnostic
precision in each study per unit increase in the
[25,26]
covariate
.
The heterogeneity, or variability, across studies was
2
assessed for statistical significance using the χ and
Fisher’s exact tests. Publication bias can pose problems
for meta-analyses of diagnostic studies, therefore,
we tested for the potential presence of this bias with
[27]
funnel plots and the Egger’s test .

A study was included when it provided both the
sensitivity (true-positive rate) and specificity (falsepositive rate) of using MRCP for detection of CBD
stones in patients of any age with suspected
choledocholithiasis. Studies were also included if they
reported the values of MRCP effectiveness in a scatter
plot format that allowed patient data to be extracted.
Studies were excluded if they involved fewer than ten
patients with suspected choledocholithiasis to reduce
selection bias due to small numbers of participants.
Patients had to be diagnosed with choledocholithiasis
based on ERCP and/or IOC. Two reviewers (Mo JJ,
Lin L) independently determined study eligibility, and
disagreements were resolved by consensus.

Data extraction and quality assessment

Two reviewers (Mo JJ, Lin L) independently confirmed
the eligibility of the final set of studies and extracted
the following data: first author, publication year,
participant characteristics, assay methods, sensitivity
and specificity data, and methodological quality. The
values of MRCP effectiveness provided in scatter plots
were extracted by placing scalar grids over the plots.
A receiver operating characteristic (ROC) curve was
calculated for each study (IBM Inc., Armonk, NY,
United States).
To enable us to assess the methodological quality
of the included studies, we extracted data on the
following study design characteristics: (1) crosssectional or case-control design; (2) consecutive or
random sampling of patients; (3) blinded (single or
double) or non-blinded interpretation of experimental
and reference measurements; and (4) prospective or
retrospective data collection. The two reviewers (Mo
JJ, Lin L) independently assessed the methodological
quality of studies using the standards for reporting
[18]
diagnostic accuracy (STARD) guidelines , which
provide for a maximum score of 25, and quality
assessment for studies of diagnostic accuracy
[19]
(QUADAS) guidelines , which provide for a maximum
score of 14. Average inter-rater agreement on the
methodological quality checklists was 0.96. If primary
studies did not report information needed to assess
methodological quality, we contacted the authors in
an effort to obtain the data. If the authors did not
respond, we changed the response for the relevant
items from “not reported” to “no” on the assessment
instruments.

We identified 292 citations via electronic searches, and
40 were retrieved for detailed analysis (Figure 1). Six
studies were excluded for failing to satisfy the inclusion
[28-33]
criteria
, and another three were excluded because
[34-36]
they failed to provide sufficient information
. Two
[37,38]
. One paper was
articles were meta-analyses
[39]
excluded because it was a Chinese study . One
[3]
study was a duplicate publication . One study was
[40]
excluded for being a reply letter and one paper was
[41]
excluded for involving fewer than 10 participants .
In the end, 25 publications were included in the
[42-66]
analysis
, involving 2310 patients with suspected
choledocholithiasis and 738 with CBD stones. The
average sample size of the studies was 69 patients
(range: 27-278). Table 1 summarizes the clinical
characteristics of participants in each study; numbers
of true positives, false positives, false negatives and
true negatives; and STARD and QUADAS scores.

Statistical analysis

Methodological quality of the included studies

RESULTS
Selection and summary of studies

Of the 25 studies in the meta-analysis, 23 had STARD
scores ≥ 13, and 21 had QUADAS scores ≥ 10. All
studies collected data from consecutive patients.
There were nine randomized, prospective, blinded
trials according to the corresponding reference
measurements (Table 2).

Standard methods recommended for meta-analyses
[20]
of diagnostic test evaluations were used . Analyses
were performed using professional statistical software
program (Meta-DiSc for Windows; XI Cochrane
Colloquium; Barcelona, Spain) and Stata version
12.0 (Stata Corporation, College Station, TX, United
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specificity. Figure 3 shows an SROC curve for rates of
true and false positives from individual studies of MRCP
detection. Using this plot, we determined the Q value,
defined as the point of intersection of the SROC curve
with a diagonal line extending from the left upper
corner to the right lower corner of the plot. The Q
value indicates the highest identical value of sensitivity
and specificity, thereby serving as an overall measure
of the discriminatory power of a test. Our SROC curve
was desirably positioned near the upper left corner,
and the maximum joint sensitivity and specificity was
0.92. The area under the curve was 0.97, indicating
high overall accuracy.

Potentially relevant articles
identified in the databases
n = 292

Articles excluded (n = 252) because they were:
Irrelevant based on review of titles and
abstracts (199)
Published in languages other than English
(German, 1; French, 2; Japanese, 4; Spanish, 4;
Japanese, 4; Dutch, 1; Hungarian, 1; Danish, 1;
Romanism, 1; Chinese, 1)
Not available with full text (8)
Review articles (14)
Meta-analysis (9)
Case reports (2)

Multiple regression analysis and publication bias
[18]

Potentially relevant articles
analyzed in depth
n = 40

Articles excluded (n = 15) because they:
Did not satisfy the inclusion criteria (6)
Did not report sufficient information (3)
were meta-analyses (2)
Had fewer than 10 participants (1)
Were “duplicate” publications (1)
Was replay letter (1)
Was Chinese paper (1)

Articles included in meta-analysis
n = 25

Figure 1 Flow chart of study selection.

Diagnostic accuracy

DISCUSSION

A Forest plot of MRCP values in all 25 included studies
showed that the sensitivity of MRCP in detection of
CBD stones ranged from 0.38 to 1.0 (mean 0.90,
2
95%CI: 0.88-0.92, χ = 65.80; P < 0.001), while
the specificity ranged from 0.19 to 1.0 (mean 0.95,
2
95%CI: 0.93-1.00, χ = 110.51; P < 0.001) (Figure
2
2). The PLR was 13.28 (95%CI: 8.85-19.94, χ =
78.95; P < 0.001), NLR was 0.13 (95%CI: 0.09-0.18,
χ 2 = 66.27; P < 0.001) and DOR was 143.82 (95%CI:
2
2
82.42-250.95, χ = 44.19; P < 0.001). These χ and
associated P values indicate significant heterogeneity
among studies. The ten randomized controlled trials
(RCTs) showed that the sensitivity, specificity, PLR,
NLR and DOR of MRCP in detection of CBD stones was
0.91, 0.95, 10.83, 0.13 and 136.32, respectively.
Unlike the traditional ROC plot for assessing
diagnostic power, an SROC plot reveals the effect of
varying thresholds on sensitivity and specificity in
a single study. Different studies appear as different
data points in an SROC plot. In this way, SROC
curves provide a global summary of test performance
and illustrate the trade-off between sensitivity and
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[19]

Quality scores based on the STARD
and QUADAS
guidelines were generated for every study on the
basis of the title and introduction, methods, results
and discussion (Table 1). These scores were used in a
meta-regression to assess the effect of study quality
on the RDOR of MRCP in the diagnosis of CBD stones.
As shown in Table 3, studies of higher quality (STARD
score ≥ 13; QUADAS score ≥ 10) produced RDOR
values similar to those of lower-quality studies. In
addition, RDOR values did not differ significantly as
a function of blinding, cross-sectional or case-control
design, consecutive or random sampling, prospective
or retrospective design (all P > 0.05). These results
suggest that study design did not significantly affect
diagnostic accuracy and that the risk of detection bias
was lower. The Egger’s test showed no evidence of
significant publication bias in the reporting of MRCP
detection as a method for diagnosis of CBD stones (P
= 0.266).

Although MRCP can provide an accurate diagnosis of
CBD stones, only a few investigators have evaluated
its utility in the preoperative evaluation of symptomatic
gallstones. Accordingly, the precise role of MRCP in
this regard has yet to be determined. Some authors
recommend MRCP for patients with a moderate risk
of CBD stones and ERCP before any other imaging
[67,68]
examination for patients who are at high risk
.
Others recommend MRCP for patients with a high or
moderate risk for CBD stones and ERCP for patients
in whom stones have been depicted by other imaging
[69]
modalities .
MRCP has recently been developed as a nonin
vasive, yet highly sensitive, method for diagnosing
diseases of the biliary tract. One meta-analysis that
included 15 studies concluded that the sensitivity of
MRCP for diagnosis of choledocholithiasis ranged from
[37]
0.5 to 1.0, while specificity ranged from 0.83 to 1.0 .
Another systematic review including five RCTs showed
that the aggregated sensitivity and specificity of MRCP
for the detection of choledocholithiasis were 0.85 and
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Table 1 Summarized details of magnetic resonance cholangiopancreatography detections and overall methodological quality of
included studies
Ref.

Year

Patients, n

Assay method

Assay system

Hochwald et al[42]
Boraschi et al[43]
de Lédinghen et al[44]
Lomas et al[45]
Varghese et al[46]
Stiris et al[47]
Taylor et al[48]
Topal et al[49]
Kejriwal et al[50]
Simone et al[51]
Dalton et al[52]
Hallal et al[53]
Kondo et al[54]
Moon et al[55]
Okada et al[56]
Shanmugam et al[57]
De Waele et al[58]
Schmidt et al[59]
Hekimoglu et al[60]
Nandalur et al[61]
Norero et al[62]
Srinivasa et al[63]
Bilgin et al[64]
Zhang et al[65]
Mandelia et al[66]

1998
1999
1999
1999
1999
2000
2002
2003
2004
2004
2005
2005
2005
2005
2005
2005
2007
2007
2008
2008
2008
2010
2012
2012
2013

48
278
32
69
100
50
129
69
81
65
69
27
28
29
40
221
104
57
269
95
125
117
108
70
30

MRCP, ERCP
MRCP, ERCP
EUS, MRCP, ERCP
MRCP, ERCP
MRCP, ERCP
MRCP, ERCP
MRCP, ERCP
MRCP, ERCP
MRCP, ERCP
MRCP, ERCP, IOC
MRCP, ERCP, IOC
MRCP, ERCP, IOC
EUS, MRCP, HCT-C
IDUS, MRCP, ERCP
CTCh, MRCP
MRCP, ERCP, EUS
MRCP, ERCP, EUS
MRCP, ERCP, EUS
MRCP, ERCP
MRCP, ERCP
MRCP, ERCP, CT
MRCP, ERCP, IOC
MRCP, ERCP, IOC
MRCP, MDCT
MRCP, USG

1.5 T machine
1.5 T MR unit
1 T system
1.5 T MR system
1.5 GE unit
1.0 T
1.5 T MR system
1.5 T MR system
Vision 1.5T MRI
1.0 T gyroscan NT
1.5 T MR unit
Unknown
1.5 T MR system
1.5T MR system
1.5 T system
0.5 T MRI
1.5 T unit
1 T magnet
1.5 T unit
1.5 T system
1.5 T MR system
Siemens Vision 1.5 T
1.5 T MR scanner
1.5 T MR system
1.5 T MR system

Assay results

Quality score

TP

FP

FN

TN

STARD

QUADAS

19
71
10
9
28
28
45
18
20
13
16
4
21
16
12
97
19
17
16
21
83
15
28
19
19

3
5
6
2
1
1
9
0
1
6
2
2
1
1
3
19
2
2
0
1
10
2
3
2
1

1
5
0
0
2
4
1
1
2
8
1
0
3
4
3
2
4
5
2
7
3
8
6
1
1

25
197
16
58
69
17
74
50
58
38
50
21
3
8
22
103
79
33
251
66
29
102
71
48
9

15
16
20
13
17
17
18
14
13
13
11
14
18
17
13
18
16
15
19
18
15
16
16
18
17

11
11
13
9
12
12
12
10
10
9
7
10
13
11
9
14
11
10
14
13
11
12
11
13
12

CT: Computed tomography; CTCh: Cholangiography computed tomography; ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic
ultrasonography; FN: False-negative; FP: False-positive; HCT-C: Helical-computed-tomographic cholangiography; IDUS: Intraductal ultrasonography;
IOC: Intraoperative cholangiography; MDCT: Multidetector-row computed tomography; MR: Magnetic resonance; MRCP: Magnetic resonance
cholangiopancreatography; QUADAS: Quality assessment for studies of diagnostic accuracy; STARD: Standards for reporting diagnostic accuracy; TN:
True-negative; TP: True-positive; USG: Ultrasonography.

Table 2 Additional characteristics of patients and methodologies in the included studies
Ref.

Year

Country

Hochwald et al[42]
Boraschi et al[43]
de Lédinghen et al[44]
Lomas et al[45]
Varghese et al[46]
Stiris et al[47]
Taylor et al[48]
Topal et al[49]
Kejriwal et al[50]
Simone et al[51]
Dalton et al[52]
Hallal et al[53]
Kondo et al[54]
Moon et al[55]
Okada et al[56]
Shanmugam et al[57]
De Waele et al[58]
Schmidt et al[59]
Hekimoglu et al[60]
Nandalur et al[61]
Norero et al[62]
Srinivasa et al[63]
Bilgin et al[64]
Zhang et al[65]
Mandelia et al[66]

1998
1999
1999
1999
1999
2000
2002
2003
2004
2004
2005
2005
2005
2005
2005
2005
2007
2007
2008
2008
2008
2010
2012
2012
2013

United States
Italy
France
United Kingdom
Ireland
Norway
Australia
Belgium
New Zealand
France
United Kingdom
United States
Japan
South Korea
Japan
United Kingdom
Belgium
Switzerland
Turkey
United States
Chile
Australia
Turkey, Germany
China
India

CBD/N-CBD, Reference standard Cross-sectional
n
design
20/28
76/202
10/-22
9/60
30/70
32/18
46/83
19/50
22/59
21/44
17/52
4/-23
24/-4
20/-9
15/25
99/122
23/81
22/35
18/251
28/67
86/39
23/104
34/74
20/50
20/-10

ERCP
ERCP, PTC, IOC
ERCP, IOC
ERCP
ERCP
ERCP
ERCP
ERCP, IOC
ERCP
ERCP, IOC
ERCP, IOC
IOC
ERCP
ERCP, IDUS
IOC
ERCP, IOC
ERCP, IOC
EUS, ERCP
ERCP
ERCP, PTC
ERCP
ERCP, IOC
ERCP, PTC
MDCT
ERCP

No
No
Yes
No
No
Yes
Yes
No
No
No
No
Yes
Yes
No
No
Yes
No
No
No
Yes
No
No
No
No
No

Consecutive or
random sampling

Blinded
design

Prospective
design

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
Yes
No
Yes
Yes
Yes
No
No
Yes
No
Yes
Yes
Yes
Yes
No
No
No
Yes
No
No
No
No
Yes
No

No
No
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
No
No
No
No
No
Yes

CBD: Common bile duct; ERCP: Endoscopic retrograde cholangiopancreatography; EUS: Endoscopic ultrasonography; IDUS: Intraductal ultrasonography;
IOC: Intraoperative cholangiography; MDCT: Multidetector-row computed-tomography; PTC: Percutaneous transhepatic cholangiography.
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42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Pooled

0.0

0.2

0.4

0.6

0.8

1.0

1.0

0.8

Sensitivity

0.6

0.4

0.2

0.0

Specificity

Figure 2 Forest plot showing sensitivity and specificity of magnetic resonance cholangiopancreatography in the diagnosis of choledocholithiasis. The
point estimates of sensitivity and specificity from each study are shown as solid circles. Horizontal error bars indicate 95%CIs. Numbers between the plots refer to
references. Pooled estimates for the magnetic resonance cholangiopancreatography detections were 0.90 for sensitivity (95%CI: 0.88-0.92) and 0.95 for specificity
(95%CI: 0.93-1.0).

specificity for predicting CBD stones with high overall
accuracy.
DOR is an indicator of test accuracy that combines
[70]
sensitivity and specificity data into a single number .
The DOR is the ratio of the odds of positive test results
in patients with disease relative to the odds of positive
test results in patients without disease. The value of
a DOR ranges from 0 to infinity, with higher values
indicating better discriminatory test performance
(higher accuracy). A DOR of 1.0 indicates that a test
does not discriminate between patients with the
disorder and those without it. Thus, higher DOR values
indicate better discriminatory test performance. The
mean DOR in our study was 143.82, indicating a high
level of overall accuracy.
The SROC curve and DOR are difficult to interpret
and relate to clinical practice, whereas likelihood
[71]
ratios are more clinically meaningful , therefore, we
also calculated PLRs and NLRs to assess diagnostic
accuracy. Likelihood ratios of > 10.0 or < 0.1 indicate
high accuracy. The overall PLR value in our metaanalysis indicates that patients with CBD stones have
an approximately 13-fold higher chance of being
positive for MRCP detection compared with patients
without choledocholithiasis. This high probability is
considered sufficient to begin or continue ERCP/IOC

1.0
0.9
0.8

Sensitivity

0.7
0.6
0.5
0.4
Symmetric SROC
AUC = 0.9703
SE (AUC) = 0.0069
Q * = 0.9203
SE (Q *) = 0.0112

0.3
0.2
0.1
0.0

0.0

0.2

0.4

0.6

0.8

1.0

1-Specificity

Figure 3 Summary receiver operating characteristic curves for magnetic
resonance cholangiopancreatography detection. Solid circles represent
each study included in the meta-analysis. The size of each study is indicated by
the size of the solid circle. Summary receiver operating characteristic (SROC)
curves summarize the overall diagnostic accuracy; AUC: Area under the curve.
[38]

0.93, respectively . In this review, we provide highquality systematic evidence for MRCP as a predictor of
choledocholithiasis, demonstrating high sensitivity and
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the best method of choice for suspected cases of
CBD stones, instead of ERCP, IOC and EUS, because
of its high diagnostic accuracy and excellent features
with technical versatility, multiplanar capability, and
noninvasive nature.

Table 3 Weighted meta-regression for the effects of design,
methods and quality of studies on diagnostic accuracy of
magnetic resonance cholangiopancreatography detections
Studies (n ) Coefficient RDOR (95%CI) P value

Covariate
QUADAS ≥ 10
STARD ≥ 13
Prospective design
Cross-sectional
design
Blinded design
Consecutive/
random sampling

21
23
14
7

0.0830
1.5100
0.1260
0.0980

1.09 (0.14-8.50)
4.53 (0.51-40.21)
1.13 (0.27-4.82)
1.10 (0.24-5.06)

0.9334
0.1637
0.8564
0.8936

11
25

-0.6850
-

0.50 (0.13-2.02)
-

0.3130
-

COMMENTS
COMMENTS
Background

Endoscopic retrograde cholangiopancreatography (ERCP) is applied both as
a diagnostic and therapeutic tool. However, ERCP has significant morbidity
of l%-7% and mortality of 0.2%-1.0%. Unlike ERCP, magnetic resonance
cholangiopancreatography (MRCP) is noninvasive, can be performed rapidly,
and does not expose the patients to ionizing radiation or iodinated contrast
materials, which is useful for evaluating biliopancreatic disease. Moreover,
MRCP has demonstrated good results for detecting common bile duct (CBD)
stones. However, the selective use of MRCP in clinically equivocal situations
has not been explored until now.

RDOR: Relative diagnostic odds ratio; STARD: Standards for reporting
diagnostic accuracy; QUADAS: Quality assessment for studies of
diagnostic accuracy.

Research frontiers

treatment of choledocholithiasis patients. In contrast,
the NLR value in our meta-analysis indicates that
a patient without choledocholithiasis would still
have a 13% chance of having CBD stones, which
is insufficient to rule out choledocholithiasis. These
findings suggest that a negative MRCP detection result
should not be used alone as a justification to deny
or discontinue CBD stone therapy. A better approach
may be a combined diagnostic strategy drawing on
clinical information as well as findings from clinical
symptoms, ERCP, EUS, and/or serum bilirubin, alkaline
phosphatase, aspartate aminotransferase, and alanine
aminotransferase levels.
An exploration of the reasons for heterogeneity
rather than the computation of a single summary
[72]
measure is an important goal of meta-analyses . In
our study, both STARD and QUADAS scores were used
in the meta-regression analysis to assess the effect of
study quality on RDOR. Most of the studies were high
quality (STARD score ≥ 13 or QUADAS score ≥ 10).
We found that there was no statistical heterogeneity
for sensitivity, specificity, PLR, NLR, or DOR among
the studies, which indicates that the differences
for studies with or without blinded, cross-sectional,
consecutive/random and prospective designs did not
reach statistical significance, and the study design did
not substantially affect diagnostic accuracy.
The present meta-analysis had several limitations.
First, the exclusion of conference abstracts, letters to
editors, and non-English-language studies may have
led to publication bias, although our bias analysis
suggests that this was not a significant problem.
Second, nonrandom misclassification bias may have
occurred due to the fact that different studies used
various approaches to diagnose choledocholithiasis,
including ERCP, IOC and/or EUS. Third, we did not
identify multicenter and large, blinded RCTs that
satisfied our inclusion criteria.
In conclusion, MRCP is a noninvasive investigation
with fewer complications and it has high sensitivity,
specificity and positive and negative predictive values
for detection of CBD stones. We propose MRCP as

WJG|www.wjgnet.com

MRCP is a noninvasive method for diagnosing choledocholithiasis. The
selective use of MRCP in clinically equivocal situations has not been explored
until now.

Innovations and breakthroughs

This study is believed to be the first rigorous evaluation of the effectiveness
of MRCP for detection of CBD stones in patients with suspected choledo
cholithiasis, using a meta-analysis.

Applications

MRCP should be the method of choice for suspected cases of CBD stones
because of its technical versatility, multiplanar capability, and noninvasive
nature.

Peer-review

This is a very interesting and useful paper. The manuscript is well written and
the method for statistical evaluation is properly used. In the clinical situation,
it is sometimes difficult to correctly detect small stones or sludge as well as
multiple stones by MRCP.
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CASE REPORT

New therapeutic option for irritable bowel syndrome:
Serum-derived bovine immunoglobulin
Larry Good, Roxanne Rosario, Raymond Panas
well as other symptoms (i.e. , abdominal pain, bloating,
and urgency) in patients with irritable bowel syndrome
with diarrhea (IBS-D) and human immunodeficiency
virus-associated enteropathy. This case series reports
the outcomes of 14 IBS patients who received SBI as an
addition to standard of care at an individual physician’s
clinical practice. The patients: 2 IBS with constipation
(IBS-C), 7 IBS-D, 2 mixed diarrhea and constipation IBS
(IBS-M) and 3 undefined IBS (IBS-U; also described by
some physicians as IBS-Bloating), ranged in age from
22-87 years. SBI (5 g or 10 g daily dose) was added
to the patient’s current standard care and followed for
several weeks to determine if symptoms were improved
with the addition of SBI. Overall, 12 of the 14 patients
indicated some level of improvement through direct
questioning of the patients regarding changes from the
prior visit. One IBS-Bloating patient had a resolution of
symptoms and two patients (1 IBS-Bloating and 1 IBS-C)
discontinued therapy because of insufficient relief. The
12 patients who continued on therapy reported an overall
improvement in symptoms with better stool consistency,
decreased frequency as well as reductions in abdominal
pain, bloating, distention, and incontinence. In most
cases, therapeutic effects of SBI were seen within the
first four weeks of therapy with continued improvements
at subsequent visits. SBI has a multifaceted mechanism
of action and may help to manage IBS by providing
a distinct protein source required to normalize bowel
function, gastrointestinal microbiota, and nutritionally
enhance tight junction protein expression between
intestinal epithelial cells. SBI as a medical food provides
a safe option for patients with IBS-D but may have
application in other forms of IBS.
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Abstract

Key words: Irritable bowel syndrome; Diarrhea; Immu
noglobulin; Bovine; Serum-derived; Gastrointestinal
disease; Medical food

Oral prescription medical foods have long been used
in hospital settings but are also appropriate therapies
for gastrointestinal disorders in outpatient medical
practice. Oral serum-derived bovine immunoglobulin/
protein isolate (SBI) has been shown in clinical studies
to reduce loose stools and improve stool consistency as
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clinicians for specific treatment options. Alosetron, a
5HT3 antagonist, was originally approved for women
with severe IBS-D because serotonin has been shown
to affect motility and pain; however the safety profile
[7,8]
has limited its use . Rifixamin is an oral antibiotic
that has shown potential benefits for some IBS-D
patients, and has been shown to reduce abdominal
[9,10]
pain in patients with IBS
. Other options include
tricyclic antidepressants which can cause constipation,
but can be of benefit improving stool consistency
[11]
as well as addressing pain . Anti-diarrheals, like
loperamide and diphenoxylate hydrochloride/atropine,
can increase transit time thereby allowing for increa
[12]
sed water absorption . Bulking agents such as
methylcellulose and psyllium fiber also help with stool
[13]
consistency . Low FODMAP (fermentable oligo-, di-,
and monosaccharides and polyol sugars) diets are yet
another option to help address discomfort, bloating and
flatulence by minimizing the ingestion of certain sugars
[14]
and vegetables . Despite the potential benefit of these
various approaches, they all tend to provide limited
improvements in patient symptoms leaving many
patients unsatisfied with the overall effectiveness. As
such, patients continue to seek other therapy options.
TM
SBI (EnteraGam ) is a prescription medical food
product intended for the clinical dietary management
of intestinal disorders in patients with chronic loose
and frequent stools who have a limited or impaired
capacity to ingest, digest, absorb, or metabolize certain
[15]
nutrients; it is used under physician supervision .
SBI is a specially-formulated protein source consisting
of > 90% protein, of which > 50% is immunoglobulin
[15]
G (IgG) . Studies have demonstrated that SBI is safe
and improves gastrointestinal symptoms (e.g., chronic
loose and frequent stools, abdominal discomfort,
[16]
bloating, and urgency) in patients with ISB-D or HIV[17]
associated enteropathy . Approximately 25%-50%
of orally administered IgG survives digestion in the
[18]
stomach and small intestine . The mechanism
of action of SBI is postulated to involve binding to
microbial components, maintaining immune balance in
the gastrointestinal tract, managing gut barrier function
including increasing expression of the tight junction
proteins zonala occludens-1 (ZO1) and occludin, and
[18]
improving nutrient uptake . As such, SBI may provide
distinct nutrition in the form of immunoglobulins
and other proteins for patients and physicians when
conventional therapies fail to adequately manage IBS-D.

Core tip: Oral prescription medical foods are becoming
part of the outpatient medical practice and are finding
new uses as a therapeutic option for gastrointestinal
disorders. This case series investigates the use of oral
serum-derived bovine immunoglobulin/protein isolate
(SBI) in the management of differing forms of irritable
bowel syndrome (IBS). Because of the multifaceted
mechanism of action, SBI provides a distinct protein
source to normalize bowel function, gastrointestinal
microbiota, and nutritionally enhance tight junction
protein expression. As such, there may be potential
use for patients with other forms of IBS besides IBS-D.
Additional research is needed to explore this use.
Good L, Rosario R, Panas R. New therapeutic option for
irritable bowel syndrome: Serum-derived bovine immu
noglobulin. World J Gastroenterol 2015; 21(11): 3361-3366
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i11/3361.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i11.3361

INTRODUCTION
Irritable bowel syndrome (IBS) is a functional bowel
disorder that is defined based upon the presence of
[1,2]
abdominal pain and a change in bowel habit . It is
further categorized based upon stool consistency leading
to a diagnosis of IBS with either constipation (IBS-C),
diarrhea (IBS-D), mixed with alternating constipation
and diarrhea (IBS-M) or undefined (IBS-U), which may
have symptoms of bloating and distention. Populationbased studies have found IBS to be a common disorder
[3,4]
affecting from 9%-22% of the population .
IBS is the most commonly diagnosed gastrointestinal
(GI) disorder and has both a detrimental impact on
patient quality of life as well as affecting work pro
[2,5,6]
ductivity
. When compared to another GI disorder
like gastroesophageal reflux disease (GERD), IBS
patients had significantly greater impairment in the
ability to carry out daily activities of living and basic
[5,6]
work activities, which led to a greater loss of work .
IBS patients often suffer from other comorbidities
such as anxiety, depression, fibromyalgia, migraine
headaches, interstitial cystitis and temporomandibular
[2]
joint syndrome . The impact from changes in quality of
life and activities of daily living results in an estimated
[2,5,6]
annual economic burden of $25-50 billion
.
Successful management of IBS is dependent
upon symptom relief but options tend to be limited.
For those with IBS-D, the primary goal is to manage
bowel symptoms (reduce stool frequency, urgency, and
bloating; improve stool consistency), while managing
abdominal symptoms (pain and discomfort). There
is no single accepted therapy for IBS. While there
are some limited evidence-based recommendations
and guidelines, there is no general consensus among
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CASE REPORT
IBS has different clinical expressions based upon stool
consistency or frequency, as well as other associated
gastrointestinal symptoms. This retrospective chart
analysis explores the use of SBI in the management
of 14 IBS patients with differing forms: 7 IBS-D, 2
IBS-C, 2 IBS-M, and 3 IBS-Bloating (IBS-U) through
clinical observations, physician questioning and patient

3362

March 21, 2015|Volume 21|Issue 11|

Good L et al . SBI - New therapeutic option for IBS
Table 1 Presentation of irritable bowel syndrome patients with diarrhea
Patient No./age
(yr)/gender
IBS-D 1/24/M

IBS-D 2/36/F

IBS-D 3/63/M

IBS-D 4/86/M

IBS-D 5/36/F
IBS-D 6/87/F

IBS-D 7/66/M

Primary symptoms

Comorbidity

Other GI therapy

Diarrhea, frequency
Chronic urethritis
Low FODMAP diet,
urgency,
ulcerative proctitis
mesalamine
ABD pain
Diarrhea
Hypothyroidism
None
urgency
anxiety,
incontinence
depression
Diarrhea
Eosinophilic esophagitis,
Pantoprazole
Flatulence,
RIH,
ABD cramps,
BPH
urgency
Loose stools,
COPD,
Domperidone
urgency,
lung cancer
cramping
Diarrhea,
Ulcerative colitis
Low FODMAP diet,
severe ABD pain
mesalamine
Diarrhea,
Osteoporosis,
Perphenazine/amitriptyline,
ABD pain,
GERD,
omeprazole
distention,
anxiety
urgency
Diarrhea,
Hypertension,
Tramadol
urgency,
benign prostatic hyperplasia
incontinenc,
ABD pain

SBI
therapy/
duration

Outcome

Ongoing
32 wk

Complete resolution of symptoms

Ongoing
18 wk

Marked improvement in urgency and
diarrhea

Ongoing
27 wk

Complete resolution of symptoms

Ongoing
12 wk

Marked improvement of urgency and
diarrhea

Ongoing
12 wk
Ongoing
17 wk

No ABD pain, Loose stools/diarrhea
improved
Dramatic reduction in symptoms

Ongoing Marked reduction in pain and urgency,
16 wk
Formed bowel movements

ABD: Abdominal; IBS-D: Irritable bowel syndrome with diarrhea; SBI: Serum-derived bovine immunoglobulin; GI: Gastrointestinal; GERD:
Gastroesophageal reflux disease.

Table 2 Presentation of irritable bowel syndrome patients with constipation
Patient No./age (yr)/
gender

Primary symptoms

Comorbidity

Other GI therapy

SBI therapy/duration

Outcome

IBS-C 1/22/F

Constipation, bloating,
distension

None

Discontinued after 11 wk

Ineffective

IBS-C 2/55/F

Bloating,
distension,
nausea,
obstipation

Non-erosive
reflux disease

Low FODMAP diet,
linaclotide,
lubiprostone
lubiprostone

Ongoing
14 wk

Reduced bloating and distension,
obstipation unchanged

IBS-C: Irritable bowel syndrome with constipation; SBI: Serum-derived bovine immunoglobulin; GI: Gastrointestinal.

reporting.
The first group investigated were those patients
with IBS-D (Table 1). Overall these patients, ranging
in from 24-87 years of age, responded well to SBI
therapy and all continued usage. The key complaints
among these 7 patients were diarrhea (6), urgency (6),
abdominal pain (6), frequency (5), and incontinence
but symptoms of flatulence, distension, and cramping
were also noted by some patients. While symptoms
varied among these patients, the general response
indicated a consistent improvement in abdominal
and bowel symptoms with a marked reduction in
abdominal pain, diarrhea, urgency and an improved
stool consistency. There was also a noted resolution of
incontinence. The duration of SBI therapy ranged from
17-32 wk and all patients continue their SBI therapy
for management of their IBS-D symptoms.
The second group investigated consisted of two

WJG|www.wjgnet.com

patients diagnosed with IBS-C (Table 2). While SBI is
specifically intended for use in IBS-D rather than IBS-C,
the potential mechanism of action regarding barrier
restoration may provide some symptom management
in IBS-C. For one patient, a 22 year old female, SBI
was ineffective in managing the patient’s overall
IBS-C symptoms. In a second 55 year female patient,
SBI improved the patient’s bloating, distension and
nausea. However, the patient had no improvement in
her obstipation (severe constipation resulting from an
intestinal obstruction). The benefits perceived by the
patient, however, were subjectively sufficient during the
14 wk of SBI therapy that the patient has elected to
continue the therapy.
The third group was two patients experiencing
alternating diarrhea and constipation symptoms
noted as IBS-M (Table 3). For the 33 year old female
patient, there was an overall improvement in IBS-M
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Table 3 Presentation of irritable bowel syndrome patients with mixed with alternating constipation and diarrhea
Patient No./age
(yr)/gender
IBS-M 1/33/F

IBS-M
2/66/F

Primary Symptoms

Comorbidity

Other GI Therapy

SBI Therapy/
Duration

Outcome

Alternating diarrhea and constipation,
bloating, distension,
ABD pain
Alternating diarrhea and constipatio, bloating, distension

Morbid obesity

Low FODMAP diet

Ongoing
15 wk

Osteoporosis

Low FODMAP diet

Ongoing
14 wk

Overall improvement,
mild obstipation,
reduced bloating
No bloating or distension,
improved bowel movements

IBS-M: Irritable bowel syndrome with mixed with alternating constipation and diarrhea; SBI: Serum-derived bovine immunoglobulin; GI: Gastrointestinal.

Table 4 Presentation of patients with irritable bowel syndrome -bloating
Patient No./age (yr)/gender

Primary symptoms

Comorbidity

Other GI therapy

SBI therapy/duration

Outcome

IBS-U 1/50/M

Gas,
Bloating,
ABD Pain
Severe ABD pain,
bloating,

GERD,
osteoarthritis

polycarbophil,
saccharomyces boulardii lyo,
polyethylene glycol 3350, prn
Antidiarrheals

Ongoing
35 wk

Resolution of
symptoms

Discontinued after 6
wk

Unimproved

Completed after 8 wk

Resolution of
symptoms

IBS-U
2/82/F

distension
Bloating,
distension,
ABD pain,
flatulence

IBS-U
3/62/F

Hypertension,
atherosclerotic cardiovascular disease
Osteoporosis

denosumab,
rifaximin,
Low FODMAP diet

IBS-Bloating: Irritable bowel syndrome with bloating; SBI: Serum-derived bovine immunoglobulin; GI: Gastrointestinal; GERD: Gastroesophageal reflux
disease.

and a reduction in bloating during the 15 wk of SBI
therapy although mild obstipation was noted. In a
second patient, 66 years old female, there was an
elimination of the patient’s bloating and distension and
improvement in the bowel movements during the 14
wk of SBI therapy. Both patients are on low FODMAP
diets and continue their SBI therapy.
The final group of IBS patients was those with
no specific bowel symptoms associated with stool
consistency, but who indicated that their primary IBS
symptom was bloating (Table 4). For this group of
patients, an 82 year female patient discontinued SBI
therapy after 6 wk indicating there was insufficient
relief of symptoms. A second patient, a 62 years old
female, completed 8 wk of SBI therapy and indicated
a resolution of her gastrointestinal symptoms (bloa
ting, distention, flatulence, and abdominal pain) but
given the cyclic nature of IBS, it is possible that these
symptoms may recur. A third patient, a 50 years
old male whose primary symptoms included gas,
bloating and abdominal pain, reported a resolution of
symptoms. He has been managed with SBI therapy
for 35 wk and continues on therapy.
No adverse effects have been noted due to SBI
therapy in any of the IBS patient populations being
managed with the product.

chronic loose and frequent stools in IBS. For patients
with IBS-C, the results are inconclusive due to small
sample size but seem less effective in this patient
population. For patients with IBS-M, there is some
potential for efficacy during bouts of diarrhea and
reduction in bloating but the full extent of benefit
suggests some mixed results. Because of the alternating
nature of symptoms in IBS-M patients, this population
is often difficult to manage. Further investigation
is warranted to determine the potential timing and
management of dosing in this patient population.
Similarly for patients with IBS-bloating, there appears
to be some alleviation in bloating symptoms but the
full extent of the benefit is mixed. Additional study may
help determine the extent of benefit that is possible
in this population. Despite these findings, the results
and conclusions drawn from these patients must be
tempered by the small sample sizes.
While the findings in patients with IBS-D were
[16]
expected based upon prior clinical evidence , the
elements of benefit for patients with other types of
IBS, particularly for IBS-M and IBS-bloating, merit
more study. Such investigations will provide for more
thorough analysis of SBI-mediated outcomes in these
types of IBS patients. While patients with IBS-C share
some common symptoms with other IBS patients, the
results in patients with IBS-C were inconclusive and
more data is needed to draw any final conclusions.
SBI is intended specifically for the management of
intestinal disorders in patients with chronic loose and
frequent stools, such conditions as IBS-D and HIV-

DISCUSSION
For patients with IBS-D observed in this physician’s clinical
practice, SBI has been highly effective in managing

WJG|www.wjgnet.com
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[15]

associated enteropathy under physician supervision .
These findings suggest improvements in symptoms
that affect patients with IBS-D and other types of IBS
without any adverse effects. This further supports
the SBI designation as Generally Recognized As Safe
(GRAS) or food-like safety, an FDA requirement for
[15]
this category of therapeutics . As such, SBI as a
medical food would appear to have safe and practical
applications in the management of IBS (particularly
patients with IBS-D) and further investigation is
needed to determine the extent of benefits that SBI
holds for patients with other forms of IBS.

2

3

4

5

COMMENTS
COMMENTS
Case characteristics

This case series reports the outcomes of 14 irritable bowel syndrome (IBS)
patients (2 IBS-C, 7 IBS-D, 2 IBS-M and 3 IBS-Bloating), ages 22-87 years,
who received serum-derived bovine immunoglobulin/protein isolate (SBI) as an
addition to standard of care in a clinical practice setting.

6

Clinical diagnosis

General diagnosis consisted of abdominal pain with altered bowel habits
associated with diarrhea and/or constipation or bloating.

7

Differential diagnosis

Irritable bowel syndrome with diarrhea, constipation, mixed (diarrhea and
constipation) or bloating.

Laboratory diagnosis

Individual laboratory testing was not provided as patients had an established
diagnosis of IBS.

8

Imaging diagnosis

Imaging such as a colonoscopy was not provided as patients had an
established diagnosis of IBS.

Pathological diagnosis

9

Pathological diagnosis was not provided as patients had an established
diagnosis of IBS.

Treatment

Serum-derived bovine (SBI) immunoglobulin/protein isolate (5 g or 10 g/d) was
added to the patients’ current standard care and followed for several weeks to
determine if symptoms improved.

10

Related reports

Despite some limited evidence based recommendations for treatment of IBS,
there is no clear consensus on therapeutic options for IBS and patients are
often dissatisfied with their current therapeutic options.

11

Term explanation

12

IBS-bloating or IBS-U refers to patients without any distinctive stool consistency
patterns for diagnosis as IBS-D, IBS-C or IBS-M but show symptoms of IBS such
as abdominal pain with a chief complaint of bloating rather than stool consistency.

13

Experiences and lessons

Overall, 12 of the 14 IBS patients using SBI indicated some level of
improvement with onset within the first four weeks of therapy and 11 of the
14 are continuing therapy, but two patients discontinued therapy because of
insufficient relief.

14

Peer-review

15
16

The article describes 14 cases of IBS where SBI was added to current standard
of care and found improvement in 12 cases. The article highlights the potential
benefits that can come from a medical food like SBI in a clinical practice and
the data suggest the need for further study to confirm these practice findings.
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Strongyloides stercoralis, a soil transmitted helminth
infection, affects millions with varying prevalence
worldwide. A large number of affected hosts are
asymptomatic. Symptoms pertaining to pulmonary
and gastrointestinal involvement may be present.
Manifestations of involvement beyond lung and intestine
can be seen with dissemination of infection and lethal
hyperinfection. Immunosuppression secondary to use of
steroids or other immunosuppressants and coexistence
of human T-lymphotropic virus type-1 are the known
risk factors for dissemination and hyperinfection.
Diagnostic modalities comprise stool examination,
serology and molecular testing. Stool tests are
inexpensive but are limited by low sensitivity, whereas
serologic and molecular tests are more precise but at
the expense of higher cost. Treatment with Ivermectin
or Albendazole as an alternative is safe and efficacious.
We present a rare case of acute pancreatitis secondary
to Strongyloides. High index of suspicion in patients
specifically from endemic countries of origin and lack
of other common etiologies of acute pancreatitis may
help in early diagnosis and prompt treatment of this
potentially fatal infection.
Key words: Strongyloides; Pancreatitis; Autoinfection;
Helminth; Eosinophilia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Strongyloides affects millions of people
worldwide. Large numbers of infected hosts are
asymptomatic or have non-specific gastrointestinal
and/or pulmonary symptoms. Infected hosts, especially
in the setting of human T-lymphotropic virus type-1
infection and immunosuppressant or steroid use,
may develop overwhelming infection in the form of
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dissemination or hyperinfection. Peripheral eosinophilia
may be the only non-specific finding. Diagnostic
methods range from simple stool examination to
serologic tests and molecular techniques based on
nucleic acid amplification. Endoscopic examination may
be needed which may provide evidence of infection on
pathological exam. Treatment options are both safe
and efficacious with oral Ivermectin being superior to
Albendazole.

Table 1 Results of blood tests
Blood tests

Hemoglobin (g/dL)
Hematocrit (%)
Platelet count
(/μL)
White blood cell count
(/mm3)
Differential count (%)
Neutrophils
Lymphocytes
Eosinophils
INR
Blood urea nitrogen (mg/dL)
Creatinine (mg/dL)
Albumin (g/dL)
Alanine aminotransferase
(U/L)
Aspartate aminotransferase (U/L)
Alkaline phosphatase
(U/L)
Total bilirubin (mg/dL)

Makker J, Balar B, Niazi M, Daniel M. Strongyloidiasis: A
case with acute pancreatitis and a literature review. World J
Gastroenterol 2015; 21(11): 3367-3375 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i11/3367.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i11.3367

INTRODUCTION
Strongyloidiasis, an infection caused by Strongyloides
stercoralis, is endemic in tropical and sub-tropical
regions. Poor sanitary conditions favor its propagation.
Infection with Strongyloides is usually asymptomatic
which leads to underestimated figures of its prevalence.
The most commonly affected organs are lung and
intestines with mild non-specific symptoms like
abdominal pain, vomiting, diarrhea, tracheal irritation
and cough. Hyperinfection or disseminated infection
due to unique feature of autoinfection may occur. We
present a rare case of Strongyloides associated acute
pancreatitis and a review of four reported cases.

16.4
48.3
237000

15.9
46.0
286000

18700

23300

35.2
18.4
42.2
1.1
10
1.0
3.4
26

33.5
16.5
46.5
1.0
10
0.9
3.8
65

31
144

39
284

0.2

0.3

healthy.
On examination, temperature was 97.9°F, blood
pressure 134/95 mmHg, pulse 68 beats per minute
and regular, weight 81.6 kg with a body-mass index of
30. The patient looked stable but was uncomfortable
due to pain. The abdomen was non-distended and had
normal bowel sounds on auscultation; but it was soft
with moderate tenderness in the epigastrium region.
The rest of the examination was normal.
3
The white blood cell count was 18700 per mm
with an eosinophil percentage of 42.2 and absolute
3
eosinophil count of 7900 per mm . Serum amylase and
lipase levels were 78 units per liter and 83 units per
liter respectively. Other test results were unremarkable
as shown in Table 1. Computed tomography (CT)
of the abdomen and pelvis, performed after the
administration of intravenous and oral contrast material
was normal. An upper gastrointestinal endoscopy was
performed which showed normal appearing esophagus
and multiple erosions in the stomach and duodenum
(Figure 1A, B). Pathological exam of random eso
phageal biopsy specimen revealed hyperplastic
squamous mucosa with mucosal congestion. Gastric
biopsy specimen showed increased eosinophils
in lamina propria, intraepithelial eosinophils, and
eosinophilic cryptitis; and duodenal specimen showed
increased eosinophils in lamina propria (more than
20 per high power field), intraepithelial eosinophilic
infiltrates, eosinophilic cryptitis and no shortening
of villi or crypt distortion. A diagnosis of eosinophilic
gastroenteritis was entertained. Omeprazole was
administered, test for stool ova and parasite was
ordered before considering steroid treatment for
eosinophilic gastroenteritis while awaiting results of
endoscopic biopsies. The patient was discharged home
after three days of hospitalization with instructions to

CASE REPORT
A 48-year-old man presented to Bronx Lebanon
Hospital Center with abdominal pain after he had been
admitted to another hospital for epigastric pain of ten
days duration. He described the pain as intermittent,
non-radiating and worsening with food intake. The
patient denied nausea, vomiting, fever or dysphagia.
An upper endoscopic exam had reportedly revealed
normal esophagus, gastric erythema and normal
th
duodenum. On the 4 day of hospitalization, the
patient reported slight improvement in his symptoms
and he was discharged home on omeprazole 20 mg
oral daily.
Two days after discharge from the other hospital,
th
on 16 day of illness he presented to Bronx Lebanon
Hospital Center due to persistent epigastric pain.
He had hypertension, and he was taking losartan
50 mg daily. He had had surgery for kidney stones.
He had no known drug or food allergies. He did not
smoke, drink alcohol, or use illicit drugs. He was
married and had children. He had immigrated to
United States from the Dominican Republic 5 years
ago, lived in Pennsylvania and worked in a New York
factory that produced cleaning liquids. His brother
had diabetes mellitus; his parents and children were

WJG|www.wjgnet.com

Labs on first
Labs on second
admission
admission
Day 16 of illness Day 22 of illness
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A

B

Figure 1 Endoscopic images of gastric antrum and duodenal bulb erosions (A and B).

A

B

Figure 2 Hematoxylin and Eosin staining of the biopsy specimen. A: Hematoxylin and eosin (HE) stained section of small bowel biopsy showing prominent
eosinophilia associated with Strongyloides infection; B: HE stained longitudinal cross section of a small bowel biopsy showing Strongyloides worm lying within the crypt.

follow up in outpatient clinic in 1 wk.
nd
Three days later, on the 22 day of his illness, he
returned to this hospital with worsening epigastric pain
that he rated at 10 out of 10. It was constant, radiating
to his back and associated with one episode of nonbilious vomiting. He also reported about 11 pounds
of unintentional weight loss over last three weeks.
On examination he was anxious and uncomfortable.
His temperature was 97.0°F, blood pressure 166/107
mmHg, pulse 60 beats per minute and respiratory rate
15 per minute. His abdomen was non-distended with
normal bowel sounds, it was soft but there was severe
tenderness in the epigastrium region. The remainder
of the examination was normal. The white blood cell
count level was again found to be elevated at 23300
3
per mm with an eosinophil percentage of 46.5 and
3
absolute eosinophil count of 10900 per mm . Serum
levels of amylase and lipase were 263 and 476 units
per liter. The other blood test results are shown in
Table 1. Radiography of the abdomen was normal. CT
of the abdomen and pelvis following the administration
of oral and intravenous contrast was normal.
Ultrasonography of abdomen revealed gall bladder
sludge, a normal common bile duct and no gallstone.
A diagnosis of acute pancreatitis was made. The
patient was managed conservatively with aggressive
intravenous fluid administration. Several possibilities
were entertained in the search for an etiology.

WJG|www.wjgnet.com

Etiologies of acute pancreatitis, like gallstones and
hypertriglyceridemia, were excluded based on the
normal abdominal sonogram and serum triglyceride
level. Pancreatitis secondary to alcohol and drug
were also excluded based on history. The differential
diagnosis, especially in the presence of eosinophilia,
also included aggressive systemic mastocytosis with
lymphadenopathy and eosinophilia, hypereosinophilic
syndrome, occult parasitic infection and hypoadrenalism.
Hematology consult was obtained and bone marrow
biopsy was performed.
Bone marrow biopsy revealed normocellular
marrow with trilineage maturation but increase in
both mature and immature eosinophils to about 30
percent of nucleated hematopoietic cells. Serum
levels of aldosterone, tryptase and immunoglobulin E
level were all normal. Stool for ova and parasite was
reported negative on multiple occasions. Strongyloides
immunoglobulin G (IgG) tested by Enzyme Linked
Immunosorbent Assay (ELISA) level was reported
positive. Careful review of the endoscopic biopsy
specimens again revealed a Strongyloides stercoralis
larva in the duodenal biopsy specimen (Figure 2A, B).
A single dose of Ivermectin 200 microgram per
kilogram bodyweight was administered orally and
24 h later the patient reported complete resolution
of his symptoms. A repeat dose of Ivermectin 200
microgram per kilogram bodyweight was administered
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orally two weeks later during an outpatient follow up
visit.

the initiative from the Centers for Disease Control and
prevention to presumptively treat parasitic infections
in immigrants prior to their arrival in the United States,
there has been a significant decline in Strongyloides
[9]
stercoralis prevalence among immigrants .

DISCUSSION
Background

Life cycle

Strongyloides are soil-transmitted helminths. They
are vertebrate parasites and the genus comprises
[1]
about fifty species . They infect different hosts like
amphibians, birds and mammals including humans.
The latter can be infected by three different species
of Strongyloides, namely Strongyloides stercoralis,
Strongyloides fuelleborni fuelleborni and Strongyloides
[2]
fuelleborni kelleyi . Strongyloides stercoralis is
the most prevalent species worldwide, whereas
Strongyloides fuelleborni fuelleborni is prevalent in
Africa and Strongyloides fuelleborni kelleyi in Papua
New Guinea.

The life cycle for Strongyloides is unique and features
like parthenogenesis (development of larvae from
unfertilized eggs without sexual reproduction), release
of larvae in feces and not eggs, and autoinfection make
it stand out from the rest. Strongyloides life cycle
comprises two forms - free-living form and parasitic
form. Rhabditiform larvae upon their release in the
feces of an infected host can molt to form either free
living adult worms or the infective filariform larvae.
The infective filariform larvae can be transmitted to
another host through exposure to contaminated soil.
After penetrating skin of the new host, these infective
filariform larvae are carried by blood to the lungs
where they break out of lung capillaries into alveoli
and then ascend up the tracheobronchial tree to be
swallowed eventually into the gastrointestinal tract. In
the gastrointestinal tract, larvae molt into adult female
worms that settle down in the lamina propria of the
small intestine and release eggs without involvement
of male for reproduction (parthenogenesis). Rhab
ditiform larvae hatch out of these eggs and are
eventually passed in feces. These rhabditiform larvae,
instead of being released into feces can also repenetrate the gastrointestinal mucosa or the perianal
[10]
skin (autoinfection) .

Epidemiology

Strongyloides was first discovered by Louis Normand
in 1876 in the stools of French soldiers returning from
[3]
Indochina . The two different forms of Strongyloides
larvae were initially considered as two different
species and were named as Anguillula stercoralis and
Anguillula intestinalis. Later they were classified under
genus Strongyloides and the worm was renamed as
Strongyloides stercoralis. Since its discovery more than
a century ago, it has been found in all parts of world
except Antarctica.
Strongyloides stercoralis is most prevalent in
tropical and sub-tropical regions but also occurs in
temperate regions when conditions are favorable. It
is endemic in Southeast Asia, Sub Saharan Africa and
Latin America. Due to the dearth of epidemiologic
studies, worldwide prevalence is unknown but about
[4]
30 to 100 million people are estimated to be infected .
A recent literature review aimed at estimating
prevalence of Strongyloides in different countries
of the world exhibited the diversity in its worldwide
prevalence. On the African continent, prevalence as
high as 99% in Namibia, 92% in Gabon and 80% in
Kenya was reported. In Latin America, prevalence was
found to be 98% in the Dominican Republic and 75%
in Peru. Prevalence in New Papua Guinea was reported
[5]
as 99% .
Historically, in the United States, Strongyloides
stercoralis has been considered endemic in southern
states and Appalachia. With the last high quality
study from the United States having been published
[6]
three decades ago , information about most recent
prevalence trends of Strongyloides stercoralis is
lacking. Due to improvement in sanitary conditions
and hygienic practices, these prior studies had shown
[7]
marginal decline in prevalence from 3.8% to 3% .
In studies among veterans returning from endemic
regions and immigrants, respective prevalence as
[8]
[5]
high as 37% and 40% has been recorded. Since
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Immunology

Overall understanding on human immune responses
to Strongyloides stercoralis is limited. The limitation is
partly from the complex nature of the Strongyloides
as well as inability to reproduce the pathophysiology
of the Strongyloides stercoralis human infection
in the currently available rat model studies. Never
theless, these rat models have demonstrated an
armamentarium of immune responses that interplay
to fight against Strongyloides. Innate immune
responses begin by recruitment of neutrophils and
eosinophils. Neutrophils need myeloperoxidase and
toll like receptors to kill the larvae. On the other
hand, eosinophils mediate larval killing by supplying
cytokines needed for immunoglobulin IgM production.
Eosinophils, as antigen presenting cells, also play a key
role in activating adaptive immune responses. Once
adaptive immunity is activated, helper T cells activate
B cells through interleukin-5 and initiate production of
IgM and IgG. Immunoglobulin IgM and IgG not only
recognize different antigens of Strongyloides stercoralis
but also work through different mechanisms. IgG needs
neutrophils and complement activation for larval killing
(antibody dependent cellular cytotoxicity), whereas IgM
[11,12]
action is independent of neutrophils and cytokines
.
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Table 2 Reported cases of acute pancreatitis associated with Strongyloides stercoralis
Case

Age (yr)/ Place of origin
gender

Presentation

Eosinophil
count
3
(per mm )

Amylase
(U/L)

Lipase
(U/L)

1

44/F

West Indies
(Caribbean)

Abdominal pain
Fever
Pruritus

210

Not
provided

Not
provided

2

45/F

Ecuador

900

259

1574

3

81/F

Kentucky,
USA

1254

2100

>2000

4

64/M

Puerto Rico

776

4367

>396

5
(our case)

48/M

Dominican
Republic

Abdominal pain
Nausea
Vomiting
Abdominal pain
Nausea
Vomiting
Abdominal pain
Nausea
Vomiting
Dyspnea
Confusion
Abdominal pain

10900

263

476

Diagnostic method

Treatment

Examination of biliary Thiabendazole
fluid obtained through
percutaneous biliary
drain
Endoscopic duodenal Albendazole
biopsy
Thiabendazole
Stool examination
Ivermectin
Examination of biliary Albendazole
fluid obtained through
ERCP
Clinical history and
Ivermectin
stool examination

Endoscopic duodenal
biopsy and serology

Ivermectin

Ref.

Delarocque
Astagneau
et al[14], 1994
Núñez et al[15],
2003
Perez-Jorge
et al[16], 2008
Jones et al[17],
2009

Makker et al,
2015

ERCP: Endoscopic retrograde cholangio pancreatography.

Clinical features

to contain the infection, however in the presence
of specific risk factors, Strongyloides infection
supersedes and severe forms of infection known as
hyperinfection and disseminated infection emerge.
Well-established risk factors are treatment with
[20]
[21]
steroids
or immunosuppressants
and coexistence
[22]
of human T-lymphotropic virus type-1 (HTLV-1) .
Hyperinfection is characterized by enormous burden
of parasite in the lungs and gastrointestinal tract,
leading to the hallmark appearance of multiple
larvae in sputum and/or feces. As the parasitic
burden increases with autoinfection, these larvae
can go beyond the normally infected tissues - lungs
and gastrointestinal tract. Dissemination to other
organs can manifest as meningitis, atrial fibrillation,
hemoptysis, pneumothorax, intestinal hemorrhage,
intestinal obstruction, protein losing enteropathy and
intestinal ulcerations with subsequent gram-negative
[23]
septicemia .

Clinical manifestations of Strongyloides stercoralis
infection vary depending on the worm burden.
Most of the immunocompetent hosts infected with
Strongyloides stercoralis are asymptomatic which is
one of the reasons for the underestimation of its true
prevalence. After the skin penetration by infective
filariform larvae, a rash may be recognized in some but
not all patients. The rash, which may last for several
weeks, can present in the form of multiple wheels
like urticarial reaction or a serpiginous creeping rash
created by movement of larva under the skin (larva
currens). In patients with autoinfection, where larvae
re-enter the peri-anal skin as soon as they exit from
the anal canal, the rash may be seen on the buttocks
and thighs.
With involvement of respiratory system, it can
manifest as cough, tracheal irritation and shortness
of breath. Gastrointestinal manifestations, which
develop about two weeks after the entry of the
larvae, include abdominal pain, nausea, vomiting and
diarrhea. Fever, malaise, anorexia and weight loss can
[13]
also be seen frequently . Rarely, association with
acute pancreatitis as in our case has been described
in the medical literature. Prior to our case, there have
been only four cases of acute pancreatitis related to
Strongyloides reported in the English and Spanish
[14-17]
medical literature (Table 2)
. Likely mechanism of
pancreatitis is involvement of duodenal ampulla and
then pancreatic duct leading to intense inflammation
and edema. A rare case report of Strongyloides
association with cystadenocarcinoma of pancreas and
[18,19]
pancreatic head mass has also been described
.
After the establishment of Strongyloides stercoralis
infection, factors that lead to autoinfection are
unclear. The immune system constantly attempts
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Diagnostic methods

Diagnosis of Strongyloides stercoralis infection in
the absence of a gold standard remains a challenge.
Various methods as discussed below are available
but none seem to be ideal. Many patients with low
parasite burden and non-specific symptoms may have
peripheral eosinophilia as the only finding, which in
itself is a non-specific indicator. Stool examination for
larvae, one of the oldest methods available, in such
patients may be completely negative, especially if
only one sample is tested. Testing multiple samples
[24]
increases the yield of stool examination . Stool
examination can be done by two different methods
- direct stool smear examination or stool culture.
Historically, different methods have been described to
increase the detection rate of stool examination. These
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Table 3 Various diagnostic tests available for Strongyloides stercoralis
Test
Stool smear
Agar plate culture

Serologic tests
IFAT
ELISA
LIPS
Molecular tests
PCR

Sensitivity and specificity

Remarks

30% sensitivity for single stool sample[35]
90% sensitivity[28]

Simple test but insensitive
Sensitive and simple
But needs 2 d for results
Health hazard to lab workers

IFAT: 97% sensitivity and 98% specificity[29]
ELISA: 93% sensitivity and 95% specificity[30]
LIPS: 97% sensitivity and 100% specificity[32]

Cross reactivity except with LIPS
Inability to differentiate past and current infection
Expensive

PCR: 99%-100% sensitivity and 15%-100% specificity[34]

Low specificity with low parasite burden
Expensive
Not widely available

LAMP

ELISA: Enzyme Linked Immunosorbent Assay; IFAT: Indirect immunofluorescence antibody test; LAMP: Loop-mediated isothermal amplification; LIPS:
Immunoprecipitation system; PCR: Polymerase chain reaction.

include formalin-ethyl acetate concentration, Baermann
method that relies on the ability of larvae to convert to
free-living stage, and Harada-Mori filter paper method
[25]
that relies on water tropism of larvae . Stool culture
on agar plate requires stool inoculation and incubation
for at least 2-3 d, following which larvae can be seen
on the agar plate with the help of a microscope. Even
if larvae are not seen, specific track marks on agar
plate created by larval movement can be seen and also
[26,27]
be differentiated from hookworm larvae tracks
.
Agar plate culture has a high sensitivity of 90% but
is time consuming, expensive and a health hazard to
[28]
laboratory workers .
The next available diagnostic studies are serological
tests (Table 3), which depend on the detection of
the larval antigen or antibody generated in response
to their antigens. Indirect immunofluorescence
antibody test for Strongyloides stercoralis has been
shown to have a sensitivity of 97% and a specificity
[29]
of 98% . ELISA to detect antibody against crude
Strongyloides larva antigen has also been widely
used, with sensitivity and specificity of 93% and
[30]
95% respectively . The methods using ELISA have
been hampered by the constant need for crude
antigen, which must be prepared from feces of heavily
infected patients or experimental animals. Hence
interest in recombinant antigens was born, leading
to the emergence of recombinant antigen NIE based
[31]
ELISA test . More recently a newer technique called
luciferase immunoprecipitation system has been
utilized to detect IgG against recombinant antigen NIE
with sensitivity equal to that of NIE-ELISA test and a
[32]
specificity of 100% . Detection of antibodies does
not differentiate between past and current infection, as
these antibodies may last for years after the infection
has cleared. Moreover, there may be cross-reactivity
between Strongyloides antibodies and other helminths.
Molecular tests based on nucleic acid amplification
by polymerase chain reaction (PCR) have also
been used. Real time PCR technique using the 18S
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ribosomal DNA has been shown to have a specificity
of 99%-100% but varying sensitivity based on the
parasitic burden. With moderate to high burden, a
sensitivity of 100% was found, however with low
[33]
parasite burden it drastically dropped to only 15% .
A newer technique of nucleic acid amplification named
Loop-mediated isothermal amplification has been
[34]
introduced but needs further validation . Table 3
above summarizes the sensitivity and specificity of
[28-30,32,34,35]
these various diagnostic tests available
.
Invasive methods like endoscopy with duodenal
aspirate or biopsy can also be used in patients with
strong clinical suspicion of infection. Upper endoscopic
exam may show normal looking mucosa with
eosinophilic infiltration on pathological examination
or it may show abnormal mucosa in the form of
erosions and ulcerations with pathological examination
characterized by cryptitis, crypt abscess and eosinophilic
[36,37]
infiltration
. Similarly the colon, particularly rightsided colon, may get involved in the presence of
overwhelming parasite burden. Colonoscopy may show
colonic mucosa inflammation or nodular mucosa with
pathological examination revealing larvae, eosinophilic
[38]
infiltration or granulomas .

Treatment

Ideally, the improvement of sanitary conditions and
provision of better hygienic conditions should be
targeted to control or eliminate Strongyloides infection.
However, in the real world huge economic investments
especially in developing nations are needed to achieve
this goal. In the absence of such perfect sanitary
conditions, reliance on anti-helminthic drugs is a
reasonable option. The treatment of Strongyloides
has come a long way since the days when intravenous
[39]
gentian violet was introduced in 1950 . Currently,
three drugs have been approved for the treatment
of Strongyloides: Albendazole, Mebendazole and
Ivermectin. Albendazole and Mebendazole belong
to a group of benzimidazole antihelminthic drugs,
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trial involving more than 800 pregnant patients in
their second trimester, it did not show any significant
effect on mean birth weight, pregnancy outcomes or
[44]
congenital defects .
The resolution of hyperinfection syndrome and
disseminated Strongyloides infection requires prolonged
treatment. Since the autoinfection cycle of Strongyloides
takes two weeks, it has been recommended to give
daily oral Ivermectin in the doses of 200 microgram per
kilogram of bodyweight until stool and/or sputum tests
[21]
are negative for two weeks .
In conclusion, we present here an uncommon case of
Strongyloides stercoralis infection in an immunocompetent
adult male associated with acute pancreatitis. Infection
was associated with eosinophilia and negative repeated
stool examinations, but was eventually diagnosed on
pathological examination of duodenal biopsies.
Helminth Strongyloides affects millions of people
worldwide with endemicity in the tropical and subtropical regions. Life cycle comprises two different
forms of larvae, and is unique with features like
parthenogenesis and autoinfection. Large numbers of
infected hosts are asymptomatic or have non-specific
gastrointestinal and/or pulmonary symptoms. Both
innate and adaptive immune mechanisms get activated
with infection. Infected hosts, especially in the
setting of HTLV-1 infection and immunosuppressant
or steroid use, may develop overwhelming infection
in the form of dissemination or hyperinfection.
Peripheral eosinophilia may be the only non-specific
finding. Diagnostic methods range from simple
stool examination to serologic tests and molecular
techniques based on nucleic acid amplification.
Endoscopic examination may be needed which may
provide evidence of infection on pathological exam.
Treatment options are both safe and efficacious with
oral Ivermectin being superior to Albendazole.

Table 4 Treatment of Strongyloidiasis
Drug

Dose

Pregnancy class

Ivermectin
(preferred drug
of treatment)
Albendazole

200 μg/kg of bodyweight
C
orally repeated on two days
consecutively or after 2 wk
400 mg orally two times a day for
C
3-7 d
Hyperinfection syndrome and disseminated Strongyloides infection
200 μg/kg of bodyweight orally until stool and/or sputum tests are
negative for two wk (duration of auto-infective cycle)

[40]

which were originally developed as plant fungicides .
Ivermectin, a macrocyclic lactone is derived from
avermectins, which is produced by the bacterium
Streptomyces avermitilis.
Albendazole acts by interfering with the micro
tubular system of the parasite. The usual dose of oral
Albendazole is 400 mg twice a day for three to seven
[41]
days . In a large review of its efficacy, a cure rate
[40]
of 62.2% was seen with a 400 mg daily dosing .
In one study its side effect profile was similar to that
[42]
of a placebo . It is a pregnancy class C drug but
neither the reports from its inadvertent use during the
first trimester nor a large randomized controlled trial
have shown any congenital defects associated with its
[43,44]
use
.
Mebendazole, another member of the benzi
midazole group, also acts by interfering with the
microtubular system of the parasite. Since October
2011, it has not been available in the Unites States.
Mebendazole was used in doses of 100 mg twice a day
for five days followed by repeated doses at weeks 1,
3 and 4. Is has been reported to achieve cure rates of
[45]
87% after 15 mo of treatment completion .
Ivermectin, a semi synthetic derivative of macro
cyclic lactone, mediates parasite paralysis and killing
[46]
through glutamate activated chloride channels . In a
comparison of single dose Ivermectin (200 microgram
per kilogram of bodyweight) orally with three-day
regimen of Albendazole 400 mg orally daily, cure rates
of 83% with Ivermectin were seen as compared to
[47]
45% with Albendazole . Single dose of Ivermectin
(200 microgram per kilogram of bodyweight) orally
was also shown to have superior cure rate of 97% vs
63% with high dose Albendazole 800mg orally daily for
[41]
seven days . Currently, oral Ivermectin in the dose of
200 microgram per kilogram of bodyweight repeated
on two consecutive days or after 2 wk is the preferred
drug for treatment of Strongyloides stercoralis (Table
[48,49]
4)
. In patients who cannot tolerate it orally,
alternate routes like subcutaneous administration of
[50]
Ivermectin has been advised . Ivermectin is usually
well tolerated unless the patient has concomitant Loa
loa infection. Loa associated encephalopathy, especially
with high Loa microfilaremia, has been observed after
[51]
mass treatment with Ivermectin . Ivermectin is a
pregnancy class C drug, but in a randomized controlled
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COMMENTS
COMMENTS
Case characteristics

A 48-year-old man presented with peripheral eosinophilia and recurrent
epigastric pain, aggravated by food intake, not associated with nausea, vomiting
and fever.

Clinical diagnosis

On examination patient appeared uncomfortable due to abdominal pain and the
abdominal examination revealed moderate epigastric tenderness.

Differential diagnosis

Differential diagnosis of epigastric pain: Acute pancreatitis, peptic ulcer
disease; Differential diagnosis of acute pancreatitis: gallstone, alcohol,
triglyceride, drugs, and parasitic infections; Differential diagnosis of eosinophilia
with gastrointestinal symptoms: aggressive systemic mastocytosis with
lymphadenopathy and eosinophilia, hypereosinophilic syndrome, occult
parasitic infection and hypoadrenalism.

Laboratory diagnosis

Patient had elevated lipase level as well as peripheral eosinophilia. Stool ova
and parasite testing was negative repeatedly. Strongyloides immunoglobulin G
tested by Enzyme Linked Immunosorbent Assay was positive.

Imaging diagnosis

Computed tomography and ultrasound abdomen were unremarkable. Upper
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endoscopic exam showed multiple erosions in the stomach and duodenum.

14

Pathological diagnosis

Endoscopic biopsy revealed a Strongyloides stercoralis larva in the duodenum.

Treatment

15

Two doses of Ivermectin 200 microgram per kilogram bodyweight were
administered orally at two weeks interval.

Related reports

16

Very few cases related to acute pancreatitis secondary to Strongyloidiasis
infection have been reported in literature. All the cases were associated with
peripheral eosinophilia.

17

Term explanation

Strongyloidiasis is a soil transmitted helminth infection caused by Strongyloides
stercoralis that initiates after infective larvae penetrate the host skin.

Experiences and lessons

18

This case report presents the rare association of Strongyloidiasis and acute
pancreatitis. In the absence of other common etiologies of acute pancreatitis,
the authors recommend considering this parasitic infection as one of the
etiologies, especially in patients from endemic regions and who demonstrate
peripheral eosinophilia.

19
20

Peer-review

The authors have described a case of acute pancreatitis secondary to
Strongyloides stercoralis infection. The article highlights the diagnostic methods
and treatment options available for this parasitic infection.

21

REFERENCES
1
2
3
4
5

6

7

8
9

10
11

12

13

22

Viney ME, Lok JB. Strongyloides spp. WormBook 2007: 1-15
[PMID: 18050491 DOI: 10.1895/wormbook.1.141.1]
Dorris M, Viney ME, Blaxter ML. Molecular phylogenetic analysis
of the genus Strongyloides and related nematodes. Int J Parasitol
2002; 32: 1507-1517 [PMID: 12392916]
Grove DI. Who discovered that intestinal worm infections could
be diagnosed by finding eggs in the faeces? J R Soc Med 1986; 79:
670-673 [PMID: 3540299]
Keiser J, Utzinger J. The drugs we have and the drugs we need
against major helminth infections. Adv Parasitol 2010; 73: 197-230
[PMID: 20627144 DOI: 10.1016/s0065-308x(10)73008-6]
Schär F, Trostdorf U, Giardina F, Khieu V, Muth S, Marti H,
Vounatsou P, Odermatt P. Strongyloides stercoralis: Global
Distribution and Risk Factors. PLoS Negl Trop Dis 2013; 7: e2288
[PMID: 23875033 DOI: 10.1371/journal.pntd.0002288]
Walzer PD, Milder JE, Banwell JG, Kilgore G, Klein M, Parker R.
Epidemiologic features of Strongyloides stercoralis infection in an
endemic area of the United States. Am J Trop Med Hyg 1982; 31:
313-319 [PMID: 7072896]
Starr MC, Montgomery SP. Soil-transmitted Helminthiasis in
the United States: a systematic review--1940-2010. Am J Trop
Med Hyg 2011; 85: 680-684 [PMID: 21976572 DOI: 10.4269/
ajtmh.2011.11-0214]
Pelletier LL. Chronic strongyloidiasis in World War II Far East
ex-prisoners of war. Am J Trop Med Hyg 1984; 33: 55-61 [PMID:
6696184]
Swanson SJ, Phares CR, Mamo B, Smith KE, Cetron MS, Stauffer
WM. Albendazole therapy and enteric parasites in United Statesbound refugees. N Engl J Med 2012; 366: 1498-1507 [PMID:
22512482 DOI: 10.1056/NEJMoa1103360]
Mahmoud AA. Strongyloidiasis. Clin Infect Dis 1996; 23: 949-952;
quiz 953 [PMID: 8922784]
Bonne-Année S, Hess JA, Abraham D. Innate and adaptive
immunity to the nematode Strongyloides stercoralis in a mouse
model. Immunol Res 2011; 51: 205-214 [PMID: 22101674 DOI:
10.1007/s12026-011-8258-2]
Iriemenam NC, Sanyaolu AO, Oyibo WA, Fagbenro-Beyioku
AF. Strongyloides stercoralis and the immune response.
Parasitol Int 2010; 59: 9-14 [PMID: 19892034 DOI: 10.1016/
j.parint.2009.10.009]
Grove DI. Human strongyloidiasis. Adv Parasitol 1996; 38: 251-309
[PMID: 8701797]

WJG|www.wjgnet.com

23
24
25

26

27

28
29

30

31

32

3374

Delarocque Astagneau E, Hadengue A, Degott C, Vilgrain V,
Erlinger S, Benhamou JP. Biliary obstruction resulting from
Strongyloides stercoralis infection. Report of a case. Gut 1994; 35:
705-706 [PMID: 8200571]
Núñez E, Montero J, García-Picazo L, Ramón y Cajal S. [Recurrent
pancreatitis after cholecystectomy]. Enferm Infecc Microbiol Clin
2003; 21: 461-462 [PMID: 14525711]
Perez-Jorge EV, Burdette SD. Association between acute
pancreatitis and Strongyloides stercoralis. South Med J 2008; 101:
771-772 [PMID: 19209121 DOI: 10.1097/SMJ.0b013e31817a8b24]
Jones N, Cocchiarella A, Faris K, Heard SO. Pancreatitis associated
with Strongyloides stercoralis infection in a patient chronically
treated with corticosteroids. J Intensive Care Med 2010; 25: 172-174
[PMID: 20444734 DOI: 10.1177/0885066609359992]
Setia U, Bhatia G. Pancreatic cystadenocarcinoma associated with
strongyloides. Am J Med 1984; 77: 173-175 [PMID: 6741978]
Pijls NH, Yap SH, Rosenbusch G, Prenen H. Pancreatic mass due
to Strongyloides stercoralis infection: an unusual manifestation.
Pancreas 1986; 1: 90-93 [PMID: 3554219]
Fardet L, Généreau T, Cabane J, Kettaneh A. Severe strongyloidiasis
in corticosteroid-treated patients. Clin Microbiol Infect 2006; 12:
945-947 [PMID: 16961629 DOI: 10.1111/j.1469-0691.2006.01443.
x]
Mejia R, Nutman TB. Screening, prevention, and treatment for
hyperinfection syndrome and disseminated infections caused by
Strongyloides stercoralis. Curr Opin Infect Dis 2012; 25: 458-463
[PMID: 22691685 DOI: 10.1097/QCO.0b013e3283551dbd]
Carvalho EM, Da Fonseca Porto A. Epidemiological and clinical
interaction between HTLV-1 and Strongyloides stercoralis. Parasite
Immunol 2004; 26: 487-497 [PMID: 15771684 DOI: 10.1111/
j.0141-9838.2004.00726.x]
Keiser PB, Nutman TB. Strongyloides stercoralis in the
Immunocompromised Population. Clin Microbiol Rev 2004; 17:
208-217 [PMID: 14726461]
Nielsen PB, Mojon M. Improved diagnosis of strongyloides
stercoralis by seven consecutive stool specimens. Zentralbl Bakteriol
Mikrobiol Hyg A 1987; 263: 616-618 [PMID: 3604502]
Requena-Méndez A, Chiodini P, Bisoffi Z, Buonfrate D, Gotuzzo E,
Muñoz J. The laboratory diagnosis and follow up of strongyloidiasis:
a systematic review. PLoS Negl Trop Dis 2013; 7: e2002 [PMID:
23350004 DOI: 10.1371/journal.pntd.0002002]
Jongwutiwes S, Charoenkorn M, Sitthichareonchai P, Akaraborvorn
P, Putaporntip C. Increased sensitivity of routine laboratory detection
of Strongyloides stercoralis and hookworm by agar-plate culture.
Trans R Soc Trop Med Hyg 1999; 93: 398-400 [PMID: 10674087]
Inês Ede J, Souza JN, Santos RC, Souza ES, Santos FL, Silva ML,
Silva MP, Teixeira MC, Soares NM. Efficacy of parasitological
methods for the diagnosis of Strongyloides stercoralis and
hookworm in faecal specimens. Acta Trop 2011; 120: 206-210
[PMID: 21896267 DOI: 10.1016/j.actatropica.2011.08.010]
Arakaki T, Iwanaga M, Kinjo F, Saito A, Asato R, Ikeshiro T.
Efficacy of agar-plate culture in detection of Strongyloides stercoralis
infection. J Parasitol 1990; 76: 425-428 [PMID: 2352073]
Boscolo M, Gobbo M, Mantovani W, Degani M, Anselmi M,
Monteiro GB, Marocco S, Angheben A, Mistretta M, Santacatterina
M, Tais S, Bisoffi Z. Evaluation of an indirect immunofluorescence
assay for strongyloidiasis as a tool for diagnosis and follow-up.
Clin Vaccine Immunol 2007; 14: 129-133 [PMID: 17135451 DOI:
10.1128/cvi.00278-06]
van Doorn HR, Koelewijn R, Hofwegen H, Gilis H, Wetsteyn JC,
Wismans PJ, Sarfati C, Vervoort T, van Gool T. Use of enzymelinked immunosorbent assay and dipstick assay for detection of
Strongyloides stercoralis infection in humans. J Clin Microbiol
2007; 45: 438-442 [PMID: 17151215 DOI: 10.1128/jcm.01735-06]
Ravi V, Ramachandran S, Thompson RW, Andersen JF, Neva
FA. Characterization of a recombinant immunodiagnostic antigen
(NIE) from Strongyloides stercoralis L3-stage larvae. Mol Biochem
Parasitol 2002; 125: 73-81 [PMID: 12467975]
Ramanathan R, Burbelo PD, Groot S, Iadarola MJ, Neva FA,
Nutman TB. A luciferase immunoprecipitation systems assay

March 21, 2015|Volume 21|Issue 11|

Makker J et al . Strongyloidiasis

33

34

35
36

37
38

39

40
41

42

enhances the sensitivity and specificity of diagnosis of Strongyloides
stercoralis infection. J Infect Dis 2008; 198: 444-451 [PMID:
18558872 DOI: 10.1086/589718]
Sultana Y, Jeoffreys N, Watts MR, Gilbert GL, Lee R. Real-time
polymerase chain reaction for detection of Strongyloides stercoralis
in stool. Am J Trop Med Hyg 2013; 88: 1048-1051 [PMID:
23568289 DOI: 10.4269/ajtmh.12-0437]
Watts MR, James G, Sultana Y, Ginn AN, Outhred AC, Kong F,
Verweij JJ, Iredell JR, Chen SC, Lee R. A loop-mediated isothermal
amplification (LAMP) assay for Strongyloides stercoralis in stool
that uses a visual detection method with SYTO-82 fluorescent dye.
Am J Trop Med Hyg 2014; 90: 306-311 [PMID: 24323513 DOI:
10.4269/ajtmh.13-0583]
Siddiqui AA, Berk SL. Diagnosis of Strongyloides stercoralis
infection. Clin Infect Dis 2001; 33: 1040-1047 [PMID: 11528578]
Santos RB, Fonseca LE, Santana AT, Silva CA, Guedes JC. Clinical,
endoscopic and histopathological profiles of parasitic duodenitis
cases diagnosed by upper digestive endoscopy. Arq Gastroenterol
2011; 48: 225-230 [PMID: 22147125]
Kakati B, Dang S, Heif M, Caradine K, McKnight W, Aduli F.
Strongyloides duodenitis: case report and review of literature. J Natl
Med Assoc 2011; 103: 60-63 [PMID: 21329250]
Minematsu H, Hokama A, Makishi T, Arakaki K, Kinjo F,
Fujita J. Colonoscopic findings and pathologic characteristics of
Strongyloides colitis: a case series. Digestion 2011; 83: 210-214
[PMID: 21266818 DOI: 10.1159/000321812]
BROWNE DC, CONTACOS PG, WELCH GE, McHARDY G.
Treatment of Strongyloides stercoralis infection with intravenous
gentian violet. Am J Trop Med Hyg 1957; 6: 1066-1067 [PMID:
13487980]
Horton J. Albendazole: a review of anthelmintic efficacy and safety
in humans. Parasitology 2000; 121 Suppl: S113-S132 [PMID:
11386684]
Suputtamongkol Y, Premasathian N, Bhumimuang K, Waywa D,
Nilganuwong S, Karuphong E, Anekthananon T, Wanachiwanawin
D, Silpasakorn S. Efficacy and safety of single and double doses
of ivermectin versus 7-day high dose albendazole for chronic
strongyloidiasis. PLoS Negl Trop Dis 2011; 5: e1044 [PMID:
21572981 DOI: 10.1371/journal.pntd.0001044]
Pene P, Mojon M, Garin JP, Coulaud JP, Rossignol JF. Albendazole:
a new broad spectrum anthelmintic. Double-blind multicenter

43
44

45
46

47

48

49

50

51

clinical trial. Am J Trop Med Hyg 1982; 31: 263-266 [PMID:
7041665]
Bradley M, Horton J. Assessing the risk of benzimidazole therapy
during pregnancy. Trans R Soc Trop Med Hyg 2001; 95: 72-73
[PMID: 11280072]
Ndyomugyenyi R, Kabatereine N, Olsen A, Magnussen P. Efficacy
of ivermectin and albendazole alone and in combination for
treatment of soil-transmitted helminths in pregnancy and adverse
events: a randomized open label controlled intervention trial in
Masindi district, western Uganda. Am J Trop Med Hyg 2008; 79:
856-863 [PMID: 19052293]
Zaha O, Hirata T, Kinjo F, Saito A. Strongyloidiasis--progress in
diagnosis and treatment. Intern Med 2000; 39: 695-700 [PMID:
10969899]
Ikeda T. Pharmacological effects of ivermectin, an antiparasitic
agent for intestinal strongyloidiasis: its mode of action and clinical
efficacy. Nihon Yakurigaku Zasshi 2003; 122: 527-538 [PMID:
14639007]
Marti H, Haji HJ, Savioli L, Chwaya HM, Mgeni AF, Ameir JS,
Hatz C. A comparative trial of a single-dose ivermectin versus three
days of albendazole for treatment of Strongyloides stercoralis and
other soil-transmitted helminth infections in children. Am J Trop
Med Hyg 1996; 55: 477-481 [PMID: 8940976]
Igual-Adell R, Oltra-Alcaraz C, Soler-Company E, SánchezSánchez P, Matogo-Oyana J, Rodríguez-Calabuig D. Efficacy
and safety of ivermectin and thiabendazole in the treatment of
strongyloidiasis. Expert Opin Pharmacother 2004; 5: 2615-2619
[PMID: 15571478 DOI: 10.1517/14656566.5.12.2615]
Zaha O, Hirata T, Kinjo F, Saito A, Fukuhara H. Efficacy of
ivermectin for chronic strongyloidiasis: two single doses given 2
weeks apart. J Infect Chemother 2002; 8: 94-98 [PMID: 11957127
DOI: 10.1007/s101560200013]
Turner SA, Maclean JD, Fleckenstein L, Greenaway C. Parenteral
administration of ivermectin in a patient with disseminated
strongyloidiasis. Am J Trop Med Hyg 2005; 73: 911-914 [PMID:
16282302]
Boussinesq M, Gardon J, Gardon-Wendel N, Chippaux JP.
Clinical picture, epidemiology and outcome of Loa-associated
serious adverse events related to mass ivermectin treatment of
onchocerciasis in Cameroon. Filaria J 2003; 2 Suppl 1: S4 [PMID:
14975061 DOI: 10.1186/1475-2883-2-S1-S4]
P- Reviewer: Luo HS, Zambudio N S- Editor: Yu J L- Editor: A
E- Editor: Wang CH

WJG|www.wjgnet.com

3375

March 21, 2015|Volume 21|Issue 11|

World J Gastroenterol 2015 March 21; 21(11): 3376-3379
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3376

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Proposed case of mesalazine-induced cardiomyopathy in
severe ulcerative colitis
Kathryn Fleming, Andrew Ashcroft, Christopher Alexakis, Demitrios Tzias, Christopher Groves, Andrew Poullis
the context of recent mesalazine treatment in severe
ulcerative colitis.

Kathryn Fleming, Andrew Ashcroft, Christopher Alexakis,
Demitrios Tzias, Christopher Groves, Andrew Poullis,
Department of Gastroenterology, St Georges Hospital, SW17
0QT London, United Kingdom
Author contributions: Fleming K and Alexakis C wrote the
case presentation and acquired clinical data; Ashcroft A and
Alexakis C wrote and referenced the case discussion; Tzias D
wrote radiology section and selected appropriate image; Groves
C and Poullis A contributed to the writing of all sections as well
as the design of the report.
Supported by grants from NHS St Georges Hospital.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Kathryn Fleming, MD, Department of
Gastroenterology, St Georges Hospital, Blackshaw Road, SW17
0QT London, United Kingdom. katym.fleming@gmail.com
Telephone: +44-20 86721255
Fax: +44-20-87253855
Received: July 25, 2014
Peer-review started: July 26, 2014
First decision: October 14, 2014
Revised: October 25, 2014
Accepted: December 1, 2014
Article in press: December 1, 2014
Published online: March 21, 2015

Key words: Ulcerative colitis; Mesalazine; Cardiomyopathy; Adverse reactions
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A rare but serious occurrence in ulcerative
colitis is myocarditis which can often be life-threa
tening. Whether 5-amino salicylic acids induced (as
proposed here), or an autoimmune phenomenon
in acute disease flare-ups, prompt recognition and
treatment will be of benefit in the clinical setting.
Fleming K, Ashcroft A, Alexakis C, Tzias D, Groves C, Poullis
A. Proposed case of mesalazine-induced cardiomyopathy
in severe ulcerative colitis. World J Gastroenterol 2015;
21(11): 3376-3379 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3376.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3376

INTRODUCTION
Five-amino salicylic acids (5-ASA) are recommended
for use in the management of inflammatory bowel
disease and are commonly prescribed by both gas
[1]
troenterologists and general physicians . Serious
reactions are rare, but recognised side effects include
pancreatitis, interstitial nephritis, blood dyscrasias and
Stevens Johnson syndrome. Cardiac side effects from
5-ASA agents are extremely uncommon.

Abstract
Five-amino salicylic acids are recommended for use
in the management of inflammatory bowel disease,
cardiac complications are a rare although recognised
phenomenon. This report aims to highlight this serious
but rare adverse reaction. We report here a case of
a young man presenting with cardiogenic shock in
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CASE REPORT
A previously fit and well, non-smoking 31 year old
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A

B

Figure 1 In the “normal” image (A) and “abnormal” image (B) in the late phase of gadolinium enhanced study. A: No enhancement in noted in the
myocardium; B: There is diffuse, heterogeneous enhancement of the left and right ventricular myocardium as well as the interventricular septum in the late phase of
gadolinium enhancement study.

male, presented with a 6 wk history of progressive
diarrhoea, rectal bleeding and abdominal pain. Flexible
sigmoidoscopy revealed severe confluent inflammation
from the rectum to the point of insertion in the midsigmoid. Microscopy and stool culture were negative.
Colonic biopsies showed moderate active chronic colitis,
consistent with the endoscopic suspicion of ulcerative
colitis, and so he was started on high dose oral mesa
lazine (2.4 g twice daily) with a view to a prompt
outpatient follow up within the next few days.
Three days later he presented to the emergency
department with chest pain, raised inflammatory
markers and an elevated troponin. Initial ECG showed
ST depression and biphasic T waves in leads V4-5
with no reciprocal changes. Mesalazine therapy was
stopped at this stage. His condition deteriorated with
cardiogenic shock developing, which required increasing
inotropic support and subsequent insertion of an intraaortic balloon pump. Coronary angiography was normal.
Subsequent cardiac magnetic resonance imaging (MRI)
revealed concentric hypertrophy and mildly impaired
ejection fraction but no pericardial abnormalities. STIR2
imaging was suggestive of an acute inflammatory
cardiac process. Gadolinium contrast studies excluded
thrombi but showed diffuse heterogeneous enhancement
of the myocardium suggestive of an atypical myocarditis,
although other infiltrative cardiac pathologies (including
sarcoid) were postulated (figure 1). Serum virology
showed no acute viral illness (previous parvovirus
and previous Epstein-Barr virus positive but negative
human immunodeficiency virus, Hepatitis B, Hepatitis C,
influenza viruses A and B, coxsackie, CMV, adenovirus
and enterovirus). An abdomen ultrasound scan was also
unremarkable.
A diagnosis of myocarditis was highly suspected on
clinical grounds and on day 2 of admission he underwent
a cardiac biopsy. This showed several capillaries distended
with microthrombi, myocyte vacuolation, interstitial
oedema and focal haemorrhage. There was no evidence
of vasculitis, fibrosis or amyloidosis. Similarly, there was
no evidence of acute inflammatory infiltrate. On day 3 he
suffered a cerebrovascular event manifest as acute right
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hemiplegia, right facial droop and dysarthria and he was
treated with a heparin infusion. CT and subsequent MRI
showed several acute and deep white matter infarcts
highly suggestive of a cardiac source and bubble echo
showed no evidence of intracardiac shunting.
Day 6 of admission he was weaned from inotropic
and mechanical support. He was stepped-down from
level 3 care. By day 10 repeat echo revealed significant
improvement of left ventricular function and normal
dimensions.
Throughout this period his ulcerative colitis progressed.
Due to persistent bloody stool and resulting transfusion
requirement his heparin infusion was discontinued and he
was started on parenteral steroid therapy. Despite this, his
clinical and biochemical parameters did not improve and
he was commenced on a ciclosporin infusion as a bridging
agent to long term azathioprine therapy. His colitis
responded rapidly to the ciclosporin and he was converted
to oral preparation. Following further neurological
physiotherapy input with regards to his mild-moderate
expressive language difficulty he was discharged home 27
d after his admission.

DISCUSSION
5-ASA have been shown to be efficacious in active
Crohn’s and ulcerative colitis, for inducing remission
[2,3]
in ulcerative colitis
and are generally regarded as
safe and well tolerated medications. Whilst the rate
of reported common side effects including headache,
dyspepsia or nausea can be high, one systematic
review showed that the rate of adverse events or
withdrawal from treatment is actually comparable
[4]
to placebo . Serious reactions are far rarer, but
recognised side effects include pancreatitis, interstitial
nephritis, blood dyscrasias and Stevens Johnson
syndrome. Cardiac side effects from 5-ASA agents are
extremely uncommon.
Acute cardiac complications in inflammatory bowel
[5]
disease are also uncommon . The most commonly
reported complication is pericarditis, and in many
cases this has been linked to the medications used
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Table 1 Demonstrating cases of myocarditis presenting in ulcerative colitis and Crohn’s disease not thought to be related to viral
aetiology, inflammatory bowel disease treatment, selenium deficiency or TPN
Case
report

Brief summary

Ulcerative colitis
[7]
Fatal giant cell myocarditis after colectomy for ulcerative colitis
[8]
Idiopathic giant-cell myocarditis-natural history and treatment. Describes two cases of myocarditis in ulcerative colitis
[9]
Giant cell myocarditis monocytic immunophenotype of giant cells in a case associated with ulcerative colitis
[10]
Ulcerative colitis complicated by myopericarditis and complete artioventricular block
[11]
Myopericarditis complicating ulcerative colitis
[12]
Acute peri-myocarditis in ulcerative colitis
[13]
Transient myocarditis associated with fulminant colitis
[14]
Giant cell myocarditis (subacute congestive heart failure in context of colitis)
[15]
Fatal giant-cell myocarditis complicated with ulcerative colitis
Crohn’s Disease
[16]
A Case of Acute Myocarditis as the Initial Presentation of Crohn's Disease
[8]
Idiopathic giant-cell myocarditis-natural history and treatment. Describes one case of myocarditis in crohn’s disease
[17]
Transmural inflammation consisting of lymphocytic infiltration in context of severe malnutrition leading to sudden death in Crohn´s Disease
[18]
Myocarditis and subcutaneous granulomas in a patient with Cohn’s disease of the colon
[19]
Myocarditis in children with inflammatory bowel disease

[6]

to manage the disease . In rare circumstance
myocarditis has been described as a manifestation of
inflammatory bowel disease (Table 1) however the
temporal relationship with the onset of our patients’
symptoms and the start of his medication would
indicate a causal relationship.
Cardiac hypersensitivity to 5-ASA therapy has
been reported in a small number of case studies. It
was first suggested in the Lancet in 1989, where a
[20]
possible myocarditis was proposed , and the first
reported death from myocarditis associated with
[21]
mesalazine was in 1990 . The exact mechanism by
which mesalazine causes a myocarditis has not been
clearly determined, but a hypersensitivity reaction with
[22-24]
eosinophilic infiltration has been proposed
.
The temporal relationship between this otherwise
fit and well young patient developing rapidly pro
gressive and severe cardiomyopathy with resultant
cardiogenic shock soon after starting on mesalazine
strongly suggests a link between the disease process
or treatment. The onset of cardiac symptoms and
impaired function correlate with the starting of 5-ASA
treatment and the subsequent improvement shortly
after cessation, despite a relative worsening in his
ulcerative colitis over the same period would strengthen
the case for medication being the culprit. Whilst the
cardiac MRI and biopsy do not show definitive evidence
of myocarditis and the rapidity of cardiac deterioration
contrasting with previous reports suggesting a typical
period of two weeks following commencement of
treatment prior to presentation, with some even up to
years after starting 5-ASAs, there are limited numbers
of cases reported so far and the rapid improvement on
[25]
cessation of therapy, as in this case, is more typical .
5-ASA agents are both efficacious and generally safe
in the management of inflammatory bowel disease,
and whilst serious and potentially life-threatening
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complications may occur, these are very rare and should
not necessarily discourage their use. This case aims
to highlight and raise awareness of one such potential
complication to ensure its consideration, prompt
recognition and diagnosis in the future.
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Sarcoidosis is a multisystem chronic inflammatory
condition of unknown etiology that has the potential
to involve every tissue in the body. Sarcoidosis in the
gastrointestinal system, and particularly the colon,
is very rare. Here, we report the case of a 57-yearold man with no previous diagnosis of sarcoidosis
who presented with new onset of abdominal pain
and constipation. A colonoscopy revealed that the
abdominal pain was caused by an obstructing lesion
in the cecum-ascending colon and lacked a clear
histologic diagnosis. Radiologic investigation revealed
concentric wall thickening of the cecum-ascending
colon with multiple satellite lymphadenopathies, highly
suggestive of a malignancy. The patient underwent a
laparotomy and a right hemicolectomy was performed.
A diagnosis of colonic sarcoidosis was made after the
resected specimen was examined. Additionally, a chest
computed tomography scan revealed lung involvement
with atypical radiologic features in the absence of
respiratory symptoms. Only histologic examination
of the surgical specimen can yield a diagnosis of
gastrointestinal sarcoidosis due to the non-specificity of
endoscopic and radiologic findings.
Key words: Colon; Sarcoidosis; Hemicolectomy; Systemic
disease; Noncaseating granuloma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastrointestinal tract involvement in systemic
sarcoidosis is rare. This case report of a patient with
gastrointestinal sarcoidosis is clinically relevant because
the colonic location highlights an unusual cause of
abdominal pain. This study provides an opportunity to
clarify diagnostic criteria and therapeutic management
for such a rare condition.
Erra P, Crusco S, Nugnes L, Pollio AM, Di Pilla G, Biondi G,
Vigliardi G. Colonic sarcoidosis: Unusual onset of a systemic
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is involved less frequently
and sarcoidosis in the
colon is difficult to diagnose preoperatively due to
nonspecific symptoms and/or endoscopic findings.
Here, we report a case of a 57-year-old man in
apparent good health who presented with newly
onset abdominal pain and constipation due to an
obstructing lesion in the cecum-ascending colon as a
result of sarcoidosis. The patient underwent a right
hemicolectomy and a formal diagnosis was made
upon histologic examination of the surgical specimen.
Simultaneously, in the absence of respiratory
symptoms, lung involvement with atypical radiologic
features was discovered by chance during a chest
computed tomography (CT) scan. Sarcoidosis was later
confirmed after histologic examination of pulmonary
tissue obtained via CT-guided biopsy.

INTRODUCTION
Sarcoidosis is a multisystem chronic inflammatory
condition of unknown etiology. The characteristic
histologic lesions are noncaseating granulomas that
contain multinucleated giant cells in the absence of
other autoimmune diseases, infectious disease or
[1]
foreign agents . Sarcoidosis is more common in
young and middle-aged patients and is more prevalent
[2]
in females . It most commonly affects African[2]
Americans, Swedes and Danes . Sarcoidosis has a
prevalence range of 1-40 cases per 100000 people in
the general population. In the United States, the ageadjusted annual incidence of sarcoidosis among blacks
is more than triple that for Caucasians (35.5 vs 10.9
[3]
per 100000 inhabitants) .
Sarcoidosis is an immune-mediated multisystem
disease; it is hypothesized it affects genetically
susceptible hosts after interaction with a single or
multiple factors. Different potential antigenic agents
for sarcoidosis have been proposed, such as infectious
pathogens, environmental and occupational exposures,
without any definitive conclusion.
The clinical signs and symptoms for sarcoidosis
are not specific and include respiratory symptoms
(cough, dyspnea, bronchial hyper-reactivity), fatigue,
night sweats, weight loss, and, less commonly, fever.
However, approximately 50% of the sarcoidosis cases
are asymptomatic and may be detected by chance
[4,5]
during chest radiography . Pulmonary involvement
is the most common feature, with bilateral hilar
adenopathy being the primary radiologic finding
after a chest X-ray. Moreover, sarcoidosis in the
lungs accounts for a majority of the morbidity and
mortality associated with this condition. Multiple small
nodules distributed along the lymphatic vessels that
run within the interstitial tissues of bronchovascular
bundles and the subpleural and perilobular spaces,
which are potentially associated with ground-glass
opacities or air-space consolidation, are also typically
[6]
observed . In 50% of symptomatic sarcoidosis
patients, extrathoracic involvement can be an initial
manifestation. Although skin and ocular lesions are
very common, any organ or gland can be involved,
including the liver, spleen, lymph nodes, parotid
glands, central nervous system, genitourinary system,
muscles and bones. Gastrointestinal involvement is
quite rare, however, with a prevalence of less than 1%
and may present along with systemic disease or as
[1,7]
an isolated finding . Although sarcoidosis has been
observed in every part of the gastrointestinal tract,
[8]
it most commonly affects the stomach . The colon
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CASE REPORT
A 57-year-old white Italian male patient presented
at our hospital with abdominal pain and symptoms
related to colonic obstruction. The patient was healthy
until three to four weeks prior to presentation, when
new-onset constipation developed and he began
passing pencil-like stools. His primary complaints were
bloating, anorexia and a slight weight loss over the
previous two months.
He had no recent travel history or family members
with autoimmune disease; his sister had pulmonary
tuberculosis at a young age.
A physical examination of the patient revealed
mild abdominal distention and tenderness of the right
lower abdominal quadrant; no peritoneal signs were
found. Routine hematology and biochemistry analyses
3
revealed a white cell count of 8.6 × 10 /mL with a low
3
lymphocyte count (16.9% and 1.4 × 10 /mL). Alphaamylase levels were elevated (114 mg/dL), whereas
liver tests and serum electrolytes were normal. Iron
serum levels were 42 µg/dL, with normal values of
ferritin (188 ng/mL) and hemoglobin (14.5 g/dL).
Serum electrophoresis revealed an albumin level
of 54.4%, with a peak of alpha-1 globulin (6.2%).
Carcinoembryonic antigen levels were slightly elevated
(3.6 ng/mL).
A colonoscopy revealed a stenotic obstructive
lesion at the cecum-ascending colon transition and we
were unable to advance the colonoscope beyond this
area. Biopsy specimens obtained from this site showed
no evidence of a neoplastic lesion, but rather an
acute inflammatory infiltration of the submucosa. An
abdominal CT (Figure 1) revealed marked symmetric
concentric wall thickening in the cecum-ascending
colon, which notably reduced the enteral lumen and
was associated with a heterogeneous hyperdensity of
perivisceral fat tissue. Enlargement of the appendix
characterized by a thickened wall with marked
enhancement was also found. We observed multiple
satellite lymphadenopathies along the ileocolic vessels,
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Figure 1 Abdominal computed tomography performed after colonoscopy. A: Transverse image of the cecum-ascending colon; B and C: Coronal images
showing symmetric concentric wall thickening of the cecum-ascending colon mimicking a tumor lesion; heterogeneous hyperdensity of perivisceral fat tissue is also
seen. Satellite lymphadenopathy (arrow) is observed along the ileocolic vessels; D: Enlarged appendix with a thickened wall and marked contrast enhancement.

with the largest measuring approximately 1.6 cm.
A chest CT (Figure 2) simultaneously performed
to assess patient whole-body staging revealed
asymmetric discrete airspace consolidation with air
bronchograms in the right upper lobe. Numerous
micronodular opacities were also found distributed
in the peribronchovascular interstitium in both upper
pulmonary lobes. Pathologic hilar or mediastinal
adenopathies were not observed, and 1.2 cm was the
maximum diameter in the right hilum. A radiologist
interpreted these findings as a manifestation of rightsided pneumonia associated with bilateral small airway
inflammation in relation to a mild cough and slight
fever in the patient the previous week. The patient was
administered four weeks of oral antibiotic therapy with
quinolones.
Using the findings from the endoscopy and
observations via radiology, a malignant colonic lesion
was suspected, despite the unclear histology results.
The patient underwent an exploratory laparotomy that
revealed a 4 cm stenotic lesion in the cecum-ascending
colon, with numerous peritoneal micronodules and
adjacent lymphadenopathies (Figure 3). The appendix
was enlarged with a maximum diameter of 4 cm. A
carcinologic right hemicolectomy was performed.
Examination of the resected specimen revealed a
stenotic ulcerated lesion in the colonic wall in proximity
to the ileocecal valve and microscopic examination
showed multiple noncaseous granulomas composed
of a central core of epithelioid cells and multinucleated
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giant cells surrounded by a lymphocyte cuff (Figure 4).
These features were also observed in the locoregional
lymph nodes and peritoneal micronodules (Figure 5).
The appendix was also pathologically involved. ZiehlNeelsen staining did not reveal acid-fast bacilli and
no other organisms or foreign bodies were identified.
In addition, polymerase chain reaction analysis did
not reveal Mycobcaterium tuberculosis or atypical
mycobacterial DNA.
Following the surgery, the patient responded
favorably and was discharged six days later in good
condition. A chest CT performed four weeks after
the antibiotic therapy revealed no change in the
bilateral pulmonary manifestations indicating that
the inflammatory condition was not responsive to
the treatment. A CT-guided biopsy of the lung was
later performed on the right upper lobe parenchymal
consolidations and a final histologic diagnosis of
pulmonary sarcoidosis was made.

DISCUSSION
Sarcoidosis is a multisystem disorder of unknown
etiology that has the potential to affect almost every
tissue in the body. Gastrointestinal involvement,
however, is quite rare and accounts for less than 1%
of cases. Sarcoidosis of the colon is even more rare,
[11,12]
usually asymptomatic
and may mimic many other
diseases, including colonic granulomatous disorders,
such as tuberculosis, syphilis, fungal infection,
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Figure 2 Chest computed tomography performed after colonoscopy for whole-body staging. A and B: Asymmetric discrete airspace consolidation with air
bronchograms in the right upper lobe; C: Numerous micronodular opacities are present in both upper pulmonary lobes (also seen in panel A) with distribution in the
peribronchovascular interstitium. These findings showed no significant change after four weeks of antibiotic therapy; D: No pathologic hilar or mediastinal lymph node
enlargement was observed.

inflammatory bowel disease, and malignancies.
A systematic review of the literature revealed that
only a few cases for this location have been reported.
Beniwal and colleagues performed a literature review
and found ten cases of colonic sarcoidosis from 1966
[7]
to 2003 . The sigmoid colon was most frequently
affected.
When tubular organs are affected in sarcoidosis,
it is usually associated with concomitant pulmonary
[13]
disease. Hilzenrat et al
published a case report of
a nonoperative diagnosis and management of colonic
obstruction secondary to systemic sarcoidosis. In
this case, the obstructive symptoms were resolved
with a moderate dose of corticosteroid therapy, thus
eliminating the need for urgent surgical resection
of the colonic lesion. It is important to note that
pulmonary sarcoidosis had been diagnosed in this
case six years earlier and endoscopic mucosal biopsies
on the colonic-obstructing lesion resulted in a final
diagnosis of sarcoidosis.
[14]
Nchimi et al
reported a case of 7-year-old boy
admitted for moderate weight loss and intermittent
diarrhea associated with cough and exertional
dyspnea. In this case, symmetric wall thickening of the
terminal ileum and cecum observed on an abdominal
CT were correctly interpreted as a sarcoidotic
gastrointestinal location due to an association with
typical features of pulmonary sarcoidosis observed by
chest radiography (bilateral and diffuse parenchymal
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air-space and interstitial opacities with bilateral hilar
node enlargement). Moreover, gallium 67 scintigraphy
revealed marked bilateral and symmetric uptake in the
lungs and the parotid and lacrimal gland, definitively
confirming a diagnosis of sarcoidosis.
To the best of our knowledge, this is the first case
in which the sarcoidosis started with symptomatic
gastrointestinal involvement that was associated
with atypical pulmonary features revealed by chest
CT, in the absence of clear and definite respiratory
symptoms. Using these findings alone, it would have
been very difficult to relate the patient’s abdominal
manifestations to a systemic disease. The clinical
presentation of gastrointestinal sarcoidosis is not
specific, and when present, the symptoms generally
resemble those of an obstructive colonic disease.
[14]
The case reported by Nchimi et al
showed
thickening of the terminal ileum wall, which caused
[15]
intermittent diarrhea. Aaronson et al
discussed a
case of sigmoid colonic sarcoidosis presenting with
[13]
constipation and hematochezia. Hilzenrat et al
reported a case with stricture and obstruction of the
colon, resulting in abdominal pain, distention, vomiting,
constipation and weight loss. Similar to these findings,
our patient was symptomatic with colonic obstructionrelated symptoms, such as constipation and abdominal
pain with mild tenderness of the right lower abdominal
quadrant. While reviewing the literature, we found
only one case of rectal sarcoidosis with secondary
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Figure 3 Resected specimen after laparotomy. A: Right hemicolectomy was performed; B-D: A voluminous stenotic ulcerated lesion of the colonic wall in proximity
to the ileocecal valve (arrow in D) was observed; E: Numerous peritoneal micronodules near the colonic lesion are shown.
[18]

paralytic ileus that resembled adult-onset Hirschsprung
[16]
disease . In this particular case, a barium enema
and rectal manometry showed rectal dilatation with
weak or nearly absent colonic contraction. Neither
a gastrografin small bowel study nor a colonoscopy
identified an organic obstruction causing a mechanical
ileus.
Imaging and endoscopic findings are not diag
nostically specific for sarcoidosis and may overlap with
other diseases, such as chronic inflammatory bowel
disease, tuberculosis, lymphoma and carcinoma.
Endoscopic appearances are extremely varied and
include aphthous erosions or ulcers, friable mucosa or
small punctate bleeding sites mimicking colitis, plaque[17]
like lesions, focal nodularity or segmental narrowing .
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Veitch et al
reported a case with asymptomatic
colonic sarcoidosis presenting as colonic polyposis
where the polyps were adenomatous in appearance.
[9]
Ushiki et al presented another case of colonic
sarcoidosis with multiple elevated lesions mimicking
submucosal tumors in the colon; these lesions were
sessile, soft, had a smooth surface and a diameter of
2-5 mm. Sarcoidosis lesions may also form irregular
[19]
mass lesions mimicking a carcinoma . In the case
presented in this study, the stenotic lesion was highly
suggestive of malignancy.
Histologic examination is necessary to establish or
exclude diagnosis of colonic involvement. In biopsy
specimens, the presence of noncaseating granulomas is
[5,7,8]
the pathologic hallmark of this disease
. It is necessary
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Figure 4 Histologic examination of the intraoperative specimen. Hematoxylin and eosin staining showed A: Noncaseating epithelioid granulomas in the colonic
wall (magnification × 5); B: Confluent granulomata in the colonic wall (magnification × 10); C: Perivisceral involvement (magnification × 5); D: Microscopic aspects of
the sarcoidotic granulomas (magnification × 20).
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B

C

D

Figure 5 Extracolonic sarcoidosis involvement. Hematoxylin and eosin staining revealed: Sarcoidotic involvement of locoregional lymphadenopathy (A, B) (A: ×
10; B: magnification × 40); Sarcoidotic granulomas in the parietal peritoneum adjacent to the colonic lesion (C, D) (C: magnification × 2; D: magnification × 20).
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Laboratory analysis

to exclude other granulomatous disorders such as
tuberculosis, fungal infections, inflammatory bowel
disease, malignancy and delayed-type hypersensitivity
to foreign antigens. Intestinal sarcoidosis is easy to
distinguish from Crohn’s disease and Wegener granu
lomatosis.
It’s noteworthy that, in contrast with our case,
[9,13,16,20,21]
most of authors
obtained definitive diagnosis
[17]
of sarcoidosis on colon biopsy. Only Daldoul et al
revealed histology failure on endoscopic biopsy
specimen of a stenotic lesion in the ascending colon;
in this case the patient underwent a laparotomy and a
right hemicolectomy was made.
Besides, we have verified that, when clinical
presentation in association with biopsy results are
suggestive of sarcoidosis, patients are started on
corticosteroid therapy, with significant improvement
[13,16,21]
[13]
in their symptoms
. Hilzenrat et al
showed a
complete regression of two obstructive colonic lesions
after steroid treatment, as seen on barium enema
and colonscopy, where no granulomas were found on
mucosal biopsy specimens after therapy.
From our literature review, we have confirmed that
there are very few radiologic descriptions of colonic
sarcoidosis. CT may show segmental or symmetric wall
[14]
thickening with preserved wall stratification . In our
case, CT showed symmetric thickening of the colonic
wall, highly suggestive of a tumor; on the other hand,
pathologic enlargement of the appendix observed in
the present case is rather uncommon in malignancies.
If a pseudotumor is suspected, however, and the
biopsy specimens fail to demonstrate a definitive
diagnosis of colonic sarcoidosis, surgical treatment
with conventional surgical oncologic principles must be
[22]
proposed . In the other cases, systemic sarcoidosis is
usually readily responsive to corticosteroid therapy and
clinical resolution may be reached without surgery.
The colon is an unusual site for gastrointestinal
sarcoidosis and its symptomatic involvement may
represent the onset of this systemic disease. A
preoperative diagnosis of sarcoidosis is difficult to
make due to the overlap of imaging and radiologic
findings with that of malignancies. In patients with a
previous diagnosis of sarcoidosis, however, it should be
suspected. In all cases, a histologic examination that
reveals noncaseating granulomas allows for a definitive
diagnosis. If the histology is unclear, patients will need
to undergo surgery for a diagnosis.

White blood cell count, 8.6 × 10 3 /mL with 1.4 × 10 3 /mL lymphocytes;
hemoglobin, 14.5 g/dL; iron serum, 42 µg/dL with normal values for ferritin (188
ng/mL); carcinoembryonic antigen, 3.6 ng/mL; albumin, 54.4% with a peak
of alpha-1 globulin (6.2%); alpha-amylase, 114 mg/dL; liver tests and serum
electrolytes were normal.

Imaging diagnosis

An abdominal computed tomography revealed symmetric concentric wall
thickening associated with heterogeneous hyperdensity of perivisceral fat tissue
and satellite adenopathy at the cecum-ascending colon transition, causing a
notable reduction in the enteral lumen; enlargement of the appendix was also
found.

Pathological diagnosis

A colonoscopy revealed a stenotic obstructive lesion at the cecum-ascending
colon transition; a biopsy showed no evidence of a neoplastic lesion, but rather
an acute inflammatory infiltration of the submucosa.

Treatment

The patient underwent a right hemicolectomy.

Related reports

Very few cases of colonic sarcoidosis have been reported in the literature and
most of them have been found in patients with a previous diagnosis of this
systemic disease.

Term explanation

Sarcoidosis is a multisystem disorder of unknown etiology that has the potential
to affect almost every tissue in the body. Polymerase chain reaction for DNA
specific to Mycobacterium tuberculosis and atypical mycobacteria can be used
to rule out these bacteria as the cause of the disease.

Experiences and lessons

This case report presents an unusual onset of systemic sarcoidosis with colonic
involvement causing gastrointestinal obstruction-related symptoms.

Peer-review

The authors present the case of a 57-year-old man who presented with an
obstructing colonic mass. Colonoscopic biopsies were non-diagnostic and he
underwent hemicolectomy and was found to have colonic sarcoidosis. This is
an unusual presentation of a highly condition, and a worthwhile case report.
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CASE REPORT

Giant gastrointestinal stromal tumour of rare sarcomatoid
epithelioid subtype: Case study and literature review
Gustaw Lech, Wojciech Korcz, Emilia Kowalczyk, Tomasz Guzel, Marcin Radoch, Ireneusz Wojciech Krasnodębski
asymptomatic progress and late diagnosis. The resected
tumour, giant in diameters, was confirmed to represent the
most rare histopathologic subtype of GISTs - sarcomatoid
epithelioid GIST. We report this case and review the
literature with a special focus on pathomorphological
evaluation, biological aggressiveness and prognostic
factors. To our knowledge this is the first report of giant
GIST of very uncommon sarcomatoid epithelioid subtype.
It is concluded that clinicians should pay attention to the
fact that initial diagnosis may be delayed due to mildly
asymptomatic and non-specific clinical presentation.
Asymptomatic tumours diagnosed at a late stage, which
is often the case, can be large on presentation. Prognosis
for patients diagnosed with GIST depend on tumour
size, mitotic rate, histopathologic subtype and tumour
location. That is why early diagnosis and R0 resection,
which is usually feasible and safe even in giant gastric
sarcomatoid epithelioid subtype of GISTs, are the key
factors for further treatment and good prognosis.
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Core tip: This is a detailed case study of a 52-year-old
male patient treated for very uncommon histological
subtype of gastric gastrointestinal stromal tumour
(GIST) with atypical clinical presentation, asymptomatic
progress and late diagnosis. The resected tumour, giant
in diameters, was confirmed to represent the most rare
histopathologic subtype of GISTs - sarcomatoid epithelioid
GIST. We report this case and review the literature with a
special focus on pathomorphological evaluation, biological
aggressiveness and prognostic factors. To our knowledge
this is the first report of giant GIST of very uncommon
sarcomatoid epithelioid subtype.

Abstract
Gastrointestinal stromal tumours (GISTs) are the most
common mesenchymal tumours of the gastrointestinal
tract, but they represent less than 3% of all gastrointestinal
tract malignancies. This is a detailed case study of a 52-yearold male patient treated for very uncommon histological
subtype of gastric GIST with atypical clinical presentation,
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INTRODUCTION
Gastrointestinal stromal tumours (GISTs) are the most
common mesenchymal tumours of the gastrointestinal
(GI) tract, representing only less than 3% of all primary
[1-3]
gastrointestinal malignancies
. Interstitial cells of
Cajal and stem cells of the smooth muscle tissue are
[4]
known to be the precursors of GISTs . Tumour size,
mitotic rate, localization, tumour vascularisation and
infiltration are the key prognostic factors in predicting
malignancy potential. The available epidemiological
studies provided diverse results, with the incidence
rates of around 10-20 new cases per million population
[2,3]
per year . Incidence determined from data collected
in 14 countries which joined the EORTC study totals
[4,5]
4-5 new cases per 1 million population per year .
GIST is predominantly diagnosed at an advanced stage,
most patients (around 75%) are over 50 years old at
[4,5]
diagnosis , and the peak onset is among 55-65 years
[2,4,6]
old
. Age median for gastric GIST is 63 years, with
[1,7]
a slight male predominance (55%) . Stomach is the
most common location for GIST, which accounts for
[8]
1%-2% of all gastric cancers . Various sources report
that as many as 70% of all GISTs are located in the
stomach - most commonly in the gastric body (42.3%)
[1,2,4]
and in the prepyloric area (28.5%)
. Prognosis for
gastric GIST is typically better than for GISTs developed
in other parts of the GI tract. Stromal tumours can be
also found in the small intestine (25%-30%), in the
[2,4,5]
colon and rectum (3%-10%)
. Less than 10% of
all GISTs are estimated to be retroperitoneal GISTs or,
in late-stage metastatic tumours, the location of the
[5]
primary tumour can be no longer determined .
The molecular pathogenesis of stromal tumours
involves a mutation which activates tyrosine kinase
[1,3,4]
(KIT) and PDGFRA membrane receptors
. These
receptors regulate key cell functions: proliferation,
[3]
differentiation and anti-apoptotic signalling . In GIST,
ligand-independent activation of these receptors is
observed, leading to uncontrolled cell proliferation
[3]
and stimulation of downstream signalling pathways .
The metastatic pattern of GISTs is predominantly
[4,5]
intra-abdominal, mainly to the liver . Lymph nodal
invasion is uncommon, therefore lymphadenectomy is
[1,4]
not required with GIST resection .
In this paper, we study the case of a male patient
treated for very uncommon histological subtype of
gastric GIST with atypical clinical presentation, with
a focus on pathomorphological evaluation, biological
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Figure 1 Computed tomography scan revealed a tumour-like mass
projecting to the lumen of the stomach, adjacent to the greater curvature
area.

aggressiveness and prognostic factors. Authors
checked the PubMed and MEDLINE databases for last
ten years searching for epihelioid sarcomatoid gastric
GIST and to our knowledge this is the first report of
giant GIST of very uncommon sarcomatoid epithelioid
subtype.

CASE REPORT
A 52 years old male patient was transferred to the
general and oncological surgery department of the
Medical University Teaching Hospital from a district
hospital with suspicion of gastric GIST, for continuation
of therapy. The patient was previously admitted for the
first ever episode of fainting and loss of consciousness.
A single tarry stool was reported one day before
hospitalisation, and a history of bloody stools for 2 wk
before presentation. During this period, the patient
did not complain of nausea, vomiting or defecation
disorders. Haemoglobin 8.8 g/dL, red blood cell (RBC) 2.8
million/dL, Hct 26% at admittance. No morphological
disorders or sources of bleeding into the GI tract were
revealed in gastroscopy and colonoscopy. Computed
tomography (CT) scan showed a tumour-like mass
projecting to the lumen of the stomach, adjacent to
the greater curvature area, penetrating downwards
and to the left (Figure 1). No interconnection between
the intestinal loops and the tumour was demonstrated.
Another gastroscopy was performed based on CT
results, which revealed an external displacement of
otherwise unchanged gastric mucosa over the area
of 10 cm × 15 cm, within the angular incisure area.
A biopsy sample was collected for histopathological
analysis, which revealed signs of chronic inflammation,
however, no GIST-type pattern was confirmed. The
patient was administered 4 packed red blood cells
units and 2 fresh frozen plasma (FFP) units, which
improved his CBC parameters.
On the day of admittance to the university depart
ment of surgery, the patient did not experience any
pain, but reported recurring heartburn and general
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concerns were reported during 4 wk follow-up.
In the final histopathologic analysis of a tumour
sample, including a 5 cm × 4.5 cm section of gastric
wall, the macroscopic appearance of the gastric
mucosa was normal. In cross-section, the tumour
was shown to penetrate under the gastric mucosa,
without infiltrations, and projected beyond the external
gastric wall, up to the size of 120 mm × 80 mm × 160
mm. The tumour was yellowish in cross-section, soft,
and nested, with areas of haemorrhage. The surgical
margin was preserved. Sarcomatoid epithelioid
GIST was confirmed in microscopic examination.
Immunohistochemical staining revealed the following:
Ki67 < 5 mitoses per 50 HPFs, KIT (+/-), CKAE1 (+)
AE3 (-), vimentin (+), CD34 (-), S100 (-), CD30 (-),
caldesmon (-), actin (-), MCT (-), fat s(-)(Figure 4).

Figure 2 Abdominal ultrasound disclosed hypoechoic, heterogeneous
mass filling the epigastrium.

DISCUSSION
Gastrointestinal stromal tumours, although rare,
increasingly receive the attention of clinicians. GISTs
can develop along the GI tract, which may to some
extent explain the broad spectrum of clinical symptoms,
which include abdominal pain, gastrointestinal bleeding,
anaemia, palpable abdominal mass, dyspepsia, nausea,
vomiting and obstruction, constipations, diarrhoeas,
[2,3,8]
swallowing difficulties, and episodes of weight loss
.
However, some authors claim that “vague abdominal
discomfort” is the most common symptom of stromal
tumours, which can affect as many as 70% of all
[2]
patients . GIST can lead to peritonitis caused by
perforation in the abdominal wall, typically accompanied
[1-4]
by bleeding into the GI tract lumen . Asymptomatic
tumours most commonly develop in the stomach and
duodenum.
GISTs, especially asymptomatic ones, pose a
significant diagnostics challenge and are currently
detected mainly with diagnostic imaging techniques
and endoscopy. Abdominal contrast-enhanced CT
or magnetic resonance (MR) are the recommended
diagnostic imaging techniques in determining tumour
[2,4,5]
stage and therapy planning
. With abdominal CT
and MR, stromal tumours can be detected in 72% and
[2]
91% of patients, respectively . CT images can be
useful in evaluating the malignancy potential. Irregular
shape, over 10 cm in size, calcification areas, cystic
degeneration within the mass, and central necrosis
[2]
are the main criteria for malignant behaviour .
However, some authors question the prognostic value of
[1]
calcification and colliquative necrosis . On CT images,
GISTs are solid well-circumscribed tumours, and patchy
[3,4]
enhancement by contrast medium
. Endoscopic
ultrasound (EUS) is another valuable diagnostics tool in
which hypoechoic lesions can be precisely marked out
across individual layers of the gastrointestinal wall. EUS
can be also useful in assessing the depth of invasion. The
size of over 4 cm, irregular surface and heterogeneous
[3,4]
echogenicity may point to more malignant tumours .

Figure 3 Removed gastric gastrointestinal stromal tumour. The capsule
was not damaged.

malaise accompanied by weight loss by around 5 kg
within the preceding 2 wk. He did not complain of
any other gastrointestinal discomforts. The patient
had a history of appendectomy and was also treated
for arterial hypertension. In a physical examination,
the abdomen was soft and slightly tender in the
epigastric region, where a pathological mass was
detected, without any signs of peritoneal irritation.
During hospitalisation patient underwent an abdominal
ultrasound which revealed hypoechoic, heterogeneous
tumour of 106 mm × 56 mm × 144 mm in size in
the epigastric region, attached to the posterior gastric
wall (Figure 2). The tumour itself demonstrated small
hypoechoic and anechoic spaces of up to 21 mm.
The patient was qualified for surgical treatment with
suspicion of gastric GIST. A large cherry-coloured
soft-structured mass of 15-18 cm diameter was
revealed during surgery within the peritoneal cavity,
and more specifically in lesser sac of the peritoneal
cavity, attached to the posterior gastric wall of the
gastric body. The patient had a wedge resection
encompassing the entire tumour mass. The capsule
of the tumour was intact (Figure 3). No perioperative
complications were observed. The patient tolerated
oral dietary intake. He was discharged home on day
7 post surgery in a good general condition. No health
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A

B

Figure 4 Pathology images. A: Weak immunoreactivity to KIT (CD 117; original magnification × 200); B: Gastric gastrointestinal stromal tumour (HE staining; original
magnification × 100).
[9,10]

Endoscopy combined with biopsy and contrast-enhanced
radiography is of limited diagnostic value, as it detects
[2]
only around 33% of cases based on initial diagnosis .
Endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA) can be considered the gold diagnostic
standard (84% specificity) as it directly visualizes the
tumour and provides sufficient cytological material for
[3]
molecular diagnostics .
Gastric GIST comes in three different histological
subtypes: spindle cell type (50%), epithelioid type
[1,9,10]
(20%-40%) and mixed type (10%)
. Epithelioid
GISTs are also reported to be significantly more common
[11]
in the stomach . There are now four different subtypes
of epithelioid gastric stromal tumours distinguished:
sclerosing, hypercellular, heterogeneous and sar
[1]
comatoid . The last subtype is the least common
subtype of epithelioid GISTs - it is present in only
[1]
2.5% of patients with gastric stromal tumours . The
sarcomatoid subtype can be found in both, epithelioid
[1]
and spindle cell tumours . The sarcomatoid pattern
typically translates into statistically worse prognosis,
[1]
especially in GISTs of the spindle cell type . According
to some sources, epithelioid stromal tumours involve
larger tumour mass and shorter survival period as
compared to other histological types (29.2 mo vs 96.1
mo for spindle cell tumours, and 61 mo for mixed
[12]
type tumours) . Pathomorphological evaluation is
made up of traditional histopathology accompanied
by tests for a number of tumour markers, which are
of key importance in diagnosing stromal tumours.
Genes responsible for increasing the density of
transmembrane tyrosine kinase receptor KIT are
universally overexpressed in GIST. KIT receptor can
be detected by immunohistochemistry (CD117).
CD117 overexpression is the most sensitive and highly
specific marker of stromal tumours detected in nearly
[1,3,4,9,10]
90%-95% of cases
. CD117-negative gastric
GISTs predominantly represent the epithelioid subtype,
and only 18% of spindle cell tumours show no signs
[1]
of CD117 expression . Other markers such as nestin
(90%) and CD34 (70%) are also representative but less
[9]
specific . CD34 is almost universally positive in GISTs
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located in oesophagus or rectum (95%-100%)
.
[1,10,11]
CD34 is expressed in 80%-88%
of gastric
GISTs, whereas α-smooth muscle actin (α-SMA) is
present in around 20%-40% of patients in whom
[4,7]
CD34 expression is absent . The majority of CD34negative gastric stromal tumours are conclusively
identified as epithelioid-type tumours and have been
[1,11]
shown to be more aggressive
. α-SMA (+) is present
in only around 30% of patients, but is significantly
more common in GISTs located in the stomach or
[9]
small intestine . In α-SMA-positive patients, the
progression-free survival is significantly longer as
compared to α-SMA-negative patients (37.7 mo vs
15.9 mo), but this correlation was demonstrated on a
small population of patients and needs to be confirmed
[12]
in other studies . S-100 should be also mentioned in
the context of pathomorphological evaluation, as it is
present in only around 5% of patients and is especially
common in epithelioid-type tumours, the majority of
[1,11]
which are more malignant
. A positive relationship
with the desmin antibody is rare and can be found in
only 1%-3% of gastric stromal tumours, but is more
[9-11]
common in epithelioid-type GISTs
.
Biological aggressiveness of primary, resectable
GISTs can be determined mainly by relying on tumour
[4]
size, mitotic rate, and tumour location . The National
Institutes of Health (NIH) system for determining
GIST malignancy potential is commonly used in daily
practice and has been referred to in numerous sources.
It involves two major criteria: tumour size and mitotic
[7,8]
count . The relationship between size and mitotic
count vs malignancy potential was analysed by Miettinen
[1]
et al . It was based on over 1000 cases of stromal
tumours. Based on this analysis, it was determined
that the mortality attributed to tumours with less than
5 mitoses per 50 HPFs equals 0% for tumour with the
size of less than 2 cm, 2% for tumours of 2-10 cm in
size, and 11% for tumours with the size of over 10 cm.
The mortality rate significantly increases in tumours
showing more than 5 mitotic figures per 50 HPFs: 16%
for tumours of 2-5 cm in diameter, 49% for tumours of
5-10 cm in size, and 86% for “large” tumours with the
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[1]

size of over 10 cm . Mortality associated with primary
tumour or metastasis in patients with gastric GIST > 5
cm in size and more than 5 mitotic figures per 50 HPFs
amounts to 49%-86%. Epithelioid-type tumours of
more than 6 cm in size and other tumour types of more
than 7 cm in size can be indicative of higher malignancy
and metastatic potential. More favourable prognosis for
metastatic tumours can be only expected in patients
with large tumours (> 10 cm) and low mitotic count
(less than 5 mitotic figures/50 HPFs) - metastases are
present in only 12% of cases, and the progression free
[1]
survival is around 5-15 years . Mean 5-year survival
in patients who underwent radical surgical procedure,
irrespective of the key major pathomorphological
[4,7]
factors, is estimated at 28%-65%, or even 70% .
The largest gastric GIST reported so far was 37x24x13
[13]
cm in size and weighted 8.5 kg . Size median for
gastric GISTs is 6 cm. Tumours of 2-5 cm (38.2%) and
[1,7]
5-10 cm (29.7%) in size prevail . Large tumours (>
10 cm) on presentation are diagnosed in only 20%
[1,7]
of patients . Asymptomatic disease progression is
the reason of late-stage diagnosis, with metastases
[4,8]
present in around 21% of patients on presentation .
The most malignant gastric stromal tumours are
located at the fundus, entrance, and at the gastro[1]
oesophageal junction . Mortality is closely correlated
[1]
with the mitotic rate and tumour size . Median survival
following resection is 12.4 years for all GISTs, and 14.1
[1,7]
years for gastric GISTs, with no signs of recurrence .
The majority of GIST recur within the first 5 years post
[7]
resection . Local recurrences limited to gastric walls are
rare. Local recurrences result from incomplete resection
[1]
of the primary tumour or new GISTs .
The studied case can be classified as stage Ⅱ
[14]
tumour according to the TNM system . It is a high[8]
risk (malignant) tumour according to the NIH system .
According to Miettinem, the patient should be classified
to low or medium risk of death, which translates into
[1]
12%-15% risk of cancer-related death .
Surgery is the first choice treatment of primary
gastrointestinal stromal tumours of more than 2 cm in
[4,6]
diameter . It is desirable to obtain 1 cm macroscopic
margins of healthy tissues to secure negative microscopic
margins (R0 resection) with the tumour capsule left
[3,6]
intact . It is imperative to avoid rupture of the tumour
capsule as it can lead to tumour dissemination. Both
sporadic and surgery-related ruptures are reported in
[7]
only around 6% of patients . According to the National
Comprehensive Cancer Network guidelines, extended
anatomic resection of the stomach is indicated only
[6]
rarely . Wedge resection and partial resection of the
stomach are sufficient in 40% and 34% of cases,
[1]
respectively . Complete gastrectomy is necessary in
[1]
only 3% of patients . Infiltration into the peritoneal
cavity and adjacent organs is observed in only 5.4%
of patients. Laparoscopic surgery can be performed
[6]
on GISTs of less than 5cm in size . As compared to
traditional surgery, laparoscopic approach in gastric
GISTs involves reduced blood loss, fewer perioperative
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complications, shorter hospitalisation, and earlier
resumption of oral dietary intake. However, there
were no statistically significant differences between
the outcomes of different surgical techniques and the
number of recurrences, surgical margins, or the overall
[15]
survival .
The key issue in effective post-surgery therapy is
to inform the patient of the possibility of recurrence
following many years of disease-free period. Therefore,
patients should be subject to regular follow-up
surveillance. Abdominopelvic contrast-enhanced CT
is the mainstay for this type of follow-up. In medium
and high risk patients according to NIH, follow-up
surveillance should be performed at 3-4 mo intervals
during the first 2 years, every 6 mo for 3 more years,
and then every 12 mo (5 or more years post-resection).
Patients with GISTs of very low and low aggressiveness
can undergo the follow-up examinations every 12 mo.
Although surgical tumour resection is the treatment
of choice in GIST, the supportive role of pharmacotherapy
with tyrosine kinase inhibitors is increasingly highlighted.
Adjuvant therapy remains controversial, despite the
approval of imatinib in post-surgery treatment of
patients with high-risk of recurrence according to
NCCN-AFIP-AJCC classification. This type of treatment
is most beneficial in patients classified to the highest
risk of recurrence. Neoadjuvant imatinib should be also
attempted in patients with borderline resectable GIST. In
patients at advanced stage of GIST, inclusion criteria for
imatinib are: unresectable tumour, distant metastases
(liver, dissemination) and local recurrence. Second
generation tyrosine kinase inhibitor - sunitinib can be
also considered if there is a further disease progression.
Cancer treatment is now becoming more and more
personalised. However, despite the huge progress in this
area, and the introduction of novel anti-cancer drugs,
cancer treatment still remains a huge challenge.

COMMENTS
COMMENTS
Case characteristics

A 52 years old male patient admitted for the first ever episode of fainting
and loss of consciousness with a history of bloody stools for 2 wk before
presentation.

Clinical diagnosis

In a physical examination, the abdomen was soft and slightly tender in the
epigastric region, where a pathological mass was detected, without any signs of
peritoneal irritation.

Differential diagnosis

Malignant tumors, benign neoplasms.

Laboratory diagnosis

Haemoglobin 8.8 g/dL, RBC 2.8 million/dL, Hct 26%, metabolic panel were
within normal limits at admittance.

Imaging diagnosis

Computed tomography scan showed a tumour-like mass projecting to the lumen
of the stomach, adjacent to the greater curvature area, whereas gastroscopy
revealed an external displacement of otherwise unchanged gastric mucosa.

Pathological diagnosis

In the final histopathologic analysis sarcomatoid epithelioid gastrointestinal
stromal tumours (GIST) was confirmed and immunohistochemical staining
revealed the following: Ki67 < 5 mitoses per 50 HPFs, tyrosine kinase (KIT) (+/-),
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CKAE1 (+) AE3 (-), vimentin (+), CD34 (-), S100 (-), CD30 (-), caldesmon (-),
actin (-), MCT (-), fats (-).

Treatment

The patient had a wedge resection encompassing the entire gastric tumour
mass.

6

To authors’ knowledge this is the first report of giant GIST of very uncommon
sarcomatoid epithelioid subtype.

7

Related reports

Term explanation

KIT is a receptor tyrosine kinase protein found on the surface of gastrointestinal
stromal tumors cells.

Experiences and lessons

This case report not only focuses on uncommon symptoms, pathomorphological
evaluation, biological aggressiveness of giant gastric sarcomatoid epithelioid
GISTs, but also discuss the key factors for further treatment and good
prognosis.

8

Peer-review

9

This paper includes the overviews on GISTs with clinically relevant info and
concise case of uncommon sarcomatoid epithelioid subtype.

10

REFERENCES
1

2

3

4

5

11

Miettinen M, Sobin LH, Lasota J. Gastrointestinal stromal tumors
of the stomach: a clinicopathologic, immunohistochemical, and
molecular genetic study of 1765 cases with long-term followup. Am J Surg Pathol 2005; 29: 52-68 [PMID: 15613856 DOI:
10.1097/01.pas.0000146010.92933.de]
Scarpa M, Bertin M, Ruffolo C, Polese L, D’Amico DF, Angriman
I. A systematic review on the clinical diagnosis of gastrointestinal
stromal tumors. J Surg Oncol 2008; 98: 384-392 [PMID: 18668671
DOI: 10.1002/jso.21120]
Rammohan A, Sathyanesan J, Rajendran K, Pitchaimuthu
A, Perumal SK, Srinivasan U, Ramasamy R, Palaniappan R,
Govindan M. A gist of gastrointestinal stromal tumors: A review.
World J Gastrointest Oncol 2013; 5: 102-112 [PMID: 23847717
DOI: 10.4251/wjgo.v5.i6.102]
Cichoz-Lach H, Kasztelan-Szczerbińska B, Słomka M.
Gastrointestinal stromal tumors: epidemiology, clinical picture,
diagnosis, prognosis and treatment. Pol Arch Med Wewn 2008;
118: 216-221 [PMID: 18575421]
Rutkowski P, Wozniak A, Dębiec-Rychter M, Kąkol M,
Dziewirski W, Zdzienicki M, Ptaszynski K, Jurkowska M,
Limon J, Siedlecki JA. Clinical utility of the new American Joint

12

13

14
15

Committee on Cancer staging system for gastrointestinal stromal
tumors: current overall survival after primary tumor resection.
Cancer 2011; 117: 4916-4924 [PMID: 21456019 DOI: 10.1002/
cncr.26079]
Kong SH, Yang HK. Surgical treatment of gastric gastrointestinal
stromal tumor. J Gastric Cancer 2013; 13: 3-18 [PMID: 23610714
DOI: 10.5230/jgc.2013.13.1.3]
Joensuu H, Vehtari A, Riihimäki J, Nishida T, Steigen SE, Brabec
P, Plank L, Nilsson B, Cirilli C, Braconi C, Bordoni A, Magnusson
MK, Linke Z, Sufliarsky J, Federico M, Jonasson JG, Dei Tos AP,
Rutkowski P. Risk of recurrence of gastrointestinal stromal tumour
after surgery: an analysis of pooled population-based cohorts.
Lancet Oncol 2012; 13: 265-274 [PMID: 22153892 DOI: 10.1016/
S1470-2045(11)70299-6]
Joensuu H. Risk stratification of patients diagnosed with
gastrointestinal stromal tumor. Hum Pathol 2008; 39: 1411-1419
[PMID: 18774375 DOI: 10.1016/j.humpath.2008.06.025]
Miettinen M, Lasota J. Gastrointestinal stromal tumors (GISTs):
definition, occurrence, pathology, differential diagnosis and
molecular genetics. Pol J Pathol 2003; 54: 3-24 [PMID: 12817876]
Patil DT, Rubin BP. Gastrointestinal stromal tumor: advances
in diagnosis and management. Arch Pathol Lab Med 2011; 135:
1298-1310 [PMID: 21970485 DOI: 10.5858/arpa.2011-0022-RA]
Bülbül Doğusoy G. Gastrointestinal stromal tumors: A multicenter
study of 1160 Turkish cases. Turk J Gastroenterol 2012; 23:
203-211 [PMID: 22798108]
Demir L, Ekinci N, Erten C, Kucukzeybek Y, Alacacioglu A,
Somali I, Can A, Dirican A, Bayoglu V, Akyol M, Cakalagaoglu
F, Tarhan MO. Does immunohistochemistry provide additional
prognostic data in gastrointestinal stromal tumors? Asian Pac
J Cancer Prev 2013; 14: 4751-4758 [PMID: 24083738 DOI:
10.7314/APJCP.2013.14.8.4751]
Cappellani A, Piccolo G, Cardì F, Cavallaro A, Lo Menzo
E, Cavallaro V, Zanghì A, Di Vita M, Berretta M. Giant
gastrointestinal stromal tumor (GIST) of the stomach cause of
high bowel obstruction: surgical management. World J Surg Oncol
2013; 11: 172 [PMID: 23914945 DOI: 10.1186/1477-7819-11-172]
Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti
A, (Eds.). AJCC Cancer Staging Handbook. 7th ed. New York:
Springer, 2010
Koh YX, Chok AY, Zheng HL, Tan CS, Chow PK, Wong WK,
Goh BK. A systematic review and meta-analysis comparing
laparoscopic versus open gastric resections for gastrointestinal
stromal tumors of the stomach. Ann Surg Oncol 2013; 20:
3549-3560 [PMID: 23793362 DOI: 10.1245/s10434-013-3051-1]
P- Reviewer: Mortensen C, Wong GLH
S- Editor: Yu J L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

3393

March 21, 2015|Volume 21|Issue 11|

World J Gastroenterol 2015 March 21; 21(11): 3394-3401
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3394

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Bronchial bleeding caused by recurrent pneumonia after
radical esophagectomy for esophageal cancer
Toshihiro Kitajima, Kota Momose, Seigi Lee, Shusuke Haruta, Masaki Ueno, Hisashi Shinohara,
Sakashi Fujimori, Takeshi Fujii, Ryoji Takei, Tadasu Kohno, Harushi Udagawa
radical esophagectomy that was treated with lobectomy.
A 65-year-old male who underwent subtotal esopha
gectomy with three-field lymph node dissection for
esophageal carcinoma was referred to our hospital because
of sudden hemoptysis. After the esophagectomy,
bilateral vocal cord paralysis was observed, and the
patient suffered from repeated episodes of aspiration
pneumonia. Bronchoscopy revealed hemosputum in
the right middle lobe bronchus, and contrast-enhanced
computed tomography showed tortuous arteries arising
from the right inferior phrenic artery and left subclavian
artery toward the right middle lobe bronchus. Although
bronchial arterial embolization was performed twice
to control the recurrent hemoptysis, the procedures
were unsuccessful. Right middle lobectomy was
therefore performed via video-assisted thoracic surgery.
Engorged bronchial arterys with medial hypertrophy
and overgrowth of the small branches were noted
near the bronchus in the resected specimen. The
patient recovered uneventfully and was discharged on
postoperative day 14.
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Core tip: To the best of our knowledge, this is the
first report of bronchial bleeding suspected to arise
from ectopic/collateral bronchial arteries after radical
esophagectomy with three-field lymphadenectomy
for esophageal carcinoma. Such clinical course after
esophagectomy for esophageal carcinoma is quite
meaningful, especially in cases of postoperative recurrent
aspiration pneumonia due to bilateral recurrent laryngeal
nerve injury.

Abstract
We herein report a case of bronchial bleeding after
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None of the 79 widely dissected lymph nodes exhibited
metastasis, and no lymphatic invasion was detected.
The patient was diagnosed with stage ⅠA (pT1bN0M0)
th
disease according to the 7 edition of the UICC/AJCC
TNM classification. Postoperatively, bilateral vocal
cord paralysis was observed, and the patient suffered
from repeated episodes of aspiration pneumonia for
six months after the surgery (Figure 1a, b). Because
the main cause of the patient’s repeated aspiration
was postprandial reflux of gastric contents, resection
of the pyloric ring and diversion of the gastric conduit
in a Roux-en Y fashion was performed to prevent
further aspiration of the regurgitant. Thus, it took
approximately eight months for the patient to safely
resume oral intake. He was discharged from our
hospital nine months after surgery. Although the
bilateral vocal cord paralysis did not improve, he
was able to maintain proper dietary habits through
dysphagia rehabilitation and adopting a soft diet.
Although no further episodes of aspiration pneumonia
or evidence of tumor recurrence were noted during
follow-up, consolidation in the right middle lobe, which
was observed at discharge, persisted by computed
tomography (CT) that was performed immediately
before this episode (Figure 1c). A total of 19 mo
after esophagectomy, the patient began to cough
up small amounts of blood and was admitted to a
regional hospital. Upper gastrointestinal endoscopy
did not reveal any bleeding from the gastric conduit.
Meanwhile, bronchoscopy revealed hemosputum
in the entrance of the right middle lobe bronchus;
bleeding from the peripheral bronchus was suspected
to be the primary cause of this complication. Although
the patient exhibited a stable clinical course under
conservative therapy, sudden hemoptysis was noted
one week after onset, and he was transferred to our
hospital. Laboratory tests performed at the time of
admission indicated anemia and inflammation. The
hemoglobin level was 8.8 g/dl, and the C-reactive
protein level was elevated at 16.1 mg/dl. However,
the levels of serum Aspergillus antigens, β-D glucan,
and tumor markers, such as carcinoembryonic antigen,
squamous cell carcinoma antigen, and carbohydrate
antigen 19-9 were all within normal limits. The patient
demonstrated a negative blood culture, although
Klebsiella pneumoniae and Pseudomonas aeruginosa
were detected in a sputum culture. Additionally, he
was negative for tuberculosis. While bronchoscopy
revealed no active hemorrhaging from the respiratory
tract, a small level of hemosputum was observed
in the entrance of the right middle lobe bronchus
(Figure 2a). CT and chest radiography revealed a
massive infiltrative shadow in the right middle lobe
with atelectasis in the right lower lobe (Figure 2b,
c). In addition, bronchoscopy and CT revealed no
protruding lesions, suggesting bronchial invasion of
the tumor and/or gastro-tracheobronchial/aortobronchial fistula formation in the bronchus. With
respect to the vessel anatomy, contrast-enhanced
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INTRODUCTION
Hemoptysis is an alarming symptom and a potentially
life-threatening complication that can occur in a variety
of infectious, inflammatory, and cancerous diseases
of the chest. In general, there are several causes of
hemoptysis, including bronchogenic carcinoma, chronic
inflammatory lung disease due to bronchiectasis and
various infections, although the majority of cases are
[1,2]
due to tuberculosis .
According to previous reports, surgeons should
consider the potential for locoregional recurrence and
[3,4]
aorto-bronchial fistula
or gastro-tracheobronchial
[5,6]
fistula formation
in cases of hemoptysis after
esophagectomy for esophageal carcinoma. To the
best of our knowledge, this is the first report of
bronchial bleeding suspected to have arisen from
ectopic/collateral bronchial arteries after radical
esophagectomy with three-field lymphadenectomy
for esophageal carcinoma. This clinical course after
esophagectomy for esophageal carcinoma is quite
meaningful, especially in cases of postoperative
recurrent aspiration pneumonia due to bilateral
recurrent laryngeal nerve injury.

CASE REPORT
A 65-year-old Japanese male who underwent
esophagectomy was admitted to our hospital with
sudden hemoptysis. He had smoked 20 cigarettes
a day since his twenties and consumed alcohol only
on social occasions without regular habitual drinking.
On preoperative examination, upper gastrointestinal
endoscopy demonstrated a pedunculated lesion
located on the posterior wall of the upper thoracic
esophagus 21-23 cm distal from the incisors. A
biopsy from the pedunculated lesion revealed a welldifferentiated tubular adenocarcinoma. The patient
had undergone radical esophagectomy with three-field
lymphadenectomy 19 mo before the current admission.
Surgical reconstruction was performed via the posterior
mediastinal route using a gastric conduit, followed by
esophagogastrostomy and tracheostomy placement,
as bilateral recurrent laryngeal nerve injury was
noted. The right bronchial artery (BA), which is usually
identified and preserved, was suspected to be absent
because it was not identified despite a meticulous
investigation. Histopathologically, the pedunculated
tumor consisted of mixed adenoendocrine carcinoma.
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Figure 1 Unenhanced computed tomography after esophagectomy. A: Computed tomography (CT) revealed consolidation in the right middle lobe; B: CT
simultaneously demonstrated consolidation in the right lower lobe (A and B); C: Although there was no evidence of newly developed pneumonia, consolidation
remained in the right middle lobe 14 mo after esophagectomy (arrow).

A

B

C

Figure 2 Imaging findings before bronchial arterial embolization. A: Bronchoscopy revealed hemosputum in the entrance of the right middle lobe bronchus (yellow
arrow) extending down to the lower lobe bronchus (green arrow); B, C: Computed tomography and chest radiography revealed a massive infiltrative shadow in the
right middle lobe with atelectasis in the right lower lobe.

CT showed a tortuous artery ascending from the
right inferior phrenic artery directly arising from the
aorta near the celiac trunk toward the right middle
bronchus (Figure 3a); in addition, we observed several
tortuous arteries with hypervascularity arising from
the left subclavian artery, which descended obliquely
along the right main bronchus (Figure 3b). Although
we considered these engorged and tortuous vessels
to be ectopic/collateral BAs that caused the patient’s
hemoptysis, identifying the responsible vessel was
difficult because of his hemostasis. Considering the
difficulty in performing embolization of the ectopic
BAs arising from the left subclavian artery, we first
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attempted to embolize the right collateral BA arising
from the inferior phrenic artery. On the next day from
admission, a bronchial arterial embolization (BAE)
procedure was performed. No aorto-bronchial fistulas
were detected on aortography. The right collateral
BA was successfully embolized with gelatin sponge
particles (Figure 3c). However, the day after the BAE
procedure, the level of recurrent hemoptysis was
estimated to be approximately 200-300 mL, and
bronchoscopy revealed bleeding from the same site as
that observed at disease onset. On the third day after
admission, a second BAE procedure was emergently
performed. Although selective embolization of the
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Figure 3 Computed tomography arteriography. A: Computed tomography (CT) arteriography revealed a tortuous artery ascending from the right inferior phrenic
artery that arose directly from the aorta (arrows); B: CT arteriography demonstrated several tortuous arteries arising from the left subclavian artery that descended
obliquely along the right main bronchus (arrows); C: A collateral right bronchial artery (BA) arising from the inferior phrenic artery. Right inferior phrenic arteriography
showed an abnormal tortuous artery (arrows); D: Ectopic BAs arising from the left subclavian artery. Left subclavian arteriography showed abnormal tortuous arteries
arising from a root of the left subclavian artery (arrows).

A

B
PV
(V4, V5 stump)

PA
(A5 stump)

ML

LL

Br

ML

UL

Figure 4 Intraoperative findings. A: The presence of a collateral bronchial artery (BA) arising from the right inferior phrenic artery running along the phrenic nerve
(green arrowheads) was confirmed; the tissue was black in color due to the first bronchial arterial embolization procedure (yellow arrowheads). B: Engorged right BAs
streaming into the right middle lobe were dissected at the level of bifurcation of the middle lobe bronchus (arrows). UL: Upper lobe; ML: Middle lobe; LL: Lower lobe;
Br: Middle lobe bronchus; PA: Pulmonary artery; PV: Pulmonary vein.

ectopic BAs arising from the left subclavian artery
was also performed (Figure 3d), CT conducted after
the second BAE procedure revealed that the arterial
blood supply to the right middle lobe bronchus was
decreased but not completely blocked. Because we
posited that performing additional embolization of the
ectopic vessels would be difficult due to the tortuosity
and fragility of the vessels, we planned to perform
surgical resection after the patient’s hemodynamic
parameters stabilized. On the ninth day after admission,

WJG|www.wjgnet.com

right middle lobectomy was performed via videoassisted thoracic surgery (VATS). With respect to the
intraoperative findings, the presence of a BA arising
from the right inferior phrenic artery was confirmed;
the vessel was black in color as a result of the first
BAE procedure (Figure 4a). Although a few engorged
right BAs streaming into the right middle lobe were
dissected at the level of bifurcation of the middle lobe
bronchus (Figure 4b), it was difficult to detect the root
of the dissected arteries. In addition, whitish pleural

3397

March 21, 2015|Volume 21|Issue 11|

Kitajima T et al . Bronchial bleeding after esophagectomy

A

B

C

Br
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Figure 5 Gross and histopathological findings of the resected specimen. A: An ill-demarcated whitish area with a brownish tint was noted on the cut surface of
the resected lung (arrows). Macroscopically, the bleeding origin was not detected; B: Organizing pneumonia with the accumulation of hemosiderin-laden macrophages
was observed [Elastica van Gieson stain (EVG), magnification × 24]; C: The bronchus was enlarged, and engorged bronchial artery with medial hypertrophy and
overgrowth of small branches were identified near the bronchus (arrows) (EVG, magnification × 24). Br: Bronchus; PA: Pulmonary artery.

thickening of the right middle and lower lobes was
significant. Grossly, an ill-demarcated whitish area
with a brownish tint was observed on the cut surface
of the resected lung (Figure 5a). Histopathologically,
organizing pneumonia with the accumulation of
hemosiderin-laden macrophages was detected (Figure
5b). The bronchus was enlarged, and engorged BAs
with medial hypertrophy and overgrowth of small
branches were also noted near the bronchus, although
the bleeding origin was not identified (Figure 5c). The
patient recovered uneventfully, with the absence of
recurrent hemoptysis, and was discharged from our
hospital on postoperative day 14. At the time of this
writing, he has been doing well for four months, with
no evidence of recurrence or hemoptysis.

after esophagectomy have been reported worldwide in
the published literature to date; among the two cases
identified in PubMed, gastric tube reconstruction was
performed via the retrosternal or posterior mediastinal
route, and both fistulas were detected between the left
[3,4]
main bronchus and descending aorta . In contrast,
several cases of gastro-tracheobronchial fistulas after
esophagectomy have been reported, and tumor
recurrence, erosion injury, and radiation necrosis are
considered common causes of the late development
[5,6]
of these fistulas . In the present case, these three
conditions were excluded because no protruding/
occupied lesions or either fistula type were observed
on CT, BAE, or bronchoscopy. In addition, the stage of
disease (IA, pT1bN0M0), the presence of bleeding from
the peripheral bronchus suspicious on bronchoscopy,
and the lack of ulceration necrosis or erosion in the
gastric conduit on follow-up gastrointestinal endoscopy
supported the exclusion of these clinical conditions.
Based on the intraoperative and pathological
findings observed in this case, we judged that the
causative vessels of the patient’s hemoptysis were
the tortuous and engorged arteries arising from the
left subclavian artery along the right main bronchus.
Retrospectively, orthotopic bilateral BAs originating
from the descending aorta at the level of the sixth
thoracic vertebra (T6) were detected on contrastenhanced CT prior to esophagectomy, whereas the
ectopic/collateral arteries arising from the right phrenic

DISCUSSION
With respect to the major clinical conditions and/or
complications inducing hemoptysis after esophagectomy
for esophageal carcinoma, surgeons should consider
the possibility of locoregional recurrence and aorto[3,4]
[5,6]
bronchial
or gastro-tracheobronchial
fistula
formation. We performed a search of PubMed using the
following key words: “hemoptysis/bronchial bleeding/
respiratory tract hemorrhage after esophagectomy”.
Fistula formation after esophagectomy is an uncommon
and invariably life-threatening complication if left
untreated. Only a few cases of aorto-bronchial fistulas
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artery and left subclavian artery were not. However,
it was difficult to precisely evaluate the presence of
the ectopic/collateral arteries preoperatively because
multiphase contrast-enhanced CT is not routinely
performed. According to previous studies, ectopic BAs
are defined as arteries originating outside the level
[1,7,8]
of T5-T6 of the thoracic aorta
. Ectopic BAs, which
extend along the course of the major bronchus, can
be distinguished from collateral arteries arising from
the non-bronchial systemic arteries that enter the lung
parenchyma via the pulmonary ligament or adherent
pleura and exhibit a course that is not parallel to the
[1,7]
bronchus . Additionally, some studies have reported
that chronic inflammation of the lungs is associated
[9,10]
with engorgement of the BAs
in which the collateral
blood supply from non-bronchial systemic arteries is
vascularized and recruited under conditions of chronic
inflammation and may arise from branches of the
subclavian, axillary, or internal mammary arteries,
as well as infradiaphragmatic branches from the
[1,11]
inferior phrenic and left gastric arteries
. In the
present case, it was more appropriate to consider the
engorged BAs arising from the left subclavian artery to
be inherent, having developed after esophagectomy
rather than being completely vascularized, due to the
dissection of the orthotopic right BAs during radical
lymphadenectomy and the effects of postoperative
recurrent aspiration pneumonia. These BAs may have
been classified as ectopic BAs because they extended
[1,7]
along the course of the right main bronchus
.
Alternatively, the tortuous right BA arising from the
right inferior phrenic artery may have been classified
as a collateral artery arising from non-bronchial
systemic arteries because CT detected this artery
[1,7]
extending along the pleural surface . The frequency
of ectopic BAs arising from the subclavian and inferior
phrenic arteries is reported to be 10%-13% of all
[12,13]
ectopic BAs detected on CT angiograms
.
The mechanism underlying the persistent pneumonia
in the right middle lobe observed in this case is thought
to be similar to that underlying middle lobe syndrome.
This syndrome is characterized by the recurrent or
chronic collapse of the right middle lobe and can
be classified into obstructive and non-obstructive
[14-16]
types
. Although the etiology of the non-obstructive
type has not been fully elucidated, inefficient collateral
ventilation, infection, and inflammation are considered
to play key roles. Pathophysiologically, the long length
and narrow diameter of the middle lobe bronchus can
[17]
result in poor conditions for drainage . Additionally,
collateral ventilation is often prevented by the
presence of deep fissures of the middle lobe with few
[18]
parenchymal connections . In the present case, these
anatomical characteristics may also have contributed
to the persistence of pneumonia of the right middle
lobe, whereas consolidation of the right lower lobe was
resolved (Figure 1c).
Furthermore, this case could be diagnosed as
secondary racemose hemangioma of BA as these cases
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have been reported in Japan. Such cases are diagnosed
by the existence of remarkably tortuous, enhancing,
[19]
and meandering BAs . Hyperplastic changes that
develop after inflammation, such as bronchiectasis,
bronchitis, and pneumonia, are classified as secondary
[20]
racemose hemangioma . However, in this case,
the definitive diagnosis was difficult to obtain due to
the lack of clarity of the diagnostic criteria. Although
this case could be clinically classified as secondary
racemose hemangioma of BA, the hemangioma was
also considered to have developed from postoperative
recurrent pneumonia, as previously discussed.
BAE has recently become a well-established,
effective treatment for controlling recurrent or massive
hemoptysis in patients with various pulmonary
[21]
[22]
diseases . Hayakawa et al
reported a high rate
of hemoptysis control and high cumulative survival
rate among patients with hemoptysis treated with
[1]
BAE. However, Chun et al reported that recurrent
hemoptysis is not uncommon, occurring in 10%-55.3%
of cases, although immediate control of hemoptysis
is achieved in 73%-99% of treated patients. In
addition, several authors have demonstrated that
achieving embolization of ectopic BAs is more difficult
than that of non-ectopic BAs, and that the complexity
of performing selective and definite catheterization
explains the increased risk of major complications
[7,23]
observed in this patient population
. In the current
case, BAE failed to control the patient’s hemoptysis due
to incomplete embolization of several ectopic BAs, and
surgical resection was eventually required. Although
pulmonary resection for hemoptysis is known to carry
an increased risk of death and morbidity due to preexisting comorbidities and a poor respiratory reserve,
[19,24]
particularly in the acute phase
, we propose
the use of early lobectomy soon after the patient’
s hemodynamic parameters stabilize following failed
BAE as a treatment option, even in cases of recurrent
hemoptysis after esophagectomy. Furthermore, the
use of lobectomy via VATS contributes to a shortened
postoperative hospital stay due to the reduced
invasiveness of the procedure in patients with poor
respiratory function.
We recognize that our discussion includes various
limitations. First, there was no evidence suggesting
the precise mechanism of the ectopic/collateral BA
development in this case. Second, we did not prove,
in the resected specimen, that the hemoptysis was
induced by rupture of one of the ectopic/collateral BAs,
although we surmise that the ectopic BAs originating
from the left subclavian artery were responsible
based on the patient’s clinical course. However,
we consider the patient’s bronchial bleeding and
postoperative recurrent pneumonia to be associated
because engorged BAs with medial hypertrophy and
overgrowth of small branches were easily identified
by histology as being localized near the bronchus
and because postoperative recurrent pneumonia was
persistently detected in the middle lobe.
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developments.

In conclusion, to the best of our knowledge, this is
the first case report of bronchial bleeding suspected
to have derived from the ectopic/collateral bronchial
arteries after radical esophagectomy with threefield lymphadenectomy for esophageal carcinoma.
We propose the use of early lobectomy soon after
the patient’s hemodynamic parameters stabilize
following failed BAE as a treatment option, even in
cases of recurrent hemoptysis after esophagectomy.
We strongly believe that the present patient’s clinical
course after esophagectomy for esophageal carcinoma
is significant, particularly with respect to postoperative
recurrent pneumonia due to bilateral recurrent
laryngeal nerve injury.
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CASE REPORT

Endoscopic ultrasound-guided drainage of postoperative
intra-abdominal abscesses
Koichiro Mandai, Koji Uno, Kenjiro Yasuda
abdominal abscesses for which EUS-guided drainage
was performed between May 2011 and May 2014.
Distal pancreatectomy had been performed in 3 cases,
whereas low anterior resection for rectal cancer was
performed in the remaining case. All patients underwent
transgastric naso-cystic drainage, which resulted in
clinical improvement without complications, even when
performed within 4 wk after surgery. On average, the
naso-cystic drain was removed 10 d after placement,
with no abscess recurrence. Based on these findings, we
believe that EUS-guided drainage of postoperative intraabdominal abscesses is a safe and effective method,
although further large-scale investigations are required
to confirm our findings.
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Core tip: There have been few reports of endoscopic
ultrasound (EUS)-guided drainage of postoperative
intra-abdominal abscesses, although EUS-guided
drainage has become the standard procedure for
pancreatic pseudocysts in recent years. Here we report
our experience with 4 cases. Transgastric naso-cystic
drainage was performed for all patients and resulted in
clinical improvement without complications, even when
performed within 4 wk after surgery. On average, the
naso-cystic drain was removed 10 d after placement,
with no abscess recurrence. We believe that EUSguided drainage of postoperative intra-abdominal
abscesses is a safe and effective method, although
further large-scale investigations are required to
confirm our findings.

Abstract
Although endoscopic ultrasound (EUS)-guided drainage
has become the standard procedure for pancreatic
pseudocysts in recent years and is generally regarded
as a safe and effective method, there have been
few reports of EUS-guided drainage of postoperative
intra-abdominal abscesses. Here we report our
experience with 4 cases of postoperative intra-
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Japan), and a 6-Fr pigtail nasal biliary catheter (nasal
biliary drainage set; Cook Medical) and 7-Fr double
pigtail biliary stent (Zimmon Biliary Stent; Cook
Medical) were subsequently placed. The naso-cystic
drainage catheter was irrigated once daily with 10-20
mL of sterile saline in all patients. Characteristics of the
4 cases are summarized in Table 1.

INTRODUCTION

Case 1

Traditionally, postoperative intra-abdominal abscesses
have been managed by percutaneous or surgical
drainage. Image-guided percutaneous drainage is
reported to be a minimally invasive and effective
[1]
method .
Although endoscopic ultrasound (EUS)-guided
drainage for pancreatic pseudocysts is regarded
[2-7]
as a safe and effective standard method
, there
have been few reports of EUS-guided drainage of
[8,9]
postoperative intra-abdominal abscesses .
Herein, we examined 4 cases of EUS-guided
drainage of postoperative intra-abdominal abscesses
performed at our institution to evaluate the safety and
efficacy of this procedure.

A 60-year-old woman underwent laparoscopic low
anterior resection for rectal cancer. She developed
a high fever after surgery, and CT revealed fluid
collection around the anastomotic intestine and in
the subdiaphragmatic area. We diagnosed this fluid
collection as an abscess, and surgical drainage was
consequently performed on postoperative day 17.
Although the drain was removed and the patient was
discharged on postoperative day 44, she was readmitted
for high fever on postoperative day 64. CT revealed
an encapsulated fluid collection (maximum axis, 61
mm) in the left subdiaphragmatic area close to the
fornix of the stomach (Figure 1A). We again diagnosed
this fluid collection as an abscess; and, as antibiotic
administration did not improve the patient’s condition,
EUS-guided transgastric drainage was performed,
and a 6-Fr pigtail nasal biliary catheter was placed on
postoperative day 69 (Figure 1B, C). Gram staining
and culture of a sample of the aspirate confirmed
extended-spectrum beta lactamase (ESBL)-producing
Escherichia coli, Enterococcus, and anaerobic bacteria.
Antibiotics were administered until postoperative day
74, and CT on postoperative day 75 showed that the
abscess had decreased in size (Figure 1D). The nasal
biliary catheter was removed on postoperative day 80.
The patient was discharged on postoperative day 99.
At the latest follow-up (3 years after discharge), no
abscess recurrence was noted.

CASE REPORT
Between May 2011 and May 2014, we experienced
4 cases of postoperative intra-abdominal abscesses
for which EUS-guided drainage was performed. The
indication of EUS-guided drainage was limited to cases
in which adhesion of the abscess and digestive wall
was highly suspected on computed tomography (CT).
All procedures were performed using a convextype echoendoscope (GE-UC2000P or GF-UCT260;
Olympus Medical Systems, Tokyo, Japan). A 19-gauge
needle (EchoTip; Cook Medical, Winston-Salem, NC,
United States or Expect; Boston Scientific Japan,
Tokyo, Japan, or SonoTip; Medi-Globe, Rosenheim,
Germany) was used to puncture the abscess. The fluid
content was aspirated, and a sample of the aspirate
was sent for Gram staining and culture. Subsequently,
a small dose of contrast agent was injected, and a
0.025-inch guidewire (VisiGlide; Olympus Medical
Systems) was introduced through the needle and
coiled into the abscess under fluoroscopic guidance.
In cases of only naso-cystic drainage, the fistula was
dilated using a 7-Fr dilation catheter (Soehendra
Biliary Dilation Catheter; Cook Medical), and a 6-Fr
pigtail nasal biliary catheter (nasal biliary drainage
set; Cook Medical) was subsequently placed. In cases
of both naso-cystic and internal drainage, the fistula
was dilated using a 7-Fr dilation catheter (Soehendra
Biliary Dilation Catheter; Cook Medical) and a balloon
catheter (Maxforce TTS biliary balloon dilator, 6
mm; Boston Scientific Japan). Next, two 0.025-inch
guidewires (VisiGlide; Olympus Medical Systems) were
placed in the abscess using a double lumen catheter
(Uneven Double Lumen Catheter; PIOLAX, Kanagawa,
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Case 2

A 46-year-old woman underwent distal pancreatectomy
for a mucinous cystic neoplasm of the pancreas. She
developed high fever on postoperative day 24, and CT
revealed irregular fluid collection (maximum axis, 54
mm) around the resection stump of the pancreas close
to the gastric wall (Figure 2A). The fluid collection
was diagnosed as an abscess; and, accordingly, EUSguided transgastric drainage was performed and
a 6-Fr pigtail nasal biliary catheter was placed on
postoperative day 26 (Figure 2B-D). Gram staining
and culture of a sample of the aspirate confirmed
methicillin-resistant Staphylococcus aureus (MRSA).
CT on postoperative day 37 showed that the abscess
had decreased in size (Figure 2E), and the nasal biliary
catheter was removed on the same day. Antibiotics
were administered until postoperative day 38. The
patient was discharged on postoperative day 40. At the
latest follow-up (2 years after discharge), no abscess
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Table 1 Patient characteristics
Case

Age (yr)/
sex

Primary
disease

1

60/F

Rectal cancer

2

46/F

MCN

3

74/M

PDAC

4

69/M

IPMN

Surgical procedure Abscess size
Primary
(mm)
treatment for
abscess
Low anterior
rectal resection
Distal
pancreatectomy
Distal
pancreatectomy
Distal
pancreatectomy

61 × 55
54 × 33
62 × 35
66 × 42
70 × 45

EUS-D
route

Time to
EUS-D (d)

EUS-D
modality

Drainage
length (d)

Complications/
abscess
recurrence

Surgical
drainage
None

TG

69 p.o.

6-Fr NB

11

None

TG

26 p.o.

6-Fr NB

11

None

None
None
Percutaneous
drainage

TG
TG
TG

10 p.o.
21 p.o.
18 p.o.

7-Fr stent
6-Fr NB
7-Fr stent,
6-Fr NB

20
8
7-Fr stent: no
removal
6-Fr NB: 10
per-cutaneous:
24

None
None
None

EUS-D: Endoscopic ultrasound-guided drainage; TG: Transgastric; p.o.: Postoperative day; MCN: Mucinous cystic neoplasm; NB: Nasal biliary catheter;
PDAC: Pancreatic ductal adenocarcinoma; IPMN: Intraductal papillary mucinous neoplasm.

A

B

C

D

Figure 1 Case 1. A: Computed tomography (CT) reveals an encapsulated fluid collection in the left subdiaphragmatic area close to the fornix of the stomach; B and
C: Fluoroscopy image showing the guidewire inserted into the fluid collection under endoscopic ultrasound (EUS)-guidance and placement of a 6-Fr nasal biliary
catheter; D: Six days after EUS-guided drainage, CT reveals that the drain was placed and that the fluid collection decreased.

recurrence was observed.

staining and culture of a sample of the aspirate
confirmed methicillin-susceptible Staphylococcus
aureus (MSSA), and antibiotics were administered
until postoperative day 15. However, the patient
developed high fever after drainage, and CT on
postoperative day 17 revealed another fluid collection
(maximum axis, 66 mm) at the left side of the
previously drained abscess (Figure 3C). EUS-guided
transgastric drainage was performed again, and
a 6-Fr pigtail nasal biliary catheter was placed on
postoperative day 21 (Figure 3D, E). Gram staining
and culture of a sample of the aspirate again

Case 3

A 74-year-old man underwent distal pancreatectomy
for pancreatic ductal adenocarcinoma. He developed
high fever on postoperative day 9, and CT revealed
fluid collection (maximum axis, 62 mm) around the
resection stump of the pancreas close to the gastric
wall (Figure 3A). We diagnosed this fluid collection
as an abscess, and EUS-guided transgastric drainage
was performed and a 7-Fr double pigtail stent was
placed on postoperative day 10 (Figure 3B). Gram
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A

B

C

D

E

Figure 2 Case 2. A: Computed tomography (CT) reveals irregular fluid collection around the resection stump of the pancreas at the dorsal side of the stomach;
B: Endoscopic ultrasound (EUS) reveals an irregular and cloudy fluid collection close to the gastric wall; C and D: Fluoroscopy image showing the dilation catheter
inserted over the guidewire and placement of a 6-Fr nasal biliary catheter; E: Eleven days after EUS-guided drainage, CT reveals that the fluid collection decreased.

confirmed MSSA, and antibiotics were administered
until postoperative day 24. CT on postoperative day
28 showed that the abscess had decreased in size
(Figure 3F), and the nasal biliary catheter and the 7-Fr
double pigtail stent were removed on postoperative days
29 and 30, respectively. The patient was discharged on
postoperative day 32. At the latest follow-up (1 year after
discharge), no abscess recurrence was observed.

guided percutaneous drainage was performed on the
same day. However, the high fever persisted after
drainage, and EUS-guided transgastric drainage was
consequently performed together with placement
of a 7-Fr double pigtail stent and a 6-Fr pigtail nasal
biliary catheter on postoperative day 18 (Figure
4B-D). Gram staining and culture of a sample of
the aspirate revealed Enterococcus, and antibiotics
were administered until postoperative day 21. CT on
postoperative day 28 showed that the abscess had
decreased in size (Figure 4E), and the nasal biliary
catheter and the percutaneous drain were removed
on postoperative days 28 and 33, respectively. The
7-Fr double pigtail stent was not removed, and the
patient was discharged on postoperative day 36. At
the latest follow-up (6 mo after discharge), no abscess
recurrence was noted.

Case 4

A 69-year-old man underwent distal pancreatectomy
for intraductal papillary mucinous neoplasm of the
pancreas. He developed high fever on postoperative
day 9, and CT revealed a fluid collection (maximum
axis, 70 mm) at the dorsal side of the fornix close to
the gastric wall (Figure 4A). We diagnosed this fluid
collection as an abscess, and conventional ultrasound-
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A

B

C

D

E

F

Figure 3 Case 3. A: Computed tomography (CT) reveals fluid collection around the resection stump of the pancreas; B: Fluoroscopy image showing the dilation
catheter inserted over the guidewire; C: Seven days after endoscopic ultrasound (EUS)-guided internal drainage, CT reveals another fluid collection on the left side of
the previously drained abscess; D and E: Fluoroscopy image showing the placement of the 7-Fr double pigtail stent and insertion of the dilation catheter into the new
abscess. Moreover, a 6-Fr nasal biliary catheter was placed; F: Seven days after EUS-guided naso-cystic drainage, CT reveals that the fluid collection decreased.

A

B

C

D

E

Figure 4 Case 4. A: Computed tomography (CT) reveals fluid collection at the dorsal side of the fornix close to the gastric wall; B: Endoscopic ultrasound (EUS)
showing the fluid collection, which was punctured by a 19-gauge needle; C and D: Fluoroscopy image showing placement of the percutaneous drain and insertion of
the 6-mm balloon catheter over the guidewire. Both a 7-Fr double pigtail stent and a 6-Fr nasal biliary catheter are placed; E: Ten days after EUS-guided drainage, CT
reveals that the fluid collection decreased.
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DISCUSSION

COMMENTS
COMMENTS

Image-guided percutaneous drainage has been
performed for postoperative intra-abdominal abscesses
[10]
as a minimally invasive method. Azeem et al
reported that endoscopic drainage with or without
EUS was as effective as percutaneous drainage in
patients with pancreatic fluid collection after distal
pancreatectomy, and that primary endoscopic
drainage may be associated with a shorter hospital
stay. Although their report suggested the importance
of endoscopic drainage of pancreatic fluid collection
after pancreatic resection, to our knowledge, there
have been no reports comparing the outcomes of
EUS-guided drainage and image-guided percutaneous
drainage for the treatment of postoperative intraabdominal abscesses.
In this study, EUS-guided transgastric drainage
for postoperative intra-abdominal abscesses was
performed in all 4 patients and resulted in clinical
improvement in all cases. Furthermore, naso-cystic
drainage was performed within 4 wk of surgery in 3 of
the 4 patients, with no complications in any patient,
suggesting that early EUS-guided drainage after
[8]
surgery is safe. Similarly, Tilara et al also reported
that early drainage (within 30 d after surgery) of
postoperative pancreatic fluid collections was not
associated with an increased risk of complications.
In all 4 of our cases, naso-cystic drainage was
performed. The naso-cystic drain was removed on day
11 after placement in cases 1 and 2, day 8 in Case
3, and day 10 in Case 4 (mean, day 10 after nasocystic drainage), and there was no recurrence of the
abscess after naso-cystic drain removal in any case.
Taken together, these outcomes suggest the efficacy
of naso-cystic drainage, but further investigations are
required to confirm these results and to determine
whether naso-cystic drainage alone is effective, as
internal drainage and percutaneous drainage were
also performed before naso-cystic drainage in Cases
3 and 4, respectively. Furthermore, the necessity of
internal drainage stent removal and the appropriate
time of stent removal should be investigated in cases
of both naso-cystic and internal drainage. Several
recent studies of EUS-guided drainage of pancreatic
pseudocysts recommend both internal and naso-cystic
drain placement by first using the double guidewire
technique, followed by naso-cystic drain removal after
[3,6]
improvement of infection ; however, there is no
consensus regarding the optimal drainage method and
time for drain removal.
Thus, based on our present cases, we believe that
EUS-guided drainage of postoperative intra-abdominal
abscesses is a safe and effective method; however,
further large-scale investigations are required to
confirm our findings.

Case characteristics

WJG|www.wjgnet.com

The 4 patients (2 male, 2 female) developed high fever after abdominal surgery
(pancreatectomy or low anterior resection for rectal cancer).

Clinical diagnosis

In addition to high fever, all patients had general fatigue.

Differential diagnosis

Postoperative intra-abdominal fluid collection was performed to diagnose
infection.

Laboratory diagnosis

Gram staining and culture of samples of collected fluid confirmed extendedspectrum beta lactamase-producing Escherichia coli, Enterococcus, and
anaerobic bacteria in the first patient, methicillin-resistant Staphylococcus
aureus in the second patient, methicillin-susceptible Staphylococcus aureus in
the third patient, and Enterococcus in the fourth patient.

Imaging diagnosis

Computed tomography revealed fluid collection close to the gastric wall in all 4
patients.

Pathological diagnosis

Pathological examination of the fluid collection was not performed in any of the
patients.

Treatment

All 4 patients underwent endoscopic ultrasound (EUS)-guided transgastric
naso-cystic drainage, and in 2 of the 4 patients, internal drainage was also
performed.

Related reports

Earlier reports state that EUS-guided drainage of postoperative peripancreatic
fluid collections is safe and effective, and we believe that this case report adds
our findings that early EUS-guided transgastric drainage within 4 wk of surgery
is also safe and effective.

Term explanation

Naso-cystic drainage describes a method of external drainage via the nose.

Experiences and lessons

This case report presents data showing that early EUS-guided drainage within 4
wk of surgery for postoperative intra-abdominal abscesses is safe and effective.

Peer-review

This is a well-written case report of a novel application of therapeutic EUS.
Although 3 of 4 cases death with post-pancreatic surgery fluid collections, the
4th case is the first to report drainage of an abscess by EUS after colorectal
surgery.

REFERENCES
1

2

3

4

5

3407

Kassi F, Dohan A, Soyer P, Vicaut E, Boudiaf M, Valleur P, Pocard
M. Predictive factors for failure of percutaneous drainage of
postoperative abscess after abdominal surgery. Am J Surg 2014; 207:
915-921 [PMID: 24280147 DOI: 10.1016/j.amjsurg.2013.07.041]
Lopes CV, Pesenti C, Bories E, Caillol F, Giovannini M.
Endoscopic-ultrasound-guided endoscopic transmural drainage of
pancreatic pseudocysts and abscesses. Scand J Gastroenterol 2007;
42: 524-529 [PMID: 17454865 DOI: 10.1080/00365520601065093]
Itoi T, Itokawa F, Tsuchiya T, Kawai T, Moriyasu F. EUS-guided
pancreatic pseudocyst drainage: simultaneous placement of stents
and nasocystic catheter using double-guidewire technique. Dig
Endosc 2009; 21 Suppl 1: S53-S56 [PMID: 19691736 DOI: 10.1111/
j.1443-1661.2009.00851.x]
Seewald S, Ang TL, Richter H, Teng KY, Zhong Y, Groth S, Omar
S, Soehendra N. Long-term results after endoscopic drainage
and necrosectomy of symptomatic pancreatic fluid collections.
Dig Endosc 2012; 24: 36-41 [PMID: 22211410 DOI: 10.1111/
j.1443-1661.2011.01162.x]
Sadik R, Kalaitzakis E, Thune A, Hansen J, Jönson C. EUS-guided
drainage is more successful in pancreatic pseudocysts compared

March 21, 2015|Volume 21|Issue 11|

Mandai K et al . EUS drainage of postoperative abdominal abscesses

6

7

8

with abscesses. World J Gastroenterol 2011; 17: 499-505 [PMID:
21274380 DOI: 10.3748/wjg.v17.i4.499]
Kato S, Katanuma A, Maguchi H, Takahashi K, Osanai M, Yane K,
Kim T, Kaneko M, Takaki R, Matsumoto K, Matsumori T, Gon K,
Tomonari A. Efficacy, Safety, and Long-Term Follow-Up Results
of EUS-Guided Transmural Drainage for Pancreatic Pseudocyst.
Diagn Ther Endosc 2013; 2013: 924291 [PMID: 23554548 DOI:
10.1155/2013/924291]
Lin H, Zhan XB, Sun SY, Yang XJ, Jin ZD, Zou DW, Li ZS. Stent
selection for endoscopic ultrasound-guided drainage of pancreatic
fluid collections: a multicenter study in china. Gastroenterol
Res Pract 2014; 2014: 193562 [PMID: 25018767 DOI:
10.1155/2014/193562]
Tilara A, Gerdes H, Allen P, Jarnagin W, Kingham P, Fong Y,

9

10

DeMatteo R, D’Angelica M, Schattner M. Endoscopic ultrasoundguided transmural drainage of postoperative pancreatic collections.
J Am Coll Surg 2014; 218: 33-40 [PMID: 24099888 DOI: 10.1016/
j.jamcollsurg.2013.09.001]
Varadarajulu S, Wilcox CM, Christein JD. EUS-guided
therapy for management of peripancreatic fluid collections after
distal pancreatectomy in 20 consecutive patients. Gastrointest
Endosc 2011; 74: 418-423 [PMID: 21679939 DOI: 10.1016/
j.gie.2011.03.1242]
Azeem N, Baron TH, Topazian MD, Zhong N, Fleming CJ,
Kendrick ML. Outcomes of endoscopic and percutaneous drainage
of pancreatic fluid collections arising after pancreatic tail resection. J
Am Coll Surg 2012; 215: 177-185 [PMID: 22634120 DOI: 10.1016/
j.jamcollsurg.2012.03.015]

P- Reviewer: Chisthi MM, Teshima CW, Yoshida H S- Editor: Ma YJ
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

3408

March 21, 2015|Volume 21|Issue 11|

World J Gastroenterol 2015 March 21; 21(11): 3409-3413
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i11.3409

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Pediatric gastric cancer presenting with massive ascites
Chien-Heng Lin, Wei-Ching Lin, I-Hsiu Lai, Shu-Fen Wu , Kang-Hsi Wu, An-Chyi Chen

Abstract

Chien-Heng Lin, I-Hsiu Lai, Shu-Fen Wu, Kang-Hsi Wu,
An-Chyi Chen, Department of Pediatrics, Children’s Hospital,
China Medical University Hospital, Taichung 404, Taiwan
Wei-Ching Lin, Shu-Fen Wu, An-Chyi Chen, College of
Medicine, School of Medicine, China Medical University,
Taichung 404, Taiwan
Kang-Hsi Wu, College of Chinese Medicine, School of Chinese
Medicine, China Medical University, Taichung 404, Taiwan
Wei-Ching Lin, Department of Radiology, China Medical
University Hospital, Taichung 404, Taiwan
Author contributions: Lin CH is the main author of this
article; Chen AC performed the majority of experiments; Lin
WC provided vital reagents and analytical tools and also the
description of the imaging; Wu SF and Wu KH were attending
doctors and performed clinical treatment and were also involved
in editing the manuscript; Lai IH provided the collection of all
the human materials; all authors have reviewed the manuscript
and approved the final manuscript.
Supported by grants from the Research laboratory of pediatrics,
Children’s Hospital of China Medical University; and China
Medical University Hospital, No. DMR-101-042.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: An-Chyi Chen, MD, Department of
Pediatrics, Children’s Hospital, China Medical University
Hospital, No. 2 Yuh-Der Road, Taichung 404,
Taiwan. d8427@mail.cmuh.org.tw
Telephone: +886-4-22052121
Fax: +886-4-22032798
Received: September 9, 2014
Peer-review started: September 9, 2014
First decision: October 14, 2014
Revised: October 23, 2014
Accepted: November 11, 2014
Article in press: November 11, 2014
Published online: March 21, 2015

WJG|www.wjgnet.com

Gastric adenocarcinoma is quite rare in children and
as a result very little experience has been reported on
with regards to clinical presentation, treatment and
outcome. We describe the case of a 16-year-old boy
presenting with abdominal fullness and poor appetite
for 7 d. Sonography showed massive ascites and
computed tomography imaging revealed the presence
of gastric mucosa thickness with omentum caking.
The diagnosis of gastric adenocarcinoma was biopsyproven endoscopically. Despite gastric adenocarcinoma
being quite rare in the pediatric patient population,
we should not overlook the possibility of gastric
adenocarcinoma when a child presents with distended
abdomen and massive ascites.
Key words: Gastric adenocarcinoma; Ascites; Children
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Gastric adenocarcinoma is rare in pediatric
patient. It should be suspected in a child with gastric
ulcers and massive ascites. Upper gastrointestinal
endoscopy and endoscopic biopsies are crucial in
children with vague gastrointestinal symptoms and
massive ascites in whom CT fails to demonstrate the
primary site of the malignancy.
Lin CH, Lin WC, Lai IH, Wu SF, Wu KH, Chen AC. Pediatric
gastric cancer presenting with massive ascites. World J
Gastroenterol 2015; 21(11): 3409-3413 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i11/3409.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i11.3409

INTRODUCTION
Primary gastric adenocarcinoma is a rare cancer
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normal range: 98-192 U/L). The level of tumor marker
was significantly increased in CA125 (109.1 U/mL, normal
range: < 35 U/mL) but was normal in CEA (0.51 ng/mL,
normal range: < 5 ng/mL) and CA199 (6.8 U/mL, normal
range: < 35 U/mL).
Abdominal sonography confirmed massive ascites.
Abdominal computed tomography (CT) scan revealed
massive ascites, gastric mucosa thickness, and caking
omentum (Figure 1). The gastroscopy revealed a
large bizarre gastric ulcer (A2) (4 cm × 4 cm in size)
which appeared as a snake skin with multiple nodular
appearance over peri-antrum area (Figure 2). Four
biopsy specimens were obtained on the margin of
the ulcers during histological examination, and poorly
differentiated adenocarcinoma with the presence of
signet ring cells was observed (Figure 3). Helicobacter
pylori (H. pylori) were also detected in the patient’s
biopsy tissue specimens (Figure 4).
Study of the ascites showed RBC count: 4000/μL,
and WBC count: 10707/μL with neutrophil 89% and
biochemistry revealed glucose: 97 mg/dL, LDH: 288
U/L, total protein: 4.2 g/dL, albumin: 2.9 g/dL (normal
range: 3.8-5.3 g/dL). The cytology of ascites from
abdominal tapping reported malignant cells. The
genetic work-up for our patient was all shown to be
normal.
The ascites study revealed many tumor nests, which
were all negative for CD45, CD3, CD19, CD20, CD33,
myeloperoxidase and TdT in the immunohistochemical
study. These results indicated that lymphoma was not
likely.
The infectious factor of Helicobacter bacilli was
evident in pathology from gastric biopsy. However,
the EBV DNA PCR study was negative (< 600 copies).
Hepatitis was excluded as both HBsAg and HCV
antibody were negative.
No local radiotherapy or surgery was planned because
of extensive metastatic disease (the TNM staging was
T4N × M1, Ⅳ); the patient was placed on steroid as
dexamethasone phosphate and a chemotherapy regimen
of oxaliplatin and capecitabine. The patient died 10 mo
after diagnosis.

Gastric
mucosa
thickness

Ascites
Caking
omentum

Figure 1 Massive ascites, gastric mucosa thickness, and caking omentum
are shown by arrows on the coronal view of abdominal computed
tomography.

in children, and occurs in 0.05% of all childhood
[1]
cancers . The initial clinical presentations were
mostly nonspecific abdominal symptoms, such as
dyspepsia, epigastric pain, nausea/vomiting, weight
loss, and gastrointestinal bleeding. The etiology of
gastric adenocarcinoma in adults could be related
[2]
to lifestyle factors or infectious factors . However,
the role of these factors in children is unknown. The
prognosis for the gastric adenocarcinoma in children
is very poor, with a median survival time of 5 mo
[3]
and average survival time of 7.5 mo , and relatively
little information exists regarding the 5-year disease[3-5]
free survival rate for children . Because of its rarity,
the diagnosis and treatment in a pediatric population
with gastric adenocarcinoma remains challenging.
Herein we describe a 16-year-old boy with gastric
adenocarcinoma who presented with abdominal
fullness with massive ascites.

CASE REPORT
A 16-year-old boy presented with abdominal fullness
and poor appetite for one week. It took approximately
2 wk from initial symptom occurrence to patient
hospitalization. A body weight loss of 8 kilograms
was noted initially. The diet habits of the patient were
standard without any obvious personal favorites
regarding food. The patient also had the social habit
of smoking with a consumption of 1 pack of cigarettes
every 3 d for about 1 year. His family history showed
gastric cancer in his grandfather, who died at the age
of 51 years. The physical examination show distended
abdominal wall with dull on percussion, and epigastric
local tenderness. Neck lymph nodes were enlarged on
level V. No resistance and no enlargement of liver or
spleen were noted.
Laboratory investigations revealed normal results
except for mild leukocytosis (11.19 × 1000/μL, normal
range: 3.99-10.39 × 1000/μL) with predominant
neutrophil (80.4%, normal range: 40%-74%) and
decreased lactate dehydrogenase (LDH) level (90 U/L,
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DISCUSSION
Gastric adenocarcinoma is primarily a disease that
impacts older individuals, and is generally rare in
individuals under the age of 30 years, and even rarer in
[6-8]
the children . The presentation and biologic behavior
of primary gastric adenocarcinoma in children are
similar to those seen in adults. However, the etiology
of pediatric gastric cancer is more unclear and may be
[9]
associated with gene mutations , the incidence is very
rare, the management is not well-established, and is
associated with very poor outcome. In a review of the
[3]
related literature, Sasaki et al previously reported 22
cases of primary gastric adenocarcinoma under the age
[8]
of 21 years, and Lu et al recently reported 16 cases
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A

B

Figure 2 Endoscopy of our patient revealed blizzard morphology and nodular appearance on gastric mucosa (A), and with antral ulcers (B). Biopsy was
performed on the margin of the ulcers.

Figure 3 Histologic analysis of the specimen by the endoscopic gastric
mucosal biopsy shows round-oval neoplastic cells arranged in abortive
glandular pattern or individually over the lamina propria and signet-ring tumor
cells are identified. Hematoxylin and eosin staining, magnification × 400.

Figure 4 Helicobacter bacilli can be identified on Warthin-Starry stains (×
400), as shown by arrowheads.

peritonitis, eosinophilic gastroenteritis and pancreatitis.
The upper gastrointestinal endoscopy was performed
on our patient because of gastric mucosa thickness with
caking omentum seen by CT, and a pathologic result of
gastric adenocarcinoma was proven by biopsy. Although
ascites due to peritoneal tumor seeding and metastasis
are well-known symptoms in adult patients with gastric
cancer, they are not frequently encountered in children.
[8]
According Lu et al in a review of 16 cases of pediatric
gastric adenocarcinoma, only one patient presented
with abdominal fullness. In this case, the importance of
gastroscopy for prompt diagnosis in pediatric patients
[2,12,13]
with ascites is emphasized
.
The most important risk factor of pediatric adeno
carcinoma is H. pylori infection, which can cause
chronic active inflammation in the gastric mucosa; and
furthermore, gastric atrophy can develop predominantly
[1,4,14]
in the antrum
. Pediatric patient got H. pylori infection
at a very early age has been related to a much higher
gastric cancer risk, especially in the setting of a positive
[15,16]
family history of gastric cancer
. Other risk factors
such high intake of salt, smoked food, nitrates and
carbohydrates, alcohol consumption, smoking, blood
groups, and cancer family history are associated with
gastric adenocarcinoma in adults, but its role in children
[4]
is unknown . Taken together, several risk factors for
tumor development were present in our patient, including

[8]

with gastric cancer under the age of 18 years . Of
these 39 cases, only 2 patients survived over 2 years
(102 mo and 30 mo, respectively), which demonstrated
that primary gastric adenocarcinoma during childhood
is strongly associated with a very poor clinical outcome
as compared to adults. This is possibly because of its
rarity and nonspecific presentation results in a failure
to consider potential malignancy and thus contributes
to a delay in diagnosis, and as a result, few cases of
appropriate clinical treatment.
The most common presentations in pediatric gastric
adenocarcinoma are abdominal pain and vomiting,
[10,11]
which may mimic other disease of acute abdomen
.
Others symptoms include, hematemesis, melena and
weight loss. In general, pediatric physician would not
routinely do more invasive examination technique
on pediatric patient with nonspecific presentation.
Therefore, early gastric cancer is rare on children, and
almost pediatric gastric adenocarcinoma was diagnosed
as terminal stage, which quite different from adult.
Our patient complained of abdominal fullness for one
week, and massive ascites were found by sonography.
The major causes of ascites in pediatric patients are
related to diseases of the liver and kidney. However,
ascites can also result from heart disease, malignancy,
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Related reports

his grandfather dying of gastric cancer, having a history
of smoking for one year, and H. pylori infection proven by
biopsy. Despite the patient having H. pylori infection, we
can suspect the gastric adencarcinoma may be related to
an organism infection.
Because gastric adenocarcinoma rarely affects
children, the management of this disease in children is
not well-established, and must be based on the principles
used in adults for the time being. Radical gastrectomy
with extended lymph node dissection is the only
curative management in patients with localized gastric
adenocarcinoma; however, recurrence within 2 years is
[1,4,16,17]
still quite common
. Preoperative chemoradiation
or post-operative adjuvant chemoradiation is commonly
[18]
practiced and has been shown to improve survival .
In the patients with unresectable tumors, such as our
patient who had extensive metastatic disease, palliative
chemotherapy, such as 5-fluorouracil, leucovorin,
adriamycin, cisplatin, etoposide, and epirubicin-containing
protocols can be effective when attempting to control the
symptoms, and may provide some limited improvement
in terms of survival rates.
In conclusion, although gastric adenocarcinoma is
rare in children, it should be suspected in a child with
gastric ulcers and massive ascites. Upper gastrointestinal
endoscopy and endoscopic biopsies are crucial in children
with vague gastrointestinal symptoms and massive
ascites in whom CT fails to demonstrate the primary site
of the malignancy.

Very few cases of pediatric gastric adenocarcinoma have been reported in
the literature. The clinical and pathological characteristics of pediatric gastric
adenocarcinoma remain unclear and the treatment is controversial.

Term explanation

Gastric adenocarcinoma, is a rare disease in children that primarily affects
adults.

Experiences and lessons

This case report presents the clinical characteristics of gastric adenocarcinoma
and also discusses the diagnosis of gastric adenocarcinoma. The authors
recommend that upper gastrointestinal endoscopy and endoscopic biopsies are
crucial in children with vague gastrointestinal symptoms and massive ascites in
whom CT fails to demonstrate the primary site of the malignancy.

Peer-review

The authors have described a case of gastric adenocarcinoma presenting
with initial presentation of massive ascites. The article highlights the rare
clinical characteristics of this tumor and provides insights into the diagnostic
implications.
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CASE REPORT

Hepatocellular carcinoma with concomitant hepatic
angiomyolipoma and cavernous hemangioma in one patient
Xiao-Wen Ge, Hai-Ying Zeng, Akesu Su-Jie, Min Du, Yuan Ji, Yun-Shan Tan, Ying-Yong Hou, Jian-Fang Xu
both concomitant AML and cavernous hemangioma at the
same position in the liver. The presence of the hepatitis
B surface antigen was detected, but the liver function
was normal. Clinical and pathological data were collected
before and during the treatment. Hepatic AML was
diagnosed based on the typical histological characteristics
and immunohistochemical staining, which revealed,
a positive staining with a melanocytic cell-specific
monoclonal antibody. There was no evidence of tuberous
sclerosis complex in this patient. Although the HCC was
poor- to moderately-differentiated, the characteristics of
the AML and the cavernous hemangioma in this patient
did not match any criteria for malignancy. Hepatectomy
followed by transarterial chemoembolization treatment
were effective therapeutic methods for the adjacent lesions
in this patient. This case is an interesting coincidence.
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Core tip: Hepatic angiomyolipoma (AML) is a benign
tumor which is composed of a heterogeneous mixture
of adipose cells, smooth muscle cells and blood
vessels. Here, we report the case of a 44-year-old man
who developed Hepatocellular carcinoma (HCC) with
concomitant hepatic AML and cavernous hemangioma,
in the absence of cirrhosis. To our knowledge, based on
an extensive literature search using the PubMed, this is
the first report of an HCC case with both concomitant
AML and cavernous hemangioma in the liver. The
characteristics of the AML and cavernous hemangioma in
this patient did not match any criteria for malignancy.

Abstract
The risk of developing hepatocellular carcinoma (HCC)
is strongly associated with hepatitis B virus infection.
Hepatic angiomyolipoma (AML), a rare benign tumor, is
composed of a heterogeneous mixture of adipose cells,
smooth muscle cells and blood vessels. Here, we report
the case of a 44-year-old man who developed HCC with a
concomitant hepatic AML and a cavernous hemangioma,
in the absence of cirrhosis. To our knowledge, based on
an extensive literature search using the www.pubmed.
gov website, this is the first report of an HCC case with
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hepatic lobe, enhanced CT showed a hepatic mass
measuring 9.6 cm × 8.0 cm and presenting an earlyphase hypoattenuation and late-phase hypoattenuation.
The morphological aspects of the liver tumor mass
observed on the CT scan and on the US were typical
of HCC. However, there is no pathognomonic clinical
sign for tuberous sclerosis. After informed consent was
obtained, the patient requested surgical treatment.
Resection of partial right hepatic lobe containing the
tumors was performed.
Upon macroscopic examination, the tumor was
displayed an elastic consistency and presented a
diameter of 9.0 cm. The cut surface of the tumor
was grayish-white and grayish-green. The tumor was
encapsulated and clearly demarcated from the normal
hepatic parenchyma. Scarring and broad fibrous
septa were observed (Figure 2A). There was no sign
of fibrosis in the liver tissue surrounding the tumor.
Underneath and adjacent to the tumor capsule, we
identified a small yellowish soft area measuring 1.0 cm
in diameter. There was a white nodule in the middle of
the yellowish area with a diameter of 0.3 cm (Figure
2B).
The 9.0 cm tumor was histopathologically diagnosed
as HCC, with a poor- to moderate-differentiation level
(Figure 3A). A vascular tumor embolus was identified
outside of the HCC mass (Figure 3B). The yellowish
area was mainly composed of smooth muscle cells,
adipose cells and blood vessels. Therefore, the three
defining characteristics of AML were present. Nuclear
pleomorphism was absent, and mitotic figures were
rarely observed. The white nodule measuring 0.3 cm
and located in the middle of the AML tumor was also an
HCC nodule. This small nodule, which presented similar
components as the 9.0 cm HCC tumor, may represent a
disseminated nodule originating from the bigger tumor
mass (Figure 3C, D). Adjacent to the edge of the 9.0
cm HCC tumor, a small typical cavernous hemangioma
lesion was found (Figure 3E). Via immunohistochemical
stainings, the AML area was found negative for
Desmin and CD34 expression, but positive for HMB45
(melanocytic cell-specific monoclonal antibody) and
A103 (Melan-A) expression (Figure 4A-D).
One month after the hepatectomy, the patient
requested a transarterial chemoembolization (TACE)
treatment. Although the tumors were completely
removed by local resection of right hepatic lobe, there
were vascular tumor embolus identified outside of the
HCC mass, which was a potential recurrence factor. A
dose of 750 mg of FuDR was used in the TACE treatment
in order to prevent recurrence of the HCC. A dosage of
100 mg QD of Lamivudine was administered as antiviral
Therapy. The post-TACE course was uneventful, and
so far, there has been no evidence of postoperative
recurrence or metastasis.

INTRODUCTION
Hepatocellular carcinoma (HCC), the most common
[1]
th
malignancy of the liver , ranks as the 5 most
rd
common cancer and the 3 most common cause of
cancer-related mortality worldwide. HCC may occur as
a consequence of every pathologic condition inducing
chronic liver damage. Indeed, cirrhosis is largely
recognized to be a nodal step in hepatocarcinogenesis.
The risk of developing HCC is strongly increased when
[2]
hepatitis B virus (HBV) is involved .
Angiomyolipoma (AML), a rare benign tumor, is
composed of a heterogeneous mixture of adipose cells,
smooth muscle cells and blood vessels. AML occurs
most commonly in the kidneys. The liver represents
[3,4]
the second most frequent site of AML development .
Spontaneous hemorrhage or malignant transformation
[5-7]
can occur during the progression of AML . Because
the radiological features of AML depend on the relative
proportion of adipose cells in the tumor, AML is not
[8,9]
easy to distinguish from HCC , especially when the
tumor is small. The relationship between HBV infection
and the occurrence of hepatic AML is still unclear.
We recently encountered a patient with hepatitis B
surface antigen (HBsAg) expression who also presented
with simultaneous HCC, hepatic AML and cavernous
hemangioma in liver. To our knowledge, no case of
HCC with concomitant hepatic AML and cavernous
hemangioma has been reported to date in the scientific
literature. Here, we present the histological features of
the tumors from this patient and discuss the diagnosis
and its practical significance.

Case report
In December 2012, a 44-year-old Chinese man was
admitted to the hospital for intrahepatic nodules. The
nodules were found incidentally on an abdominal
computerized tomography (CT) scan performed as
part of a general health examination. Laboratory
analyses showed normal liver function, and the test
for HBsAg expression was positive (+288.6 COI).
3
The viral load was 1.16 × 10 IU/ml, and the alanine
aminotransferase (ALT) level was 45 IU/l (normal
value is 9-50 IU/l). The serum concentration of alphafetoprotein (AFP) was 4.1 μg/ml (normal value is < 20
μg/ml). The results of the routine urine test and the
renal function were normal.
Abdominal ultrasonography (US) revealed a welldefined hypoechoic mass, measuring 8.8 cm × 7.8
cm, located in the right hepatic lobe (Figure 1A).
Color Doppler sonography showed a filiform vascular
distribution pattern (Figure 1B). Also in the right
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A

B

Figure 1 Tumor was hypoechoic on ultrasonography. A: Measuring 8.8 cm × 7.8 cm well-defined hypoechoic mass; B: Color Doppler sonography showing a
filiform vascular distribution pattern.

A

B

HCC

AML

Figure 2 Macroscopical features of the tumors in this case. A: The 10% neutral buffered formalin-fixed tumor occupied a large area of the right lobe. The
encapsulated tumor was grayish-white and grayish-green. Scarring and broad fibrous septa was observed; B: Underneath the tumor capsule, an adjacent small
yellowish soft area measuring 1.0 cm in diameter was observed, along with a small white nodule in it.
[15]

the components of AML . Hyper- or hypointensity
on the T1-weighted image and hyperintensity on the
T2-weighted image are observed depending on the
[16,17]
component of tumor tissue
. Contrast-enhanced
US (CEUS) was reported as an effective diagnostic tool
[17,18]
[18]
for AML
. Li et al reported that CEUS showed an
inhomogeneous hyperenhancing pattern in the arterial
phase and prolonged enhancement during the portal and
Kupffer phases of AML. However, MRI and CEUS were not
performed on this patient. Occasionally, the AML is part
of a systemic disease called tuberous sclerosis complex
(TSC). TSC is an autosomal dominant disorder involving
[19,20]
multiple organs
.In the setting of TSC, hepatic AML
is often accompanied by bilateral renal AML. However, in
this case, we found no evidence of TSC.
Cavernous hemangioma is the most common
benign primary liver tumor. In most cases, the size of
[21]
the cavernous hemangioma is stable . Most hepatic
cavernous hemangiomas can be diagnosed accurately
from the characteristic imaging features identified on
CT or MRI. However, in instances such as ours, where
the cavernous hemangioma is located underneath the
[22]
hepatic capsule, adjacent to the HCC , the hemangioma
is occasionally too small to distinguish from the adjacent
HCC.

AML, or describing hepatic AML with a concomitant
[10,11]
cavernous hemangioma are very rare
. The
occurrence of HCC concurrently with both hepatic
AML and cavernous hemangioma in the same patient
is even less common. To our knowledge, based on a
thorough literature search in PubMed (www.pubmed.
gov), this is the first report of an HCC case with a
concomitant AML and cavernous hemangioma located
at the same position in the liver.
AML is considered as being included in the perivascular
epithelioid cell tumor (PEComa) family, which was
[12]
described by Bonetti et al in 1992. PEComas are defined
as mesenchymal tumors composed of histologically and
immunohistochemically distinctive perivascular epithelioid
cells. These tumors are consistently immunoreactive
to HMB45 and A103 monoclonal antibodies, which are
used as markers for melanoma. In diagnostic radiology,
the imaging features of AML vary due to the differences
in the proportion of adipose cells, smooth muscle cells
and blood vessels. Therefore, sometimes it is difficult
to differentiate hepatic AML from HCC in radiological
[13,14]
diagnosis
. In our case, the marginal 1.0 cm AML
was too small to be differentiated from the 9.0 cm
HCC mass using both the US and CT scan methods.
MRI is considered to be the best modality to determine
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A

B

D

C

E

HCC

AML

Figure 3 Histological features of the tumors in this case. A: The HCC, showing a poor- to moderately-differentiation level, was demarcated from the surrounding
liver tissue with a relatively clear boundary (HE staining, magnification × 50); B: A tumor emboli of HCC was found in a blood vessel located outside of the HCC mass (HE
staining, magnification × 200); C and D: The AML component was composed of smooth muscle cells, adipose cells and blood vessels. The 0.3 cm white nodule in the
middle of the AML was an HCC nodule with the same composition as the 9.0 cm HCC mass (C: HE staining, magnification × 10; D: HE staining, magnification × 200); E:
The cavernous hemangioma areas were composed of large thin-walled vascular spaces, lined by a monolayer flat endothelial cells (HE staining, magnification × 50).
HCC: hepatocellular carcinoma; AML: Angiomyolipoma; HE: hematoxylin and eosin.

A

B

C

D

Figure 4 Immunohistochemical stainings. A and B: The AML cells were positive for HMB45 (magnification × 10) and for A103 staining (magnification × 10); C and D:
The AML cells were negative for Desmin (magnification × 20) and for CD34 staining (magnification × 20). AML: Angiomyolipoma.
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and cavernous hemangioma were found located at the same position in the
liver. A small HCC nodule located in the middle of the AML tumor. The AML area
was found negative for Desmin and CD34 expression but positive for HMB45
and A103 expression.

The origin of hepatic AML remains unclear, although
recent studies have shown that AML originates from
perivascular epithelioid cells. These cells can multi
directionally differentiate into vascular smooth muscle
and epithelial cells, and are characterized by the
expression of differentiation-associated markers of
[6]
melanoma cell . However, the origin of cavernous
hemangioma is totally different. Hepatic AML most
often occurs in females, although this patient was a
male with HBV infection. Until now, there is no direct
evidence revealing the relation between HBV and AML.
Likewise, the correlation between HBV and cavernous
hemangioma is also unclear. In HCC, in addition to the
long-lasting hepatitis produced by a chronic infection,
the HBV may exert a direct oncogenic role through
several different mechanisms, including viral DNA
integration into the host genome and production of
[1,2]
proteins with pro-oncogenic properties . HBV DNA
integration occurs randomly in the context of the
human genome and may involve multiple sites located
[2,23,24]
on different chromosomes
. In cases similar to this
one, the HBV may promote liver cell transformation
and cancer progression even independently of cirrhosis
[1,2]
development . In the present case, it is difficult to tell
if the origin of the AML and the cavernous hemangioma
was induced by HBV DNA integration. Nevertheless, the
characteristics of AML and the cavernous hemangioma
observed in this case did not match any of the criteria
for malignancy, such as necrosis, infiltrative growth
patterns, large size, and high mitotic index.
Most cases of hepatic AML and cavernous hemangioma
have a good prognosis regardless of the management
[25]
strategy , but hepatocellular carcinoma should be
removed surgically. We report the extremely rare case of
an HCC tumor accompanied with a concomitant hepatic
AML and a hepatic cavernous hemangioma occurring in
adjacent positions. Nevertheless, in this case, which may
be a pure coincidence, the patient benefited from surgical
resection.

Treatment

Resection of the right hepatic lobe containing the tumors was performed and
one month after the hepatectomy, a transarterial chemoembolization (TACE)
treatment was performed.

Related reports

Very few cases of HCC with concomitant hepatic AML and a few cases of HCC
with concomitant cavernous hemangioma have been reported in the literature.
The origin of HCC with concomitant hepatic AML remains unclear.

Term explanation

AML is considered as being included in the perivascular epithelioid cell tumor
family, which is composed of a heterogeneous mixture of adipose cells, smooth
muscle cells and blood vessels.

Experiences and lessons

This case report presents the clinical characteristics of HCC with a concomitant
hepatic AML and a cavernous hemangioma in the absence of cirrhosis.
Hepatectomy followed by TACE treatment were effective therapeutic methods
for the adjacent lesions in this patient.

Peer-review

Well written case report given information about a rare tumour combination that
could be only a mere coincidence, but it could be worth it to be published to
draw the attention for future research to disclose the cause of this association
in case more cases are described.
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CASE REPORT

Partial splenectomy using a laparoscopic bipolar
radiofrequency device: A case report
Wei-Dong Wang, Jie Lin, Zhi-Qiang Wu, Qing-Bo Liu, Jing Ma, Xiao-Wu Chen
which was managed successfully with laparoscopic
partial splenectomy. Surgery lasted 170 min and did
not require blood transfusions. The patient recovered
well post-operatively and was asymptomatic at the
3-mo follow-up. She had a normal platelet count
and no recurrence on ultrasonography or computed
tomography. Laparoscopic partial splenectomy is a
safe, minimally invasive technique for the treatment of
solitary splenic lymphangiomas in the splenic pole. We
TM
performed the procedure using the Habib 4X device.
This laparoscopic bipolar radiofrequency device ensured
a “bloodless” splenic parenchymal resection.
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Core tip: We report the first case of a solitary splenic
lymphangioma managed successfully by laparoscopic
TM
partial splenectomy using Habib 4X, a laparoscopic
bipolar radiofrequency device, which allowed for a
“bloodless” splenic parenchymal resection.
Wang WD, Lin J, Wu ZQ, Liu QB, Ma J, Chen XW. Partial
splenectomy using a laparoscopic bipolar radiofrequency device:
A case report. World J Gastroenterol 2015; 21(11): 3420-3424
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i11/3420.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i11.3420

INTRODUCTION
Primary splenic tumors are relatively uncommon,
but are occasionally found during routine physical
examinations or elective abdominal imaging studies,
[1]
with no symptoms . Splenic lymphangiomas are

Abstract
We report a 51-year-old female patient with a solitary
lymphangioma located in the upper splenic pole
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Figure 1 Enhancing computed tomography confirmed a hypo-dense
ellipse occupying the upper pole of the spleen.

Figure 2 After ligating the upper branches of the splenic artery, an ischemic
demarcation line on the splenic surface is pronounced.

rare, benign, primary splenic tumors resulting from
congenital malformations of the lymphatic system,
which are mainly found in children, but occasionally
[2]
in adults . Laparoscopic total splenectomy was
traditionally recommended for the treatment of splenic
neoplasms. However, with the better understanding
of the importance of the splenic immune functions in
both children and adults, changes have taken place
regarding the surgical management and approach
to splenic lesions. Laparoscopic partial splenectomy
is minimally invasive and has become an elective
procedure for preserving the splenic immune
[3]
functions . But the procedure is technically difficult.
We herein report a rare case of a solitary splenic
lymphangioma located at the upper pole of the spleen
which was successfully managed by laparoscopic
TM
partial splenectomy using a Habib 4X laparoscopic
bipolar radiofrequency device.

heterogeneous ellipse with high T2 and low T1 signals
in the spleen with no centripetal fill-in of contrast on
delayed images. MRI findings were suggestive of a
splenic cyst.
Under general anesthesia, the patient underwent a
four-trocar laparoscopic upper pole splenectomy in a
semi-lateral position. A 10-mm port was placed subumbilically for a 30-degree telescope. Two 12-mm
trocars were placed at the middle point of the line
between the appendix ensiformis and the umbilicus,
and parallel to the umbilicus in the left anterior axillary
line, respectively. A 5-mm port was placed parallel
to the umbilicus in the left mid-clavicular line. The
surgeon stood at the right of the patient. The first
assistant, who handled the laparoscope, stood to the
right of the surgeon.
The procedure began with a thorough search of
the abdominal cavity. The left side of the gastrocolic
ligament and the splenogastric ligament including the
short gastric vessel were divided to expose the splenic
vascular pedicle. The branches of the splenic artery
and vein that supply the upper half of the spleen were
separated and divided after ligation with a hem-olok vascular clip, resulting in an ischemic demarcation
line (Figure 2). Laparoscopic ultrasound was used to
identify the tumor location. A bipolar radiofrequency
TM
device, the Habib 4X (Generator 1500X, RITA
Medical Systems, Inc., California, United States), was
inserted into the parenchyma of the spleen along the
well-defined demarcation line for coagulating and
closing blood vessels (Figure 3). The radiofrequency
power was set at 80 W. The coagulated spleen tissue
was divided bloodlessly using an Ultracision Harmonic
Scalpel (Ethicon Endo-Surgery Inc., Cincinnati, United
States) (Figure 4). Thick ducts were clamped with the
hem-o-lok vascular clip and cut off for safety. After the
splenophrenic ligaments were divided, the whole upper
pole of the spleen containing the tumor, was separated
completely. After surgery, the specimen was placed in
a bag first and then removed from an enlarged subumbilical port.
The duration of the operation was 170 min, and
the estimated blood loss was minimal (approximately

CASE REPORT
A 51-year-old female patient presented with a
2-year history of left upper abdominal discomfort.
She was admitted to the Department of General
Surgery at The First People’s Hospital of Shunde
in December 12, 2013. The patient had previously
undergone a hysterectomy via laparotomy because
of hysteromyoma. She had no history of trauma,
no weight loss, and no family history of cancer.
Physical examination yielded no remarkable findings.
Laboratory tests were normal. Gastroscopy revealed
chronic superficial gastritis and enteroscopy detected
no abnormalities. Ultrasonography showed a mildly
hyperechoic splenic mass with no blood flow on Doppler
images and with a clear boundary. A hemangioma was
diagnosed based on the ultrasonographic findings. A
computed tomography (CT) scan revealed the size of
spleen to be approximately 8.9 cm × 7.9 cm × 3.5 cm
and confirmed a hypo-dense ellipse mass, measuring
1.5 cm × 1.0 cm, occupying the upper pole of the
spleen (Figure 1). The mass was differentiated from an
angioma and a metastatic tumor. Magnetic resonance
imaging (MRI) showed a single, well-defined,
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Figure 3 HabibTM 4X was inserted into the splenic parenchyma along the
well-defined ischemic demarcation line for coagulating and sealing blood
vessels.

Figure 4 Splenic parenchyma was divided bloodlessly with an Ultracision
Harmonic Scalpel.

30 mL). The patient was discharged on day 7 postoperatively with no complications. Histological
diagnosis was splenic lymphangioma (Figure 5). At the
3-mo follow-up visit, CT scan showed that the remnant
lower pole of the spleen was normal (the size of spleen
was approximately 6.1 cm × 4.1 cm × 3.1 cm). The
patient was asymptomatic with no recurrence and had
a normal platelet count.

DISCUSSION
Splenic lymphangioma presents as a cystic, solid, or
honeycomb mass that is either solitary or multifocal.
The main clinical symptoms are typically associated
with large cysts and include vague abdominal pain and
symptoms due to compression of adjacent organs.
Cystic lymphangioma is the most common type and
is characterized by a honeycomb of large and small
thin-walled cysts containing lymph-like clear ﬂuid.
Solid lymphangiomas have also been described
with sclerotic changes and papillary endothelial
[4]
proliferation . Solitary splenic lymphangioma is
extremely rare and appears as a cystic lesion. Imaging
characteristics are hypo- or anechoic lesions detected
by ultrasound, low attenuation and non-enhancing
masses detected by CT, and high T2 and low T1 signal
[5]
intensity on MRI . Different imaging characteristics
of splenic lymphangiomas, such as a solid-cystic
mass, mildly increased echogenicity on ultrasound,
and fill-in contrast enhancement on delayed CT
[6-8]
images and MRI, are also described in some cases .
Nevertheless, a solitary splenic lymphangioma is
difficult to differentiate from a splenic cyst/angioma
or a metastatic tumor. In this report, the imaging
characteristics were not compatible with the commonly
published form of lymphangioma, making it difficult to
diagnose preoperatively.
Currently, laparoscopic splenectomy, which leads
to a good short-term outcome and is minimally
invasive, is still the most widely accepted standard
surgical treatment for splenic disorders. However, with
the better understanding of the important role of the
spleen in immune defense, changes have taken place

WJG|www.wjgnet.com

Figure 5 Pathological examination of the splenic lymphangioma. HE
staining, original magnification × 40.

in the surgical strategy for splenic surgery. Several
studies have indicated that total splenectomy could
increase the risks of postoperative infection, secondary
atherosclerosis events, pulmonary hypertension, and
[9,10]
thrombocytic events
. Therefore, splenectomy
should be avoided if possible. Partial splenectomy
can preserve the immune function of the spleen if
at least 25% of the normal splenic tissue by weight
[11,12]
[13]
is preserved
. Since Uranüs et al
reported
the first case of laparoscopic partial splenectomy in
1995, showing the benefits of a splenic parenchymapreserving procedure with minimally invasive surgery,
it has become an elective procedure for focal splenic
[3,14]
[14]
disorders
. Uranues et al
reported 38 patients
who underwent laparoscopic partial splenectomy with
a median operating time of 110 min and with no postoperative mortality. However, laparoscopic partial
splenectomy still remains a challenging procedure as
bleeding from the cut edge of the spleen is difficult to
control and can result in death.
In this report, the perioperative bleeding risk was
limited, and there were no complications. We found
that laparoscopic partial splenectomy is safe for
treatment of splenic lymphangiomas located in the
pole of the spleen. To succeed in this technique, the
surgeon should be skilled at the procedure. The spleen
has a segmental blood supply, and tearing the splenic
peplos or splenic hilum often results in uncontrolled
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Related reports

bleeding. The surgeon must therefore move the spleen
gently when dividing the splenic ligaments. Targeted
segmental devascularization of the spleen plays a key
role in partial splenectomy. The splenic artery is divided
into two or three groups of branches that provide
blood supply to the upper and lower poles and an
intermediate segment. In some patients, the number
[15]
of segments ranges from three to seven . The
surgeon should isolate and ligate the segmental vessel
and make a clear ischemic demarcation line, as shown
in our case, to significantly reduce bleeding from the
splenic parenchymal section. An advanced laparoscopic
instrument ensures a safe transsection of the splenic
parenchyma. Currently, important technical advances
for a safe laparoscopic partial splenectomy have been
made using argon beams, ultrasound scalpels and
ligature devices, staplers, or radiofrequency ablative
[16,17]
devices
. In our case, we used a new bipolar
TM
radiofrequency device, the Habib 4X, which offers an
[18]
ideal “bloodless” parenchymal resection in the liver ,
resulting in coagulation necrosis of the splenic tissue
and sealing of blood vessels prior to transsection. To
the best of our knowledge, there are no published
data about using this device for a laparoscopic partial
splenectomy.
In conclusion, solitary splenic lymphangiomas
are extremely rare and can be easily misdiagnosed.
Laparoscopic partial splenectomy offers a safe and
minimally invasive technique for the treatment of
solitary splenic lymphangiomas located in the pole
TM
of the spleen. The Habib 4X allows for a bloodless
splenic parenchyma transsection.

Solitary splenic lymphangiomas are extremely rare. There are few reports about
laparoscopic partial splenectomy for the treatment of splenic lymphangiomas.
There are no published data about using HabibTM 4X for a laparoscopic partial
splenectomy.

Term explanation

HabibTM 4X, a bipolar radiofrequency device causing coagulation necrosis of the
liver tissue and sealing of blood vessels and bile duct, offers an ideal “bloodless”
parenchymal resection in the liver.

Experiences and lessons

This case report represents not only a rare case of a solitary splenic
lymphangioma, but also shares the skills of laparoscopic partial splenectomy
using HabibTM 4X, which ensured a “bloodless” splenic parenchymal resection.

Peer-review

This article presents the recent progress in laparoscopic partial splenectomy.
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CASE REPORT

Congenital left intrahepatic bile duct draining into gastric
wall mimicking biliary reflux gastritis
Jian Guan, Ling Zhang, Jian-Ping Chu, Shao-Chun Lin, Zi-Ping Li
including electronic endoscopy, endoscopic ultrasonography,
endoscopic retrograde cholangiopancreatography and
magnetic resonance cholangio-pancreatography. Finally,
congenital ectopic left intrahepatic bile duct draining
into the stomach was found, which caused biliary reflux
gastritis. The patient did not receive any surgery. Good
recovery was achieved by medical treatment.
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Core tip: Abnormalities and variations of the biliary
ducts are not rare. Most aberrant bile ducts eventually
drain into the descending part of duodenum through
the papilla of vater. However, drainage of the left
hepatic bile duct into the stomach is extremely rare.
We report a case with congenital left intrahepatic bile
duct draining into gastric wall. The clinical symptoms
are similar to bile reflux gastritis and the imaging
changes are easily misdiagnosed as gastric tumor. The
comprehensive imaging examination is necessary for
correct diagnosis.
Guan J, Zhang L, Chu JP, Lin SC, Li ZP. Congenital left
intrahepatic bile duct draining into gastric wall mimicking
biliary reflux gastritis. World J Gastroenterol 2015; 21(11):
3425-3428 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i11/3425.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i11.3425

Abstract
Abnormalities and variations of the biliary ducts are not
rare. Most aberrant bile ducts eventually drain into the
descending part of duodenum through the papilla of
vater. However, drainage of the left hepatic bile duct into
the stomach is extremely rare. A 29-year old man was
admitted to the hospital with the diagnosis of biliary reflux
gastritis. Comprehensive imaging modalities were performed
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INTRODUCTION
Knowledge of the hepatic duct variants is necessary
when interpreting images and performing surgical or
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A

B

Figure 1 Electronic gastroscopy showed a papillary mass in lesser curvature of the stomach, and some bile on the surface of the mass.

Figure 2 Endoscopic ultrasonography revealed a homogeneously
hyperechoic submucosal mass (yellow arrow) with clear margin and a
hypoechoic tunnel inside (white arrow).

Figure 3 Endoscopic retrograde cholangiopancreatography showed
a tubular structure (white arrow) between left hepatic lobe and lesser
curvature of the stomach. GB: Gallbladder.

[1]

This mass manifested as smooth surface projecting to
gastric lumen with a size of 1.0 cm × 1.0 cm. There
was some bile-like liquid draining out from the fissureshaped opening of the papillary mass (Figure 1).
Gastric mucosa biopsy was performed. Endoscopic
ultrasonography revealed a homogeneous hyperechoic
submucosal mass of around 8 mm in diameter with
clear margin. The structure of the affected gastric wall
was normal and intact. There was a hypoechoic tunnel
crossing the muscularis propria and serous layer of
gastric wall (Figure 2). Pathologic result of mucosa
biopsy indicated gastric inflammation. Then endoscopic
retrograde cholangiopancreatography (ERCP) was
performed. Small amount of contrast agent (Ultravist)
was injected through the opening of the papillary
mass. We observed that contrast agent was traced
through the opening into the bile duct-like structures,
and then into the left intrahepatic bile duct, and finally
into the common bile duct and the duodenum (Figure
3). In order to entirely display the variant bile duct,
magnetic resonance cholangiopancreatography (MRCP)
was carried out. It showed the variant bile duct arising
from the left hepatic duct connected with gastric wall
and formed a papillary orifice in the lesser curvature
of the gastric body (Figure 4). A hyperintense tubular
structure of around 4 mm in diameter was seen

non-surgical therapeutic procedures. Sharma et al
described that the branching pattern of intrahepatic
bile ducts (IHD) was atypical in 47% patients. Guerra
[2]
et al reported that one case of ectopic papilla of
vater in the pylorus. Although anatomical variations of
[1-4]
IHD present several types of branching patterns ,
anomalous opening of IHD located outside the biliary
tree was rare and only described in case reports. The
purpose of this study is to describe an extremely rare
anatomic variation of left intrahepatic duct draining
into the lesser curvature of stomach.

CASE REPORT
A 29-year old man was admitted to our hospital and
presented with upper abdominal pain and burning
sensation for more than a year. These symptoms
aggravated especially under the circumstance of
waking-up in the early morning and starvation, and
then relieved after eating and activity. This patient did
not have any history of gastrointestinal disease and
surgery. Physical examination revealed soft and plain
abdomen without tenderness and rebound pain.
The electronic endoscopy showed congestive
swelling in gastric antral mucosa and a submucosal
papillary mass in the lesser curvature of the stomach.
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Left hepatic dict

Stomach

Gallbladder

Pancreas
Duodenum

Figure 6 Hand drawing of this case better shows the relationship between
variant bile duct and the lesser curvature of the stomach.

Figure 4 Magnetic resonance cholangiopancreatography revealed the
variant bile duct (white arrow) originating from left hepatic duct drained
into the lesser curvature of stomach. Note the hyperintense tubular structure
(yellow arrow).

[1,2]

of the duodenum through papilla of vater . Ectopic
papilla of vater located in the duodenal bulb and
[4,5]
the pylorus has been described as case reports .
However, anomalous opening of the left hepatic bile
duct into the stomach is very rare.
In our case, anomalous drainage of the left intra
hepatic duct into the lesser curvature of the stomach
was found. The biliary duct abnormalities may be
explained as the overgrowth of left intrahepatic bile
duct extending into the stomach wall in embryonic
stage. Part of bile was drained into the stomach via
this anomalous opening, which caused the symptoms
similar to bile reflux gastritis. Therefore, for bile gastritis
cases, the common causes include uncoordinated
movement disorders of stomach and duodenum,
insufficiency of pyloric function and delayed gastric
emptying, in addition to the causes mentioned above,
the anomalous opening of bile duct in stomach should
also be considered.
The anomalous opening of bile duct in the stomach
formed papillary structure mimicking submucosal
tumors, so it was difficult to make accurate diagnosis
only by electronic gastroscopy. It should be differentiated
from many submucosal masses, such as interstitialoma,
lipoma, carcinoid, schwannoma, ectopic pancreas, etc.
Although endoscopic ultrasound can be some helpful
in excluding submucosal tumors by demonstrating its
internal echo characteristics and location in the gastric
wall, especially the tubular hypoechoic structure inside
“submucosal papillary mass”, it was still difficult to make
a qualitative diagnosis as the lack of tracing the tubular
structure outside the gastric wall. MRCP is a noninvasive
examination as effective as the ERCP in showing the
drainage path and opening morphology of ectopic bile
duct. The findings by MRCP were in consistent with
those by ERCP, which indicates that MRCP might be the
first choice for diagnosis.
In our case, the patient didn’t receive any surgery
and he was well controlled by medical treatment. In
addition, periodic follow-up of endoscopy was normal
and no helicobacter pylori infection was found. So we
continued follow-up.

Figure 5 Axial T2WI, a tubular structure (white arrow) with hyperintense
signal and its opening (yellow arrow) in stomach can be found as well.

between the left hepatic lobe and stomach on axial T2
weighted imaging (Figure 5). The common bile duct,
the right and left hepatic duct, and pancreatic duct
were normal without dilatation; and moreover, the
gallbladder was also in normal size.
The final diagnosis was congenital ectopic left
intrahepatic bile duct draining into stomach, which
caused biliary reflux gastritis (Figure 6). The mild
biliary reflux gastritis was not indicative for surgery, so
the patient was requested to change his dietary habits
avoiding greasy food to protect gastric mucosa from
biliary stimulation. Prokinetic drugs (Domperidone)
and conjugated bile salts drug (Almadrate Sulfate)
were prescribed to control the symptoms. The followup included periodic monitoring of endoscopy and
Helicobacter pylori infection. Until now, the symptoms
have been alleviated and no evidence of Helicobacter
pylori infection has been got.

DISCUSSION
Abnormalities and variations of the biliary ducts are not
rare. There are different drainage types. Most aberrant
bile ducts eventually drain into the descending part
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Related reports

The ectopic duct is likely to be misdiagnosed
as submucosal tumors due to its special structure.
Thus, the patient may receive unnecessary surgical
procedures or suffer intraoperative accidental injury to
the bile duct, resulting in biliary fistula, bile peritonitis
or other medical complications. Therefore, it is
essential to fulfill comprehensive examinations before
proper intervention.

As the limit of our knowledge, no related case was reported.

Term explanation

No specific terms were used in our case report.

Experiences and lessons

Bile reflux gastritis is not necessarily caused by abnormal pyloric sphincter.
It may be caused by the ectopic biliary opening on the gastric wall, so the
comprehensive imaging examination is necessary.

Peer-review

The ectopic opening of the left bile duct into the stomach is a very special
anatomic variation of bile duct. The clinical symptoms are similar to bile reflux
gastritis and the imaging changes are easily misdiagnosed as gastric tumor.
This patient only received symptomatic treatment and long-term follow-up. We
still lack of experience in the treatment of the disease since it is a rare condition.
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CASE REPORT

Rare case of Helicobacter pylori -positive multiorgan
IgG4-related disease and gastric cancer
Min Li, Qiang Zhou, Kun Yang, David R Brigstock, Lu Zhang, Ming Xiu, Li Sun, Run-Ping Gao
serum IgG4 level. A computed tomography scan
showed a typical feature of autoimmune pancreatitis
(AIP) and cholecystocholangitis. Early gastric cancer
was incidentally discovered when endoscopic
untrasound-guided fine needle aspiration (EUSFNA) of the pancreas was carried out. The patient
underwent radical subtotal gastrectomy for gastric
cancer combined with cholecystectomy. Helicobacter
pylori (H. pylori ) and IgG4-positive plasmacytes were
detected in gastric cancer tissue, pancreatic EUSFNA sample and resected gallbladder specimen by
immunohistochemistry. The patient was diagnosed
with H. pylori -positive IgG4-related AIP and sclerosing
cholecystocholangitis as well as H. pylori -positive
gastric cancer. He responded well to steroid therapy
and remains healthy with no signs of recurrence at one
year follow-up. We speculate that H. pylori might act
as a trigger via direct or indirect action in the initiation
of onset of gastric cancer and multiorgan IgG4-related
disease.
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Core tip: We report a rare case of a 61-year-old male
patient who suffered from Helicobacter pylori (H.
pylori )-positive IgG4-related autoimmune pancreatitis
and sclerosing cholecystocholangitis as well as H.
pylori -positive gastric cancer. The patient responded
well to corticosteroid therapy after he underwent radical
subtotal gastrectomy for gastric cancer combined with
cholecystectomy. This report supports the role of H.
pylori in the initiation of onset of gastric cancer and
multiorgan IgG4-related disease.

Abstract
A 61-year-old male from Northeast China presented
with a 2-mo history of abdominal distension, pruritus
and jaundice. Laboratory testing revealed an elevated
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A

INTRODUCTION
IgG4-related disease (IgG4-RD) is a recently
recognized disorder that is characterized by the
enlargement of involved organs, elevated levels of
serum IgG4, and abundant infiltration of IgG4-positive
[1]
plasmacytes in the affected organs . Autoimmune
pancreatitis (AIP) has been divided into types 1
and 2. Type 1 AIP is the pancreatic manifestation
[2]
of IgG4-RD . IgG4-associated cholangitis and
chronic sclerosing sialadenitis are other common
[3]
manifestations of IgG4-RD . Most cases of AIP in
Japan and Korea are of the type 1 form, whereas type
[2]
2 is quite rare . The prevalence and clinical features
of AIP and other forms of IgG4-RD in China have yet
to be fully clarified.
Recent investigations from Japan indicate that
the standardized incidence ratio for malignances in
IgG4-RD patients is higher than that in the general
population and that the affected cancerous tissues can
be infiltrated by IgG4 positive plasmacytes to various
[4,5]
degrees . On the contrary, the latest report from
the United States indicates that cancer risk before
and after diagnosis of AIP is similar to that in control
[6]
subjects . Malignancies in patients with IgG4-RD have
included lung cancer, colon cancer, prostate cancer and
[4,6-9]
lymphoma
. The question of whether synchronous
carcinoma and IgG4-RD have a true association or
are the result of a nonspecific peri-cancerous IgG4
reaction remains to be clarified.
Infection with Helicobacter pylori (H. pylori) has
been shown to play a major role in gastric carcin
[10,11]
ogenesis
. The interplay of infectious agents
with other etiological factors such as the genetic
susceptibility of the host or the external environment
is becoming increasingly recognized as an important
component in the occurrence of gastric cancer. Over
the last decade, H. pylori was thought to contribute
to the development of AIP through induction of
[12,13]
autoimmunity and apoptosis
. However, the
relationship between H. pylori infection and multiorgan
IgG4-RD has yet to be clarified.
In this report, we describe a rare case of concurrent
H. pylori-positive gastric cancer and multiorgan IgGRD from northeast China.

B

C

Figure 1 Computed tomography images of autoimmune cholecy
stocholangitis and pancreatitis. Diffuse gallbladder wall thickening (white
arrow) and intrahepatic bile duct dilatation (A), thickening of the common bile
duct wall (black arrow) and diffuse swelling pancreas with loss of lobulation (B),
and a dramatic recovery in the size of the pancreas after 4 wk of steroid therapy
(C).

yellow staining of the skin and sclera. He had mild
epigastric tenderness to deep palpation.
Routine blood tests showed a high percentage
(11%) of eosinophils in the white blood cell count,
and the erythrocyte sedimentation rate (ESR) was
markedly raised (89 mm/h). Serum biochemical data
on admission were as follows: total bilirubin 179 μmol/
L, total bile acids 184.1 μmol/L, alkaline phosphatase
487 U/L, alanine aminotransferase (ALT) 319 U/L,
aspartate aminotransferase (AST) 128 U/L, amylase
183 U/L, and lipase 127 U/L. Serum immunological
testing displayed high levels of IgG4 (17.5 g/L) and
IgG (18.1 g/L).
A computed tomography scan of the abdomen
revealed diffuse gallbladder wall thickening and
intrahepatic bile duct dilatation (Figure 1A), a

CASE REPORT
A 61-year-old male from northeast China presented
with a two-month history of abdominal distension,
pruritus, jaundice and a 25-pound weight loss. The
patient denied any history of alcohol, tobacco, or illicit
drug use. On physical examination, the patient had
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cholecystitis (Figure 4D, E).
rd
On the 3 day after surgery, the patient was
diagnosed with H. pylori-positive multiorgan IgG4RD. He received a first-line therapy (a proton pump
inhibitor, clarithromycin and metronidazole) for
eradication of H. pylori and 40 mg/d of prednisone
for seven days without any side effects, and was then
discharged with the same steroid dose alone for the
following 3 wk. After 4 wk of daily oral prednisone
therapy, the patient exhibited no signs of either
abdominal distension or body itching. Abnormal
liver function test results returned to normal levels.
Elevated serum levels of amylase and lipase returned
14
to normal value ranges. C-urea breath test was
negative for H. pylori. The enlarged pancreas returned
to its normal size and lobulated form (Figure 1C). The
patient received a long-term maintenance dose of 10
mg/d of prednisone after steroid tapering. At 12-mo
follow-up, his illness had not recurred, but the serum
level of IgG4 was high (15.6 g/L).

A

B

C

Figure 2 Histological findings of the needle biopsy specimen of the
pancreas. HE staining shows numerous lymphoplasmacyte infiltration and
storiform fibrosis (A). Immunostaining shows Helicobacter pylori-positive cells
(B) or IgG4-positive plasma cells (C) in the needle specimen sections of the
patient. Original magnification × 400 (A, B and C).

patchy thickening of the distal common bile duct
and diffuse enlargement of the pancreas with
loss of lobulation, consistent with AIP (Figure 1B).
Endoscopic ultrasound-guided fine needle aspiration
biopsy (EUS-FNA) of the pancreas revealed dense
lymphoplasmacyte infiltration and storiform-type
fibrosis (Figure 2A). Immunohistochemical staining
showed several H. pylori-positive cells (Figure 2B)
and numerous IgG4-positive plasma cells (Figure 2C)
in the needle specimen sections of the patient, which
met the diagnostic criteria for IgG4-related AIP with H.
pylori infection.
Endoscopic biopsy specimens from the pylorus
showed an early moderately differentiated gastric
adenocarcinoma limited to the mucosal and submucosal
layers with abundant infiltration of lymphoplasmacytes
and eosinophil cells in the tumor stroma by HE staining
(Figure 3A), as well as the presence of H. pylori in the
epithelial cells, cancer cells or mesenchymal cells by
immunohistochemistry (Figure 3B, C). In contrast,
only sparse and patchy IgG4-positive or IgG-positive
plasma cells were seen in the tumor stroma by
immunohistochemical staining (Figure 3D, E). Neither
dense fibrosis nor phlebitis was observed in the gastric
specimen of the patient (Figure 3A).
The patient underwent radical subtotal gastrectomy
for gastric cancer combined with cholecystectomy
th
a n d T- t u b e d ra i n a g e o n t h e 1 4 d ay a f t e r
admission. HE staining of the resected gallbladder
specimen revealed numerous lymphoplasmacyte
and eosinophil cell infiltration as well as fibrosis
(Figure 4A). Immunohistochemical staining showed
presence of H. pylori in the cholecyst epithelial cells
or mesenchymal cells (Figure 4B, C). Numerous
IgG4-positive plasmacytes were evident in the
cholecystectomy specimen, with a ratio of IgG4/IgGpositive plasmacytes of more than 40%, which met
the diagnostic criteria for IgG4-related sclerosing

WJG|www.wjgnet.com

DISCUSSION
IgG4-RD is a recently recognized systemic condition
characterized by elevated serum IgG4 levels and
steroid responsiveness. IgG4-RD shows organ
enlargement or nodular lesions consisting of abundant
infiltration of lymphocytes and IgG4-positive plasma
cells (ratio of IgG4/IgG-positive plasma cells > 40%)
[5]
and fibrosis in various organs . A histological diagnosis
of IgG4-RD requires the presence of at least two of
three characteristic histological features including:
(1) dense lymphoplasmacytic infiltration; (2) fibrosis
arranged at least focally in a storiform pattern; and (3)
[5]
obliterative phlebitis . The patient in this study fully
met the diagnostic criteria for IgG4-related sclerosing
[5]
cholecystitis and type 1 AIP . Even so, biopsy
specimens from the bile duct are difficult to obtain
using standard procedures, except cholangiectomy.
Diagnostic criteria developed in Japan to establish
IgG4-related sclerosing cholangitis include diffuse
or segmental narrowing of the introhepatic and/or
extrahepatic bile duct associated with the thickening of
the bile duct wall and coexistence of AIP/or high serum
[14,15]
levels of IgG4
. Thus, the patient in this study also
met the diagnostic criteria for IgG4-related sclerosing
[1,14,15]
cholangitis
.
Comprehensive clinical diagnostic criteria for
IgG4-related gastric disease have so far not been
[5,16]
[16]
constituted
. Recently, Koizumi et al
suggested
that there appeared to be two kinds of IgG4-related
gastric disease. One was a gastric lesion showing
marked thinking of the wall of the stomach, consisting
of dense fibrosis with abundant infiltration of IgG4positive plasma cells; the other was an IgG4-related
pseudotumor in the gastric region, showing polypoid
or mass-like lesions. In this study, only sparse and
patchy IgG4-positive or IgG-positive plasma cells
were identified in the cancer stroma and the gastric
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A

B

C

E

D

Figure 3 Histological findings of the endoscopic biopsy specimen from the pylorus. HE staining shows a moderately differentiated gastric adenocarcinoma with
abundant infiltration of lymphoplasmacytes and eosinophils in stroma (A). Immunostaining reveals Helicobacter pylori in gastric epithelial cells (B) or cancer cells (black
arrow, C) or mesenchymal cells (red arrow, C), IgG4-positive (D) or IgG-positive plasma cells (E) in the cancer stroma. Original magnification × 400 (A, B and C), ×
200 (D and E).

A

B

C

E

D

Figure 4 Histological findings of the resected gallbladder specimen. HE staining shows abundant infiltration of lymphoplasmacytes and eosinophils (A).
Immunostaining shows Helicobacter pylori in the epithelium (B) or mesenchymal cells (C), IgG4-positive (D) or IgG-positive plasma cells (E) in the resected
gallbladder sections of the patient. Original magnification × 400 (A and C); × 200 (B, D and E).
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submucosa adjacent to the carcinoma (data not
shown), and either storiform-type fibrosis or obliterative
phlebitis was absent. Thus, our data support a pericancerous IgG4 reaction rather than IgG4-related
gastric disease.
Since the gallbladder, common bile duct, pancreas
and stomach were involved synchronously in this
case, we believed there might be a common factor
contributing to the pathogenesis seen in the lesions
of these adjacent organs. Over the last decade,
molecular mimicry of host structures by constituents
of H. pylori is thought to be connected with the
development of autoimmune sequelae in hepatobiliaryor pancreatic-tissue destruction through antibody
[13,17]
cross-reactivity
. The binding motif of the HLA
molecule DRB1*0405 was found to be located in the
homologous segments between carbonic anhydrase
Ⅱ (CAⅡ) of the human pancreas and alpha-carbonic
anhydrase of H. pylori, and serum anti-CAⅡAb levels
in AIH were significantly higher than those in chronic
[18,19]
pancreatitis and pancreatic adenocarcinoma
.
Additionally, in the case of H. pylori infection, T cellmediated apoptotic signals and granulocyte recruitment
as well as activation of the oxidative burst were also
[12]
thought to contribute to the pathogenesis of AIP .
In this study, the patient presented with H. pylori
infection in the stomach, gallbladder, and pancreas
and with abundant infiltration of IgG4-positive plasma
cells in the gastric submucosa, gallbladder stroma,
and pancreatic tissues. Thus, we speculate that H.
pylori might act as a trigger via direct or indirect action
(immune cross-response) in the initiation of onset of
multiorgan IgG4-RD and that IgG4 reaction might
increase the H. pylori-associated risk of developing
gastric cancer. However, further identification and
characterization of such cases is required to elucidate
the mechanism of this association.
High serum IgG4 levels have been proposed as
a marker of AIP and also showed good accuracy in
distinguishing between AIP and pancreatic cancer
[20]
and other autoimmune diseases . Additionally,
AIP patients with elevated serum IgG4 had higher
incidence of jaundice at onset, more frequent diffuse
pancreatic enlargement at imaging, and more frequent
extrapancreatic lesions compared to those with normal
[21]
serum IgG4 levels . Over the last decade, the
usefulness of serum IgG4 as a marker of the efficacy
[20]
of steroid treatment has been paid great attention .
Recently, response to steroids in AIP patients was
recognized regardless of serum IgG4 level, however,
a long-term maintenance therapy was required more
frequently amongst patients with elevated IgG4
[21]
compared to those with normal IgG4 .
In summary, we report a rare case of H. pyloripositive multiorgan IgG4-RD and gastric cancer. This
report supports the role of H. pylori in the initiation of
onset of gastric cancer and multiorgan IgG4-RD. Since
the cancer was discovered unexpectedly and resected
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successfully, a careful examination of IgG4-AIP is
required to rule out the presence of gastric malignant
tumor before steroid therapy.

COMMENTS
COMMENTS
Case characteristics

A 61-year-old male from northeast China presented with a 2-mo history of
abdominal distension, pruritus and jaundice.

Clinical diagnosis

The patient was diagnosed with Helicobacter pylori (H. pylori)-positive IgG4related autoimmune pancreatitis (AIP) and sclerosing cholecystocholangitis as
well as H. pylori-positive gastric cancer.

Differential diagnosis

The differential diagnosis included IgG4-related gastric disease and primary
sclerosing cholangitis.

Laboratory diagnosis

The patient was diagnosed with H. pylori-positive multiorgan IgG4-related
disease (IgG4-RD) as well as H. pylori-positive gastric cancer on the basis
of the presence of H. pylori and IgG4-positive plasmacytes in gastric cancer
tissue, pancreatic endoscopic untrasound-guided fine needle (EUS-FN) sample
and resected gallbladder specimen, and a high serum IgG4 level.

Imaging diagnosis

A computed tomography scan revealed diffuse gallbladder wall thickening and
intrahepatic bile duct dilation, a patchy thickening of the distal common bile duct
and diffuse enlargement of the pancreas with loss of lobulation.

Pathological diagnosis

Immunohistochemistry revealed H. pylori and IgG4-positive plasmacyte
infiltration in resected gastric cancer tissue and gallbladder specimen as well as
pancreatic EUS-FN sample.

Treatment

The patient received 30 mg/d of prednisone for 4 wk, and a long-term
maintenance dose of 10 mg/d of prednisone.

Related reports

The relationship between H. pylori infection and multiorgan IgG4-RD has not
yet been clarified.

Term explanation

AIP is a form of pancreatitis with a presumed autoimmune etiology and is
currently recognized as two subtypes. Type 1 AIP is a pancreatic lesion of IgG4related disease, while type 2 AIP is related to granulocytic epithelial lesion.

Experiences and lessons

This report supports the role of H. pylori in the initiation of onset of gastric
cancer and multiorgan IgG4-RD. Since the gastric cancer was discovered
unexpectedly and resected successfully, a careful examination of IgG4-AIP
is required to rule out the presence of gastric malignant tumor before steroid
therapy.

Peer-review

This is a well-written manuscript about a rare case with H. pylori-positive IgG4related diseases. However, the role of H. pylori in the pathogenesis of IgG4related disease should be more discussed. Please explain why IgG4 levels are
still high after treatment and the correlation between the IgG4 levels and the
clinical presentation/imaging findings.
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CASE REPORT

Gastrointestinal hemorrhage due to ileal metastasis from
primary lung cancer
Wei Liu, Wei Zhou, Wei-Lin Qi, Ya-Dan Ma, Yun-Yun Xu
and mesentery. Histopathological analysis confirmed
metastasis from lung cancer. We conducted a review
of the literature and 64 documented cases of small
intestinal metastasis from lung cancer were found.
The pathologic diagnosis, clinical presentation, site
of metastasis, and survival time in these cases were
reviewed.
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Core tip: Gastrointestinal tract metastases from lung
cancer are relatively rare. We describe a patient with
melena due to small intestinal metastasis from lung
squamous cell carcinoma. We collected 64 similar
documented cases from 2000 to date, and reviewed
the pathologic diagnosis, clinical presentation, site of
metastasis, treatment, and survival time.
Liu W, Zhou W, Qi WL, Ma YD, Xu YY. Gastrointestinal
hemorrhage due to ileal metastasis from primary lung cancer.
World J Gastroenterol 2015; 21(11): 3435-3440 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i11/3435.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i11.3435

Abstract

INTRODUCTION

We report a patient with small intestinal metastasis
from lung squamous cell carcinoma. A 66-year-old
man who underwent radical lung cancer surgery
was admitted to our hospital. Before starting his
fifth cycle of chemotherapy, he was found to have a
positive fecal occult blood test. Abdominal computed
tomography scan revealed an ileal tumor with
mesenteric lymph node enlargement. He underwent
laparoscopic resection of the involved small intestine

WJG|www.wjgnet.com

Lung cancer is a malignant tumor with high incidence
[1]
and mortality . The prognosis of lung cancer is
poor as metastases are often present at the time of
diagnosis. Distant metastases are usually found in the
adrenal glands, bone, liver, brain, and kidney, however,
metastases in the gastrointestinal tract are relatively
[2]
rare . In this report, we present a patient with
gastrointestinal bleeding due to ileal metastasis from
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A

B

Figure 1 Abdominal computed tomography scan revealed metastatic
tumor mass of ileum (solid arrow) and the enlarged lymph node (dotted
arrow).

primary lung carcinoma.

CASE REPORT
A 66-year-old male patient who presented with
shortness of breath and hemoptysis for 1 wk was
admitted to our hospital on May 8, 2013. On chest
computed tomography (CT), a mass was seen in the
right lower lobe. He underwent a right lower lobectomy
with lymph node dissection on May 10, 2013. At
surgery, a 3.5 cm mass was found in the right upper
lobe near the right lung hilum. In addition, hilum,
carina, and mediastinum lymphadenopathy were
found. The pathological study confirmed moderately
differentiated squamous cell carcinoma with lymph
node metastasis (1+/38) (T2N1M0). The patient
received four cycles of adjuvant chemotherapy with
docetaxel/nedaplatin from June 2013 to September
2013. Just before the fifth cycle of chemotherapy
(January 3, 2014), the patient complained of
melena. The stool examination for occult blood was
strongly positive. On abdominal examination, no
abnormalities were found. Colonoscopy also revealed
no abnormalities. An abdominal CT scan revealed
ileal wall thickening and nearby mesenteric lymph
node enlargement, indicating a malignant ileal tumor
(Figure 1). Tumor markers were within normal ranges,
including CEA which was 2.75 ng/mL. A complete
blood count showed anemia with a hemoglobin
(Hb) level of 9.6 g/dL. The patient then underwent
laparoscopic exploration. A 4.5 cm × 3.0 cm small
intestinal tumor with serosal infiltration was found
150 cm from the cecum (Figure 2). Lymph node
enlargement was seen near the mesenteric root. The
involved small bowel and mesentery were resected.
Histopathological analysis confirmed that the tumor
was a moderately differentiated squamous cell
carcinoma (Figure 3). Immunohistochemically, tumor
cells were positive for CKH and P63, but negative for
CK20 and CK7 (Figure 4), indicating a metastasis
from primary lung carcinoma. One of the two resected
mesenteric lymph nodes contained metastasis, and
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Figure 2 Intraoperative imaging of the resected tumor of the ileum. The
tumor was 4.5 cm × 3.0 cm in size, with a clear margin and ulceration on the
intraluminal surface.

the surgical margins were negative. The patient had
no postoperative complications and was discharged 5
days after surgery. Postoperatively, he underwent four
cycles of chemotherapy with gemcitabine/nedaplatin.
Brain magnetic resonance imaging and SPECT/CT
during chemotherapy revealed no other metastasis.
The patient is still alive with no recurrence.

DISCUSSION
We searched the PubMed database for relevant
English language publications from 2000 to June 2014
using the MeSH terms “Gastrointestinal Neoplasms/
complications”, “Gastrointestinal Neoplasms/
secondary”, and “Lung Neoplasms/pathology”. The
age and sex of patients, pathologic diagnosis, clinical
presentation, site of metastasis, and the survival time
of the reported cases were reviewed and analyzed.
[3-33]
In total, 64 cases were identified and reviewed
,
including 58 (90.6%) male and 6 (9.4%) female
patients. The mean age of these patients was 61.4
years (ranging from 36 years to 88 years).
In lung cancer, metastases to the gastrointestinal
tract are quite rare and mostly found in the advanced
[21]
stages of the disease. Yang et al
reported that the
incidence of symptomatic gastrointestinal metastasis
from primary lung cancer was 1.77%. However, the
prevalence at autopsy is much higher, ranging from
[34,35]
4.7% to 14%
. This can be explained by the fact
that most patients with small bowel metastases have
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Figure 3 Microscopic findings of metastatic lung squamous cell carcinoma in the ileum.
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Figure 4 By immunohistochemistry, the tumor cells were found to be positive for CKH (A) and P63 (B), but negative for CK20 (C) and CK7 (D).
[9]

no specific symptoms. In the 64 documented cases, 59
patients had certain clinical presentations, of whom 22
(37.3%) had perforation, 19 (32.2%) had obstruction,
10 (16.9%) had hemorrhage and 8 (13.6%) had
intussusception. Perforation was the most common
symptom in patients with bowel metastases. The
toxicity of chemotherapy is likely to be the etiology of
[30]
bowel perforation .
In the 64 documented cases, 57 patients had
metastatic sites. The jejunum was the most common
site in 50.9% (29/57) of patients, followed by the
ileum in 33.3% (19/57), and the duodenum in 15.8%
(9/57). The general route of gastrointestinal metastasis
has been suggested to be hematogenous metastasis
through the spinal veins or lymphogenous metastasis
from the mediastinum through the retroperitoneum
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and mesentery . The difference in incidence between
these metastatic sites may be because the jejunum
and ileum have a more abundant blood supply and
lymphoid tissues.
In lung cancer, all tumor cell types may develop
small intestinal metastases. Adenocarcinoma (31.6%,
18/57), squamous cell carcinoma (28.1%, 16/57)
and large cell carcinoma (24.6%, 14/57) were
most common, followed by other types such as
carcinosarcoma, adenosquamous, and neuroendocrine
carcinoma (10.5%, 6/57) and small cell carcinoma
[34]
(5.3%, 3/57). Yoshimoto et al reported that patients
with large cell carcinoma had a significantly higher rate
of gastrointestinal metastases (P = 0.004, OR = 3.524)
compared with patients with non-large cell carcinoma.
However, the reasons for this are unknown.
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Due to the unclear clinical symptoms in patients
with small bowel metastases, early diagnosis and
treatment are difficult. CT plays an important role in
identifying the exact cause of abdominal symptoms
[36]
in patients with lung cancer . The metastatic
lesions were seen on CT scans as wall thickening, an
intraluminal polypoid mass or an exophytic mass.
PET-CT may be more accurate than CT or other
conventional imaging methods for the diagnosis of
metastatic malignant sites. However, due to the high
cost and the lack of clinical cases, the role of PET-CT in
the diagnosis of lung cancer gastrointestinal metastasis
is still controversial. Capsule endoscopy has the
capability of providing visual images of the bowel and
is superior in many aspects of gastrointestinal disease
evaluation and management. It can provide help in
identifying the presence of small intestinal metastasis
when a patient with lung cancer presents with
suspected small intestinal bleeding. However, it may
have a limited role in patients with bowel perforation
and obstruction.
As most lung cancer patients with gastrointestinal
metastasis exhibit bowel perforation or an acute
abdomen, surgical intervention is required. Dabaja et
[37]
al
showed that the 5-year overall survival rate was
signiﬁcantly higher for patients who underwent surgery
compared with patients who did not. Laparoscopic
surgery not only has the advantages of less trauma,
less blood loss and quicker recovery, but also has huge
potential in diagnosis. Postoperative chemotherapy
and individualized treatment may improve the survival
rate for these lung cancer patients. For the lung cancer
patient with distant metastasis, the guideline indicates
that cisplatin/pemetrexed is recommended for patients
with non-squamous non-small cell lung cancer; for
patients with squamous cell carcinoma, cisplatin/gemci
[38]
tabine is an option . The chemotherapy regimen
should be changed when there are other metastases
present.
Many patients with small bowel metastases
had synchronous metastasis in other organs. PAUL
reported that 46 patients had small bowel metastasis
of 431 autopsies on patients with lung cancer. In
addition, all patients with small bowel metastases had
at least one other metastatic site with an average of
4.8 sites such as the adrenal gland, liver, and kidney.
This indicated that gastrointestinal metastasis is a
late symptom of lung cancer and a poor prognostic
[39]
indicator in the course of lung cancer . In the
documented cases, the median survival time was 3
months after detection of small bowel metastases in
48 patients. The poor prognosis was mainly due to late
detection, the malignant biological behavior of lung
cancer, abdominal infections, surgical complications,
and other metastases. Brain and bone are common
sites of distant metastases in lung cancer. In contrast,
the median survival time of patients with bone
metastases was 7 mo. Patients with brain metastases
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had a median survival of 3-6 mo . Metastases to the
small bowel have a worse prognosis than metastases
to the brain and bone.
Due to better diagnostic methods and prolonged
survival of lung cancer patients, gastrointestinal meta
stases are more common. When abdominal symptoms
are present or persistent positive occult blood tests
are found, bowel metastases should be considered.
Abdominal CT has high value in diagnosing gastro
intestinal metastases. With regard to the treatment of
gastrointestinal metastases from lung cancer, surgery
can be a curative treatment option. Chemotherapy and
supportive care can improve the prognosis.

COMMENTS
COMMENTS
Case characteristics

A 66-year-old man with a history of radical lung cancer surgery presented with
melena.

Clinical diagnosis

Gastrointestinal hemorrhage; Postoperative lung cancer.

Differential diagnosis

Primary small intestinal carcinoma; colorectal cancer; peptic ulcer.

Laboratory diagnosis

Tumor markers were within normal ranges, including CEA which was 2.75 ng/
mL. A complete blood count showed anemia with an Hb level of 9.6 g/dL.

Imaging diagnosis

An abdominal CT scan revealed ileal wall thickening and nearby mesenteric
lymph node enlargement, indicating a malignant ileal tumor.

Pathological diagnosis

Histopathological analysis confirmed a moderately differentiated squamous
cell carcinoma; immunohistochemistry indicated metastasis from primary lung
carcinoma.

Treatment

The patient underwent resection of the involved small bowel and mesentery.
Postoperatively, he received four cycles of chemotherapy with gemcitabine/
nedaplatin.

Related reports

Gastrointestinal tract metastases from lung cancer are relatively rare, and the
clinical symptoms are unclear. The general route of gastrointestinal metastasis
and the prognosis are also unclear.

Experiences and lessons

When abdominal symptoms are present or persistent positive occult blood
tests are found in patient with lung cancer, bowel metastases should be
considered

Peer-review

The authors reported a rare and interesting case of a patient with small
intestine metastasis from lung squamous cell carcinoma, and they reviewed 64
documented cases with small intestine metastasis from lung cancer.
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CASE REPORT

Icotinib plus gemcitabine for metastatic pancreatic cancer:
A case report
Jing Zhao, Hong Shen, Han-Guang Hu, Jian-Jin Huang
is limited in China because of high toxicity and cost.
Recently, inhibitors of epidermal growth factor receptor
activity have shown promise for the treatment of solid
cancers when used in combination with standard
therapy. However, these drugs have not been evaluated
extensively for the treatment of pancreatic cancer.
Here, we report the treatment of a 64-year-old male
with metastatic pancreatic cancer using a novel
regimen of icotinib with gemcitabine. Marked shrinkage
of the mass was observed after two treatment cycles,
and partial remission was achieved. The abdominal
pain was relieved. The adverse effects were tolerable
and treatment cost was acceptable. This is the first
reported case for the treatment of advanced pancreatic
cancer with icotinib plus gemcitabine and demonstrates
a promising therapeutic alternative.
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Core tip: Patients with advanced metastatic pancreatic
cancer have a poor prognosis. Currently, treatments
available in China are accompanied by high toxicity and
cost, with minimal benefit. Icotinib is a newly developed
oral epidermal growth factor receptor tyrosine
kinase inhibitor, which was combined with standard
gemcitabine therapy for treatment of metastatic
pancreatic cancer in a 64-year-old male patient. This
case report demonstrates that the novel regimen
produced partial remission with marked shrinkage of
the pancreatic mass. Thus, icotinib combined with
gemcitabine may be a promising therapeutic alternative
for metastatic pancreatic cancer.

Abstract
A large majority of patients diagnosed with pancreatic
cancer have advanced metastatic disease with unre
sectable malignancies. Despite treatment advances, the
survival benefit from chemotherapeutic regimens and
targeted drugs is limited. Moreover, their application
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A

INTRODUCTION
Pancreatic cancer is one of the most aggressive and
lethal malignancies. The mortality rate of pancreatic
cancer is extremely high, with a 25% one-year survival
[1]
rate, and < 5% five-year survival . According to the
2012 China Annual Report of Cancer Registration,
pancreatic cancer incidence was ranked seventh in
[2]
China, and mortality ranked sixth . Early detection is
difficult, thus 80% of patients have locally advanced or
[3]
distant metastases when diagnosed . Consequently,
these patients need chemotherapy, radiotherapy, or
palliative surgery to prolong their survival, control
symptoms and improve their quality of life.
Gemcitabine has been the standard treatment
for patients with locally advanced or metastatic
pancreatic cancer since 1997. Although it improves
[4]
survival compared with fluorouracil , it provides only
marginal survival benefits. Recent evidence implicates
the epidermal growth factor receptor (EGFR) signaling
pathway in the development, progression, and
[5-7]
metastasis of pancreatic cancer , and blockade of
[8]
EGFR suppresses tumor proliferation . Icotinib is a
recently developed oral EGFR tyrosine kinase inhibitor
that suppresses tumor growth and improves survival
[9]
of Chinese patients with non-small-cell lung cancer .
However, there are no reports concerning its use for
treatment of pancreatic cancer. We present the case of
a patient diagnosed with metastatic pancreatic cancer
who was treated with icotinib and gemcitabine.

B

C

CASE REPORT

Figure 1 Contrast-enhanced magnetic resonance imaging of the
pancreas. A: Before treatment, a mass was observed (arrow) in the head
of pancreas; B: Marked shrinkage of the mass was seen after two treatment
cycles; C: Mass size remained stable after four treatment cycles.

A 64-year-old Asian male patient was admitted to our
hospital in January 2014 complaining of epigastric
pain that radiated toward the back, which had been
present for one month. The pain was accompanied by
abdominal distension, but without nausea, vomiting,
or jaundice. The Karnofsky Performance Status score
was 90, and the pain score-assessed with a numerical
rating scale-was a 3. Laboratory examinations revealed
normal liver, biliary, and pancreatic enzymes, and a
normal complete blood count. The markers for hepatitis
A, B, and C were negative. Screening for tumor
markers showed elevated levels of carcinoembryonic
antigen (CEA) (33.9 ng/mL), carbohydrate antigen (CA)
19-9 (> 12000.0 U/mL), and CA 242 (> 500.0 U/mL).
Magnetic resonance imaging revealed a 3.6 cm ×
3.4 cm mass in the head of the pancreas (Figure 1A)
and multiple nodules in the liver (Figure 2A), which
were also observed by positron emission tomographycomputerized tomography (Figure 3). An ultrasoundguided percutaneous needle biopsy of the pancreatic
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mass was performed, and pathology indicated that it
was an adenocarcinoma (Figure 4). The patient was
diagnosed with stage Ⅳ pancreatic cancer with liver
metastasis.
Because the mass was unresectable, the patient
was given palliative therapy with 125 mg tid icotinib
(Conmana; Betta Pharmaceuticals Co. Ltd., Zhejiang,
2
China), combined with 1000 mg/m gemcitabine
on days 1, 8, and 15 every four weeks. The patient
complained of abdominal pain (score 3), which
was treated with a non-steroidal anti-inflammatory
(celecoxib). The patient developed a grade 1 acne-like
rash and grade 2 myelosuppression in response to the
chemotherapy, which was well tolerated and recovered
quickly with supportive care.
After two cycles of therapy, serum tumor markers
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A

B

Figure 2 Contrast-enhanced magnetic resonance imaging of the liver. A: Before treatment, multiple metastatic nodules (arrows) were observed in the liver at
three different levels; B: Marked shrinkage of the nodules was seen after two treatment cycles.

Figure 3 Positron emission tomography-computerized tomography. Masses in the pancreas and liver were observed before treatment.

were decreased: CEA 4.9 ng/mL; CA 19-9, 2369.9 U/
mL; CA 242, 329.1 U/mL. Because the pain decreased
to a score of 0-1, the celecoxib was eliminated
from the treatment regimen. Magnetic resonance
imaging revealed marked shrinkage of the masses in

WJG|www.wjgnet.com

the pancreas and liver (Figure 1B, 2B), with partial
remission according to the Response Evaluation
[10]
Criteria In Solid Tumors 1.1 criteria .
On day 8 of the third cycle, the patient suffered
a grade 3 liver injury. A liver panel screen showed
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competitively inhibit ligand binding, and tyrosine
kinase inhibitors has provided an additional strategy
[14]
for cancer treatment . A phase Ⅱ trial showed
that nimotuzumab with gemcitabine improved the
progression-free and overall survivals of advanced
pancreatic cancer patients, though one-third of
[13]
patients experienced grade 3 adverse events . The
[15]
therapeutic value of cetuximab remains unclear .
EGFR tyrosine kinase inhibitors, such as erlotinib,
gefitinib, and icotinib, may provide a more economical
alternative. A Canadian phase Ⅲ trial indicates that
supplementing treatment with erlotinib significantly
improved the progression-free, overall, and one-year
survivals of pancreatic cancer patients compared with
[16]
gemcitabine alone . Treatment with erlotinib was well
tolerated in these patients, with only a slight increase
in the incidence of grade 3/4 rash and diarrhea, and no
difference in the quality of life score. Erlotinib has since
been approved for treatment of locally advanced and
metastatic pancreatic cancer by the Food and Drug
Administration and the European Union.
Icotinib is a highly specific and selective EGFR
tyrosine kinase inhibitor. It is a small quinazoline
compound with a chemical backbone structure
[17]
similar to erlotinib, with a shorter halftime . Icotinib
has been shown to regulate the transcription and
expression of a gene associated with cell proliferation
and differentiation, and showing antiproliferative and
[18,19]
antiangiogenic effects
. As icotinib was approved
by the State Food and Drug Administration of China
for the treatment of non-small-cell lung cancer in
2011, it is covered by medical insurance in Zhejiang
province and represents an affordable treatment
option for many patients. Icotinib has been evaluated
[20]
for the treatment of solid tumors , and a phase Ⅲ
clinical trial demonstrated effects equivalent to gefitinib
in patients with non-small-cell lung cancer, with a
[9]
better safety profile and lower cost . The adverse
effects reported included rash, diarrhea, nausea, and
abdominal distention.
The patient in the case presented here agreed
to combination treatment with icotinib after refusing
erlotinib and nimotuzumab because of the high cost,
and FOLFIRINOX because of the adverse effects.
The treatment effectively relieved the abdominal
pain, reduced the size of the pancreatic mass after
two treatment cycles and achieved partial remission,
with markedly reduced serum CA 19-9, CEA, and CA
242 levels. The progression-free survival was 3.73
mo, similar to the gemcitabine and erlotinib regimen
[16]
and better than gemcitabine alone . The patient
experienced low-grade adverse events, and recovered
rapidly from the liver injury experienced during
the third treatment cycle. To our knowledge, this is
the first reported case of icotinib with gemcitabine
for the treatment of advanced pancreatic cancer,
and demonstrates that this regimen is a promising
alternative treatment option.

Figure 4 Cytological examination of the pancreatic mass. Hematoxylin and
eosin staining indicated the mass was an adenocarcinoma (magnification ×
200).

alanine transaminase at 400 U/L and aspartate
transaminase at 210 U/L. The patient did not complain
of nausea, vomiting, anorexia, or fatigue, however
the chemotherapy regimen was suspended. Hepatic
protective therapy was initiated, and chemotherapy
was resumed once the liver enzymes decreased to
within the normal range.
After four treatment cycles, the patient developed
jaundice. The liver panel showed elevated biliary
enzymes and serum bilirubin, and serum CA 19-9 was
again elevated (> 12000.0 U/mL). A repeat abdominal
computed tomography scan revealed no change
in the pancreatic mass (Figure 1C) with significant
enlargement of the intrahepatic biliary duct. Treatment
was terminated because of the obstructive jaundice,
which resolved with endoscopic retrograde biliary
drainage. The patient refused further chemotherapy.
He remains under supportive care in lieu of further
treatment.

DISCUSSION
Survival of patients with pancreatic cancer can be
improved by combining standard treatment with novel
therapies. Combining gemcitabine with nab-paclitaxel
or treatments containing folinic acid, fluorouracil,
irinotecan, and oxaliplatin (FOLFIRINOX), improves
the progression-free and median overall survivals,
[11-13]
and overall response rate
. However, these
regimens have many limitations. For example, Conroy
[11]
et al
showed increased toxicity with FOLFIRINOX,
including grade 3/4 neutropenia, febrile neutropenia,
[12]
and diarrhea. Similarly, Von Hoff et al
found that
grade 3/4 neutropenia and leukopenia occurred more
frequently in patients receiving gemcitabine combined
with nab-paclitaxel. In addition, these treatments are
expensive and are not covered by medical insurance
in China. Therefore, an effective, economical, and safe
regimen for the treatment of advanced pancreatic
cancer is urgently needed.
Inhibition of EGFR by monoclonal antibodies, which
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In conclusion, the combination of icotinib with
gemcitabine may be a viable option for the treatment
of metastatic pancreatic cancer, with acceptable
adverse effects and cost. However, large prospective
studies should be carried out to further clarify the
efficiency, safety, and overall survival benefit.
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Case characteristics

A 64-year-old Asian male patient with epigastric pain radiating toward the back
that had been present for one month.

8

Clinical diagnosis

Pancreatic cancer with liver metastasis.

Differential diagnosis

9

Pancreatic cyst; islet cell tumor; liver cyst.

Laboratory diagnosis

Carcinoembryonic antigen, 33.9 ng/mL; carbohydrate antigen 19-9, > 12000.0
U/mL; carbohydrate antigen 242, > 500.0 U/mL; normal liver, biliary, and
pancreatic enzymes; normal complete blood count.

Imaging diagnosis

Contrast-enhanced magnetic resonance and positron emission tomographycomputerized tomography showed a mass in the head of pancreas (3.6 cm × 3.4
cm) and multiple nodules in the liver.

10

Pathological diagnosis

Hematoxylin and eosin staining indicated adenocarcinoma.

Treatment

Icotinib (125 mg, tid) with gemcitabine (1000 mg/m2) on days 1, 8, and 15 every
four weeks.

11

Related reports

This is the first case for the treatment of advanced pancreatic cancer with
icotinib combined with gemcitabine.

Term explanation

Icotinib is an epidermal growth factor receptor tyrosine kinase inhibitor.
Gemcitabine is a nucleoside analog used for chemotherapy.

12

Experiences and lessons

Combination therapy comprised of icotinib and gemcitabine is an alternative
choice for treatment of metastatic pancreatic cancer with tolerated adverse
effects and acceptable cost.

Peer-review

An interesting case study of response to a newer combination therapy in
patients with advanced metastatic cancer. The authors would have done
well documenting the PET/CT response after therapy. The case is nicely
documented, except that the manuscript looks to be corrected for grammar and
spellings.
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TO THE EDITOR
We read with great interest the excellent review by
[1]
Wong et al on extra intestinal manifestations of
Helicobacter pylori (H. pylori) infection published in
the journal. This is a well-documented and structured
[1]
review. However, I believe that Wong et al failed
to report the relationship between H. pylori infection
and cobalamin. In fact, in our opinion, cobalamin
[vitamin (B12)] deficiency related to H. pylori infection
is a well-studied hematological manifestation,
comparable to iron deficiency. This is supported
[2]
clinically by current guidelines , several clinical
[3,4]
studies on cobalamin deficiency
and a therapeutic
[5]
study . This latter study probably provides the most
convincing arguments to support the role of H. pylori
in the genesis of vitamin B12 deficiency. The study of
[5]
Andrès et al showed a correction between vitamin
B12 deficiency and an eradication treatment of H.

Abstract
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by Wong et al on extra intestinal manifestations of
Helicobacter pylori (H. pylori ) infection published in
the journal. This is a well-documented and structured
review. However, I believe that Wong et al failed to
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cobalamin.
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pylori (without any supplementation of cobalamin).
H. pylori causes vitamin B12 deficiency and related
manifestations (macrocytic anemia or neurological
[3,4]
manifestations) by food-cobalamin malabsorption .
Pangastritis leads to decreased gastric acid, which
impairs the release of vitamin B12 from haptocorrin
to the intrinsic factor. Thus, oral cobalamin therapy
(not only intramuscular therapy) may be used to treat
cobalamin deficiency related to H. pylori infection.

2
3

4

REFERENCES
1

5

Wong F, Rayner-Hartley E, Byrne MF. Extraintestinal
manifestations of Helicobacter pylori: a concise review. World J
Gastroenterol 2014; 20: 11950-11961 [PMID: 25232230 DOI:

10.3748/wjg.v20.i34.11950]
Carmel R, Sarrai M. Diagnosis and management of clinical and
subclinical cobalamin deficiency: advances and controversies. Curr
Hematol Rep 2006; 5: 23-33 [PMID: 16537043]
Andrès E, Perrin AE, Demangeat C, Kurtz JE, Vinzio S,
Grunenberger F, Goichot B, Schlienger JL. The syndrome of foodcobalamin malabsorption revisited in a department of internal
medicine. A monocentric cohort study of 80 patients. Eur J
Intern Med 2003; 14: 221-226 [PMID: 12919836 DOI: 10.1016/
S0953-6205(03)00074-8]
Andrès E, Loukili NH, Noel E, Kaltenbach G, Abdelgheni MB,
Perrin AE, Noblet-Dick M, Maloisel F, Schlienger JL, Blicklé JF.
Vitamin B12 (cobalamin) deficiency in elderly patients. CMAJ
2004; 171: 251-259 [PMID: 15289425]
Andrès E, Fothergill H, Mecili M. Efficacy of oral cobalamin
(vitamin B12) therapy. Expert Opin Pharmacother 2010; 11:
249-256 [PMID: 20088746 DOI: 10.1517/14656560903456053]
P- Reviewer: Quadros EV, Treiber G S- Editor: Yu J
L- Editor: Stewart G E- Editor: Zhang DN

WJG|www.wjgnet.com

3448

March 21, 2015|Volume 21|Issue 11|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
1   1

9   7 7 10  0 7   9 3 2 0 45

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2015 March 28; 21(12): 3449-3762

Published by Baishideng Publishing Group Inc

Editorial Board
2014-2017
The World Journal of Gastroenterology Editorial Board consists of 1378 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 68 countries, including Algeria (2), Argentina (7),
Australia (31), Austria (9), Belgium (11), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia (1), Canada
(26), Chile (4), China (163), Croatia (2), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland (6), France
(20), Germany (58), Greece (31), Guatemala (1), Hungary (15), Iceland (1), India (33), Indonesia (2), Iran (10), Ireland
(9), Israel (18), Italy (195), Japan (151), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1), Mexico (11),
Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12), Portugal (8),
Puerto Rico (1), Qatar (1), Romania (10), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South Africa (1),
South Korea (69), Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and
Tobago (1), Tunisia (2), Turkey (55), United Kingdom (49), United States (180), Venezuela (1), and Vietnam (1).

EDITORS-IN-CHIEF
Stephen C Strom, Stockholm
Saleh A Naser, Orlando
Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid
ASSOCIATE EDITOR
Yung-Jue Bang, Seoul
Vincent Di Martino, Besancon
Roberto J Firpi, Gainesville
Maria Gazouli, Athens
Chung-Feng Huang, Kaohsiung
Namir Katkhouda, Los Angeles
Anna Kramvis, Johannesburg
Peter L Lakatos, Budapest
Han Chu Lee, Seoul
Christine McDonald, Cleveland
Nahum Mendez-Sanchez, Mexico City
George K Michalopoulos, Pittsburgh
Suk Woo Nam, Seoul
Shu-You Peng, Hangzhou
Daniel von Renteln, Montreal
Angelo Sangiovanni, Milan
Hildegard M Schuller, Knoxville
Dong-Wan Seo, Seoul
Jurgen Stein, Frankfurt
Bei-Cheng Sun, Nanjing
Yoshio Yamaoka, Yufu
GUEST EDITORIAL BOARD
MEMBERS
Jia-Ming Chang, Taipei
Jane CJ Chao, Taipei
Kuen-Feng Chen, Taipei

WJG|www.wjgnet.com

Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei
Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung
Deng-Chyang Wu, Kaohsiung



Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua
MEMBERS OF THE EDITORIAL
BOARD

Algeria
Saadi Berkane, Algiers
Samir Rouabhia, Batna

Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires

Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane

January 12, 2015

Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Sven M Francque, Edegem
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo

WJG|www.wjgnet.com

Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver
Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai

II

Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing

January 12, 2015

Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

WJG|www.wjgnet.com

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster

III

Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus

January 12, 2015

Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi

WJG|www.wjgnet.com

Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome

IV

Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
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Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
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Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon



Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
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Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
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Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

VI

Qatar
Abdulbari Bener, Doha
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Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
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Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid

VII

Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
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Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
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Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston

VIII

Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
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EDITORIAL

Genome-based nutrition: An intervention strategy for the
prevention and treatment of obesity and nonalcoholic
steatohepatitis
Sonia Roman, Claudia Ojeda-Granados, Omar Ramos-Lopez, Arturo Panduro
location. In Latin America, most countries, including
Mexico, have a heterogeneous admixture genome with
Amerindian, European and African ancestries. However,
certain high allelic frequencies of several nutrientrelated polymorphisms may have been achieved by
past gene-nutrient interactions. Such interactions
may have promoted the positive selection of variants
adapted to regional food sources. At present, the
unbalanced diet composition of the Mexicans has led
the country to a 70% prevalence rate of overweightness
and obesity due to substantial changes in food habits,
among other factors. International guidelines and
intervention strategies may not be adequate for all
populations worldwide because they do not consider
disparities in genetic and environmental factors, and
thus there is a need for differential prevention and
management strategies. Here, we provide the rationale
for an intervention strategy for the prevention and
management of obesity-related diseases such as nonalcoholic steatohepatitis based on a regionalized
genome-based diet. The components required to design
such a diet should focus on the specific ancestry of each
population around the world and the convenience of
consuming traditional ethnic food.

Sonia Roman, Claudia Ojeda-Granados, Omar RamosLopez, Arturo Panduro, Department of Molecular Biology in
Medicine, Civil Hospital of Guadalajara, “Fray Antonio Alcalde”,
Guadalajara, Jalisco, Mexico and Health Sciences Center,
University of Guadalajara, Guadalajara, Jalisco 44280, Mexico
Author contributions: Roman S performed research, wrote
the paper and integrated the final version; Ojeda-Granados
C performed research and wrote the paper; Ramos-Lopez O
performed research and wrote the paper; Panduro A designed,
wrote and critically reviewed the paper; all authors revised and
approved the final version.
Conflict-of-interest: No potential conflicts of interest relevant to
this article were reported.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Arturo Panduro, MD, PhD, Department
of Molecular Biology in Medicine, Civil Hospital of Guadalajara,
“Fray Antonio Alcalde”, Guadalajara, Jalisco, Mexico and Health
Sciences Center, University of Guadalajara, Guadalajara, Jalisco
44280, Mexico. apanduro@prodigy.net.mx
Telephone: +52-33-36147743
Fax: +52-33-36147743
Received: November 28, 2014
Peer-review started: November 28, 2014
First decision: January 8, 2015
Revised: January 21, 2015
Accepted: February 12, 2015
Article in press: February 13, 2015
Published online: March 28, 2015

Key words: Latin America; Mexico; Gene-nutrient interactions;
Evolution; Food history; Western diet; Nonalcoholic steato
hepatitis; Obesity
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: New intervention strategies for the pre
vention and management of obesity and associated
gastrointestinal diseases are warranted due to
their chronic complications. In the era of genomic
medicine and nutritional genomics, we are now closer
to understanding how unbalanced gene-nutrient
interactions are involved in the onset and progression

Abstract
Obesity and nonalcoholic steatohepatitis are increasing
in westernized countries, regardless of their geographic
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of these diseases. The implementation of regionalized
diets based on the genetic ancestry and natural staple
food sources of each population may result in better
health and nutrition worldwide. Further studies are
required to tailor the appropriate diet for each type
of population to win the battle against obesity and
associated co-morbidities.

the next-in-line co-morbidity after viral hepatitis
and alcoholic liver disease may be non alcoholic
fatty liver disease (NAFLD), which comprises fatty
[13,14]
liver and nonalcoholic steatohepatitis (NASH)
.
Unchecked, these conditions may lead to fibrosis/
[15-17]
cirrhosis and hepatocellular carcinoma
. However,
despite the similarity in the rising worldwide pattern
of obesity, the myriad causal-effect relationships
involved in the pathogenesis of NAFLD/NASH are not
[18]
fully understood . Moreover, virtually all stages of
progression, from obesity to long-term complications,
may be modulated by hereditary and environmental
[11,18]
factors
. Hence, the wide variety of abnormal
metabolic phenotypes derived from the obese
state may be due to disparities in the population´s
distribution of gene polymorphisms interacting with
nutritional factors.
Currently, genomic sciences are providing us with
a better understanding of how nutrients interact
with the human genome and the impact of natural
selection on genes involved in modern-day complex
[19]
diseases . Additionally, variations in the allelic
frequencies of nutrient-related polymorphisms may
mark the differences in risk of complex diseases
[20]
among populations . Moreover, human societies that
have conserved their staple food diet are less prone
[4,21]
to nutrition-related diseases
. Thus, prevention
and treatment strategies for obesity-related diseases
should be based on the rationale of a regionalized
genome-based diet rather than a one-size-fits-all
[5]
approach . The components of such a diet should
focus on the genetic susceptibility and the traditional
food culture of each population. Thus, the aim of this
editorial is to describe several gene-diet interactions
that may contribute to obesity and NAFLD/NASH. We
conclude with a genome-based nutrition intervention
strategy that defines the best dietary resources
according to the individual’s background.

Roman S, Ojeda-Granados C, Ramos-Lopez O, Panduro
A. Genome-based nutrition: An intervention strategy for
the prevention and treatment of obesity and nonalcoholic
steatohepatitis. World J Gastroenterol 2015; 21(12): 3449-3461
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i12/3449.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i12.3449

INTRODUCTION
Overweightness and obesity have been relatively
accepted as the conspicuous culprit associated with
the increasing incidence of metabolic-related co[1,2]
morbidities . The rate by which the prevalence of
obesity has increased in the last decades has led
health experts to estimate that 1.4 billion adults
are overweight globally, and of these overweight
[3]
adults, 300 million are obese . In addition, obesity
has grown markedly faster among the developing
countries in a shorter time span than the developed
[4]
world . In consequence, regardless of whether
populations are geographically located in the Eastern
or Western hemisphere, populations that have rapidly
adopted a westernized lifestyle are now immersed
[5]
in an obesogenic environment . This environment
is characterized by the consumption of caloriedense foods, reduced physical activity, and greater
psychosocial stress driven by macro-level factors
[6,7]
of globalization
. Unfortunately, as the world’s
adult population obesity increases, the next human
generations are becoming more susceptible to gaining
weight at earlier stages of life. Estimations using World
Health Organization data have shown that global
childhood obesity increased from 4.2% in 1990 to
[8]
6.7% in 2010 . Furthermore, as this trend continues
to rise, the relative risk of morbidity and mortality due
[9]
to premature type 2 diabetes mellitus (T2DM) and
[10]
cardiovascular disease (CVD) is rising accordingly.
The link between obesity and the increasing
prevalence of associated chronic illness is that obesity
[1]
is more than an input-output energy ratio imbalance .
Obesity generates a highly complex multisystem
deregulation of the glucose and lipoprotein metabolism
orchestrated by insulin resistance invoked through
[11]
an excess of serum fatty acids . Insulin resistance
is a key component of the metabolic syndrome that
ultimately leads to cellular oxidative stress and lowgrade systemic inflammation affecting several tissues
[12]
and organs . One such organ is the liver. Thus,
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EVOLVING HUMAN GENOME-NUTRIENT
INTERACTIONS
Evolutionary genomics has offered insights on how
new climates, diet, and infectious diseases exert
positive selective pressures on the human genome,
[20,22]
especially within human subpopulations
. Hunting
the genome for “signatures” of positive selection has
led scientists to parts of metabolic gene sequences
that evolve more rapidly than others when exposed
[20,23,24]
to environmental challenges
. However, these
adaptive challenges can occur in distinct geographic
areas, rendering differences in the frequency of
alleles of the single nucleotide polymorphisms (SNPs)
that allow carriers to adapt to such environmental
[20,25,26]
challenge
. Interestingly, this dynamic interaction
between genes and diet also seems to be mediated
by culture practice. For example, a recent discovery
was the finding that the marine microbe Zobellia
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Table 1 Allelic frequencies of nutrient-interacting genes in America and worldwide
Gene

Allele

Population

MTHFR

677T

Huicholes (Native Mexican)
Asian
European
African
European
Asian
Southwest Native American
Asian
European
European-American (high starch diet)
Mexican (high starch diet)
Biaka African (low starch diet)
Yakut Asian (low starch diet)
Egyptian
Caucasian
African American
North Indian
Xavantes (Native Brazilian)
Coras (Native Mexican)
European
Asian
African
African
European
Asian
Huicholes (Native Mexican)
Huicholes (Native Mexican)
African
Asian
European
European
White Brazilian
Mapuches (Native Chilean)
Black Brazilian

TAS2R38 AVI
PAV

AMY1

Copy number

CD36

-31118A

ABCA1

230C

APOE

E2

E4

LCT

-13910T

Frequency (%)

Ref.
Dávalos et al[28] 2000
HapMap-JPT[29]
HapMap-CEU[29]
HapMap-YRI[29]
Kim et al[30] 2003

56.0
36.7
23.7
11
47
30
100
70
49
6.81
6.11
5.471
5.241
67.5
53.6
43.8
38.2
31
29
0
0
0
19
12.7
4.6
0
28.7
27
10.5
1.1
39.1
24.7
22.2
12

Perry et al[31] 2007
Mejía-Benítez et al[32] 2014
Perry et al[31] 2007
Bayoumy et al[33] 2012
Ma et al[34] 2004
Keller et al[35] 2012
Banerjee et al[36] 2010
Acuña-Alonzo et al[37] 2010

Singh et al[38] 2006

Aceves et al[39] 2006
Singh et al[38] 2006

Corella et al[40] 2010
Mattar et al[41] 2009
Morales et al[42] 2011
Mattar et al[41] 2009

1

Mean copy number.

[30]

galactanivorans may have transferred algae-digesting
enzymes to the human gut bacterium Bacteroides
[26]
plebeius . This microbe contains a B-prophyranase
gene similar to one identified in the marine bacterium
that breaks down algae carbohydrates, as in the food
nori, which otherwise would be indigestible. However,
to date, only people of Japanese ancestry, who have
a legendary consumption of nori-made sushi-rolls and
other algae-based foods, are gifted with this type of
microbiota. Another example is the lactase persistence
trait: the ability to digest fresh milk and other dairy
products into adulthood is more frequent in pastoralist
and dairying populations of northern Europeans and in
certain African and Arabic nomadic groups, in contrast
[27]
to the rest of the world . Likewise, among the Latin
American countries, milk was never a genetically
recognized food among the Amerindians until the
arrival of the Europeans.
In Table 1, several nutrient-interacting genes
are depicted to illustrate their contrasting allelic
frequencies worldwide, including the Americas. The
methylenetetrahydrofolate reductase (MTHFR) enzyme
[28,29]
involved in the one-carbon metabolism
, the taste
receptor 2R38 (TAS2R38) for the perception of bitter
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and pungent substances , amylase 1 (AMY1) to digest
[31,32]
complex carbohydrates
, lipid metabolism genes:
[33-36]
Class B scavenger receptor (CD36)
, ATP binding
[37]
cassette transporter (ABCA1)
and Apolipoprotein E
[38,39]
[40-42]
(Apo E)
, and lactase (LCT) enzyme
all express
population-based allele dominance that may define
[20,35,36]
differential dietary requirements within humans
.
Moreover, these adaptive genes that were once
shaped in a specific natural environment may now
become disease alleles due to the rapid shifting manmade surroundings or even recent genetic admixture
[43-45]
of a given population
. Therefore, in the following
section, we explain the genetic basis and food history
common to the American population of which Mexico
is representative.

AMERINDIAN ANCESTRY AND FOOD
HISTORY IN LATIN AMERICA
Early years: First settlers and native food sources

The indigenous Americans descend from at least three
streams of gene flow, and archaeological evidence
shows that early settlers in Mexico date back to 30000
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[46,47]

[52]

years ago
. The nomadic lifestyle of the initial
ancestors and the climatic changes conditioned their
[48]
southward expansion through the American continent .
The initiation of the food history in septentrional Latin
America begins in two pre-Hispanic geographical
regions with distinct ecosystems. Aridoamerica, an
extraordinarily biodiverse dryland situated in the north
and central region, was the home of small and isolated
[49]
semi-nomadic groups living a Paleolithic lifestyle . In
contrast, Mesoamerica was a territory that extended
from the middle region of Mexico to the northern part
of Central America. It has incredible natural biodiversity,
especially in the Mexican Basin, which has since early
times drawn nomadic groups of hunter-gatherers to
[50,51]
becoming sedentary societies eventually
. They
were small groups of people living on a Paleolithic
diet consisting of wild plants, lacustrine animals, and
[50]
hunting small animals, followed by big game . The
adequate climatic conditions and environment of
Mesoamerica allowed the first cultivation of plants (5500
BC). Finally came the emergence of agriculture and the
development of the Neolithic sedentary societies (2500
[51]
BC; Pre-Classic stage) .
The development of several agricultural societies
was the starting point of a new food chain system that
allowed the consumption of a mixed diet based on
cultivated plants such as maize, squash, chili, avocado,
edible green leafy vegetables known as “quelites”,
[45,50,51]
amaranth, chia and beans
. However, it also
included turtle meat, deer, domesticated dogs and
other foods obtained by fishing, hunting and gathering
practice. In the following years, comprising the Classic
(150-900 AC) and Post-Classic (900-1519 AC) stages,
the pre-Hispanic cultures developed, grew and spread
along with intensive agricultural production using the
milpa (cornfield combined with other staple plants)
[50,51]
and chinampas systems (wetland agriculture)
.
Before the conquest, the most developed population
was Tenochtitlan (the Aztec capital city). By this time,
the food regime of most all the neighboring ethnic
groups was mainly the pre-Hispanic diet that will be
discussed in section Ⅳ. Meat was uncommon for most
people, and its consumption was reserved for the
“nobles” or at special ceremonies; instead, most of the
population ate several species of worms, insects, and
wild herbs that were a rich source of protein. These
ancestors took wisely what was given by nature and
turned it into peculiar tasty dishes. Furthermore, they
discovered the healing powers of food, what to avoid
and eat to prevent and cure diseases.

1851 . The Spaniards introduced a wide variety of
crops and domestic animals that allowed them to
continue their own food habits. Foodstuffs such as
wheat, sugar cane, cattle, pigs, sheep, goats, chicken,
radish, lettuce, cabbage, cucumber, pomegranate,
pear, apple, grape, fig, peach, and oils, among others
[45]
were brought . Thus, the original diversity of the
rich pre-Hispanic sources of nutrients was diminished
due to eradication by the Spaniards of all food that
was related to non-Christian religious ceremonies or
unfamiliar to their taste buds. They abandoned some
foods such as amaranth and chia, rich in proteins and
polyunsaturated fats, yet on the other hand, a new
admixture of novohispanic dishes arose.
Over time, the Amerindian population decreased
due to warfare, overwork and the presence of
epidemic diseases, allowing the widespread settlement
of Europeans together with the almost complete
imposition of their culture, followed by the arrival of
[52]
slaves from several regions of Africa . These three
populations were the founder races that originated
the genetic admixture of the early mestizos, socially
known as “las castas”, which prevailed during the 300
[45]
year Colonial period . This time served as the cradle
of the genetic and cultural differences that continue in
present-day Mexico, which also occurred among other
Latin American countries.

Gradual transformation of food habits

Intertwined with the early historical events of Mexico‘s
Independence (1821) and Revolution (1921) came
th
the gradual industrial growth from the 17 through
th
the 18 century that brought new foreigners to
Mexico. In recent years, immigration has shaped the
[53]
present-day gene pool of the Mexican population .
Thus, genome-wide analysis has shown that the
genetic architecture of the Mexican population and of
most Latin American populations is a heterogeneous
admixture of Amerindian, European and African
[39,46,48]
ancestries
. However, the percentage of each
ancestral component varies with region, contributing
[39,53,54]
to the overall heterogeneity
.
Mexico’s food history provides an excellent setting
to explore the effect caused by the interaction between
ancestral genes and the native food regimen, one that
might have exerted selective pressures on certain SNP’s
related to food metabolism. Having been positively
selected, they served for survival in the ancestral
environment; however, at present, they may have
become detrimental. In the last five hundred years,
the Mexican population has “progressed” from a
society with a traditional lifestyle to a modern lifestyle
along with an unfortunate nutrition transition. Thus,
in the following section, we describe some examples
of mismatched gene-nutrient interactions and their
plausible association with metabolic liver disease.

Conquest and colonial times: The initial genetic and
food culture admixture

In 1519, the Spaniards arrived. The genetic and
cultural admixture of the Amerindian forefathers
began with the European colonization that continued
from the conquest of Tenochtitlan in 1521 until
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tolerance for both the pungency of capsicum, the main
¨hot¨ component of the chili plant, and for the bitter
taste of the quelites may have required the presence
of a non-taster phenotype. Thus, the non-tasting
for quelites allows on the one hand the acquisition
of adequate amounts of dietary folates, which, in
conjunction with the aforementioned MTHFR C677T
SNP, allows a proper metabolism of homocysteine
and the final endogenous production of glutathione.
Currently, vitamins A and C have been studied for
their antioxidant properties in the treatment of liver
diseases, although glutathione is a clinically significant
antioxidant because low levels play an important role
[64]
in the pathogenesis of NAFLD .

GENETIC ADAPTATIONS FOR REGIONAL
FOOD SOURCES
Vegetables

MTHFR C677T polymorphism: The Amerindian's
pre-Hispanic diet was rich in a wide variety of
vegetables that provided the vitamins and minerals
needed to prevent nutritional deficiencies. Many
indigenous foods such as maize, green beans,
avocado, chia and “quelites” are natural sources of
[45]
folates . An extensively studied SNP is the 677T
allele of the MTHFR gene that encodes a thermolabile
enzyme with decreased activity. This enzyme catalyzes
the conversion of 5, 10-methylenetetrehydrofolate
to 5-methyltetrahydrofolate, the most abundant
[55]
form of folate in the plasma
and a co-substrate
for homocysteine remethylation to methionine. In
combination with an insufficient folate intake, it has
[56]
currently been associated with neural tube defects ,
[57,58]
CVD
, hyperhomocysteinemia, liver steatosis and
[59-61]
NASH
. However, the abundance of folates in
the Amerindian’s pre-Hispanic diet could have acted
as a positive selection pressure for this SNP without
causing any disease in the population. Evidence of
genetic selection for the T allele related to folate
[62-64]
intake has been reported
. In regard to the
Mexican population, the highest frequencies of the T/T
genotype have been found among native groups with
a high Amerindian ancestry compared with other world
populations, as shown in Table 1.

Legumes and cereals

Copy number of AMY1 gene: Our Amerindian
predecessors were creators of complex agricultural
systems, nearly 7000 years ago. In the milpa and
the chinampas grew many new foods, some of which
contained a high content of starch, such as maize and
[45]
beans . Therefore, as in other agricultural societies,
it may be inferred that the Mexican population
is genetically adapted to diets high in complex
carbohydrates. This dietary change increased the
need for a higher protein levels of salivary amylase
(enzyme responsible for starch hydrolysis), which
has been associated with an increase in the number
[69]
of copies of the gene encoding it (AMY1)
It has
been hypothesized that natural selection may have
influenced the variation of the AMY1 copy number
in human populations with traditionally high-starch
diets, thus improving the efficiency by which these
[31]
foods are digested in the gastrointestinal tract .
Some studies have shown that AMY1 copy number is
positively correlated with the level of amylase protein
[68,69]
expression in saliva
. Furthermore, it was found
that the mean diploid AMY1 copy number is higher in
individuals from agricultural populations with diets rich
in complex carbohydrates (European-Americans and
Japanese) than individuals from populations with diets
including relatively few starchy foods (Datog, Mbuti
and Biaka in Central-East region of Africa and the
Yakut in Asia) (Table 1). AMY1 copy number has been
recently studied in the Mexican population, in which
a high copy number of the AMY1 gene may protect
[32]
against obesity . However, a high intake of simple
carbohydrates in the diet has showed correlation with
obesity and severity of fatty liver in the absence of
[70,71]
traditional risk factors
.

TAS2R38 haplotypes: The ability to taste bitter
substances such as the ones found in cruciferous
vegetables as well as the perception of sweet taste,
the pungency of chili peppers and the texture of fats
varies within human populations. In this connection,
studies have suggested that exposure to these food
substances may have been an important factor in the
[65]
evolution of this trait . This ability is sustained by
the genetic variability of three functional SNPs in the
[66]
TAS2R38 gene that have led to the existence of two
amino acid haplotypes: alanine, valine, isoleucine (AVI),
and phenylalanine, alanine and valine (PAV). AVI/AVI
homozygotes present the lower bitter taste sensitivity
(non-tasters), whereas PAV/PAV homozygotes show
[66,67]
the highest sensitivity to these flavors (tasters)
(Table 1). Consistently, it has been reported that AVI/
AVI homozygotes consume more bitter cruciferous
vegetables than either PAV/AVI heterozygotes or PAV/
[68]
PAV homozygotes . Therefore, being a non-taster
may have significant health benefits, as bitter tasting
foods such as grapefruits, coffee and cruciferous
vegetables have been recognized for their antioxidant
properties.
In regard to the pre-Hispanic diet, the wide variety
of chili plants (Capsicum spp.) of Mesoamerica were
essential ingredients of the staple diet and thus a good
[45]
source of vitamins such as A and C . However, the
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Fats and cholesterol

CD36 gene: The overconsumption of high-fat
foods depends upon their high palatability and taste
[72-75]
perception
. Class B scavenger CD36 receptor
plays a fundamental role in the taste perception of
[76]
dietary fat by capturing long-chain fatty acids into
[77]
the cell . Thus, the genetic variability of the CD36
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gene could explain the differences in fat perception and
[35]
fat preferences across individuals (Table 1). It has
been reported that SNP -31118G>A in the promoter
region predicts the oral responses and preference for
dietary fat in adults of African-American ancestry by
[78,79]
reducing the CD36 expression
. Positive selective
pressure may have favored the A allele in the native
Amerindians because the composition of their habitual
diet has been low in fat, thus maintaining low levels
of the CD36 receptor. However, exposure to the
obesogenic environment in which the country is
currently immersed could favor the consumption of
high-fat foods and obesity.

substitutions confer differential binding affinities for
their respective receptors. Apo E3 allele is the most
frequent isoform that allows the proper binding of
Apo E-containing lipoproteins to their receptors (E/B,
[83]
rLDL) . However, the E2 isoform binds defectively
to the LDL receptors, whereas the E4 isoform has a
higher affinity for triglyceride-rich lipoproteins that
increases the liver uptake of these lipoproteins;
[83,84]
consequently, LDL receptors are down-regulated
.
Apo E4/E4, E4/E2 or E4/E3 carriers tend to have
higher serum levels of LDL and total cholesterol,
[85]
compared with their E2 allele counterparts .
However, the E2 allele confers genetic susceptibility to
hypertriglyceridemia. In West Mexico, this allele has
been associated with hypertriglyceridemia and early
[86]
onset of alcoholic cirrhosis .
The distribution of the Apo E alleles varies both
globally and within the admixture Mexican population
(Table 1). This genetic variation has been linked with
differences in the prevalence and predominance of
dyslipidemia reported among the population, as well
as their interaction with environmental factors, such as
diet. Although the Apo E2 allele has been associated
with European ancestry, Apo E3 is predominant among
the inhabitants of Central Mexico, and the Apo E4
allele has been associated with African ancestry or
[46]
Amerindian groups . To date, this allele has one
of the highest rates worldwide within the Huicholes
population from West Mexico (Table 1). As the E4 allele
reduces the efficiency of cholesterol metabolism, these
native carriers could have been protected by their lowfat diet in their natural environment, reinforced by the
ABCA1 polymorphism. However, it may become a risk
allele when these carriers consume a high-fat urban
diet.

ABCA1 R230C polymorphism: Foods such as
avocado, squash seeds, cacao, and chia, as well as
lacustrine resources and the lean meat of certain
animal species were the staple fat sources from our
[45]
ancestors’ diet . These sources were characterized
primarily by providing polyunsaturated fatty acids and
[37]
low amounts of saturated fat and cholesterol . ABCA1
is the major transmembrane transporter that mediates
the efflux of cholesterol and phospholipids from cells
to apolipoprotein A-Ⅰ (apoA-Ⅰ) to generate nascent
[80]
HDL particles . Thus, the liver not only participates
in synthesizing these nascent HDL particles, which are
transported to the periphery for reverse cholesterol
transport, but also serves as a source of cholesterol for
plasma HDL acceptors (including ovary, adrenal and
testis tissues). Therefore, the liver and peripheral cells
modulate the intracellular level of cholesterol by the
[81]
level of expression of the ABCA1 transporter .
However, the non-synonymous variant R230C of
the ABCA1 gene has been associated with low HDL
cholesterol levels because it reduces the cholesterol
efflux by 27%. Interestingly, this variant has shown
evidence of recent positive selection in NativeAmericans, given that it has been found to be
exclusive to Native American and Native Americanderived populations. It has been speculated that 230C
carriers could have had a selective advantage, due to a
lower cholesterol efflux, that could favor the storage of
intracellular cholesterol and energy to survive periods
of famine and adapt to low-fat diets. However, under
current westernized lifestyle changes, the 230C allele
may represent a disadvantage for low HDL cholesterol
levels (hypoalphalipoproteinemia), indeed one of the
[37]
most common dyslipidemia in Mexicans . Moreover,
this variant has also been associated with higher body
[82]
mass index and NAFLD .

Milk and dairy products

Lactase: Lactase is an enzyme expressed in the
intestinal microvilli, which hydrolyzes the disaccharide
lactose made up by glucose and galactose. In
newborns, this enzyme is highly expressed to digest
human milk. After weaning, a typical phenomenon
known as “lactase non-persistence” takes place and is
characterized by the decreased enzyme expression. As
a result, the adult lactase activity decline, and lactose
cannot be hydrolyzed, presenting poor absorption.
However, this result commonly occurs in the presence
of C-13910T allelic polymorphism at the promoter
region of the lactase gene LCT. Among the Europeans,
the -13910T allele has been associated with lactase
persistence in adulthood, with a prevalence of this
[87]
phenotype reaching 90% . In this case, positive
selection of this polymorphism, approximately 5000
years ago, could be related to the long history of
cattle domestication and consumption of dairy
[88]
products in this population . In contrast, cattle and
dairy products were absent in the Amerindian’s preHispanic diet because they were introduced quite
[45]
recently, after the arrival of the Spaniards . Although

Apo E polymorphism: The Apo E gene encodes a
plasma glycoprotein that is part of the structure of
triglyceride-rich lipoprotein (VLDL, HDL, chylomicrons).
Thus, Apo E protein mediates their metabolism in the
liver and acts as a ligand for low-density lipoprotein
(LDL) receptors. Three alleles (E2, E3, and E4)
determine six genotypes with well-described amino
[83]
acid substitutions at positions 112 and 158 . Such
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shares geographic and ethnic/linguistic similarities,
it also has considerable genetic and cultural diversity
[92]
between and within countries . In consequence,
the epidemiological transition has been more hete
rogeneous than in other regions of the world. For
instance, countries such as Argentina and Chile exhibit
a predominant Caucasian ancestry with consumption
of a more western-type diet and have higher rates
of excess weight (> 60%), whereas Central America
displays a more Amerindian dietary culture, with high
intake of grains and vegetables, and prevalence rates
[92,93]
range from 30% to 55%
.
Likewise, Mexico is among the most westernized
counties of the Americas and is currently in the mists
of the epidemic of obesity, with an accumulated
prevalence rate of about 70% among the adult
population (overweightness and obesity) and 26.2%
for children, which constitutes a major risk factor
[93]
for T2DM, CVD and NAFLD/NASH . The National
Nutrition Survey showed that the national overweight
prevalence (BMI ≥ 25) for adults increased
[93]
significantly from 61.8% in 2000 to 71.3% in 2012 .
However, the more developed industrial States in
Northern Mexico have very similar epidemiological
indicators to the ones observed in developed countries,
whereas the less developed Central and Southern
[94]
Mexican States exhibit pre-transitional conditions .
These disparities may be associated with the regional
genetic and culture differences that have been
mentioned before.
Unfortunately, our modern-day diet has shifted
away from many of the healthy traditional preHispanic dietary ingredients of the past. The current
diet of the Mexican population is characterized by
an excessive consumption of industrially sweetened
beverages (high-fructose corn syrup), over-fried foods
cooked in oil or lard, red meat, and confectionary
[95,96]
foods
. These dietary trends have changed the
nutritional composition of the diet by increasing the
proportional amount of saturated fatty acids and (SFAs)
simple carbohydrates (SC), and have decreased the
intake of fiber and important micronutrients such
vitamins and minerals. In Table 2, a representative
hepatopathogenic diet of West Mexico shows that the
population of this region has an excessive amount of
macronutrient calories and an imbalanced intake of
micronutrients with antioxidant, anti-inflammatory
[95,97,98]
and anti-fibrogenic properties
. It has been
documented that the long-term consumption of this
unbalanced diet is an important risk factor for the
development of obesity and NAFLD/NASH in many
[6,7]
countries worldwide .

Table 2 Hepatopatogenic diet of the general population of
West Mexico (n = 425)
Nutrient

Dietary reference values

Protein
Total fat
SFAs
MUFAs
PUFAs
Cholesterol (mg)
Total carbohydrates
Simple carbohydrates
Fiber (gr)
Vitamin A (μg)
Vitamin C (mg)
Folic acid (μg)
Vitamin E (mg)
Iron (mg)
Magnesium (mg)
Sodium (mg)
Selenium (μg)
Zinc (mg)

15%
< 30%
< 7%
20%
10%
< 200
50%-60%
< 10%
30
1000
60
200
10
15
350
< 2400
55-70
15

1

mean ± SD
17.3 ± 4.2
35.5 ± 8.3
10.0 ± 3.8
11.5 ± 4.8
4.6 ± 2.5
254.3 ± 144
48.6 ± 8.8
16.7 ± 12.5
15.5 ± 9.2
805.1 ± 679
86.4 ± 97.9
148.7 ± 107
2.8 ± 4.3
13.1 ± 6.6
219.2 ± 123.5
1924.7 ± 947
35.5 ± 22.1
5.7 ± 2.8

Adapted from Ramos-López et al [95] 2013. Dietary Reference Values:
References[97,98] SFAs: Saturated fatty acids; MUFAs: Monounsaturated
fatty acids; PUFAs: Polyunsaturated fatty acids.

the C-13910 allele distribution has not yet been fully
studied among the Latin American population, it is
known that the lactose intolerance phenotype occurs
[89,90]
in up to 80% of the Mexican adults
. However,
the genetic admixture, following the arrival of the
Spaniards and the introduction of livestock and dairy
products, has allowed certain part of the population
to digest milk in adulthood. The high frequency of
the lactase non-persistence phenotype indicates that
humans are genetically predisposed to discontinue
enzyme production because by nature, breastfeeding
is essential only during the first years of life, just as
cow’s milk is necessary only for her calf. Moreover,
given the prevalence of the ABCA1 and Apo E
polymorphisms in the Mexican population, dairy foods
are high in saturated fat and cholesterol and should
be recommended with caution in individuals who have
these variants. Thus, regarding the gene-environment
balance, people with lactase persistence may benefit
from dairy products, yet may be at risk for obesityrelated diseases. Moreover, people with lactose
intolerance should read the message of their genome:
avoid dairy products.

Modern-day diet composition

These few examples show that the current trend of
globalized (westernized) diets may not be beneficial
for everyone, and increased obesity may be associated
with modifications in peoples´ traditional food.
Moreover, not all populations worldwide are at the
same stage of epidemiological transition, including
nutrition transition. In contrast to Europe and the
United States, it was not until the second half of the
XX century that the westernized lifestyle reached the
[91]
populations of Latin America . Although this region
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REGIONALIZED INTERVENTION
STRATEGY
In 2010, the World Health Organization declared
that after viral hepatitis and alcoholic liver disease,
both NAFLD and NASH would be major global health
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Table 3 Features of nutritional treatment for nonalcoholic steatohepatitis recommended by international guidelines
International guide

Body weight reduction Caloric reduction

Carbohydrates

Fat

Vitamin E

Ref.

5%-10%

25%

↓ Fructose

NI

LaBrecque et al[99] 2014

3%-10%
0.5 kg/wk
3%-10%

NE
NE
500-1000

NE
↓ Fructose
NE

↓ SFAs
↑ ω3:ω6 ratio
NE
↓ SFAs
NE

800 IU/d
NI
800 IU/d

Chalasani et al[104] 2012
Loria et al[105] 2010
Gao et al[106] 2013

WGO
AASLD, ACG, AGA
AISF
ENDO CHINA

WGO: World Gastroenterology Organization; AASLD: American Association for the Study of Liver Diseases; ACG: American College of Gastroenterology;
AGA: American Gastroenterological Association; AISF: Italian Association for the Study of the Liver; ENDO CHINA: Chinese Society of Endocrinology;
SFAs: Saturated Fatty Acids; NE: Not specified; NI: Not indicated.

Table 4 Potential effects of dietary nutrients in the prevention and treatment of obesity and nonalcoholic steatohepatitis
Nutrient
Macronutrients
Complex CHO/DF
MUFAs
PUFAs
Micronutrients
Vitamins C/E
Choline/folic acid
Magnesium
Vitamin D
Food functional components
Lycopene
Polyphenols

Probiotics (Lactobacillus)

Potential effects

Ref.

Microbiota modulation, protection of gut colonization by pathogenic species,
reduction of energy intake
Increased fatty acid oxidation and inhibition of lipogenesis
Increased fatty acid oxidation and insulin sensitivity in target tissues,
inhibition of lipogenesis and anti-inflammatory

Mann et al[107] 2007

Antioxidant and anti-fibrogenic
Hyperhomocysteinemia prevention and lipid transport
Immunomodulatory, antioxidant and regulation of blood glucose levels
Increased insulin sensitivity in target tissues

Chang et al[112] 2006; Parola et al[113] 1992
Vance[114] 2008
Takemoto et al[115] 2013
Takiishi et al[116] 2010

Antioxidant, induction of detoxifying enzymes, anti-inflammatory
Antioxidant, chemopreventive, immunomodulatory, apoptosis and
detoxifying enzymes induction, anti-inflammatory and anti-proliferative
actions
Microbiota modulation, immunomodulatory, production of antibacterial
substances and anti-inflammatory effect

Ip et al[117] 2013
Scalbert et al[118] 2005; Fraga[119] 2007;
Pandey et al[120] 2009

Assy et al[108] 2009; Soriguer et al[109] 2006
Teran-Garcia et al[110] 2007;
Stienstra et al[111] 2007

Iacono et al[121] 2011

CHO: Carbohydrates; DF: Dietary fiber; MUFAs: Monounsaturated fatty acids; PUFAs: Polyunsaturated fatty acids.

[99]

problems in the upcoming years . Thus, diagnostic,
therapeutic, and management options to address
these illnesses should be a top priority at all healthcare
levels. Several actions have been implemented to
prevent or treat obesity. In general, they often pursue
weight loss through lifestyle modifications, such as
reducing dietary energy intake, increasing physical
activity, and addressing risk behaviors in addition
[100]
to pharmacological therapy or bariatric surgery
.
Additionally, a wide variety of commercial diets
[101]
has been promoted to the general public
, and
government agencies have acted through national
campaigns, using “My Plate” from the Dietary
[102]
Guidelines for Americans 2010
in the United States
and “El Plato del Buen Comer” from the Mexican Official
[103]
Norm (NOM-043-SSA2-2012)
. Regarding the
management of NAFLD/NASH, most of the intervention
strategies aim to treat liver disease in conjunction
with the associated co-morbidities such as obesity,
[104]
hyperlipidemia, insulin resistance and T2DM . These
guidelines have been developed based on systematic
reviews and meta-analysis studies that provide
general recommendations concerning quantitative and
qualitative modifications in carbohydrates, fats (SFAs
[99,105,106]
and Omega 6/Omega-3 ratio) and Vitamin E
,
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as shown in Table 3. However, the pathophysiology
of obesity and NASH is highly complicated because
more than one nutritional component and metabolic
[95]
pathway may be affected . Several studies show that
multiple nutrients other than the aforementioned may
abolish the metabolic risk factors involved in obesity/
NASH. These factors include dietary modifications in
[107-110]
[111-115]
the macronutrient
/micronutrient
composition
[116-120]
and functional components
, which have antiinflammatory, anti-fibrotic, anti-proliferative, antioxidant
and immunomodulatory functions, as shown in Table
4. Other micronutrients besides vitamin E, such as
[112,116]
vitamins D and C, have also been suggested
.
Lycopene and polyphenols, which may be provided
by distinct food sources worldwide, have pleiotropic
[118,120]
[121]
properties
. Furthermore, the role of probiotics
in the pathogenesis of inflammatory liver disease is
[122]
an ongoing topic
, in which prebiotics from foods
are an inherent counterpart. Overall, it is obvious
that many beneficial nutrients that may aid against
obesity/NASH can in fact be part of a natural (nonprocessed) diet, one that resembles the staple ethnic
diets of several traditional societies worldwide, such as
the Mediterranean, Japanese/Chinese, Greek, or even
Mexico and other Latin American countries. However, it
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carbohydrates instead of simple sugars is compensated
for by a high number copy of the AMY1 gene. The
ABCA1, CD36, and Apo E genes speak of a diet low in
animal fats, yet adequate in vegetal oils, and avoiding
milk and dairy products may be essential. In general,
these polymorphisms have a higher prevalence among
the native populations; nonetheless, the mestizo
population still shares much of its ancestral Amerindian
component, indicating a traditional staple diet is still
better for healthier nutrition.
Another benefit of the Mexican staple diet is the
well-known combination of maize and nixtamalized
(alkaline-treated) maize-derived products with
beans. These foods not only provide essential amino
[45,126]
acids, calcium and niacin
but also act as natural
prebiotics and add extra resistant starch required
for a healthy gut metabolism. Moreover, these
nutrients were supplemented with the consumption
of indigenous fermented-beverages such as tepache,
pulque and tejuino that provide complementary
probiotics (Table 5). Other ingredients that are not
considered in modern-day diets are the medicinal/
culinary plants that were often added to the food as
species or herbs that are known to be beneficial.

Table 5 Beneficial nutrient content of the staple diet of
Mexico
Scientific name

Common name

Nutrient

Salvia hispanica
Theobroma cacao

Chia
Cocoa

Zea mays

Maize

MUFAs, PUFAs, magnesium
MUFAs, magnesium,
polyphenols
Magnesium, choline, vitamin
E, MUFAs
Vitamin E
Magnesium, choline, PUFAs
Choline, magnesium, PUFAs
Vitamin C
Vitamin C
Magnesium, vitamin C
Vitamin C
Lycopene, vitamin C
Lycopene
Vitamin D
Vitamin D
PUFAs
Vitamins C and E
MUFAs, vitamin E
Probiotics

Prunus dulcis
Phaseolus vulgaris
Amaranthus caudatus
Psidium guajava
Carica papaya
Chenopodium mexicanum
Capsicum annuum
Solanum lycopersicum
Citrullus lanatus
Ictalurus punctatus
Thunnus albacares
Cucurbita pepo
Cucurbita pepo
Persea americana
Lactobacillus spp

Almond
Bean
Amaranth
Guava
Papaw
Quelites
Chili
Tomato
Watermelon
Catfish
Tuna fish
Squash seeds
Squash
Avocado
Tejuino1,
Pulque2,
Tepache3

Adapted from Ledesma-Solano et al[126]. MUFAs: Monounsaturated fatty
acids; PUFAs: Polyunsaturated fatty acids. 1Tejuino, fermented maize
beverage; 2Pulque, fermented agave plant beverage; 3Tepache, fermented
fruit beverage, commonly pineapple.

CONCLUSION
Due to the high prevalence of obesity in Mexico and
abroad, it appears feasible that any attempt to provide
an intervention strategy should be based on the most
frequent genetic polymorphisms and food culture of
each population. This approach could provide a fitter
gene-nutrient interaction that justifies the adoption of a
regionalized diet, which is not only socially accepted by
the general public, but is also energy-balanced, natural,
and nutritious. In the age of globalization, it would only
be fair to take advantage of the many Mesoamerican
“gifts” that have been given to the world, such as maize,
beans, tomatoes, squash, potatoes, vanilla, cocoa, and
chili, instead of promoting an apparently well-balanced
diet with industrial processed ingredients. Therefore,
to combat obesity and its unhealthy consequences, it
is crucial to continue analyzing the genetic signature
“written” on the human genome. This action may be
worth replicating in other populations around the world
to achieve sustainable and healthier lifestyles according
to the genetic background and food culture of each
society.

is also true that globally, many populations are losing
[123]
their food culture .
On the other hand, commercial diets and international
guidelines are intended for the general population;
however, by means of nutritional genomics, the trend
for the prevention and treatment of obesity-related
liver diseases may now consider the individual’s
genetic make-up and environmental context. To date,
individual genotyping is not feasible in all regions of
the globe, so a personalized diet is an idea that still
[124]
seems distant from application
. However, based
on what has been discussed in this paper, a country
with knowledge of its genetic and food history and
of the distribution of the selected nutrient-interacting
genes related to ancestral diets, has the advantage
of being able to appropriately adjust nutritional
[125]
recommendations by regions . Thus, an alternative
approach could be first to focus on a “region-tailored
diet” as at present no effective pharmacological
[99]
therapy exists for obesity/NASH .
In particular, Mexico has been the origin of many
endemic and domesticated plants and animals ever
since pre-Hispanic times. A regionalized diet is feasible
if it is based on local fresh produce, such as seasonal
fruits and vegetables, grains and oilseeds that contain
low-calorie nutrients and many functional ingredients
as depicted in Table 5. In resemblance to the ancestral
diet, regional diets could be rich in vitamins, minerals,
and folates that are known today to avoid steatosis.
The consumption of a high-starch diet rich in complex
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Management of hepatocellular carcinoma with portal vein
thrombosis
Matthew Quirk, Yun Hwan Kim, Sammy Saab, Edward Wolfgang Lee
requires an understanding of multiple therapeutic
options. PVT is present in 10%-40% of HCC at the
time of diagnosis, and is an adverse prognostic factor.
Management options are limited, as transplantation is
generally contraindicated, and surgical resection is only
rarely performed in select centers. Systemic medical
therapy with sorafenib has been shown to modestly
prolong survival. Transarterial chemoembolization has
been performed in select cases but has shown a high
incidence of complications. Emerging data on treatment
of PVT with Y-90 radioembolization suggest that this
modality is well-tolerated and associated with favorable
overall survival. Current society guidelines do not yet
specifically recommend radioembolization for patients
with PVT, but this may change with the development
of newer staging systems and treatment algorithms. In
this comprehensive literature review, we present current
and available management options with the relative
advantages, disadvantages and contraindications of
these treatment options with summarized data on
overall survival.
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Core tip: Management for hepatocellular carcinoma
(HCC) with portal vein thrombosis (PVT) is more
challenging and limited than for HCC without PVT.
Currently, liver transplantation is generally contraindicated
and surgical resection with curative intent is contro
versial. Systemic chemotherapy with sorafenib has
been shown to modestly prolong survival. Transarterial
chemoembolization has traditionally been considered to
be contraindicated due to its high embolic effect causing
hepatic necrosis and worsening liver dysfunction.
External radiation therapy is limited by the sensitivity
of the liver to radiation toxicity. In this review, these

Abstract
Management of hepatocellular carcinoma (HCC)
with portal vein thrombosis (PVT) is complex and
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treatment options are comprehensively presented, along
with a relatively new modality in the treatment of HCC,
selective internal radiation therapy with yttrium-90.

SURGICAL MANAGEMENT
For eligible patients, liver transplantation remains the
definitive curative treatment for cirrhosis as well as for
hepatocellular carcinoma. However, due to high rates
of tumor recurrence after transplantation in cases of
HCC with PVT, transplantation is generally regarded
[14-16]
as contraindicated in these patients
. Surgical
resection is often technically infeasible in patients
with PVT, and is associated with poorer outcomes.
In a series of 406 patients who underwent partial
hepatectomy for HCC with PVT, the one- and threeyear overall survival were 34% and 13%, respectively,
and the corresponding disease-free survival rates
[17]
were 13% and 5% . Another large series of 438 PVT
patients who underwent resection for PVT found main
portal vein tumor thrombus to be a significant risk
factor for recurrence at 1 year, compared to branch
[18]
portal vein (79% vs 45%) . Overall survival in this
series was 18.8 mo with branch portal involvement and
10.1 mo with main portal involvement. Smaller series
have reported overall survivals of 9 to 15 mo in selected
patients, mostly with good underlying liver function,
[19-22]
many of whom received additional treatments
.
These series generally report operative mortality rates
of 0%-6%.
The most common staging system for HCC employed
in American and European centers, the Barcelona Clinic
Liver Cancer (BCLC) system, recommends against
[23]
surgical resection in cases of PVT . Surgical resection
for HCC with PVT is more frequently employed across
[24]
Asia , where hepatitis B is more common as a
predisposing risk factor and patients tend to have
better underlying liver function. Some centers have
reported survival outcomes for patients with various
degrees of portal vein invasion ranging from 9 to 33
[13]
mo . Outcomes of surgical resection for tumors
involving the main portal vein remain relatively poor
in these series, with reported median survival of nine
to ten months, and 3-year survival rates of zero to six
percent.

Quirk M, Kim YH, Saab S, Lee EW. Management of
hepatocellular carcinoma with portal vein thrombosis. World J
Gastroenterol 2015; 21(12): 3462-3471 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3462.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3462

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
primary liver cancer, the sixth most common cancer
overall, and the third most common cause of cancer[1]
related death worldwide . It is responsible for over
[2,3]
700000 deaths annually . In Western countries, the
incidence of HCC is expected to increase in the coming
years because of an aging cohort of patients infected
with hepatitis C several decades ago and the rising
[4-7]
epidemic of nonalcoholic fatty liver disease .
Portal vein thrombosis (PVT) is a common complication
of HCC, which is associated with a poor prognosis.
Approximately 10%-40% patients with HCC have
[8-10]
PVT at the time of diagnosis
, and approximately
35%-44% will be found to have PVT at the time of
[11]
death or liver transplant . Patients with PVT are
more likely to have metastatic disease at diagnosis,
have fewer therapeutic options, and have shortened
overall survival compared to patients without PVT. In
patients with PVT treated with supportive care, studies
have reported overall survival ranging from two to
four months, compared to 10-24 mo in HCC patients
[9,10,12]
without PVT
. Thrombus involving the main
portal vein is a worse prognostic factor than thrombus
[13]
involving a branch portal vein .
Management options for HCC with PVT are more
limited than for HCC without PVT. Liver transplantation
is generally contraindicated in these patients, and
surgical resection with curative intent is controversial
and not performed in most centers. Percutaneous
ablation, another potentially curative therapy for small
tumors, is less effective and potentially unsafe for
tumors with PVT due to their proximity to the hepatic
vascular structures. Transarterial chemoembolization
(TACE) has traditionally been considered to be
contraindicated in cases of PVT due to its high embolic
effect and the potential for inducing hepatic necrosis
and worsening liver dysfunction. External radiation
therapy is limited by the sensitivity of the liver to
radiation toxicity and the poor hepatic reserve of most
HCC patients. These treatment options are reviewed
below, along with a relatively new modality in the
treatment of HCC, selective internal radiation therapy
with yttrium-90, which is finding application in the
treatment of HCC with PVT (Table 1).
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SYSTEMIC THERAPY
Sorafenib is an oral multikinase inhibitor that targets
tumor cell proliferation and angiogenesis. It was
the first systemic agent shown to improve overall
survival in patients with unresectable HCC, including
those with PVT, and it is currently the only therapy
specifically recommended for HCC with PVT in American
Association for the Study of Liver Disease (AASLD) and
European Association for Study of the Liver (EASL)
[25,26]
guidelines
. The Sorafenib HCC Assessment
[27]
Randomized Protocol (SHARP) trial
compared
sorafenib to placebo in patients with good baseline
liver function (mostly Child-Pugh A) with advanced,
unresectable HCC. Median survival in the treatment
group was 10.7 mo compared to 7.9 mo in the
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Table 1 Up-to-date summary of management options for hepatocellular carcinoma with portal vein thrombosis
Survival data (mo)

Adverse effects

Key references

Additional comments

Overall survival Main PVTT Branch PVTT CP-A CP-B
Supportive
care

2-4

Surgical
resection
Sorafenib

9-33

XRT

9.6

TACE

7-10

5.3

10.2

Y-90 SIRT

5-17

9

17

9-10

6-8

0%-6% operative
mortality
skin reaction, diarrhea,
fatigue

8.1

7.4

2.8

10.4

5.6

radiation induced liver
disease
liver failure,
postembolization
syndrome
fatigue,
hyperbilirubinemia, GI
ulceration

[28]

Pinter et al[40], Chung et
al[41], Luo et al[43], Xue et
al[48]
Salem et al[70], Hilgard et
al[69], Sangro et al[71]

Lowest risk with
nonocclusive thrombus,
cavernous transformation,
superselective TACE
Currently, PVT is one of
the indications for Y90

[34]

control group. In a subgroup analysis , patients with
macroscopic vascular invasion, presumably largely
consisting of PVT, had an overall survival of 8.1 mo in
the sorafenib group, compared to 4.9 in the control
group. The respective times to progression were 4.1
and 2.7 mo. Both of these differences were significant.
The Sorafenib Asia-Pacific Trial, the other landmark
trial of oral sorafenib for patients with advanced
[29]
stage HCC, obtained largely concordant results .
Sorafenib was found to prolong overall survival in
all patients with unresectable HCC (6.5 mo vs 4.2
[30]
mo). In subgroup analyses , sorafenib was found
to have modestly prolonged survival in patients with
macroscopic vascular invasion and/or extrahepatic
spread of tumor (5.6 vs 4.1). Time to progression was
likewise somewhat prolonged (2.7 mo vs 1.2 mo).
Subsequent studies have confirmed that sorafenib
confers a relatively similar survival benefit to patients
with PVT compared to those without, with a similar
[31]
safety profile . The most frequent adverse reactions
to sorafenib are hand-foot skin reaction, diarrhea,
and fatigue, which necessitate dose reduction or
discontinuation in a minority of patients.
Sorafenib is considered appropriate for patients
with unresectable HCC whose liver disease remains
well-compensated (Child-Pugh A). A portion of Child[32]
Pugh B patients may benefit from sorafenib ,
however Child-Pugh C patients are unlikely to benefit
from sorafenib due to their limited life expectancy and
[33]
inability to tolerate the medication . Treatment is
generally continued until there is evidence of disease
progression or death. Combination of sorafenib with
locoregional therapies remains an area of active
investigation. Besides sorafenib, multiple additional
agents are under investigation, but so far none have
demonstrated efficacy in phase Ⅲ trials, either in
the setting of progression on sorafenib or as primary
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Schoniger et al[12],
Minagawa et al[9], Llovet
et al[10]
Lau et al[13], Shi et al[17], Employed in select centers
Chen et al[18], Lin et al[21]
Llovet et al[27], Cheng et Recommended by AASLD
al[29]
and EASL guidelines;
Dose reduction in 25%,
interruption in 44%
Toya et al[53]
Investigational

therapy . Although a select group of patients
responds remarkably to sorafenib, even to the point
[35,36]
of downstaging
, the majority of patients with
PVT have relatively short overall survival expectancy
despite treatment, which has inspired continued efforts
at developing locoregional therapeutic options.

TRANSARTERIAL CHEMOEMBOLIZATION
TACE is a percutaneous technique for delivering
chemotherapeutic agent (generally either cisplatin or
doxorubicin) directly to a liver tumor via its arterial
blood supply. The drug is suspended in iodized ethyl
esters of poppyseed oil (lipiodol), or impregnated into
drug-eluting beads, and is then delivered directly into
the feeding tumoral artery. TACE takes advantage of
the fact that HCC is preferentially fed by the hepatic
arterial circulation, while the majority of blood flow
to the normal liver comes from the portal vein, which
allows relatively selective targeting of tumor and
sparing of uninvolved liver. TACE has an established
role as a locoregional therapy for inoperable tumors,
[37-39]
which has been shown to prolong survival
, and as
a means of maintaining local control of tumor while a
patient awaits definitive surgical management, the so[26]
called “bridge to transplant” .
Historically, PVT has been considered a contraindication
to TACE due to the risk of precipitating liver necrosis
and worsened liver dysfunction, related to the embolic
effect of TACE on an already compromised hepatic
vascular supply. In more recent years, several groups
have reported that subselective and superselective
TACE can be performed safely in some patients
with PVT, and is associated with improved overall
[40-47]
survival
. Overall survival among PVT patients
treated with TACE in these studies ranged from 7.0
to 10.2 mo. In a large nonrandomized study, Luo
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and colleagues prospectively treated 164 patients
with PVT with either lipiodol TACE or conservative
[43]
treatment . Twelve and 24 mo survival rates in the
TACE group were significantly prolonged (30.9%
and 9.2%, vs 3.8% and 0%), and the benefit was
consistent across patients with segmental and main
PVT. A 2013 meta-analysis examined eight controlled
[48]
trials involving 1601 patients with PVT . TACE was
favored over conservative treatment in all studies, and
pooled analysis estimated TACE to have a significantly
beneficial effect on 6 mo and 1 year mortality (HR =
0.41 and 0.44, respectively). In this analysis, TACE
was favored for main as well as branch portal vein
tumor thrombus, and in both Child-Pugh A and B
cirrhotics, although there were fewer patients and
more heterogeneity in these comparisons. A 2014
meta-analysis of 5 studies involving 600 patients
likewise found TACE to be associated with improved
1-year survival compared with placebo in patients with
[47]
PVT .
Overall, TACE is now regarded as a viable the
rapeutic option for select patients with PVT, especially
for those with nonocclusive thrombus or cavernous
transformation of the portal vein, provided their
underlying liver function is relatively preserved and their
tumor burden is such that the procedure is technically
achievable. However, reported overall survival of 7.4
to 10.2 mo is only marginally better than systemic
sorafenib, and inferior to survival that has been reported
with other modalities, in particular selective internal
radiation therapy.

sorafenib in patients with PVT, and found that, after
performing propensity score matching, radiotherapy
[64]
was associated with longer overall survival . Use of
external radiation therapy for HCC is not yet regarded
as standard treatment, but remains an area of active
investigation.

SELECTIVE INTERNAL RADIATION
THERAPY
Selective internal radiation therapy (SIRT) or trans
arterial radioembolization with yttrium-90 is a relatively
new therapeutic modality for HCC and other liver
tumors, in which therapeutic doses of radiation are
delivered to the tumor transarterially. There are two
commercial products currently available, SIR Spheres,
which are 20-60 µm particles made of a biocompatible
resin, and Theraspheres, which are 20-30 µm glass
particles. Both are considered permanent embolic
agents, although due to their small size have much
less embolic effect than a TACE procedure, with
[65]
less effect on hepatic vascular dynamics . Indeed,
continued blood flow to treated tissue is necessary
and desirable for radiation to have its intended effect
through the production of free radicals. Yttrium-90 is a
pure beta-emitting isotope that decays to zirconium-90
with a half-life of 64.1 h. Ninety-four percent of
the total radiation dose is delivered within 11 d of
the procedure. The emitted radiation penetrates
surrounding liver tissue to an average depth of 2.5
mm and a maximum depth of 11 mm, such that there
is essentially no expected radiation exposure to nontreated individuals in contact with the patient, and
post-procedure isolation precautions are not necessary.
Radiation doses delivered to the tumor, however,
can be very high due to preferential flow of embolic
particles toward hypervascular tumor tissue, in a ratio
of between 3:1 and 20:1 compared to unaffected
[66]
liver . Particles preferentially accumulate in the
periphery of tumor masses, where most viable tumor
cells are located. On the basis of explant studies, it
has been estimated that local radiation doses on a
microscopic scale may vary from 100 Gy to more than
[66]
3000 Gy . The radiation dose may be delivered to
the whole liver, to both lobes sequentially, to a single
lobe, or to a segment.
SIRT has found application as a locoregional
therapy for unresectable HCC that is not amenable to
TACE because of diffuse or multifocal disease, or as
[13,67]
an alternative to TACE
. Although no randomized
controlled trials have been performed directly
comparing SIRT with TACE or other local therapies,
numerous retrospective series have reported favorable
outcomes and acceptable safety profiles in HCC
[68-71]
patients
. Subgroup analyses from the three
largest series of HCC patients treated with SIRT,
together totaling over 700 patients, 234 of whom had
PVT, demonstrated remarkably similar overall survival

EXTERNAL RADIATION THERAPY
Use of external radiation therapy for liver lesions has
traditionally been limited in patients with compromised
underlying liver function. These patients are especially
prone to develop radiation-induced liver disease, in the
[49,50]
form of hepatic veno-occlusive disease
. However,
newer techniques, in the form of stereotactic body
radiation therapy, allow high doses of radiation to
be delivered very selectively, with relative sparing of
[51,52]
uninvolved liver
.
There have been few studies specifically examining
the effect of external radiation therapy in HCC with
[53]
PVT. Toya and colleagues
achieved a median
survival of 9.6 mo in 34 HCC patients with PVT using
conformal radiation therapy. Lee and colleagues
treated 46 patients with PVT with conformal radiation
therapy and reported complete or partial response in
[54]
33% . In this series, patients who initially responded
to treatment showed a 1-year survival of 66.8%,
compared to 27.4% among nonresponders. Other
groups have reported overall survival of 10 mo or more
in these patients when external radiation therapy is
[55-57]
combined with other modalities
, and some studies
[58,59]
have specifically combined radiation with sorafenib
[60-63]
and TACE
. A recent retrospective series of
97 patients compared radiotherapy to systemic
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times ranging from 10.0 to 10.4 mo among all patients
[68-71]
with PVT
. The largest group of PVT patients,
reported by Salem and colleagues, showed overall
survival of 16.6 mo among Child-Pugh A cirrhotics
with branch PVT, decreasing to 4.5 mo among Child-B
[70]
cirrhotics with main PVT . This and other series
have reported better overall survival in patients who
demonstrate complete or partial response by WHO or
EASL criteria following SIRT. Smaller series of patients
with PVT treated with SIRT have demonstrated largely
concordant results, with overall survival ranging from
[72-75]
7.2 to 13 mo
. A recent prospective phase Ⅱ trial
including 35 patients with branch or main PVT treated
[76]
with SIRT has reported an overall survival of 13 mo .
In this study, Child-Pugh A patients showed an overall
survival of 16 mo, compared to 6 mo for Child-Pugh
B patients. A small nonrandomized study compared
outcomes in 32 patients with unresectable HCC, one
half of whom had major vascular invasion, following
[77]
either TACE or SIRT . Among patients with major
vascular invasion, the SIRT group showed an overall
survival of 12.0 mo, compared to 8.0 mo in the TACE
group.
Toxicity of SIRT is generally mild compared to
TACE. A robust post-embolization syndrome with
fever, abdominal pain and elevated liver enzymes,
such as is common after TACE, is infrequently seen.
The most common side effects are fatigue (occurring
in approximately 40% of treated patients) and
[78]
elevated bilirubin (in approximately 20%) . Most
serious complications, including radiation pneumonitis,
radiation cholecystitis, hepatic abscess, and radiation
induced liver disease are reported in < 1% of patients.
Gastrointestinal ulceration has been reported to
[78]
occur in approximately 5% of patients , but several
recent large series have reported a 0% rate of GI
[70,76]
ulceration
, and this complication may be largely
avoidable with careful pre-procedure preparation and
[79]
appropriate quantitative radiation dosing . SIRT is
commonly performed as an outpatient procedure,
unlike TACE which usually requires at least an
overnight hospital admission. However, SIRT does
require a separate prior mapping procedure, consisting
of mesenteric angiography to ensure that there are no
branching vessels near the intended catheter position,
such as the gastroduodenal artery or left gastric
artery, which could result in off-target embolization
to bowel. If these vessels are identified they may
be preemptively coil-embolized. Generally as part of
the same pre-SIRT mapping procedure, technetiumlabelled macroaggregated albumin is injected from
the intended catheter position, and subsequent
scintigraphic or SPECT imaging is performed to
quantify the fraction of embolic particles that are
shunted to the lungs. The accepted safe radiation dose
to the lungs is < 30 Gy in a single procedure, and
< 50 Gy total over multiple procedures. Inability to
prevent excessive lung dose or off-target embolization
are contra-indications to SIRT. Additionally, ideal
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candidates for the procedure will have good ECOG
performance status (≤ 2), relatively preserved liver
function (bilirubin < 2, albumin > 3, platelets > 50),
[78,80]
and adequate renal function (creatinine < 2)
.

GUIDELINES FOR MANAGEMENT OF
PORTAL VEIN TUMOR THROMBUS
The BCLC staging system regards portal vein invasion
as advanced (stage C) disease, for which systemic
therapy in the form of sorafenib is the recommended
[23]
[26]
treatment . Current guidelines from the AASLD
[81]
and the EASL
largely embrace BCLC staging and
treatment recommendations. AASLD guidelines
recognize radioembolization as an effective treatment,
but stop short of recommending it for any specific
HCC-related indication due to lack of data directly
comparing it to alternatives such as TACE or
sorafenib. Current EASL guidelines discourage TACE
for patients with macroscopic vascular invasion, and
state that radioembolization can be safely performed
on patients with PVT with promising results, but
more study is needed before it can be recommended
as standard therapy. 2015 guidelines from the
National Comprehensive Cancer Network state that
sorafenib and locoregional therapy are both options
for patients with unresectable disease who are not
transplant candidates, but that arterially directed
therapies are relatively contraindicated in patients
[82]
who have main portal vein thrombosis . Resection
for patients with major vascular invasion is described
as controversial, but may be considered.

FUTURE DIRECTIONS
There are a number of staging systems to characterize
[25,83-87]
HCC
. The BCLC system has been widely adopted
due to its robust prognostic and therapeutic validation.
However, as therapeutic options for HCC, particularly
for those patients with PVT, continue to evolve,
limitations of the BCLC system have become evident.
All patients with macroscopic vascular invasion are
considered to have advanced, stage C disease, and
are recommended for systemic treatment. Given the
data on other surgical and locoregional treatments
reviewed above, it is likely that this recommendation
will come to be regarded as too limiting. The recently
published Hong Kong Liver Cancer (HKLC) staging
[88]
system
is based on a cohort of 3856 patients, and
was developed using rigorous statistical modeling.
This system separates extrahepatic from intrahepatic
vascular invasion, and generally recommends more
aggressive management of early and intermediate
disease, which is likely more in line with current and
evolving practice in specialized centers. The HKLC
staging system may represent an important step in
classifying HCC and guiding treatment, but requires
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further validation, including in Western cohorts, before
it is likely to be adopted in major guidelines.
An active area of investigation concerns the
combination of sorafenib with locoregional therapies
[89]
such as TACE and SIRT . This combination may
maximize tumor cell killing by preventing compensatory
revascularization in response to proangiogenic factors
elaborated by ischemic tumor cells. Subgroup analyses
of the SHARP and Asia-Pacific trials both found
sorafenib to be beneficial in patients who had received
[28,30]
prior TACE
, however these patients received
sorafenib long after their TACE procedure. The two
largest randomized controlled trials to combine TACE
and sorafenib, involving 458 and 307 patients with
unresectable HCC randomized to receive sorafenib or
placebo following TACE, reported only modest benefits
[90,91]
associated with the addition of sorafenib
. However,
a smaller randomized controlled trial has shown a
[92]
significant survival benefit , and nonrandomized
[93-98]
series have likewise shown promising results
.
These studies used varying protocols for combining
TACE and sorafenib. Some, including the two largest,
excluded patients with PVT. The ongoing START trial is
a phase Ⅱ prospective study of the effect of combined
TACE and sorafenib in patients with good performance
status and mostly BCLC B tumors, although second
order branch portal vein involvement was allowed.
[99]
In an interim analysis of 147 patients , adverse
events appeared similar to those associated with the
treatments independently, and early outcomes data
appeared encouraging. Overall, the safety and efficacy
of combined TACE and sorafenib in the population of
patients with PVT remains to be determined.
Fewer studies have focused on the combination
of SIRT with sorafenib. A recently published phase
Ⅱ trial of 29 patients with BCLC stage B or C disease
treated with yttrium-90 SIRT followed by sorafenib
initiated 14 days post procedure, reported similar
rates and severity of treatment-related adverse
events as would be expected with the treatments
[100]
separately
. Importantly, eligibility for treatment
with sorafenib, whether in the context of a trial or in
routine clinical use, requires that the patient’s liver
function be maintained, ideally at the Child-Pugh A
level. A recent series of 63 patients with PVT and
Child-Pugh score ≤ 7 treated with yttrium-90 SIRT
found that progression of Child-Pugh A to Child-Pugh
B disease at the time of tumor progression following
[101]
SIRT occurred in 55% of patients . It may therefore
be prudent to initiate therapy with sorafenib relatively
soon after the procedure, rather than waiting until the
time of tumor progression, to derive the maximum
survival benefit before the patient’s underlying liver
function deteriorates to the point where sorafenib
is contraindicated. The safest and most effective
combination of TACE, SIRT and sorafenib in PVT and in
HCC generally remains an area of active investigation,
[89]
with several ongoing clinical trials . Additionally, data
from the ongoing GIDEON study, a global observational
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database of HCC patients treated with sorafenib, may
likewise yield insights into the safety and efficacy of
various combinations of therapies in the real-world
[102,103]
clinical setting
.

CONCLUSION
HCC is a significant source of worldwide morbidity
and mortality, and one that is likely to increase in
prevalence in Western countries in the coming years.
Despite the emergence of numerous effective, lifeprolonging treatments for HCC, patients with PVT
remain especially challenging to treat and continue
to experience shortened survival. Orthotopic liver
transplantation is generally contraindicated in these
patients due to high rates of recurrence. Hepatic
resection with curative intent is controversial and
infrequently employed in American and European
centers, but may offer favorable overall survival in
selected patients, especially those with branch portal
vein involvement and good liver function. In patients
who are not surgical candidates, various therapies
including systemic sorafenib, TACE, and yttrium-90
SIRT may be management options. Of these, SIRT has
demonstrated excellent safety and tolerability, and a
growing body of data supports its use in patients with
PVT.

REFERENCES
1
2

3
4

5

6

7
8

9

3467

Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma.
Lancet 2012; 379: 1245-1255 [PMID: 22353262 DOI: 10.1016/
S0140-6736(11)61347-0]
Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN
2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269 DOI:
10.1002/ijc.25516]
Yang JD, Roberts LR. Hepatocellular carcinoma: A global
view. Nat Rev Gastroenterol Hepatol 2010; 7: 448-458 [PMID:
20628345 DOI: 10.1038/nrgastro.2010.100]
Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras
M, Landt CL, Harrison SA. Prevalence of nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis among a largely middleaged population utilizing ultrasound and liver biopsy: a prospective
study. Gastroenterology 2011; 140: 124-131 [PMID: 20858492
DOI: 10.1053/J.Gastro.2010.09.038]
Vernon G, Baranova A, Younossi ZM. Systematic review: the
epidemiology and natural history of non-alcoholic fatty liver
disease and non-alcoholic steatohepatitis in adults. Aliment
Pharmacol Ther 2011; 34: 274-285 [PMID: 21623852 DOI:
10.1111/j.1365-2036.2011.04724.x]
Lazo M, Hernaez R, Eberhardt MS, Bonekamp S, Kamel I, Guallar
E, Koteish A, Brancati FL, Clark JM. Prevalence of nonalcoholic
fatty liver disease in the United States: the Third National Health
and Nutrition Examination Survey, 1988-1994. Am J Epidemiol
2013; 178: 38-45 [PMID: 23703888 DOI: 10.1093/aje/kws448]
El-Serag HB. Epidemiology of viral hepatitis and hepatocellular
carcinoma. Gastroenterology 2012; 142: 1264-1273.e1 [PMID:
22537432 DOI: 10.1053/j.gastro.2011.12.061]
Cheung TK, Lai CL, Wong BC, Fung J, Yuen MF. Clinical
features, biochemical parameters, and virological profiles of
patients with hepatocellular carcinoma in Hong Kong. Aliment
Pharmacol Ther 2006; 24: 573-583 [PMID: 16907890 DOI:
10.1111/j.1365-2036.2006.03029.x]
Minagawa M, Makuuchi M. Treatment of hepatocellular

March 28, 2015|Volume 21|Issue 12|

Quirk M et al . Management of HCC with PVT

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

carcinoma accompanied by portal vein tumor thrombus. World J
Gastroenterol 2006; 12: 7561-7567 [PMID: 17171782]
Llovet JM, Bustamante J, Castells A, Vilana R, Ayuso Mdel C,
Sala M, Brú C, Rodés J, Bruix J. Natural history of untreated
nonsurgical hepatocellular carcinoma: rationale for the design and
evaluation of therapeutic trials. Hepatology 1999; 29: 62-67 [PMID:
9862851 DOI: 10.1002/hep.510290145]
Pirisi M, Avellini C, Fabris C, Scott C, Bardus P, Soardo G,
Beltrami CA, Bartoli E. Portal vein thrombosis in hepatocellular
carcinoma: age and sex distribution in an autopsy study. J Cancer
Res Clin Oncol 1998; 124: 397-400 [PMID: 9719503]
Schöniger-Hekele M, Müller C, Kutilek M, Oesterreicher C,
Ferenci P, Gangl A. Hepatocellular carcinoma in Central Europe:
prognostic features and survival. Gut 2001; 48: 103-109 [PMID:
11115830]
Lau WY, Sangro B, Chen PJ, Cheng SQ, Chow P, Lee RC, Leung
T, Han KH, Poon RT. Treatment for hepatocellular carcinoma
with portal vein tumor thrombosis: the emerging role for
radioembolization using yttrium-90. Oncology 2013; 84: 311-318
[PMID: 23615394 DOI: 10.1159/000348325]
Cillo U, Vitale A, Bassanello M, Boccagni P, Brolese A,
Zanus G, Burra P, Fagiuoli S, Farinati F, Rugge M, D’Amico
DF. Liver transplantation for the treatment of moderately
or well-differentiated hepatocellular carcinoma. Ann Surg
2004; 239: 150-159 [PMID: 14745321 DOI: 10.1097/01.
sla.0000109146.72827.76]
Gondolesi GE, Roayaie S, Muñoz L, Kim-Schluger L,
Schiano T, Fishbein TM, Emre S, Miller CM, Schwartz ME.
Adult living donor liver transplantation for patients with
hepatocellular carcinoma: extending UNOS priority criteria. Ann
Surg 2004; 239: 142-149 [PMID: 14745320 DOI: 10.1097/01.
sla.0000109022.32391.eb]
Shimada M, Takenaka K, Gion T, Fujiwara Y, Kajiyama K, Maeda
T, Shirabe K, Nishizaki T, Yanaga K, Sugimachi K. Prognosis of
recurrent hepatocellular carcinoma: a 10-year surgical experience
in Japan. Gastroenterology 1996; 111: 720-726 [PMID: 8780578]
Shi J, Lai EC, Li N, Guo WX, Xue J, Lau WY, Wu MC, Cheng
SQ. Surgical treatment of hepatocellular carcinoma with portal
vein tumor thrombus. Ann Surg Oncol 2010; 17: 2073-2080 [PMID:
20131013 DOI: 10.1245/s10434-010-0940-4]
Chen XP, Qiu FZ, Wu ZD, Zhang ZW, Huang ZY, Chen YF,
Zhang BX, He SQ, Zhang WG. Effects of location and extension
of portal vein tumor thrombus on long-term outcomes of surgical
treatment for hepatocellular carcinoma. Ann Surg Oncol 2006; 13:
940-946 [PMID: 16788755 DOI: 10.1245/ASO.2006.08.007]
Roayaie S, Jibara G, Taouli B, Schwartz M. Resection of
hepatocellular carcinoma with macroscopic vascular invasion. Ann
Surg Oncol 2013; 20: 3754-3760 [PMID: 23884750 DOI: 10.1245/
s10434-013-3074-7]
Pawlik TM, Poon RT, Abdalla EK, Ikai I, Nagorney DM, Belghiti
J, Kianmanesh R, Ng IO, Curley SA, Yamaoka Y, Lauwers GY,
Vauthey JN. Hepatectomy for hepatocellular carcinoma with major
portal or hepatic vein invasion: results of a multicenter study.
Surgery 2005; 137: 403-410 [PMID: 15800485 DOI: 10.1016/
j.surg.2004.12.012]
Lin DX, Zhang QY, Li X, Ye QW, Lin F, Li LL. An aggressive
approach leads to improved survival in hepatocellular carcinoma
patients with portal vein tumor thrombus. J Cancer Res Clin Oncol
2011; 137: 139-149 [PMID: 20340033 DOI: 10.1007/s00432-0100868-x]
Le Treut YP, Hardwigsen J, Ananian P, Saïsse J, Grégoire E,
Richa H, Campan P. Resection of hepatocellular carcinoma with
tumor thrombus in the major vasculature. A European case-control
series. J Gastrointest Surg 2006; 10: 855-862 [PMID: 16769542
DOI: 10.1016/j.gassur.2005.12.011]
Forner A, Reig ME, de Lope CR, Bruix J. Current strategy for
staging and treatment: the BCLC update and future prospects.
Semin Liver Dis 2010; 30: 61-74 [PMID: 20175034 DOI: 10.1055/
s-0030-1247133]
Omata M, Lesmana LA, Tateishi R, Chen PJ, Lin SM, Yoshida

WJG|www.wjgnet.com

25

26
27

28

29

30

31

32

33

34

35

36

3468

H, Kudo M, Lee JM, Choi BI, Poon RT, Shiina S, Cheng AL,
Jia JD, Obi S, Han KH, Jafri W, Chow P, Lim SG, Chawla YK,
Budihusodo U, Gani RA, Lesmana CR, Putranto TA, Liaw YF,
Sarin SK. Asian Pacific Association for the Study of the Liver
consensus recommendations on hepatocellular carcinoma.
Hepatol Int 2010; 4: 439-474 [PMID: 20827404 DOI: 10.1007/
s12072-010-9165-7]
A new prognostic system for hepatocellular carcinoma: a
retrospective study of 435 patients: the Cancer of the Liver Italian
Program (CLIP) investigators. Hepatology 1998; 28: 751-755
[PMID: 9731568 DOI: 10.1002/hep.510280322]
Bruix J, Sherman M. Management of hepatocellular carcinoma: an
update. Hepatology 2011; 53: 1020-1022 [PMID: 21374666 DOI:
10.1002/hep.24199]
Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
de Oliveira AC, Santoro A, Raoul JL, Forner A, Schwartz M, Porta
C, Zeuzem S, Bolondi L, Greten TF, Galle PR, Seitz JF, Borbath
I, Häussinger D, Giannaris T, Shan M, Moscovici M, Voliotis D,
Bruix J. Sorafenib in advanced hepatocellular carcinoma. N Engl
J Med 2008; 359: 378-390 [PMID: 18650514 DOI: 10.1056/
NEJMoa0708857]
Bruix J, Raoul JL, Sherman M, Mazzaferro V, Bolondi L, Craxi
A, Galle PR, Santoro A, Beaugrand M, Sangiovanni A, Porta C,
Gerken G, Marrero JA, Nadel A, Shan M, Moscovici M, Voliotis
D, Llovet JM. Efficacy and safety of sorafenib in patients with
advanced hepatocellular carcinoma: subanalyses of a phase III trial.
J Hepatol 2012; 57: 821-829 [PMID: 22727733 DOI: 10.1016/
j.jhep.2012.06.014]
Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo R,
Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang J, Tak
WY, Pan H, Burock K, Zou J, Voliotis D, Guan Z. Efficacy and
safety of sorafenib in patients in the Asia-Pacific region with
advanced hepatocellular carcinoma: a phase III randomised,
double-blind, placebo-controlled trial. Lancet Oncol 2009; 10:
25-34 [PMID: 19095497 DOI: 10.1016/S1470-2045(08)70285-7]
Cheng AL, Guan Z, Chen Z, Tsao CJ, Qin S, Kim JS, Yang TS,
Tak WY, Pan H, Yu S, Xu J, Fang F, Zou J, Lentini G, Voliotis
D, Kang YK. Efficacy and safety of sorafenib in patients with
advanced hepatocellular carcinoma according to baseline status:
subset analyses of the phase III Sorafenib Asia-Pacific trial. Eur
J Cancer 2012; 48: 1452-1465 [PMID: 22240282 DOI: 10.1016/
j.ejca.2011.12.006]
Yau T, Chan P, Ng KK, Chok SH, Cheung TT, Fan ST, Poon RT.
Phase 2 open-label study of single-agent sorafenib in treating
advanced hepatocellular carcinoma in a hepatitis B-endemic Asian
population: presence of lung metastasis predicts poor response.
Cancer 2009; 115: 428-436 [PMID: 19107763 DOI: 10.1002/
cncr.24029]
Ozenne V, Paradis V, Pernot S, Castelnau C, Vullierme MP,
Bouattour M, Valla D, Farges O, Degos F. Tolerance and outcome
of patients with unresectable hepatocellular carcinoma treated
with sorafenib. Eur J Gastroenterol Hepatol 2010; 22: 1106-1110
[PMID: 20300004 DOI: 10.1097/MEG.0b013e3283386053]
Peck-Radosavljevic M, Greten TF, Lammer J, Rosmorduc O,
Sangro B, Santoro A, Bolondi L. Consensus on the current use
of sorafenib for the treatment of hepatocellular carcinoma. Eur J
Gastroenterol Hepatol 2010; 22: 391-398 [PMID: 19940784 DOI:
10.1097/Meg.0b013e328333df23]
Llovet JM, Hernandez-Gea V. Hepatocellular carcinoma: reasons
for phase III failure and novel perspectives on trial design.
Clin Cancer Res 2014; 20: 2072-2079 [PMID: 24589894 DOI:
10.1158/1078-0432.CCR-13-0547]
Barbier L, Muscari F, Le Guellec S, Pariente A, Otal P, Suc B.
Liver resection after downstaging hepatocellular carcinoma with
sorafenib. Int J Hepatol 2011; 2011: 791013 [PMID: 22135750
DOI: 10.4061/2011/791013]
Jeong SW, Jang JY, Shim KY, Lee SH, Kim SG, Cha SW, Kim
YS, Cho YD, Kim HS, Kim BS, Kim KH, Kim JH. Practical effect
of sorafenib monotherapy on advanced hepatocellular carcinoma
and portal vein tumor thrombosis. Gut Liver 2013; 7: 696-703

March 28, 2015|Volume 21|Issue 12|

Quirk M et al . Management of HCC with PVT

37

38

39

40

41

42

43

44

45

46

47

48

49

50
51

[PMID: 24312711 DOI: 10.5009/gnl.2013.7.6.696]
Llovet JM, Real MI, Montaña X, Planas R, Coll S, Aponte J,
Ayuso C, Sala M, Muchart J, Solà R, Rodés J, Bruix J. Arterial
embolisation or chemoembolisation versus symptomatic treatment
in patients with unresectable hepatocellular carcinoma: a
randomised controlled trial. Lancet 2002; 359: 1734-1739 [PMID:
12049862 DOI: 10.1016/S0140-6736(02)08649-X]
Llovet JM, Bruix J. Systematic review of randomized trials
for unresectable hepatocellular carcinoma: Chemoembolization
improves survival. Hepatology 2003; 37: 429-442 [PMID:
12540794 DOI: 10.1053/jhep.2003.50047]
Lo CM, Ngan H, Tso WK, Liu CL, Lam CM, Poon RT, Fan ST,
Wong J. Randomized controlled trial of transarterial lipiodol
chemoembolization for unresectable hepatocellular carcinoma.
Hepatology 2002; 35: 1164-1171 [PMID: 11981766 DOI: 10.1053/
jhep.2002.33156]
Pinter M, Hucke F, Graziadei I, Vogel W, Maieron A, Königsberg
R, Stauber R, Grünberger B, Müller C, Kölblinger C, PeckRadosavljevic M, Sieghart W. Advanced-stage hepatocellular
carcinoma: transarterial chemoembolization versus sorafenib.
Radiology 2012; 263: 590-599 [PMID: 22438359 DOI: 10.1148/
radiol.12111550]
Chung GE, Lee JH, Kim HY, Hwang SY, Kim JS, Chung JW,
Yoon JH, Lee HS, Kim YJ. Transarterial chemoembolization can
be safely performed in patients with hepatocellular carcinoma
invading the main portal vein and may improve the overall
survival. Radiology 2011; 258: 627-634 [PMID: 21273524 DOI:
10.1148/Radiol.10101058]
Lee HS, Kim JS, Choi IJ, Chung JW, Park JH, Kim CY. The
safety and efficacy of transcatheter arterial chemoembolization in
the treatment of patients with hepatocellular carcinoma and main
portal vein obstruction. A prospective controlled study. Cancer
1997; 79: 2087-2094 [PMID: 9179054]
Luo J, Guo RP, Lai EC, Zhang YJ, Lau WY, Chen MS, Shi M.
Transarterial chemoembolization for unresectable hepatocellular
carcinoma with portal vein tumor thrombosis: a prospective
comparative study. Ann Surg Oncol 2011; 18: 413-420 [PMID:
20839057 DOI: 10.1245/s10434-010-1321-8]
Niu ZJ, Ma YL, Kang P, Ou SQ, Meng ZB, Li ZK, Qi F, Zhao
C. Transarterial chemoembolization compared with conservative
treatment for advanced hepatocellular carcinoma with portal vein
tumor thrombus: using a new classification. Med Oncol 2012; 29:
2992-2997 [PMID: 22200992 DOI: 10.1007/S12032-011-0145-0]
Kim KM, Kim JH, Park IS, Ko GY, Yoon HK, Sung KB,
Lim YS, Lee HC, Chung YH, Lee YS, Suh DJ. Reappraisal of
repeated transarterial chemoembolization in the treatment of
hepatocellular carcinoma with portal vein invasion. J Gastroenterol
Hepatol 2009; 24: 806-814 [PMID: 19207681 DOI: 10.1111/
j.1440-1746.2008.05728.x]
Dai QS, Gu HL, Ye S, Zhang YJ, Lin XJ, Lau WY, Peng ZW,
Chen MS. Transarterial chemoembolization vs. conservative
treatment for unresectable infiltrating hepatocellular carcinoma:
A retrospective comparative study. Mol Clin Oncol 2014; 2:
1047-1054 [PMID: 25279196 DOI: 10.3892/mco.2014.391]
L e n g J J , X u Y Z , D o n g J H . E ff i c a c y o f t r a n s a r t e r i a l
chemoembolization for hepatocellular carcinoma with portal vein
thrombosis: a meta-analysis. ANZ J Surg 2014; Epub ahead of print
[PMID: 25088384 DOI: 10.1111/ans.12803]
Xue TC, Xie XY, Zhang L, Yin X, Zhang BH, Ren ZG.
Transarterial chemoembolization for hepatocellular carcinoma with
portal vein tumor thrombus: a meta-analysis. BMC Gastroenterol
2013; 13: 60 [PMID: 23566041 DOI: 10.1186/1471-230X-13-60]
Lawrence TS, Robertson JM, Anscher MS, Jirtle RL, Ensminger
WD, Fajardo LF. Hepatic toxicity resulting from cancer treatment.
Int J Radiat Oncol Biol Phys 1995; 31: 1237-1248 [PMID:
7713785 DOI: 10.1016/0360-3016(94)00418-K]
Dawson LA, Ten Haken RK. Partial volume tolerance of the
liver to radiation. Semin Radiat Oncol 2005; 15: 279-283 [PMID:
16183482 DOI: 10.1016/j.semradonc.2005.04.005]
Hoffe SE, Finkelstein SE, Russell MS, Shridhar R. Nonsurgical

WJG|www.wjgnet.com

52

53

54

55

56

57

58

59

60

61

62

63

64

3469

options for hepatocellular carcinoma: evolving role of external
beam radiotherapy. Cancer Control 2010; 17: 100-110 [PMID:
20404793]
Jiang W, Zeng ZC. Is it time to adopt external beam radiotherapy
in the NCCN guidelines as a therapeutic strategy for intermediate/
advanced hepatocellular carcinoma?. Oncology 2013; 84 Suppl 1:
69-74 [PMID: 23428862 DOI: 10.1159/000345893]
Toya R, Murakami R, Baba Y, Nishimura R, Morishita S, Ikeda
O, Kawanaka K, Beppu T, Sugiyama S, Sakamoto T, Yamashita
Y, Oya N. Conformal radiation therapy for portal vein tumor
thrombosis of hepatocellular carcinoma. Radiother Oncol 2007; 84:
266-271 [PMID: 17716760 DOI: 10.1016/j.radonc.2007.07.005]
Lee JH, Kim DH, Ki YK, Nam JH, Heo J, Woo HY, Kim
DW, Kim WT. Three-dimensional conformal radiotherapy for
portal vein tumor thrombosis alone in advanced hepatocellular
carcinoma. Radiat Oncol J 2014; 32: 170-178 [PMID: 25324989
DOI: 10.3857/roj.2014.32.3.170]
Sugiyama S, Beppu T, Ishiko T, Takahashi M, Masuda T, Hirata
T, Imai K, Hayashi H, Takamori H, Kanemitsu K, Hirota M,
Murakami R, Baba Y, Oya N, Yamashita Y, Baba H. Efficacy of
radiotherapy for PV and IVC tumor thrombosis in unresectable
HCC. Hepatogastroenterology 2007; 54: 1779-1782 [PMID:
18019717]
Hou JZ, Zeng ZC, Zhang JY, Fan J, Zhou J, Zeng MS. Influence
of tumor thrombus location on the outcome of external-beam
radiation therapy in advanced hepatocellular carcinoma with
macrovascular invasion. Int J Radiat Oncol Biol Phys 2012; 84:
362-368 [PMID: 22381903 DOI: 10.1016/j.ijrobp.2011.12.024]
Yu JI, Park HC, Lim do H, Park W, Yoo BC, Paik SW, Koh
KC, Lee JH. Prognostic index for portal vein tumor thrombosis
in patients with hepatocellular carcinoma treated with radiation
therapy. J Korean Med Sci 2011; 26: 1014-1022 [PMID: 21860551
DOI: 10.3346/jkms.2011.26.8.1014]
Hsieh CH, Jeng KS, Lin CC, Chen CK, Liu CY, Lin CP, Tai HC,
Wang CH, Shueng PW, Chen YJ. Combination of sorafenib and
intensity modulated radiotherapy for unresectable hepatocellular
carcinoma. Clin Drug Investig 2009; 29: 65-71 [PMID: 19067476
DOI: 10.2165/0044011-200929010-00007]
Chen SW, Lin LC, Kuo YC, Liang JA, Kuo CC, Chiou JF. Phase
2 study of combined sorafenib and radiation therapy in patients
with advanced hepatocellular carcinoma. Int J Radiat Oncol Biol
Phys 2014; 88: 1041-1047 [PMID: 24661657 DOI: 10.1016/
j.ijrobp.2014.01.017]
Park MS, Kim SU, Park JY, Kim do Y, Ahn SH, Han KH, Chon
CY, Seong J. Combination treatment of localized concurrent
chemoradiation therapy and transarterial chemoembolization
in locally advanced hepatocellular carcinoma with intrahepatic
metastasis. Cancer Chemother Pharmacol 2013; 71: 165-173
[PMID: 23079897 DOI: 10.1007/s00280-012-1993-9]
Cho JY, Paik YH, Park HC, Yu JI, Sohn W, Gwak GY, Choi MS,
Lee JH, Koh KC, Paik SW, Yoo BC. The feasibility of combined
transcatheter arterial chemoembolization and radiotherapy for
advanced hepatocellular carcinoma. Liver Int 2014; 34: 795-801
[PMID: 24350564 DOI: 10.1111/liv.12445]
Lu DH, Fei ZL, Zhou JP, Hu ZT, Hao WS. A comparison between
three-dimensional conformal radiotherapy combined with
interventional treatment and interventional treatment alone for
hepatocellular carcinoma with portal vein tumour thrombosis. J
Med Imaging Radiat Oncol 2015; 59: 109-114 [PMID: 25088249
DOI: 10.1111/1754-9485.12207]
Kang J, Nie Q, DU R, Zhang L, Zhang J, Li Q, Li J, Qi W.
Stereotactic body radiotherapy combined with transarterial
chemoembolization for hepatocellular carcinoma with portal
vein tumor thrombosis. Mol Clin Oncol 2014; 2: 43-50 [PMID:
24649306 DOI: 10.3892/mco.2013.196]
Nakazawa T, Hidaka H, Shibuya A, Okuwaki Y, Tanaka Y,
Takada J, Minamino T, Watanabe M, Kokubu S, Koizumi W.
Overall survival in response to sorafenib versus radiotherapy in
unresectable hepatocellular carcinoma with major portal vein
tumor thrombosis: propensity score analysis. BMC Gastroenterol

March 28, 2015|Volume 21|Issue 12|

Quirk M et al . Management of HCC with PVT

65

66

67
68

69

70

71

72

73

74

75

76

2014; 14: 84 [PMID: 24886354 DOI: 10.1186/1471-230x-14-84]
Sato K, Lewandowski RJ, Bui JT, Omary R, Hunter RD, Kulik
L, Mulcahy M, Liu D, Chrisman H, Resnick S, Nemcek AA,
Vogelzang R, Salem R. Treatment of unresectable primary
and metastatic liver cancer with yttrium-90 microspheres
(TheraSphere): assessment of hepatic arterial embolization.
Cardiovasc Intervent Radiol 2006; 29: 522-529 [PMID: 16729228
DOI: 10.1007/s00270-005-0171-4]
Kennedy AS, Nutting C, Coldwell D, Gaiser J, Drachenberg C.
Pathologic response and microdosimetry of (90)Y microspheres
in man: review of four explanted whole livers. Int J Radiat Oncol
Biol Phys 2004; 60: 1552-1563 [PMID: 15590187 DOI: 10.1016/
j.ijrobp.2004.09.004]
Sangro B, Iñarrairaegui M, Bilbao JI. Radioembolization for
hepatocellular carcinoma. J Hepatol 2012; 56: 464-473 [PMID:
21816126 DOI: 10.1016/j.jhep.2011.07.012]
D’Avola D, Lñarrairaegui M, Bilbao JI, Martinez-Cuesta A,
Alegre F, Herrero JI, Quiroga J, Prieto J, Sangro B. A retrospective
comparative analysis of the effect of Y90-radioembolization on the
survival of patients with unresectable hepatocellular carcinoma.
Hepatogastroenterology 2009; 56: 1683-1688 [PMID: 20214218]
Hilgard P, Hamami M, Fouly AE, Scherag A, Müller S, Ertle J,
Heusner T, Cicinnati VR, Paul A, Bockisch A, Gerken G, Antoch
G. Radioembolization with yttrium-90 glass microspheres in
hepatocellular carcinoma: European experience on safety and longterm survival. Hepatology 2010; 52: 1741-1749 [PMID: 21038413
DOI: 10.1002/hep.23944]
Salem R, Lewandowski RJ, Mulcahy MF, Riaz A, Ryu RK,
Ibrahim S, Atassi B, Baker T, Gates V, Miller FH, Sato KT, Wang
E, Gupta R, Benson AB, Newman SB, Omary RA, Abecassis M,
Kulik L. Radioembolization for hepatocellular carcinoma using
Yttrium-90 microspheres: a comprehensive report of long-term
outcomes. Gastroenterology 2010; 138: 52-64 [PMID: 19766639
DOI: 10.1053/J.Gastro.2009.09.006]
Sangro B, Carpanese L, Cianni R, Golfieri R, Gasparini D, Ezziddin
S, Paprottka PM, Fiore F, Van Buskirk M, Bilbao JI, Ettorre GM,
Salvatori R, Giampalma E, Geatti O, Wilhelm K, Hoffmann RT,
Izzo F, Iñarrairaegui M, Maini CL, Urigo C, Cappelli A, Vit A,
Ahmadzadehfar H, Jakobs TF, Lastoria S. Survival after yttrium-90
resin microsphere radioembolization of hepatocellular carcinoma
across Barcelona clinic liver cancer stages: a European evaluation.
Hepatology 2011; 54: 868-878 [PMID: 21618574 DOI: 10.1002/
hep.24451]
Iñarrairaegui M, Thurston KG, Bilbao JI, D’Avola D, Rodriguez
M, Arbizu J, Martinez-Cuesta A, Sangro B. Radioembolization
with use of yttrium-90 resin microspheres in patients with
hepatocellular carcinoma and portal vein thrombosis. J Vasc Interv
Radiol 2010; 21: 1205-1212 [PMID: 20598574 DOI: 10.1016/
j.jvir.2010.04.012]
Kulik LM, Carr BI, Mulcahy MF, Lewandowski RJ, Atassi B, Ryu
RK, Sato KT, Benson A, Nemcek AA, Gates VL, Abecassis M,
Omary RA, Salem R. Safety and efficacy of 90Y radiotherapy for
hepatocellular carcinoma with and without portal vein thrombosis.
Hepatology 2008; 47: 71-81 [PMID: 18027884 DOI: 10.1002/
hep.21980]
Pracht M, Edeline J, Lenoir L, Latournerie M, Mesbah H,
Audrain O, Rolland Y, Clément B, Raoul JL, Garin E, Boucher
E. Lobar hepatocellular carcinoma with ipsilateral portal vein
tumor thrombosis treated with yttrium-90 glass microsphere
radioembolization: preliminary results. Int J Hepatol 2013; 2013:
827649 [PMID: 23476792 DOI: 10.1155/2013/827649]
Salem R, Lewandowski R, Roberts C, Goin J, Thurston K,
Abouljoud M, Courtney A. Use of Yttrium-90 glass microspheres
(TheraSphere) for the treatment of unresectable hepatocellular
carcinoma in patients with portal vein thrombosis. J Vasc Interv
Radiol 2004; 15: 335-345 [PMID: 15064336 DOI: 10.1097/01.
Rvi.0000123319.20705.92]
Mazzaferro V, Sposito C, Bhoori S, Romito R, Chiesa C,
Morosi C, Maccauro M, Marchianò A, Bongini M, Lanocita R,
Civelli E, Bombardieri E, Camerini T, Spreafico C. Yttrium-90

WJG|www.wjgnet.com

77

78

79

80

81

82
83

84

85

86
87

88

89

90

3470

radioembolization for intermediate-advanced hepatocellular
carcinoma: a phase 2 study. Hepatology 2013; 57: 1826-1837
[PMID: 22911442 DOI: 10.1002/hep.26014]
She WH, Cheung TT, Yau TC, Chan AC, Chok KS, Chu FS, Liu
RK, Poon RT, Chan SC, Fan ST, Lo CM. Survival analysis of
transarterial radioembolization with yttrium-90 for hepatocellular
carcinoma patients with HBV infection. Hepatobiliary Surg Nutr
2014; 3: 185-193 [PMID: 25202695 DOI: 10.3978/j.issn.2304-388
1.2014.07.09]
Coldwell D, Sangro B, Wasan H, Salem R, Kennedy A.
General selection criteria of patients for radioembolization of
liver tumors: an international working group report. Am J Clin
Oncol 2011; 34: 337-341 [PMID: 20921882 DOI: 10.1097/
COC.0b013e3181ec61bb]
Garin E, Rolland Y, Boucher E. Pre-therapeutic dosimetry
evaluation and selective internal radiation therapy of hepatocellular
carcinoma using yttrium-90-loaded microspheres. J Hepatol
2013; 58: 1055-1056 [PMID: 23318603 DOI: 10.1016/
j.jhep.2012.11.050]
Kennedy A, Nag S, Salem R, Murthy R, McEwan AJ, Nutting C,
Benson A, Espat J, Bilbao JI, Sharma RA, Thomas JP, Coldwell D.
Recommendations for radioembolization of hepatic malignancies
using yttrium-90 microsphere brachytherapy: a consensus panel
report from the radioembolization brachytherapy oncology
consortium. Int J Radiat Oncol Biol Phys 2007; 68: 13-23 [PMID:
17448867 DOI: 10.1016/J.Ijrobp.2006.11.060]
European Association For The Study Of The Liver; European
Organisation For Research And Treatment Of Cancer. EASLEORTC clinical practice guidelines: management of hepatocellular
carcinoma. J Hepatol 2012; 56: 908-943 [PMID: 22424438 DOI:
10.1016/j.jhep.2011.12.001]
National Comprehensive Cancer Network. Hepatobiliary
Cancers. NCCN Clinical Practice Guidelines in Oncology 2015;
Version 2.2015: HCC-1-HCC-C
Chevret S, Trinchet JC, Mathieu D, Rached AA, Beaugrand M,
Chastang C. A new prognostic classification for predicting survival
in patients with hepatocellular carcinoma. Groupe d’Etude et de
Traitement du Carcinome Hépatocellulaire. J Hepatol 1999; 31:
133-141 [PMID: 10424293]
Kudo M, Chung H, Osaki Y. Prognostic staging system for
hepatocellular carcinoma (CLIP score): its value and limitations,
and a proposal for a new staging system, the Japan Integrated
Staging Score (JIS score). J Gastroenterol 2003; 38: 207-215
[PMID: 12673442 DOI: 10.1007/s005350300038]
Leung TW, Tang AM, Zee B, Lau WY, Lai PB, Leung KL, Lau
JT, Yu SC, Johnson PJ. Construction of the Chinese University
Prognostic Index for hepatocellular carcinoma and comparison
with the TNM staging system, the Okuda staging system, and the
Cancer of the Liver Italian Program staging system: a study based
on 926 patients. Cancer 2002; 94: 1760-1769 [PMID: 11920539]
Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma:
the BCLC staging classification. Semin Liver Dis 1999; 19:
329-338 [PMID: 10518312 DOI: 10.1055/s-2007-1007122]
Okuda K, Ohtsuki T, Obata H, Tomimatsu M, Okazaki N,
Hasegawa H, Nakajima Y, Ohnishi K. Natural history of
hepatocellular carcinoma and prognosis in relation to treatment.
Study of 850 patients. Cancer 1985; 56: 918-928 [PMID: 2990661]
Yau T, Tang VY, Yao TJ, Fan ST, Lo CM, Poon RT. Development
of Hong Kong Liver Cancer staging system with treatment
stratification for patients with hepatocellular carcinoma.
Gastroenterology 2014; 146: 1691-700.e3 [PMID: 24583061 DOI:
10.1053/j.gastro.2014.02.032]
Weintraub JL, Salem R. Treatment of hepatocellular carcinoma
combining sorafenib and transarterial locoregional therapy: state
of the science. J Vasc Interv Radiol 2013; 24: 1123-1134 [PMID:
23562168 DOI: 10.1016/j.jvir.2013.01.494]
Kudo M, Imanaka K, Chida N, Nakachi K, Tak WY, Takayama
T, Yoon JH, Hori T, Kumada H, Hayashi N, Kaneko S, Tsubouchi
H, Suh DJ, Furuse J, Okusaka T, Tanaka K, Matsui O, Wada M,
Yamaguchi I, Ohya T, Meinhardt G, Okita K. Phase III study of

March 28, 2015|Volume 21|Issue 12|

Quirk M et al . Management of HCC with PVT

91

92

93

94

95

96

97

sorafenib after transarterial chemoembolisation in Japanese and
Korean patients with unresectable hepatocellular carcinoma. Eur
J Cancer 2011; 47: 2117-2127 [PMID: 21664811 DOI: 10.1016/
j.ejca.2011.05.007]
Lencioni R, Llovet JM, Han G, Tak WY, Yang J, Leberre MA,
Niu W, Nicholson K, Meinhardt G, Brui J. Sorafenib or placebo in
combination with transarterial chemoembolization (TACE) with
doxorubicin-eluting beads (DEBDOX) for intermediate-stage
hepatocellular carcinoma (HCC): phase II, randomized, doubleblind SPACE trial (abstr.). J Clin Oncol 2012; 30 (suppl 4): Abstr
LBA154
Sansonno D, Lauletta G, Russi S, Conteduca V, Sansonno L,
Dammacco F. Transarterial chemoembolization plus sorafenib:
a sequential therapeutic scheme for HCV-related intermediatestage hepatocellular carcinoma: a randomized clinical trial.
Oncologist 2012; 17: 359-366 [PMID: 22334456 DOI: 10.1634/
theoncologist.2011-0313]
Park JW, Koh YH, Kim HB, Kim HY, An S, Choi JI, Woo
SM, Nam BH. Phase II study of concurrent transarterial
chemoembolization and sorafenib in patients with unresectable
hepatocellular carcinoma. J Hepatol 2012; 56: 1336-1342 [PMID:
22314421 DOI: 10.1016/j.jhep.2012.01.006]
Cabrera R, Pannu DS, Caridi J, Firpi RJ, Soldevila-Pico C,
Morelli G, Clark V, Suman A, George TJ, Nelson DR. The
combination of sorafenib with transarterial chemoembolisation
for hepatocellular carcinoma. Aliment Pharmacol Ther 2011; 34:
205-213 [PMID: 21605146 DOI: 10.1111/j.1365-2036.2011.04697.
x]
Pawlik TM, Reyes DK, Cosgrove D, Kamel IR, Bhagat N,
Geschwind JF. Phase II trial of sorafenib combined with concurrent
transarterial chemoembolization with drug-eluting beads for
hepatocellular carcinoma. J Clin Oncol 2011; 29: 3960-3967
[PMID: 21911714 DOI: 10.1200/JCO.2011.37.1021]
Sieghart W, Pinter M, Reisegger M, Müller C, Ba-Ssalamah A,
Lammer J, Peck-Radosavljevic M. Conventional transarterial
chemoembolisation in combination with sorafenib for patients
with hepatocellular carcinoma: a pilot study. Eur Radiol 2012; 22:
1214-1223 [PMID: 22215073 DOI: 10.1007/s00330-011-2368-z]
Zhao Y, Wang WJ, Guan S, Li HL, Xu RC, Wu JB, Liu JS, Li HP,
Bai W, Yin ZX, Fan DM, Zhang ZL, Han GH. Sorafenib combined
with transarterial chemoembolization for the treatment of advanced

98

99

100

101

102

103

hepatocellular carcinoma: a large-scale multicenter study of 222
patients. Ann Oncol 2013; 24: 1786-1792 [PMID: 23508822 DOI:
10.1093/annonc/mdt072]
Zhu K, Chen J, Lai L, Meng X, Zhou B, Huang W, Cai M, Shan
H. Hepatocellular carcinoma with portal vein tumor thrombus:
treatment with transarterial chemoembolization combined with
sorafenib--a retrospective controlled study. Radiology 2014; 272:
284-293 [PMID: 24708192 DOI: 10.1148/radiol.14131946]
Chung YH, Han G, Yoon JH, Yang J, Wang J, Shao GL, Kim BI,
Lee TY, Chao Y. Interim analysis of START: Study in Asia of the
combination of TACE (transcatheter arterial chemoembolization)
with sorafenib in patients with hepatocellular carcinoma trial. Int
J Cancer 2013; 132: 2448-2458 [PMID: 23129123 DOI: 10.1002/
ijc.27925]
Chow PK, Poon DY, Khin MW, Singh H, Han HS, Goh AS, Choo
SP, Lai HK, Lo RH, Tay KH, Lim TG, Gandhi M, Tan SB, Soo
KC. Multicenter phase II study of sequential radioembolizationsorafenib therapy for inoperable hepatocellular carcinoma. PLoS
One 2014; 9: e90909 [PMID: 24614178 DOI: 10.1371/journal.
pone.0090909]
Memon K, Kulik L, Lewandowski RJ, Mulcahy MF, Benson
AB, Ganger D, Riaz A, Gupta R, Vouche M, Gates VL, Miller
FH, Omary RA, Salem R. Radioembolization for hepatocellular
carcinoma with portal vein thrombosis: impact of liver function on
systemic treatment options at disease progression. J Hepatol 2013;
58: 73-80 [PMID: 23000237 DOI: 10.1016/J.Jhep.2012.09.003]
Lencioni R, Kudo M, Ye SL, Bronowicki JP, Chen XP, Dagher
L, Furuse J, Geschwind JF, Ladrón de Guevara L, Papandreou C,
Sanyal AJ, Takayama T, Yoon SK, Nakajima K, Cihon F, Heldner
S, Marrero JA. First interim analysis of the GIDEON (Global
Investigation of therapeutic decisions in hepatocellular carcinoma
and of its treatment with sorafeNib) non-interventional study. Int
J Clin Pract 2012; 66: 675-683 [PMID: 22698419 DOI: 10.1111/
j.1742-1241.2012.02940.x]
Lencioni R, Kudo M, Ye SL, Bronowicki JP, Chen XP, Dagher L,
Furuse J, Geschwind JF, de Guevara LL, Papandreou C, Takayama
T, Yoon SK, Nakajima K, Lehr R, Heldner S, Sanyal AJ. GIDEON
(Global Investigation of therapeutic DEcisions in hepatocellular
carcinoma and Of its treatment with sorafeNib): second interim
analysis. Int J Clin Pract 2014; 68: 609-617 [PMID: 24283303
DOI: 10.1111/ijcp.12352]
P- Reviewer: Liu M, Wan JMF, Zhang LS S- Editor: Qi Y
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

3471

March 28, 2015|Volume 21|Issue 12|

World J Gastroenterol 2015 March 28; 21(12): 3472-3479
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i12.3472

© 2015 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Lessons from rare tumors: Hepatic lymphoepithelioma-like
carcinomas
Antonio Solinas, Diego F Calvisi
and neoplastic cells. Approximately half of LELHCC arise in the context of chronic hepatitis C virus
(HCV) infection and have been described both in
Eastern and Western patients. By contrast, LEL-ICC is
associated in almost all cases with Epstein-Barr virus
(EBV) infection and exhibits the same epidemiological
features of EBV related malignancies. Compared with
classical hepatocellular carcinoma and intrahepatic
cholangiocarcinoma of corresponding stage, both
LEL-HCC and LEL-ICC are characterized by lower
rates of recurrence after surgery and better overall
survival. How this behavior is related to distinct genetic
alterations and tumor microenvironment is unclear. The
pathophysiological mechanisms of lymphoid infiltrations
seem to be different among the two groups of tumors.
In fact, LEL-HCC frequently arises in the context of
inflammatory changes driven by HCV infection, and has
been recognized as a variant of classical hepatocellular
carcinoma. At variance, lymphocyte recruitment of
LEL-ICC is similar to that described in nasopharyngeal
carcinoma and gastric LEL, and possibly depends on
the expression pattern of latent EBV infection.
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Core tip: Despite their rarity, lymphoepithelioma-like
hepatic carcinomas are of general interest because of
their peculiar epidemiological and clinical features, and
because they represent a distinct model of interaction
between the immune system and neoplastic cells.
Compared with classical hepatocellular carcinoma and
intrahepatic cholangiocarcinoma of corresponding
stage, lymphoepithelioma-like hepatic carcinomas are
characterized by lower rates of recurrence after surgery
and better overall survival. Whether these differences

Abstract
In this review we focus on lymphoepitheliomalike hepatocellular carcinomas (LEL-HCC) and lym
phoepithelioma-like cholangiocarcinomas (LEL-ICC).
Despite their rarity, these tumors are of general
interest because of their epidemiological and clinical
features, and because they represent a distinct
model of interaction between the immune system
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are related to distinct genetic alterations or to the
tumor microenvironment is unclear. Here we review
the features of these tumors and the mechanisms of
lymphoid infiltration.

hepatocellular carcinoma. Finally, the study from the
United States compared 8 cases of resected tumors
classified as inflammatory hepatocellular carcinoma
with 18 undifferentiated hepatocellular carcinomas.
The rates of local recurrence and distant metastases
were 25% and 33.3% respectively, for those patients
with inflammatory hepatocellular carcinoma, and
12.5% and 22.5%, respectively for those patients
with undifferentiated hepatocellular carcinoma. When
the survival data from all 29 patients with LEL-HCC
were pooled together, it was evident that 19 patients
were alive and free of disease 15 mo to 10 years after
surgery (median: 43 mo). Six patients were alive with
disease recurrence, and 4 patients died of recurrent
disease.
The retrospective design of the above studies
implicates that the pre-operative features of these
patients are largely unknown. In particular, descriptions
of the radiological findings are available in only two
cases. In one patient, both computed tomography (CT)
and magnetic resonance imaging (MRI) scans showed
the features of classical hepatocellular carcinoma, as
enhancement in the arterial phase and wash-out in the
[24]
portal phase were observed . In the second patient,
the CT scan did not show arterial enhancement,
whereas the contrast phase of MRI showed peripheral
rim enhancement and hyper-intensity of the nodule
[25]
in T2 sequences . LEL-HCC was associated with liver
cirrhosis in 13 cases, with hepatitis C virus (HCV)
infection in 16 cases, hepatitis B virus (HBV) in 3
cases, and EBV in 1 case. Histopathological analysis
of LEL-HCC showed that in 16 cases the tumors were
poorly differentiated (Figure 1). Well-differentiated or
moderately-differentiated tumors were observed in the
remaining cases. Interestingly, in 3 cases the same
tumor exhibited different grades of differentiation.
Positivity for HepPar 1 was described in 3 of 3 tested
cases. Cytokeratin 7 and 19 were positive in 4 cases.
The overexpression of p16 protein was found in 2
cases. Nests of epithelial cells were surrounded by
polyclonal lymphoid cells. Lymphocyte subset analysis
showed that CD3-positive cells were 10 times more
frequent than B cells. The majority of T cells were
CD8-positive in 13 cases, whereas FoxP3 positive
cells represented a minority in the single tested
case. Remarkably, and similar to the metastases of
undifferentiated NPC, the nodal metastatic lesions
from LEL-HCC did not show lymphocytic infiltration.
The molecular changes associated with LEL-HCC are
unknown.
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INTRODUCTION
The term lymphoepithelioma denotes a subgroup of
nasopharyngeal carcinomas. These tumors are mostly
related to Epstein-Barr virus (EBV) infection, and
are characterized by the concomitance of undifferen
tiated carcinoma cells and polyclonal lymphocyte
[1-4]
infiltration
. Tumors with similar morphological
features, lymphoepithelioma-like (LEL) carcinomas,
[5]
[6]
have been described in salivary glands , lungs ,
[7]
[8]
[9]
[10]
[11]
thymus , stomach , colon , uterus , ovaries ,
[12]
[13]
[14]
bladder and urinary tract , breast , and skin .
Although the association with EBV infection was
[15]
confirmed in LEL carcinomas of the digestive tract ,
[16,17]
[18]
lung
, and thymus , it was not found in LEL
[19]
[20]
carcinomas of the breast
and uterus . In the liver,
this type of tumor is extremely rare. Thus far, 29 cases
of LEL hepatocellular carcinoma (HCC) and 24 cases of
LEL intrahepatic cholangiocarcinoma (ICC) have been
described.

LEL-HCC
[21-29]

In 24 of 29 cases
, the diagnosis of LEL-HCC was
based on the retrospective analysis of three different
[21]
[22]
series: one from Japan , one from France , and
[23]
one from the United States . These studies were
conducted in different periods and differ substantially
in design and patient clinicopathological features.
Considering these caveats, all three of the studies
suggest that patients with LEL-HCC have a better
outcome compared with patients with classical
hepatocellular carcinoma. The study from Japan dates
back to 1994 and was aimed at evaluating the features
and the long-term outcome of 11 hepatocellular
carcinomas heavily infiltrated by inflammatory cells.
The investigation was limited to tumors of less than
3 cm in diameter. The rate of recurrence at 5 years
after surgery was 9.1 percent in these patients
and 47.5 percent in 116 controls matched for the
etiology of the associated liver disease and tumor
size. The study from France evaluated the features
and the disease course after liver transplantation in 5
patients with hepatocellular carcinoma with lymphoid
infiltration. The 5-year survival was significantly better
when compared with 163 patients transplanted for
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LEL-ICC
Twenty-two of the 24 patients with LEL-ICC were
from South-East Asia. In seven of them, the diagnosis
was made in surgically resected patients in a single
center in Hong-Kong, between 1999 and 2008, and
[30]
accounted for 5% of all ICC in that period . The
5-year survival rate of these patients was 100 per cent
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Table 1 Characteristics of the patients with lymphoepiteliomalike hepatic carcinomas n (%)

Age at diagnosis, median (range)
HBV infection (positive)
HCV infection (positive)
EBV infection (positive)
Cirrhosis
Maximum diameter of the tumor (mm)
Surgical treatment (OLT/resection)
Rate of recurrence

LEL-ICC
(n = 24)

61 (39-79)
3
16
3
13
25 (13-130)
6/23
6 (20.6)

53 (19-71)
7
2
17
6
45 (16-160)
0/24
8 (36.3)

LEL-HCC: Lymphoepithelioma-like hepatocellular carcinomas; LEL-ICC:
Lymphoepithelioma-like cholangiocarcinomas; EBV: Epstein-Barr virus;
OLT: Orthotopic liver transplantation; HCV: Hepatitis C virus; HBV:
Hepatitis B virus.

Figure 1 Histological picture of lymphoepitelioma-like hepatocellular
carcinoma. Undifferentiated neoplastic cells are surrounded by lymphoid
stroma (magnification × 250) (Obtained from Nemolato et al[29], reprinted with
permission).

and was consistently negative for markers of active
[30]
or latent EBV infection. One single study
addressed
the gene methylation status and the mutations of
KRAS and EGFR genes in LEL-ICC. Loci coding for
CRBPⅠ (cellular retinol binding protein Ⅰ) and CRBPⅣ
(cellular retinol binding protein Ⅳ) showed significantly
higher methylation status than in ICC. This finding is
in agreement with the epigenetic changes occurring
in EBV-related nasopharyngeal carcinoma. Wild-type
KRAS and EGFR genes were detected in all of the
cases.

and was significantly better compared with the 13.2
percent observed in 11 matched controls (classical
cholangiocarcinomas). Five cases were from a single
[31]
center in Taiwan . The remaining patients were
[32-42]
from a single case report
. At the time of writing,
fifteen patients were alive without disease 2 to 165
mo after surgery (median recurrence free survival:
39 mo), and three patients were alive with recurrent
disease (median survival: 56 mo). In addition, four
patients died of recurrent disease (median survival: 48
mo), one patient died of post-operative complications
and, in another case, no information on survival is
available. Descriptions of the CT scans were available
only in five cases and were limited to the unenhanced
[30,32,35,42]
phase
. In these cases, hypodense lesions
ranging from 3 to 10 cm in diameter were described.
Dynamically enhanced MR T1 imaging was available
only in one case, and (similar to ICC) showed
[30]
centrifugal enhancement of the neoplastic lesion .
LEL-ICC was associated with cirrhosis in 6 cases. HBV
infection was documented in 6 cases and HCV infection
in two cases. EBV infection was found in 17 cases.
Histopathology showed the features of adenocarcinoma
with different grades of glandular differentiation and
polyclonal lymphocytic infiltration. Interestingly,
in at least seven cases, two different components
[31,32,34,37,38,40]
were recognized within the tumor
.
One component consisted of undifferentiated
lymphoepithelioma-like cholangiocarcinoma, whereas
the other consisted of an adenocarcinoma without
lymphocytic infiltration. CK AE1/A3, CK7, and CK19
immunoreactivity was detected in all of the cases but
one. The latter tumor was in fact HepPar1 positive,
raising the possibility of a misdiagnosed HCC, or a
[38]
combined hepatocellular and cholangiocarcinoma .
Immunolabeling for markers of stemness, such as
CD133 and EpCam, was positive in 5 of 5 evaluated
[30]
cases . In situ hybridization for detection of EBV non
coding RNA, using antisense oligoprobes, was positive
within the epithelial cells in 17 cases. Lymphocytic
infiltration consisted of CD3 and CD20 positive cells,
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LEL-HCC
(n = 29)

INTRAHEPATIC LYMPHOEPITHELIOMALIKE CARCINOMA: WORKING
HYPOTHESES
Hepatic LEL carcinomas, similar to gastric and lung LEL
carcinomas, are characterized by a significantly better
survival than classical HCC and ICC counterparts of
corresponding stage. Whether the more favorable
outcome of hepatic LEL carcinomas depends on
distinct genetic and epigenetic changes, or whether
the tumor infiltrating lymphocytes play a prominent
role in improving the outcome of these patients
remains unclear. In turn, the baseline features and the
outcome of hepatic LEL carcinomas are also related to
the clinical setting in which the tumor arises. Notably,
the patients with LEL-HCC and LEL-ICC (Table 1) differ
with regard to age, tumor size, presence of cirrhosis,
and rate of HCV and EBV infections. The World Health
Organization recently recognized LEL-HCC as a variant
[43]
of HCC . Indeed, HCC is characterized by different
[44,45]
grades of lymphoid infiltration
and LEL-HCC
represents an end of this spectrum. The molecular
mechanisms linking inflammation and cancer depend
on the complex network of chemokine and cognate
[46-53]
receptor axes
. In the setting of HCC, it has
[54,55]
[56]
[57]
been shown that the CXCL12
CXCL8 , CCL3
[58]
[59]
CCL20
and CCL22
ligands, and the aberrant
expression of their receptors affect tumor development
and progression, angiogenesis and metastasis. Several
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[67]

malignancies . Consequently, the mechanistic of LELICC should be analyzed considering this background. EBV
infection is detected in nearly all patients with endemic
[68]
Burkitt lymphoma . By contrast, the association of EBV
infection with other malignancies such as Hodgkin and
[69]
non-Hodgkin lymphomas , post-transplant lympho[70]
[71]
proliferative disorders , gastric adenocarcinomas ,
[72]
[73]
leiomyosarcomas , and NPC
is variable and is
influenced by several factors, including age of infection,
ethnicity, genetic susceptibility, socio-economic status,
[74,75]
and immune function
. Intriguingly, EBV-related
NPC has a geographical and racial distribution similar
to that of intra-hepatic LEL-ICC. In contrast to LEL-ICC,
the genetic alterations occurring in NPC have been
[49-53,76-80]
extensively studied
. Several chromosomal
abnormalities, including copy number changes on
chromosomes 3p, 9p, 11q, 12p and 14q, and gene
alterations, such as CDKN2A deletion and LTBR
(lymphotoxin beta receptor) amplification, together
with epigenetic changes, such as RASSF1A and TSLC
promoter hypermethylation, have been described.
According to the Catalogue of Somatic Mutations
in Cancer (COSMIC), the most frequent mutations
in NPC affect the CDKN2A gene (11% of tested
samples), which encodes for the p16INK4A protein,
[81]
and PIK3CA . The prominent lymphocyte infiltration
of NPC is a model of the complex interactions
[82-86]
between tumor and immune system
. Most of
the infiltrating lymphocytes consist of CD3 positive T
cells; among them, the majority show the morphology
of small resting lymphocytes. The ratio of CD4 to
CD8 ranges from 0.4 to 2.2. Regulatory CD4 and
high
CD25
and FoxP3 positive cells represent 12% of all
T cells. Two distinct subpopulations of CD8 positive
lymphocytes were described: pro-inflammatory
interleukin (IL)-17 secreting cells, and regulatory
CD8 cells, whereas NK and B lymphocytes represent
a minority of the tumor infiltrating lymphocytes. In
addition, it has been shown that malignant NPC cells
constitutively produce several cytokines, including IL[87,88]
1α, IL-1β, and IL-18
, and chemokines including
[89,90]
CCL20 and CXCL10
. Infiltrating leucocytes in
turn further amplify the inflammatory process by
positive regulatory loops. Clinical and experimental
findings indicate that NPC associated lymphocytes do
not control tumor growth. Conversely, inflammation
promotes tumor progression, as cytokines behave as
tumoral growth factors. Immune escape is related to
[89]
CCL20 dependent Treg expansion
and resistance
to interferon γ as a result of small EBV-encoded RNAs
(EBERs) and latent membrane protein (LMP) 2A and
[91]
B secretion . The complex interactions described in
NPC possibly differ in other types of LEL carcinomas,
depending on the burden of EBV intermediates and
the latent gene expression. Three forms of EBV latency
[92,93]
have been recognized
. Latency Ⅰ is characterized
by the expression of Epstein Barr nuclear antigen
(EBNA) 1, EBERs, and BamHI A rightward transcripts
(BARTs). This expression pattern is found in Burkitt

Table 2 Pathological findings in patients with lymphoe
pithelioma-like-hepatic carcinomas

Histological features
Poorly differentiated
Moderately differentiated
Combined LEL-HCC and HCC
Combined LEL-ICC and ICC
Immunohistology
HepPAR1
CK7 and CK19
EpCAM
CD133
EBV status
EBERs
LMP1/2 antigens
LMP1 gene
EBNA2
Lymphoid infiltration
CD3/CD20 ratio > 1
CD4/CD8 ratio < 1

LEL-HCC
(n = 29)

LEL-ICC
(n = 24)

16/29
13/29
None

10/24
3/24
9/24

3/3
4/11
ND
ND

1/2
24/24
7/7
7/7

3/18
ND
ND
ND

17/24
0/8
2/2
1/1

29/29
11/29

4/4
1/4

LEL-HCC: Lymphoepithelioma-like hepatocellular carcinomas; LEL-ICC:
Lymphoepithelioma-like cholangiocarcinomas; EBV: Epstein-Barr virus;
EBERs: EBV-encoded RNAs; LMP: Latent membrane protein; EBNA2:
Epstein Barr nuclear antigen 2; ND: Not done.

lines of evidence, however, note that the chemokine
system also has a role in tumor control. Myeloid
cell infiltration is associated with a poor prognosis,
whereas T helper 1 infiltration directly correlates with
[60]
a reduced risk of tumor recurrence . In addition, a
pro-inflammatory microenvironment characterized
by high expression of the innate immune genes TNF,
[61]
IL6, and CCL2 is a predictor of survival . A validated
model of a 14 immune gene signature, in patients
resected for early HCC, is also associated with a better
[62]
prognosis . Among the genes of this signature with
increased expression of particular interest include
CXCL10, CCL5, and CCL2. These chemokines are
related with Th1 and NK cell recruitment. Potentially
tumors with the features of LEL-HCC are characterized
by a similar chemokine profile.
LEL-HCC arise in nearly half of the cases in the
context of HCV-related cirrhosis. In these patients,
chemokine-driven inflammatory changes related to
HCV chronic hepatitis may play a role in LEL-HCC
[63-66]
development and in lymphocyte recruitment
;
however, LEL-HCC also arises in apparently normal
livers. Whether lymphocyte recruitment is driven by
the same genetic alterations in both groups of LELHCC remains unknown.
In comparison with LEL-HCC, LEL-ICC contains a
higher proportion of tumorous cells with features of
stemness. Indeed, 7 of 7 samples were positive for
EpCam and CD133 (Table 2). In addition, in at least 2
cases the tumor exhibited the features of hepatocellular
and cholangiocarcinoma. In contrast to LEL-HCC, LEL-ICC
is associated in almost all cases with EBV infection and
exhibits the same epidemiological features of EBV related
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lymphoma . By contrast, latency Ⅱ is characterized
by the variable expression of LMP1, LMP-2A and
LMP-2B, BARTs, and EBERs. This pattern is typical of
[95,96]
NPC
. Latency Ⅲ is characterized by the expression
of EBNA 1, EBNA2, EBNA3, EBNA3B, EBNA3C, EBNA
LP, LMP-1/2, BARTs, and EBERs. This expression
pattern is found in isolated cell lines, and in the
[97,98]
elderly with lymphomas
. Finally, viral reactivation
from latency expresses the BamHI Z leftward open
[99]
reading frame . In the setting of LEL carcinomas, the
evidence that the lymphoid stroma is related to the
pattern of EBV latency is provided by the finding that
gastric LEL carcinoma, expressing EBNA1 mRNA,
BARTs and LPM2, was associated with olygoclonal
[100]
CD8 positive EBV specific lymphocytes
. The
evaluation of the EBV pattern of latency in LELICC has been incompletely elucidated. EBERs were
positive in 18 of 18 samples, LMP was negative in 8
[30,40]
of the samples by immune-histology
, and the
LMP-related gene showed a 30 bp deletion in 2 of
[35,36]
2 cases
. The EBNA2 gene was found in one of
one tested case. Progression of LEL-ICC is possibly
associated with further molecular changes. In this
respect, it is of interest that in more than one third
of LEL-ICC cases, the tumor consisted of LEL-ICC
and ICC with different grades of differentiation,
and metastases of LEL-ICC usually lost the capacity
to recruit inflammatory cells. These histological
features implicate the concomitance of two different
neoplastic clones. In contrast to HCC, little is known
regarding the chemokines associated with ICC. Thus
far, the single relevant finding in this regard is the
[101]
overexpression of CXCL5
. In ICC this chemokine
has been associated with tumor progression and
metastasis. The chemokines involved in HCC- LEL
and in ICC-LEL are unknown.
The features of intrahepatic LEL carcinomas and
their molecular differences compared with classical
HCC and ICC warrant further study. Analysis of archival
samples and prospective whole genome analysis
of new cases would provide new insights into this
issue. Given their rarity, addressing the above issues
would be feasible only through a close cooperation
between all the centers following these patients via the
generation of a dedicated registry and the commitment
of high profile basic researchers.
[94]
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Hepatitis C virus (HCV)-specific cytotoxic T cell (CTL)
response plays a major role in viral control during
spontaneous infection resolution. These cells develop
an exhausted and pro-apoptotic status during chronic
onset, being unable to get rid of HCV. The role of this
response in contributing to sustained viral response
(SVR) after anti-HCV is controversial. Recent studies
show that after successful interferon-based anti-HCV
treatment, HCV traces are still detectable and this
correlates with a peak of HCV-specific CTL response
activation, probably responsible for maintaining SVR
by subsequent complete HCV clearing. Moreover, SVR
patients’ serum is still able to induce HCV infection in
naïve chimpanzees, suggesting that the infection could
be under the control of the immune system after a
successful treatment, being transmissible in absence of
this adaptive response. At least theoretically, treatmentinduced viral load decrease could allow an effective
HCV-specific CTL response reestablishment. This effect
has been recently described with anti-HCV interferonfree regimes, based on direct-acting antivirals.
Nevertheless, this is to some extent controversial with
interferon-based therapies, due to the detrimental
immunoregulatory α-interferon effect on T cells.
Moreover, HCV-specific CTL response features during
anti-HCV treatment could be a predictive factor of
SVR that could have clinical implications in patient
management. In this review, the recent knowledge
about the role of HCV-specific CTL response in the
development of SVR after anti-HCV treatment is
discussed.
Key words: Hepatitis C virus; Chronic hepatitis; Hepatitis
C virus-specific cytotoxic T cell response; Treatment;
Direct-acting antivirals; Interferon-alpha; Ribavirin;
Exhaustion; Apoptosis

3480

March 28, 2015|Volume 21|Issue 12|

Larrubia JR et al . HCV-specific CTL and SVR
[19]

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

action on HCV replication machinery . In both cases,
these treatments could harness the immune system
by releasing it from chronic antigenemia. This issue
looks clear with DAA but it is more controversial with
interferon-containing regimes due to the interferon
[20]
suppressive effect on T cells . This point will be
discussed in this review, along with whether it is
necessary to restore an HCV-specific CTL response
after anti-HCV treatment to obtain complete viral
eradication from hidden sanctuaries in order to
maintain an SVR, or on the other hand whether after
successful treatment, these cells are not essential
anymore because the infection is completed cleared.

Core tip: Hepatitis C virus (HCV)-specific cytotoxic T
lymphocyte (CTL) response plays an essential role in
controlling acute HCV infection but its implication in
treatment-induced viral control is controversial. During
interferon/ribavirin treatment, HCV traces persist after
sustained viral response (SVR) and this correlates with
an activated HCV-specific CTL response, suggesting the
necessity of this response to obtain an indefinite viral
control. Current data propose that viral suppression
during interferon/ribavirin treatment and during directacting anti-viral regimes could affect HCV-specific CTL
restoration. Moreover, the features of this CTL response
during treatment could have a predictive value on SVR
outcome.

RELATIONSHIP BETWEEN PERISTENT
VIRAEMIA AND IMPAIRED SPECIFIC CTL
RESPONSE

Larrubia JR, Moreno-Cubero E, Miquel J, Sanz-de-Villalobos E.
Hepatitis C virus-specific cytotoxic T cell response restoration
after treatment-induced hepatitis C virus control. World J
Gastroenterol 2015; 21(12): 3480-3491 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3480.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3480

HCV-specific CTL response is essential to control HCV
infection but this becomes dysfunctional (exhausted)
and can be deleted during chronic infection due to
[11,12,15,16]
persistent antigenic stimulus
. There are clear
demonstrations of the inverse relationship between
duration and level of viraemia and T cell responses
[21-23]
in murine and human persistent viral infections
.
For instance, in hepatitis B virus infection there is an
indirect correlation between viral load and specific[24]
CTL response intensity
and interestingly, viral load
decrease by nucleos(t)ide analogues is able to restore
an HBV-specific CTL response capable of exerting
[25]
certain effector capacities . In chronic HCV infection,
high viraemia leads to exhausted HCV-specific CTLs,
featured by impaired proliferation, cytotoxicity and
[26]
γ-interferon secretion . These cells are characterized
by expression of negative co-stimulatory molecules
[11,13]
such as PD-1
, down-regulation of the pro-survival
[15,27]
IL-7 receptor
and up-regulation of pro-apoptotic
proteins, while this phenotype is not observed in
[11,15]
cases with either infection resolution
, or those not
targeting the infecting epitope owing to HCV escape
[28]
mutations . These data suggest that viral load level
could modulate the exhausted and pro-apoptotic
phenotype on HCV-specific CTLs. Consequently,
HCV burden decrease could help in HCV-specific CTL
response restoration.

INTRODUCTION
Hepatitis C virus (HCV)-specific cytotoxic T lymphocytes
(CTLs) play an essential role in the natural control of
[1-4]
HCV during acute infection . These cells are able
to recognize HCV infected hepatocytes and destroy
them, but they also secrete type Ⅰ cytokines able to
[5-7]
kill the virus in a non-cytopathic manner
(Figure
1). Nevertheless, in a great percentage of cases
the adaptive immune system is unable to get rid of
HCV infection, consequently developing in the host
[8,9]
a chronic infection . Chronic hepatitis C infection is
featured by an impaired HCV-specific cytotoxic T cell
[5,10]
response unable to control HCV replication
. This
response becomes exhausted in a first step due to the
[11,12]
long-lasting high antigenemic burden
, featured by
expression of negative co-stimulatory molecules and
[13,14]
impaired proliferation and cytokine production
.
Finally, the continuous T cell stimulation could
lead to the deletion of these cells by apoptosis
[15,16]
induction
. In these chronic cases, an anti-HCV
treatment is compulsory to eliminate the infection,
since the adaptive immune system is overwhelmed.
Two main kinds of treatments can be currently
offered to chronic hepatitis C patients; α-interferon[17]
containing treatments and interferon-free regimes .
In both cases, the treatment goal is to maintain an
undetectable HCV-RNA by sensitive PCR six months
after finishing treatment, which is considered a
sustained viral response (SVR). α-Interferon combines
[18]
an anti-viral effect plus immunomodulatory features ,
while direct-acting antivirals (DAA) have a direct
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IS IT NECESSARY TO RESTORE
THE HCV-SPECIFIC CTL RESPONSE
TO OBTAIN A SUSTAINED VIRAL
RESPONSE?
Although some studies suggest that HCV is comple
tely eradicated from serum and peripheral blood
mononuclear cells of spontaneously recovered or
[29,30]
successfully treated patients
, this is a debated topic
widely discussed in the literature. Reservoirs of HCV
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Figure 1 Hepatitis C virus-specific cytotoxic T lymphocyte effector abilities by either direct infected hepatocyte killing through release of perforin and
granizyme-B or non-cytopathic hepatitis C virus deletion through γ-interferon and tumor necrosis factors-α secretion. HCV: Hepatitis C virus; TNF: tumor
necrosis factors.

infection could persist after a successful treatment,
[31-34]
at least in interferon-containing regimes
. In fact,
negative and positive HCV RNA strands have been
demonstrated in liver biopsies from SVR patients,
indicating that HCV persisted and replicated in the
livers of some sustained responders after treatment
[34]
with α-interferon plus ribavirin . Other authors
have also demonstrated in patients with SVR that
small quantities of HCV RNA may persist in liver or
macrophages and lymphocytes for up to 9 years after
therapy. This continuous viral presence could result
in persistence of humoral and cellular immunity for
many years after therapy and could present a potential
[32]
risk for infection reactivation . Moreover, in nonviraemic HCV antibody-positive patients, liver biopsies
that are usually abnormal have been shown. Fibrosis
was present in most cases with similar inflammatory
+
infiltrate to viraemic cases. The presence of a CD8
rich inflammatory infiltrate in those cases could
suggest an ongoing immune response in the liver,
supporting the view that HCV may persist in the liver
in some of considered HCV-RNA-negative cases,
[35]
analyzed with standard PCR techniques . Thus, all
these data suggest that at least some SVR patients
would not experience a complete HCV infection
clearance, despite apparent clinical disease resolution,
and in these cases HCV-specific CTL restoration could
play an essential role in avoiding infection relapse.
In fact, a longitudinal analysis of HCV RNA and HCV-
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specific CTL response in SVR patients after treatment
disclosed that HCV traces persisted several years
after end of treatment and interestingly, these HCV
RNA peaks matched with a detectable HCV-specific
CTL response, expressing activation markers and,
suggesting that these cells could keep the virus
[36]
under control after SVR . Additionally, the sera
of these SVR patients could also be infective, since
chimpanzees have been infected, using the serum
from resolver cases with detectable HCV traces after
complete clinical infection resolution due to anti[37]
HCV treatment . It is true that very few cases of
HCV reactivation after infection resolution have been
[38,39]
described
, in contrast to what happens in HBV
[40]
infection, mainly in immunosuppressed patients . In
fact, during clinical practice, most of the HCV patients
who show sustained undetectable viraemia with usual
PCR assay develop a permanent clinical control, while
in HBV infection is more common the viral reactivation
under immune-suppressive conditions. Nevertheless,
this does not mandatory mean that after SVR, HCV is
completely cleared by interferon/ribavirin treatment.
In fact, the data previously summarized show that
HCV replication a long period after SVR development
can be demonstrated but probably, these viral traces
are finally completely deleted by the HCV-specific-CTL
response, avoiding thus far the possibility of a late HCV
infection reactivation. Thus, checking the quality of the
HCV-specific CTL-response would be useful for tracking
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[68]

those patients who develop immunosuppression
soon after developing SVR and consequently, could
be at risk of recurrence until their immune system
[38,39]
is restored
. On the other hand, in interferonfree regimes, based on DAA combination, there is
not yet any data about occult infection after SVR.
These therapeutic combinations are highly effective
in controlling the infection but what has not been
addressed yet is whether adaptive immune response
collaboration is necessary to obtain the desired goal.
Before treatment, there are naturally occurring
[41-43]
resistant variants to DAA combinations
, because
of the high mutation rate of HCV during replication,
due to the lack of proofreading function in the HCV
[44]
RNA polymerase . It is true that viral resistance
to DAA regimens will occur in a reduced number of
virions, but at least statistically, this situation could
happen and, in this setting it could be necessary to
combine the effect of these powerful drugs with the
immune system action to get rid of the minor resistant
variants to DAA regimes.

as γ-IFN . Although NK cells have been classically
viewed as innate immune cells, their effects could
extend into periods of adaptive immunity, and hepatic
NK cells also demonstrate adaptive immunity to
[69,70]
structurally diverse antigens
. NK cell frequency
increases as early as hours following the initiation of
antiviral therapy and this is associated with early viral
[61,62]
response
, which could contribute to HCV-specific
CTL restoration by decreasing initially the viral burden.
Interestingly, absence of a strong HCV viral load
decrease at week 12 of PEG-α-interferon/ribavirin
treatment has 100% negative predictive value of SVR
[71]
and it is used as a treatment stopping rule . This
effect could be related to the impairment of HCVspecific immune response at that point. However, the
role of PEG-α-interferon/ribavirin treatment on HCVspecific T cell kinetics has not been completely
addressed in-vivo and, it is a controversial issue. In
the early phase of infection, α-interferon-based
treatment can rescue a polyfunctional long lived HCVspecific CTL response, while this issue is not clear in
[72,73]
long-lasting infection
. A previous paper correlated
the development of SVR after PEG-α-interferon/
ribavirin treatment with induction of a HCV-multispecific
[74]
CD4+ Th-1 response . Another study suggested that
antiviral therapy-induced viral clearance may be
associated with the induction, expansion, and/or
recirculation of HCV antigen-specific cytolytic T cells,
and it may play a role in the maintenance of a non[75]
viraemic state . Moreover, a longitudinal improvement
in NS3-specific CTL response during interferon-based
[76]
treatment has also been described . Furthermore, a
core-specific and NS3-specific CTL response restoration
in SVR patients featured by higher frequency and
cytotoxicity after α-interferon-based treatment has
[77]
also been reported . In that work, a peak of specificCTL response in SVR patients between treatment week
4 and week 12 was observed. A similar finding was
[78]
stated by Tatsumi et al , describing an NS3-specific
and core-specific CTL response increase in SVR patients
after four weeks of treatment with α-interferon/ribavirin
treatment. Nevertheless, another work focused on
CD8 and CD4 specific responses did not show a clear
association between T cell reactivity and treatment
outcome although they found an enhancement of
[79]
proliferative T-cell responses during therapy .
Additionally, a recent retrospective analysis of peripheral
[80]
blood lymphocyte samples from DITTO study
likewise did not show a correlation between restoration
of HCV-specific CTL response and SVR after PEG-αinterferon/ribavirin treatment although patients
presenting a better HCV-specific CD8 cell proliferative
potential at baseline were more likely to present a
[81]
rapid and sustained viral response . Curiously, a work
carried out by our group observed a similar treatment
outcome independently of the frequency of peripheral
cells at base line. Nevertheless, an improvement of
peripheral HCV-specific CTL frequency after 12 wk of
[60]
treatment correlated with SVR development
(Figure

INTERFERON-BASED TREATMENTS
α-Interferon can have a direct antiviral activity by
induction of interferon stimulated genes, such as
[45]
protein kinase R (PKR) , oligoadenylate synthetase
[46]
[47]
(OAS) , myxovirus resistance protein (Mx) ,
apolipoprotein B mRNAediting enzyme-catalytic
[48,49]
polypeptide-like (APOBEC)
or tripartite motifs
[18]
(TRIM), which directly inhibit viral replication .
Moreover, α-interferon develops an indirect anti-viral
effect by affecting the innate and adaptive immune
+
response through expansion of activated specific CD8
[50-52]
[52,53]
T cells
and NK cells
, up-regulation of proteins
[54]
of the antigen presentation machinery , maturation
[55]
of dendritic cells (DC) , and augmentation of B-cell
[51,56]
responses
. With respect to adaptive cytotoxic
response, α-interferon could boost specific-CTL
[50,57]
response by expansion of activated cells
but also
by blocking exhausted status by antigen burden
[58,59]
decrease
. Nevertheless, α-interferon can also have
a negative effect on T cell numbers due to regulation
[20]
of T cell recirculation . The dynamics of HCV viral
load during PEG-α-interferon/ribavirin treatment has
two phases. First decay is rapid and it is assumed to
be owing to PEG-α-interferon direct effect, while
second phase decay is slower and it is probably caused
[60]
by either adaptive immune response
or NK cell
[61,62]
activation
. However, NK cells very soon after
starting treatment are already activated and, therefore
they could act during the first phase decay. Actually,
according to mathematical methods, the second decay
of HCV viral kinetics during treatment is due to the
effect of cellular immune response, mainly specific[63-65]
CTLs and NK cells
. NK cells constitute an early
[66,67]
host defense against viral pathogens
, eliminating
virus-infected cells both directly through cytolytic
mechanisms and indirectly by secreting cytokines such

WJG|www.wjgnet.com

3483

March 28, 2015|Volume 21|Issue 12|

Larrubia JR et al . HCV-specific CTL and SVR

RVR

EVR

SVR

Null and partial
responder

7
6
5
4
3
2
1
0

Relapse

DAA combination
SVR

-8

-4

-2

0

4

8

12
16
20
24
Weeks after start of therapy

32

40

48

52

60

Interferon free regimen

Null responder

ETR

SVR

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

Relapser

Partial response

Interferon containing regimen

SVR

ETR

Null response

7
6
5
4
3
2
1
0

HCV RNA (log10 IU/mL)

HCV viral load
HCV-specific CTL frequency
Activated NK cell frequency

PegIFN a and RBV

7
6
5
4
3
2
1
0

72

Figure 2 Theoretical hepatitis C virus viral load, hepatitis C virus-specific cytotoxic T lymphocyte frequency and activated natural Killer cell frequency
kinetics during anti-hepatitis C virus treatment with interferon-free and interferon-containing regimes, according to the different types of response.
PegIFN: Pegylated-a2-interferon; RBV: Ribavirin; DAA: Direct acting antiviral; NK: Natural Killer cell; CTL: Cytotoxic T lymphocyte; HCV: Hepatitis C virus; RVR: Rapid
viral response; EVR: Early viral response; ETR: End of treatment response; SVR: Sustained viral response.
[78]

produce type-Ⅰ cytokines and, in Larrubia’s work,
those cells were visualized directly by HLA-I/epitope
multimeric complex labelling. Consequently, the HCVspecific CTL number restoration observed in a
subpopulation of infected cases in Larrubia’s study
[15]
would not be able to secrete γ-interferon yet , as a
result those cells would not be detected by Barnes et
[79]
al . Thus, the functionality of these cells should be
further analyzed since they could be present but
dysfunctional, although a specific proliferative potential
improvement during treatment was observed, sugges
ting a certain degree of functional restoration. Besides,
a decrease of programmed cell death protein (PD-1)
expression on HCV-specific CTLs after treatment in
SVR patients was also described (Figure 3). PD-1 is an
immunoreceptor tyrosine-based inhibition motifcontaining (ITIM-containing) expressed on activated T
[84]
cells that mediates hyporesponsiveness . PD-1

2), in concordance with Tatsumi et al
and Caetano
[77]
et al
data. Therefore, treatment could be able to
restore HCV-specific CTL numbers, at least in one
subpopulation of patients. This finding was not
[81]
described in Pilli’s work but was suggested in Barnes’
[79]
s study
and it could be due to the type of samples
[60]
analyzed. In our research , directly ex-vivo cells were
[81]
checked, while in Pilli’s paper
frozen cells were
retrospectively tested and the thawing process could
have affected the more exhausted cells, preventing
their detection thus far. On the other hand, inves
tigations analyzing HCV-specific T cell response by
γ-interferon-ELISPOT do not support that treatmentinduced viral clearance is associated with an enhanced
[82,83]
antiviral T cell response
. The apparent discrepancy
between these observations could be explained by the
manner in which specific T cells are quantified, since in
former studies, cells were recognized by their ability to
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Figure 3 Representative FACS® dot-plots of peripheral blood mononuclear cells from a sustained viral responder (A) and a null responder (B) after
treatment with pegylated-α2-interferon plus ribavirin. The dot-plots show the frequency of hepatitis C virus (HCV)-specific cytotoxic T lymphocyte (CTLs) directly
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[60]

expression on HCV-specific CTLs inversely correlates with
early and sustained virologic response to IFN-based
[85]
antiviral therapy
and, it is associated with impaired
[86]
control of in-vitro replication . Therefore, a certain
degree of HCV-specific CTL function restoration after
treatment in our work was also observed, since the
negative co-stimulatory molecule PD-1 was down-
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regulated in treatment responders . In this work,
only patients with a high viral load decrease during the
first 12 wk of treatment had detectable HCV-specific
CTL at week 12 and this was maintained throughout
the treatment (Figure 3). A similar correlation between
viral load and T cell response kinetics in other chronic
hepatotropic non-cytopathic viral infections has already
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[24]

[60,74-78]

been shown . Taken together, these data suggest
that in chronic hepatitis C cases with conserved HCVspecific T cells, a rapid viral load decrease could
suppress the exhausted status on those cells, allowing
their peripheral detection. Nevertheless, in patients
with either deleted HCV-specific CTLs or with low HCV
viral load decrease due to interferon insensitivity it
would be impossible to restore a detectable HCVspecific CTL response. As a result, it could be possible
to speculate that although type-Ⅰ interferon associates
with lymphopenia induction that could impair specific-T
[20]
cell number by affecting lymphocyte re-circulation ,
it also allows for an increase in frequency of those cells
[87]
by favoring clonal expansion and memory formation
and by decreasing T cell exhaustion through viral load
[24]
reduction . The balance between those α-interferon
effects would be responsible for the peripheral
detection of these cells during treatment, although
these cells will still show an exhausted status that will
disappear after developing an SVR. Additionally, during
interferon based treatment, NK cells have a major role
[61,62]
in controlling infection
and this will help in HCV[60,75-78]
specific CTL response restoration after treatment
,
which will finally contribute to indefinite HCV control and
[36]
eradication . Consequently, the current information
published suggests that in cases with SVR an HCVspecific CTL response improvement during treatment
can be observed, although it is still dysfunctional but
acquires effector capacities after end of treatment and
is probably responsible for destroying viral traces
(Figure 3). Unfortunately, there are not data yet about
HCV-specific CTL response during treatments
[88]
combining α-interferon with the new DAA , but we
already have some information about DAA combination
regimes and this will be discussed in the following
lines.

in some studies with IFN-based regimens
,
but more intense probably because in both cases a
positive effect of viral load decrease on HCV-specific T
cell is present but, in DAA regimens the predominantly
negative IFN immune suppressive influence on T cells
[90]
is avoided . Moreover, this work not only shows an
increase in the number of T cells but it also describes
an improvement in the quality of the response by
down-regulation of negative co-stimulatory molecules
and by restoring its cytolytic activity. Thus, this finding
supports a role for DAA viral clearance in driving
recovery of HCV-specific CTLs but we do not still know
if this restoration play a role in controlling HCV infection
during treatment or it is only an epiphenomenon. The
same consistent adaptive T cell response restoration
has been described in chronic HBV infection during
nucleos(t)ide analogue treatment, reinforcing these
data the idea that, at least in cases without specific-T
cell deletion, intense viral load decrease can restore a
[25,91]
previously exhausted T cell response
. According
to this observation, it is possible to speculate that
specific-CTL restoration during DAA regimes could
contribute to the high-sustained cure rates and the low
relapse frequency described with this kind of therapies.
In Table 1, the studies in favor or against HCV-specific
CTL role in SVR after interferon-free and -containing
regimes are summarized.

RESTORATION OF A HCV-SPECIFIC CTL
RESPONSE AS PREDECTIVE FACTOR OF
SVR
According to the previous data, the extent of T cell
reconstitution might be able to be used as a guide to
personalize anti-HCV therapy and as a predictive factor
of response. A lack of induction of T cells could signal
the need for therapy intensification and conversely,
a good T cell recovery could allow shorter treatment
duration in some patients, with the expectation that
any residual virus would be cleared by T cells. These
issues have not been completely addressed yet, but
there are a few data that will be discussed in the next
lines. To address whether restoration of peripheral
HCV-specific CTL number could correlate with SVR
rate and behave as a treatment response prognosis
factor, a multivariate analysis was carried out by our
[60]
group during interferon-based treatment . In that
analysis, the increase of detectable HCV-specific CTLs
after 12 wk of treatment was an independent factor
related with SVR. Moreover, the predictive value of this
[71]
variable on early or delayed viral responder (EDVR)
genotype-1 cases was also analyzed to understand its
role in a hypothetical guided-therapy decision process.
Interestingly, all the EDVR genotype-1 samples with
detectable HCV-specific CTLs at w12 developed SVR,
which means a 100% positive predictive value (PPV).
This data could be useful to encourage these patients
to finish treatment, but it could also be a decision rule

INTERFERON FREE REGIMES
Direct-acting antivirals are able to eliminate infection
through affecting the function of different HCV
proteins involved in HCV replication, such as NS3/NS4
[17]
protease, NS5A complex and NS5B polymerase .
Interestingly, DAA combinations could get rid of HCV
infection by preventing the effect of naturally occurring
resistant variants against one or another single
[41-43]
DAA
. However, it is still not clear whether this
treatment is sufficient to eliminate HCV infection or if
it is also necessary to restore an efficient HCV-specific
CTL response to eradicate the viral traces from specific
sanctuaries and to eliminate potential resistant variants
to DAA combinations. Recent work has analyzed the
role of HCV-specific CTL response in chronic HCV
[89]
patients treated with interferon-free therapy . In
this paper is nicely shown that responder patients to
DAA therapy recover a HCV-specific CTL response with
the ability to proliferate after antigen encounter, while
this is not observed in non-responder cases (Figure
2). These findings are similar to the ones reported
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Table 1 Summary of published works about hepatitis C virus-specific cytotoxic T lymphocyte during anti-hepatitis C virus treatment
pointing-out the data in favor and against hepatitis C virus-specific cytotoxic T lymphocyte response restoration either during or
after treatment
Ref.

Year Treatment Samples CTL visualization

Martin et al[89]

2014

Frozen
PBMC
2013 PEG-IFN/ Fresh
RBV
PBMC

Tetramer
staining
Pentamer
staining

Humphreys et al[82]

2012 PEG-IFN/ Frozen
RBV
PBMC

γ-IFN ELISPOT
assay

Tatsumi et al[78]

2011 PEG-IFN/
RBV

Barnes et al[83]

2009 PEG-IFN/ Frozen
RBV
PBMC

Caetano et al[77]

2008 PEG-IFN/
RBV

Fresh
PBMC

Golden-Mason et al[85]

2008 PEG-IFN/
RBV

PBMC

Badr et al[73]

2008 PEG-IFN

Frozen
PBMC

Pilli et al[81]

2007 PEG-IFN/ Frozen
RBV
PBMC

Morishima et al[75]

2003 IFN/RBV

Fresh
PBMC

Vertuani et al[76]

2002

Barnes et al[79]

2002 IFN/RBV

Fresh
PBMC
Frozen
PBMC

Larrubia et al[60]

DAA

IFN

Fresh
PBMC

In favor

Against

Restoration of HCV-specific CTL response during
treatment in SVR cases
HCV-CTLs detection at week 12 of treatment
correlates with infection resolution
Detection of PD-1low HCV-specific CTLs after
treatment correlates with SVR
Treatment induced
genotype-3a viral clearance
is not associated with an
enhancement of antiviral T
cell response

γ-IFN ELISPOT HCV-specific CTL frequency increase between baseassay
line and treatment week 4 was observed in SVR but
not in non SVR patients
Not enhanced specific T cell
γ-IFN and IL-2
ELISPOT assay
response during high dose
IFNa therapy was reported
Pentamer
Chronically infected patients who responded to
staining
treatment showed a higher HCV-specific CTL
frequency than non-responders during and posttreatment
Terminally differentiated effector cells increased
more rapidly in responders, and their frequency was
always higher than in non-responder patients
Pentamer
Patients with sustained viral response showed a
staining
decrease in PD-1 expression on HCV-specific CTLs
after therapy completion
Tetramer
Early therapeutic intervention during the acute
staining
phase of HCV infection reconstituted a long-lived
polyfunctional memory T cell response
No significant correlation
γIFN ELISPOT
assay and
between HCV-specific CTL
tetramer staining
kinetics and viral decay
during treatment
Chromium-51
Subjects who had completed the treatment and
release assay
had undetectable HCV RNA levels after therapy
had a detectable HCV-specific CTL response more
frequently than those who were viraemic
Chromium-51 Increase in the intensity of HCV epitope recognition
release assay
by HCV-specific CTL after 1 to 5 m of treatment
T cell responses induced
γIFN ELISPOT
assay
during high dose of IFNa
treatment appear not to
influence the virological
outcome

DAA: Direct acting anti-viral; IFN: Interferon-α2; RBV: Ribavirin; PBMC: Peripheral blood mononuclear cells; γ-IFN: Gamma-interferon; SVR: Sustained
viral response.

to maintain double therapy in cases with positive cells
or to add a DAA in patients without detectable HCVspecific CTLs at w12, which could have interest from
an economical point of view in countries restricting
[92,93]
the free use of DAA
. Consequently, the excellent
PPV treatment response of HCV-specific CTL detection
at w12 could be complementary to the high negative
predictive value of a viral load decrease lower than
2log at w12 of PEG-α-interferon/ribavirin treatment,
as a strategic tool in the clinical decision process
during treatment. We should await similar studies on
DAA-based regimes to verify whether HCV-specific
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CTL restoration during treatment could be used as
a response predictive factor and as a tool to guide
therapy.

CONCLUSION
Treatment-induced viral load decrease can restore a
reactive HCV-specific CTL response during treatment
in DAA-based treatments and this can influence the
high rate of sustained response observed with this
regime. In IFN-based treatment, HCV-specific CTL
restoration in some cases can be observed and this
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issue has an excellent positive predictive value in
developing an SVR outcome. In this setting, NK cells
develop a major role in viral load decrease that could
impact on HCV-specific CTL restoration, although still
displaying exhausted features. However, this response
reaches a non-exhausted phenotype after treatment in
SVR cases and it correlates thereafter with activation
peaks coinciding with HCV detection after HCV clinical
resolution, suggesting an important role in maintaining
SVR and in the complete HCV eradication after
treatment. Therefore, taking into account all these
data, we can suggest that a potent anti-viral treatment
could not be enough alone to obtain a high cure rate,
but probably it is also necessary to restore a powerful
HCV-CTL response to get that goal.
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Long-chain acyl-CoA synthetase (ACSL) family members
include five different ACSL isoforms, each encoded by
a separate gene and have multiple spliced variants.
ACSLs on endoplasmic reticulum and mitochondrial
outer membrance catalyze fatty acids with chain
lengths from 12 to 20 carbon atoms to form acyl-CoAs,
which are lipid metabolic intermediates and involved
in fatty acid metabolism, membrane modifications
and various physiological processes. Gain- or lossof-function studies have shown that the expression
of individual ACSL isoforms can alter the distribution
and amount of intracellular fatty acids. Changes in the
types and amounts of fatty acids, in turn, can alter the
expression of intracellular ACSLs. ACSL family members
affect not only the proliferation of normal cells, but the
proliferation of malignant tumor cells. They also regulate
cell apoptosis through different signaling pathways and
molecular mechanisms. ACSL members have individual
functions in fatty acid metabolism in different types of
cells depending on substrate preferences, subcellular
location and tissue specificity, thus contributing to liver
diseases and metabolic diseases, such as fatty liver
disease, obesity, atherosclerosis and diabetes. They
are also linked to neurological disorders and other
diseases. However, the mechanisms are unclear. This
review addresses new findings in the classification and
properties of ACSLs and the fatty acid metabolismassociated effects of ACSLs in diseases.
Key words: Long-chain acyl-CoA synthetase; Fatty acid;
Proliferation; Apoptosis; Liver diseases; Metabolic diseases;
Pathways
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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have individual functions in fatty acid metabolism
in different types of cells depending on substrate
preferences, subcellular location and tissue specificity,
thus contributing to several diseases. These enzymes
also regulate cell proliferation and apoptosis through
different mechanisms. This review addresses new
findings in the fatty acid metabolism-associated effects
of ACSLs in diseases.

varies in different tissues and in its subcellular location.
For example, ACSL6 has been reported to be mainly
expressed in neural cells and the brain, and ACSL3
protein is predominant in brain and testis tissue.
[5,6]
However, it is undetectable in the heart . ACSL5 is
localized in the outer mitochondrial membrane and
[7]
microsomes .

ACSL1

ACSL1 is the predominant isoform in the liver. The
activity of ACSL1 accounts for 50% of total hepatic
[8]
ACSL activity . ACSL1 over-expression increases
the proportion of oleic acid in diacylglycerol (DAG)
and phospholipids (PLs), but reduces the amount
[9]
of oleic acid in cholesterol . ACSL1 and ACSL5 are
thought to play an important role in partitioning
[10]
fatty acids toward triglyceride (TG) synthesis .
Deficiency of ACSL1 causes reduced synthesis of TG,
but facilitates β-oxidation and the synthesis of PL
[8]
species in hepatic cells . Over-expression of ACSL1
results in the generation of large amounts of TG and
[11]
its accumulation in hepatoma cells . ACSL1 is able
to activate membrane transport to effectively import
[12]
free fatty acids into cells . Compared with the normal
control group, ACSL1 protein expression was observed
to increase 2.468-5.418-fold 48 h after hepatocytes
were treated with various concentrations of free longchain fatty acids. In the presence of excessive free
fatty acids, hepatocytes increase their uptake of free
[13]
fatty acids and deposit them in the form of TG .

Yan S, Yang XF, Liu HL, Fu N, Ouyang Y, Qing K. Long-chain
acyl-CoA synthetase in fatty acid metabolism involved in liver
and other diseases: An update. World J Gastroenterol 2015;
21(12): 3492-3498 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3492.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3492

INTRODUCTION
Fatty acids are a major source of energy in mammals.
Given a sufficient oxygen supply, fatty acids can
be degraded to CO2 and H2O in the body and large
quantities of energy are released in the form of
adenosine triphosphate (ATP), which can then be
used by the organism. Exogenous or endogenous
fatty acids are chemically quite inert and need to be
activated to form acyl-CoA in the cell, outside the
mitochondrion, before they enter a metabolic pathway.
Acyl-CoA synthetase on the endoplasmic reticulum
(ER) and mitochondrial outer membrane catalyzes the
conversion of fatty acids to acyl-CoA in the presence of
2+
ATP, CoA and Mg .
The acyl-CoA synthases can be classified, accor
ding to the carbon chain length of the fatty acid they
catalyze, into very long-chain acyl-CoA synthases
(ACSVL), long-chain acyl-CoA synthases (ACSL),
medium-chain acyl-CoA synthases (ACSM) and shortchain acyl-CoA synthases (ACSS). ACSLs mainly
catalyze fatty acids with chain lengths of 12-20
[1]
carbons . ACSL1 was initially reported in 1953
and ACSL3 to 6 were subsequently discovered in
[2]
succession . There are five different ACSL isoenzymes
in mammals, and each isoenzyme has multiple spliced
variants. Mouse ACSL4 variants 1 and 3 are equivalent
[1]
to the human variants 2 and 1, respectively . ACSL1,
ACSL5 and ACSL6 (formerly ACSL2) show a 60%
amino acid sequence homology. ACSL3 and ACSL4
[3,4]
show a 68% homology with each other . There
are many differences in the five ACSLs with regard
to regulating fatty acid metabolism, promoting cell
proliferation and apoptosis and causing diseases.

ACSL3

ACSL3 is mainly expressed during fetal development,
and the level of ACSL3 in adult cerebrum is only
[14]
10% of its maximum on 15 d after birth . ACSL3
is localized in the ER and cytosolic lipid droplets
[15]
(LDs) . LDs are the main organelles for the storage
of neutral lipids, and contribute to the maintenance
of lipid homeostasis. The physiological function of
ACSL3 is to promote the synthesis of lecithin and the
formation of LDs, which is not seen in other isoforms
[16]
of ACSL . Lecithin is the main PL on the surface of
very low density lipoprotein (VLDL). Secretion of VLDL
is suppressed in case of ACSL3 insufficiency. ACSL3
has an influence on the secretion of VLDL through the
promotion of lecithin synthesis provided by the ACSL3[17]
mediated synthesis of DAG . The N-terminal region
of ACSL3 is required for fatty acid uptake, due to its
[18]
effect on enzymatic activity . Experimental findings
have shown that ACSL3 is able to regulate lipogenesis
by facilitating the gene activity of several lipogenic
transcription factors, including peroxisome proliferatoractivated receptor-γ (PPAR-γ), carbohydrate-responsive
element-binding protein (ChREB) and sterol regulatory
[17,19,20]
element-binding protein-1c (SREBP-1c)
.

EFFECTS OF ACSL ON FATTY ACID
METABOLISM

ACSL4

ACSLs are characterized by substrate and tissue
specificity. The expression of ACSL family members
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other steroid producing organs. ACSL4 expression
is related to steroid hormones and growth factor
[21]
receptors . Silencing ACSL4 can inhibit the generation
[22]
of hormone-related steroid . ACSL4 has a substrate
preference for arachidonic acid (AA). The catalytic
activity of ACSL4 for AA is 5 to 6 times higher than
[4]
that for linoleic acid . ACSL4 expression decreases the
conversion of free AA into leukotrienes while increasing
[21,23]
the conversion of free AA into prostaglandins
.
ACSL4 over-expression also significantly increases
the synthesis of eicosanoid-CoA and promotes
conversion of AA into phosphatidyl ethanolamine (PE),
[23,24]
phosphatidyl inositol (PI) and TG
.

liver cell proliferation through partial liver resection,
and ACSL mRNAs in the liver cells almost completely
disappeared within 24 h after the surgery; then
restored to 40% of the preoperative level 48 h later;
and to 70% of the preoperative level 72 h later. These
results suggest a substantial connection between ACSL
and the proliferation of normal cells.
ACSL is also associated with the proliferation of
malignant tumor cells. Tumor cells may over-express
ACSL to utilize fatty acids as an energy source for
cell proliferation. Studies have shown that ACSL4
expression is induced in MCF-7 and SKBr3 breast
cancer cells and this promotes the proliferation of
[21,31]
tumor cells
. In addition, ACSL4 is also involved in
[32,33]
cell proliferation in liver cancer and colon cancer
.
ACSL6 was found to be related to tumor cell prolife
ration in experiments on neuroblastoma cells and
pheochromocytoma.

ACSL5

It is well known that the absorption of dietary long
chain fatty acids largely occurs in the jejunum and
ACSL5 is mainly expressed in the small intestine.
This suggests that ACSL5 plays a crucial role in the
absorption of dietary long-chain fatty acids. Studies on
ACSL5 have shown that it can catalyze the metabolism
of exogenous, but not de novo synthesized fatty
[7,25]
acids
. ACSL5-knockout mice did not show changes
in the absorption of long-chain fatty acids or weight
[26]
gain after a high-fat diet . ACSL5 is also expressed
in the liver and brown adipose tissue characterized by
high levels of TG synthetase, and is involved in the
synthesis of TG. ACSL5 over-expression promotes the
synthesis of DAG and TG from fatty acids, which may
be attributed to accelerated re-acylation by ACSL5.
In contrast, ACSL5-knockout resulted in decreased
[11,27]
synthesis of TG
. In addition, ACSL5 is also the only
ACSL isoform localized in mitochondria. It is commonly
believed to be related to β-oxidation. However, some
data have indicated that ACSL5 over-expression does
[7]
not have an impact on the β-oxidation of fatty acids .

EFFECTS OF ACSL ON CELL APOPTOSIS
ACSLs not only affect cell proliferation, but also play
a role in cell apoptosis. Studies have shown that
ACSL6 expression is elevated in animal models of
non-alcoholic fatty liver disease (NAFLD), which may
[34]
promote liver cell apoptosis . In apoptotic intestinal
cells, ACSL5 down-regulates cellular Fas associated
death domain-like interleukin-1β converting enzyme
inhibitory protein (cFLIP), which has been proven to
be anti-apoptotic, and up-regulates tumor necrosis
factor-related apoptosis inducing ligand receptor 1
(TRAIL-R1), which is the membrane receptor of the
tumor necrosis factor/c-Jun N-terminal kinase (TNF/
JNK) apoptosis pathway. A study has also shown that
ACSL5 induces synthesis of ceramide, an important
[35]
second messenger of the apoptosis pathway (Figure
1). A study on an animal model of systemic lupus
erythematosus showed that transcription of ACSL5 was
significantly elevated in the disease model compared
with normal controls and silencing ACSL5 with siRNA
[36]
reduced apoptosis .
Different fatty acids have different effects on cell
apoptosis. Saturated fatty acids such as palmitic
acid and stearic acid can activate caspase 3 (Figure
1), which leads to cell apoptosis, while unsaturated
fatty acids have little effect on cell apoptosis. Studies
have shown that ACSL1 over-expression can further
enhance palmitoyl lipid-induced apoptosis, while
treatment with triacsin C, an ACSL inhibitor, reverses
[37]
the pro-apoptotic effect of saturated fatty acids .

ACSL6

ACSL6 also catalyzes very long-chain fatty acids
(C18 to C26) to form acyl-CoAs. Following the
supplementation of polyunsaturated fatty acids to
cells over-expressing ACSL6, both polyunsaturated
fatty acids and saturated fatty acids increased in the
cells, but to different degrees. Compared with oleic
acid and AA, over-expression of ACSL6 in PC12 cells
preferentially promotes docosahexaenoic acid (DHA) to
form DHA-CoA and to further synthesize PLs and TGs.
ACSL6 over-expression increases the level of PLs, but
does not alter the distribution of fatty acids among the
[28]
major PL species .

ACSL AND LIVER DISEASES

EFFECTS OF ACSL ON CELL

With the exception of ACSL6, all ACSL isoforms are
expressed in the liver and the major subtype of ACSL
in the liver is ACSL1, which is also a target gene of
peroxisome proliferator-activated receptor-α (PPAR-α).
[38]
PPAR-α is involved in fatty acid metabolism .

PROLIFERATION
ACSLs affect the proliferation of normal cells. ACSL5
contributes to cell proliferation along the intestinal
[29]
[30]
crypt-villus axis (CVA) . Schoonjans et al
induced
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TRAIL
TRAIL-R1
FADD

TRADD

ACSL

TRAF2

RIP

Saturated fatty
acid

Ceramide

P

JNK

cFLIP

Caspase 3

Apoptosis
Figure 1 long-chain acyl-CoA synthetases induce apoptotic cell death via the c-Jun N-terminal kinase pathway. JNK can be activated via phosphorylation
by increased ceramide which can be induced by ACSLs that subsequently activate caspase 3, leading to apoptotic cell death. This shows that ACSLs may induce
apoptotic cell death via the JNK pathway. In addition, anti-apoptotic proteins such as cFLIP, which is downregulated by ACSLs, may inhibit the activation of JNK.
ACSL: Long-chain acyl-CoA synthetase; cFLIP: Cellular Fas associated death domain-like interleukin-1β converting enzyme inhibitory protein; JNK: c-Jun N-terminal
kinase; TRAIL: Tumor necrosis factor-related apoptosis inducing ligand; TRAIL-R1: Tumor necrosis factor-related apoptosis inducing ligand receptor 1.

Deficient or repressed PPAR-α expression in the liver
leads to decreased activity of ACSL1 and some other
key enzymes involved in fatty acid metabolism, and
consequently fat deposition and inflammation which
[39]
promote liver fibrosis . Another subtype of ACSL,
ACSL3, plays an important role in the pathogenesis of
[25,40]
fatty liver in addition to ACSL5
. Silencing ACSL3
inhibits the release of HCV particles from infected liver
cells into plasma. HCV proliferation in liver cells can
cause structural and functional changes or interfere
with protein synthesis, and ultimately degeneration
[17]
and necrosis of liver cells . ACSL4 is upregulated in
patients with NAFLD who have undergone bariatric
[41]
surgery . The regulation of ACSL4 may be through
both the 3’-5’-cyclic adenosine monophosphate (cAMP)
and p38 mitogen-activated protein kinase (MAPK)
[32]
pathways in liver cancer (Table 1).

suggesting that ACSL1 may be involved in the
pathogenesis of diabetes.

ACSL AND NERVOUS SYSTEM DISEASES
Abnormal lipid metabolism can also cause neurological
disease. ACSL6 predominates in nerve cells and ACSL6
[48]
insufficiency can lead to neuronal degeneration .
Studies have shown that ACSL6 over-expression leads
to neurite outgrowth in rats, while silencing ACSL6
[28,48]
inhibits axon outgrowth of mouse neural cells
.
ACSL6-induced activation of acetylcholinesterase may
be involved in this process, as acetylcholinesterase
[49]
promotes neural differentiation . ACSL4 has been
reported to be correlated with X-linked mental
retardation, which leads to a higher incidence of mental
[50]
disorders . Recent studies have shown that, like
ACSL6, ACSL4 showed specificity for polyunsaturated
fatty acids, such as AA and eicosapentaenoic acid,
which may contribute to changes in function of specific
[4,28]
tissue
.

ACSL AND METABOLIC DISEASES
Fatty acid metabolism disorder is involved in the
occurrence of many metabolic diseases, such
as obesity, diabetes, cardiovascular disease and
atherosclerosis. ACSLs play an important role in fatty
acid metabolism, and dysfunction of these enzymes
often leads to fatty acid metabolism disorders. The
rs9997745 mutant of ACSL1 increases the risk of
[45,46]
metabolic syndrome, related to type 2 diabetes
.
In addition, ACSL1 expression is increased in
[47]
mononuclear cells in type 1 diabetic patients ,

WJG|www.wjgnet.com

ACSL AND OTHER DISEASES
Studies have shown that ACSLs also play a role in
other diseases. Methylation of ACSL3 5’-CpG island
(CGI) is thought to be correlated with maternal
exposure to polycyclic aromatic hydrocarbons in the
air, which is also closely correlated with the increased
incidence of asthma, suggesting that ACSL3 may
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Table 1 Long-chain acyl-CoA synthetase expression and pathways involved in liver diseases

ACSL1
ACSL3
ACSL4

ACSL5

Liver diseases

mRNA expression

Pathways

Ref.

HF
NAFLD
NAFLD
HCV
HCC
NAFLD
NAFLD

↓
↓
↓
↓
↑
↑
↑

PPAR/NF-κB/p65
TGF
LXR/RXR
-P38/cAMP
-Caspase

Xin et al[39] and Pyper et al[42]
Uto et al[43]
Dong et al[44]
Yao et al[17]
Liang et al[32]
Stepanova et al[41]
Reinartz et al[40]

ACSL: Long-chain acyl-CoA synthetase; HF: Hepatic fibrosis; NAFLD: Non-alcoholic fatty liver disease; HCV: Hepatitis C virus; HCC: Hepatocellular
carcinoma; PPAR: Peroxisome proliferator-activated receptor; NF-κB: Nuclear factor of kappa light polypeptide gene enhancer in B-cells; TGF:
Transforming growth factor; LXR: Liver X receptor; RXR: Retinoid X receptor; cAMP: 3’-5’-cyclic adenosine monophosphate.

[51,52]

play a role in asthma
. Studies have shown that
ACSL4 stimulates the release of prostaglandin E2
by arterial smooth muscle cells, which promotes
atherosclerosis formation, suggesting the involvement
[23,53,54]
of ACSL4 in atherosclerosis
. ACSL4 has also
been linked to uterus abnormalities, Alport syndrome
[55,56]
and elliptocytosis
. ACSL5 transcription is elevated
in systemic lupus erythematosus (SLE), and the
treatment of SLE with corticosteroids decreased ACSL5
[36]
transcription . Patients with inflammatory bowel
disease showed over-expression of ACSL1 and ACSL5
[57]
mRNAs in the terminal ileum and colon .

5
6

7

8

CONCLUSION
Long-chain Acyl-CoA synthetase plays a crucial role
in fatty acid metabolism. Fatty acids, saturated or
unsaturated, are a major source of energy in humans
and are essential, particularly unsaturated fatty acids.
Fatty acids need to be activated to form acyl-CoA
before they enter a metabolic pathway, including both
anabolic and catabolic pathways. Recent research
on ACSLs mainly focused on the effect on fatty
acid metabolism and less on the influence on cell
proliferation and apoptosis. The mechanisms involved
in fatty acid metabolism and cell proliferation and
apoptosis are unclear. Further studies to elucidate the
function of ACSL enzymes would be highly beneficial.
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rature), time point of dissection of the submucous-mucous
layer from the smooth muscle (before or after storage),
different rinsing methods (rinsing with Medium, PBS,
RNALater or without rinsing at all) and different regions of
the gut (proximal and distal small intestine, caecum, colon
and rectum). The total RNA from different parts of the gut
(rat: proximal and distal small intestine, caecum, colon
and rectum, human: colon and rectum) and individual gut
layers (muscle and submucosal/mucosal) was extracted.
The quality of the RNA was assessed by micro capillary
electrophoresis. The RNA quality was expressed by the
RNA integrity number which is calculated from the relative
height and area of the 18 S and 28 S RNA peaks. From
rat distal small intestine qPCR was performed for neuronal
and glial markers.
RESULTS: RNA obtained from smooth muscle tissue
is much longer stable than those from submucosal/
mucosal tissue. At RT muscle RNA degrades after one
day, on ice it is stable at least three days. Cleaning
and separation of gut layers before storage and use
of RNALater, maintains the stability of muscle RNA at
RT for much longer periods. Different parts of the gut
show varying degradation periods. RNA obtained from
the submucosal/mucosal layer always showed a much
worse amplification rate than RNA from muscle tissue.
In general RNA harvested from rat tissue, either

smooth muscle layer or submucosal/mucosal layer is
much longer stable than RNA from human gut tissue,
and RNA obtained from smooth muscle tissue shows an
increased stability compared to RNA from submucosal/
mucosal tissue. At RT muscle RNA degrades after one
day, while the stability on ice lasts at least three days.
Cleaning and separation of gut layers before storage
and use of RNALater, maintains the stability of muscle
RNA at RT for much longer periods. Different parts of
the gut show varying degradation periods. The RNA
from muscle and submucosal/mucosal tissue of the
proximal small intestine degrades much faster than
the RNA of distal small intestine, caecum or colon

Abstract
AIM: To characterize the influence of location, species
and treatment upon RNA degradation in tissue samples
from the gastrointestinal tract.
METHODS: The intestinal samples were stored in

different medium for different times under varying
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with rectum. RNA obtained from the submucosal/
mucosal layer always showed a much more reduced
amplification rate than RNA from muscle tissue
[β-Tubulin Ⅲ for muscle quantification cycle (Cp): 22.07
± 0.25, for β-Tubulin Ⅲ submucosal/mucosal Cp: 27.42
± 0.19].
CONCLUSION: Degradation of intestinal mRNA
depends on preparation and storage conditions of the
tissue. Cooling, rinsing and separating of intestinal
tissue reduce the degradation of mRNA.
Key words: Intestinal RNA; Degradation; Storing con

ditions; Flushing; Cooling

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

Core tip: The quality of RNA is crucial for an appropriate
RNA analysis. Especially when working with human
material, precious samples will often be used for
different purposes and can therefore not be frozen
immediately. Gut tissue is especially fragile and RNA
degrades rapidly if not treated adequately. Under
these aspects RNA degradation of different gut
sections and gut wall layers regarding their treatment
was investigated in this study. Storage, rinsing and
preparation conditions are essential for RNA stability.
Sufficient and permanent cooling as well as the
removal of bacterial contamination leads to a reduced
degradation in muscle tissue of the gut.

MATERIALS AND METHODS
Human postnatal gut

Intestinal tissue from children (age ranged from two
month to two years) was obtained from two surgical
facilities. A total of ten gut tissue samples of the colon
which were sectioned in one centimetre segments
were included in the study. These sections were
analysed as a whole or separated into muscle and
submucosal/mucosal layer. All samples were collected
after written informed consent of the parents of the
patients, according to the Declaration of Helsinki and
with the approval of the local ethics committee.

Heumüller-Klug S, Sticht C, Kaiser K, Wink E, Hagl C, Wessel
L, Schäfer KH. Degradation of intestinal mRNA: A matter of
treatment. World J Gastroenterol 2015; 21(12): 3499-3508
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i12/3499.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i12.3499

Animals

Sprague Dawley rats of one to two weeks of age were
used. Rats were killed by decapitation and the small
intestine, caecum and colon were removed. The small
intestine was sectioned into equal segments. Animal
protocols were approved by the internal Veterinary
Inspection Office in Mannheim.

INTRODUCTION
RNA isolation followed by PCR analysis has become
[1-4]
a major tool in modern research
. Working with
[5]
RNA requires the control of RNA integrity . This
is a critical first step in obtaining meaningful gene
expression data. Working with low quality RNA might
have a significant impact on the experimental results
of downstream applications, which are often labourintensive, time-consuming, and expensive. Using
intact RNA is a key factor for the successful application
of modern molecular biological methods, such as qRT[6,7]
PCR or microarray analysis . Samples are usually
immediately frozen to avoid prolonged storage under
suboptimal conditions. The analysis and evaluation
of human samples depends on a stable supply and
often only small amounts of tissue can be provided. In
many cases these rare samples are used for various
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[9]

experiments , including the isolation of living cells ,
thus making it necessary to use alternative storage
and transportation conditions of vital tissue. Especially
in cases, where the samples are received at different
locations, or even from abroad, transportation time
might exceed 24 h. In these cases, the samples
cannot simply be frozen; they have to be transported
as vital tissue on crushed ice, which is not an ideal
condition for RNA conservation. The integrity of
the sample RNA depends strongly on the individual
[10]
tissue . When working with the sensible gut tissue,
several major drawbacks came into the focus of
attention. The amount of digestive enzymes and a
[11,12]
broad range of microorganisms
are rendering the
gut a problematic tissue. Moreover, it contains different
compartments or layers (muscle, submucosal and
[13]
mucosal layer)
with individual properties. In the
actual study the integrity of the RNA was investigated
concerning transportation or storage time and
condition as well as the influence of the gut content
upon the individual layer.

Experimental approaches

For all experiments performed in this study human
or rat tissue samples (each one cm long) were used.
The individual experiments differ concerning species,
location, gut layer, storage conditions (time and
temperature), time of separation of the layers and
different rinsing methods.
In the first experiment the differences in RNA
degradation between human and rat gut tissues have
been investigated. The tissues were temporarily stored
in a Hepes buffered minimal essential medium (MEMHepes) with a stable glutamine dipeptide (Glutamax)
on ice. After different storage times the tissue was
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Degradation testing

separated in muscle and submucosal/mucosal layer:
6 h, 24 h and 72 h. The 0 h samples were frozen
immediately in liquid nitrogen and stored until further
processing for RNA extraction, as described below.
The second experiment was performed to
demonstrate the influence of the temperature. The
samples from rat small intestine were flushed first in
PBS, then separated into muscle and submucosal/
mucosal layer and then stored for different times (0 h,
0.5 h, 1 h, 1.5 h, 3 h, 6 h, 8 h, 24 h, 48 h and 72 h)
in MEM-Hepes either on ice or at room temperature
(RT) before storage until further processing for RNA
extraction, as described below.
A third experiment was designed to investigate
more precisely the influence of separation of the
gut different layers prior to processing upon RNA
degradation. The samples from rat small intestine
were rinsed in MEM-Hepes with antibiotics (Gentamycin
and Metronidazol) before being temporarily stored
(0 h, 0.5 h, 1 h, 1.5 h, 3 h, 6 h, 8 h, 24 h, 48 h and
72 h) in MEM-Hepes (Glutamax) on ice or at RT.
After storage samples were separated in muscle and
submucosa/mucosa. A second group of tissue was
investigated where muscle and submucosal/mucosal
layer had been separated before storage (same times
as above) until further processing for RNA extraction,
as described below.
A forth experiment should evaluate the influence of
different rinsing solutions. The samples from rat small
intestine were rinsed after dissection in PBS or MEMHepes with antibiotics (Gentamycin and Metronidazol),
in RNALater or not rinsed at all. Then they were
temporarily stored in the individually used rinsing
solutions on ice or at RT. The tissue was separated
in muscle and submucosal/mucosal layer at different
times: 0 h, 8 h, 24 h and 48 h before storage until
further processing for RNA extraction, as described
below.
A fifth experiment was performed to analyze
whether the gut region alters the effect of RNA
degradation. The whole rat gut was separated into
proximal and distal small intestine, caecum, colon and
rectum. Then the gut tissues were temporarily stored
in a Hepes buffered MEM with a stable glutamine
dipeptide (Glutamax) at RT. The tissue was separated
into muscle and submucosal/mucosal layer at different
times (0 h, 8 h, 24 h and 48 h) before stored until
further processing for RNA extraction, as described
below.

RNA quality assessment was tested by micro capillary
electrophoresis using an Agilent Bioanalyzer 2100
(Agilent Technologies, Waldbronn, Germany) with the
RNA 6000 Nano Kit (Agilent Technologies, Waldbronn,
[14]
Germany) following the manufacturer’s protocol .
The RNA quality was determined by the RNA integrity
number (RIN), which is calculated from the relative
height and area of the 18 S and 28 S RNA peaks and
follows a numbering system from 1 to 10, with 1
being the most degraded profile and 10 being the best
[15,16]
preserved
. For the degradation test we used RNA
with a concentration of 50 ng/μL.

Real time PCR analysis of gene expression

BioScript TM was used to generate cDNAs (Bioline)
from 100 ng RNA according to the manufacturer’s
protocol. For real time PCR the SensiMixSYBR Low Rox
Kit (Bioline) was used on a MX3005 (Stratagene). 100
ng cDNA was used for each sample. The individual
tests were performed in triplicates and repeated 3
times. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as housekeeping gene. The PCR
conditions were as follows: initial denaturation 10
min, 95 ℃, 40 cycles of denaturation; 30 s, 95 ℃;
annealing, 30 s, 55 ℃; elongation 30 s, 72 ℃. The
primer sequences (F: forward; R: reverse) were as
follows: r-S100 (F: 5’-TTGCCCTCATTGATGTCTTCCA-3’,
R: 5’-TCTGCCTTGATTCTTACAGGTGAC-3’) from
[17]
Lisachev et al , r‑Tubulin-β Ⅲ (F: 5’-AGACCTACTG
CATCGACAATGAAG-3’, R: 5’-GCTCATGGTAGCAGA
[18]
CACAAGG-3’) from Schwindt et al , PGP9.5 (F:
5’-CCCTGAAGACAGAGCCAAGTG-3’, R: 5’-GAGTCA
TGGGCTGCCTGAA-3’), and GAPDH (F: 5’-GTATGAC
TCTACCCACGGCAAGT-3’, R: 5’-TTCCCGTTGATGA
[19]
CCAGCTT-3’) from Du et al .

Statistical analysis

For time course measurement on degradation effect of
muscle and submucosal/mucosal human and rat tissue
in student’s t-test was applied, after testing for normal
distribution. The results were considered significant
with a P < 0.05.
The response RINs were fit using standard leastsquare regression using JMP version 10 to explore
the impact of temperature, tissue, time, species and
tissue separation of the gut tissue in muscle and
submucosal/mucosal layer before or after incubation.
The contribution of the different formulation variables
was compared using analysis of variance (ANOVA) at P
< 0.05 significance level.

RNA extraction

Total cellular RNA was extracted from one centimetre
tissue segments using an “Isolate RNA Mini Kit” (Bioline,
Luckenwalde, Germany) following the manufacturer’s
protocol. The contaminating genomic DNA was digested
with DNase Ⅰ (Invitrogen, Karlsruhe, Germany). RNA
concentration was measured spectrophotometrically
using an infinite M200 micro plate reader (Tecan,
Mainz-Kastel, Germany).
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RESULTS
Degradation of muscle and submucosal/mucosal layer
RNA of human and rat gut at different points in time

Degradation of RNA was assessed using an Agilent
2100 bioanalyzer. This approach was applied to a large
collection of electrophoretic RNA measurements. The
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Figure 1 Time course of degradation effect on muscle and submucosal/mucosal human and rat tissue. Human and rat gut samples were stored in MEMHepes on ice and separated in smooth muscle and submucosal/mucosal layer (muscle, mucosa) at different points in time. RNA from the tissues was isolated and
degradation (RIN) of the different samples was examined. A: The figure shows a typical gel for human and rodent samples with different integrities. First the ladder,
followed by 3 human muscle samples (hu MP), another 3 samples from human mucous layer (hu SMP) all from different points in time. The last 6 samples were
comparable samples from rat (ra); B and C: Typical electrophoretic RNA measurements obtained from an Agilent 2100 bioanalyzer displaying different RIN values for
intact (8 and 3 respectively; B) and partly degraded RNA (5 and 2 respectively; C); RIN values from both rat and human tissues from different compartment and time
points are depicted in (D) and (E). Data are presented as the mean ± SE. n = 10.

resulting algorithm is a user-independent, automated
and reliable procedure for standardization of RNA
quality control that allows the calculation of an RNA
[16]
integrity number (RIN) . A minimum level of RNA
integrity is necessary to obtain reliable qPCR data. RNA
with a RIN below five is highly degraded and should
[10]
not be used within further qPCR experiments . The
needs for microarray experiments are even higher.
Here you need a RIN higher than 7. Moreover, a RIN
that might be adequate for a 3’ amplification might not
work for a 5’ amplification. To test the RNA degradation
progress of different tissues gained from human and
rodent gut on ice, the samples were separated into
muscle and submucosal/mucosal layers (Figure 1A-C).
The RNA of the human muscle was intact for more
than 24 h. After 6 h the RNA had a RIN of 8.2 ± 0.11
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and a RIN of 7.8 ± 0.2 after 24 h. After 72 h the RNA
of the muscle was degraded and the RIN dropped to
3.8 ± 2.2 (Figure 1D). The RNA of the submucosal/
mucosal layer degraded much faster than the RNA of
the muscle layer. The RIN of the submucosal/mucosal
layer showed a still acceptable value of 5.4 ± 0.6 after
six h and was fully degraded after 24 h with a RIN of 3.7
± 1.0 and a RIN of 2.2 ± 0.2 after 72 h (Figure 1E).
Comparing rat and human tissue reveals significant
differences. While the RIN of rat smooth muscle
tissue still reaches 8.4 ± 0.4 (Figure 1D) after 72 h of
storage, the human tissue yields not more than a RIN
of 3.8 ± 2.2 (Figure 1D). Rat derived submucosal/
mucosal layer RNA degraded even faster, already after
24 h. At this point of time the RNA delivered a RIN
value of 7.4 ± 0.6. After 48 and 72 h the RIN was still
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Influence of separation and rinsing prior to the
extraction process
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10
8

To study whether a special tissue treatment will protect
the RNA from degradation, the gut was rinsed with
sterile PBS before separating the layers into muscle
und submucosal/mucosal tissue. The tissues were
either separated immediately before or after storage.
Storage took place in MEM-Hepes, either on ice or
at RT. After different times the RNA of the samples
was isolated and the degradation evaluated. After 72
h the RNA of the muscle layer showed similar RIN
values on ice (RIN 7.3 ± 1.2) as at RT (RIN 8.6 ± 0.4)
(Figure 3A). So it seems that rinsing and separating
the tissue in muscle and submucosal/mucosal layers,
prevents the RNA of the muscle in case the cold chain
is interrupted. Submucosal/mucosal RNA degraded
after 24 h on ice. The RNA after 24 h had a RIN of
6.2 ± 1.1 and of 4.3 ± 1.6 after 48 h, respectively
3.2 ± 1.6 after 72 h (Figure 3A). At RT the RNA of the
submucosal/mucosal layer degraded at 8-h incubation
in medium and yielded a RIN of 4.9 ± 1.3, while there
was a complete degradation to be seen after 24 h with
a RIN of 1 ± 0.2 (Figure 3A). Separating muscle and
submucosal/mucosal layer makes no difference to the
quality of the RNA from the submucosal/mucosal layer
in contrast to the muscle.
A multifactorial analysis of variances of the RIN in
response to several factors: temperature, tissue, time,
species and tissue separation of gut in muscle and
submucosal/mucosal layer before or after incubation
was undertaken. To identify the impact factors to the
RIN, an analysis of variance (ANOVA) at P = 0.05
significant level was used.
The factors temperature, tissue, time, species
and tissue separation of the gut tissue in muscle and
submucosal/mucosal layer before or after incubation
had all a significant influence on the RIN of the RNA
(Figure 3B). The factors submucosal/mucosal layer,
RT, time, human and separation of gut tissue after
incubation time, influence the RIN negatively (Figure
3B). The most important factor for the RIN with the t
ratio of 12.52 is the tissue, followed by the time with
a t ratio of 10.66, temperature with a t ratio of 6.93,
species with a t ratio of 6.23 and finally the separation
of the tissue in muscle and submucosal/mucosal layer
before or after incubation with a t ratio of 3.63.
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Figure 2 Time and temperature based measurement of RNA integrity of
isolated RNA from rat muscle and submucosal/mucosal tissue of the gut.
Pieces of rat gut were stored in MEM-Hepes on ice or at room temperature (RT)
and at different points in time samples were separated into smooth muscle and
submucosal/mucosal layer (muscle, mucosa). The RNA integrity number was
assessed for the individual samples. Data are presented as the mean ± SE. aP
< 0.05 and n = 6.

acceptable with values around 5.5 ± 2 (Figure 1E).
Human derived submucosal/mucosal tissue degraded
already after 6 h with a RIN of 5.4 ± 0.6 and 3.7 ±
1 after 24 h. At this time point the RNA of human
submucosal/mucosal layer is completely degraded
compared to RNA of rat submucosal/mucosal layer
(Figure 1E).

Influence of temperature and time upon RNA
degradation in different gut layers

In order to investigate when exactly the RNA of the
gut degrades and which role temperature and time
are playing, a more detailed analysis was performed
with rat derived intestinal tissue. The amount of tissue
was not limited. Furthermore individual short periods
of time could be explored. Rat tissue samples were
collected and stored temporarily in MEM-Hepes on
ice or at RT until RNA was extracted and measured.
Full thickness samples as well as individual muscle
or submucosal/mucosal layers were analysed after
separation (Figure 2). Muscle RNA kept its stability
for more than 72 h when stored on ice. Here the RIN
values varied between 9.2 at “zero” time and 7.6 after
72 h. The RNA quality was still sufficient for further
experiments. After 24 h at RT the RNA was 6.2 ± 1.3,
after 48 h it dropped to 1.8 ± 0.9 and after 72 h the
RIN reached a value of 1.1 ± 0.5 (Figure 2). The RNA
of the submucosal/mucosal layer remained intact on
ice over 72 h with a RIN of 5.5 ± 1.5 while at room
temperature it already degraded after 8 h. Here the
RIN dropped to 6.5 ± 0.6 and 3 ± 1.4 after 24 h.
Degradation kept on until it reached a value of 1.0 ± 0.5
at 72 h (1.3 ± 0.6, 48 h, Figure 2).
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Use of different media for rinsing and storage of the
tissue

As the previous experiments revealed that rinsing the
specimen protects the muscle from RNA degradation,
the rinsing media might also be critical. We therefore
tried various media for the initial rinsing step. Three
different rinsing solutions (MEM+, PBS or RNALater)
were used and the individual tissues were compared
with tissues which were not rinsed at all and just
stored in MEM plus. The tissues were stored in the
same media in which they have been rinsed for various
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Figure 3 Time course of RNA integrity from isolated RNA from muscle and submucosal/mucosal tissue with an initial separation or with separation after
storage. A: In the experiment “before” the gut from rat was first rinsed with PBS and separated into muscle and submucosal/mucosal layer and then the samples
were stored in medium on ice or at room temperature (RT). In the experiment “after” the tissue of the gut was stored in medium on ice or at RT and at different points
in time samples were washed with PBS and separated in muscle and submucosal/mucosal layer. The RNA integrity number was measured. Data are presented as the
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before or after incubation was calculated. To identify the impact factors upon the RIN, an analysis of variance (ANOVA) at aP < 0.05 significant level was used and n = 6.
RIN: RNA integrity number.

incubation times (0 h, 8 h, 24 h and 48 h) on ice or at
RT. Regarding the tissues stored in control medium,
MEM+ or PBS no visible difference after incubation
were observed (Figure 4). However, the tissue that
had been washed and stored in RNALater did shrink
and became very sticky. This tissue was therefore very
hard to dissect in muscle and submucosal/mucosal
layer. Due to this heavy sticking the tissue could not be
pipetted appropriately. Moreover the tissue was very
fragile and easily destroyed. In this experiment it could
clearly be demonstrated that the RNA from muscle
and submucosal/mucosal layer was best protected
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by cooling (Figure 4). As soon as the samples were
stored on ice, only one significant difference in the
muscle was seen after 24 h. Here the tissue stored in
RNALater had a significant (P = 0.001) higher RIN.
All other washing and storing methods displayed no
significant different effects, even after 48 h. However,
when the samples were stored at RT, we noticed
significant differences for the muscle up to 24 h (Figure
4). The samples which were washed and stored in
RNALater had a much better RIN value (eight) than
the control samples. Also the samples stored in MEM+
or PBS had a RIN below five. This effect was even
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Figure 4 Time course of RNA integrity from isolated RNA from muscle and submucosal/mucosal tissue treated with different methods. Rat gut was rinsed
with different media and stored in medium on ice or at room temperature at different points in time (0 h, 8 h, 24 h and 48 h). Then the samples were separated in
smooth muscle (muscle) and submucosal/mucosal layer (mucosa). The RNA Integrity number was measured and data are presented as the mean ± SE and tested
for statistical significance using one way ANOVA. The results were considered significant with P < 0.001 and n = 9. RIN: RNA integrity number.

more pronounced after 48 h, where the RNALater
samples still had a RIN value greater seven, while all
others provided only completely degraded RNA (Figure 4).
In the submucosal/mucosal layer samples a similar
protective effect of cooling could be demonstrated
as seen in the muscle tissue, while there was no
difference between the individual media used. At
RT RNALater did not have any protective effect on
submucosal/mucosal tissue. Interestingly, the best
a
protection effect after 8 h could be seen with PBS ( P =
0.001). After 24 h and 48 h, the RNA was completely
degraded in submucosa/mucosal tissue in all rinsing
solutions (Figure 4).

stored at RT about 0 h, 8 h, 24 h and 48 h in MEM and
separated into muscle and submucosal/mucosal layer
afterwards. It could be clearly demonstrated that the
RNA from the proximal small intestine degraded much
faster (P = 0.001, 8 h), as those from other locations
(Figure 5). This RNA had already a RIN value about
5 after 8 h in both submucosal/mucosal and muscle
layer while the other sections still had a value above
seven or ten in both muscle and submucosal/mucosal
layer respectively. The muscle RNA after 24 h was
degraded only in the proximal small intestine. All other
parts had a RIN higher than 5. After 48 h there was no
difference between either region or tissue type, all RNA
was degraded (Figure 5).

RNA integrity in different parts of the gut

Expression of neuronal and glial genes in submucosal/
mucosal and muscle layer

To verify subsequently whether the individual sections
of the intestine have an influence on the stability of
RNA and whether bacteria or digestive enzymes, which
are different in each section, have influence upon the
RNA degradation, they were examined separately
on RNA degradation. To test this, the intestine was
separated into proximal and distal small intestine,
caecum and colon with the rectum. These pieces were
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In order to analyse whether the expression of genes
from the enteric nervous system (ENS) depends
on RNA degradation, the RNA of muscle and of
submucosal/mucosal tissue with different RIN’s (two
to nine) was analysed with qPCR. Neuronal and glial
genes (β-Tubulin Ⅲ, PGP9.5 and S100), as well as
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Figure 5 Measurement of RNA Integrity in different parts of the gut. Rat gut was separated in different parts (proximal small intestine, distal small intestine,
caecum and colon with rectum) and then the samples were stored in medium at room temperature and at different points in time (0 h, 8 h, 24 h and 48 h) the tissue
was separated in smooth muscle (muscle) and submucosal/mucosal layer (mucosa). The RNA Integrity numbers were calculated and data presented as the mean ±
SE and tested for statistical significance using ANOVA. The results were considered significant with P < 0.001 and n = 9.

The gut is a highly delicate tissue that is filled with
digestive enzymes and a microbiome of varying quality
and quantity. This leads to a rapid post mortem or
even post dissection degradation of the whole tissue.
Obviously, human RNA degrades faster than the one
derived from rat. RNA from post mortem brain is much
more stable than RNA from post mortem intestinal
[22]
tissue . We demonstrated similar differences between
rat and human tissue from surgical gut samples. The
storage and dissection before RNA processing changes
their individual quality. This was most pronounced in
the smooth muscle from both rat and human.
Generally, RNA from the muscle layer remains
much longer stable than RNA from the submucosal/
mucosal layer. In the submucosal/mucosal layer
usually more immune cells are to be found, and due
to the neighbourhood to the lumen and the loose
arrangement of the tissue the bacterial translocation
takes place earlier and to a greater extent.
We have shown in the intestinal samples that
measures such as rinsing the tissue and separating
the bowel in its submucosal/mucosal and muscle
compartments, reduces especially the RNA degradation
in the muscle. If the cold chain is not interrupted
the RNA of the smooth muscle remains stable for a
minimum of 72 h. In contrast, rinsing and separating the
tissue wall does not protect the RNA from submucosal/
mucosal layers. Here, only cooling reduces degradation.
These effects might even be more pronounced when
[3]
the intestinal tissue is inflamed . We could also
demonstrate that different rinsing methods have no
impact upon RNA integrity, if the tissue is cooled. But
the rinsing method has an influence if the tissue is
stored at RT. RNALater prevents RNA degradation in
the muscle at all-time points investigated, while also
PBS hade a preventing influence upon the submucosal/
mucosal layer after 8 h at RT. This might be due to an
inhibition of degradating enzymes which needs calcium
[23,24]
or magnesium for being active
.
Not only that RNA from the intestine degrades
faster than RNA from blood cells, or cell lines, there

Table 1 Real time PCR from muscle and submucosal/mucosal
layer of individual gut layers
Tissue

Gene

Muscle
Submucosal/mucosal
Muscle
Submucosal/mucosal
Muscle
Submucosal/mucosal
Muscle
Submucosal/mucosal

Cp (RIN = 9) Cp (RIN = 2)

β -Tubulin Ⅲ
β -Tubulin Ⅲ
PGP 9.5
PGP 9.5
S100b
S100b
GAPDH
GAPDH

22.07 ± 0.25
27.42 ± 0.19
20.28 ± 0.09
25.43 ± 0.54
26.65 ± 0.47
28.53 ± 0.63
18.85 ± 0.05
18.93 ± 0.04

24.41 ± 0.22
26.00 ± 0.93
23.67 ± 0.58
25.28 ± 0.58
29.07 ± 0.02
29.75 ± 1.30
18.68 ± 0.08
19.53 ± 0.20

The expression patterns in terms of cycles do depend on the RNA integrity
number (RIN). Cp (RIN = 9): Quantification cycle by qPCR from RNA
with a RIN of 9; Cp (RIN = 2): Quantification cycle by qPCR from RNA
with a RIN of 2.
[6]

GAPDH as an independent gene for degradation
were investigated. When the RIN of the muscle RNA
decreases, the quantification cycle (Cp) of the qPCR
increases for the neuronal and glial genes (Table 1). So
it seems that the Cp from muscle layer depends on the
RIN.
The Cp of the submucosal/mucosal layer with a RIN
of nine equals the RIN of five from muscle tissue. The
Cp from the submucosal/mucosal layer seems not to
be dependent on the RIN of the RNA.

DISCUSSION
While quality control of RNA is routinely being per
formed prior to microarray-based gene expression
profiling, it is often missing with regard to PCR-based
quantification methods. Indeed, even on degraded
RNA samples, a nice amplification curve can be
[20]
obtained . Nevertheless, excellent RNA quality
is essential to obtain reliable results. The inclusion
of samples with degraded RNA may influence the
statistical analysis and hence the interpretation of gene
expression levels in relation to biological and/or clinical
data. Results should reflect real biological differences
[21]
and not differences due to poor RNA integrity .
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content of the gut can interfere with the quality of RNA.

are also local differences. The RNA of the proximal
part of the small intestine (duodenum) degrades much
faster than the ones from the distal parts of the small
intestine (ileum and jejunum) or the large bowel
(caecum and colon with rectum). This demonstrates
that digestive enzymes might also play an important
role for RNA degradation. Other groups showed
that the RNA from ileum and colon degraded slower
[10]
than the one from jejunum . This is consistent
with our data concerning the duodenum. In rodents,
proximal small intestine samples might still harbour
parts of the pancreas, which is (unless in human) not arranged in a compact organ. Bits of pancreatic
tissue are embedded in the mesenterial wall along
the duodenum, and might easily be overseen during
dissection. Pancreatic tissue will yield a surplus of
degradating enzymes. Moreover, degradation of the
RNA does also depend on the amount of connective
tissue or fat, or as in our case, in increased enzyme
[10]
activity . It can lead to a faster degradation of the
[22]
RNA
or caused by inadequate sample processing
[20]
and storage . Using RNase inhibitors can reduce the
problem of RNA degradation, but is not consistent
among individuals and RNA degradation even occurred
when frozen samples were thawed immediately before
[25]
nucleic acid extraction .
Adequate sample storage in medium as well as
cooling reduces RNA degradation at least in muscle
and submucosal/mucosal layer.
Also it is known that in some mammalian tissue or
blood or even the food in the gut contains inhibiting
[26-30]
factors which interferes with the PCR assays
.
So there might be some unknown factors in the
submucosal/mucosal layer that can produce a false
negative result for the qPCR. In general, rinsing, cooling
and separation make the difference concerning RNA
quality. While RNALater increases RNA quality, its use
makes only sense provided a sole RNA extraction is
performed. As soon as the tissue has to be processed
further, i.e., by separating the individual gut wall layers,
RNALater interferes negatively with the dissection
process. In order to avoid misinterpretations, especia
lly with a limited amount of crucial material, optimal
pre-treatment and processing is an indispensable
prerequisite to obtain reliable and standardized RNA
analysis data.

Research frontiers

RNA from the gastrointestinal tract is particularly interesting in various diseases,
be it inflammatory or developmental. A standardized protocol for optimal RNA
treatment allows the comparison of results from different laboratories in a more
reliable way.

Innovations and breakthroughs

A detailed protocol of sample preparation for optimal RNA harvest is provided.
Different species have been compared and variations and influences of both
species and gut segments investigated.

Applications

The provided data can be used for a more standardized investigation of RNA
changes in health and disease, based on optimized techniques.

Terminology

RNA degradation means that the information sequence of the RNA is destroyed
and can therefore not be used for a reliable identifications of specific genes,
involved in diseases or developmental changes.

Peer-review

This is a study in which the authors analysed the effect of different treatment
and storage conditions of intestinal tissue upon the RNA quality derived from
these tissues. The results are interesting and show that cooling and separation
of tissue prevents the RNA of degradation.
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Effect of entacapone on colon motility and ion transport in
a rat model of Parkinson’s disease
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by means of a muscle motility recording device. The
mucosal electrolyte transport of PD rats was examined
by using a short-circuit current (I SC ) technique and
scanning ion-selective electrode technique (SIET).
Intracellular detection of cAMP and cGMP was accom
plished by radioimmunoassay testing.
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RESULTS: COMT was expressed in the colons of both
normal and PD rats, mainly on the apical membranes
of villi and crypts in the colon. Compared to normal
controls, PD rats expressed less COMT. The COMT
inhibitor entacapone inhibited contraction of the
PD rat longitudinal muscle in a dose-dependent
manner. The β2 adrenoceptor antagonist ICI-118,551
blocked this inhibitory effect by approximately 67%
(P < 0.01). Entacapone increased mucosal I SC in the
colon of rats with PD. This induction was significantly
inhibited by apical application of Cl channel blocker
diphenylamine-2, 2’-dicarboxylic acid, basolateral
+
+
application of Na -K -2Cl co-transporter antagonist
bumetanide, elimination of Cl from the extracellular
fluid, as well as pretreatment using adenylate cyclase
inhibitor MDL12330A. As an inhibitor of prostaglandin
synthetase, indomethacin can inhibit entacaponeinduced I SC by 45% (P < 0.01). When SIET was applied
to measure Cl flux changes, this provided similar
results. Entacapone significantly increased intracellular
cAMP content in the colonic mucosa, which was greatly
inhibited by indomethacin.
CONCLUSION: COMT expression exists in rat colons.
The β2 adrenoceptor is involved in the entacaponeinduced inhibition of colon motility. Entacapone induces
cAMP-dependent Cl secretion in the PD rat.

Abstract
AIM: To study the effects of entacapone, a catecholO-methyltransferase inhibitor, on colon motility and
electrolyte transport in Parkinson’s disease (PD) rats.

Key words: Parkinson disease; Entacapone; Colon
motility; Ion transport; Catechol-O-methyltransferase

METHODS: Distribution and expression of catecholO-methyltransferase (COMT) were measured by immu
nohistochemistry and Western blotting methods. The
colonic smooth muscle motility was examined in vitro
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muscle and mucosal samples to examine the precise
localization of COMT in the rat colon. The effect of
entacapone on colon smooth muscle and epithelial
ion transport in PD rats was investigated. In addition,
the main reasons responsible for entacapone-induced
adverse intestinal effects were explored. This study
provides experimental evidence for the prevention and
treatment of these side effects.

Core tip: Entacapone, a catechol-O-methyltransferase
(COMT) inhibitor, is an emerging drug for Parkinson’
s disease (PD) patients. However, patients experience
gastro-intestinal side effects with entacapone treatment
and the reason for this is unknown. This study for the
first time proved that COMT is expressed in normal
and PD rat colons and that entacapone can inhibit PD
rat muscle contraction through the β2 adrenoceptor. It
was also discovered that entacapone can induce cAMPdependent Cl secretion in PD rats and that endogenous
prostaglandin is involved in this process. These findings
provided histological evidence of COMT in the colon,
establishing an experimental basis for the mechanism
of entacapone-induced PD gastro-intestinal side effects.

MATERIALS AND METHODS
Experimental animals

The animals were purchased from the Department of
Animal Science of Capital Medical University. Specificpathogen-free (SPF) male SD rats with body weights of
200-300 g were randomly grouped. The animals were
kept at room temperature, with normal light/dark cycle
exposure and 24-h water and food access until the day
of the experiment. The experiment was approved by
the Laboratory Animal Welfare Committee.

Li LS, Liu CZ, Xu JD, Zheng LF, Feng XY, Zhang Y, Zhu JX.
Effect of entacapone on colon motility and ion transport in a
rat model of Parkinson’s disease. World J Gastroenterol 2015;
21(12): 3509-3518 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3509.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3509

Main reagents and preparation

The main reagent, entacapone, is a product of the
Orion Corporation. Indomethacin, TTX, bumetanide,
and DPC were purchased from Sigma (St. Louis,
MO). All chemical reagents were dissolved in dimethyl
sulfoxide (DMSO), and the DMSO volume fraction did
not exceed 0.1%. Preliminary experiments showed
that the solvent did not alter basic electrophysiologic
parameters. In addition, NaCl, KCl, MgSO4·7H2O,
KH2PO4, NaHCO3, CaCl2·2H2O, and glucose were
purchased from Sigma.

INTRODUCTION
Parkinson’s disease (PD) is one of the most common
neurologic disorders, affecting approximately 1% of
[1]
individuals older than 60 years . L-DOPA is currently
[2,3]
the most effective treatment for PD . However, most
patients with late-stage disease, or those who have
been treated with L-DOPA for over 3 to 5 years, will
develop “chronic syndromes”, such as desensitization
[4-6]
to treatment or dyskinesia . Entacapone, a catecholO-methyltransferase (COMT) inhibitor, is an emerging
[7-9]
drug that overcomes these problems
. However,
patients experience gastro-intestinal side effects with
entacapone treatment, especially diarrhea, with some
patients displaying constipation and abdominal pain.
Approximately 1% of patients discontinue entacapone
treatment due to abdominal pain. Discontinuing use
of entacapone for several days alleviates the adverse
gastro-intestinal effects, although the mechanism
for this observation is not clear. Abdominal pain can
reach a moderate level, and taking large doses (>
1600 mg/d) of entacapone increases the occurrence
and severity of the abdominal pain; the reason for this
[10-12]
phenomenon is also unknown
.
We hypothesized that the adverse gastro-intestinal
effects of entacapone on PD patients was due to
changes in intestinal smooth muscle motility, or to
effects on ion transport in the intestinal epithelium.
COMT is expressed in several tissues in humans and
rodents. However, the precise localization of COMT
in normal and PD rat intestine is not clear; there are
also no studies reporting how entacapone affects ion
transport in the intestines of PD patients or whether it
[13-16]
affects smooth muscle motility
. Due to the above
factors, this study utilized in vitro rat colon smooth

WJG|www.wjgnet.com

Preparation of the main reagents

The Krebs-Henseleit solution (K-HS) was prepared
as follows: sodium chloride 117 mmol/L, potassium
chloride 4.7 mmol/L, calcium chloride 2.5mmol/L,
magnesium chloride 1.2 mmol/L, sodium bicarbonate
24.8 mmol/L, monopotassium phosphate 1.2 mmol/L,
and glucose 11.1 mmol/L. For Cl free K-HS, sodium
gluconate, potassium gluconate, calcium gluconate,
and magnesium gluconate were used to replace the
sodium chloride, potassium chloride, calcium chloride,
and magnesium chloride, respectively.

Establishing the PD rat model

Male SD rats weighing 210 to 240 g were selected.
First, the weights were taken, and 0.4 mL of 10%
chloral hydrate/100 g body weight was injected for
anesthetization. The animals were placed on a Kopf
stereotaxic apparatus. According to the coordinates,
the positions posterior to the frontal suture 5.6 mm,
shifted 2 mm laterally, or AP = -5.6 (posterior to the
frontal suture is negative and anterior to the frontal
suture is positive), ML = ± 2 mm (right is negative and
left is positive) were located by adjusting the guide
bars and were marked with a marker. Four microliters
of 6-OHDA (2 μg/μL), a total of 8 μg of drug, was
administered at an even speed of 1 μL/min. The
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Table 1 Selected primary antibodies in the study
Antigen

Immunizing antigen

Host species

Synthetic peptide corresponding to amino acid residues 60-76 of rat
COMT
COMT conjugated to KLH
COMT
Synthesized peptide derived from human COMT
A synthetic peptide containing 314-333 amino acids of mouse GAPDH
GAPDH
with a 407972 gene ID
Pellet of pig brain cold stable proteins after depolymerization of
NF
microtubules
NF
Recombinant C-terminal segment of rat NF-M

Dilution

Source/Catalog No.

IHC

WB

Rabbit

1:200

1:1000

Santa Cruz/sc-25844

Rabbit

1:400

1:1000

Sigma/SAB4500401

Rabbit

-

1:5000

Sigma/G9545

Mouse

1:400

-

Abcam/ab7794

Rabbit

1:400

-

Novus/NB300-133

COMT: Catechol-O-methyltransferase; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; NF: Neurofilament.

the pressure transducer. With 2000 mg of weight for
calibration, intensity of muscle strip contraction was
measured with mg as the basic unit. After the muscle
strips were adapted in a water bath for 120 min,
the autonomous contraction intensity was officially
recorded.

Table 2 Selected secondary antibodies in the study
Antibody

Conjugation

Goat anti-rabbit IgG
Goat anti-rabbit IgG
Donkey anti-rabbit IgG

Dilution Source/Catalog No.

Alexa Fluor 488 1:100
Alexa Fluor 488 1:100
IRDyeTM 800
1:10000

Beyotime/A0423
Beyotime/A0428
Rockland/16747

Tissue preparations for measuring the ISC

needle was kept at the position for 2 min. The needle
was then lifted slowly, and a small amount of saline
was scattered to hydrate the incision. A dried saline
saturated gelatin sponge was used to seal the incision.
Penicillin powder was scattered before the skin was
closed by suture. Then, an intraperitoneal injection
of penicillin (0.5 mL/animal) was administered. The
procedures of the normal control group were the same
as those of the experimental model group, except that
the normal control group was administered saline.

For the preparation of the rat colon mucosa sample,
roughly 7 cm of colon from above the rectal lymph
node was obtained (this lymph node is often located
roughly 3 cm up the rectum). Using fine tip forceps
under a dissection microscope to carefully separate
the submucosa, muscularis, and serosa from the
mucosa with blunt dissection, a thin layer of tissue that
included epithelia and some residual connective tissue
was obtained. This tissue comprised the rat colon
mucosa sample.

Immunohistochemistry and protein blotting methods

ISC recording

Western blot analysis and immunohistochemistry were
[17,18]
performed as previously described
. Information on
antibodies used in this study is summarized in Tables 1
and 2.

This experiment utilized a constant temperature
perfusion system to record the ISC in vitro. The colon
mucosa sample was placed in the Ussing chamber of
the perfusion system. Both sides of the colon mucosa
were injected with 5 mL of K-HS, and 95% oxygen and
5% carbon dioxide were administered simultaneously
to maintain the solution pH at approximately 7.4. The
samples were incubated in a 37 ℃ water bath for 30
min to allow the electrical parameters to stabilize. A
voltage clamp was utilized to maintain the epithelial
voltage at zero potential, short-circuiting the tissue,
and the transepithelial current measured at this time
[19]
was the ISC .

Recording of rat colon smooth muscle contraction

The rats were killed and then distal colon was quickly
removed. The luminal contents of the colon were
st
th
washed with Krebs solution. The 1 to 4 segments
of the distal colon were collected. Each segment was
cut open along the mesentery border and spread
evenly over silica gel with the apical membrane facing
down. The samples were surrounded by ice-cold
Krebs solution to maintain tissue activity. The entire
colon was cut into 2-mm-wide, 1-1.5-cm-long strips
along the longitudinal or circular muscles. Surgical
sutures were used to tie a piece of thread to each
end of the muscle strip and connect one end to a
specimen support rod and the other end to a pressure
transducer. The muscle strips were incubated in 10
mL of Krebs solution at a constant temperature (37 ±
0.5 ℃) under continuous gas ventilation (95% oxygen
and 5% carbon dioxide). After applying 1g of resting
muscle tension, the change in length was recorded by

WJG|www.wjgnet.com

Measurement of extracellular Cl- flux

This experiment utilized SIET (BIO-001A, YoungerUSA
Sci. & Tech. Corp., United States). The noninvasive
microelectrode (model XY-H-01) used for measuring
the Cl concentration and flux was provided by Xuyue
(Beijing) Sci. & Tech. Co., Ltd. The tip of the Cl
selective microelectrode was filled with a 15-25 μm
chloride selective liquid ion exchanger column (LIX)
and was subsequently filled with an approximately 10
mmol/L electrolyte solution column. The Cl selective
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Figure 1 Characteristics of catechol-O-methyltransferase localization in normal and 6-OHDA Parkinson’s disease model rats. A: The COMT immunoreactivity
in colon; B: The gray changes of COMT immunoreactivity in colon; C: The changes of expression of COMT in colonic mucosal preparations in 6-OHDA PD rats (n = 8,
a
P < 0.05 vs control). COMT: catechol-O-methyltransferase; PD: Parkinson’s disease.

microelectrode must be calibrated before use; only
Nernstian Slope > 56 mV/decade electrodes can be
used, and the distance between the Cl electrode and
cells must be controlled to approximately 30 μm.
The absolute concentration, flux direction, and flux
rate difference before and after drug treatment were
[20]
compared .

induced intracellular cAMP/cGMP level changes, after
drug pretreatment, the tissues were cut quickly, with
excess water blotted on filter paper, and flash frozen
in liquid nitrogen. The tissues were then homogenized
on ice and centrifuged (10620 × g, 5 min) for analysis.
Intracellular cAMP/cGMP detection was accomplished
using a commercial radioimmunoassay kit (RIA)
(Beijing Huaying Biotechnology Co. Ltd., Beijing,
China).

cAMP/cGMP detection

The rat colon mucosa samples were collected and
placed in a 37 ℃ K-HS solution gassed with 5% CO2
and 95% O2 for incubation; each sample weighed
approximately 150 mg. After incubation and
stabilization, the tissue was treated with 0.9% NaCl
and indomethacin (10 µmol/L) for 5 min. Next, 200
µmol/L entacapone was added to react for 15 min. To
observe the effect of various drugs on the entacapone-

WJG|www.wjgnet.com

Statistical analysis

GraphPad Prism 5.0 software was used for the
statistical analysis. Data are expressed as the mean ±
SE. The means between two groups were analyzed by
t-test. When the variance was unequal, the Wilcoxon
rank-sum test was used for comparison of the means
of two groups. The significance level was set at P = 0.05.
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Figure 2 Effect of entacapone on colon smooth muscle motility in 6-OHDA Parkinson’s disease rats. A: Inhibitory effect of entacapone on colon longitudinal
muscle contraction; B: Dose-response curve effect of entacapone on colon smooth muscle motility in 6-OHDA rats (n = 30); C: Representative tracing of strips when
using entacapone (ENT) and β2 receptor antagonist ICI-118,551 (1.0 × 10-5 mol/L) in 6-OHDA rats; D: The role of β2 receptor in entacapone-induced effect of smooth
muscle inhibition (n = 9, aP < 0.05 vs control).

L were used individually to observe their effects on
intestine longitudinal muscle in PD model rats. It was
observed that longitudinal muscle contraction was
decreased from baseline (1233 ± 50.13 mg) to 1150
± 64.96 mg, 859.9 ± 43.54 mg, 566.8 ± 92.6 mg,
450.6 ± 74.86 mg, 304.9 ± 53.7 mg and 307.98 ±
63.4 mg, respectively (n = 30, Figure 2A). This result
indicates that entacapone has an inhibitory effect on
colon longitudinal muscle contraction with a dosedependent pattern, by EC50 of 200 µmol/L (Figure 2B).
However, the different doses of entacapone did not
significantly alter the PD rat colon circular muscle (data
not shown).
To investigate the mechanism of entacaponeinduced smooth muscle inhibition, the samples
were pretreated with β2 adrenoceptor antagonist
-5
ICI-118,551 (10 mol/L), and it was found that
entacapone-induced colon longitudinal muscle
inhibition was decreased by 67%, from 782.4 ± 34.24
mg to 258.39 ± 39.47 mg (n = 9, Figure 2C and
D). However, with pretreatment with α adrenoceptor
-5
antagonist phentolamine (10 mol/L), entacaponeinduced smooth muscle inhibition was not affected
-6
(n = 9). We also found that using acetylcholine (10
mol/L) for pretreatment or administering entacapone
before adding acetylcholine did not significantly affect
entacapone-induced smooth muscle inhibition (data

RESULTS
Characteristics of COMT localization in normal and
6-OHDA PD model rats

To provide morphological evidence, this study used
immunofluorescence labeling and immunohisto
chemistry, utilizing rat colon cryosections to determine
the localization of COMT. It was discovered that in
both normal and 6-OHDA PD model rats, COMT was
expressed more abundantly on the villi and crypts at
the apical membrane (Figure 1A). The gray analysis of
COMT immunoreactivity in normal rats (78.23 ± 4.63,
48 fields of vision COMT from 8 rats) was higher than
that in the PD group (60.27 ± 3.96, 48 fields of vision
COMT from 8 rats) (Figure 1B).
Immunoblotting similarly confirmed that COMT is
localized in colon tissue. Compared to normal rats,
6-OHDA PD model rats expressed slightly less COMT. A
quantitative comparison using an internal reference by
GAPDH showed a 27% decrease in COMT expression,
from 0.67 ± 0.04 to 0.49 ± 0.06 in PD model rats
(Figure 1C) (n = 8, P < 0.05).

Effect of entacapone on colon smooth muscle motility
in 6-OHDA PD rats

Entacapone concentrations of 2 µmol/L, 20 µmol/L,
100 µmol/L, 200 µmol/L, 400 µmol/L and 1000 µmol/

WJG|www.wjgnet.com
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Figure 3 Entacapone-induced ISC response in colonic mucosa specimens in 6-OHDA Parkinson’s disease rats. A: The short circuit current (ISC) changes
induced by apical and basolateral using of ENT (200 µmol L-1); B: Basolateral application of ENT (200 µmol/L) induced transepithelial electric resistance (n = 13); C:
Effect of indomethacin (INDO) (10 µmol/L) on the entacapone (ENT)-caused ISC changes with 6-OHDA PD rats (n = 9); D: Summary of the effects of pretreatment by
removing Cl- from the extracellular fluid, the apical use of DPC (1 mmol/L) (a type of Cl-channel inhibitor), and the basolateral use of Na+-K+-2Cl- co-transporter (NKCC)
antagonist bumetanide (100 µmol/L) on the ENT-caused ISC changes in mucosal preparations of colon in 6-OHDA PD rats (n = 9, aP < 0.05, bP < 0.01 vs control).

mucosa for observation. As shown in Figure 3C, after
pretreatment with indomethacin, the mucosal basal ISC
2
decreased from 10.1 ± 2.14 µA/cm to 7.28 ± 2.06 µA/
2
cm (n = 9, P < 0.05), reaching a 28% reduction; the
pretreatment was able to decrease the entacapone2
induced ISC from 47.69 ± 8.91 µA/cm to 26.14 ± 2.67
2
µA/cm (n = 9, P < 0.01), reaching a 45% reduction.
These results show that endogenous prostaglandin
was involved in PD rat colon basal ISC formation and
entacapone-induced ISC change.
Generally speaking, an upward ISC curve reflects the
occurrence of cation absorption or anion secretion with
electrogenic features. In order to study the properties
of the electric activities and involvement in ion
channels or transporters, the following experiment was
+
performed (Figure 3D). Epithelial Na channel inhibitor
2+
amiloride (10 μmol/L) or DIDS (Ca -dependent Cl
channel inhibitor, 200 μmol/L) was applied to the apical
side of mucosa, and it was observed that they did not
reduce the entacapone-induced increase of the ISC (n =
9, data not shown). However, removal of Cl from the
mucosa sample bath buffer could reduce entacapone2
induced ISC by 79%, from 47.69 ± 8.91 µA/cm to
2
10.01 ± 2.53 μA/cm (n = 9, p < 0.01). When DPC
(1 mmol/L) (a nonselective Cl channel blocker) was
added to the apical side or when bumetanide (100
+
+
µmol/L) (a Na -K -2Cl cotransporter inhibitor) was

not shown). The results show that entacapone might
exert its inhibitory effects on PD rat colon smooth
muscle through the β2 adrenoceptor.

effect of entacapone on colon mucosa ISC change in
6-OHDA PD rats

PD rat colon mucosa samples were placed in the ISC
apparatus. After approximately 30 min, the basal
electrical activity of the samples reached stability. In
this experiment, all mucosa samples were pretreated
with TTX to eliminate the effects from residual
neural activity. the basal potential difference, ISC,
and transepithelial resistance (Rt) were -0.8 ± 0.3
2
2
mV, 10.1 ± 3.2 μA/cm , and 49.6 ± 5.4 Ω·cm ,
respectively. Adding 200 µmol/L entacapone to the
basolateral (serosal) side can induce a 47.69 ± 8.91
2
µA/cm increase in ISC (Figure 3A). Simultaneously, a
2
significant decrease in the Rt from 49.6± 5.4 Ω·cm to
2
36.84 ± 3.94 Ω·cm (n = 13, p < 0.05) was observed
(Figure 3B). When entacapone was added to the apical
(mucosal) side, there was no significant change in the
ISC (Figure 3A).
To investigate the effect of endogenous prostaglandin
on entacapone-induced ISC changes in PD rat colons,
the cyclooxygenase (COX) inhibitor indomethacin
(10 µmol/L) was added to the basolateral side of the
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Figure 4 Utilizing scanning ion-selective electrode technique to observe the effect of entacapone on colon mucosa Cl--flux in 6-OHDA rats. A: Application of
entacapone (ENT) (200 µmol/L), diphenylamine-2, 2’-dicarboxylic acid (DPC) (1 mmol/L) and bumetanide (100 µmol/L), causing the typical performance of Cl—flux in
colon specimens in 6-OHDA Parkinson’s disease (PD) rats; B: Generalization of the roles of bumetanide and DPC on the Cl--flux caused by ENT in colon specimens
of 6-OHDA PD rats (n = 10); C: Application of ENT (200 µmol/L), preprocessing by bumetanide or DPC, causing the typical performance of Cl—flux in colon specimens
of 6-OHDA PD rats; D: Generalization of Cl--flux caused by ENT after treatment by bumetanide and DPC in colonic specimens (n = 9); E: Application of ENT (200
—
µmol/L), and preprocessing by indomethacin (INDO) (10 µmol/L), causing the typical performance of Cl flux in colon specimens in 6-OHDA PD rats; F: Generalization
of the roles of INDO on the Cl--flux caused by ENT (n = 9, bP < 0.01 vs control).

added to the basolateral side, this also significantly
reduced the entacapone-induced ISC by 74% and 68%
to 12.4 ± 3.78 (n = 9, P < 0.01) and 15.26 ± 3.52
2
2
μA/cm μA/cm (n = 9, P < 0.01), respectively. These
results show that entacapone-induced ISC changes in
PD rat colons are mainly mediated by Cl secretion.

at the basolateral side of PD rat colon mucosa, a
small, stable Cl -flux can be recorded. The addition of
entacapone (200 µmol/L) could induce a significant Cl flux from the basolateral side of the colon mucosa into
the cells, showing a significant increase from 6.37 ± 3.01
-2 -1
-2 -1
μmol·cm ·s to 172.3 ± 14.86 μmol·cm ·s . This Cl -flux
could be inhibited by DPC (1 mmol/L) and bumetanide
(100 µmol/L), reducing the concentrations to 13.69
-2 -1
-2 -1
± 3.12 μmol·cm ·s and 22.3 ± 3.72 μmol·cm ·s ,
respectively (Figure 4A and B). If pretreated with
DPC and bumetanide, similar results were observed;
the entacapone-induced flux was reduced to 22.07 ±
-2 -1
-2 -1
3.59 μmol·cm ·s and 18.35 ± 3.1 μmol·cm ·s (n
= 10, p < 0.001), separately (Figure 4C and D). The
pretreatment by indomethacin (10 µmol/L) was able

Utilizing SIET to observe the effect of entacapone on
colon mucosa Cl--flux in 6-OHDA rats

SIET is a new research method. Using specialized ionselective electrodes, it is possible to obtain information
regarding ion movements. Thus, we used this method
to directly measure entacapone-induced PD rat colon
Cl transport.
As Figure 4 shows, using Cl sensitive electrodes
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Figure 5 cAMP pathway involved in entacapone-induced Cl-secretion in 6-OHDA Parkinson’s disease rats. A: Representation of effects of MDL 12330A
(20 µmol/L) on entacapone (ENT)-induced ISC changes; B: Generalization of ISC caused by ENT after treatment by MDL 12330A; C: Generalization of the roles of
indomethacin (INDO) on intracellular cAMP content caused by ENT in 6-OHDA Parkinson’s disease (PD) rats; D: Generalization of the roles of INDO on intracellular
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to decrease significantly the entacapone-induced ISC (n
= 9, P < 0.01) (Figure 4E and F). Apical application of
2+
Ca -dependent Cl channel blocker DIDS (200 µmol/L)
did not affect entacapone-caused Cl -flux (data not
shown).

cAMP-dependent pathway involved in entacaponeinduced Cl- secretion in 6-OHDA rat

DISCUSSION
As an important metabolic enzyme for neurotransmitters
such as dopamine, COMT is not only expressed
abundantly in the central nervous system but is also
widely expressed in peripheral tissues, such as liver,
[21]
kidney, stomach, and duodenum . This study is the
first to describe COMT expression in normal and PD
rat colon and the characteristics of its localization. This
provides histological evidence for further investigation
of COMT-related functions.
Currently, clinical studies and application have
proven that the COMT inhibitor entacapone has
outstanding clinical relevance for the treatment of
PD. When entacapone is used in conjunction with
L-DOPA, significant improvement is noted in the
[22,23]
clinical symptoms
. However, gastro-intestinal side
[24]
effects are also common . This manuscript utilized in
vitro colon tissue and investigated the mechanism for
entacapone-induced side effects in PD model rats.
The experimental results from this study show
that entacapone inhibited colon longitudinal muscle
contraction in a dose-dependent manner. This
inhibitory effect may be achieved through the β2
adrenoceptor, subsequently causing the gastrointestinal smooth muscle of PD patients to contract
and relax irregularly, displaying abnormal motility

2+

We know that colon mucosa has mainly Ca dependent or cAMP-dependent Cl channels. cAMPdependent Cl channels play an important role in
the regulation of mammalian Cl transport. After the
application of 20 µmol/L MMDL-12330A (an adenylate
cyclase inhibitor), entacapone-induced Cl flux was
-2 -1
inhibited by 70.69%, from 47.69 ± 8.91 μmol·cm ·s
-2 -1
to 13.98 ± 3.42 μmol·cm ·s (Figure 5A and B, n = 6,
p < 0.01).
Furthermore, a radioimmunoassay was used to
detect the amount of cAMP in PD rat colon mucosa
-1
(Figure 5C); the basal expression was 132.1 pmol·mg
(n = 6). After treatment with 200 µmol/L entacapone,
-1
the expression was increased to 181.7 pmol·mg ,
and indomethacin pretreatment significantly reduced
the entacapone-induced cAMP increase. However,
with entacapone or indomethacin pre-treatment, the
content of CGMP did not obviously change (Figure 5D).
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adverse intestinal effects were explored.

and obstructing luminal content transport, with a
proportion of patients displaying constipation.
ISC recording techniques have been widely utilized
to measure epithelial cell electrolyte transport.
However, this type of technique lacks chemical
selectivity and can only be used to detect electrogenic
[25,26]
ion transport
. In contrast, SIET is a novel
recording method that can overcome the shortcomings
of ISC recording techniques using specialized ionsensitive electrodes, such as Cl -sensitive electrodes,
to achieve ion flux detection. In this study, in order to
make the results more comprehensive, we combined
these two methods for determination of ion transport.
In fresh in vitro PD rat colon tissue, it was proven
that the COMT inhibitor induced colon Cl secretion.
This type of Cl secretion is mainly electrogenic ion
transport mediated by basolateral NKCC and apical
membrane Cl channels, since DPC and bumetanide
can block approximately 70% of entacapone-induced
Cl secretion.
The colon mucosa can induce intracellular cAMP
expression by exogenous stimulation or endogenous
[27,28]
prostaglandin, therefore promoting Cl secretion
.
The cyclooxygenase inhibitor indomethacin can block
Cl secretion by 45%, indicating that prostaglandin
is involved in PD rat colon mucosa Cl secretion.
In addition, we found that entacapone-induced Cl
secretion in PD rat colons was mainly transduced
through the secondary messenger cAMP, because
pretreatment with the AC inhibitor MDL-12330A
significantly reduced this Cl secretion and entacapone
can induce colon epithelial cell cAMP expression. In the
regulation of intestinal water-electrolyte metabolism,
the Cl channel plays an important role. Water also
spreads to the enteric cavity due to the osmotic
[29,30]
gradient of Cl , causing secretory diarrhea
. This
may be one of the mechanisms by which entacapone
induces diarrhea in PD patients.
In conclusion, this study is the first to prove that
COMT is expressed in normal and PD rat colons
and that entacapone can inhibit PD rat longitudinal
muscle contraction through the β2 adrenoceptor. It
was also discovered that entacapone can induce
cAMP-dependent Cl secretion in PD rats and that
endogenous prostaglandin is involved in this process.
This study has provided histological evidence for
functional studies of COMT in the colon, establishing an
experimental basis for the mechanism of entacaponeinduced PD gastro-intestinal side effects.

Research frontiers

The authors combined ISC recording technique with a novel scanning ionselective electrode technique method to determine colonic ion transport in PD
rats and establish a mechanism of entacapone-induced PD gastro-intestinal
side effects.

Innovations and breakthroughs

COMT plays a crucial role in the regulation of dopaminergic systems by
catalyzing the inactivation of catecholamines. Entacapone, as a COMT inhibitor,
is an emerging drug for PD patients. However, patients experience gastrointestinal side effects with entacapone treatment; the reasons are unknown.
This study was the first to prove that COMT is expressed in normal and PD rat
colons and that entacapone can inhibit PD rat longitudinal muscle contraction
through the β2 adrenoceptor. It was also discovered that entacapone can induce
cAMP-dependent Cl- secretion in PD rats and that endogenous prostaglandin is
involved in this process.

Applications

The study established an experimental basis for the mechanism of entacaponeinduced gastro-intestinal side effects with Parkinson’s disease.

Terminology

COMT inhibitor refers to a drug that can inhibit catecholamine degradation.
Tolcapone and entacapone can be regarded as representative of a new
generation of COMT inhibitor. Using a combination of these two drugs with
levodopa, the clinical symptoms of patients with Parkinson’s disease can
be improved remarkably, significantly improving life quality of the patients.
However, tolcapone may cause liver damage in individual patients, and
entacapone can induce gastro-intestinal side effects in some patients. The
further study of related mechanisms is needed to overcome these issues.

Peer-review

The authors have exerted a substantial effort to analyze the effects of
entacapone on colon motility and ion transport in Parkinson’s disease rats and
introduced their findings. This manuscript has a good novel idea. The paper is
well organized and written methodology is systematized.
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Abstract
AIM: To explore the microRNA (miRNA) profiles and to
determine the key miRNAs within the side population
(SP) cells of the gastric cancer cell line MKN-45.
METHODS: We used fluorescence-activated cell
sorting and Hoechst 33342 labeling to obtain SP cells
from the human gastric carcinoma cell line MKN-45.
The miRNA expression profiles of the SP and major
population (MP) cells were examined using a miRNA
gene chip, and key miRNAs were obtained according to
aberrant expression and the miRNAs’ possible targets
as predicted by bioinformatics.
RESULTS: Using a significance criterion of a 1.5-fold
or greater difference in expression level, we observed
an increase in the expression of 34 miRNAs and
a decrease in the expression of 34 miRNAs when
comparing SP to MP cells. Using quantitative real-time
reverse transcription-polymerase chain reaction to test
for differentially expressed miRNAs combined with
bioinformatics results, we found that the downregulated
miRNAs, such as hsa-miR-3175 and hsa-miR-203, and
the upregulated miRNAs, including hsa-miR-130a,
hsa-miR-324-5p, hsa-miR-34a, and hsa-miR-25-star,
may be important in maintaining and regulating the
characteristics of SP cells.
CONCLUSION: There are key miRNAs expressed within
the SP cells of the gastric cancer cell line MKN-45, and
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include hsa-miR-3175, hsa-miR-203, hsa-miR-130a, hsamiR-324-5p, hsa-miR-34a, and hsa-miR-25-star.

of relapse and metastasis may be caused by CSCs.
SP cells are a subpopulation of many normal tissues,
cancer tissues and cell lines that possess CSC-like
phenotypes. However, the exact nature of these cells
has yet to be elucidated, particularly regarding the
profiles of key miRNAs and their target genes. Our
study used fluorescence-activated cell sorting (FACS)
to sort side population (SP) cells from gastric cancer
cell lines, and then microRNA (miRNA) gene chip
analyses were used to examine the miRNA expression
profiles of SP and major population (MP) cells. Finally,
key miRNAs were obtained according to aberrant
expression, and their possible targets were predicted
by bioinformatics.

Key words: ATP-binding cassette transporters; Side
population cells; Benzimidazoles (Hoe 33342); Stomach
neoplasm; Stem cells; MircoRNA
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: MicroRNAs (miRNAs) act as one mechanism
by which coding genes are regulated, and they are
involved in many biological and pathological processes
including carcinogenesis. However, identifying
specific miRNAs is difficult, because many miRNAs
possess more than one target and many target genes
are regulated by more than one miRNA. We used
fluorescence-activated cell sorting and Hoechst 33342
labeling to obtain side population (SP) cells from the
human gastric carcinoma cell line MKN-45. The miRNA
expression profiles of SP and major population cells
were examined by miRNA gene chip analysis, and
key miRNAs were identified according to aberrant
expression and their possible targets as predicted by
bioinformatics.

MATERIALS AND METHODS
Cell culture

The human gastric adenocarcinoma cell line MKN-45
was obtained from the Cancer Institute, Chinese
Academy of Medical Science and was separately
maintained at the Royal Park Memorial Institute
(RPMI) in 1640 medium (Invitrogen, United States)
supplemented with 10% fetal bovine serum (FBS),
100 U/mL penicillin G, and 100 μg/mL streptomycin.
The cells were maintained at 37 ℃ in a humidified 5%
CO2 incubator.

Zhang HH, Gu GL, Zhang XY, Li FZ, Ding L, Fan Q, Wu R, Shi
W, Wang XY, Chen L, Wei XM, Yuan XY. Primary analysis and
screening of microRNAs in gastric cancer side population cells.
World J Gastroenterol 2015; 21(12): 3519-3526 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i12/3519.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i12.3519

Fluorescence-activated cell sorting

Nearly confluent MKN-45 cells were harvested by
trypsinization with 0.25% Trypsin EDTA (Invitrogen,
United States), centrifuged at 1000 r/m for 10 min,
washed twice with phosphate buffered saline (PBS),
6
re-suspended at 1 × 10 cells/mL in pre-warmed
37 ℃ medium of RPMI 1640 with 2% FCS and passed
through 40 μm cell strainers (BD Falcon, United
States) to obtain single-cell suspensions. The cells
were then labeled with Hoechst 33342 (Sigma-Aldrich,
United States) at a concentration of 5 μg/mL, and the
labeled cells were incubated in the dark for 60-75 min
in a 37 ℃ water bath with intermittent mixing, with or
without 75 µmol/L verapamil (Sigma-Aldrich, United
States). The cells were suspended in ice-cold PBS
containing 2% FBS after staining, and maintained at
4 ℃ until flow cytometry analysis. Cells were labeled
with 1 μg/mL propidium iodide (PI) to assess viability
5 min before examination. The stained cells were
analyzed using a FACS Aria Ⅱ (BD Biosciences, San
Jose, CA, United States). The Hoechst dye was excited
by an ultraviolet laser at 375 nm, and its fluorescence
measured with 450/40 nm (Hoechst blue) and 695/40
LP (long-pass, Hoechst red) optical filters.

INTRODUCTION
Gastric cancer, with an estimated 986600 new cases
worldwide in 2008, is the fourth leading form of cancer
[1]
and accounts for more than 8% of total cancers . It
is one of the most common and fatal malignancies in
[2]
East Asia, despite a decreased incidence in the West .
The most effective and specific methods available to
treat the disease include local resection, chemotherapy
and radiotherapy. However, the question remains
regarding whether there are other, more effective and
specific methods to treat gastric cancer.
The high mortality rate for gastric cancer is due to
increased cases of relapse and metastasis. The cancer
stem cell (CSC) hypothesis has received increased
attention recently for its convincing explanation for
the initiation of relapse and metastasis in several
[3-5]
types of carcinomas, including gastric carcinoma .
From a large amount of research, several malignant
tumor tissues and cell lines have been discovered
that possess CSCs, and include acute lymphoblastic
leukemia and several solid tumors such as breast,
[6-9]
colon, prostate, and gastric cancers .This finding
has strengthened the hypothesis that the initiation
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miRNA microarray assay and quantitative real-time
quantitative reverse transcription-polymerase chain
reaction

We used the Affymetrix gene chip miRNA 2.0 array
according to the manufacturer’s instructions for our
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Figure 1 Side population cell analysis. The P3 gate was the side population (SP) cells and the P4 gate was the major population (MP) cells. A: SP ratio in MKN-45
was 2.0%; B: The SP cells obviously decreased with both Hoechst 33342 and verapamil. Figure 1 cited partly from the article of Not All Side Population Cells Contain
Cancer Stem-Like Cells in Human Gastric Cancer Cell Lines which published in Dig Dis Sci 2013; 58: 132-139.

miRNA microarray assay (Affymetrix Int, CA, United
States). Each miRNA microarray chip contained 1100
identified human miRNAs probes. Briefly, total RNA
(200 ng) was polyadenylated and tagged with biotin
HSR ligation, reverse transcribed, and the cDNA was
hybridized to a miRNA bead chip for 16 h at 48 ℃. The
hybridized miRNA bead chip was washed for 1 h in a
washing station, and the arrays were scanned on an
Affymetrix reader. Microarray data for each sample
were normalized to the median, and the processing
and analysis was performed with Affymetrix software.
Total RNA, including miRNA, was extracted from
MP and SP cells using Trizol reagent according to
the manufacturer’s instructions. SYBR green mRNA
quantitative real-time polymerase chain reaction
(PCR) was performed using the sequence-specific
stem-loop primers supplied by RiboBio (Guangzhou,
China). Quantitative reverse transcription PCR (RT-PCR)
was conducted using a standard SYBR Green PCR
kit (QIAGEN) protocol with a Light Cycler 480 realtime instrument (Roche). The relative expression was
-dCT
calculated using the 2
method. The transcription
levels of U6 were used as an internal control.

Annotation System Version 3.0 to perform gene
ontology analysis on the target genes and the specific
biological process categories that were enriched.

RESULTS
Gastric cancer cell MKN-45 contain SP cells

Through the use of FACS, we determined that the
gastric cancer cell line MKN-45 contained SP cells.
We set the sorting gate according to the ability of
cells to efflux Hoechst 33342 and their sensitivity to
verapamil. The lower left quadrant of the FACS profile,
which showed Hoechst blue and could be blocked
by verapamil, was defined as the SP. The top right
quadrant of the FACS profile, which showed Hoechst
red and was not blocked by verapamil, was defined as
the MP. We targeted these cells and differentiated them
for further study. In the MKN-45 cells, the percentage
of SP was 2.0% of the total cells (Figure 1A).

miRNA expression profiles and quantitative real-time
RT-PCR

To investigate whether miRNAs were differentially
expressed in SP and MP cells, we compared their
miRNA expression profiles using a miRNA microarray
(Figure 2A and B). Using a significance criterion of a
1.5-fold or greater difference in expression level, we
observed the increased expression of 34 miRNAs and
the decreased expression of 34 miRNAs in SP vs MP
cells. The top 15 upregulated and 11 downregulated
miRNAs are shown in Table 1. Next, we used
quantitative real-time RT-PCR to test the differentially
expressed miRNAs, and we found that downregulated
miRNAs, such as hsa-miR-3175 and hsa-miR-203, and
upregulated miRNA, including hsa-miR-130a, hsa-miR324-5p, hsa-miR-34a, and hsa-miR-25-star, may be
important in the maintenance and regulation of SP cell
characteristics.

Bioinformatic analysis

In this study, predicted targets of novel miRNA
were analyzed and determined using three publicly
available algorithms including MiRanda (http://
www.microrna.org), PicTar (http://pictar.mdcberlin.de) and TargetScan (http://www.targetscan.
org/). These searchable websites predict biological
targets of miRNAs by searching for the presence of
conserved 8-mer and 7-mer sites that match the
seed region of the miRNA and provide details of the
3’-UTR alignments with predicted sites. To decrease
the number of false-positive results, only putative
target genes predicted by at least two programs were
accepted. In addition, we used a Capital-Bio Molecule
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A

B

Figure 2 MicroRNA microarray. Affymetrix genechip 2.0 was used to examine microRNA expression profiles of SP and MP cells of MKN-45. A: Hybridized genechip
with microRNA of SP cells; B: Hybridized genechip with microRNA of MP cells. SP: Side population; MP: Major population.

Table 1 MicroRNA microarray and quantitative real-time-polymerase chain reaction analyses results
Down-regulated

Fold change

genes

microarray

hsa-miR-3175
hsa-miR-1246
hsa-miR-663
hsa-miR-1281
hsa-miR-422a
hsa-miR-1228-star
hsa-miR-1975
hsa-miR-1826
hsa-miR-1915
hsa-miR-4284
hsa-miR-203

7.29
3.46
3.12
2.93
2.56
2.41
2.10
2.09
2.08
2.07
1.57

ΔCT

-ΔΔCT

Upregulated

Fold change

genes

microarray

hsa-miR-25-star
hsa-miR-1275
hsa-miR-339-5p
hsa-miR-140-3 p
hsa-miR-197
hsa-miR-362-5p
hsa-miR-324-5p
hsa-miR-34a
hsa-miR-210
hsa-miR-500-star
hsa-miR-130a
hsa-miR-130b
hsa-miR-18a
hsa-miR-29a
hsa-miR-149

27.35
5.13
4.03
3.56
3.36
3.01
2.75
2.70
2.17
2.06
1.77
1.61
1.60
1.57
1.54

qRT-PCR
21.82
14.07
10.69
14.72
14.41
16.62
12.84
14.18
10.83
14.34
26.13

-1.32
-0.64
-0.13
-0.74
-0.69
-0.98
-0.38
-0.67
-0.14
-0.65
-3.84

ΔCT

-ΔΔCT
qRT-PCR

6.63
13.77
15.63
13.30
14.08
15.25
17.85
23.46
13.30
11.06
22.49
17.34
13.41
15.46
11.96

4.47
0.48
0.89
0.41
0.63
0.86
1.06
2.32
0.44
0.18
2.13
0.85
0.46
0.80
0.32

Differentially expressed microRNAs (miRNAs) in SP and MP cells of the gastric cancer cell line MKN-45 as determined by miRNA microarray and
quantitative real-time-PCR analyses. These results showed that the miRNA profiles of SP cells differed from the miRNA profiles of MP cells. Moreover,
downregulated miRNAs, such as hsa-miR-3175 and hsa-miR-203, and upregulated miRNAs, including hsa-miR-130a, hsa-miR-324-5p, hsa-miR-34a, and
hsa-miR-25-star, showed significant differences in expression between SP and MP cells when tested by quantitative real-time PCR. SP: Side population; MP:
Major population; PCR: Polymerase chain reaction.

Bioinformatics analysis

DISCUSSION

There are 33036 miRNA-target relationships predicted
by at least two of the three database software
[10-12]
programs MiRanda, TargetScan and Pictar
.
However, there are 469 miRNA-target relationships
after experimental verification using the Tarbase
database. There are 9 microRNAs with predicted or
experimentally verified targets among 68 differentially
expressed microRNAs, including 8 upregulated
microRNAs and one downregulated microRNA.
Hsa-miR-130a shows the largest number of target
genes, 406, followed by hsa-miR-29a, at 402. These
9 microRNAs have 2006 targets that have been
predicted or experimentally validated (Table 2). The
targets are often regulated by more than one miRNA
(Table 3). Finally, we can construct a global microRNA
regulatory network by integrating the human proteinprotein interaction data with the predicted microRNAtarget relationships. This network is closely linked with
[13,14]
the module function analysis
(Figure 3).

WJG|www.wjgnet.com

The increased mortality rate for gastric cancer is
due to increased cases of relapse and metastasis.
Increasing numbers of studies have shown that CSCs
are involved in tumor progression and metastasis and
are associated with increased aggressiveness and
[15]
metastasis in vivo but not in vitro . Several published
reports have demonstrated that SP cells are being
increasingly used as an effective method to obtain
[6-9]
and identify stem cells or putative CSCs . In our
study, we obtained gastric CSCs from MKN-45 cells
through sorting by FACS technology, and characterized
[16]
their CSC properties . Thus, we used SP cells as a
gastric CSC model to elucidate their miRNA expression
profiles, predict miRNA targets, and analyze possible
miRNA modulating mechanisms.
We determined the miRNA expression profiles
of SP and MP cells sorted from the MKN-45 cell line
using a miRNA microarray, which showed that the
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Table 2 Differentially expressed microRNAs and their target number and known targets
microRNA

Sp/Mp (FC)

Target number

Validated target number

Known targets

1.77
1.57
1.61
0.64
2. 70
1.54
1.60
2.75
2.17

406
402
392
275
260
129
104
33
5

3
3
0
0
3
0
0
0
1

MEOX2; TAC1; HOXA5
DNMT3A; BACE1; DNMT3B

hsa-miR-130a
hsa-miR-29a
hsa-miR-130b
hsa-miR-203
hsa-miR-34a
hsa-miR-149
hsa-miR-18a
hsa-miR-324-5p
hsa-miR-210

E2F3; CCND1; CDK6

EFNA3

Bioinformatic analysis of differentially expressed microRNAs indicated that differentially expressed microRNAs had predicted or experimentally verified
target genes. Moreover, there are multiple targets for many miRNAs, but most of these targets have not been studied or validated.

Table 3 Genes that are regulated by more than 4 microRNAs
Gene ID

Gene name

microRNA number

All microRNAs

80218
164
7803
90355
80829
28514
23013
57659
23261
9444
166336
5156

NAA50
AP1G1
PTP4A1
C5orf30
ZFP91
DLL1
SPEN
ZBTB4
CAMTA1
QKI
PRICKLE2
PDGFRA

5
5
4
4
4
4
4
4
4
4
4
4

hsa-miR-203; hsa-miR-18a; hsa-miR-34a; hsa-miR-130a; hsa-miR-130b
hsa-miR-324-5p; hsa-miR-130b; hsa-miR-29a; hsa-miR-130a; hsa-miR-203
hsa-miR-203; hsa-miR-130a; hsa-miR-130b; hsa-miR-29a
hsa-miR-130b; hsa-miR-18a; hsa-miR-130a; hsa-miR-203
hsa-miR-130b; hsa-miR-130a; hsa-miR-324-5p; hsa-miR-29a
hsa-miR-149; hsa-miR-130a; hsa-miR-130b; hsa-miR-34a
hsa-miR-203;hsa-miR-130a; hsa-miR-29a; hsa-miR-130b
hsa-miR-18a; hsa-miR-149; hsa-miR-130a; hsa-miR-130b
hsa-miR-34a; hsa-miR-203; hsa-miR-130b; hsa-miR-130a
hsa-miR-18a; hsa-miR-130b; hsa-miR-29a; hsa-miR-130a
hsa-miR-130b; hsa-miR-29a; hsa-miR-130a; hsa-miR-203
hsa-miR-130a; hsa-miR-149; hsa-miR-130b; hsa-miR-34a

Predicted target genes of key microRNAs. Some microRNAs, such as hsa-miR-324-5p, hsa-miR-130b, hsa-miR-29a, hsa-miR-130a, and hsa-miR-203,
modulate multiple genes; these results indicate that differentially expressed microRNAs and their targets have a reticular network.

miRNA profiles were significantly different between
SP and MP cells; the total number of differentially
expressed miRNAs was 68. Moreover, we tested the
differentially expressed miRNAs using quantitative
real-time RT-PCR, and found that downregulated
miRNAs, such as hsa-miR-3175 and hsa-miR-203,
and upregulated miRNAs, including hsa-miR-130a,
hsa-miR-324-5p, hsa-miR-34a, and hsa-miR-25-star,
showed significant differences between SP and MP
cells. In general, miRNAs upregulated in SP cells act
as oncogenic miRNAs, while downregulated miRNAs
act as tumor suppressors. As a tumor suppressor,
hsa-miR-3175 appears to be a novel biomarker;
there have been limited studies of this miRNA, and
further research to validate whether it is involved in
the maintenance of cancer cell stemness is warranted.
Conversely, hsa-miR-203 appears to be involved
in maintaining the stemness of cancer cells rather
than in tumorigenicity, and it plays a crucial role in
the progression of human carcinoma. Decreased
expression of miR-203 was significantly related to poor
differentiation, advanced clinical stage, T3-4 tumor
grade, lymph node metastasis, and decreased 5-year
overall survival. Furthermore, miR-203 may regulate
the expression of E-cadherin mesenchymal transition,
[17]
and CD44, a marker of CSCs , suggesting that
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miR-203 could be involved in the regulation of CSCs.
Interestingly, another study had found that miR-203
was downregulated and Bmi-1 was upregulated
in the SP cells of the esophageal squamous cell
carcinoma cell line EC9706. MiR-203 over-expressing
cells also showed a significant reduction in colony
formation that was resistant to chemotherapeutic drug
treatment, and tumorigenicity in nude mice. These
results indicate that the stem renewal factor Bmi-1 is
a direct target of miR-203. The regulation of Bmi-1
by miR-203 may play an important role in controlling
the proliferation and self-renewal of esophageal
[18]
cancer stem-like cells . Our study on miR-203 in SP
cells which showed downregulated expression, is in
agreement with the above results. However, there is
a lack of consensus in the literature about this finding.
[19]
Stánitz et al
reported contradictory findings, in
which gastric adenocarcinoma patients with regular
alcohol consumption showed an upregulation of
[19]
miR-203, miR-205, and miR-223 . Therefore, we
cannot state conclusively that miR-203 acts as a
tumor suppressor while maintaining stemness, such
as proliferation, self-renewal, and tumorigenicity, of
gastric CSCs. In the future, we will continue to study
the specific mechanism of action of miR-203 in gastric
cancer. As for other oncogenic miRNAs identified in
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levels in SP cells. More information about miR-130a
and CSCs, the putative targets regulated by miR130a, and the mechanism of miR-130a in gastric CSCs
requires further study. miR-324-5p and miR-25-star
are 2 additional oncogenic miRNAs that were identified
in our study. miR-324-5p can inhibit the proliferation
of glioma cells via the targeted regulation of glioma[28]
associated oncogene 1 . It is also involved in the
development of cervical cancer as a result of human
papillomavirus infection, which might regulate the
oncogene E5. Whether miR-324-5p participates in the
regulation of gastric CSCs has yet to be studied. MiR25-star may be a new player in the behavior of cancer
and CSCs, but there is nothing in the literature to date.
A further bioinformatic analysis found that hsa-miR130a, hsa-miR-29a, hsa-miR-210, and hsa-miR-34a
each had more than one predicted or experimentally
verified targets, while other miRNAs, such as hsamiR-203 and hsa-miR-324-5p, had no known predicted
or experimentally verified targets (Table 2). However,
the latter miRNAs often regulated a common target at
the same time (Table 3), such as putative transcription
factors, including Dll1 (Delta-like 1), ZBTB4, (the Zinc
fingers, C2H2 and BTB domain containing (ZBTB)
family member), CAMTA1 (calmodulin-binding
transcription activator 1), QKI (the RNA-binding
protein Quaking) and PDGFRα (platelet-derived growth
factor receptor alpha) among others. The transcription
factor Dll1, which is one of the Notch signaling
pathway ligands, is involved in the maintenance of
stem cells during embryogenesis and in self-renewing
tissues of the adult. The epigenetic regulation of the
Notch ligand DLL1 controls Notch1 signaling activation
in gastric cancer, and Notch1 inhibition is associated
[29]
with the diffuse type of gastric cancer . CAMTA1 is a
putative transcription factor in glioblastoma stem cells
that acts as a tumor suppressor gene and is a target of
[30]
miR-9 and miR-17 . QKI is a newly identified tumor
suppressor found in multiple cancers whose expression
is significantly decreased in most GC tissues; the
reduced QKI expression correlates well with poor
differentiation status, depth of invasion, gastric lymph
node metastasis, distant metastasis, advanced TNM
[31]
stage, and poor survival . In mouse and human CRC
cells, miR-574-5p has been shown to regulate QKI
isoforms post-transcriptionally and to cause altered
β-catenin and p27 (Kip1) expression, increased
proliferation, migration and invasion and decreased
[32]
differentiation and cell cycle exit . PDGFRα is involved
in the resistance of the stem cell factor kit to imatinib
[33]
mesylate in gastrointestinal stromal tumors .
Deficiencies in the downregulation of PDGFRα have
been identified as a candidate mechanism for tumor
cell proliferation, and the knockdown of PDGFRα by
[34]
siRNA results in a reduction in cell growth . Other
targets, such as E2F3, CCND1 and CDK6, are also
important genes that may be involved in tumorigenicity
and the maintenance of stemness in CSCs. Therefore,
according to our results, differentially expressed

Figure 3 Visualization of the global microRNA regulated network. Red
nodes represent microRNA, yellow nodes represent coding genes. Green edge
represents the microRNA-target relationship, blue edge represents the proteinprotein interaction.

our study, hsa-miR-130a, hsa-miR-324-5p, hsa-miR34a, and hsa-miR-25-star, are known not to play roles
in many biological processes aside from maintaining
stemness of CSCs. The results of a previous study
show that the low miR-34a expression levels in many
cells together with their colony forming efficiency, a
characteristic property of CSCs, can be inhibited by
miR-34a replacement or synthetic miR-34a in vivo.
This finding is in contrast with our study results on
miR-34a in vitro. Furthermore, the expression of
miR-34a antagomirs in these cells promoted tumor
development, indicating that miR-34a is a negative
regulator of the tumorigenic properties of cancer
[20,21]
cells and the stemness characteristics of CSCs
.A
further study has found that there is a novel regulatory
network composed of p53, CD95, let-7, and miR34a that affects cancer cell survival, differentiation,
[22]
and sensitivity to apoptotic signals . Moreover,
the treatment of pancreatic CSCs with chromatinmodulating agents results in the inhibition of Bcl-2,
CDK6 and SIRT1, which are the putative targets of
miR-34a. MiR-34a upregulation by these agents also
induced acetylated p53, p21 (WAF1), p27 (KIP1)
and PUMA (BCL2 binding component 3) in pancreatic
[23]
CSCs . From these results, we can conclude
that miR-34a acts as a major tumor suppressor in
maintaining the stemness of CSCs, but the putative
targets, potential functions and mechanism of miR-34a
in gastric cancer SP cells remain to be explored and
detailed in further studies. Another oncogenic miRNA
is miR-130a, which showed high levels of expression in
[24]
some cancer cells , especially in some drug-resistant
[25]
[26,27]
cell lines , and low levels in other cancer cells
.
Interestingly, our results on miR-130a showed high
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microRNAs and their targets have a reticular network.
In fact, the maintenance and modulation of stemness
in CSCs may be the result of regulation by a double
shift network consisting of 2 groups of miRNAs and
their target genes working with opposing functions.
This work on miRNAs and their possible targets lays
the groundwork for future studies in this area.
In summary, we elucidated the expression profiles
of microRNAs using SP cells as a gastric CSC model and
predicted the key microRNA targets by bioinformatics
analysis. These findings will pave the way for further
studies on the molecular modulation of cancer mecha
nisms by microRNA.

population is a subpopulation of many normal tissues, cancer tissues and cell
lines that possess CSC-like phenotypes. They can be isolated by fluorescenceactivated cell sorting techniques.

ACKNOWLEDGMENTS

2

Peer-review

This is an interesting manuscript. The study is well designed. In this study, the
authors find that the gastric cancer cell line MKN-45 contains SP cells that
possess cancer stem-like characteristics, and further bioinformatic analysis
found that there are key miRNAs in the cancer stem cell-like SP cells of the
gastric cancer cell line MKN-45. However, the specificity and effectiveness of
the miRNAs and their diagnostic and prognostic values will require additional
studies to test and prove.

REFERENCES
1

The authors thank Jun-Ying Jia and Chun-Chun Liu
(Bio-Physics Institute of Chinese Academy) for their
help in cell sorting.

3
4

COMMENTS
COMMENTS
Background

5

Gastric cancer remains the most common cancer worldwide. The most effective
and specific methods available to address the disease include local resection,
chemotherapy, and radiotherapy. However, the question remains as to whether
there are any other more effective and specific methods to treat gastric cancer.
The cancer stem cell (CSC) hypothesis has garnered more attention in recent
times for its convincing explanation for the initiation of relapse and metastasis
of cancers including gastric carcinoma. Side population (SP) cells are a
subpopulation found in many normal tissues, cancer tissues, and cell lines that
possess CSC-like phenotypes. However, the exact nature of these cells has yet
to be elucidated, especially regarding key microRNA (miRNA) profiles and the
target genes regulated by these miRNAs.

6

Research frontiers

7

MiRNAs act as one mechanism underlying the regulation coding genes
and are involved in many biological and pathological processes including
carcinogenesis. Increasingly, aberrant miRNA expression has been found in
tumor tissues or cells; however, there has been little research on the miRNAs of
CSCs or in SP cells that possess CSC-like characteristics.

8

Innovations and breakthroughs

This study is the first to use SP cells from the gastric cancer cell line MKN-45 as
a CSC model to elucidate the miRNAs profiles, and we discovered key miRNAs
within these SP cells. This study provides the groundwork for additional
research, and the results of this study provide mechanisms for future miRNA
studies.

9

Applications

Previous studies have investigated the diagnostic and prognostic value of
miRNAs in gastric cancer. One such study identified a 7-miRNA signature (miR10b, miR-21, miR-223, miR-338, let-7a, miR-30a-5p and miR-126) that is an
independent predictor for overall survival and relapse-free survival shown by
multivariate analysis. However, the most specific and effective miRNAs have yet
to be discovered. The association of miRNA deregulation with the pathogenesis
and progression of malignant disease illustrates the great potential of utilizing
miRNAs as targets for therapeutic interventions. However, the therapeutic
potential of miRNA-based treatments in malignant disease remains largely
unexplored.

10
11
12

Terminology

13

Fluorescence activated cell sorting (FACS) is a technique based on nucleic acid
dye Hoechst 33342 efflux, which can sort cells into SP cells and MP cells. The
CSC hypothesis suggests that tumors consist of tumor-forming, self-renewing
CSCs within a large population of non-tumor-forming cancer cells. CSCs resist
standard chemotherapy that reduces tumor mass by killing non-stem cells.
During remission, CSCs can regenerate all the cell types in the tumor through
their stem cell-like behavior, resulting in relapse of the disease. The side

WJG|www.wjgnet.com

14

3525

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global
cancer statistics. CA Cancer J Clin 2011; 61: 69-90 [PMID:
21296855 DOI: 10.3322/caac.20107]
Krejs GJ. Gastric cancer: epidemiology and risk factors. Dig Dis
2010; 28: 600-603 [PMID: 21088409 DOI: 10.1159/000320277]
Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells,
cancer, and cancer stem cells. Nature 2001; 414: 105-111 [PMID:
11689955 DOI: 10.1038/35102167]
Houghton J, Stoicov C, Nomura S, Rogers AB, Carlson J, Li
H, Cai X, Fox JG, Goldenring JR, Wang TC. Gastric cancer
originating from bone marrow-derived cells. Science 2004; 306:
1568-1571 [PMID: 15567866]
McDonald SA, Greaves LC, Gutierrez-Gonzalez L, RodriguezJusto M, Deheragoda M, Leedham SJ, Taylor RW, Lee CY,
Preston SL, Lovell M, Hunt T, Elia G, Oukrif D, Harrison R,
Novelli MR, Mitchell I, Stoker DL, Turnbull DM, Jankowski
JA, Wright NA. Mechanisms of field cancerization in the human
stomach: the expansion and spread of mutated gastric stem cells.
Gastroenterology 2008; 134: 500-510 [PMID: 18242216 DOI:
10.1053/j.gastro.2007.11.035]
Dey D, Saxena M, Paranjape AN, Krishnan V, Giraddi R, Kumar
MV, Mukherjee G, Rangarajan A. Phenotypic and functional
characterization of human mammary stem/progenitor cells in long
term culture. PLoS One 2009; 4: e5329 [PMID: 19390630 DOI:
10.1371/journal.pone.0005329]
Ricci-Vitiani L, Lombardi DG, Pilozzi E, Biffoni M, Todaro M,
Peschle C, De Maria R. Identification and expansion of human
colon-cancer-initiating cells. Nature 2007; 445: 111-115 [PMID:
17122771]
Oates JE, Grey BR, Addla SK, Samuel JD, Hart CA, Ramani
VA, Brown MD, Clarke NW. Hoechst 33342 side population
identification is a conserved and unified mechanism in urological
cancers. Stem Cells Dev 2009; 18: 1515-1522 [PMID: 19260804
DOI: 10.1089/scd.2008.0302]
Fukuda K, Saikawa Y, Ohashi M, Kumagai K, Kitajima M, Okano
H, Matsuzaki Y, Kitagawa Y. Tumor initiating potential of side
population cells in human gastric cancer. Int J Oncol 2009; 34:
1201-1207 [PMID: 19360333]
Betel D, Wilson M, Gabow A, Marks DS, Sander C. The
microRNA.org resource: targets and expression. Nucleic Acids Res
2008; 36: D149-D153 [PMID: 18158296]
Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often
flanked by adenosines, indicates that thousands of human genes are
microRNA targets. Cell 2005; 120: 15-20 [PMID: 15652477]
Krek A, Grün D, Poy MN, Wolf R, Rosenberg L, Epstein EJ,
MacMenamin P, da Piedade I, Gunsalus KC, Stoffel M, Rajewsky
N. Combinatorial microRNA target predictions. Nat Genet 2005;
37: 495-500 [PMID: 15806104]
Liao Q, Liu C, Yuan X, Kang S, Miao R, Xiao H, Zhao G, Luo H,
Bu D, Zhao H, Skogerbø G, Wu Z, Zhao Y. Large-scale prediction
of long non-coding RNA functions in a coding-non-coding gene
co-expression network. Nucleic Acids Res 2011; 39: 3864-3878
[PMID: 21247874 DOI: 10.1093/nar/gkq1348]
Keshava Prasad TS, Goel R, Kandasamy K, Keerthikumar
S, Kumar S, Mathivanan S, Telikicherla D, Raju R, Shafreen
B, Venugopal A, Balakrishnan L, Marimuthu A, Banerjee S,

March 28, 2015|Volume 21|Issue 12|

Zhang HH et al . Key miRNAs in MKN-45 cell line

15

16

17

18

19

20

21

22
23

24

Somanathan DS, Sebastian A, Rani S, Ray S, Harrys Kishore CJ,
Kanth S, Ahmed M, Kashyap MK, Mohmood R, Ramachandra YL,
Krishna V, Rahiman BA, Mohan S, Ranganathan P, Ramabadran S,
Chaerkady R, Pandey A. Human Protein Reference Database--2009
update. Nucleic Acids Res 2009; 37: D767-D772 [PMID: 18988627
DOI: 10.1093/nar/gkn892]
Mimeault M, Batra SK. Characterization of nonmalignant
and malignant prostatic stem/progenitor cells by Hoechst side
population method. Methods Mol Biol 2009; 568: 139-149 [PMID:
19582424 DOI: 10.1007/978-1-59745-280-9_8]
Zhang H, Xi H, Cai A, Xia Q, Wang XX, Lu C, Zhang Y, Song
Z, Wang H, Li Q, Chen L, Guo Z. Not all side population cells
contain cancer stem-like cells in human gastric cancer cell lines.
Dig Dis Sci 2013; 58: 132-139 [PMID: 22878917 DOI: 10.1007/
s10620-012-2330-1]
Tian L, Li M, Ge J, Guo Y, Sun Y, Liu M, Xiao H. MiR-203 is
downregulated in laryngeal squamous cell carcinoma and can
suppress proliferation and induce apoptosis of tumours. Tumour
Biol 2014; 35: 5953-5963 [PMID: 24682952 DOI: 10.1007/
s13277-014-1790-7]
Yu X, Jiang X, Li H, Guo L, Jiang W, Lu SH. miR-203 inhibits the
proliferation and self-renewal of esophageal cancer stem-like cells
by suppressing stem renewal factor Bmi-1. Stem Cells Dev 2014;
23: 576-585 [PMID: 24219349 DOI: 10.1089/scd.2013.0308]
Stánitz E, Juhász K, Tóth C, Gombos K, Natali PG, Ember
I. Evaluation of MicroRNA expression pattern of gastric
adenocarcinoma associated with socioeconomic, environmental
and lifestyle factors in northwestern Hungary. Anticancer Res
2013; 33: 3195-3200 [PMID: 23898078]
Basak SK, Veena MS, Oh S, Lai C, Vangala S, Elashoff D,
Fishbein MC, Sharma S, Rao NP, Rao D, Phan R, Srivatsan ES,
Batra RK. The CD44(high) tumorigenic subsets in lung cancer
biospecimens are enriched for low miR-34a expression. PLoS
One 2013; 8: e73195 [PMID: 24019906 DOI: 10.1371/journal.
pone.0073195]
Shi Y, Liu C, Liu X, Tang DG, Wang J. The microRNA miR34a inhibits non-small cell lung cancer (NSCLC) growth and the
CD44hi stem-like NSCLC cells. PLoS One 2014; 9: e90022 [PMID:
24595209 DOI: 10.1371/journal.pone.0090022]
Hau A, Ceppi P, Peter ME. CD95 is part of a let-7/p53/miR-34
regulatory network. PLoS One 2012; 7: e49636 [PMID: 23166734
DOI: 10.1371/journal.pone.0049636]
Nalls D, Tang SN, Rodova M, Srivastava RK, Shankar S. Targeting
epigenetic regulation of miR-34a for treatment of pancreatic cancer
by inhibition of pancreatic cancer stem cells. PLoS One 2011; 6:
e24099 [PMID: 21909380 DOI: 10.1371/journal.pone.0024099]
Santarpia L, Calin GA, Adam L, Ye L, Fusco A, Giunti S, Thaller
C, Paladini L, Zhang X, Jimenez C, Trimarchi F, El-Naggar AK,
Gagel RF. A miRNA signature associated with human metastatic

25

26

27

28

29
30

31

32

33

34

medullary thyroid carcinoma. Endocr Relat Cancer 2013; 20:
809-823 [PMID: 24127332 DOI: 10.1530/ERC-13-0357]
Yang LY, Wang HJ, Jia XB, Wang X, Luo J, Zhang XY. [Expression
of miR-130a in cisplatin resistant cell lines of ovarian cancer].
Sichuan Da Xue Xue Bao Yi Xue Ban 2012; 43: 60-64 [PMID:
22455133]
Zhu X, Lin Z, Du J, Zhou X, Yang L, Liu G. Studies on
microRNAs that are correlated with the cancer stem cells in
chronic myeloid leukemia. Mol Cell Biochem 2014; 390: 75-84
[PMID: 24385111 DOI: 10.1007/s11010-013-1958-2]
Qiu S, Lin S, Hu D, Feng Y, Tan Y, Peng Y. Interactions of
miR-323/miR-326/miR-329 and miR-130a/miR-155/miR-210
as prognostic indicators for clinical outcome of glioblastoma
patients. J Transl Med 2013; 11: 10 [PMID: 23302469 DOI:
10.1186/1479-5876-11-10]
Xu HS, Zong HL, Shang M, Ming X, Zhao JP, Ma C, Cao L.
MiR-324-5p inhibits proliferation of glioma by target regulation
of GLI1. Eur Rev Med Pharmacol Sci 2014; 18: 828-832 [PMID:
24706306]
Piazzi G, Bazzoli F, Ricciardiello L. Epigenetic silencing of
Notch signaling in gastrointestinal cancers. Cell Cycle 2012; 11:
4323-4327 [PMID: 23085543 DOI: 10.4161/cc.22388]
Schraivogel D, Weinmann L, Beier D, Tabatabai G, Eichner
A, Zhu JY, Anton M, Sixt M, Weller M, Beier CP, Meister G.
CAMTA1 is a novel tumour suppressor regulated by miR-9/9* in
glioblastoma stem cells. EMBO J 2011; 30: 4309-4322 [PMID:
21857646 DOI: 10.1038/emboj.2011.301]
Bian Y, Wang L, Lu H, Yang G, Zhang Z, Fu H, Lu X, Wei M, Sun J,
Zhao Q, Dong G, Lu Z. Downregulation of tumor suppressor QKI
in gastric cancer and its implication in cancer prognosis. Biochem
Biophys Res Commun 2012; 422: 187-193 [PMID: 22569043 DOI:
10.1016/j.bbrc.2012.04.138]
Ji S, Ye G, Zhang J, Wang L, Wang T, Wang Z, Zhang T, Wang G,
Guo Z, Luo Y, Cai J, Yang JY. miR-574-5p negatively regulates
Qki6/7 to impact β-catenin/Wnt signalling and the development of
colorectal cancer. Gut 2013; 62: 716-726 [PMID: 22490519 DOI:
10.1136/gutjnl-2011-301083]
Bardsley MR, Horváth VJ, Asuzu DT, Lorincz A, Redelman D,
Hayashi Y, Popko LN, Young DL, Lomberk GA, Urrutia RA,
Farrugia G, Rubin BP, Ordog T. Kitlow stem cells cause resistance
to Kit/platelet-derived growth factor alpha inhibitors in murine
gastrointestinal stromal tumors. Gastroenterology 2010; 139:
942-952 [PMID: 20621681 DOI: 10.1053/j.gastro.2010.05.08336]
Siebzehnrubl FA, Jeske I, Müller D, Buslei R, Coras R, Hahnen
E, Huttner HB, Corbeil D, Kaesbauer J, Appl T, von Hörsten S,
Blümcke I. Spontaneous in vitro transformation of adult neural
precursors into stem-like cancer cells. Brain Pathol 2009; 19:
399-408 [PMID: 18637011 DOI: 10.1111/j.1750-3639.2008.00189.
x]
P- Reviewer: Kwon RS, Lehmann U S- Editor: Yu J
L- Editor: Cant MR E- Editor: Zhang DN

WJG|www.wjgnet.com

3526

March 28, 2015|Volume 21|Issue 12|

World J Gastroenterol 2015 March 28; 21(12): 3527-3536
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i12.3527

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

High persistence rate of hepatitis B virus in a hydrodynamic
injection-based transfection model in C3H/HeN mice
Xiu-Hua Peng, Xiao-Nan Ren, Li-Xiang Chen, Bi-Sheng Shi, Chun-Hua Xu, Zhong Fang, Xue Liu,
Jie-Liang Chen, Xiao-Nan Zhang, Yun-Wen Hu, Xiao-Hui Zhou

Abstract

Xiu-Hua Peng, Xiao-Nan Ren, Li-Xiang Chen, Bi-Sheng Shi,
Chun-Hua Xu, Zhong Fang, Xue Liu, Jie-Liang Chen, XiaoNan Zhang, Yun-Wen Hu, Xiao-Hui Zhou, Shanghai Public
Health Clinical Center, Key Laboratory of Medical Molecular
Virology, Ministry of Education and Health, Fudan University,
Shanghai 201508, China
Author contributions: Zhou xh conceived and designed the
study; Peng xh, Ren XN, Chen LX, Shi BS, Xu CH, Fang Z, Liu
X, Chen JL and Zhang XN performed the experiments; Peng XH,
Ren XN, Chen LX and Zhou XH analyzed the data; Zhou XH,
Ren XN, Chen LX, Chen JL, Zhang XN and Hu YW wrote and
revised the paper.
Supported by Shanghai Municipal Fund for Science and
Technology Development, No. 13140902200 and No.
12140900300; National Key Basic Research Development
Program (973 Program), No. 2012CB519005.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Xiao-hui Zhou, MD, PhD, Associate
Professor, Shanghai Public Health Clinical Center, Key
Laboratory of Medical Molecular Virology, Ministry of Education
and Health, Fudan University, 2901 Caolang Road, Jin Shan
District, Shanghai 201508, China. zhouxiaohui@shaphc.org
Telephone: +86-21-37990333
Fax: +86-21-37990333
Received: July 21, 2014
Peer-review started: July 21, 2014
First decision: August 15, 2014
Revised: September 15, 2014
Accepted: October 14, 2014
Article in press: October 15, 2014
Published online: March 28, 2015

WJG|www.wjgnet.com

AIM: To optimize the viral persistence rate in a
hydrodynamic injection (HI) based hepatitis B virus
(HBV) transfection mouse model.
METHODS: (1) 5-6-wk-old male C3H/HeN and
C57BL/6 mice were hydrodynamically injected with 10
μg endotoxin-free pAAV/HBV1.2 plasmid DNA via the
tail vein. hepatitis B surface antigen (HBsAg), hepatitis
B e antigen (HBeAg) and HBV DNA, both in the serum
and liver, were detected at different time points
post HI by ELISA, immunohistochemical staining or
quantitative polymerase chain reaction (PCR); (2) male
C3H/HeN and C57BL/6 mice, either hydrodynamically
injected mice at 10 wk post HI or naïve mice, were all
immunized subcutaneously with 5 μg HBsAg formulated
in complete Freund’s adjuvant three times at a 2-wk
interval. Two weeks after the final immunization,
splenocytes were isolated for T cell function analysis
by ELISPOT assay; and (3) five weeks post HI, C3H/
HeN mice were intragastrically administered 0.1 mg/kg
entecavir once a day for 14 d, or were intraperitoneally
injected with 1 mg/kg interferon (IFN)-α twice a week
for 2 wk, or were treated with PBS as controls. The
sera were collected and assayed for HBV DNA on days 0,
7 and 14 after drug treatment.
RESULTS: (1) Approximately 90% (22/25) of the
injected C3H/HeN mice were still HBsAg-positive at
46 wk post HI, whereas HBsAg in C57BL/6 mice were
completely cleared at 24 wk. Serum levels of HBeAg
in C3H/HeN mice were higher than those in C57BL/6
mice from 4 wk to 46 wk. HBV DNA levels in the
hydrodynamically injected C3H/HeN mice were higher
than those in the C57BL/6 mice, both in the serum
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(from 4 wk to 46 wk) and in the liver (detected at 8 wk
and 46 wk post HI). Histology showed that hepatitis
B core antigen and HBsAg were expressed longer in
the liver of C3H/HeN mice than in C57BL/6; (2) HBsAg
specific T cell responses after HBsAg vaccination in
hydrodynamically injected C3H/HeN and C57BL/6 mice,
or naive control mice were detected by ELISPOT assay.
After stimulation with HBsAg, the frequencies of IFN-γ
producing splenocytes in the hydrodynamically injected
C3H/HeN mice were significantly lower than those
in hydrodynamically injected C57BL/6 mice, control
C3H/HeN and control C57BL/6 mice, which were 0,
6
17 ± 7, 18 ± 10, and 41 ± 10 SFCs/10 splenocytes,
respectively, and the mean spot sizes showed the same
pattern. Even just stimulated with PMA and ionomysin,
T-cell responses elicited in the vaccinated control C3H/
HeN were much higher than those in hydrodynamically
injected C3H/HeN mice; and (3) For drug treatment
experiments on the hydrodynamically injected C3H/HeN
mice, serum HBV DNA levels in the entecavir treatment
group declined (131.2 folds, p < 0.01) on day 7 after
treatment and kept going down. In the group of IFN-α
treatment, serum HBV DNA levels declined to a lowest
point (6.42 folds, p < 0.05) on 7 d after treatment and
then rebounded.

INTRODUCTION
Chronic infection with hepatitis B virus (HBV) in
the human liver remains a major health problem
[1]
globally . More than 400 million people have been
infected and about one million patients die annually
[2]
from HBV infection . Currently, interferon (IFN)-α
and nucleoside/nucleotide analogs have been mainly
used for clinical treatment of chronic hepatitis B (CHB).
Although nucleoside/nucleotide analogs inhibit HBV
replication, drug resistance remains an unsettled tough
[3]
issue in clinical practice . On the other hand, IFN-α
enhances host immune responses and promotes HBV
clearance. However, only 30% of CHB patients showed
a sustained response to IFN-α treatment, which limits
[4]
the clinical effect and application of IFN-α . New
therapeutic strategies are needed to be developed to
improve the treatment of CHB.
It is believed that the balance between viral
replication and the host immune response during
chronic HBV infection determines the pathogenesis
and outcomes of CHB. Nevertheless, the etiological
mechanisms of the host immune responses that lead
to HBV persistence are still to be elucidated completely
yet, though some components of the immune system,
particularly cellular immune responses, have shown to
[5]
be involved in the clearance of HBV .
However, the research of HBV infection, either
studies on immunological mechanisms or therapeutic
drug development, has been hampered by the
[6]
shortage of suitable animal models . Compared with
chimpanzees, woodchuck and duck, mouse is the ideal
laboratory animal for its convenient availability, easy
husbandry and low cost, and most importantly, their
well characterized genetic background, techniques for
genetic modification, and abundance of immunological
reagents. Despite the inability of HBV to propagate
in mouse, several mouse models of HBV have been
developed, including HBV transgenic mice, adenovirus
or adenovirus-associated-virus (AAV) based HBV
transduction models, and hydrodynamic injection (HI)
[6]
based HBV transfection models .
Introducing the HBV genome into the mouse liver
by HI via the tail vein represents a model that mimics
the natural course of chronic HBV infection in human
without side effects from the viral vectors, such as
[7]
immune responses against adenovirus . Nonetheless,
in the classic model developed by HI of an HBV
plasmid into C57BL/6 mice, only less than 20%-30%
[8]
injected mice carried HBV for 24 wk . Recently we
hydrodynamically injected the HBV plasmid into
C3H/HeN mice and succeeded in delaying the mouse
immune clearance of HBV. About 90% the injected
C3H/HeN mice maintained HBV persistence even up
to 46 wk post HI. Applying IFN-α and entecavir in this
model led to HBV DNA decrease in vivo. Thus, this

CONCLUSION: We have developed a novel HI-based
HBV transfection model using C3H/HeN mice, which
had a higher HBV persistence rate than the classic
C57BL/6 mouse model.
Key words: hepatitis B virus; Hydrodynamic injection;
Viral persistence; Liver; Mouse
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the classic hepatitis B virus (HBV)
hydrodynamic injection (HI) model using C57BL/6
mice, only about 30% of the injected mice carried
HBV for more than 12 wk. Here we injected the pAAVHBV1.2 plasmid into C3H/HeN mice and observed that
the hepatitis B surface antigen, hepatitis B e antigen
and viral DNA persisted even up to 46 wk in about
90% of the hydrodynamically injected mice. Applying
interferon-α or entecavir in this HI model decreased
HBV DNA in vivo . Hence, C3H/HeN is a suitable mouse
strain for the persistent HBV HI model, which might be
useful for chronic hepatitis B research and therapeutic
drug development.
Peng XH, Ren XN, Chen LX, Shi BS, Xu CH, Fang Z, Liu
X, Chen JL, Zhang XN, Hu YW, Zhou XH. High persistence
rate of hepatitis B virus in a hydrodynamic injection-based
transfection model in C3H/HeN mice. World J Gastroenterol
2015; 21(12): 3527-3536 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i12/3527.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3527
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Detection of liver HBV DNA

novel HI based model of HBV might provide a more
stable platform for the research of HBV persistence
infection.

Liver tissues were collected from mice receiving
HI killed at 46 wk. The total DNA of the liver was
extracted as described above and detected for HBV
DNA by real-time PCR or DpnI enzyme before realtime PCR.

MATERIALS AND METHODS
Ethics statement

Immunohistochemistry

All procedures on mouse were reviewed by the Institu
tional Animal Care and Use Committee of Shanghai
Public Health Clinical Center and were performed in
strict accordance with the approved protocol.

Liver samples were collected 46 wk post HI. Intrahepatic
HBsAg was visualized by immunohistochemical staining
of tissues incubated with mouse anti-HBs antibody
(Maixin.Biotech, Fuzhou, China), rabbit anti-HBc
antibody (Maixin.Bio city, Fuzhou, China), and HRP
(Maixin.Bio city, Fuzhou, China).

Preparation of an HI based mouse model with a
recombinant HBV plasmid

The replication-competent recombinant HBV plasmid
pAAV/HBV1.2 was kindly provided by Prof. Peijer Chen,
National Taiwan University College of Medicine. Specific
pathogen free (SPF) C3H/HeN and C57BL/6 mice were
purchased from the animal facilities of Shanghai Public
Health Clinical Center. Male C3H/HeN and C57BL/6
mice (5-6-wk-old) were injected with 10 μg endotoxinfree pAAV/HBV1.2 plasmid DNA into the tail vein in a
volume of PBS equivalent to 10% of the mouse body
weight and the total volume was delivered within 5 s,
[9,10]
which was so-called HI as previously described
.
The serum specimens were assayed for hepatitis B
surface antigen (HBsAg), hepatitis B e antigen (HBeAg)
or HBV DNA at the indicated time points after injection.
When the mice were sacrificed, the spleens were
collected for T cell function analysis and the livers were
collected and preserved in 4% PFA (paraformaldehyde)
for immunohistochemical analysis.

Mouse vaccination

Male C3H/HeN and C57BL/6 mice at 10 wk after HI
with 10 μg pAAV/HBV1.2 plasmid or naïve control
male C3H/HeN and C57BL/6 mice were all immunized
subcutaneously with 5 μg HBsAg formulated in
complete Freund’s adjuvant (CFA) three times at a 2-wk
interval. Mice were euthanized 2 wk after the final
immunization and fresh splenocytes were collected.

IFN-γ ELISPOT assay

Freshly isolated mouse splenocytes were adjusted to
6
a density of 4 × 10 cells/ml and plated into 96-well
ELISPOT plates (BD Bioscience, Franklin Lakes, New
Jersey, United States) coated with an anti-mouse IFN-γ
5
antibody at 50 μl/well (2 × 10 cells per well). The
splenocytes were stimulated with 10 μg/ml HBsAg
protein. After incubation at 37 ℃ with 5% CO2 for 20
h, the ELISPOT plates were developed according to the
manufacturer’s manual and read with Immunospot
Reader (ChampspotⅢ, Beijing Sage Creation Science,
China).

Detection of HBV antigen

Serum specimens were collected and assayed for
HBsAg and HBeAg at 0, 1, 2, 3, 4, 5, 8, 10, 16, 24 and
46 wk after HI of pAAV/HBV1.2. Serum levels of HBsAg
were determined with an ELISA kit (Kehua, Shanghai,
China). The levels of HBeAg were determined by ELISA
(Kehua, Shanghai, China).

IFN-α or entecavir treatment assay

An HI based mouse model of HBV was established as
described above in fifteen 4-6-wk-old male C3H/HeN
mice. Five weeks post HI, the mice were randomly
divided into three groups (five mice each group).
The first group was intragastrically administered 0.1
mg/kg entecavir (Baraclude, Bristol-Myers Squibb,
New York, United States) once a day for 14 d; the
second group was intraperitoneally injected with 1
mg/kg interferon-α (IFN-α, R and D, R and D Systems,
Minneapolis, United States) twice a week for 2 wk; the
third group was treated with PBS as a control. Serum
specimens were collected and assayed for HBV DNA
on days 0, 7 and 14 after treatment.

Detection of serum HBV DNA

Serum samples were collected at 0, 1, 2, 3, 4, 5, 8,
12, 16, 24 and 46 wk after HI of pAAV/HBV1.2. For
HBV DNA extraction, 10 μl mouse serum was added
into 40 μl PBS, and digested with 10 μg DNaseI for 1
h at 37 ℃. Then, 100 μl lysis buffer (20 mmol/L TrisHCl, 20 mmol/L EDTA, 50 mmol/L NaCl, and 0.5%
SDS) containing 50 mg proteinase K was added. After
incubation at 65 ℃ overnight, viral DNA was isolated by
phenol/chloroform extraction and ethanol precipitation.
The DNA pellet was rinsed with 70% ethanol and
resuspended in 10 μl ddH2O. The quantification of
HBV DNA was performed using a routine real-time
PCR procedure described previously, with a SYBR
Green Real-time PCR Master Mix kit (TOYOBO, Osaka,
[11]
Japan) .
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Statistical analysis

Comparisons between two groups were performed
by unpaired t-test and comparisons among three or
more groups were performed using one-way analysis
of variance (GraphPad Software, Inc.). Significant
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Figure 1 Hepatitis B surface antigen, hepatitis B e antigen and hepatitis B virus DNA levels in serum of C3H/HeN and C57BL/6 mice after hydrodynamic
injection. pAAV/HBV1.2 DNA was injected hydrodynamically into the tail vein of 5-6 wk male C3H/HeN and C57BL/6 mice. After injection, the mice were regularly
bled to monitor the serum levels of HBsAg, HBeAg and HBV DNA. A: Titer of serum HBsAg in C3H/HeN or C57BL/6 mice after HI at different time points; B: Positive
rates of serum HBsAg in C3H/HeN (n = 25) or C57BL/6 (n = 20) mice at different time points after HI; C: Titer of serum HBeAg in C3H/HeN or C57BL/6 mice after HI
at different time points; D: Serum HBV DNA level was determined at different time points. HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen; HBV:
Hepatitis B virus; HI: Hydrodynamic injection.

differences were defined as P ≤ 0.05.

the presence of HBV DNA. In the hydrodynamically
injected C3H/HeN mice, HBV DNA levels were higher
than those in hydrodynamically injected C57BL/6
mice. At 46 wk post HI, HBV DNA in the C3H/HeN
mice could still be detected, but it was undetectable in
the C57BL/6 mice (Figure 1D).

RESULTS
HBV persists longer in hydrodynamically injected C3H/
HeN mice than in C57BL/6 mice

In the hydrodynamically injected C57BL/6 mice, the
HBsAg level increased promptly within 1 wk after
pAAV/HBV1.2 injection but dropped quickly thereafter.
In C3H/HeN mice, the HBsAg level declined much
more slowly after injection of the same plasmid. Even
at 46 wk post HI, it was still detectable (Figure 1A).
Approximately 88% (22/25) of the injected C3H/
HeN mice were still HBsAg-positive at 46 wk post
HI whereas HBsAg in C57BL/6 mice was completely
cleared at 24 wk (Figure 1B). Serum levels of HBeAg
were increased to a peak quickly within a week, then
decreased at 2 wk post HI, and increased again.
Serum levels of HBeAg in C3H/HeN mice were higher
than those in C57BL/6 mice from 4 wk to 46 wk (Figure
1C). Serum samples from hydrodynamically injected
C3H/HeN and C57BL/6 mice were also assayed for
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Quantification of intrahepatic HBV DNA

We further examined the existing way of the liver
HBV DNA. The liver tissues were collected from
hydrodynamically injected C57BL/6 mice, C3H/HeN
mice at 46 wk post injection, and naive mice as
controls. The liver total DNA was assayed for the
presence of encapsidated HBV DNA by real-time
PCR. We used 0.5 μl DpnI to digest the potential free
plasmids and then also assayed the HBV DNA level by
real-time PCR. Interestingly, we found that the liver
HBV DNA level was not significantly changed between
before and after DpnI digestion (Figure 2). We surmise
that the DNA in serum HBsAg-positive C3H/HeN mice
at 46 wk was not from free plasmid of pAAV/HBV1.2,
but could be from actively replicating cytoplasmic
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Figure 2 Quantification of intrahepatic hepatitis B virus DNA in the hydrodynamically injected mice. C3H/HeN or C57BL/6 mice were hydrodynamically
injected with 10 μg of pAAV/HBV1.2 plasmid, and the livers of hydrodynamically injected C3H/HeN (n = 3) or hydrodynamically injected C57BL/6 (n = 3) mice were
collected at 8 wk or 46 wk after HI. Naive C3H/HeN (n = 3) or C57BL/6 (n = 3) mice were controls (ctrl). A: HBV DNA/mGAPDH in C3H/HeN or C57BL/6 mouse liver
total DNA with or without 0.5 μL DpnI digestion at 8 wk post HI; B: HBV DNA/mGAPDH in C3H/HeN or C57BL/6 mouse liver total DNA with or without 0.5 μL DpnI
digestion at 46 wk post HI. HBV: Hepatitis B virus; HI: Hydrodynamic injection.

nucleocapsid.

(Figure 4C). In contrast to hydrodynamically injected
C57BL/6 capable of responding to HBsAg vaccination,
the hydrodynamically injected C3H/HeN mice showed
a totally tolerant phenotype to HBV with no responses
to HBsAg vaccination; whereas naive control C3H/
HeN mice responded to HBsAg vaccination, though
it was lower than that in control C57BL/6 mice. Even
just stimulated with PMA and ionomysin, frequency
of IFN-γ positive T cells in the hydrodynamically
injected C3H/HeN mice was much lower than that in
control C57BL/6 mice (P < 0.05), and a little bit lower
than those in hydrodynamically injected C57BL/6
and control C3H/HeN mice (Figure 4D). These data
indicated that the HI of HBV genome into C3H/HeN
mice could impair the T cell function in these mice,
both specifically (i.e., HBsAg-specific T-cell immunity)
and globally.

hepatitis B core antigen and HBsAg expression in the
liver of hydrodynamically injected mice

Liver tissues were collected from hydrodynamically
injected C3H/HeN and C57BL/6 mice. Immuno
histochemical staining was performed to determine
the expression of hepatitis B core antigen (HBcAg)
and HBsAg in the liver of the mice at 0, 5, 8, 46 wk
post HI. As shown in Figure 3A, the number of HBcAg
positive cells in C3H/HeN mice were not significantly
different from that in C57BL/6 at 5 wk post HI. At
8 and 46 wk post HI, both cytoplasmic and nuclear
HBcAg were detected in the liver of C3H/HeN mice but
not in C57BL/6 mice. The HBsAg expression in the liver
of C3H/HeN and C57BL/6 mice was not significantly
different at 5 wk post HI, but was obviously higher in
C3H/HeN than in C57BL/6 mice at 8 wk and 46 wk
post HI, as shown in Figure 3B.

IFN-α and entecavir treatment decreases HBV DNA in
hydrodynamically injected C3H/HeN mice

Impaired HBsAg-specific T cell immunity in C3H/HeN
mice after HI

Next, we tested whether this novel HI based C3H/HeN
mouse model could be applied to the drug evaluation
for HBV. IFN-α and entecavir treatment was performed
in those hydrodynamically injected C3H/HeN mice. In
the group of intragastric administration with entecavir
(0.1 mg/kg, daily), real-time PCR analysis showed that
serum HBV DNA levels declined (131.2-fold, P < 0.01)
and kept going down 7 d post HI (Figure 5). In the
group of IFN-α treatment (1 mg/kg, twice a week),
serum HBV DNA levels declined to a lowest point (6.42
folds, P < 0.05) 7 d post HI and rebounded from then
on (Figure 5). These data indicated that this HI based
C3H/HeN mouse model can be used for antiviral drug
evaluation for HBV.

Specific T cell responses against HBV antigens (such
as HBsAg) have been suggested to play critical roles
[12]
in viral clearance . Here we addressed whether
HBsAg-specific immunity is associated with the HBV
persistence/clearance in C3H/HeN and C57BL/6
mice at 10 wk post HI of pAAV/HBV1.2 or untreated
controls (Figure 4A). We examined the T cell responses
against HBsAg two weeks after the final vaccination
with HBsAg by IFN-γ-ELISPOT in hydrodynamically
injected C3H/HeN mice, hydrodynamically injected
C57BL/6 mice, control C3H/HeN and control C57BL/6
mice, and the average frequency was 0, 17 ±
6
7, 18 ± 10, and 41 ± 10 SFCs/10 splenocytes,
respectively. The frequency was significant lower
in hydrodynamically injected C3H/HeN mice than
in control C3H/HeN and C57BL/6 mice (Figure 4B),
and the mean spot sizes showed the same pattern
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DISCUSSION
Due to the narrow host restriction of HBV, the
ideal experimental animal model of HBV should be
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Figure 3 Longer expression of hepatitis B core antigen and hepatitis B surface antigen in the liver of C3H/HeN mice than C57BL/6 mice. C3H/HeN or
C57BL/6 mice were hydrodynamically injected with 10 μg of pAAV/HBV1.2 plasmid, and the livers of C3H/HeN or C57BL/6 mice were collected at 5, 8 and 46 wk after
HI. A: Detection of HBcAg expression in C3H/HeN or C57BL/6 mouse liver at 5, 8 and 46 wk after HI by immunochemistry; B: Detection of HBsAg expression in C3H/
HeN or C57BL/6 mouse liver at 5, 8 and 46 wk after HI by chemistry. Images of specific antibody stained slides were observed under a microscope at magnification of
x 400. Experiments were repeated twice with a similar pattern. HBcAg: Hepatitis B core antigen; HBsAg: Hepatitis B surface antigen; HI: Hydrodynamic injection.

transgenic mice expressing human receptors for
HBV. However, it was elusive for a long time about
the receptors mediating HBV entry, though Li’s group
recently identified that NTCP (sodium taurocholate
cotransporting polypeptide) was a functional receptor
[13]
for human HBV . Whether there are coreceptors is
still under investigation. Therefore, the success of HBV
receptor-transgenic mice could be a long way to reach
yet, considering the fact that the HCV receptors (CD81,
SCARB1, CLDN1, OCLN) have been identified for a
long time, but the HCV receptor-transgenic mouse has
[14]
not succeeded until now .
Current available animal models for HBV studies
[15]
include duck HBV (DHBV)
and woodchuck HBV
[16]
(WHV)
infection in their natural hosts, HBV-infected
[17]
[18]
chimpanzees , and HBV transgenic mice . DHBV
and WHV are genetically different from HBV, and it
is difficult to perform immunological studies in those
animals due to their uncharacterized background.
Chimpanzees are not available easily, and the high cost
as well as ethical considerations limit their applications
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to HBV study. HBV transgenic mice were widely used,
but the drawback of immunological tolerance to the
virus limits its applications in HBV immunological
studies.
The HBV genome can be introduced into the
mouse liver by transduction based on viral vectors,
for example, adenovirus or adeno-associated viral
[19,20]
vectors (AAVs) containing HBV DNA
. Transduction
of the HBV genome into mice using viral vectors leads
to efficient viral gene expression in the liver and host
immune response against HBV. However, the viral
vector-induced immune responses (such as induction
of type Ⅰ IFN and other innate immune responses)
may interfere with the host immune responses against
HBV.
HI can efficiently deliver DNA into the liver in vivo.
The DNA internalization by this hydraulic pressurebased physical transfection is receptor-independent
and can achieve delivery to approximately 10%-40%
[5,21]
[22]
of hepatocytes
. Yang et al
first reported an
acute HBV infection model by this method in B10.D2
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Figure 4 Hepatitis B surface antigen-specific T cell responses are impaired in hydrodynamically injected C3H/HeN mice. A: Regime of immunization:
hydrodynamically injected C3H/HeN mice (n = 3) and C57BL/6 mice (n = 3) were subcutaneously injected with 5 μg HBsAg protein formulated in CFA at 10, 12, and
14 wk after HI. Age-matched C3H/HeN naïve mice (n = 3) and C57BL/6 naïve mice (n = 3) were subcutaneously injected with 5 μg HBsAg protein formulated in CFA
three times at a 2-wk interval. Magnitudes of the total T cell responses were analyzed by IFN-γ ELISPOT two weeks after the final vaccination; B: Frequencies of IFN-γ
producing T cells in C3H/HeN and C57BL/6 mice (both hydrodynamically injected ones and controls, n = 3 each group) after HBsAg stimulation. While hydrodynamically
injected C3H/HeN mice showed almost zero in the frequency of IFN-γ positive cells, the other groups did show IFN-γ positive cells; C: Spot sizes of IFN-γ producing T
cells in C3H/HeN and C57BL/6 mice (both hydrodynamically injected ones and controls, n = 3 each group) after HBsAg stimulation. Hydrodynamically injected C57BL/6
and control (ctrl) mice were significantly larger than hydrodynamically injected C3H/HeN mice [aP < 0.05, C57BL/6 HI vs C3H/HeN HI mice; bP < 0.01 control (ctrl)
mice vs C3H/HeN HI mice, respectively]; D: IFN-γ producing T cell spot in C3H/HeN and C57BL/6 mice (both hydrodynamically injected ones and controls, n = 3 each
group) after PMA + ionomysin stimulation; left: bar chart of frequencies of IFN-γ producing T cells. Hydrodynamically injected C57BL/6 mice were significantly higher
than hydrodynamically injected C3H/HeN mice (dP < 0.01, C57BL/6 HI vs C3H/HeN HI mice), and C3H/HeN mice (cP < 0.05, C57BL/6 HI vs C3H/HeN); right: Images of
ELISOPT. HI: Hydrodynamic injection; CFA: Complete Freund’s adjuvant; IFN: Interferon; HBsAg: Hepatitis B surface antigen.
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into 8-12-wk-old C3H/HeN mice. The age of C3H/HeN
mice might be critical for the different persistence rates
between their model and ours. Actually, we found
5-6-wk-old C3H/HeN mice are best for persistence of
HBV after HI, and the mice older than 8 wk showed a
similar acute hepatitis to Chang Wang’s model (data
not shown).
It was well established that host immune responses
[5]
[24]
contributed to HBV clearance . Chang et al reported
that C3H/HeJ mice, which had a defect in TLR4
signaling, showed higher HBV antigenemia and viral
replication than C3H/HeN in the acute model (viraemia
within 2 wk), indicating that TLR4 mediated innate
immune response played a role in the HBV clearance.
Adaptive immune responses, especially HBV-specific
[12]
T cell response, are most critical for HBV clearance .
Indeed, we found the HI of the HBV genome into C3H/
HeN mice could impair the T cell function, both globally
and specifically (i.e., HBsAg-specific T-cell immunity),
in contrast to hydrodynamically injected C57BL/6
mice capable of responding to HBsAg vaccination.
These results were consistent with the previous
reports on correlations between persistence of HBV
in hydrodynamically injected mice and few activated
specific cytotoxic T cells. Hence, C3H/HeN (H-2K)
[23]
mice, which were like FVB/N (H-2q) mice , were
weaker in induction of HBV specific T cell responses
than C57BL/6 (H-2b) mice; and the latter might be
[8]
weaker than BALB/c (H-2d) mice . These findings
suggested that HI of the HBV genome could cause
tolerance to HBV in the hydrodynamically injected
C3H/HeN mice and this tolerance might be largely
related to the HBV persistence phenotypes in those
mice.
Taken together, though the route of viral genome
delivery by hydrodynamic-based transfection is
different from that of natural infection via receptors,
this immunocompetent non-transgenic mouse model
can mimic the nature course of chronic HBV infection in
human to a great extent. Our novel hydrodynamically
injected C3H/HeN mice with a high persistence rate
of HBV described in this study could provide a new
approach to dissect the immunomechanism of HBV
clearance or persistence, a new platform to evaluate
the antiviral drugs against HBV, and a new model to
analyse the different pathogenecities of clinical HBV
isolates.
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Figure 5 Interferon-α or entecavir treatment decreases hepatitis B virus
DNA in hydrodynamically injected C3H/HeN mice. HI mouse model of
HBV was created in 5-6-wk-old male C3H/HeN mice. IFN-α, entecavir or PBS
treatment was performed on those mice 5 wk post HI. The black dot group (n
= 5) was intragastrically administrated with 0.1 mg/kg entecavir once a day for
14 d; the open square group (n = 5) was intraperitoneally injected with 1 mg/kg
IFN-α twice a week for 2 wk; the open dot group was treated with PBS as a
control. Serum specimens were collected and assayed for HBV DNA on days
0, 7 and 14 after treatment. HBV: Hepatitis B virus; HI: Hydrodynamic injection;
IFN: Interferon.

mice and persistent expression of HBV antigens was
observed in hepatocytes of immunocompromised CB17
[8]
NOD/SCID mice. Huang et al further reported that
delivery of the HBV genome into immunocompetent
mouse liver by HI could induce HBV hepatitis with
very different rates of viral clearance. Both plasmid
backbone and genetic background of recipient mice
contributed to the long-term maintenance of HBV in
the mouse liver. The plasmid pAAV/HBV1.2 is better
than the plasmid pGEM4A/HBV1.2, though both of
[8]
them harboured replication-competent HBV DNA . By
using the same pAAV/HBV1.2, all BALB/c showed a
rapid clearance of viral DNA template, whereas about
30% of the C57BL/6 mice showed the persistence of
[8]
HBV . However, the bottleneck of a relative low rate
of persistence of HBV in C57BL/6 mice compromised
its potential strength in chronic HBV infection studies.
The different persistence rates of HBV in hydro
d
dynamically injected BALB/c (H-2 ) and C57BL/6
b
(H-2 ) mice encourage efforts to find more suitable
mouse strains for optimisation of the HBV persistent
[23]
rate. Indeed, Chen et al
reported that long-term
maintaining of HBV antigenemia can be detected in
q
FVB/N (H-2 ) mice receiving HI of pGEM4Z/HBV1.3,
and around 85% (6/7) of the mice were positive at 50
wk, compared with rapid clearance of HBV antigenemia
in BALB/c mice within 4 wk and in C57BL/6 within 8 wk.
Our study successfully established HBV persistence
k
in another inbred strain, C3H/HeN mice (H-2 ),
through HI of pAAV/HBV1.2 plasmid. Around 90%
(22/25) of the injected C3H/HeN mice were HBsAgpositive and the HBcAg positive cells in the liver were
detected at 46 wk, though the detailed mechanisms
[24]
are not clear yet. Chang et al reported an acute HBV
hepatitis model by hydrodynamically injecting pHBV3.6
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METHODS: Fifty healthy Sprague-Dawley rats were
randomly divided into control, severe acute pancreatitis
(SAP), Qingyi decoction-treated (QYT), dexamethasonetreated (DEX), and verapamil-treated (VER) groups.
The SAP model was induced by retrograde infusion
of 1.5% sodium deoxycholate into the biliopancreatic
duct of the rats. All rats were sacrificed 24 h post-SAP
induction. Arterial blood, intestine, and pancreas from
each rat were harvested for investigations. The levels of
serum amylase (AMY) and diamine oxidase (DAO) were
determined using biochemical methods, and serum
tumor necrosis factor (TNF)-α level was measured by
an enzyme linked immunosorbent assay. Pathologic
changes in the harvested tissues were investigated by
microscopic examination of hematoxylin and eosinstained tissue sections. The expressions of sPLA2 at
mRNA and protein levels were detected by reverse
transcriptase PCR and Western blot, respectively.
A terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling assay was used to investigate
apoptosis of epithelial cells in the intestinal tissues.
RESULTS: Compared to the control group, the
expression of sPLA2 at both the mRNA and protein
levels increased significantly in the SAP group (0.36 ±
0.13 vs 0.90 ± 0.38, and 0.16 ± 0.05 vs 0.64 ± 0.05,
respectively; P s < 0.01). The levels of AMY, TNF-α and
DAO in serum were also significantly increased (917 ±
62 U/L vs 6870 ± 810 U/L, 59.7 ± 14.3 ng/L vs 180.5
± 20.1 ng/L, and 10.37 ± 2.44 U/L vs 37.89 ± 5.86
U/L, respectively; P s < 0.01). The apoptosis index
of intestinal epithelial cells also differed significantly
between the SAP and control rats (0.05 ± 0.02 vs
0.26 ± 0.06; P < 0.01). The serum levels of DAO and
TNF-α, and the intestinal apoptosis index significantly
correlated with sPLA2 expression in the intestine (r =
0.895, 0.893 and 0.926, respectively; P s < 0.05). The
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AIM: To investigate the effect of Qingyi decoction on
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levels of sPLA2, AMY, TNF-α, and DAO in the QYT, VER,
and DEX groups were all decreased compared with the
SAP group, but not the control group. Qingyi decoction
intervention, however, gave the most therapeutic effect
against intestinal barrier damage, although the onset of
its therapeutic effect was slower.

depends on intracellular calcium ion concentration.
Under the stimulus of excessive sPLA2 expression,
large amounts of inflammatory factors cause the
degradation of cell surface active substances and
hydrolyze biologic membranes to aggravate lecithin
[5,6]
damage in organs and tissues
. The efficacy of
the Chinese medicine Qingyi decoction (QYT) has
been demonstrated through clinical practice and
animal experiments for years; QYT is an effective
[6]
prescription for the treatment of acute pancreatitis .
It is generally well tolerated by patients, and induces
purgation, promotes blood circulation, eliminates blood
stasis, and reduces inflammation. It can also directly
neutralize endotoxins and protect the intestinal barrier.
In our previous study on the intervening role of QYT in
patients following acute pancreatitis, it was shown that
QYT administration reduced lung injury by decreasing
the transcription of sPLA2, thereby protecting pulmo
[6]
nary function .
Dexamethasone (DEX) is a glucocorticoid with
several beneficial functions including anti-inflammatory
activity, microcirculation promotion, and oxygen free
radical scavenging. Verapamil (VER) can effectively
reduce tissue damage, especially intestinal damage,
by reducing intracellular calcium ion concentration
[7]
which plays a decisive role in sPLA2 activation . VER
is a commonly used calcium blocker. Considering its
inhibitory effect on sPLA2, VER may be used to protect
against intestinal tissue and pancreatic injuries during
SAP.
The present study aimed to examine the role of
sPLA2 in a rat model of SAP-induced intestinal barrier
injury and the intervening roles of QYT and VER.

CONCLUSION: Qingyi decoction ameliorates acute
pancreatitis-induced intestinal barrier injury by
inhibiting the overexpression of intestinal sPLA2. This
mechanism may be similar to that of verapamil.
Key words: Intestinal barrier injury; Qingyi decoction;
Secreted phospholipase A2; Severe acute pancreatitis;
Verapamil
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Secreted phospholipase A 2 (sPLA 2 ) is a
damage factor that stimulates excessive inflammatory
responses, which can lead to the degradation and
hydrolysis of biologic membranes, thus promoting
epithelial injury. We demonstrate that sPLA 2 is
overexpressed at the mRNA and protein levels in
a rat model of severe acute pancreatitis-induced
intestinal barrier injury. However, a traditional Chinese
medicine, Qingyi decoction, effectively antagonized
this overexpression of sPLA2 to alleviate the severity of
the disease. This observation was comparable to the
inhibitory effect of verapamil on sPLA2 expression.
Zhang JW, Zhang GX, Chen HL, Liu GL, Owusu L, Wang YX,
Wang GY, Xu CM. Therapeutic effect of Qingyi decoction in
severe acute pancreatitis-induced intestinal barrier injury. World
J Gastroenterol 2015; 21(12): 3537-3546 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3537.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3537

MATERIALS AND METHODS
Animals and grouping

Fifty clean-grade healthy male Sprague-Dawley rats
(180-220 g, age: 8 wk) were purchased from the
specific-pathogen-free Animal Center of Dalian Medical
University (Dalian, China). The animals were randomly
divided into five groups (n = 10 per group): controls,
untreated SAP, and SAP treated with QYT (Chinese
Medicine Preparations Division, First Affiliated Hospital of
Dalian Medical University, Dalian, China, Supplementary
1), DEX (Ling Rui Pharmaceutical, Zhengzhou, China),
or VER (Harvest Pharmaceutical, Shanghai, China).
This study was carried out in strict accordance with
the recommendations in the European Union Animal
Management Practices (1986). The animal use protocol
was reviewed and approved by the Institutional Animal
Care and Use Committee of Dalian Medical University
(Dalian, China).

INTRODUCTION
Severe acute pancreatitis (SAP) is a common surgical
acute abdominal disease and can lead to the early
death of patients because of associated systemic
inflammatory response syndrome and multiple organ
[1]
dysfunction syndrome . One severe complication is
often intestinal barrier damage. This permits great
quantities of gut bacteria and endotoxin to enter
the blood and lymphatic circulations, and eventually
[2]
whole internal organs . Also, the body’s mononuclear
macrophage system is activated, which leads to release
of large quantities of tumor necrosis factor (TNF),
interferons, interleukins, and other inflammatory
factors to trigger cascade of inflammatory events that
[3,4]
further cause tissue damage .
Secreted phospholipase A2 (sPLA2), the main phos
pholipase A subtype, is a damage factor whose function
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Model preparation

The SAP intestinal barrier damage model was established
using bile pancreatic duct retrograde injection of 1.5%
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deoxycholic acid sodium salt (Baier Di Biotechnology,
Beijing, China). The rats were subject to preoperative
fasting of 12 h with free access to drinking water, and
administered 10% chloral hydrate anesthesia (ip, 3
mL/kg) prior to operation. Under sterile conditions, the
needle of a 1 mL syringe was inserted into the major
duodenal papilla of the rat and 1.5% deoxycholic acid
sodium salt (1 mL/kg dose, speed of 0.1 mL/min)
was injected through the bile pancreatic duct into the
pancreas. The control group only had their pancreas
marginally rotated to avoid any incidence of mild acute
pancreatitis that could arise following the injection of
the solvent (water) used to dissolve the salt. The very
short time (24 h) required for the manifestation of
chemically induced SAP would not permit complete
resolution of such mild acute pancreatitis in the control
rats, which would in turn compromise the principal
clinical differences between the control and the SAP
groups. The DEX group (10 mg/kg body weight/dose,
5 mg/mL concentration) and VER group (1.25 mg/kg
body weight/dose, 2.5 mg/mL concentration) were
given their respective drugs intravenously immediately,
6 and 12 h post-operation. The QYT group, however,
was orally treated with QYT (10 mL/kg body weight/
dose) 0.5 h before the induction of SAP (to permit
enough time for the absorption of the traditional drug
into the blood), and then 6 and 12 h post-operation.
At 24 h post-operation, animals were anesthetized and
abdominal aortic blood was taken for serum collection
and storage at -80 ℃ until use. The pancreas and
intestinal tissues were harvested, and part of each was
either immediately stored at -80 ℃ or fixed in neutral
phosphate formaldehyde.

absorbance was read at 340 nm wavelength for the
value of A1. The mixture was placed in a water bath
(37 ℃) for 10 min, and then the absorbance at 340
nm was read again for the A2 value. The DAO activity
(U/L) = {[A1 × A2]/[A2 × cuvette diameter (cm) × 6.3
× NADH mmol extinction coefficient] × [reaction liquid
volume (µL)/sample volume (µL)]} × 1000.

Detection of intestinal epithelial cell apoptosis

A terminal deoxynucleotidyl transferase-mediated
dUTP nick-end labeling assay kit (Keygen, Nanjing,
China) was used to detect apoptosis of epithelial cells
in paraffin-embedded intestinal tissues according to the
manufacturer’s instructions. Under high magnification
(200 ×), five randomly selected areas were observed.
The apoptosis index (AI) was calculated as the
percentage of fluorescein isothiocyanate-positive cells
out of 500 intestinal epithelial cells.

Quantitative PCR assessment of intestinal sPLA2 mRNA
expression

Total RNA was extracted from intestinal tissue using
RNAisoPlus (Takara Bio Inc., Otsu, Shiga, Japan)
according to the manufacturer’s instructions. Briefly,
1 mL of RNAisoPlus was added to 50 mg of tissue
and homogenized on ice. Then 200 µL of chloroform
was added and the mixture centrifuged before the
supernatant was collected. Isopropyl alcohol was
used to precipitate the RNA from the chloroform.
Precipitated RNA was dissolved in RNase-free
water and its quality measured using an ultraviolet
spectrophotometer. The observed values of A260/
A280 ranged between 1.8 and 2.0. The routine
PCR condition included 30 cycles at an annealing
temperature of 60 ℃ for 30 s. Primers (Takara) were
as follows: sPLA2, 5′-GTGGCAGGATCCCCCAAGG-3′
(upstream), 5′-GCAACTGGGCGTGTTCCCTCTGCA-3′
(downstream), product length, 283 bp; and β-actin,
5′-GGAGTCCTGTGGCATCCACG-3′ (upstream),
5′-CTAGAAGCATTTGCGGTGGA-3′ (downstream),
product length, 531 bp. An ultraviolet imaging system
(Protein Simple; Alphalmade HP, Santa Clara, CA,
United States) was used to read the PCR products after
agarose gel electrophoresis. Intestinal tissue sPLA2
mRNA expression level was estimated as the ratio of
intestinal sPLA2 mRNA gray value to its corresponding
internal control (β-actin) grey value.

Pathologic observation

Pathologic observations were made under an optical
microscope (Leica DMIRB; Leica, Solms, Germany).
Pancreas and intestinal tissues previously fixed
in neutral phosphate formaldehyde were paraffin
embedded and sectioned (2 µm serial sectioning)
for pathologic morphology observation after routine
hematoxylin and eosin staining.

Serum amylase, TNF-α , and diamine oxidase
measurement

Serum amylase content was determined using a fully
automatic biochemical analyzer (Abbott Laboratories,
ML, United States) from 50 µL of rat serum that was
diluted six times with MilliQ (Millipore Corp, Billerica,
MA, United States) water before acquisition.
Serum TNF-α level was determined using an enzymelinked immunosorbent assay kit (Lengton Company,
Shanghai, China) according to the manufacturer’s
instructions.
For diamine oxidase (DAO) detection, 80 µL of serum
was added to 800 µL of detection reagent (Tris-HCl,
reduced coenzyme, glutamate dehydrogenase, 1.4 d
diamine mixture), mixed, and incubated for 20 s, and
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Western blotting for intestinal tissue sPLA2 protein
expression

Total protein was extracted using 1 mL of RIPA lysis
buffer supplemented with 1 µL protease inhibitor
solution, 5 µL PMSF and 10 µL phosphatase inhibitor
(all purchased from Keygen, Nanjing, China) for
every 100 mg of intestinal tissue; protein (100 µg)
from each sample was separated on SDS-PAGE and
transferred onto a nitrocellulose membrane. Sections
of the membrane were cut according to the estimated
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J

I

Figure 1 Pathologic changes in the pancreatic and intestinal tissues of the experimental model groups. Pancreatic tissue in A: Control; B: Severe acute
pancreatitis (SAP); C: SAP treated with Qingyi decoction (QYT); D: SAP treated with dexamethasone (DEX); and E: SAP treated with verapamil (VER) rats. Intestinal
tissue in F: Control; G: SAP; H: QYT-treated); I: DEX-treated; and J: VER-treated rats (hematoxylin and eosin, 100 ×).

pancreatic and intestinal tissues from each group of
rats except the control group, where mucosa lobular
structures did not exhibit edema or bleeding. Other
features observed in the disease groups included
blurred SAP pancreas lobular structures, large
numbers of inflammatory cell infiltration, extensive
hemorrhaging, and intestinal epithelial cell necrosis
of > 50%. However, the pathologic damage in QYT,
DEX, and VER groups was greatly reduced compared
to the SAP group. The QYT and VER groups exhibited
intestinal mucosal epithelial cell swelling, generally of
normal morphology, whereas the DEX group, in addition
to cell swelling deformation, showed varying degrees
of inflammatory cell infiltration. Their pancreatic lobule
structures were clear with only a small amount of
edema, hemorrhage, and inflammatory cell invasion.
Necrotic areas were the smallest compared to the DEX
and SAP groups (Figure 1).

Table 1 Serum amylase, tumor necrosis factor-α, and
diamine oxidase levels, and apoptosis index of the different
experimental groups
Group (n = 12) AMY (U/L) TNF-α (ng/L) DAO (U/L)
Control
SAP
QYT
DEX
VER

917 ± 62
6870 ± 810b
4048 ± 511a
3363 ± 200a
3852 ± 234 a

59.7 ± 14.3
180.5 ± 20.1b
122.4 ± 15.2a
137.0 ± 23.4a
125.2 ± 16.5a

10.37 ± 2.44
37.89 ± 5.86b
22.43 ± 2.13a
24.27 ± 3.36a
26.96 ± 5.56a

AI
0.05 ± 0.02
0.26 ± 0.06b
0.13 ± 0.04a
0.16 ± 0.03a
0.19 ± 0.03a

AMY: Serum amylase; TNF: Tumor necrosis factor; DAO: Diamine
oxidase; AI: Apoptosis index; SAP: Severe acute pancreatitis; QYT: Qingyi
decoction; DEX: Dexamethasone; VER: Verapamil; aP < 0.05 vs SAP; bP <
0.01 vs controls.

molecular weight of proteins of interest and blocked
in 5% non-fat milk at 37 ℃ for 1 h, then incubated in
blocking buffer with diluted primary antibody (sPLA2,
1:400 or β-actin, 1:1000; Santa Cruz Biotechnologies,
Dallas, TX, United States) at 4 ℃ overnight with
gentle rocking. After incubation, the membrane was
rinsed three times and incubated in HRP-conjugated
secondary antibody (1:10000) at 37 ℃ with gentle
rocking for 1 h, then rinsed three times and bands
visualized using enhanced chemiluminescence followed
by film exposure. Band intensities were analyzed using
ImageJ software, version 1.35d (National Institutes of
Health, Bethesda, MD, United States).

Serum levels

Compared with the control group, serum AMY levels in
the SAP rats significantly increased (P < 0.01) (Table
1). However, serum AMY levels in the treated (QYT,
DEX or VER) groups were significantly lower compared
with the SAP group (Ps < 0.05). Furthermore, serum
TNF-α levels were significantly elevated in the SAP
group compared to controls (P < 0.01). The serum
TNF-α levels significantly decreased in the SAP rats
following QYT, DEX, or VER intervention (Ps < 0.05).
Serum DAO levels in the SAP group were significantly
higher than controls (P < 0.01). Compared with the
SAP group, levels of serum DAO in the QYT, DEX and
VER groups decreased significantly (Ps < 0.05).

Statistical analysis

Statistical analysis was conducted using SPSS software
(version 16.0; SPSS, Inc., Chicago, IL, United States).
All data are reported as mean ± SD, and analysis of
variance was used for comparisons among the groups.
A P < 0.05 was considered statistically significant. The
Pearson product-moment correlation was used for
correlation analysis.

Intestinal epithelial cell apoptosis

The intestinal epithelial cell AI in the SAP group was
significantly higher compared with controls (P < 0.01).
However, compared with the SAP group, the AIs of the
QYT, DEX, or VER groups were significantly lower (Ps <
0.05). The AI of the QYT group was the most reduced
among the treated cohort (Table 1) (Figure 2).

RESULTS
Pancreatic and intestinal tissue histopathology

Substantial pathologic changes were observed in the
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Figure 2 Intestinal epithelial cell apoptosis of the experimental model groups. Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling assay in A:
Control; B: Severe acute pancreatitis (SAP); C: SAP treated with Qingyi decoction; D: SAP treated with dexamethasone; E: SAP treated with verapamil rats (200 ×).

sPLA2 mRNA expression in intestinal tissue

expression of sPLA2 protein in the QYT, DEX, and VER
groups was significantly higher compared with controls
(Ps < 0.05). The protein expression level of sPLA2
positively correlated with serum TNF-α and DAO levels
in the SAP rats (Ps < 0.05) (Table 2).

Compared with the control group, intestinal tissue
sPLA 2 mRNA expression in the SAP group was
significantly higher (P < 0.01) (Figure 3). The sPLA2
mRNA expression level in the QYT, DEX, and VER
groups, however, were significantly lower compared
with the SAP group (Ps < 0.05).

DISCUSSION

sPLA2 protein expression in intestinal tissue and
correlation analysis

sPLA2 is widely present in mammalian tissues and cells,
and functions to rebuild phospholipids, transmit signals
in cell physiologic processes, and plays an important
[7]
role in some diseases, such as SAP . Overexpression
of sPLA2 promotes a large release of arachidonic acid,
prostaglandin, platelet-activating factors, and other
[8-10]
bioactive substances
. Overexpression of sPLA2 is
mainly stimulated by a large number of inflammatory
mediators, and it is an important factor in intestinal

The expression of sPLA2 protein in the intestinal tissue
of the SAP group was significantly higher compared
with the control group (P < 0.01) (Figure 4). Upon
intervention with QYT, DEX, or VER in SAP rats, the
protein level decreased significantly (Ps < 0.05). The
inhibition of the sPLA2 protein expression was superior
in the QYT treatment group. Nonetheless, the intestinal
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Figure 4 Secreted phospholipase A 2 protein expression in intestinal
tissue. A: Western blotting for intestinal tissue sPLA 2 protein expression
(β-actin was used as the loading control); B: Gray value ratio of sPLA2 to β-actin
protein expression. aP < 0.05 vs SAP; bP < 0.01 vs CON. CON: Control; DEX:
Dexamethasone; QYT: Qingyi decoction; SAP: Severe acute pancreatitis; VER:
Verapamil.

b

1.0

-

a

a
0.5

thus attack the intestinal barrier in the development
[13-15]
and progression of SAP
. The overall consequences
include decreased intestinal peristalsis and intestinal
[16-18]
epithelial cell apoptosis and necrosis
. These
activities may promote the multiplication of intestinal
bacteria and their translocation into the blood, which
[19-21]
can cause gut origin sepsis and endotoxemia
.
Destruction of the intestinal mucosa mechanical barrier
also results in the release of a large amount of diamine
[22-24]
oxidase enzymes and active substances
. Wilmore
[25]
et al first proposed that intestinal barrier injury may
lead to systemic inflammatory response syndrome and
[26-30]
multiple organ dysfunction syndrome
. Therefore,
the study of the role of sPLA2 in the pathogenesis
of intestinal barrier damage in SAP is of great signi
ficance.
We found that SAP successfully developed in the
rats after 24 h of disease induction, characterized by
pancreatic and intestinal tissue injury, and pathologic
changes. The serum levels of AMY, TNF-α, and DAO
significantly increased in the SAP group compared
with either the controls or any of the treated groups.

0.0
CON
SAP
QYT
DEX
VER

-

+
-

+
+
-

+
+
-

+
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Figure 3 Electrophoresis micrographs of secreted phospholipase A 2
and β-actin mRNA quantitative PCR products. Electrophoresis micrograph
of A: sPLA2 mRNA (283 bp); and B: β-actin (as internal control; 531 bp); C:
Gray value ratio of sPLA2 to β-actin mRNA expression. aP < 0.05 vs SAP; bP <
0.01 vs CON. CON: Control; DEX: Dexamethasone; M1: 1000 bp-marker; M2:
2000 bp-marker; QYT: Qingyi decoction; SAP: Severe acute pancreatitis; VER:
Verapamil.
[11,12]

ischemia-reperfusion injury
. sPLA2 can degrade
phospholipid components of cell membranes, and
thus directly damage the intestinal mucosa. It can
also indirectly cause ischemia-reperfusion injury and
deregulate the inflammatory cytokine network, and
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QYT therapeutic effect, although slower, persisted
longer compared with DEX. QYT has been widely
used in clinical settings, particularly for the treatment
[35,36]
of SAP and lung injury
. Acute pancreatitis is
currently diagnosed based on clinical staging, disease
evolution, and other characteristics. Its treatment may
be greatly enhanced if Western orthodox medicine
is combined with traditional medicinal preparations,
such as QYT, for a synergistic therapeutic effect, and
also to ameliorate some of the commonly associated
complications, including intestinal barrier injury.

Table 2 Correlation analysis of secreted phospholipase A2
with serum diamine oxidase and tumor necrosis factor-α
levels, and apoptosis index
Statistic

DAO

TNF-α

AI

r
P-value

0.895
< 0.05

0.893
< 0.05

0.926
< 0.05

TNF: Tumor necrosis factor; DAO: Diamine oxidase; AI: Apoptosis index.

Intestinal epithelial cell apoptosis index and sPLA2
expression at both the mRNA and protein levels
were also significantly increased in the SAP group.
Additionally, the expression level of sPLA2 positively
and significantly correlated with serum TNF-α and DAO
levels. The extent of damage to the intestinal barrier
positively correlated with intestinal sPLA expression
level, thus suggesting the involvement of sPLA2 in the
process of intestinal barrier damage in SAP.
QYT, DEX and VER demonstrated the potential to
reduce damage to the pancreatic and intestinal tissues.
These drugs also decreased serum AMY, TNF-α, and
DAO levels, the intestinal epithelial cell AI, and the
expression of sPLA2 mRNA and protein. However, the
interventional effect of QYT and VER were better. Thus,
administration of QYT may help reduce symptoms of
[31]
intestinal paralysis . QYT is also suggested to promote
the inhibition of intestinal phospholipase overexpression,
the release of inflammatory mediators and toxic
substances, and reduce the proliferation of intestinal
bacteria and the effect of their endotoxin, which when in
[9,26]
the blood, triggers systemic inflammation
. However
the precise mechanism by which QYT protects intestinal
damage is yet to be comprehensively elucidated.
DEX is commonly used clinically as an anti-infla
mmatory agent as it inhibits inflammation and infla
mmation promoters, decreases vascular permeability,
and antagonizes phospholipase A2-induced release
of platelet-activating factor to ease inflammation and
[32-34]
reduce tissue injury
. This study used DEX as a
reference drug to compare the therapeutic effects
of QYT and VER on intestinal barrier damage during
SAP progression in rats. Both experimental drugs
effectively reduced the expression of sPLA2 at the
transcriptional and translational levels as compared to
the reference drug, and offered superior therapeutic
effect against the extent of intestinal barrier damage.
Preliminary results (data not shown) indicated that
sPLA2 expression was significantly higher in intestinal
mucosa than in the lung tissue of SAP rats. Thus,
suggesting that the role of sPLA2 in intestinal barrier
injury deserves attention.
Six hours post-operation and drug administration,
the vitality of the rats in a descending order was
in the DEX, QYT, and VER groups. However, 24 h
post-operation, vitality was superior and disease
progression was also gentler in the QYT and VER
groups compared with the DEX group. The onset of
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Background

Severe acute pancreatitis (SAP) can lead to the early death of patients
because of associated systemic inflammatory response syndrome and multiple
organ dysfunction syndromes. However, its pathogenesis has not been fully
elucidated, which has impaired the development and availability of specific
clinical treatments to date.

Research frontiers

It is currently recognized that intestinal barrier injury is the initiating factor for
SAP-associated multiple organ failure.

Innovations and breakthroughs

The therapeutic function of the traditional Chinese medicine, Qingyi decoction,
was comparable to the Western orthodox drug verapamil in a rat model of SAP.
Qingyi decoction, although slower in onset of action, effectively inhibited the
overexpression of secreted phospholipase A2 (sPLA2), which is known to play
an essential pathologic role in the development of intestinal barrier injury, a
common complication in SAP.

Applications

The intestinal transcription and protein expression levels of sPLA2 positively
correlated with the serum levels of proinflammatory factors tumor necrosis
factor-α and diamine oxidase, and therefore, may be of diagnostic and/or
prognostic significance in SAP disease.

Peer-review

SAP remains a serious clinical problem with significant morbidity and mortality.
Studies suggest that loss of the gut barrier function is instrumental in the local
and systemic infectious complications associated with a severe course of the
disease. Improvement of intestinal barrier function may be a useful strategy
to alleviate the severity and possibility of infectious complication in SAP. This
study explored the involvement of sPLA2 in intestinal barrier injury in SAP, and
the intervening role of Qingyi decoction and verapamil in comparison with
dexamethasone as a reference treatment. Qingyi decoction is a traditional
Chinese prescription in treatment of SAP. This study is interesting and important
to the field.
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Abstract
AIM: to determine the clinicopathologic characteristics
of surgically treated ulcerative colitis (UC) patients,
and to compare the characteristics of UC patients with
colitis-associated cancer (CAC) to those without CAC.
METHODS: Clinical data on UC patients who underwent
abdominal surgery from 1980 to 2013 were collected
from 11 medical institutions. Data were analyzed to
compare the clinical features of patients with CAC and
those of patients without CAC.
RESULTS: Among 415 UC patients, 383 (92.2%)
underwent total proctocolectomy, and of these, 342
(89%) were subjected to ileal pouch-anal anastomosis.
CAC was found in 47 patients (11.3%). Adenocarcinoma
was found in 45 patients, and the others had either
neuroendocrine carcinoma or lymphoma. Comparing
the UC patients with and without CAC, the UC patients
with CAC were characteristically older at the time of
diagnosis, had longer disease duration, underwent
frequent laparoscopic surgery, and were infrequently
given preoperative steroid therapy (P < 0.001-0.035).
During the 37 mo mean follow-up period, the 3-year
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overall survival rate was 82.2%.

patients with UC as well as those with UC and CAC
[6,7]
has increased steadily since 1980 . There are clear
ethnic differences in inflammatory bowel disease (IBD)
[8]
between Asian and Western populations . The present
study is primarily intended to fulfill the current lack of
information on the clinicopathologic characteristics of
UC patients who undergo surgical treatment in South
Korea. We also attempted to compare the clinical
characteristics of surgically treated UC patients with
and without CAC.

CONCLUSION: Most Korean UC patients experience
early disease exacerbation or complications. Appro
ximately 10% of UC patients had CAC, and UC patients
with CAC had a later diagnosis, a longer disease
duration, and less steroid treatment than UC patients
without CAC.
Key words: Ulcerative colitis; Colorectal neoplasms;
Colorectal surgery; Survival; Inflammatory bowel
disease

MATERIALS AND METHODS

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

Data collection

The data for biopsy-proven UC patients who underwent
abdominal surgery from January 1980 to July 2013
were collected retrospectively. The surgeries were
performed at 11 different medical institutions, i.e.,
ten university hospitals and one colorectal clinic.
The data of 419 patients were initially collected, and
four patients were excluded because they had not
undergone surgery for UC. Thus, data from a total of
415 UC patients were analyzed to compare the clinical
variables of UC patients with cancer to those of patients
without cancer. The variables were gender, family
history, age at diagnosis, symptom duration before
diagnosis, preoperative medication, the indication for
surgery, the presence of primary sclerosing cholangitis
(PSC), the extent of colonic involvement, the type
of surgery, the postoperative complications, and
mortality. In the patients with cancer, additional data
were gathered, including preoperative identification
of cancer or dysplasia, preoperative serum carcinoembryonic antigen (CEA) level, pathologic data,
adjuvant chemotherapy or radiation therapy, recurrence
of cancer, and survival status at the time of the last
follow-up. Histologically, tumors were classified as
either low-grade (well-differentiated or moderately
differentiated adenocarcinoma) or high-grade (poorly
differentiated adenocarcinoma or mucinous or signetring cell carcinoma). An early complication was defined
as one occurring within 90 d after the main surgical
intervention. The study protocol was approved by the
Institutional Review Board of each medical institution.
The mean follow-up was 68.4 mo (range: 0-286 mo).

Core tip: This multi-center study is the first nationwide
report on the surgical outcomes of Korean ulcerative
colitis (UC) patients and reflects the recent status of
surgically treated Korean UC patients. The authors
found that most Korean UC patients experienced early
disease exacerbation or complications. Approximately
10% of UC patients had colitis-associated cancer
(CAC), and UC patients with CAC had a later diagnosis,
a longer disease duration, and less steroid treatment
than UC patients without CAC.
Yoon YS, Cho YB, Park KJ, Baik SH, Yoon SN, Ryoo SB, Lee
KY, Kim H, Lee RA, Yu CS; IBD Study Group, Korean Society
of Coloproctology. Surgical outcomes of Korean ulcerative
colitis patients with and without colitis-associated cancer. World
J Gastroenterol 2015; 21(12): 3547-3553 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3547.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3547

INTRODUCTION
Despite the growing use of medical salvage treatment,
surgery, including total proctocolectomy (TPC), remains
a cornerstone for managing ulcerative colitis (UC).
Surgery should be regarded as a life-saving procedure
for patients with acute severe colitis and must be
seriously considered in any medically intractable patient
[1]
or patient with colonic dysplasia or malignancy . A
recent study of ileal pouch-anal anastomosis (IPAA)
showed excellent quality of life and a good functional
[2]
outcome in UC patients treated with this modality .
Colitis-associated cancer (CAC) is a well-recognized
[3]
complication of UC . The overall prevalence of CAC in
UC patients is 3.7%, and cases of CAC in UC patients
account for only 1% of all colorectal cancer (CRC) cases
[3,4]
observed in the Western population . There is also
a general consensus that patients with longstanding,
extensive UC have an increased risk of developing
[3,5]
CAC .
Although the prevalence of UC is lower in South
Korea than in Western countries, the number of

WJG|www.wjgnet.com

Statistical analysis

2

A cross-table analysis using Pearson’s χ test or Fisher’s
exact test, as appropriate, was used to compare the
discrete variables of patients with cancer to those
of patients without cancer. The Student’s t-test was
used for between-group comparisons of continuous
variables. Among UC patients with cancer, recurrence
and overall survival were used to evaluate the clinical
outcome. Survival outcomes were compared using the
Kaplan-Meier method with a log-rank test. All reported
P values are two-sided, and the P < 0.05 values were
considered to indicate statistical significance. SPSS
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Table 1 Patients’ clinical characteristics according to the presence/absence of cancer n (%)
Variable
Gender, male
Age at diagnosis (yr)
Age at surgery (yr)
Period between diagnosis and surgery (yr)
Symptomatic period (yr)
Family history
Extracolic manifestation
PSC
Preoperative steroid therapy
Location, pancolitis
Left side colitis
Proctitis only
Laparoscopic surgery
Overall complications
Early
Late
Mortality

Total (n = 415)

UC w/o cancer
(n = 368)

UC w/ cancer
(n = 47)

P value

212 (51.1)
38.4 ± 0.7
43.4 ± 0.7
5.0 ± 0.3
6.0 ± 0.3
5 (1.4)
49 (11.8)
5 (1.2)
315 (75.9)
320 (77.1)
88 (21.2)
7 (1.7)
46 (11.1)
144 (34.7)
79 (19.0)
65 (15.7)
5 (1.2)

186 (50.5)
37.9 ± 0.7
42.2 ± 0.8
4.3 ± 0.3
5.3 ± 0.3
3 (0.9)
45 (12.2)
4 (1.1)
297 (80.7)
284 (77.2)
80 (21.7)
4 (1.1)
34 (9.2)
133 (36.1)
75 (20.4)
58 (15.8)
5 (1.4)

26 (55.3)
42.7 ± 2.6
52.9 ± 2.1
10.2 ± 1.3
11.9 ± 1.2
2 (4.8)
4 (8.5)
1 (2.1)
18 (38.3)
36 (76.6)
8 (17.0)
3 (6.4)
12 (25.5)
11 (23.4)
4 (8.5)
7 (14.9)
0 (0)

0.642
0.035
< 0.001
< 0.001
< 0.001
0.103
0.632
0.453
< 0.001
0.025

0.002
0.103
0.050
0.878
0.925

UC: Ulcerative colitis; PSC: Primary sclerosing cholangitis.

Table 2 Surgical indications n (%)
Variable

Table 3 Surgical procedures n (%)
Value

Medical intractability
Dysplasia or malignancy
Bleeding
Perforation
Toxic megacolon
Obstruction
Fistula
Others
Total

Variable

270 (65.1)
52 (12.5)
31 (7.5)
19 (4.6)
18 (4.3)
9 (2.2)
3 (0.7)
13 (3.1)
415 (100)

Total proctocolectomy
w/ IPAA
One-stage procedure
Two-stage procedure
Three-stage procedure
Mucosal proctectomy
w/ end ileostomy
Total colectomy w/ end ileostomy
Other colon surgery
Total

383 (92.2)
342 (89)
38 (9.2)
286 (68.9)
18 (4.3)
53 (12.8)
41 (11)
11 (2.7)
21 (5.1)
415 (100)

IPAA: Ileal pouch-anal anastomosis.

software version 18.0 (SPSS, Chicago, IL, United
States) was used for statistical analysis.

Mucosectomy was more frequently performed in
patients with cancer (27.2%) than in those without
cancer (14.7%), although the difference was not
significant. Laparoscopic-assisted procedures were
performed in 46 patients (11.1%). Complications
occurred in 144 patients (34.7%), 79 of whom
had early complications and 65 of whom had late
complications. The most common early complication
was ileus (n = 21), followed by bleeding (n = 16),
anastomotic leakage (n = 15), intra-abdominal
abscess (n = 8), and major wound dehiscence (n = 6).
Late complications were pouchitis (n = 48), fistula (n
= 9), and anastomotic stricture (n = 6). Preoperative
steroid therapy was more frequently used in open
surgery than in laparoscopic surgery (79% vs 50%, P
< 0.001). The complication rate in patients undergoing
preoperative steroid therapy was higher than that in
patients who did not undergo preoperative steroid
therapy (38% vs 26%, P = 0.04). There was no
significant difference in the complication rates between
open and laparoscopic surgery.

RESULTS
Clinical characteristics of the patients

Table 1 shows the clinical characteristics of 415 UC
patients who underwent surgical treatment. The
mean preoperative medication period was 41.9 mo.
Most of the patients (n = 368, 88.7%) were treated
with 5-aminosalicylic acid (5-ASA). Steroids were
administered to 315 patients (75.9%) as a first-line
treatment for acute severe colitis before colectomy. In
patients who failed to respond to steroids, infliximab (n
= 33), cyclosporine (n = 26), and 6-mercaptopurine (n
= 7) were used as second-line treatments. The most
common reason for performing surgery was medical
intractability, followed by dysplasia or malignancy, and
bleeding (Table 2). With regard to surgical treatment,
383 patients (92.2%) underwent TPC, of which 342
patients (89%, Table 3) underwent IPAA. Among the
342 patients who underwent IPAA, 53 mucosectomies
with hand-sewn IPAA (15.4%) were performed.
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50

Total UC
UC-CRC

Cases

40

Table 4 Characteristics of ulcerative colitis-associated colorectal
adenocarcinoma n (%)
Variable

30

Location
Right colon
Left colon
Rectum
CEA
< 6 ng/mL
≥ 6 ng/mL
Unknown
Tumor size (cm), mean ± SE
< 4 cm
≥ 4 cm
Unknown
Histology
Well-differentiated
Moderately differentiated
Poorly differentiated
Mucinous
Stage
0
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Curability of the surgery
R0
R1
R2
Total

20
10
0

1986

1990

1995

2000

2005

2010

Year

Figure 1 Yearly surgical cases of ulcerative colitis and ulcerative colitisassociated colorectal cancer in South Korea. Since 2006, the occurrence of
ulcerative colitis-associated colorectal cancer (UC-CRC) has steadily increased.

100

Survival rate (%)

80
Stage 0
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

60
40
20
0

0

  2

4
6
Period after surgery (yr)

8

10

10 (22.2)
18 (40.0)
17 (37.8)
33 (73.3)
6 (13.3)
6 (13.3)
3.9 ± 0.4
24 (53.3)
15 (33.3)
6 (13.3)
10 (22.2)
26 (57.8)
4 (8.9)
5 (11.1)
3 (6.7)
13 (28.9)
11 (24.4)
11 (24.4)
7 (15.6)
35 (77.8)
3 (6.7)
7 (15.5)
45 (100)

CAC. During the 37-mo mean follow-up period (range:
1-138 mo), the 3-year overall survival rate was 82.2%.
The only patient with local recurrence had stage Ⅱ CAC.
She was diagnosed with recurrent pelvic lymph-node
metastasis 1 year postoperatively and finally died due
to cancer progression. Among the seven patients with
stage Ⅳ CAC, five died, and two patients were alive
although with disease, at the end of the study period. In
patients with stage 0,Ⅰ, and Ⅲ CAC, no recurrences or
deaths were observed (Figure 2).

Figure 2 Survival curves according to the pathologic stage in ulcerative
colitis patients with colorectal adenocarcinoma.

CAC in patients with UC

Forty-seven patients had colorectal malignancies
(11.3%): 45 patients had adenocarcinomas, and the
two had a neuroendocrine carcinoma and a lymphoma,
respectively. There was a suspicion of malignancy
before surgery in 44 patients (93.6%). Although there
was no difference in the annual cumulative number of
surgeries performed for UC, surgery for cancer with
UC has been increasing recently (Figure 1). Compared
with the UC patients without cancer, the UC patients
with cancer were older at the time of diagnosis and
surgery, and had longer disease duration, frequent
laparoscopic surgery, infrequent preoperative steroid
therapy, and a slightly lower rate of early postoperative
complications (Table 1). Two patients were diagnosed
with rectal adenocarcinomas 7 and 11 years after
total colectomy with end ileostomy and underwent
completion proctectomy. None of the patients had
malignancy around the pouch or anal transitional zone
(ATZ) after IPAA.
Table 4 summarizes the characteristics of the 45
UC patients with colorectal adenocarcinoma. Two
patients with rectal cancer underwent preoperative
chemoradiation therapy. Adjuvant chemotherapy was
administered to 24 patients (53.3%) with advanced
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Value

DISCUSSION
This multi-center study is the first nationwide report
on the surgical outcomes of Korean UC patients and
reports the recent status of surgically treated Korean
UC patients. As our study involved most high-volume,
tertiary-care, medical institutions in South Korea, we
calculated that the patient cohort (approximately n =
5800 patients) at 11 of these institutions corresponded
to approximately 45% of all recorded Korean patients
with UC. This was indirectly calculated by counting the
number of follow-up UC patients at each institution
and using the population data of a previous KASID
[4]
study . Recently, colorectal surgeons have reported
encountering increasing numbers of UC patients with
CAC in their clinical practice. Therefore, our study
was designed primarily to determine the incidence
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and characteristics of Korean UC patients with CAC.
Unexpectedly, the number of these patients was
relatively small, and their follow-up periods were too
short to analyze survival outcomes.
In the clinical course of UC, approximately 4% to
9% of UC patients will require colectomy within the
first year of diagnosis, whereas the risk of requiring
[9]
colectomy after the first year is 1% per year . A
European population-based study revealed a 7.5%
[10]
colectomy rate during the 5-year follow-up period .
In our study, two-thirds of the UC patients underwent
surgery due to exacerbation of their disease (severe
colitis), and approximately 20% of the UC patients
underwent surgery due to complicating disease
including massive bleeding or perforation. These
patients had an average 4.3-year interval between
diagnosis and surgery. Conversely, only 10% of the
UC patients who underwent surgery had CAC. These
patients had different clinical characteristics, such as
a later diagnosis, disease duration of more than 10
years, and a lower rate of preoperative steroid therapy
than patients without CAC.
Needless to say, the standard-of-care surgery for
UC is TPC with IPAA, which most of the patients in this
study received. IPAA is a curative and well-tolerated
procedure, although it is technically demanding and
has a high morbidity rate. A recent study of IPAA
demonstrated early complications in 33%, and late
complications in 29% of patients, thus resulting in
[2]
an overall pouch excision rate of 5% . Our study
showed slightly lower complication rates than those
seen in Fazio’s study. However, this is not surprising,
considering that their database was prospectively
well-maintained at a single medical institution and
that our databases were collected at 11 medical
institutions over a short period of time. IPAA can
be performed in one, two, or three stages. In our
study, 84% of the IPAAs were performed using a
two-stage procedure, which gave similar results to
[2]
those reported in a recent, large-scale cohort study .
In patients undergoing a three-stage procedure,
completion proctectomy or rectal surveillance is very
important. A recent study reported that only 65% of
patients completed IPAA after subtotal colectomy, 40%
complied with rectal surveillance, and two patients
developed rectal cancers, which is consistent with our
[11]
study results .
The “double stapled” ileal J pouch-anal anastomosis
is the most popular standard pouch-anal anastomosis
method, while mucosectomy and hand-sewn
anastomosis are reserved for patients with dysplasia
[2,12]
or cancer
. However, whether mucosectomy
protects against the development of ATZ and pouch
cancer is unclear, and controversy exists over whether
the beneficial effect of mucosectomy in preventing
neoplasia is outweighed by its negative effect on
[13]
ileal pouch function . Although mucosectomy was
frequently performed on our UC patients with cancer,
it was difficult to verify the benefits of mucosectomy
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for preventing ATZ cancer due to the short followup period in our study. A recent review also showed
that 32 UC patients had cancers in the ATZ; of these
patients, 28 underwent mucosectomy. The study
concluded that mucosectomy does not necessarily
[14]
eliminate cancer risk in the ATZ .
Laparoscopic IPAA for UC is feasible; however, to
date, the evidence in the literature is still inconclusive.
Current data suggest that it allows a shorter hospital
stay, a shorter ileus, faster recovery, and less
postoperative pain, along with better cosmesis when
minimally invasive surgery is employed. Significantly
longer operative times are universally reported when
[15]
laparoscopy is employed . In our study, only 11%
of the UC patients underwent laparoscopic-assisted
surgery. Among these, the complication rates did not
differ from those of open surgery and were closely
correlated with the infrequent use of preoperative
steroid therapy. Many studies suggested that patients
who are taking high-dose steroids are at an increa
[16,17]
sed risk of early complications after IPAA
. As
cumulative evidence shows that laparoscopic surgery
for CRC is not inferior to open surgery, with respect
[18]
to patient survival and cancer recurrence rates ,
laparoscopic IPAA surgery might be feasible in selected
UC patients with cancer.
Long disease duration, male sex, a young age
at diagnosis of UC, extensive colitis, and PSC are
[5,14,19]
well-known risk factors for developing CAC
.
The disease duration is the most important factor
for UC-associated CRC, of which the incidence rates
correspond to cumulative probabilities of 2% by 10
[3]
years, 8% by 20 years, and 18% by 30 years .
As our study included UC patients who underwent
surgery, it was difficult to determine the risk factors
for UC-associated CRC. We also found that the
duration of UC was longer in patients with CAC than
in patients without CAC. A previous KASID study of
UC-associated CRC in South Korea revealed that the
overall prevalence of CRC was 0.37%, the mean age
at diagnosis was 49.6 years, and the mean duration
of UC was 11.5 years, all of which are consistent with
[4]
our study results . During the KASID study period
[4]
of 1970 to 2005, Kim et al found 26 UC patients
with CAC. However, 80% of the UC patients with
CAC in our study were identified after 2005 and had
earlier disease stages than those in the KASID study.
Although it was difficult to identify changes in the
management and preventive strategies for CAC during
the study period, our findings might be explained by
the increase in the UC cohort, as well as by the recent
increase in the use of surveillance colonoscopy for the
prevention of CAC. In addition, a very low incidence
of PSC was consistently found in both studies. By
comparing our results with those of the previous
KASID study, we also verified that the incidence of UCassociated CRC is rapidly increasing.
Compared with sporadic CRC, the carcinogenesis
of UC-associated CRC is different, as it develops from
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dysplasia in a carcinogenic pathway known as the
[14]
dysplasia-carcinoma sequence . Interestingly, P53
mutations occur earlier in IBD-associated cancer than
in sporadic CRC. APC mutations in IBD-associated
cancer, a key initiating event, occur later than sporadic
[20]
CRC . Furthermore, microsatellite instability (MSI) is
[21]
frequently observed in UC patients , although MSI
in IBD shows infrequent MLH1 hyper-methylation,
[22]
which is a dominant feature of sporadic CRC . These
molecular genetic differences between IBD-associated
cancer and sporadic CRC might be responsible for their
different clinicopathologic features. The pathologic
features of UC-associated CRC frequently present as
a mucinous or signet-ring-cell histology compared
[23,24]
with the features of sporadic CRC (17%-21%)
,
which is consistent with our results (20%). A previous
Japanese study indicated that a frequent mucinous
or a signet-ring-cell histology in UC-associated cancer
contributed to the poorer prognosis of UC-associated
[23]
cancer compared with that of sporadic CRC .
Whether the survival rate of UC-associated CRC
is poorer than that of sporadic CRC is controversial.
Earlier studies showed similar survival rates for UC[25,26]
associated CRC and sporadic CRC
. However, recent
well-designed Danish and Japanese studies revealed
slightly poorer survival rates for UC-associated CRC
[23,27]
patients
. In Norwegian and Swedish populationbased studies, the prognosis of IBD-associated CRC
was poorer than that of sporadic CRC (a mortality rate
ratio of 3.71 for Norwegians and an overall hazard
[28,29]
ratio of 1.26 for Swedes)
. As all of these studies
had the common limitation of a small patient cohort,
it is difficult to obtain an accurate prognosis for UCassociated CRC patients. Although our study also had
the same limitation of a small number of cases of UCassociated CRC as well as a short follow-up period,
the survival of UC patients with CAC in our study was
much better than that seen in recent studies. Except
for stage Ⅳ patients, among 38 patients with stage 0
to Ⅲ disease, only one with a recurrence died. Longterm follow-up and further patient enrollment might
help provide an accurate prognosis for Korean UC
patients with CAC in the future.
This study had some of the limitations of a
retrospective study. There were differences in the
reliabilities of the databases, which differed from
institution to institution. Although a few institutions
had prospectively well-maintained databases, others
did not. As we previously mentioned, our study
population was very limited as it only included patients
who underwent surgery. Therefore, it is difficult to
determine the risk factors for UC-associated CRC from
this cohort.
In conclusion, Korean UC patients who underwent
surgery had two distinct features. Most of the
treated patients had early disease exacerbation or
complications. Approximately 10% of the surgically
treated UC patients had CAC and characteristics of
late diagnosis, longer disease duration, and lower
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preoperative steroid treatment compared with those
without CAC.
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Abstract
AIM: To investigate the incidence, characteristics,
and risk factors for hepatocellular carcinoma (HCC) in
Chinese patients with primary biliary cirrhosis (PBC).
METHODS: We reviewed the data of 52 PBCassociated HCC patients treated at Beijing 302 Hospital
from January 2002 to December 2013 and analyzed its
incidence and characteristics between the two genders.
The risk factors for PBC-associated HCC were analyzed
via a case-control study comprising 20 PBC patients
with HCC and 77 matched controls without HCC. The
matched factors included gender, age, follow-up period
and Child-Pugh scores. Conditional logistic regression
was used to evaluate the odds ratios of potential
risk factors for HCC development. A P < 0.05 was
considered statistically significant.
RESULTS: The incidence of HCC in Chinese PBC
patients was 4.13% (52/1255) and was significantly
higher in the males (9.52%) than in the females
(3.31%). Among the 52 PBC patients with HCC,
55.76% (29/52) were diagnosed with HCC and PBC
simultaneously, and 5.76% (3/52) were diagnosed with
HCC before PBC. The males with PBC-associated HCC
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were more likely than the females to have undergone
blood transfusion (18.75% vs 8.33%, P = 0.043),
consumed alcohol (31.25% vs 8.33%, P = 0.010),
smoked (31.25% vs 8.33%, P = 0.010), had a family
history of malignancy (25% vs 5.56%, P = 0.012),
and had serious liver inflammation, as indicated by the
elevated levels of alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, and γ-glutamyl
transpeptidase (P < 0.05). Conditional logistic
regression analysis revealed that body mass index (BMI)
≥ 25 [adjusted odds ratio (AOR) = 1.116, 95%CI:
1.002-1.244, P = 0.045] and history of alcohol intake
(AOR = 10.294, 95%CI: 1.108-95.680, P = 0.040)
were significantly associated with increased odds of
HCC development in PBC patients.

in the liver. PBC can result in chronic cholestasis and
the eventual development of irreversible cirrhosis or
[1]
hepatocellular carcinoma (HCC) .
The clinical manifestations of PBC vary widely
over the course of disease, and there are few
treatment options. Increased awareness by clinicians
and improved diagnostic techniques have enabled
its diagnosis in a greater number of asymptomatic
patients. However, the only drug approved by the
United States Food and Drug Administration to treat
PBC is ursodeoxycholic acid (UDCA), which has not
[2]
been proven to satisfactorily lower mortality rates .
Currently, liver transplantation is the only effective
treatment for PBC patients who are in the terminal
[3]
stage or have liver failure .
In general, HCC only occurs at the end stages of
liver diseases, and the most common risk factor is
infection with hepatitis B virus (HBV) or hepatitis C
[4,5]
virus (HCV) . Until recently, the development of HCC
[6]
in PBC patients was considered rare . However, with
early diagnosis and improved treatment, the survival
time has increased along with the incidence of HCC
in these patients, which now ranges from 0.76% to
[7-12]
5.9%
. Although older age, male gender, advanced
histological stage, and history of blood transfusion
have been associated with significantly increased odds
of HCC, no factors have been found to be directly
[7,13,14]
correlated with HCC development in PBC patients
other than comorbidities, such as HBV or HCV infection
[13-15]
and portal hypertension
.
Most of the studies cited above were based on
populations in Europe, the United States, or Japan. In
China, the greater awareness of PBC among physicians
and the application of new laboratory tests have
revealed that this disease is not as rare as formerly
thought, and a recent study shows that its prevalence
[16]
rate is 492 cases per million in southern China , but
the national data is still lacking. Furthermore, there
have been several studies concerning the diagnosis
[17-20]
and treatment of HCC in PBC patients
. However,
little is specifically known about the epidemiology of
PBC-associated HCC in Chinese population.
In this study, we retrospectively assessed 52 PBC
patients with HCC out of 1255 PBC patients to clarify
the incidence and clinical characteristics of PBCassociated HCC in China and explored potential risk
factors.

CONCLUSION: HCC is not rare in Chinese PBC
patients. Risk factors for PBC-associated HCC include
BMI ≥ 25 and a history of alcohol intake. In addition
to regular monitoring, PBC patients may benefit from
abstinence from alcohol and body weight control.
Key words: Primary biliary cirrhosis; Hepatocellular
carcinoma; Body mass index; History of alcohol intake;
Case-control study
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Previous studies have suggested that many
factors are associated with hepatocellular carcinoma
(HCC) development in primary biliary cirrhosis (PBC)
patients. However, the evaluation of risk factors using
a case-control study has not been reported. This casecontrol study analyzed the characteristics of PBCassociated HCC and investigated the relevant risk
factors. The incidence of HCC was 4.13% in Chinese
PBC patients, and it was more frequent in the male
patients. Our results show for the first time that body
mass index ≥ 25 and a history of alcohol intake are
independent risk factors for HCC in PBC patients.
Zhang XX, Wang LF, Jin L, Li YY, Hao SL, Shi YC, Zeng
QL, Li ZW, Zhang Z, Lau GKK, Wang FS. Primary biliary
cirrhosis-associated hepatocellular carcinoma in Chinese
patients: Incidence and risk factors. World J Gastroenterol 2015;
21(12): 3554-3563 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3554.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3554

MATERIALS AND METHODS
Data source and subjects

INTRODUCTION

The Beijing 302 Hospital Research Ethics Committee
approved the study protocol. This study involved an
analysis of anonymous secondary data; therefore, no
informed consent from patients was required.
Beijing 302 Hospital is the largest liver disease
hospital in China. The hospital’s clinical database holds
records of the clinical histories, physical and laboratory

Primary biliary cirrhosis (PBC) is a progressive
autoimmune liver disease that mainly affects middleaged women. The disease is characterized by elevated
alkaline phosphatase (ALP) levels, the presence
of antimitochondrial antibodies, and the immunemediated destruction of small-to-medium bile ducts
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1255 PBC patients (2002-2013)

115 patients with malignancies

Part 1

52 HCC patients

32 excluded:
PBC and HCC diagnosed
simultaneously, or HCC
diagnosed before PBC

Part 2

1140 non-malignancies patients

Control-to-case of 4 matched
by gender, age, Child-Pugh
scores and follow-up time

20 HCC patients enrolled

77 patients without HCC enrolled

Figure 1 Derivation and definition of the study population. Part 1: Analysis of the characteristics of 52 patients with primary biliary cirrhosis (PBC)-associated
hepatocellular carcinoma (HCC); Part 2: Analysis of potential risk factors for the development of HCC in PBC patients.

findings, and treatments of admitted patients, including
those with viral hepatitis, autoimmune liver diseases,
drug-induced hepatitis and inherited liver diseases.
This database has been utilized previously in several
[21-23]
studies
.
This was a retrospective study of patients diagnosed
with PBC and treated at Beijing 302 Hospital between
January 2002 and December 2013. The diagnosis of
PBC was established when any two of the following
three criteria were met: biochemical evidence of
cholestasis (based mainly on ALP elevation); the
presence of antimitochondrial autoantibodies; and
histological evidence of non-suppurative destructive
[24]
cholangitis and destruction of interlobular bile ducts .
Patients were excluded who were HBV carriers, positive
for HBV surface antigen (HBsAg) or anti-HCV antibody,
or had autoimmune hepatitis (AIH), primary sclerosing
cholangitis (PSC), Wilson’s disease, or α-1 antitrypsin
deficiency.
This study comprised 1255 PBC patients, most
of whom were receiving regular UDCA treatment. All
patients were followed regularly, at least every 3-6
mo after hospital discharge, with biochemistry tests
and abdominal sonography. A diagnosis of HCC was
made based on imaging tests (magnetic resonance
imaging with contrast media, computed tomography
with contrast media or ultrasonic examination) or
[13]
histological findings (surgery or biopsy) . During the
study period, 52 cases of HCC were identified that met
the above criteria for PBC and HCC.
A positive history of alcohol intake was defined as
alcohol consumption at least once per week for at least
1 year (≥ 20 g/d for women and ≥ 30 g/d for men)
without achieving the diagnostic criteria of alcoholic
[13]
hepatitis . A positive history of smoking was defined
as cigarette smoking for ≥ 4 d per week for at least
[24]
1 year . A family history of malignancy included one
or more direct relatives suffering from any malignant
tumor. Past HBV infection was defined as an HBsAg-
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negative status and positive HBsAb and HBcAb statuses.
Body mass index (BMI) was calculated as weight (in
kilograms) divided by height squared (in meters).

Study design

We first determined the incidence of primary HCC in
Chinese PBC patients. In addition, we reviewed the
cases and collected the following laboratory data:
alanine aminotransferase (ALT), aspartate amino
transferase (AST), ALP, γ-glutamyl transpeptidase
(GGT), albumin, total bilirubin, and α-fetoprotein levels,
prothrombin time, and white blood cell, red blood cell,
and platelet counts. The main complaints (pruritus,
fatigue, anorexia, and discomfort in the hepatic region),
physical findings (jaundice and ascites) and medical
history (blood transfusion, past HBV infection, alcohol
intake, smoking, diabetes mellitus, hypertension,
and family history of malignancy) were also recorded
for these patients at the time of HCC diagnosis. The
patients were stratified by gender for further statistical
comparisons to analyze the characteristics between the
two genders.
Gender and older age have been regarded as risk
[13,14,26]
factors for PBC-associated HCC development
.
To determine other possible risk factors, we conducted
a case-control study (Figure 1). Twenty patients
diagnosed with PBC prior to HCC were identified. In
addition, we selected PBC patients without HCC as
controls, matching 4 controls to each PBC patient with
HCC by age, gender, Child-Pugh scores and followup period. Because there were not enough matched
control subjects for two cases, we used only two and
[13]
three controls for these patients, respectively . We
recorded the family history of malignancy, clinical and
laboratory data, physical findings, and comorbidities
for these patients at the time of PBC diagnosis.

Statistical analysis

The data are reported as the mean ± SD or number
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Table 1 Demographics and clinical features of primary biliary cirrhosis patients at hepatocellular carcinoma diagnosis n (%)
Total
(n = 52)

Men
(n = 16)

Women
(n = 36)

P value1

65.75 ± 10.09
47 (90.38)
16 (30.77)
6 (11.54)
29 (55.77)
8 (15.38)
8 (15.38)
8 (15.38)
12 (23.08)
6 (11.54)
52 (100.00)

69.75 ± 8.09
14 (87.50)
4 (25.00)
3 (18.75)
10 (62.50)
5 (31.25)
5 (31.25)
0
5 (31.25)
4 (25.00)
16 (100.00)

63.97 ± 10.47
33 (91.67)
12 (33.33)
3 (8.33)
19 (52.78)
3 (8.33)
3 (8.33)
8 (22.22)
7 (19.44)
2 (5.56)
36 (100.00)

0.093
0.638
0.548
0.043
0.519
0.035
0.010
0.040
0.165
0.012
1.000

35 (67.31)
17 (32.69)

11 (68.75)
5 (31.25)

24 (66.67)
12 (33.33)

0.882
0.882

29 (55.77)
23 (44.23)
4 (7.70)
37 (71.15)
20 (38.46)
11 (21.15)
30 (57.69)
41 (78.85)

9 (56.25)
7 (43.75)
3 (18.75)
13 (81.25)
5 (31.25)
4 (25.00)
11 (68.75)
12 (75.00)

20 (55.56)
16 (44.44)
1 (2.78)
24 (66.67)
15 (41.67)
7 (19.44)
19 (52.78)
29 (80.56)

0.963
0.963
0.046
0.284
0.476
0.651
0.282
0.651

Variable
Age (yr)
Han nationality
Body mass index ≥ 25 (kg/m2)
History of blood transfusion
Past HBV infection
Alcohol intake
Smoking
Type 2 diabetes mellitus
Hypertension
Family history of malignancy
Liver cirrhosis
Tumor size
≥ 3 cm
< 3 cm
Tumor number
Single
Multiple
Pruritus
Fatigue
Anorexia
Discomfort in hepatic region
Jaundice
Ascites
1

Men compared with women. HBV: Hepatitis B virus; NA: Not applicable.

Table 2 Biochemical characteristics of male and female primary biliary cirrhosis patients at hepatocellular carcinoma diagnosis
Variable
Alanine transaminase (U/L)
Aspartate aminotransferase (U/L)
Alkaline phosphatase (U/L)
γ-glutamyl transpeptidase (U/L)
Albumin (g/L)
Total bilirubin (μmol/dL)
α-fetoprotein elevating, n (%)
Prothrombin time (s)
International standardization ratio
White blood cells (109/L)
Red blood cells (1012/L)
Platelets (109/L)

Total
(n = 52)

Men
(n = 16)

Women
(n = 36)

P value1

43.04 ± 42.28
77.83 ± 56.24
229.29 ± 190.44
156.90 ± 179.05
28.42 ± 5.67
61.19 ± 102.13
34 (65.38)
13.49 ± 2.20
1.15 ± 0.23
4.29 ± 2.35
3.31 ± 0.66
76.57 ± 40.50

64.25 ± 55.48
111.38 ± 72.47
308.81 ± 209.37
253.13 ± 220.54
28.06 ± 5.64
74.14 ± 64.25
9 (56.25)
12.79 ± 1.91
1.13 ± 0.14
5.13 ± 2.32
3.56 ± 0.76
85.20 ± 48.26

33.61 ± 31.45
62.92 ± 40.19
193.94 ± 172.87
114.14 ± 140.55
28.58 ± 5.75
55.43 ± 115.41
25 (69.44)
13.8 ± 2.28
1.17 ± 0.26
3.92 ± 2.30
3.19 ± 0.60
72.74 ± 36.64

0.012
0.005
0.015
0.010
0.720
0.071
0.356
0.159
0.410
0.073
0.096
0.506

1

Men compared with women. Data expressed as mean ± SD or n (%) of patients.

2

(percentage) of patients. The Mann-Whitney U and χ
tests were used as nonparametric and independent
tests, respectively. Survival rates were obtained using
the Kaplan-Meier method. Variables with a P-value
< 0.1 were considered to be potential factors for
the case-control study. Then, a conditional logistic
regression model was used to estimate the relative
magnitudes in relation to the potential factors. The
odds ratios (ORs) and their 95% confidence intervals
(95%CIs) were calculated using patients without HCC
as a reference. Analyses were performed using SPSS
16.0 software for Windows (SPSS, Chicago, IL, United
States). All statistical tests were two-sided. A P-value
< 0.05 was considered statistically significant.
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RESULTS
The incidence and characteristics of PBC-associated
HCC were identified in our database of 1255 PBC
Chinese patients, which included 168 men and 1087
women. During nearly 12 years of follow-up, 115
patients were diagnosed with malignant tumors.
There were 52 HCC patients, including 16 men and 36
women (Table 1). The overall HCC incidence was 4.13%
(52/1255), and the incidence in men (9.52%) was
almost three times higher than that in women (3.31%).
The average follow-up period was 43.44 ± 39.91 mo
for the entire group, with no statistically significant
difference between the men (29.88 ± 22.84 mo) and
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A

100

100

At the diagnosis of PBC
P = 0.043

Female
Male

80
Percent survival

80

Age

60

40

20

0

B

90

P = 0.086

60

40

20

Female

0

Male

At the diagnosis of HCC

0

20
40
Since the diagnosis of HCC

60 (mo)

Figure 3 Kaplan-Meier curve for survival for the males and females with
primary biliary cirrhosis-associated hepatocellular carcinoma. There was
no statistically significant difference between the two genders (P = 0.086). HCC:
Hepatocellular carcinoma.

80

70
Age

More women than men had type-2 diabetes mellitus
(P = 0.040).
All PBC patients were at the stage of liver cirrhosis
when HCC was diagnosed. In most cases, there was a
single tumor (55.77%), and the tumor size was more
than 3 cm (67.31%). Portal venous thrombosis was
present in five patients. Fatigue was the most common
symptom (71.15%, 37/52), followed by anorexia
(38.46%, 20/52) and discomfort in the hepatic region
(21.15%, 11/52). Pruritus only occurred in four
patients, including three men and one woman (18.75%
vs 2.78%, P = 0.046). There were no significant
differences in BMI, past HBV infection, history of
hypertension, clinical manifestations, tumor size, or
number of tumors between the two genders.
The serum levels of ALT, AST, ALP, and GGT
were significantly higher in men than in women (P
< 0.05 for all; Table 2). Approximately 65.38% of
patients with PBC-associated HCC had elevated serum
α-fetoprotein levels, but no significant differences were
found between the men and women (P = 0.356).
Of the 52 PBC patients with HCC, 55.76% (29/52)
received a diagnosis of HCC and PBC simultaneously,
and 5.76% (3/52) were found to have HCC before being
diagnosed with PBC. For the remaining 20 patients,
HCC was diagnosed after PBC, and the characteristics
of these patients were used for further studies. Upon
diagnosis of PBC, the men were significantly older than
the women (68.44 ± 8.23 years vs 61.78 ± 11.75
years, P = 0.043), and the men also tended to be older
(69.75 ± 8.09 years) than the women (63.97 ± 10.47
years) at the time of HCC diagnosis, but this difference
was not significant (P = 0.056). Regarding the interval
between the diagnosis of PBC and the development of
HCC, there was no statistically difference between the
men (17.63 ± 23.15 mo) and women (31.27 ± 39.61
mo; P = 0.21; Figure 2). The prognosis of the men
tended to be slightly poorer than that of the women,
although this difference was not statistical significant (P
= 0.086) (Figure 3).

60

50

40

C

150

Female

Male

Interval between diagnosis
of PBC and that of HCC

Months

100

50

0

Female

Male

Figure 2 Average ages at the times of primary biliary cirrhosis diagnosis
and hepatocellular carcinoma diagnosis, and intervals between these two
diagnoses. The average age at primary biliary cirrhosis diagnosis was higher
in men than in women (P < 0.05). Each triangle represents one patient. HCC:
Hepatocellular carcinoma; PBC: Primary biliary cirrhosis.

women (49.47 ± 44.46 mo; P = 0.346).
Most of the 52 PBC patients with HCC were
of Han nationality and were older than 60 years.
Comparative analysis of the men and women showed
that HCC prevalence was significantly higher among
the men with a history of blood transfusion (P =
0.043), alcohol intake (P = 0.035), or smoking (P
= 0.010) and a family history of malignancy (P =
0.012) (that is, one patient’s mother had lung cancer,
another patient’s father and younger brother had
gastric cancer, and one patient’s father had HCC).
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further univariate analysis, these three factors were
found to be associated with increases in crude ORs for
HCC development (Table 4). There were no significant
differences between the PBC-associated HCC cases and
controls with regard to history of blood transfusion,
history of smoking, diabetes mellitus, the levels of
antimitochondrial autoantibodies, immunoglobulin,
aminotransferase, α-fetoprotein, triglycerides or total
cholesterol, prothrombin time, use of UDCA, or clinical
stage. Adjustments for possible confounders (UDCA
therapy and α-fetoprotein) only slightly altered the
ORs. In the final model, BMI ≥ 25 [adjusted odds ratio
(AOR) = 1.294; 95%CI, 1.054-1.589] and history of
alcohol intake (AOR = 9.204; 95%CI, 1.019-83.129)
were independent risk factors for HCC development
in PBC patients (Table 4). However, BMI ≥ 25 and
history of alcohol intake had no significant impact on
the survival rate of patients with PBC-associated HCC (P
= 0.853 and P = 0.945, respectively; Figure 4).

Table 3 Demographic, clinical and biochemical characteristics
of primary biliary cirrhosis patients with or without
hepatocellular carcinoma at primary biliary cirrhosis diagnosis
n (%)
Variable

PBC with HCC PBC without HCC P
(n = 20)
(n = 77)
value

Follow-up (mo)
46.45 ± 41.85
Male
8 (40)
Female
12 (60)
Age (yr)
61.05 ± 11.92
Han nationality
18 (90.00)
Body mass index ≥ 25 (kg/
6 (30)
m2)
History of blood transfusion
0
Family history of malignancy
4 (20)
History of alcohol intake
7 (35)
History of smoking
4 (20)
History of type 2 diabetes
3 (15)
mellitus
Liver cirrhosis
17 (85)
Hepatitis B core antibody
9 (45)
Child-Pugh, A/B/C (n/n/n)
8/11/1
Antimitochondrial
autoantibodies
(+)
18 (90)
(-)
2 (10)
IgA (mg/dL)
2.78 ± 1.32
IgM (mg/dL)
3.46 ± 1.99
IgG (mg/dL)
15.86 ± 3.24
White blood cells (× 109/L)
4.14 ± 1.38
Hemoglobin level (g/dL)
109.01 ± 16.28
Alanine aminotransferase
80.15 ± 63.50
(U/L)
Aspartate aminotransferase
97.5 ± 64.48
(U/L)
Alkaline phosphatase (U/L) 278.25 ± 155.42
γ-glutamyl transpeptidase
294.65 ± 285.01
level (U/L)
Total bilirubin level (mg/dL) 46.84 ± 64.34
Albumin level (g/dL)
32.75 ± 6.20
Triglyceride (mmol/L)
1.03 ± 0.43
Total cholesterol (mmol/L)
4.20 ± 1.38
Prothrombin time (s)
12.34 ± 1.64
14.75 ± 21.84
α-fetoprotein (ng/mL)
Use of ursodeoxycholic acid
19 (95)
Effective
8 (42.1)
Clinical stage
Asymptomatic
0 (0)
Symptomatic
20 (100)

57.20 ± 36.33
30 (38.97)
47 (61.04)
60.77 ± 11.52
73 (94.81)
7 (9.10)

0.144
1.000
1.000
0.808
1.000
0.015

4 (5.19)
3 (3.90)
10 (12.99)
6 (7.79)
7 (9.09)

0.300
0.014
0.022
0.112
0.441

62 (79.22)
37 (48.05)
32/42/3

0.958
0.562
0.900

65 (84.42)
12 (15.58)
3.13 ± 2.07
4.07 ± 3.34
15.55 ± 6.27
4.85 ± 2.52
108.42 ± 20.69
75.91 ± 67.18

0.529
0.529
0.686
0.482
0.657
0.449
0.438
0.715

92.60 ± 72.85

0.611

376.10 ± 433.46
316.29 ± 331.95

0.918
0.748

46.19 ± 62.37
33.21 ± 5.58
1.36 ± 0.82
5.75 ± 4.05
12.23 ± 1.37
7.62 ± 4.46
60 (77.9)
23 (38.3)

0.858
0.876
0.207
0.113
0.813
0.072
0.080
0.769

9 (11.69)
68 (88.31)

0.110
0.110

DISCUSSION
HCC often develops in patients with HBV or HCV
infection, but its incidence has recently increased in
patients with autoimmune liver diseases, including
PBC, AIH, PSC, and overlap syndrome. The risks of
hepatic and extrahepatic malignancies are significantly
increased in patients with AIH and PSC, and response
[27,28]
to therapy is often associated with prognosis
. We
conducted a retrospective study of patients treated
at Beijing 302 Hospital between January 2002 and
December 2013 to investigate the likelihood of
developing HCC, its clinical features, and its related
risk factors in Chinese PBC patients. We first found
that HCC was present in 4.13% of PBC patients. The
male PBC patients were more likely than the females
to develop HCC, and it was more serious in the males.
This is the first report that the risk factors BMI ≥
25 and history of alcohol intake are independently
associated with HCC development in Chinese PBC
patients.
A previous meta-analysis has reported that the risk
of HCC in PBC patients is more than 18.8-fold that of
[29]
the general population . This finding indicates that
it is necessary to screen PBC patients for HCC. The
data from these two studies suggest that HCC is not
as common in PBC patients as it is in those with other
[8,30]
forms of cirrhosis
, while another study has reported
[31]
conflicting results . This may be due to discrepancies
in cirrhosis stages, follow-up periods or study samples.
[7]
In 1997, Jones et al reported that the incidence of
PBC-associated HCC in the United Kingdom was 5.9%,
and their findings were based on 667 PBC patients
who were followed for 20 years. However, a 9-year
follow-up study of 1689 PBC patients in the United
[32]
States by Angulo et al
found that the incidence of
PBC-associated HCC was 0.89%. Recently, Harada
[26]
et al
reported an incidence of 2.4% in Japan. In
our study, we reported that its incidence in Chinese

HCC: Hepatocellular carcinoma; PBC: Primary biliary cirrhosis.

Risk factors for HCC development in PBC patients

Of 52 patients with PBC and HCC, we selected 20 in
whom PBC was diagnosed prior to HCC to analyze risk
factors for HCC development. Using a case-control
study design, records from these 20 cases and 77
matched controls (PBC patients without HCC) were
analyzed to identify risk factors for the development
of HCC in Chinese PBC patients (Table 3). Further
assessments indicated that there were no significant
differences in age, gender ratio, Child-Pugh scores or
follow-up period between the two groups. However,
BMI ≥ 25 (P = 0.015), family history of malignancy
(P = 0.014), and history of alcohol intake (P = 0.022)
significantly differed between the two groups, and in
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Table 4 Univariate (unadjusted) and multivariate (adjusted) conditional logistic regression analysis of potential risk factors for
hepatocellular carcinoma in primary biliary cirrhosis patients n (%)
Variable

Univariate OR

Multivariate OR

(95%CI)
2

Body mass index ≥ 25 (kg/m )

3.819 (1.140-12.792)
6.971 (1.253-38.790)
11.525 (1.338-99.280)
1.132 (1.016-1.260)
78.828 (0.053-1.169 × 105)

Family history of malignancy
History of alcohol intake
α-fetoprotein (ng/mL)
Use of ursodeoxycholic acid (%)

P value

(95%CI)

P value

0.006
0.027
0.026
0.025
0.241

1.116 (1.002-1.244)
NA
10.294 (1.108-95.680)
NA
NA

0.045
0.175
0.040
0.058
0.159

OR: Odds ratio; NA: Not applicable.
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P = 0.945
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Figure 4 Kaplan-Meier curves for survival for the primary biliary cirrhosis patients with hepatocellular carcinoma. Patients were divided into two groups
according to history of alcohol intake and body mass index. BMI: Body mass index.

of the Y chromosome is associated with multiple
[37-39]
malignant diseases
. Unhealthy habits (such as
alcohol drinking and cigarette smoking), history of
blood transfusion, and family history of malignancy
may also contribute to HCC development in male PBC
[26]
patients . Above all, based on these studies, male
PBC patients in particular should be screened carefully
for HCC because of its higher incidence and severity
in men. However, the exact reasons for these gender
differences remain unknown and require further study
to determine.
Studies of PBC-associated HCC have reported the
involvement of some risk factors in its development,
including male gender, blood transfusion, advanced
[7,8,13-15]
histological stage, and age at PBC diagnosis
.
Results are not always congruent due to differences in
sample sizes, follow-up periods, and methodologies.
Based on prior studies, we conducted a case-control
study of Chinese PBC patients with HCC compared
with those without HCC, matching factors that included
[40]
gender, age, follow-up time and Child-Pugh score .
We enrolled 20 HCC cases with complete data at PBC
diagnosis and HCC diagnosis. We first found that BMI
≥ 25 and history of alcohol intake were risk factors
for PBC-associated HCC, which is consistent with
[41,42]
previous studies
. There were two studies showing
that overweight status (BMI ≥ 25) was associated
[25,43]
with advanced fibrosis in PBC patients
, indicating

PBC patients was 4.13%. This is in accord with other
Chinese studies, which have reported values ranging
from 2.57% in mainland China (350 cases followed
[33]
for 5 years)
to 5.2% in Taiwan (96 cases followed
[34]
for 18 years) . However, the incidence might be
underestimated in our paper, because some patients,
who received liver transplantation, may develop HCC in
their natural history. In addition, in the present study,
approximately 60% of the patients received diagnoses
of PBC and HCC simultaneously or of HCC prior to PBC,
which is unique to China. These findings indicate that
a lack of recognition of PBC still exists in China and
that this condition should be taken seriously by the
development of an intensive surveillance program.
In the present study, the incidence of HCC in the
male PBC patients was 3-fold higher than that in the
female patients. This finding is consistent with those
[7,8,13-15]
of previous studies
. These results are also in
agreement with the finding that the severity of liver
injury, as indirectly indicated by the liver function data,
was more serious in male patients. Considering the
effect of gender, we suggest that estrogen levels may
[35]
have a role in PBC-associated HCC. Yeh et al
and
[36]
Naugler et al
have found that estrogen can protect
hepatocytes from malignant transformation, and male
patients are more likely to develop HCC due to a lack
of estrogen, although PBC mainly affects women.
Moreover, some studies have shown that the absence
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factors for HCC development.

that the immune reactions triggered by obesity
and alcohol intake (even in small quantities) might
[24]
contribute to PBC stage progression . Moreover,
several studies have shown that obesity and history
of alcohol intake synergistically increase the incidence
of HCC by aggravating hepatic insulin resistance
and necroinflammation in patients with HBV or
HCV infection, HBV/HCV co-infection, or other liver
[24,44,45]
diseases
. Therefore, these two factors may
promote HCC development in PBC patients. However,
conflicting opinions remain concerning these two
[13,14]
factors
, due to differences among ethnicities in
[46]
the sensitivity to liver injury caused by alcohol , the
lack of a consistent definition of alcohol intake, and
differences in sample sizes and follow-up time.
Several limitations of the present study should
be noted. First, although histological stage at PBC
diagnosis is a known important risk factor for HCC, we
could not obtain this information because liver biopsies
were not consistently performed. Second, UDCA
treatment and α-fetoprotein level were not found to
be risk factors for the development of PBC-associated
HCC in our study. Racial factors may play a role, but
basic studies of its underlying mechanisms are needed.
Third, the retrospective nature of our study design
may have made it difficult to obtain risk factors specific
to PBC patients; thus, a further prospective study is
warranted that should include more comprehensive
groups. Fourth, there might have been an inclusion
bias because only 20 cases met the inclusion criteria;
thus, there may have been an insufficient number of
patients evaluated to obtain adequate positive findings.
Therefore, a study with a larger sample size should be
performed.
In conclusion, HCC is not rare in Chinese patients
with PBC. The incidence of PBC-associated HCC is
higher and liver injury is more serious in men than
in women. Because high BMI and alcohol intake are
risk factors for HCC in PBC patients, these patients
should be encouraged to stop alcohol consumption and
control body weight.

Related publications

This is the first case-control study to investigate risk factors for HCC development
in PBC patients.

Innovations and breakthroughs

This study is the first case-control study to investigate risk factors for HCC
development in PBC patients and the first to demonstrate that the incidence of
PBC-associated HCC is 4.13% in the Chinese population. Analysis indicated
that high BMI and alcohol intake might be risk factors for HCC development.
Male PBC patients are more likely to develop HCC than females, and PBCassociated HCC in male patients is more severe than in female patients,
as indicated by their high levels of alanine aminotransferase/aspartate
aminotransferase/alkaline phosphatase/γ-glutamyl transpeptidase.

Applications

The authors suggest that physicians should pay close attention to patients with
PBC-associated HCC and advise PBC patients to stop drinking and control
body weight. Male PBC patients should be screened carefully for HCC because
of its high incidence and severity.

Peer-review

The authors investigated the cases and controls from their hospital clinical
database to explore the incidence and risk factors for PBC-associated HCC and
offer some valuable conclusions.
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Abstract
AIM: To evaluate the feasibility of hepatectomy and
primary closure of common bile duct for intrahepatic
and extrahepatic calculi.
METHODS: From January 2008 to May 2013, anatomic
hepatectomy followed by biliary tract exploration without
biliary drainage (non-drainage group) was performed
in 43 patients with intrahepatic and extrahepatic
calculi. After hepatectomy, flexible choledochoscopy
was used to extract residual stones and observe the
intrahepatic bile duct and common bile duct (CBD) for
determination of biliary stricture and dilatation. Function
of the sphincter of Oddi was determined by manometry
of the CBD. Primary closure of the CBD without T-tube
drainage or bilioenteric anastomosis was performed
when there was no biliary stricture or sphincter of Oddi
dysfunction. Dexamethasone and anisodamine were
intravenously injected 2-3 d after surgery to prevent
postoperative retrograde infection due to intraoperative
bile duct irrigation, and to maintain relaxation of
the sphincter of Oddi, respectively. During the same
period, anatomic hepatectomy followed by biliary tract
exploration with biliary drainage (drainage group)
was performed in 48 patients as the control group.
Postoperative complications and hospital stay were
compared between the two groups.
RESULTS: There was no operative mortality in either
group of patients. Compared to intrahepatic and
extrabiliary drainage, hepatectomy with primary closure
of the CBD (non-drainage) did not increase the incidence
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of complications, including residual stones, bile leakage,
pancreatitis and cholangitis (P > 0.05). Postoperative
hospital stay and costs were nevertheless significantly
less in the non-drainage group than in the drainage
group. The median postoperative hospital stay was
shorter in the non-drainage group than in the drainage
group (11.2 ± 2.8 d vs 15.4 ± 2.1 d, P = 0.000). The
average postoperative cost of treatment was lower in
the non-drainage group than in the drainage group
(29325.6 ± 5668.2 yuan vs 32933.3 ± 6235.1 yuan, P
= 0.005).

choledochotomy; and (3) placement of a T-tube or
[1]
creation of a bilioenteric anastomosis . Hepatectomy
of the affected segment, including intrahepatic calculi
and potential biliary stenoses, is probably the best
therapeutic option, because it achieves the best long[3-5]
term results .
Traditionally, after resection of hepatic lesions
and choledochotomy, the common bile duct (CBD) is
drained with a T-tube for choledocholithiasis combined
with hepatolithiasis. However, insertion of a T-tube is
related to some potential postoperative complications.
Some of these complications are serious, such as
bile leak, biliary tract infection, or acute renal failure
from dehydration due to inadequate water ingestion
or a high outflow. In addition, patients must carry the
T-tube for several weeks before its removal, causing
[6-8]
significant discomfort . Choledochoduodenostomy
has been performed at many hospitals for many years
worldwide, and is considered a safe and effective
[9-15]
method for treatment of choledocholithiasis
.
However, the use of choledochoduodenostomy for
treatment of hepatolithiasis has been controversial for
[16,17]
a long time
. Choledochoduodenostomy does not
entirely achieve the goal of stone clearance, correction
of strictures, and removal of hepatobiliary lesions by
itself, thus, there is no definitive evidence to show the
long-term outcomes of choledochoduodenostomy for
hepatolithiasis. Moreover, choledochoduodenostomy
without cholangioplasty results in an increase of
severe reflux cholangitis due to the loss of the antireflux function of the sphincter of Oddi. Therefore,
choledochoduodenostomy is not an ideal approach
to reduce cholangitis in hepatolithiasis and is not the
[18,19]
best choice in the management of hepatolithiasis
.
Hepaticojejunostomy, another drainage modality,
is also an imperfect solution due to recurrence of
[20]
symptoms. Herman et al
found that 41.2% of
patients who underwent liver resection associated
with hepaticojejunostomy had late postoperative
complications such as cholangitis or liver abscess
during follow-up. Similar to choledochoduodenostomy
and hepaticojejunostomy, choledochojejunostomy is
used to drain fluid in patients with hepatolithiasis
complicated with intrahepatic biliary stricture after
partial hepatectomy and hilar cholangioplasty.
However, loss of the sphincter of Oddi, biliary reflux,
and gastrointestinal dysfunction often occur after
[16,21,22]
traditional choledochojejunostomy
. Finally,
the rate of cholangiocarcinoma is related to that of
cholangitis, which occurs in choledochoduodenostomy
[23]
and hepaticojejunostomy , making bilioenteric
anastomosis a controversial procedure.
We have performed a retrospective study of
hepatectomy with primary closure of the CBD or biliary
drainage for treatment of hepatolithiasis combined
with choledocholithiasis. The purpose of the present
study was to evaluate the feasibility and efficacy of
hepatectomy and primary closure of the CBD for
intrahepatic and extrahepatic lithiasis.

CONCLUSION: Hepatectomy followed by choledocho
endoscopic stone extraction without biliary drainage
is a safe and effective treatment of hepatolithiasis
combined with choledocholithiasis.
Key words: Hepatolithiasis; Choledocholithiasis; Primary
closure; Hepatectomy; Biliary drainage
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We performed hepatectomy with primary closure
of the common bile duct for hepatolithiasis combined
with choledocholithiasis. Postoperative complications
including residual stones, bile leakage, pancreatitis and
cholangitis were equivalent in the drainage and nondrainage groups. Postoperative hospital stay and costs
were nevertheless significantly less in the non-drainage
than in the drainage group. Additional biliary drainage
is not necessary for all patients with intrahepatic
and extrahepatic calculi, thus avoiding unnecessary
discomfort and extra costs. Anatomic hepatectomy
followed by intraoperative choledochoendoscopic stone
extraction without biliary drainage in selected patients is
a safe and effective treatment.
Jia CK, Weng J, Chen YK, Yang QZ, Fu Y, Qin QF, Yu WM.
Hepatectomy with primary closure of common bile duct for
hepatolithiasis combined with choledocholithiasis. World J
Gastroenterol 2015; 21(12): 3564-3570 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3564.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3564

INTRODUCTION
Intrahepatic and extrahepatic lithiasis is a common
disease in Asia, especially in East and Southeast
Asia. Calculi, biliary infection, biliary stricture and
hepatic parenchymal fibrosis make it a complicated
and intractable clinical problem. Various treatments
have been proposed for intrahepatic and extrahepatic
lithiasis; however, no consensus has been reached
on the ideal treatment. Surgery achieves good
[1,2]
results with low morbidity and mortality . Potential
operations for intrahepatic and extrahepatic lithiasis
include: (1) hepatectomy; (2) extraction of calculi via
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Table 1 Calculus distribution, liver lesions and operations
Calculus distribution and liver lesions

Operations
Drainage group (n = 48)

Non-drainage group (n = 43)

Left lobe stones, parenchymal atrophy
and/or fibrosis

Left hemihepatectomy, T-tube drainage (12)
Left hemihepatectomy (12)
Left lateral segmentectomy, T-tube drainage (10)
Left lateral segmentectomy (8)
Left hemihepatectomy, choledochojejunostomy (3)
Right lobe stones, parenchymal atrophy
Right hemihepatectomy, T-tube drainage (6)
Right hemihepatectomy (6)
Right posterior lobectomy, T-tube drainage (4)
Right posterior lobectomy (3)
and/or fibrosis
Right hemihepatectomy, hepaticojejunostomy (2)
Bilateral lobe stones, dominantly affected Left hemihepatectomy, right intrahepatic duct stone extraction, Left hemihepatectomy, right intrahepatic duct
left lobe atrophy and/or fibrosis
T-tube drainage (2)
stone extraction (4)
Left lateral segmentectomy, right intrahepatic duct stone
Left lateral segmentectomy, right intrahepatic
extraction, T-tube drainage (3)
duct stone extraction (6)
Left hemihepatectomy, right intrahepatic duct stone extraction,
choledochojejunostomy (2)
Bilateral lobe stones, dominantly affected Right hemihepatectomy, left intrahepatic duct stone extraction, Right hemihepatectomy, left intrahepatic duct
right lobe atrophy and/or fibrosis
T-tube drainage (1)
stone extraction (4)
Right hemihepatectomy, left intrahepatic duct stone extraction,
hepaticojejunostomy (2)
Right hemihepatectomy, left intrahepatic duct stone extraction,
choledochojejunostomy (1)
Apart from intrahepatic lithiasis, all patients have extrahepatic bile duct stones.

16 patients who had previous cholecystectomy.
Anatomic hepatectomy was performed in all patients
in both groups. The CBD was opened through a
supraduodenal vertical incision. Stones in the CBD and
residual liver were removed by saline flushing. Flexible
choledochoscopy was used to extract residual stones
and observe the intrahepatic and extrahepatic bile ducts
for determination of biliary stricture and dilatation.
Function of the sphincter of Oddi was determined by
manometry of the CBD in the non-drainage group. If
there were no intrahepatic and extrahepatic residual
stones, no extrahepatic biliary stricture, and the
pressure of CBD was < 12 cmH2O, primary closure of
the CBD without biliary drainage was performed in the
non-drainage group. Interrupted 4/0 or 5/0 Prolene
sutures were used to complete primary closure of the
CBD. In the non-drainage group, dexamethasone and
anisodamine were intravenously injected 2-3 d after
the operation to prevent postoperative retrograde
infection due to intraoperative bile duct irrigation,
and to maintain relaxation of the sphincter of Oddi,
respectively. In the drainage group, T-tube drainage or
creation of a bilioenteric anastomosis was performed
after hepatectomy and biliary tract exploration. A subhepatic drainage tube was placed in all patients in
both groups. T-tube cholangiography was performed
on postoperative day 10 in all T-tube-drained patients.
Once CBD clearance was confirmed and there was a
free flow of contrast agent, the T-tube was removed
4 wk after the operation. Liver function was reexamined 3 and 7 d after the operation and computed
tomography or ultrasound B detection was performed
before discharge. Calculus distribution, liver lesions and
operations are presented in Table 1. If no postoperative
complications occurred, patients were discharged once
the peritoneal drain was removed and the incision in
the abdominal wall healed. Postoperative complications

MATERIALS AND METHODS
Patient data

From January 2008 to May 2013, 91 patients diagnosed
with intrahepatic and extrahepatic lithiasis underwent
hepatectomy and biliary tract exploration with or
without biliary drainage in our department. Patients
were divided into two groups: one that underwent
anatomic hepatectomy and biliary tract exploration
with biliary internal or external drainage (drainage
group, n = 48); and another that underwent anatomic
hepatectomy and biliary tract exploration without any
biliary drainage (non-drainage group, n = 43).
There were 18 men (37.5%) and 30 women
(62.5%), with a mean age of 54.8 years (range:
23-68 years) in the drainage group. There were 17
men (39.5%) and 26 women (60.5%), with a mean
age of 59.3 years (range: 28-71 years) in the nondrainage group. The main symptoms of patients
with hepatolithiasis were abdominal pain, fever, and
jaundice. A history of right upper quadrant pain
was present in all cases, and jaundice in 20 patients
(41.7%) in the drainage group and 17 (39.5%) in the
non-drainage group.
All cases were evaluated with routine investigations
including full blood counts, liver function tests,
and coagulation screening. Preoperative diagnosis
was based on clinical presentation and imaging
technologies, such as ultrasonography, spiral threephase computed tomography, endoscopic retrograde
cholangiopancreatography, and magnetic resonance
cholangiography. Indications for liver resection were
parenchymal atrophy, intrahepatic biliary stenosis and
unilobular severe liver fibrosis.

Surgical procedure

All patients underwent cholecystectomy, except
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drainage, hepatectomy with primary closure of the
CBD (non-drainage) did not increase the incidence of
complications, including residual stones, bile leakage,
pancreatitis and cholangitis. Seven cases (14.6%) of
residual stones were found in the drainage group and
four cases (9.3%) in the non-drainage group. Bile
leakage was found in seven patients (14.6%) in the
drainage group and six (13.9%) in the non-drainage
group. In the drainage group, there was one case
of T-tube dislocation 10 d after the operation, which
responded well to conservative treatment. Transient
acute pancreatitis developed in two patients (4.2%)
in the drainage group and two (4.7%) in the nondrainage group. Of the two pancreatitis patients in the
non-drainage group, one had pancreatitis combined
with pancreatic abscess that required percutaneous
drain insertion for 2 wk. Cholangitis was found in
13 patients (27.1%) in the drainage group and nine
(20.9%) in the non-drainage group. As shown in Table
2, median postoperative hospital stay was shorter in
the non-drainage group than in the drainage group
(11.2 ± 2.8 d vs 15.4 ± 2.1 d, P = 0.000). The average
postoperative cost of treatment was lower in the nondrainage group than in the drainage group (29 325.6 ±
5668.2 yuan vs 32 933.3 ± 6235.1 yuan, P = 0.005).

Table 2 Postoperative complications, hospital stay and costs
n (%)
Complication
Residual stones
Bile leakage
Pancreatitis
Cholangitis
T-tube dislocation
Postoperative hospital
stay (d)
Postoperative costs
(yuan)

Drainage group
Non-drainage P value
(n = 48)
group (n = 43)
7 (14.6)
7 (14.6)
2 (4.2)
13 (27.1)
1 (2.1)
15.4 ± 2.1

4 (9.3)
6 (13.9)
2 (4.7)
9 (20.9)
0
11.2 ± 2.8

32 933.3 ± 6235.1 29 325.6 ± 5668.2

0.329
0.586
0.649
0.331
0.527
0.000
0.005

Postoperative hospital stay and costs were tested by Student’s t test. Other
variables were tested by Fisher’s exact test or χ 2 test.

including bile leakage, jaundice, cholangitis, pancreatitis
and T-tube dislocation were observed and compared
between the two groups. Bile leakage was defined as
bilirubin concentration in the drain fluid at least three
times the serum bilirubin concentration on or after
postoperative day 3, or as the need for radiological or
operative intervention resulting from biliary collection
[24]
or bile peritonitis . Diagnosis of cholangitis was made
by the presence of abdominal pain, jaundice and/or
fever. Hospital stay and costs varied from one patient
to another in that different patients received different
medication due to different preoperative conditions.
Postoperative hospital stay and costs were only affected
by the modality of operation and clinical outcome
of individuals, thus directly reflecting the different
values of different operations between the two groups.
Parameters of postoperative hospital stay and costs
were used in this study.
All patients received regular follow-up assessments
every 6 mo. Mean follow-up was 35.3 mo, ranging
from 12 to 64 mo.

DISCUSSION
Choledochotomy followed by T-tube drainage is
a traditional surgical treatment for extrahepatic
[25,26]
lithiasis
. Recently, primary closure of the CBD
has been proposed as a safe alternative to T-tube
placement after both laparoscopic choledochotomy
[27]
and open choledochotomy in extrahepatic lithiasis .
Therefore, the occurrence of postoperative com
plications related to T-tube placement, such as
bile leak, biliary tract infection, dehydration and
electrolyte disturbance has been significantly reduced.
The patients without T-tube drainage feel more
comfortable than those with the T-tube. Apart from
T-tube drainage, bilioenteric anastomosis has also
been considered a safe and effective method for the
[9,28]
treatment of choledocholithiasis and hepatolithiasis
.
However, biliary reflux, and gastrointestinal dys
function often occur after choledochojejunostomy
[13,20,21,29]
and hepaticojejunostomy
. Recurrence of
symptoms in patients with choledochojejunostomy
and hepaticojejunostomy showed that this may
not be the ideal solution for both intrahepatic and
extrahepatic lithiasis. Some studies have evaluated
the long-term results of liver resection with or without
hepaticojejunostomy for the treatment of primary
[20]
intrahepatic lithiasis . However, so far, there
have been no attempts to evaluate the therapeutic
impact of hepatectomy and biliary tract exploration
without biliary drainage on intrahepatic lithiasis
combined with extrahepatic lithiasis. We performed
a retrospective study of hepatectomy and biliary
tract exploration without biliary internal or external

Statistical analysis

Continuous variables are presented as the mean ± SD. The
data were analyzed using SPSS for Windows version 13.0
(SPSS Inc., Chicago, IL, United States). Fisher’s exact test
2
or χ was used for categorical variables to calculate
frequencies and percentages among the groups.
Student’s t test was applied for continuous variables
to compare the means (two-tailed) with median and
range among the groups. P < 0.05 was considered
statistically significant.

RESULTS
There were no significant differences in the demographic
characteristics and clinical presentations between the
two groups. The surgical methods in both groups are
presented in Table 1. There was no surgical mortality
in either group. Postoperative complications and
hospital stay are compared between the two groups
in Table 2. Compared to intrahepatic and extrabiliary
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drainage for treatment of hepatolithiasis combined
with choledocholithiasis. The patients recovered well
if there were no residual stones, no extrahepatic
biliary stricture, and ≤ 12 cmH2O pressure in the
CBD. Postoperative complications including residual
stones, bile leakage, pancreatitis and cholangitis were
equivalent in the drainage and non-drainage groups.
Postoperative hospital stay and costs were significantly
less in the non-drainage group than in the drainage
group. Additional biliary drainage was not necessary for
all patients with intrahepatic and extrahepatic calculi,
thus avoiding unnecessary discomfort and extra costs.
The principles of definitive surgery for hepatolithiasis
comprise complete removal of lesions, establishment
of satisfactory drainage of the affected segments of the
[30,31]
biliary tree and prevention of recurrence
. Here,
removal of lesions plays a crucial role in treatment of
hepatolithiasis. The lesions of hepatolithiasis include
stones, stricture, dilation, and affected hepatic tissues.
Hepatectomy, especially anatomic hepatectomy, is the
optimized method for this condition, which completely
removes diseased bile duct and its drainage area,
thus reducing the risk of long-term recurrence of
stones, and may also prevent the complication of
[13,15,31-37]
cholangiocarcinoma
. Anatomic hepatectomy
should be considered as first-line treatment of regional
hepatolithiasis.
We performed anatomic hepatectomy and biliary
tract exploration, thus completely removing intrahepatic
and extrahepatic stones, bile duct stricture, and
atrophic or fibrous liver lesions. We explored the biliary
tract using choledochoscopy and determined the
function of the sphincter of Oddi by manometry of the
CBD. Primary closure of the CBD without any biliary
drainage was only performed in circumstances in which
intrahepatic and extrahepatic stones were completely
removed, extrahepatic biliary stricture did not exist,
and the pressure of CBD was in the normal range. We
measured the pressure of CBD using a scale-marked
transparent tube. If the function of the sphincter of Oddi
was normal and drained in an unobstructed manner,
the liquid level inside the tube decreased smoothly and
finally fluctuated in the normal range. The sphincter
of Oddi function was preserved so that the rate of
postoperative recurrence of cholangitis was lower than
in patients without preservation of sphincter of Oddi
function. Other studies have also indicated that longterm results of procedures that preserve the sphincter
of Oddi have lower rates of postoperative recurrent
cholangitis than those without preservation of the
[10,19,38]
sphincter of Oddi
.
In the non-drainage group in our study, patients
with and without dilated CBD recovered uneventfully.
So the CBD diameter is not a prerequisite for the
operation without biliary drainage, in that normal
CBD diameter might not increase the risk of bile duct
stricture and bile leakage. On the contrary, normal
CBD diameter implies normal papillary function and an
unobstructed distal segment of the CBD. Compared to
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the diameter of the CBD, sufficient blood supply to the
CBD is more important in preventing postoperative bile
duct stricture and bile leakage. Furthermore, in the
non-drainage group, dexamethasone and anisodamine
were intravenously injected 2-3 d after the operation.
Hence, postoperative papillary edema was alleviated
and the sphincter of Oddi remained relaxed to some
extent, thus guaranteeing surgical success. In the nondrainage group, patients with preoperative jaundice
recovered uneventfully. The rate of postoperative
leakage and jaundice in the non-drainage group
was similar to that in the drainage group. Thus, we
conclude that drainage is not necessary if jaundice
can be determined as obstructive jaundice due to
extrahepatic stones. Considering the residual stones,
we should be cautious to perform such operation
in patients with multiple stones in both lobes of the
liver. If unilateral intrahepatic stones, and atrophic or
fibrous lesions of the liver are completely removed
by hepatectomy, and the contralateral intrahepatic
stones are completely extracted by choledochoscopy,
hepatectomy with primary closure of the CBD can still
be performed.

COMMENTS
COMMENTS
Background

Surgical treatment achieves good results for intrahepatic and extrahepatic
lithiasis. However, to date, there have been no attempts to evaluate the
therapeutic impact of hepatectomy and biliary tract exploration without biliary
drainage on intrahepatic lithiasis combined with extrahepatic lithiasis.

Research frontiers

This study showed that hepatectomy followed by choledochoendoscopic stone
extraction without biliary drainage in selected patients is safe and effective for
treatment of hepatolithiasis combined with choledocholithiasis. Additional biliary
drainage is not necessary for all patients with intrahepatic and extrahepatic
calculi, thus avoiding unnecessary discomfort and extra costs.

Innovations and breakthroughs

After hepatectomy, the authors measured common bile duct (CBD) pressure
using a scale-marked transparent tube. If sphincter of Oddi function was
normal with unobstructed drainage, the liquid level inside the tube decreased
smoothly and finally fluctuated within the normal range. Dexamethasone and
anisodamine were intravenously injected 2-3 d postoperatively to prevent
retrograde infection due to intraoperative bile duct irrigation, and to maintain
relaxation of the sphincter of Oddi, respectively. Hence, postoperative papillary
edema was alleviated and sphincter of Oddi was maintained in a state of
relaxation, thus guaranteeing surgical success.

Applications

Jia CK et al performed hepatectomy and biliary tract exploration without biliary
internal or external drainage for treatment of hepatolithiasis combined with
choledocholithiasis. Patients recovered well if there were no residual stones, no
extrahepatic biliary stricture, and ≤ 12 cmH2O CBD pressure. Postoperative
hospital stay and costs were significantly less in the non-drainage group than in
the drainage group. Additional biliary drainage is not necessary for all patients
with intrahepatic and extrahepatic calculi, thus avoiding unnecessary discomfort
and extra costs.

Terminology

Hepatectomy followed by choledochoendoscopic stone extraction without
biliary drainage in selected patients is safe and effective for treatment of
hepatolithiasis combined with choledocholithiasis.

Peer-review

This is a retrospective case-control study comparing treatments of intrahepatic
stones with extrahepatic components by hepatectomy and CBD exploration
with or without drainage.
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Abstract
AIM: to evaluate variation of the concentration of
thiopurine metabolites after 5-aminosalicylate (5-ASA)
interruption and the role of genetic polymorphisms of
N-acetyl transferase (NAT) 1 and 2.
METHODS: concentrations of thioguanine nucleotides
(TGN) and methymercaptopurine nucleotides (MMPN),
metabolites of thiopurines, were measured by high
performance liquid chromatography in 12 young
patients (3 females and 9 males, median age 16
years) with inflammatory bowel disease (6 Crohn’s
disease and 6 ulcerative colitis) treated with thiopurines
(7 mercaptopurine and 5 azathioprine) and 5-ASA.
Blood samples were collected one month before and
one month after the interruption of 5-ASA. DNA was
extracted and genotyping of NAT1 , NAT2 , inosine
triphosphate pyrophosphatase (ITPA ) and thiopurine
methyl transferase (TPMT ) genes was performed using
PCR assays.
RESULTS: median TGN concentration before 5-ASA
8
interruption was 270 pmol/8 x 10 erythrocytes (range:
145-750); after the interruption of the aminosalicylate,
a 35% reduction in TGN mean concentrations (absolute
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8

mean reduction 109 pmol/8 × 10 erythrocytes) was
8
observed (median 221 pmol/8 × 10 erythrocytes,
range: 96-427, P value linear mixed effects model
0.0011). Demographic and clinical covariates were
not related to thiopurine metabolites concentrations.
All patients were wild-type for the most relevant ITPA
and TPMT variants. For NAT1 genotyping, 7 subjects
presented an allele combination corresponding to
fast enzymatic activity and 5 to slow activity. NAT1
genotypes corresponding to fast enzymatic activity were
associated with reduced TGN concentration (p value
linear mixed effects model 0.033), putatively because of
increased 5-ASA inactivation and consequent reduced
inhibition of thiopurine metabolism. The effect of NAT1
status on TGN seems to be persistent even after one
month since the interruption of the aminosalicylate.
No effect of NAT1 genotypes was shown on MMPN
concentrations. NAT2 genotyping revealed that 6
patients presented a genotype corresponding to
fast enzymatic activity and 6 to slow activity; NAT2
genotypes were not related to thiopurine metabolites
concentration in this study.

and are often used in combination. The thiopurines
6-mercaptopurine (6MP) and its prodrug azathioprine
(AZA) are effective in inducing and maintaining
remission and are considered steroid sparing agents.
6MP is metabolized by a multistep enzymatic pathway,
initiated by hypoxanthine phosphoribosyl transferase
that leads to formation of thioguanine nucleotides
(TGNs). These active metabolites act as purine
antagonist and inhibit DNA, RNA and protein synthesis,
inducing cytotoxicity and immunosuppression. Blood
levels of thiopurine metabolites have been correlated
with the efficacy and toxicity of these drugs in patients
8
with IBD: TGN levels higher than 235 pmol/8 x 10
red blood cells are considered therapeutic, and methyl
mercaptopurine nucleotides (MMPNs) levels above 5700
8
pmol/8 x 10 red blood cells have been associated with
[1-3]
hepatotoxicity .
The aminosalicylate 5-aminosalicylic acid (mesalazine,
5-ASA) is used in the induction and maintenance of
[4,5]
remission in ulcerative colitis . In Crohn’s disease, the
use of aminosalicylates is controversial, however studies
suggest that they could have a role in the postoperative
[6]
maintenance of remission also in this IBD . In addition,
a chemopreventive role of 5-ASA in IBD against colon
[7]
cancer has been suggested .
An increase in mean TGN blood levels has been
reported in patients on 6MP or AZA co-treated with
[2,8-12]
5-ASA
. Even more important, a higher rate of
myelotoxicity was observed in patients treated with
this combination in comparison with those treated with
[2,9,13]
the thiopurine alone
.
6MP is inactivated by the enzyme thiopurine
methyltransferase (TPMT, EC 2.1.1.67) that catalyzes
its S-methylation to 6-methylmercaptopurine and, at
least in part by inosine triphosphate pyrophosphatase
(ITPA, EC 3.6.1.19). In vitro studies have shown that
aminosalicylates and their metabolites can inhibit the
[14,15]
activity of TPMT
, however, this observation has not
[2,8,9]
been confirmed in vivo
.
The enzymes N-acetyltransferases (NAT1 and
NAT2, EC 2.3.1.5) are responsible for the N-acetylation
of a number of xenobiotics and drugs including the
aminosalicylates. Even the activity of NAT1 and NAT2
is genetically determined and subjects are classified as
rapid, intermediate or slow acetylators. Although NAT1
and NAT2 polymorphisms have been associated with
the incidence of some diseases, no significant effect
[16]
has been reported for IBD . 5-ASA is inactivated
primarily by the NAT1 isoform in the colonic mucosa,
and the drug and its metabolites are excreted in
[17-19]
the urine
. The inheritance of a slow acetylator
genotype for NAT1 could therefore lead to a reduced
inactivation of 5-ASA, and hence to higher blood levels
of the drug.
The aim of this study was to measure variation
of the concentration of thiopurine metabolites after
5-ASA interruption and to evaluate the role of
genetic polymorphisms of NAT1 and NAT2 on this
phenomenon.

CONCLUSION: NAT1 genotype affects TGN levels in
patients treated with thiopurines and aminosalicylates
and could therefore influence the toxicity and efficacy
of these drugs; however the number of patients
evaluated is limited and this has to be considered a
pilot study.
Key words: Thiopurines; Aminosalicylates; Inflammatory
bowel diseases; N-acetyl transferase; Pharmacogenomics
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: During treatment of inflammatory bowel
disease with thiopurines and aminosalicylates, inter
ruption of the aminosalicylate results in a significant
decrease in thiopurines’ thioguanine nucleotides (TGN)
active metabolites. Genetic polymorphisms in genes
involved in aminosalicylates biotransformation (NAT1
genotype) affects TGN levels in patients treated with
thiopurines and aminosalicylates and could therefore
influence the toxicity and efficacy of these drugs.
Stocco G, Cuzzoni E, De Iudicibus S, Favretto D, Malusà
N, Martelossi S, Pozzi E, Lionetti P, Ventura A, Decorti G.
Thiopurine metabolites variations during co-treatment with
aminosalicylates for inflammatory bowel disease: Effect of
N-acetyl transferase polymorphisms. World J Gastroenterol
2015; 21(12): 3571-3578 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i12/3571.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3571

INTRODUCTION
Thiopurines and aminosalicylates are the two most
widely used drugs in inflammatory bowel disease (IBD)
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considered as fast NAT1 acetylators while all other
genotype combinations were considered as slow NAT1
[21,22]
acetylators
. For NAT2, patients homozygous for
the wild-type allele at either the 282 or 341 position or
patients heterozygous for the variant allele at just one
of these two positions were considered as fast NAT2
acetylators, all other genotypes combinations were
[23,24]
considered as slow NAT2 acetylators
.

Table 1 Genotypes and methods of analysis considered in
this study
Gene

Polymorphism

NAT1

T1088A

NAT1
NAT2
NAT2
TPMT
TPMT
TPMT
ITPA

C1095A
C282T
T341C
G238C
G460A
A719G
C94A

Method

References

Sequencing With primer forward: 5’-TGCCC
AAACATGGTGATAGATTT-3’
With primer reverse: 5’-CCATAA
AACTTTTCTAGGAATTCAACA
AT-3’
Sequencing
As above
PCR-RFLP
[23,24]
PCR-RFLP
[23,24]
PCR-ASO
[27]
PCR-RFLP
[27]
PCR-RFLP
[27]
TaqMan
TaqMan SNP genotyping assay
from
Applied biosystems
(C_27465000_10)

Statistical analysis

Statistical analysis was performed using the software R
(version 3.0.1).
The primary intended outcome of this study was to
evaluate variations of the concentration of thiopurine
metabolites after 5-ASA interruption and the role of
genetic polymorphisms of NAT 1 and 2.
Power analyses on preliminary data available
indicate that given the difference in means and the
distribution’s standard deviation, the minimum sample
size to identify a statistically significant (p = 0.05,
power 80%) result is 9 for the paired test comparing
azathioprine metabolites during aminosalicylate
treatment and after the suspension. For the analysis
comparing thiopurine metabolites concentration in
NAT1 fast acetylators compared to slow acetylators,
the minimum number of patients to detect a statis
tically significant (p = 0.05, power 80%) result is 5 for
each NAT1 activity status.
The association between pharmacological pheno
types of interest (i.e., TGN metabolites concentrations,
MMPN metabolites concentrations) and the considered
demographic variables, IBD type, co-treatment with
aminosalicylate or genotypes in a univariate analysis,
was evaluated by considering for each phenotype and
patient the individual observations and evaluating
the effect of each covariate by calculating the P
value from a linear mixed effects model built using
the phenotype as the dependent variable, each
covariate as the fixed effect and the patients as the
random effect in the model. Multivariate analysis
was done to test the independence of the effects of
the covariates significant in the univariate analysis
on the phenotypes considered by using linear mixed
effects models with the phenotype of interest as the
independent variables and the covariates selected in
the univariate analysis as the dependent variables.
For all parametric analyses (i.e., linear mixed effects
models used in the univariate analysis and the
multivariate analysis), normality of the phenotype was
tested by the Shapiro test and log10 transformation
was applied if needed, in order to achieve normality
of the distribution.

MATERIALS AND METHODS
Patients and inclusion criteria

Twelve patients with IBD were enrolled by the
Gastroenterology Unit of the Pediatric Hospital “Burlo
Garofolo” in Trieste, and by the Research Children’s
Hospital “Meyer”, Florence, Italy. These patients have
been retrospectively selected considering the following
criteria: previous diagnosis of IBD and treatment with
AZA or 6MP plus 5-ASA for at least three months. 5-ASA
therapy was interrupted, and a minimum of two blood
samples for thiopurine metabolites measurement were
taken one month before and one month after 5-ASA
interruption. The study was approved by the local
ethical committees and appropriate informed consent
was obtained from all patients or their parents or
guardians.

Measurement of azathioprine metabolites

Azathioprine metabolites (TGN and MMPN) were
measured in patients’ erythrocytes using an HPLC
[20]
assay by Dervieux and Boulieu
within few weeks
from the sample collection. The ratio between TGN and
the dose of azathioprine was calculated to account for
the respective dose each patient was taking on the day
that the metabolite testing was performed.

Genotypes

Genomic DNA was extracted from peripheral blood
samples using a commercial kit (SIGMA, Milan, Italy),
in order to characterize genetic polymorphisms in the
candidate genes NAT1, NAT2, TPMT and ITPA. The
considered genotypes and method of analysis are
described in Table 1.

RESULTS

NAT acetylator status determination

Patients enrolled and samples collected

NAT acetylator status (i.e., rapid or slow) was assessed
from the genotyping results. In particular, for NAT1,
patients with an A nucleotide at both 1088 and 1095
nucleotides, corresponding to NAT1*10 allele, were

WJG|www.wjgnet.com

The present study recruited 12 young patients (3
females and 9 males, median age 16 years) with IBD
(6 Crohn’s disease and 6 ulcerative colitis). Seven
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Table 2 Demographic, clinical and pharmacological data for the 12 patients enrolled
Patient

1
2
3
4
5
6
7
8
9
10
11
12

Age at
enrollment (yr)

Disease

7.7
17.3
17.8
14.7
10.4
14.5
11.9
17.4
6.3
17.5
17.3
16.6

CD
CD
CD
CD
UC
UC
UC
CD
UC
UC
UC
CD

1

Thiopurine
dose (mg/kg
per day)

5-ASA dose
(mg/d)

Before

TGN concentration

After

AZA 2.6
AZA 2.2
AZA 1.6
6MP 1.0
6MP 0.6
6MP 0.5
6MP 1.0
AZA 2.2
AZA 2.3
6MP 1.0
6MP 1.0
6MP 0.5

50
50
50
50
50
50
50
50
50
50
50
50

244
2102
2762
2882
3102
3302
228
2172
375
6472
264
501

218
176
101
1422
2062
1882
243
221
140
4012
278
2682

% TGN change

NAT1 status

-11%
-16%
-64%
-51%
-34%
-43%
+7%
+2%
-63%
-38%
+5%
-47%

Rapid
Rapid
Rapid
Rapid
Rapid
Rapid
Rapid
Slow
Slow
Slow
Slow
Slow

1

Pmol/8 × 10 8 erythrocytes; 2This value is the average of two measurements. 5-ASA: 5-aminosalicylate; TGN: 6-thioguanine nucleotides; NAT1:
N-acetyltransferase 1; CD: Crohn’s disease; UC: Ulcerative colitis; 6MP: 6-mercaptopurine; AZA: Azathioprine.

effects model 0.14). There was a significant correlation
between TGN and MMPN concentrations (coefficient
0.3, 95%CI: 0.15-0.45, linear mixed effect p value
0.0007) while the dose of thiopurine did not correlate
with TGN and MMPN concentrations in these patients.
The dose of thiopurine did not change before and after
the interruption of the aminosalicylate (median value
of azathioprine dose and range 2.08 mg/kg, range:
1.04-2.6).

patients were treated with 6MP (median dosage 1.0
mg/kg, range: 0.5-1.0, equivalent to a median AZA
dose of 2.08 mg/kg, range: 1.04-2.08) and 5 with
AZA (median dosage 2.2 mg/kg, range: 1.6-2.6). All
patients were co-treated with 5-ASA for at least three
months at standard doses (50 mg/kg). A total of 36
samples of peripheral blood were collected to measure
azathioprine metabolites; on average, 3 samples for
patient were collected (range: 2-4). For 8 patients it
was not possible to collect two samples before 5-ASA
interruption and 2 samples after 5-ASA interruption,
because of clinical reasons: therefore 12 samples
(5 before and 7 after) were missing; however each
patient had at least one sample before and one after
5-ASA interruption. Among these, 19 were obtained
during treatment with the thiopurines and 5-ASA,
before 5-ASA interruption, and 17 after interruption
of 5-ASA and therefore during treatment with the
thiopurine alone. The reason for 5-ASA interruption
was clinical, mostly simplification of therapy to increase
compliance, which is particularly useful in pediatric
patients. Samples were taken from the same patient
with an interval of at least one month.

Demographic and clinical covariates and azathioprine
dose and metabolites

For the demographic (gender and age) and clinical (type
of IBD and treatment duration) covariates considered,
none showed a fully significant effect on the median
TGN or MMPN concentrations in a univariate analysis
(Table 2).

Genotyping

All polymorphisms considered were respecting
Hardy-Weinberg equilibrium and their distribution is
comparable to what has been reported in the literature
for patients of Caucasian ethnicity. All patients were
wild-type for the most relevant ITPA and TPMT
variants. For NAT1 genotyping, 7 presented an allele
combination corresponding to fast enzymatic activity
and 5 to slow activity. NAT2 genotyping revealed that
6 patients presented a genotype corresponding to fast
enzymatic activity and 6 to slow activity.

Measurement of azathioprine metabolites

Median TGN concentrations before 5-ASA interruption
8
was 270 pmol/8 x 10 erythrocytes (range: 145-750);
after the interruption of the aminosalicylate, a 35%
8
reduction (mean absolute value 109 pmol/8 x 10
erythrocytes) in TGN mean concentrations was
8
observed [median 221 pmol/8 × 10 erythrocytes,
range: 96-427, coefficient = -0.18, 95%CI:
-0.27-(-0.09), p value linear mixed effects model
0.0011]. MMPN concentration were not affected
significantly by interruption of the aminosalicylate, with
8
a median value of 1059 pmol/8 x 10 erythrocytes,
range 246-17943 before the interruption in comparison
8
to a median of 1071 pmol/8 × 10 erythrocytes,
range 209-4531 after the interruption (coefficient =
-0.13, 95%CI: -0.29-(-0.03), p value linear mixed

WJG|www.wjgnet.com

Genotypes and thiopurine metabolites

NAT1 genotypes corresponding to fast enzymatic
activity was associated with reduced TGN concentration
[coefficient = -0.159, 95%CI: -0.28-(-0.04), p value
linear mixed effects model 0.033]: mean values
were 269.3 and 400.8 respectively in patients with
fast and slow NAT1 status before 5-ASA interruption,
and 181.9 and 261.6 after 5-ASA interruption.
Unexpectedly, the effect of NAT1 status on TGN seems
to be persistent even one month since the interruption
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A

With 5-aminosalicylic acid

B

800

800

700

700

600

600

500

500

400

400

300

300

200

200

100

Without 5-aminosalicylic acid

100
Rapid
n = 12

Slow
n =7

Rapid

Slow

n = 10

n =7

Figure 1 6-thioguanine nucleotides concentration and N-acetyl transferase 1 acetylator status during co-treatment of azathioprine with 5-aminosalicylic
acid and after the interruption of the aminosalicylate. A: With 5-aminosalicylic acid; B: Without 5-aminosalicylic acid. A total of 36 samples of peripheral blood were
collected from 12 patients to measure azathioprine metabolites; on average, 3 samples for patient were collected (range: 2-4). Among these, 19 were obtained during
treatment with the thiopurines and 5-aminosalicylic acid (panel A) and 17 during treatment with the thiopurine alone (panel B). Samples were taken from the same
patient with an interval of at least one month. 6-thioguanine nucleotides concentration is expressed as pmol/8 × 108 erythrocytes.

of the aminosalicylate (Figure 1). No effect of NAT1
genotypes was shown on MMPN concentrations. NAT2
genotypes were not related to thiopurine metabolites'
concentration in this study.

risk results from the co-administration of other drugs,
such as the aminosalicylates. In the present study
[2,8,9,11,13,34]
we confirm previous observations
of a
significant decrease in TGN levels after discontinuation
of 5-ASA. Furthermore, a dose dependent effect was
previously reported for two different 5-ASA doses
[35]
on thiopurine metabolites levels . In our study all
patients were treated with a dose of 5-ASA of 50 mg/
kg, equivalent to the higher dose reported by de Graaf
[35]
et al . Consistently with this study, after interruption
of 5-ASA we observed an effect on TGN and not on
MMPN concentration. This may be due to the different
populations considered: TPMT activity indeed is
significantly higher in wild-type children (0.08-17 years)
[36]
than in wild-type adults (aged 18-68 years) .
The mechanism of this interaction is however
still unclear. It has been demonstrated that the
aminosalicylates inhibit the activity of recombinant
[37,38]
TPMT in vitro
, with IC50 values of 78 and 1240
µmol/L for sulfasalazine and 5-ASA respectively. In
in vivo studies, an increase in TGN levels and in the
prevalence of leukopenia was observed in patients
treated with azathioprine and 5-ASA; however, short
[8-11]
term investigations in patients with IBD
did not
demonstrate any significant change in TPMT activity.
A long term study in patients treated for one year
with a high dose (4 g/d) of 5-ASA again did not
[39]
show any in vivo effect on TPMT activity . It can
therefore be concluded that the interaction between
aminosalicylates and thiopurines seems not based on
inhibition of TPMT, and other pharmacokinetic and/or
pharmacodynamic aspects have to be investigated.
5-ASA is orally administered, is poorly absorbed
by the gastrointestinal tract and is in part inactivated
[17]
in the colonic mucosa by NATs . These enzymes are
[40]
[41]
widely distributed in tissues
and among species ,
and have important physiological functions; they are
also responsible for the N-acetylation of a number

DISCUSSION
The clinical use of thiopurines in IBDs has increased
substantially in recent years; these drugs have
[25]
indeed a steroid sparing effect
and their use in
[26]
combination with infliximab has been also advocated .
Coprescription of 5-ASA is also common, and up to
60% of patients on thiopurines are also treated with
an aminosalicylate.
Thiopurines are generally well tolerated, however,
15%-20% of patients develop side effects such as
[27-30]
leukopenia, hepatitis and pancreatitis
. Two key
enzymes, TPMT and ITPA, are important for 6MP
metabolism: TPMT catalyzes the S-methylation to
6MP and genetic polymorphisms in the TPMT gene
are associated with a reduced enzymatic activity
and an increased production of the active TGNs;
indeed, patients with the homozygous mutation are
at high risk of severe and sometimes fatal immuno
suppression. For this reason TPMT genotyping or
phenotyping is recommended prior to the initiation
of therapy. Another important enzyme in thiopurines'
metabolism is ITPA; a polymorphism in this gene
leads to accumulation of the metabolite 6-thioinosine
triphosphate and has been associated with an
increased risk of toxicity, in particular pancreatitis, flu
[31]
like symptoms, rash and gastrointestinal toxicity ;
this observation was however not confirmed by other
[32,33]
studies
. All patients included in our study had a
normal TPMT genotype and were wild-type for the
most common mutation of ITPA, hence excluding bias
due to the influence of these genotypes.
In IBD patients treated with thiopurines an additional
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of xenobiotics and drugs including the aminosalicy
lates. The activity of NAT1 and NAT2 is genetically
determined; both genes are located on chromosome
8p22 and a number of polymorphisms have been
reported, allowing subjects to be classified as rapid or
slow acetylators. The isozymes NAT1 and NAT2 have
distinct substrate specificity and the NAT1 isozyme is
more important (19000-fold more active) than NAT2 in
[42]
5-ASA acetylation in vitro . Interestingly, in our study,
patients with the NAT1 slow metabolizer phenotype
had significantly higher TGN levels in comparison with
rapid metabolizers. The inheritance of a slow acetylator
genotype for NAT1 could therefore lead to a reduced
inactivation of 5-ASA, and hence to higher blood levels
of the aminosalicylate. This could result in a reduction
of 6MP inactivation, via a still unclear mechanism, with
consequent increase in TGN levels. Quite unexpectedly
however, this difference was maintained when
measurements were performed one month after 5-ASA
discontinuation. This may be due to the long half-life
of TGN and the fact that a longer period is needed
to overcome the reduction in TGN concentrations
determined by the increased metabolism of 5-ASA.
It is however possible that NAT1 influences TGN
concentrations by a different mechanism, not involving
5-ASA metabolism.
As expected, no effect of the NAT2 polymorphism
was observed in these patients.
In conclusion, co-administration of 5-ASA and
thiopurines is common and probably this association will
continue to be prescribed in light of the demonstrated
chemopreventive activity for IBD associated colorectal
[7]
cancer .
Since the number of patients enrolled in this study
is limited, this has to be considered a pilot study and
more research should be performed to evaluate if the
difference in TGN levels observed in patients with the
NAT1 slow acetylator phenotype are also related to an
increased incidence of thiopurine induced side effects.
If this were true, it might be useful to assess the NAT1
genotype before starting therapy and, in those patients
with a slow acetylator genotype, it might be prudent
to start therapy with a reduced dose of AZA. Moreover,
further studies should be performed to evaluate a
dose dependent effect of 5-ASA or thiopurine dose
on the association between NAT1 status and the
pharmacokinetic interaction between 5-ASA and
thiopurines: indeed patients with adverse NAT1 status
may be treated with low doses of aminosalicylates,
maintaining their chemopreventive effect. The effect
of NAT1 acetylator status on TGN concentration in
patients treated only with thiopurine could also be
investigated.
NAT1 genotyping, in addition to careful clinical
monitoring and evaluation of thiopurine metabolites,
might be a useful guide in those patients receiving
azathioprine and aminosalicylates.
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Background

Thiopurines and aminosalicylates are the two most widely used drugs
in inflammatory bowel disease (IBD) and are often used in combination.
A significant pharmacokinetic interaction has been described for these
medications, since this association increases the concentration of thiopurines’
active metabolites (TGN).

Research frontiers

Treatment of IBD with thiopurines and aminosalicylates displays significant
inter-patient variability in terms of efficacy and incidence of adverse events.
Identification of determinants to predict effects of these treatments, such as
genetic polymorphisms of enzymes involved in thiopurines and aminosalicylates
biotransformation, is of clinical interest.

Innovations and breakthroughs

This article confirms that after interruption of aminosalicylate, concentration
of TGNs decrease significantly. Moreover, N-acetyl-transferase 1 (NAT1)
acetylator status, relevant for aminosalicylates biotransformation, influences
TGN concentration during co-treatment and after the interruption of the
aminosalicylate.

Applications

If supported by further clinical studies, NAT1 may be incorporated in multilocus
signatures of genotypes useful to predict the efficacy and safety of thiopurine
and aminosalicylate co-treatment in young patients with IBD.

Terminology

TGN, the active metabolites of thiopurines, formed after biotransformation of
mercaptopurine by enzymes of nucleotides salvage pathway. NAT1, an enzyme
that catalyzes the acetylation of amino groups of aminosalicylates such as
5-ASA.

Peer-review

This is an interesting and clinically relevant paper. Obviously the study has a
small sample size and thus it is best described as a pilot study. The results of
this small study are of interest in that there seems to be some pharmacokinetic
interaction between 5-aminosalicylate and thiopurines, there also seems
to be a potentially important and previously unexplored effect of NAT
polymorphisms.
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Abstract
AIM: To evaluate the techniques, results, and com
plications related to computed tomography (CT)-guided
percutaneous core needle biopsies of solid pancreatic
lesions.
METHODS: CT-guided percutaneous biopsies of solid
pancreatic lesions performed at a cancer reference
center between January 2012 and September 2013
were retrospectively analyzed. Biopsy material was
collected with a 16-20 G Tru-Core needle (10-15 cm;
Angiotech, Vancouver, CA) using a coaxial system and
automatic biopsy gun. When direct access to the lesion
was not possible, indirect (transgastric or transhepatic)
access or hydrodissection and/or pneumodissection
maneuvers were used. Characteristics of the patients,
lesions, procedures, and histologic results were
recorded using a standardized form.
RESULTS: A total of 103 procedures included in the
study were performed on patients with a mean age of
64.8 year (range: 39-94 year). The mean size of the
pancreatic lesions was 45.5 mm (range: 15-195 mm).
Most (75/103, 72.8%) procedures were performed
via direct access, though hydrodissection and/or
pneumodissection were used in 22.2% (23/103) of
cases and indirect transhepatic or transgastric access
was used in 4.8% (5/103) of cases. Histologic analysis
was performed on all biopsies, and diagnoses were
conclusive in 98.1% (101/103) of cases, confirming
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3.9% (4/103) of tumors were benign and 94.2%
(97/103) were malignant; results were atypical in 1.9%
(2/103) of cases, requiring a repeat biopsy to diagnose
a neuroendocrine tumor, and surgical resection to
confirm a primary adenocarcinoma. Only mild/moderate
complications were observed in 9/103 patients (8.7%),
and they were more commonly associated with biopsies
of lesions located in the head/uncinate process (n =
8), than of those located in the body/tail (n = 1) of the
pancreas, but this difference was not significant.

make it difficult to differentiate adenocarcinoma from
other causes of focal pancreatic lesions or benign
inflammatory conditions. In such cases, histopathologic
analysis can confirm the diagnosis and aid treatment
planning. Moreover, diagnosis of adenocarcinoma based
on imaging results often still requires preoperative
histologic confirmation, as a definitive diagnosis for
local unresectable or metastatic tumors is essential for
the planning of palliative therapy. Other indications for
biopsy include locally advanced pancreatic neoplasia
(borderline tumor) requiring neoadjuvant therapy, areas
suspected of containing lesions for which treatment
is primarily nonsurgical (e.g., focal pancreatitis,
tuberculosis, lymphoma, metastases), and patients with
[3]
high surgical risk .
Various techniques, such as imaging-guided per
cutaneous, endoscopic, and surgical biopsies, can
be used to obtain material for the cytologic or histo
[4]
logic analysis of these lesions . Surgical biopsies
conducted under direct laparotomic or laparoscopic
visualization are associated with greater morbidity,
mortality, cost, and inpatient time, than are minimally
invasive methods. Fine-needle aspiration (FNA) and
percutaneous core-needle biopsy guided by endoscopy,
ultrasound, or computed tomography (CT), are useful
[4,5]
methods for obtaining tissue samples . Although
core needle biopsies of pancreatic lesions have been
performed since the 1980s, very few studies have
[6,7]
evaluated their performance . The objective of this
study was to evaluate the techniques, results, and
complications related to CT-guided percutaneous coreneedle biopsies of solid pancreatic lesions.

CONCLUSION: CT-guided biopsy of a pancreatic
lesion is a safe procedure with a high success rate, and
is an excellent option for minimally invasive diagnosis.
Key words: Computed tomography; Image-guided biopsy;
Large-core needle biopsy; Needle biopsy; Pancreatic
neoplasms
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Histopathologic analysis is often necessary
to confirm the diagnosis of pancreatic tumors and
aid in treatment planning. Various techniques, such
as imaging-guided percutaneous, endoscopic, and
surgical biopsies, can be used to obtain material for the
cytologic or histologic analysis. In the present study,
computed tomography-guided percutaneous core
needle biopsies of pancreatic lesions were associated
with few complications and 98.1% diagnostic accuracy.
The safety and high diagnostic success rate renders
this method an excellent minimally invasive option for
diagnostic confirmation of solid pancreatic lesions.

MATERIALS AND METHODS
Tyng CJ, Almeida MFA, Barbosa PNV, Bitencourt AGV, Berg
JAAG, Maciel MS, Coimbra FJF, Schiavon LHO, Begnami
MD, Guimarães MD, Zurstrassen CE, Chojniak R. Computed
tomography-guided percutaneous core needle biopsy in
pancreatic tumor diagnosis. World J Gastroenterol 2015;
21(12): 3579-3586 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3579.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3579

Study design

This was a retrospective study analyzing CT-guided
percutaneous biopsies of solid pancreatic lesions
performed at a cancer reference center between
January 2012 and September 2013. The study was
approved by the Institutional Ethics Review Board. All
study participants or their legal guardians provided
informed written consent prior to the procedure.

Biopsy procedure

An interventional radiologist or a resident doctor
under supervision performed the procedures. Routine
coagulation tests were collected and evaluated before
the procedures. Each case was individually assessed
to determine the best access route, with direct access
preferred whenever possible. All procedures were
performed under local anesthesia with 2% lidocaine;
conscious sedation was used in some cases to increase
the patients’ comfort. Depending on the distance
between the lesion and the skin, a 16-20 G Tru-Core
needle (10-15 cm; Angiotech, Vancouver, CA) was
used with a coaxial system and automatic biopsy gun
to obtain biopsy specimens. When necessary, iodinated
contrast was administered intravenously to better

INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer
deaths worldwide. The most common histologic type
is adenocarcinoma, which is extremely aggressive
and typically presents as unresectable disease at the
time of diagnosis, with an average survival time of six
[1,2]
months . For this reason, solid pancreatic masses
should be actively investigated to exclude or confirm
a diagnosis of pancreatic cancer. The increasing
availability of advanced imaging examinations facilitates
[2]
the diagnosis and staging of pancreatic masses .
However, such methods do not always allow for a
precise diagnosis, and noncharacteristic findings can
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characterize the target lesion and adjacent vascular
structures.
When abdominal structures prevented direct access
to the lesion, indirect (transgastric or transhepatic)
access or hydrodissection and/or pneumodissection
maneuvers were used. For these procedures, a coaxial
needle was used to inject 0.9% saline (hydrodissection)
or 50-100 mL ambient air (pneumodissection)
to displace adjacent structures from the needle’
s trajectory. The choice between these techniques
depended on the position in which the procedure was
performed and the structures involved, as injected air
tends to concentrate in the uppermost areas of the
abdomen.
CT examinations were performed immediately after
all procedures to identify any bleeding and/or other
complications. Patients remained under observation
for ≥ 1 h after the procedure; asymptomatic patients
with stable vital signs were released upon receiving
guidance concerning later complications. An additional
CT was performed for patients exhibiting symptoms or
changes in vital signs to rule out further complications.

Figure 1 Percutaneous computed tomography-guided core needle biopsy
of a pancreatic lesion using direct access. Non-enhanced axial computed
tomography of the upper abdomen showing an anteriorly inserted coaxial
needle (17 G) that is placed directly over the lesion located at the head of the
pancreas (arrow).

The majority (65/103, 63.1%) of lesions was
located in the head/uncinate process, 27.2% (28/103)
were in the body, and 9.7% (10/103) were in the
tail of the pancreas. The mean size of the pancreatic
lesions was 45.5 mm (range: 15-195 mm). Based
on imaging criteria, 77.7% (80/103) of lesions were
unresectable; 22 (21.4%) were resectable and one
(1.0%) was a borderline case. Highly suspected
pancreatic masses were found in 6.8% (7/103) of
patients (n = 6 located in the head and 1 in the body/
tail), for which echoendoscopy-guided FNAs were
performed before the biopsies, with negative results.
Most (75/103; 72.8%) procedures were performed
via direct access (Figure 1). The remaining cases
were performed with hydrodissection (n = 16),
pneumodissection (n = 5), or hydro/pneumodissection
(n = 2) maneuvers, or with indirect transhepatic (n =
3) or transgastric (n = 2) access (Figures 2, 3, 4 and
5). Access was anterior in 77.7% (80/103) of cases,
posterior or paravertebral in 14.6% (15/103), and left
lateral in 7.8% (8/103) of cases. An 18 G needle was
used in most (100/103; 97.1%) cases; 20 G (n = 2)
and 16 G (n = 1) needles were used in the remaining
cases. The mean length of the coaxial needle’s
trajectory from the skin to the lesion was 84.3 mm
(range: 9-158 mm).
Histologic analyses were performed on all biopsies
(Figures 6 and 7). Diagnoses were conclusive
in 98.1% (101/103) of cases, confirming 3.9%
(4/103) of tumors as benign and 94.2% (97/103) as
malignant: 84.5% (87/103) were adenocarcinomas,
2.9% (3/103) were neuroendocrine tumors, 5.8%
(6/103) were metastases, and 1.0% (1/103) was a
primary leiomyosarcoma. Of the patients with tumors
metastasizing to the pancreas, two had pulmonary
adenocarcinoma and one each had esophageal cancer,
choroidal melanoma, a neuroendocrine tumor, and a
solitary fibrous tumor. Only two cases had inconclusive
biopsy results, requiring a second biopsy to diagnose

Data collection

A standardized form was used to collect patient
(age, sex, presence of primary neoplasia), lesion
(location in the pancreas, lesion dimensions, and
resectability based on imaging), and procedure
(indication, needle caliber, access, immediate and
subsequent complications) characteristics, as well as
histologic results from the biopsy (sufficiency of biopsy
material, benign or malignant status, tumor type, and
associated surgical findings).

Statistical analysis

All data were analyzed using SPSS software (version
20.0; IBM Corp., Armonk, NY, United States). Descriptive
analysis was performed to calculate simple and relative
frequencies of the study variables. Dichotomous scalar
variables were compared using Student’s t or nonparametric Mann-Whitney U tests. Analysis of variance
or the nonparametric Kruskal-Wallis test was used for
comparison of variables with three or more possible
values. Categorical variables were examined using 2
2
× 2 and 2 × 3 tables and Pearson’s χ test with Yates
correction or Fisher’s exact test, as needed, to evaluate
statistical significance. P ≤ 0.05 was considered as
statistically significant. The statistical methods used in
this study were reviewed by a biomedical statistician
from the AC Camargo Cancer Center.

RESULTS
A total of 103 procedures in patients with a mean age
of 64.8 y (range: 39-94 year) were included. Of these,
50.5% (52/103) were women, 20.4% (21/103) had
histories of previous primary tumors, most commonly
lung cancer (n = 4).
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A

B
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D

Figure 2 Percutaneous computed tomography -guided core needle biopsy of a pancreatic lesion using hydrodissection. A: Contrast-enhanced computed
tomography (CT) showing an expansive lesion in the tail of the pancreas (arrows). An anterior approach was considered difficult because of the interposition of the
intestine in the supine position, therefore, a posterior approach was used; B: Non-enhanced axial CT of the upper abdomen in the prone position showing a lesion
located in the tail of the pancreas (arrow); C: Coaxial needle (17 G) positioned in the pillar of the diaphragm, where saline solution was injected to enlarge the
paravertebral space, enabling an unobstructed needle path; D: Biopsy needle (18 G) placed adjacent to the pancreatic lesion.

A

B

C

Figure 3 Percutaneous computed tomography-guided core needle biopsy of a pancreatic lesion using pneumodissection. A: Contrast-enhanced magnetic
resonance axial image showing a heterogeneous lesion in the body of the pancreas (arrow). The anterior approach was considered difficult because of the
interposition of the intestine in the supine position, therefore, a posterior approach was used; B: Non-enhanced axial computed tomography in the prone position
showing the pancreatic lesion (arrow) and the coaxial needle (17 G) positioned in the left pararenal space, where air was injected to displace the kidney and adjacent
vessels; C: Biopsy needle (18 G) placed adjacent to the pancreatic lesion.

differ from those without complications with respect
to age, lesion size, or lesion-skin distance (Table
1). Complications were more commonly associated
with biopsies of lesions located in the head/uncinate
process, and did not differ according to biopsy
technique, access type, or needle caliber (Table 2).
There were no suspicious cases of tumor seeding in
this case series.

a neuroendocrine tumor, and surgical resection to
confirm a primary adenocarcinoma. CT-guided biopsy
confirmed adenocarcinoma in the seven patients who
had negative echoendoscopy-guided FNA results.
No major procedure-related complications
were observed. Mild to moderate complications
occurred in 8.7% (9/103) of patients, which resolved
spontaneously without treatment; retroperitoneal
and subcapsular hepatic hematomas (n = 6)
occurred immediately after biopsy, and bleeding,
symptomatic, and asymptomatic pancreatitis (n = 3)
developed later. Patients with complications did not
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A

B

Figure 4 Percutaneous computed tomography-guided core needle biopsy of a pancreatic lesion using transhepatic access. A: Contrast-enhanced computed
tomography showing an expansive lesion in the head and body of the pancreas (arrows). As the patient could not stay in the prone position, the posterior approach was
not possible. Therefore, an anterior transhepatic approach was used; B: Biopsy needle (18 G) tip placed adjacent to the pancreatic lesion through the left liver lobe.

A

B

Figure 5 Percutaneous computed tomography-guided core needle biopsy of a pancreatic lesion using transgastric access. A: Non-enhanced computed
tomography showing a poorly defined nodule in the body of the pancreas (arrow). A posterior approach was considered difficult because of the interposition of large
vessels in the needle path in the prone position, therefore, an anterior transgastric approach was used; B: Biopsy needle (20 G) placed adjacent to the pancreatic
lesion through the stomach.

Table 1 Patient and lesion characteristics for biopsies with
and without complications
Variable

Patient age, yr
Lesion size, mm
Lesion-skin distance, mm

Without
complications
(n = 94)

With
complications
(n = 9)

P value

64.9 ± 12.9
46.4 ± 25.9
83.1 ± 31.5

64.1 ± 12.3
35.5 ± 14.2
97.1 ± 30.2

0.86
0.25
0.20

Table 2 Incidence of complications after computed tomographyguided biopsy of pancreatic lesions n (%)
Figure 6 Biopsied specimens of a percutaneous computed tomographyguided core-needle biopsy of a pancreatic lesion.

Variable
Lesion location
Head/uncinate process
Body/tail
Biopsy technique
Direct
Indirect
Access type
Anterior
Posterior/paravertebral
Needle caliber
18 G

routine procedure for obtaining samples from various
[8-10]
organs
. Most studies, including this one, demonstrate
that this procedure has > 90% diagnostic accuracy for
[2,4,5,11-13]
pancreatic lesions (Table 3)
. In our cohort,
histologic diagnosis based on percutaneous biopsy
samples was considered indeterminate in only two
cases, which were later confirmed to be malignant.
Core needle biopsy is considerably more sensitive
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Complications

P value

8 (12.3)
1 (2.6)

0.15

4 (5.4)
5 (17.2)

0.11

8 (10.0)
1 (6.7)

0.60

9 (9.0)

0.86
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A

Table 3 Accuracy and complications of image-guided
percutaneous needle biopsy of pancreatic lesions
Ref.
Brandt et al[15]
Karlson et al[11]
Paulsen et al[5]
Amin et al[2]
Yu et al[12]
Yang et al[13]
Current study

B

n

Imaging
method

Accuracy

Complications

269
100
107
372
43
88
103

US and CT
US
US and CT
US and CT
CT
US
CT

93%
89%
94.40%
90%
94.30%
93%
98.10%

1.10%
2.80%
4.60%
2.30%
8.70%

CT: Computed tomography; US: Ultrasound.

transhepatic, transgastric, or transcaval) access is
considered a safe alternative, though accompanied by
[17,18]
risks of bleeding and peritonitis
. Another alternative
includes the hydrodissection and pneumodissection
[19,20]
maneuvers
. The location of the lesion can be
confirmed with intravenous contrast administration to
[21]
improve the diagnostic accuracy of the procedure .
Previous reports indicate that serious complications
related to this procedure are rare, even when biopsies
[2,5,11-15,17,18,21]
are conducted via indirect access
.
Accordingly, no serious complications occurred in the
patients in our study, with only a small percentage
of patients experiencing mild adverse events that
[2]
spontaneously resolved. However, Amin et al reported
complications in 17/372 (4.6%) percutaneous core
needle biopsies, including serious complications such as
abscess, duodenal perforation, and large retroperitoneal
hematoma. Almost all of the complications in the
present study occurred from lesions located in the head/
uncinate process of the pancreas, possibly resulting
from the large number of vessels and structures
involving this portion of the organ. Needle size did not
relate to the complication rate, though most procedures
were performed with the same size needle (18 G).
Although rare, the peritoneal implantation of tumor
cells during biopsy is a complication of concern. Cases
of tumor dissemination along the needle trajectory
after percutaneous or echoendoscopy-guided FNA
[22-24]
have been described
. This did not occur in any
of our cases. Some authors have suggested that the
use of a coaxial needle, as used in this study, reduces
the risk of implantation along the biopsy trajectory
as the adjacent normal tissues are shielded from the
[25]
needle .
Echoendoscopy-guided FNA has received attention
because of its accuracy in obtaining cytopathologic
[26-28]
material, with a sensitivity of 55%-97%
. This
technique facilitates access to small lesions near
the duodenum and stomach. However, despite the
increasing availability of this technique, success rates
with this method are difficult to reproduce, with high
[29]
rates of false-negative findings . In comparison, CTguided biopsy has a greater availability, lower cost,
higher success rate, and allows access to lesions
in any part of the pancreas. Notably, pancreatic

C

Figure 7 Pathologic and molecular analysis of a biopsied specimen. A:
Panoramic view (× 10) and B: High-power field (× 40) of a pancreatic core biopsy
with hematoxylin and eosin staining showing atypical and irregularly displayed
ductal structures in a desmoplastic stroma compatible with the diagnosis of
ductal adenocarcinoma of the pancreas; C: Pyrogram demonstrating a mutation
in codon 12.

than FNA for the diagnosis of pancreatic diseases,
particularly when the differential diagnosis includes
[14,15]
neuroendocrine tumors and chronic pancreatitis
.
The major advantage is sample quality, as the core
needle extracts sufficient material to determine cell
type and origin via histologic and immunohistochemical
analyses, thus allowing reliable differentiation of
[2,11]
pancreatic tumor types
. In addition, core needle
biopsy does not require that a cytopathologist be
present during the procedure.
Ultrasound can be used to guide percutaneous
core needle and FNA biopsies of pancreatic lesions,
with the advantages of lower cost, shorter procedure
time, elimination of ionizing radiation, and the ability
[14,16]
to accompany the needle’s trajectory in real time
.
However, accessing small lesions and those located
in the body/tail of the pancreas is difficult with
ultrasound guidance, particularly in the presence of
gaseous gastrointestinal interpositioning. The choice
of imaging method to guide the procedure should
be individualized and depend on the interventional
radiologist’s experience and the patient and lesion
characteristics.
As demonstrated in the present study, percutaneous
biopsy typically involves anterior access to pancreatic
lesions. However, pancreatic masses in the head
or uncinate process are frequently obscured by
other abdominal structures, including the stomach,
duodenum, transverse colon, liver, mesenteric vessels,
and/or inferior vena cava. In such cases, indirect (e.g.,
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valuable for confirming pancreatic cancer along with pathologic testing.

adenocarcinoma was confirmed by CT-guided biopsy
in seven patients in our sample who had negative
echoendoscopy-guided FNA results. However, those
results were obtained from FNA procedures performed
at outside centers and were not properly reviewed.
This study has several limitations. Given its retro
spective nature, we could not standardize mediumand long-term follow-up evaluations. Moreover, our
sample only included patients attending a single
cancer reference center that were selected to undergo
biopsy based on discussions among the oncologist,
surgeon, and interventional radiologist. Furthermore,
we were unable to directly compare CT-guided core
needle biopsy with echoendoscopy-guided FNA, as this
method was not available in our institution during the
study period. Future studies are needed to address
this issue.
In the present sample, CT-guided percutaneous
core needle biopsies of pancreatic lesions were
associated with few complications and a 98.1%
diagnostic accuracy. The results demonstrate that this
procedure is safe when performed by an experienced
interventional radiologist, and represents a valuable
alternative for preoperative diagnostic confirmation of
solid pancreatic lesions.
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Abstract
AIM: To analyze whether prompt and appropriate empi
rical antibiotic (AEA) use is associated with mortality in
cirrhotic patients with bacteremia.
METHODS: A total of 102 episodes of bacteremia
in 72 patients with cirrhosis were analyzed. AEA was
defined as a using or starting an antibiotic appropriate
to the isolated pathogen at the time of bacteremia. The
primary endpoint was 30-d mortality.
RESULTS: The mortality rate at 30 d was 30.4% (31/102
episodes). Use of AEA was associated with better survival
at 30 d (76.5% vs 46.9%, P = 0.05), and inappropriate
empirical antibiotic (IEA) use was an independent factor
associated with increased mortality (OR = 3.24; 95%CI:
1.50-7.00; P = 0.003, adjusted for age, sex, ChildPugh Class, gastrointestinal bleeding, presence of septic
shock). IEA use was more frequent when the isolated
pathogen was a multiresistant pathogen, and when
infection was healthcare-related or hospital-acquired.
CONCLUSION: AEA use was associated with increased
survival of cirrhotic patients who developed bacteremia.
Strategies for AEA use, tailored according to the local
epidemiological patterns, are needed to improve survival
of cirrhotic patients with bacteremia.
Key words: Liver cirrhosis; Bacteremia; Appropriate
antibiotics; Survival; Multiresistant pathogen
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transferred to other hospitals within 30 d. Finally, a
total of 102 episodes of bacteremia were included
and analyzed. All procedures followed were in accor
dance with the ethical standards of the responsible
committee on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008, and
was approved by the Institutional Review Board at
Sanggye Paik Hospital.

Core tip: Appropriate empirical antibiotic use was
associated with improved survival in cirrhotic patients
with bacteremia, indicating the importance of initial
antibiotic selection.
Park H, Jang KJ, Jang W, Park SH, Park JY, Jeon TJ, Oh TH,
Shin WC, Choi WC, Sinn DH. Appropriate empirical antibiotic
use and 30-d mortality in cirrhotic patients with bacteremia.
World J Gastroenterol 2015; 21(12): 3587-3592 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i12/3587.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i12.3587

Variables and definitions

From the medical records, we collected data on
age, sex, height, weight, admission date, causes of
cirrhosis, presence of gastrointestinal bleeding, ascites,
encephalopathy, discharge date, and mortality. We also
collected data on the isolated pathogen, and antibiotics
used, as well as systolic blood pressure, diastolic blood
pressure, heart rate, body temperature, respiration
rate, white blood cell (WBC) count, neutrophil count,
platelet count, prothrombin time, bilirubin, albumin,
creatinine, sodium, aspartate aminotransferase, alanine
aminotransferase, and C-reactive protein on the day
of bacteremia. The type of infection was defined as
community-acquired, if diagnosed within 48 h of
admission without hospitalization in the previous 6
mo; healthcare-associated, if diagnosed within 48
h of admission in patients hospitalized for at least
2 d in the previous 6 mo; and hospital-acquired if
[11]
diagnosed 48 h after admission .
[11,12]
Infections were defined as follows
: (1) spon
taneous bacteremia; positive blood cultures without
a source of infection; (2) spontaneous bacterial peri
tonitis (SBP): ascetic fluid polymorphonuclear cells >
250/μL with/without a positive fluid culture; (3) lower
respiratory tract infections: new pulmonary infiltrate in
the presence of: (a) at least one respiratory symptom
(cough, sputum production, dyspnea, peluritic pain)
with (b) at least one finding on auscultation (rales
or crepitation) or one sign of infection (core body
temperature > 38 ℃ or < 36 ℃) in the absence of
antibiotics; (4) skin infection: fever with cellulitis; (5)
urinary tract infection (UTI): urine WBC > 15/highpower field with either positive urine Gram stain or
culture in a symptomatic patients; and (6) other
sources of infection; (e.g., intraabdominal abscess,
cholecystitis, secondary peritonitis).
Systemic inflammatory response syndrome (SIRS)
was defined when 2 or more of the following criteria
were present: (1) a core temperature ≥ 38 ℃ or ≤
36 ℃; (2) a heart rate ≥ 90 beats/min; (3) tachypnea
≥ 20 breaths/min or partial carbon monoxide pressure
≤ 32 mmHg or the need of mechanical ventilation;
9
9
and (4) a WBC count ≥ 12 × 10 /L or ≤ 4 × 10 /L
[13]
or > 10% of immature neutrophils . Septic shock
was defined as patients with SIRS plus persistent
[14]
hypotension requiring therapy with vasopressors .
AEA use was defined as an antimicrobial with in vitro
[14]
activity appropriate for the isolated pathogen .
Otherwise, the initial therapy was considered inappro

INTRODUCTION
Bacterial infections are very frequent in patients with
[1]
advanced cirrhosis . Patients with cirrhosis have
altered and impaired immunity, which favors bacterial
translocation, and may explain the high incidence
[2]
of bacterial infection . Patients with cirrhosis are
not only at increased risk of developing bacterial
[3]
infection , but are also at increased risk of death from
bacterial infection compared with individuals without
[4,5]
cirrhosis . Bacterial infection is a major cause of
[6]
death in cirrhosis patients . Therefore, early diagnosis
and treatment of bacterial infection is pivotal in the
[6]
management of these patients . In a heterogeneous
patient population with septic shock, early initiation
of appropriate empirical antibiotic (AEA) therapy was
[7-9]
associated with a higher survival rate . However,
little data exist on the association between AEA use
and outcome in patients with cirrhosis. Therefore, in
this study, we assessed whether AEA use is associated
with survival in cirrhotic patients who developed
bacteremia.

MATERIALS AND METHODS
Study design, setting and participants

A retrospective, historical cohort was identified by
reviewing the database of Sanggye Paik Hospital, Inje
University School of Medicine, Seoul, South Korea,
between January 2008 and December 2011. During
the study period, a total of 114 episodes of bacteremia
were identified. Cirrhosis was defined clinically,
when indicators of cirrhosis were present, including
3
thrombocytopenia (platelet count < 150 × 10 /L),
splenomegaly (by cross-sectional images), ascites
(by cross-sectional images or the use of diuretics for
control of ascites), varices (by upper endoscopy, crosssectional images, or a history of variceal bleeding),
and a cirrhotic liver in cross-sectional imaging studies
[10]
(nodular liver surface or caudate lobe hypertrophy) .
We excluded 12 episodes of bacteremia that were
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1.0

Table 1 Isolated bacteria n (%)

Appropriate empirical antibiotics
0.8
Cummulative survival

n = 102
Gram (+)
Staphylococcus aureus
Coagulase negative staphylococci
Streptococcus species
Enterococcus species
1
Other Gram (+) pathogens
Gram (-)
Escherichia coli
Klebsiella pneumoniae
Pseudomonas aeruginosa
Acinetobacter baumannii
2
Other Gram (-) pathogens

13 (13)
21 (21)
7 (7)
8 (8)
3 (3)

Inappropriate empirical antibiotics

0.4
0.2

16 (16)
18 (18)
3 (3)
5 (5)
8 (8)

0.0

0

10

20
30
Follow-up duration (d)

40

Figure 1 30-d survival rate according to the use of appropriate empirical
antibiotics. The 30-d survival rate was significantly higher in patients treated
with appropriate empirical antibiotics (81.5% vs 56.2%, P = 0.006).

1

Other Gram (+) pathogens were Micrococcus luteus (n = 2), and
Leuconostoc (n = 1); 2Other Gram (-) pathogens were Aeromonas (n = 3),
Citrobacter (n = 1), Flavobacterium (n = 1), Morganella (n = 1), Serratia (n
= 1), Vibrio vulnificus (n = 1).

and hepatitis C (5/72, 6.9%). Four patients had
hepatocellular carcinoma.

priate empirical antibiotics (IEA) therapy.
Multiresistant pathogens were defined as the
following in the current study: extended-spectrum
beta-lactamase-producing bacteria (e.g., Escherichia
coli and Klebsiellan pneumonia) or derepressed
chromosomic AmpC beta-lactamase producing
Enterobacteriaceae (e.g., Enterobacter or Citrobacter
spp), Pseudomonas aeruginosa, Stenotrophomonas
maltophilia, Acinetobacter baumanii, Achromobacter
spp., methicillin-resistant Staphylococus aureus, and
Enterococcus faecium.

Infection type, site, isolated pathogen

Of the 102 episodes of bacteremia, 23 (22.5%) were
community-acquired, 3 (2.9%) were healthcareassociated, and 69 (67.6%) were hospital-acquired.
SIRS was noted in 68 episodes (66.7%). Septic
shock was present in 27 episodes (26.5%). The
most frequent origin of bacteremia was spontaneous
bacteremia (33.3%), followed by SBP (30.4%), UTI
(16.7%), lower respiratory tract infection (8.8%),
soft tissue infection (4.9%), intra-abdominal abscess
(3.0%), cholecystitis (2.0%), and secondary peritonitis
(1.0%). The isolated pathogens are shown in Table 1.

Statistical analysis

The primary endpoint variable was survival at 30 d.
The difference in 30-d survival rate was compared
between patients who received AEA and those who did
not, using the Kaplan-Meier method with the log-rank
test. Cox regression analysis was conducted to identify
factors associated with 30-d mortality. Multivariable
Cox-regression analysis was conducted to determine
the independent factors using variables with P < 0.05
in the univariate analysis. Age and sex were included
in the multivariable model, irrespective of the P value
in the univariable analysis. A P-value < 0.05 was
considered significant. The statistical methods in this
study were reviewed by Dong Hyun Sinn, Samsung
Medical Center, Sungkyunkwan University School of
Medicine, Seoul, Korea.

AEA use and 30-d mortality

The mortality rate at 30-d was 30.4% (31/102
episodes). The 30-day mortality was significantly
lower in patients treated with AEA (18.5% vs 43.8%,
P = 0.006, Figure 1). In the univariable analysis, use
of AEA, Child-Pugh class (C vs A/B), gastrointestinal
bleeding (yes vs no), and presence of septic shock (yes
vs no) were also factors associated with 30-d mortality
(Table 2). Age, sex, multiresistant pathogen, infection
type (hospital- or healthcare-acquired vs communityacquired), and presence of SIRS were not associated
with 30-d mortality. In the multivariable analysis,
Child-Pugh Class (C vs A/B), AEA use, gastrointestinal
bleeding, and presence of septic shock were
independent factors associated with 30-d mortality
(Table 2).

RESULTS
Baseline characteristics

AEA use and 30-d mortality in subgroups

During the study period, 102 episodes of bacteremia
in 72 patients (52 male, 20 female; mean age:
57.6 ± 11.0 years) were identified. Thirty patients
had multiple episodes (range: 2-4) of bacteremia
during the study period. Alcohol was a major cause
of cirrhosis (34/72, 47.2%) followed by hepatitis B
(25/72, 35.7%), non-B, non-C cirrhosis (8/72, 11.1%)

WJG|www.wjgnet.com

P = 0.006

0.6

In subgroup analysis, the 30-d mortality was
significantly higher for no AEA use in patients with
Child-Pugh Class C [66.7% (18/27) vs 30.3% (10/33),
P = 0.005], with SIRS [53.1% (17/32) vs 19.4%
(7/36), P = 0.004], or with septic shock [85.7%
(12/14) vs 30.8% (4/13), P = 0.006]. The 30-d
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Table 2 Factors associated with 30-d mortality
Factors
Age (per years)
Male ( vs female)
Child-Pugh class (C vs A/B)
Multiresistant pathogen
Inappropriate antibiotic use
Gastrointestinal bleeding
Infection type (community vs non-community)
Systemic inflammatory response syndrome
Septic shock

Univariate

P value

1.00 (0.97-1.03)
0.92 (0.42-2.1)
7.93 (2.40-26.1)
1.49 (0.73-3.06)
2.00 (0.97-4.13)
2.12 (1.01-4.43)
0.76 (0.35-1.64)
1.79 (0.77-4.16)
4.26 (2.10-8.66)

0.89
0.84
0.01
0.26
0.06
0.05
0.49
0.17
< 0.01

P value

7.18 (2.07-24.91)

0.002

3.24 (1.50-7.00)
2.92 (1.33-6.38)

0.003
0.007

3.39 (1.56-7.37)

0.002

[15,17,20]

advanced cirrhosis
. Certainly, liver function is an
important predictor in mortality. However, in addition
to liver function, gastrointestinal bleeding, presence of
septic shock, and IEA use were independent factors
associated with mortality in this study. Of these
factors, a modifiable, physician-dependent factor is
AEA use. Indeed, several previous studies have shown
the importance of AEA use in the setting of septic
[7-9,14]
shock
. In line with a previous study in cirrhosis
[14]
patients , we also noted that AEA use was a crucial
component in improving the outcome of cirrhotic
patients with bacteremia.
Generally, intravenous third generation cephalo
sporins are recommended as an empirical antibiotic
[6]
therapy for cirrhotic patients . However, increased
incidences of Gram-positive and drug-resistant
organisms have been reported, particularly in hospitalacquired infections and in patients receiving quinolone
[21]
prophylaxis . Nosocomial infection is a well-known
predictor of multiresistant bacteria, along with longterm norfloxacin prophylaxis, recent infection by
multiresistant bacteria, and recent use of beta[22]
lactams . Hospitalized patients with cirrhosis have
[23]
the highest risk of developing infections , and
secondary infections that develop in a hospital setting
[11]
are a predictor of mortality in cirrhotic patients .
We also observed that IEA use was mainly due to
multiresistant pathogens, mainly in the setting of
hospital-acquired or healthcare-related infection.
Although the data are limited by being a retrospective
study with a small sample size, they demonstrate the
importance of AEA use on the outcome of cirrhotic
patients with bacteremia. The impact of AEA on survival
of patients with bacteremia was significant, especially
those with Child-Pugh Class C, SIRS, or septic shock.
IEA use was mainly due to multiresistant pathogens.
Strategies for AEA use, tailored according to the local
epidemiological patterns, are needed to improve
survival of cirrhotic patients with bacteremia.

mortality was also higher in Child-Pugh Class A/B
[14.3% (3/21) vs 0% (0/21), P = 0.23], in patients
without SIRS [25.0% (4/16) vs 16.7% (3/18), P =
0.68], and in patients without septic shock [26.5%
(9/34) vs 14.6% (6/41), P = 0.25], although the
difference was not statistically significant.

Factors associated with AEA use

IEA use was much higher in hospital-acquired infection
(55.1%, 38/69) and healthcare-associated infection
(66.7%, 2/3) than in community-acquired infection
(26.7%, 8/30, P = 0.02). IEA use was also much
higher when the isolated organism was a multiresistant
pathogen [80.0%, (36/45) vs 21.1%, (12/57), P =
0.01], but was not different according to infection site,
presence of SIRS, septic shock, or Child-Pugh Class.

DISCUSSION
In this study, the 30-d mortality rate in cirrhotic
patients with bacteremia was 30.4%. The independent
predictors for mortality were liver function (ChildPugh Class C), gastrointestinal bleeding, presence of
septic shock, and IEA use. IEA use was significantly
associated with mortality, especially for patients with
poor liver function (Child-Pugh class C), with SIRS or
with septic shock. The major reason for IEA use was
a multiresistant pathogen, usually in the setting of
hospital-acquired or healthcare-associated infection.
Patients with liver cirrhosis are known to have
[15]
impaired immunity and are predisposed to infection .
Furthermore, when infections develop, they are
[16]
known to increase mortality 4-fold in these patients .
Compared to non-cirrhotic patients, cirrhotic patients
showed poor prognosis in community-acquired
[17,18]
[19]
bacteremia
, community-acquired pneumonia ,
[5]
and any bacteremia . In this study, we also observed
a high mortality rate in our series (30.4%) when
cirrhotic patients developed bacteremia. In this
study, advanced liver disease (Child-Pugh Class C)
was found to be an independent prognostic factor
for mortality, indicating the importance of underlying
liver function as a prognostic marker. Consistent
with our finding, several studies also showed that
fatal outcomes were more frequent in patients with
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association between appropriate empirical antibiotic (AEA) use and outcome in
patients with cirrhosis.
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Abstract
AIM: To assess the efficacy and safety of a modified
topical formalin irrigation method in refractory hemor
rhagic chronic radiation proctitis (CRP).
METHODS: Patients with CRP who did not respond
to previous medical treatments and presented with
grade II-III rectal bleeding according to the Common
Terminology Criteria for Adverse Events were enrolled.
Patients with anorectal strictures, deep ulcerations,
and fistulas were excluded. All patients underwent
flexible endoscopic evaluation before treatment. Patient
demographics and clinical data, including primary
tumor, radiotherapy and previous treatment options,
were collected. Patients received topical 4% formalin
irrigation in a clasp-knife position under spinal epidural
anesthesia in the operating room. Remission of rectal
bleeding and related complications were recorded.
Defecation, remission of bleeding, and other symptoms
were investigated at follow-up. Endoscopic findings in
patients with rectovaginal fistulas were analyzed.
RESULTS: Twenty-four patients (19 female, 5 male)
with a mean age of 61.5 ± 9.5 years were enrolled.
The mean time from the end of radiotherapy to the
onset of bleeding was 11.1 ± 9.0 mo (range: 2-24 mo).
Six patients (25.0%) were blood transfusion dependent.
The median preoperative Vienna Rectoscopy Score
(VRS) was 3 points. Nineteen patients (79.2%) received
only one course of topical formalin irrigation, and five
(20.8%) required a second course. No side effects
were observed. One month after treatment, bleeding
cessation was complete in five patients and obvious in
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[10-14]

14; the effectiveness rate was 79.1% (19/24). For longterm efficacy, 5/16, 1/9 and 0/6 patients complained of
persistent bleeding at 1, 2 and 5 years after treatment,
respectively. Three rectovaginal fistulas were found at
1 mo, 3 mo and 2 years after treatment. Univariate
analysis showed associations of higher endoscopic VRS
and ulceration score with risk of developing rectovaginal
fistula.

guided placement of formalin-soaked gauze
.
Formalin acts only on the superficial mucosa, which
results in rapid deterioration of mucosal blood flow and
[3,15,16]
superficial coagulation necrosis
.
Despite the efficacy, high complication rates after
formalin application have been reported, such as anal
[17]
pain, rectal stricture, and incontinence . De Parades
[18]
et al
conducted a prospective study and suggested
that formalin should be used carefully in cases of
radiation-induced anorectal stricture, previous anal
incontinence, and anal cancer. Is it not clear if topical
formalin application causes local ischemia of the rectal
wall that results in complications such as stricture and
fistulas. There are no studies evaluating the safety
of application methods, or identifying which patients
may not be suitable for this treatment. Therefore, we
conducted a retrospective study of patients treated for
refractory hemorrhagic CRP, with a focus on improving
the safety and reducing the complications of formalin
irrigation.

CONCLUSION: Modified formalin irrigation is an
effective and safe method for hemorrhagic CRP, but
should be performed cautiously in patients with a high
endoscopic VRS.
Key words: Chronic radiation proctitis; Efficacy; Rectal
bleeding; Safety; Topical formalin irrigation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The study describes a modified topical formalin
irrigation procedure that was well tolerated with longterm effectiveness for refractory hemorrhagic chronic
radiation proctitis. The method focused on improving
safety and reducing complications. The advantages of
the procedure were as follows: protection of internal
sphincter (spinal epidural anesthesia and the claspknife position provide full anal dilatation instead of
dilatation by an anal retractor); protection of proximal
normal colonic mucosa (Foley catheter inserted into
the proximal sigmoid cavity to prevent damage from
formalin backflow); targeting of the lesion area; and
well-controlled volume and irrigation time.

MATERIALS AND METHODS
Patient selection and data collection

Patients receiving a modified method of topical
formalin irrigation for refractory hemorrhagic CRP
between August 2007 and November 2013 at the
Sixth Affiliated Hospital of Sun Yat-Sen University
were enrolled. Exclusion criteria were: (1) patients
with large ulcers, mucosal necrosis, or stricture
[Vienna Rectoscopy Score (VRS): 4-5 points] due to
increased risk of perforation; (2) patients with lifethreatening or mild bleeding that could be controlled
by medical treatment; (3) patients allergic to formalin;
and (4) patients with relapse of a primary tumor.
All patients enrolled had grade II-III rectal bleeding
according to the Common Terminology Criteria
[19]
for Adverse Events (CTCAE) 4.0 , and had not
responded to previous medical treatment such as
topical corticosteroids, sucralfate, and 5-aminosalicylic
acid. Data encompassing general characteristics,
treatment details of the primary malignancy, clinical
and endoscopic evaluations, details of topical formalin
irrigation, change in rectal bleeding, and potential
complications were collected. The study was approved
by the Ethical Committee of the Sixth Affiliated Hospital
of Sun Yat-Sen University and met the guidelines of
the local responsible governmental agency. Due to the
retrospective nature of the study, informed consent
was waived.

Ma TH, Yuan ZX, Zhong QH, Wang HM, Qin QY, Chen
XX, Wang JP, Wang L. Formalin irrigation for hemorrhagic
chronic radiation proctitis. World J Gastroenterol 2015;
21(12): 3593-3598 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3593.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3593

INTRODUCTION
Radiotherapy is an essential treatment modality for
pelvic malignancies such as gynecological, rectal and
prostate cancer. However, chronic radiation proctitis
(CRP) is a common and severe complication in these
patients, with 29%-51% developing rectal hemorrhage
[1,2]
following pelvic radiotherapy
. The underlying
causes for this type of complication include endarteritis
[3,4]
obliterans and progressive submucosal fibrosis .
[2,5-9]
Refractory hemorrhagic CRP is difficult to manage
,
but previous successful experience in treating cystitis
[10]
has led to the use of formalin as a treatment option .
Topical formalin application has been extensively
studied, and most results show that it is a simple, safe
and effective way to treat hemorrhagic CRP. Formalin
can be applied by direct instillation or by endoscopy-
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Procedures

All patients received flexible endoscopic evaluation
before formalin irrigation and were scored according
[20]
to VRS criteria
(Table 1). A 30-min water enema
was performed, and patients then received topic
formalin irrigation in a clasp-knife position under spinal
epidural anesthesia in the operating room. First, a
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Table 1 Vienna rectoscopy score of endoscopic findings for hemorrhagic chronic radiation proctitis
Score
0
1
2
3
4
5

Congested mucosa

Telangiectasia

Ulceration

Stricture

Necrosis

Focal reddening
Diffuse, nonconfluent
Diffuse confluent
Any
Any
Any

None
Single
Multiple, nonconfluent
Multiple, confluent
Any
Any

None
None
None
Micro-ulceration, superficial, < 1 cm2
Superficial, > 1 cm2
Deep ulceration, fistula, perforation

None
None
None
None
> 2/3 regular diameter
≤ 2/3 regular diameter

None
None
None
None
None
Any

The highest grade of any one parameter qualifies for the attribution to one of the given score levels regardless of the grade achieved in any other parameter.

of formalin irrigation was determined 1 mo after
treatment.

Table 2 Patient demographics n (%)
Characteristic
Age, yr
Sex, female/male
Primary cancer
Cervical
Endometrium
Prostatic
Rectal
Cervical and ovarian
Total irradiation dosage1, Gy
Concomitant chemotherapy
History of abdominopelvic operation
History of acute radiation proctitis
Time from the end of radiotherapy to bleeding, mo
Duration of bleeding, mo
Grade of bleeding, CTCAE v 3.0
Ⅱ
Ⅲ
Preoperative hemoglobin, g/L
Transfusion dependent
Preoperative VRS

Value

Statistical analysis

61.5 ± 9.5
19/5

All statistical analyses were performed using SPSS
version 20 (IBM Corp., Armonk, NY, United States).
The Shapiro-Wilk test was used to evaluate the
normality of continuous variables. Student’s t test was
used to assess normally distributed data (presented
as mean ± sd), and a Wilcoxon rank-sum test was
performed to assess non-normal distributions (data
2
presented as median and range). Pearson’s χ test was
performed to compare categorical variables. Two-sided
P < 0.05 was considered as statistically significant.

15 (62.5)
3 (12.5)
3 (12.5)
2 (8.3)
1 (4.2)
75 (44-97)
13 (54.2)
13 (54.2)
19 (79.2)
11.1 ± 9.0
10.6 ± 8.0

RESULTS

20 (83.3)
4 (16.7)
107.6 ± 16.4
6 (25.0)
3 (1-5)

Demographics

Thirty-one patients were initially enrolled. Twentyfour patients were followed-up for a median 20 mo
(Table 2); seven patients did not complete follow-up
evaluation (survival status unknown). Primary tumors
included cervical, endometrial, prostatic, rectal and
ovarian cancer. Patients with gynecological cancer
received external radiotherapy, intracavity irradiation,
or both. Patients with prostate or rectal cancer
received external radiotherapy or intensity-modulated
radiotherapy.
Ten patients (41.7%) had other symptoms such as
abdominal pain, anal pain, fecal urgency, tenesmus,
or diarrhea. The linear extent of proctitis was 3-15 cm
from the anal verge. Thirteen patients (54.2%) had
proximal proctitis change below 7 cm: 11 patients
had distal proctitis and associated sigmoiditis was
observed in two patients (20 cm from the anal verge).
All patients received medical treatments for bleeding
such as topical corticosteroids (n = 10), sucralfate (n
= 15), hemostatics (n = 18), and traditional Chinese
medicine (n = 10). No patients were on anticoagulant
treatment. No recurrence or metastasis was found for
primary pelvic malignancies during follow-up.

1

Data from 15 patients (9 received radiotherapy in other centers). VRS:
Vienna rectoscopy score.

Foley catheter was inserted into the proximal sigmoid
cavity to prevent formalin backflow. Then, 10-20
ml 4% formalin was topically irrigated towards the
rectal hemorrhagic surface of the mucosa under direct
observation for 0.5-3.0 min until bleeding ceased. A
semicircular anal speculum was used to protect the
normal mucosa, superficial ulceration, and the anal
canal. Finally, water was injected to wash out the
remaining formalin. This procedure could be repeated
after 1 wk in the absence of obvious cessation of
bleeding.

Follow-up

Patients were followed-up by telephone after 1, 3 and
6 mo, and then every year for 5 years after treatment.
Defecation was evaluated via patients’ descriptions
at follow-up regarding stool frequencies, existence of
tenesmus, fecal incontinence (or sanitary pad use),
constipation, and anal pain. Other data recorded
included: remission of bleeding (defined as complete
cessation, partial remission, unchanged, or worsened),
other symptomatic complaints, and subsequent
treatments after formalin application. The efficacy

WJG|www.wjgnet.com

Modified topical formalin irrigation

Topical formalin irrigation was performed on 20
patients in a clasp-knife position under spinal epidural
anesthesia, and four patients were treated in the
lithotomy position under general or regional anesthesia
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Table 3 Demographic and clinical parameters of three patients
with rectal fistulas after topical formalin irrigation

Table 4 Univariate analysis of endoscopic findings after
topical formalin irrigation

Parameter

Case 1

Preoperative VRS score
5
Preoperative ulcer score
3
Formalin concentration
4%
Time of formalin exposure
30 s
Courses of formalin irrigation
1
Postoperative VRS score
Unknown
Time from the end of radiotherapy to
3
fistula formation, mo
Therapy for rectal fistula
Diversion

Case 2

Case 3

Variable

5
2
4%
1 min
1
5
20

4
2
4%
2 min
1
5
1

VRS scores
Friable mucosa
Telangiectasis
Ulcer
Necrosis

Without fistula

P value1

5 (4-5)
1 (0-1)
2 (1-2)
0 (0-5)
0 (0-5)

3 (1-5)
1 (0-3)
2 (1-3)
4 (0-5)
0 (0-5)

0.012
0.374
0.231
0.022
0.556

1

Wilcoxon rank sum test; data are presented as median (range).

Parks
Parks
operation operation

[23]

results . Endoscopic treatment with argon plasma
coagulation (APC) is an effective and popular option
for patients with refractory hemorrhagic CRP;
however, it can result in rectal ulceration, stricture,
[10]
bowel perforation, and RVF . In our clinical center,
we used APC for several patients with hemorrhagic
CRP. The results were satisfactory for patients with
limited lesion surface areas, but for patients with
massive areas of telangiectasia, complications such
as anal pain, tenesmus and rectal stricture were
observed.
Topical application of formalin is considered a safe
and effective treatment for hemorrhagic CRP, with
comparable efficacy and fewer complications than
[24]
APC . In this study, modified formalin irrigation was
effective in 79.1% of patients after 1 mo, which is
[10,12-14,25,26]
similar to previous studies
. In our series,
18 (75.0%) patients reported rapid reduction in rectal
bleeding at 2 d after treatment. Endoscopic findings
revealed decreased severity of telangiectasia, reflecting
the reduction of mucosal blood flow after formalin
irrigation. Furthermore, bleeding only persisted in one
patient after 2 years. However, resolution of rectal
bleeding cannot be entirely attributed to formalin
irrigation, because it may reduce spontaneously when
[27]
the fibrosis of the rectal wall progresses .
With an emphasis on safety, we modified the
formalin irrigation procedure, resulting in a low rate of
[17,18,28]
complications compared with previous studies
.
The modified method protects the internal sphincter;
spinal epidural anesthesia and the clasp-knife position
provided full anal dilatation rather than violent
dilatation by an anal retractor. The proximal normal
colon mucosa is also protected from formalin backflow
by insertion of a Foley catheter, which can reduce
risks of colitis and peritonitis. We used a semicircular
anal speculum for visual formalin irrigation, therefore,
the lesion could be directly targeted, thus preventing
damage to the normal rectal mucosa, superficial
ulcerations, anal canal, and perianal skin. The volume
and time of irrigation are well controlled, thus further
reducing the risk of unintended damage. Although
three patients developed RVF, these may have been a
result of the natural progression of CRP. Our analysis
shows that high endoscopic VRS and high ulceration
score are associated with risk of RVF. Therefore,

VRS: Vienna rectoscopy score.

because they could not tolerate a clasp-knife position
due to their age. The duration of irrigation was 2 min
for the majority (n = 19) of procedures, and ranged
from 30 s to 5 min. All but one of the procedures were
performed with 4% formalin (2% was used in 1 case).
Nineteen patients received only one course of topical
formalin irrigation, and five required a second course.
No adverse effects were reported after treatment.

Efficacy of formalin irrigation

One month after treatment, five patients showed
complete cessation of bleeding, 14 presented only
minor bleeding, and five still had bleeding, for a
79.1% (19/24) effectiveness rate. Three months after
treatment, 6/22 patients presented with bleeding.
One year after treatment, 5/16 patients complained of
persistent bleeding, which was reduced to 1/9 patients
and 0/6 patients at 2 and 5 years after treatment,
respectively.

Rectovaginal fistulas and associated endoscopic
findings

A total of three rectovaginal fistulas (RVFs) were
reported at 1, 3 and 2 years after treatment (Table
3). Surgical interventions were conducted for these
patients, including fecal diversion (n = 1) and Parks’
operation (a sphincter-saving operation involving
resection of the rectum and perianal anastomosis of
[21]
healthy colon to the anal canal)
(n = 2). Univariate
analysis of endoscopic findings showed that a higher
VRS and ulceration score were significantly related to
risk of RVF (P < 0.05) (Table 4).

DISCUSSION
The incidence of radiation proctitis after radiotherapy
[22]
for pelvic malignant tumors ranges from 5% to 20% .
Rectal bleeding is the most common symptom, and
refractory bleeding is problematic. To help control rectal
bleeding in CRP patients, sucralfate, 5-aminosalicylic
acid, metronidazole, steroids and fatty acids have
been used, albeit with inconsistent and unsatisfactory
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we suggest that formalin irrigation should be more
cautiously performed in these patients. Whether
formalin damages the deep rectal wall remains an
[18]
open question .
There were several limitations to this study that
may have produced potential bias, including the
retrospective nature of the study, small sample
size, and empirical therapy. Additional prospective
randomized controlled trials are therefore needed to
confirm the efficacy and safety of this method.
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Background

Chronic radiation proctitis (CRP) occurs in 5%-20% of patients receiving
radiotherapy for pelvic malignant tumors such as cervical and prostatic cancer.
The most common symptom is rectal bleeding, which is difficult to manage.
Medical and endoscopic treatments have been tried, with unsatisfactory results.
Argon plasma coagulation (APC) is a popular and effective option for CRP, but
results in complications. Thus, it is critical to introduce new treatment options to
reduce potential complications.

9

10

Research frontiers

Recently, different methods utilizing formalin for hemorrhagic CRP have been
reported, including direct instillation and endoscopy-guided insertion of formalinsoaked gauze, with efficacy comparable to that of APC. However, these
methods still result in complications. In this study, a new method is presented
for application of formalin with improved safety and few complications.

11

Innovations and breakthroughs

12

In this series, a modified method of topical 4% formalin irrigation was introduced
and shown to be effective and well tolerated for refractory hemorrhagic CRP.
This procedure offers protection of the internal sphincter and proximal normal
colon mucosa, and targets the lesion area with well-controlled irrigation volume
and time.

13

Applications

By improving the safety of topical formalin irrigation and targeting the CRP
lesion, complications such as anal pain, rectal stricture, and incontinence
can be reduced. Moreover, the efficacy for controlling rectal bleeding can be
enhanced, and thus improve quality of life.

14

Terminology

The underlying causes of CRP are endarteritis obliterans and progressive
submucosal fibrosis due to radiotherapy. Formalin acts on the superficial
mucosa of the rectum and results in the rapid deterioration of mucosal blood
flow, which leads to superficial coagulation necrosis to resolve bleeding.

15

Peer-review

This is an important experience for what is sometimes a difficult problem.
The method of application is repeated 3 times in the text (abstract, methods
and in the discussion). Installation or irrigation may be more appropriate then
application for the technique. Other treatment options like endoscopic plasma
coagulation should be discussed.
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AIM: To investigate whether transarterial chem
oembolization (TACE) before liver transplantation (LT)
improves long-term survival in hepatocellular carcinoma
(HCC) patients.
METHODS: A retrospective study was conducted
among 204 patients with HCC who received LT from
January 2002 to December 2010 in PLA General
Hospital. Among them, 88 patients received TACE
before LT. Prognostic factors of serum α-fetoprotein
(AFP), intraoperative blood loss, intraoperative blood
transfusion, disease-free survival time, survival time
with tumor, number of tumor nodules, tumor size,
tumor number, presence of blood vessels and bile duct
invasion, lymph node metastasis, degree of tumor
differentiation, and preoperative liver function were
determined in accordance with the Child-TurcottePugh (Child) classification and model for end-stage
liver disease. We also determined time of TACE
before transplant surgery and tumor recurrence and
metastasis according to different organs. Cumulative
survival rate and disease-free survival rate curves were
prepared using the Kaplan-Meier method, and the log2
rank and χ tests were used for comparisons.
RESULTS: In patients with and without TACE before
LT, the 1, 3 and 5-year cumulative survival rate was
70.5% ± 4.9% vs 91.4% ± 2.6%, 53.3% ± 6.0% vs
83.1% ± 3.9%, and 46.2% ± 7.0% vs 80.8% ± 4.5%,
respectively. The median survival time of patients with
and without TACE was 51.857 ± 5.042 mo vs 80.930 ±
2
3.308 mo (χ = 22.547, P < 0.001, P < 0.05). The 1, 3
and 5-year disease-free survival rates for patients with
and without TACE before LT were 62.3% ± 5.2% vs
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98.9% ± 3.0%, 48.7% ± 6.7% vs 82.1% ± 4.1%, and
48.7% ± 6.7% vs 82.1% ± 4.1%, respectively. The
median survival time of patients with and without TACE
before LT was 50.386 ± 4.901 mo vs 80.281 ± 3.216
2
mo (χ = 22.063, P < 0.001, P < 0.05). TACE before
LT can easily lead to pulmonary or distant metastasis
of the primary tumor. Although there was no significant
difference between the two groups, the chance of
metastasis of the primary tumor in the group with TACE
was significantly higher than that of the group without
TACE.

[3-10]

ablation (RFA)
. Some researchers propose that
TACE before LT can help patients meet the strict
Milan criteria and thus prolong postoperative long[11]
term survival . However, other researchers propose
that it is inappropriate to perform adjuvant treatment
before LT for patients with HCC because spread and
[12,13]
metastasis may occur at the liver puncture site
. It
has also been reported that incomplete local treatment
may cause sarcomatous changes in patients with
[14]
[15]
HCC . Kim et al
reported that treatment before
LT has a significant impact on the prognosis if the
volume ratio of the active tumor is > 10%. Wong et
[16]
al
reported that the chance of necrosis was < 75%
in five patients, due to local/non-local recurrence, and
the use of RFA, TACE, or cisplatin gelatin injection.
In China, the tumor volume in the vast majority of
patients with HCC already exceeds the Milan criteria
when they receive treatment. Also, these patients
always have a long-term history of liver cirrhosis, and
varying degrees of portal hypertension symptoms are
also seen in some patients. For such patients, there
is still no consensus about whether it is necessary to
adopt adjuvant therapy, such as TACE, which is more
commonly used in China before transplantation. Thus,
a retrospective analysis was carried out to assess the
influence of preoperative TACE on long-term survival
rates in liver transplant patients.

CONCLUSION: TACE pre-LT for HCC patients increased
the chances of pulmonary or distant metastasis of the
primary tumor, thus reducing the long-term survival
rate.
Key words: Liver transplantation; Hepatocellular car
cinoma; Transarterial chemoembolization; Long-term
survival rate; Disease-free survival rate
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hepatocellular carcinoma (HCC) has a high
prevalence in China. Patients always have a long-term
history of liver cirrhosis, varying degrees of portal
hypertension symptoms, and the tumor volume exceeds
the Milan criteria when they receive treatment. Whether
it is necessary to adopt transarterial chemoembolization
(TACE), which is more commonly used in China pretransplantation, when the patients in waiting state. This
study assessed the influence of preoperative TACE on
long-term survival in liver transplantation (LT). TACE
pre-LT in patients with HCC increased the chances of
pulmonary or distant metastasis of the primary tumor,
thus reducing long-term survival.

MATERIALS AND METHODS
Clinical data

We analyzed retrospectively 204 patients with HCC and
cirrhosis receiving LT from January 2002 to December
2010.

Patients constitution

Two hundred and four patients met the inclusion
criterion, 180 male and 24 female, with ages ranging
from 31 to 68 years [average: 50 (50.23 ± 7.88)
years]. There were 88 and 116 patients in the groups
with and without TACE, respectively. The duration of
follow-up was 96 mo with a follow-up rate of 100%.
All donors made voluntary donations, including 155
cases of cardiac death and 49 living donors. No donor
was a condemned donor. The PLA General Hospital
Ethics Committee reviewed and supervised the entire
donation process to ensure compliance with these
requirements.

Li HL, Ji WB, Zhao R, Duan WD, Chen YW, Wang XQ, Yu Q,
Luo Y, Dong JH. Poor prognosis for hepatocellular carcinoma
with transarterial chemoembolization pre-transplantation:
Retrospective analysis. World J Gastroenterol 2015; 21(12):
3599-3606 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3599.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3599

INTRODUCTION
About 600000 people die of hepatocellular carcinoma
(HCC) annually, making it one of the most common
[1]
malignancies worldwide . Only about 10%-30% of
[2]
patients have the opportunity for surgery , which is
mainly liver resection and liver transplantation (LT).
There is considerable controversy about whether
liver transplant patients in the waiting period should
receive other adjuvant therapy, such as transarterial
chemoembolization (TACE) and radiofrequency
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Preoperative examination

Preoperative diagnosis of HCC relied on imaging exam
inations such as ultrasound, computed tomography (CT)
and enhanced nuclear magnetic resonance imaging
(MRI). All patients received radionuclide bone scans,
chest CT, and/or positron emission tomography-CT
examinations to exclude extrahepatic metastases.
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Inclusion criteria

+ MMF + Pred) were used as the main postoperative
regimens. Intravenous infusion of hepatitis B immu
noglobulin, combined with oral administration of
lamivudine and other antiviral drugs, was adopted
after surgery to prevent any recurrence of hepatitis B.

Patients who had no lung or abdominal metastases
or lymph node metastasis, as determined by chest
and abdominal CT or MRI examination; patients who
had no metastases, as determined by whole-body
bone scan; patients whose HCC was confirmed by
postoperative pathology; and patients who had longterm follow-up.

TACE before LT

Femoral artery puncture was carried out according to
the Seldinger method. A catheter was inserted into the
target vessel branches (usually the hepatic or superior
mesenteric artery and other arteries) for imaging to
determine the location, size, number, and artery of
the tumor. After catheter infusion chemotherapy, a
vessel was inserted to the supplying arteries (proper
hepatic artery, left and right hepatic artery, or branch
artery) of the tumor, and iodized oil, chemotherapy
drug suspensions, and gelatin sponge were injected
for thrombosis.

Exclusion criteria

Patients who had serious perioperative complications
or died, and patients who died of non-liver-related
diseases.

Patient information

Clinical data included age (years), serum α-fetoprotein
(AFP), blood loss, intraoperative blood transfusion,
disease-free survival time, and survival time with
tumor. AFP was divided into four groups: normal
range ≤ 20 ng/L, 20-400 ng/L, 400-1000 ng/L,
and > 1000 ng/L. Tumor size was divided into
three groups: meeting the Milan criteria (≤ 5 cm),
complying with the UCSF criteria (5-8 cm), and
beyond the UCSF criteria (≥ 8 cm). The degree of
tumor differentiation was in accordance with the
Edmondson grade: level Ⅰ was highly differentiated
(G1); Ⅱ and Ⅲ were moderately differentiated (G2);
and Ⅳ was low differentiation (G3). Grades Ⅰ and
Ⅱ were classified as well-differentiated, and Ⅲ and
Ⅳ as poorly differentiated. Numbers of lesions,
determined on the basis of preoperative CT, MRI, and
pathological examinations, were divided into single
and multiple groups. Preoperative liver function was
determined in accordance with the Child classification
and the model for end stage liver disease (MELD).
Based on time of TACE from transplant surgery, the
patients were divided into three groups: ≤ 1 mo,
1-3 mo, and ≥ 3 mo. Survival state was divided
into live and dead groups. Liver surgery was divided
into whole liver transplantation and living donor
transplantation groups. The patients were divided into
tumor recurrence and no tumor recurrence groups.
According to postoperative complications, patients
were divided into four groups: no complications, biliary
complications, vascular complications, and infection.
Tumor recurrence and metastasis were divided
according to different organs: liver, lung and bone.

Follow-up

All patients were followed up after surgery. Methods
of follow-up included inpatient and outpatient followup and telephone calls. Liver transplant patients were
checked monthly in the first 6 mo, and then every
2 mo in the second 6 mo. After that, patients were
examined every 3-6 mo. The patient’s condition
changes were recorded, and routine examinations
of blood, liver and kidney function, blood drug
concentrations, and qualitative and quantitative
examination of hepatitis B virus were performed.
Tumor recurrence and metastasis were monitored by
AFP, CT, color Doppler ultrasound, chest radiography,
whole-body bone ECT, and other tests. The time and
location of tumor recurrence and the time and cause of
death were recorded.

Statistical methods

Measurement data are presented as mean ± SD
2
or median, and the t test or χ test was used for
comparisons between the groups. Survival analysis
was performed using the Kaplan-Meier method, and
the log-rank test was used to compare the survival
probability. The cumulative survival rate was expressed
as rate ± SE, and P < 0.05 was considered to indicate
a significant difference. SPSS version 16.0 (SPSS,
Chicago, IL, United States) was used.

RESULTS

Liver resection and tumor histopathological evaluation

Patient data

Numbers of tumor nodules, tumor size, tumor number,
presence of blood vessels and bile duct invasion, and
lymph node metastasis were determined. Tumor grade
was determined according to the standard Edmondson
classification. For multiple tumors, total tumor
diameter was the maximum diameter of each tumor.

Basic data for the 204 cases are shown in Table 1.
There were 88 cases with preoperative TACE and
116 without preoperative TACE. The basic data of the
two groups were similar. There was no statistically
significant difference between age, Child classification
or MELD score, AFP values, intraoperative blood loss,
or intraoperative autotransfusion between the groups.
However, disease-free survival time and survival
time with tumor between the two groups did show

Postoperative immunosuppressive and other therapies

Cyclosporine A + mycophenolate mofetil + methylpre
dnisolone (CsA + MMF + Pred) and tacrolimus (FK506

WJG|www.wjgnet.com
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Table 1 Statistical data of the groups with and without
preoperative transarterial chemoembolization
Demographics
Age (yr)
Child
MELD
IBL (mL)
IOA (mL)
AFP (ng/L)
Disease-free
survival time
(mo)
Survival time
with tumor (mo)

TACE
(n = 88)

No TACE
(n = 116)

t

Table 3 Postoperative pathological data for the two groups
of patients

P value

Variables and
stratification

49.34 ± 8.06
50.90 ± 7.70
-1.401
0.163
7.33 ± 2.69
7.23 ± 2.46
0.267
0.789
8.36 ± 7.16
8.07 ± 5.74
0.324
0.747
2944.32 ± 4008.34 2528.79 ± 2681.56 0.886
0.377
1910.34 ± 2902.87 1539.53 ± 2532.91 0.972
0.332
3439.08 ± 6623.56 1922.59 ± 5180.01 1.835
0.068
20.77 ± 17.52
32.79 ± 22.63
-4.131 < 0.001a

1.88 ± 3.10

0.68 ± 2.10

3.278

Tumor size
Within Milan criteria
Within UCSF criteria
Beyond UCSF criteria
Vascular invasion
No
Yes
Tumor Edmondson grade
Well-moderate
Moderate-poor
Number of tumors
Solitary
Multiple

0.001a

a

P < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization;
Child: Child-Turcotte-Pugh classification; MELD: Model for end-stage
liver disease; AFP: α-fetoprotein; IBL: Intraoperative blood loss; IOA:
Intraoperative autotransfusion.

Sex
Male
Female
MELD
< 15
15-25
> 25
Child
A
B
C
Operation method
CDLT
LDLT
AFP
< 20
≤ 400
400-1000
> 1000
Tumor recurrence
No
Yes
Complications
No
Complication of bile
duct
Complication of vessel
Infection

TACE
(n = 88)

No TACE
(n = 116)

79
9

101
15

80
5
3

104
12
0

56
14
18

77
18
21

71
17

84
32

21
22
18
27

47
38
9
22

46
42

96
20

66
8

97
9

7
7

6
4

χ2

0.553

5.269

0.072

0.207

0.902

1.874

0.171

14.141

0.003a

21.983

< 0.001a

3.064

0.382

70
24
22

48
40

90
26

57
31

87
29

38
50

82
34

P value

6.569

0.037a

12.138

< 0.001a

2.521

0.112

15.632

< 0.001a

significant differences (P < 0.05). The differences
in sex, MELD score, Child classification, surgical
approach, and postoperative complications between
the two groups were not significant (P > 0.05). The
results are shown in Table 2.

Postoperative pathological data

Postoperative pathological data for the two groups
of patients are shown in Table 3. Tumor size was
divided into three groups: meeting the Milan criteria
(≤ 5 cm), complying with the UCSF criteria (5-8 cm),
and beyond the UCSF criteria (≥ 8 cm). The degree
of tumor differentiation was in accordance with the
Edmondson grade: a moderate-high differentiation
group and a moderate-low differentiation group; the
two groups showed no significant difference (P > 0.05).
The size, number, and vascular invasion in the two
groups showed significant differences (P < 0.05).

Influence of TACE before LT on long-term and diseasefree survival

The 1, 3 and 5-year cumulative survival rates of the
patients with TACE before LT were 70.5% ± 4.9%,
53.3% ± 6.0%, and 46.2% ± 7.0%, respectively,
while for patients without TACE treatment before LT,
they were 91.4% ± 2.6%, 83.1% ± 3.9%, and 80.8%
± 4.5%, respectively. The median survival times of the
patients with and without TACE before LT were 51.857
2
± 5.042 and 80.930 ± 3.308 mo, respectively (χ =
22.547, P < 0.001, P < 0.05), and the cumulative
survival curves are shown in Figure 1. The 1, 3 and
5-year disease-free survival rates of the patients
with TACE before LT were 62.3% ± 5.2%, 48.7%
± 6.7%, and 48.7% ± 6.7%, respectively, while for
patients without TACE treatment before LT, they were
98.9% ± 3.0%, 82.1% ± 4.1%, and 82.1% ± 4.1%,
respectively, and cumulative disease-free survival
curves are shown in Figure 2. The median survival
times of patients with and without TACE treatment

a

P < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization;
Child: Child-Turcotte-Pugh classification; MELD: Model for endstage liver disease; AFP: α-fetoprotein; CDLT: Cadaveric donor liver
transplantation; LDLT: Living donor liver transplantation.

significant differences (P < 0.05).

Categorical data between the groups with and without
preoperative TACE

Tumor recurrence and AFP in the two groups showed
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38
22
28

χ2

P < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization.

P value

0.352

No TACE
(n = 116)

a

Table 2 Categorical data of the groups with and without
preoperative transarterial chemoembolization treatment
Variables and stratification

TACE
(n = 88)
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1.0

Table 4 Comparison of the groups with and without
transarterial chemoembolization treatment at different times
from the liver transplantation

0.8
Cumulative survival

P value

16
15
31

0.001a
0.002a
< 0.001a

≤ 1 mo 1-3 mo ≥ 3 mo

0.6
Milan criteria
UCSF criteria
BUCSF criteria

0.4
TACE

0.0
0

20

40

60

80

2
1
8

1
1
9

8
7
5

5
6
9

a

P < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization.

Yes
No
Yes - censored
No - censored

0.2

patients were divided into three groups: ≤ 1, 1-3 and
≥ 3 mo. As seen in Table 4, the results showed that
the groups with and without TACE treatment showed
significant differences (P < 0.05).
Tumor recurrence and metastases were divided
according to different organs: liver, lung and bone,
and multiple metastases. The results showed that for
2
the groups beyond USCF with and without TACE, χ =
10.459, P = 0.015 and P <0.05, respectively, while for
the groups meeting the Milan criterion and USCF with
and without TACE treatment, there was no significant
difference (P > 0.05). As seen in Table 5, the number
of cases with pulmonary and distant metastasis in
the TACE groups was higher than that of the groups
without TACE.

100

t /mo

Figure 1 Cumulative survival curves of patients plotted using the KaplanMeier method. Green line: Cumulative survival curve of the 116 patients
with TACE before LT; Blue line: Cumulative survival curve of the 88 patients
without TACE before LT. The cumulative survival rates of the two groups
showed a significant difference (P < 0.05, log-rank test). TACE: Transarterial
chemoembolization; LT: Liver transplantation.

1.0

0.8
Cumulative survival

2

No TACE χ

TACE

DISCUSSION

0.6

LT as a curative and effective therapy for HCC can
remove the tumor and cirrhosis of the liver tissue
and avoid malignant changes in residual disease in
[17,18]
liver tissue
. However, whether TACE before LT
is suitable for patients with HCC is still controversial.
Grasso and others have suggested that preoperative
adjuvant therapy has no effect on the recurrence rate
[19]
[20]
when the Milan criteria are not followed . Yao et al
have proposed that proper preoperative treatment is
necessary for patients exceeding the Milan criteria.
Roayaie and others have suggested that preoperative
TACE combined with postoperative doxorubicin
chemotherapy has satisfactory therapeutic effects for
[21]
large liver cancers and LT . Aggressive preoperative
treatment may have a positive role in reducing
neoplasm stage, and thus reduce the rate of tumor
recurrence.
Our results suggest that sex, MELD score, Child
classification, surgical approach, postoperative
complications, and other general clinical data in the
groups with and without TACE made no significant
difference. The 1-, 3- and 5-year cumulative survival
rates of the patients with and without TACE were
2
significantly different (χ = 22.547, P < 0.001, P <
0.05). The cumulative disease-free survival rates of
2
the two groups were also significantly different (χ =
22.063, P < 0.001, P < 0.05). These results indicate
that preoperative TACE had no positive role on the

0.4
TACE
Yes
No
Yes - censored
No - censored

0.2

0.0
0

20

40
60
Disease-free survival times

80

100

Figure 2 Cumulative disease-free survival curves of patients plotted
using the Kaplan-Meier method. Green line: Cumulative disease-free survival
curve of the 116 patients with TACE before LT; Blue line: Cumulative diseasefree survival curve of the 88 patients without TACE before LT. The cumulative
disease-free survival rates of the two groups showed a significant difference
(P < 0.05, log-rank test). TACE: Transarterial chemoembolization; LT: Liver
transplantation.

before LT were 50.386 ± 4.901 and 80.281 ± 3.216
2
mo, respectively (χ = 22.063, P < 0.001, P < 0.05).

Influence of time of TACE from LT on location and
recurrence of the tumor

The 62 patients with tumor recurrence were divided
into three groups according to tumor size: those
meeting the Milan criteria, complying with UCSF
criteria, and beyond the UCSF criteria. Based on the
time of TACE treatment from transplant surgery, the

WJG|www.wjgnet.com

3603

March 28, 2015|Volume 21|Issue 12|

Li HL et al . TACE, liver transplantation, poor prognostic, HCC
Table 5 Tumor recurrence and metastasis in the groups with and without transarterial chemoembolization
TACE
Milan criteria
UCSF criteria
BUCSF criteria

No TACE

Liver

Lung

Bone

M

Liver

Lung

Bone

M

2
0
3

7
7
11

0
0
0

2
2
8

1
1
5

3
3
3

0
0
1

1
2
0

χ2

P value

0.019
2.083
10.459

0.990
0.353
0.015a

a

P < 0.05, TACE vs no TACE. TACE: Transarterial chemoembolization.

long-term or disease-free survival rates for HCC.
Indeed, on the contrary, they may reduce the lifetime
of the patients. Docaens and others have proposed
that preoperative TACE does not prolong long-term
[3]
survival . Sarasin and others noted that only when
liver cancer patients waited > 8 mo for LT did the
[22]
tumor show unfavorable prognostic factors for LT . If
the waiting time for LT is 1-2 mo, TACE may have no
effect. If the waiting time for LT is a few months, TACE
may make the tumor remain at the earliest state, and
thus may be beneficial in controlling tumor growth
during the period of waiting for a donor.
In the 62 cases of patients with tumor recurrence,
tumor size (meeting the Milan criteria, complying with
UCSF criteria, and beyond the UCSF criteria) and the
time of TACE from transplant surgery (≤ 1, 1-3 and
≥ 3 mo) in the groups with and without TACE did
2
show significant differences (χ = 16.0, P = 0.001;
2
2
χ = 15.0, P = 0.002; χ = 31.0, P < 0.001, P <
0.05, respectively). Tumor recurrence and metastasis
were divided according to different organs: liver, lung
and bone, and multiple metastases. Comparisons
between the TACE and non-TACE groups showed that
TACE before LT may cause pulmonary and distant
metastases. The number of cases meeting the USCF
criteria in the TACE group was higher than in the
non-TACE group, although there was no significant
difference between them. For patients beyond the
USCF criteria, larger tumors were more common in
the TACE group, and comparison of the two groups
showed a significant difference (P < 0.05). The
mechanism remains unclear.
The current study shows that residual liver cancer
cells and normal liver tissue undergo gene expression
changes after TACE; that is, TACE can promote
angiogenesis factor expression in residual tumor
cells. Animal experiments have demonstrated that
after TACE, in tumor remnants, vascular endothelial
growth factor (VEGF) and basic fibroblast growth
factor, microvascular density, and proliferative activity
[23]
of the non-embolized tumor cells increased . An et
[24]
al
found that VEGF levels in the peripheral blood of
patients with HCC after TACE increased, and expression
of VEGF by cancer cells and noncancerous liver cells in
surgical specimens from a two-stage operation after
[25]
TACE also increased. Li et al
found that part of the
non-embolized liver appears to undergo compensatory
hyperplasia and increased proliferative activity after

WJG|www.wjgnet.com

TACE. The possibility for recurrence and metastasis of
residual HCC cells increases after TACE. The remnants
of normal liver tissue may lead to recurrence of HCC,
due to cirrhosis and an increase in compensatory
hyperplasia and proliferative activity after TACE.
Furthermore, recent studies have shown that the
establishment of collateral circulation after TACE is
a major factor for HCC recurrence and metastasis,
which may lead to more vulnerable growth in other
parts of the tumor cells with high metastatic potential.
The specific mechanisms remain to be studied further.
However, at least based on current findings, there is
no conclusive evidence that preoperative TACE before
LT can prolong long-term survival after LT in patients
[21,26-33]
with HCC
.
In conclusion, for the patients with HCC before LT,
especially for patients who can undergo LT in < 3 mo,
preoperative TACE is not appropriate and may result in
lung and/or distant metastases. However, whether this
conclusion applies to other transplant centers needs
further study.
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rates, however increased the chances of pulmonary metastasis or distant
metastasis of the primary tumor. It can be reduced the long-term survival rate.
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deep and large biopsy technique under the guidance
of endoscopic ultrasound (EUS) for diagnosis of gastric
infiltrating tumors with negative malignant endoscopy
biopsies.

Abstract

CONCLUSION: The deep and large biopsy technique
is superior to ordinary endoscopic biopsy for achieving
an accurate diagnosis of gastric infiltrating tumors.

METHODS: From January 2009 to March 2014, 36
patients in whom gastric infiltrating tumors had been
diagnosed by EUS received negative results for
malignancy after endoscopic biopsies. The deep and
large biopsy technique combined bite-on-bite technique
with or without endoscopic mucosal resection (EMR)
to obtain submucosal tissue from lesions. EUS was
used to select the appropriate biopsy sites. If the
lesion protruded into the cavity, EMR was performed
for removal of the overlying mucosa and then bite-onbite technique was conducted in the resected area to
obtain submucosal tissue. If the lesion appeared to be
flat or was difficult to lift by injection, the bite-on-bite
technique was directly used.
RESULTS: Twenty-eight of the 36 patients were
treated by EMR followed by bite-on-bite technique,
while 8 patients only underwent bite-on-bite technique.
Histological results showed 23 of the 36 lesions were
poorly differentiated adenocarcinomas, 2 diffuse large
B cell lymphomas, 4 mucosa-associated lymphoid
tissue-type lymphomas, and 7 undiagnosed. The deep
and large biopsy technique provided a definitive and
conclusive diagnosis in 29 (80.6%) of the 36 patients.
The 12 gastric linitis plastica and 6 lymphoma patients
received chemotherapy and avoided surgery. Minor
oozing of blood in 2 mucosal resection wounds was
managed by argon plasma coagulation and in 5 cases
after deep biopsies by epinephrine (0.001%). Neither
severe hemorrhage nor perforation occurred in any
patient.

AIM: To assess the diagnostic yield and safety of a
WJG|www.wjgnet.com
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This procedure guided by EUS is an effective and safe
diagnostic method for gastric infiltrating tumors in which
endoscopic biopsy results were negative for malignancy.

the echogenicity, location, size, and depth of lesions and
perigastric lymph nodes that are the diagnostic criteria
[4,7]
for GLP or gastric lymphoma . On EUS images, GLP
is more likely to feature a pattern of vertical spread,
while horizontal spread is more typical of gastric
[4,8]
lymphoma . Although some lesions have distinctive
EUS characteristics, using these diagnostic criteria
alone to distinguish lymphoma from GLP is inadequate.
Consequently, tissue sampling is necessary to establish
a conclusive diagnosis.
Specimens obtained from a standard endoscopic
biopsy rarely provide a confirmative diagnosis because
lesions in the submucosa are difficult to reach with
forceps. To clarify the diagnosis, repeated biopsies
or deep biopsy is required. It has been reported that
the bite-on-bite technique is effective and safe for
[9]
subepithelial lesions , but the number of cases was
limited and lesions did not appear to be hypervascular
or under a thick overlying epithelium.
Endoscopic mucosal resection (EMR), which recently
has been widely applied for the treatment of early
stomach cancer, may be useful in the diagnosis of GLP
[10]
and gastric lymphoma . EMR can obtain a larger
tissue specimen and therefore may increase the rate of
positive diagnostic findings compared with conventional
biopsy. However, the procedure is associated with an
increased risk of complications, including perforation
[11]
and bleeding . Performing EMR under the guidance
of EUS may reduce operational risk and complications.
However, no systematic study of EMR combined with
bite-on-bite technique for diagnosis of gastric infiltrating
tumors has been reported.
In the present study, we retrospectively investigated
the safety and efficacy of EMR and bite-on-bite
technique under the guidance of EUS for diagnosis of
gastric infiltrating tumors that had been determined
nonmalignant through endoscopic biopsy.

Key words: Endoscopic ultrasonography; Endoscopic
biopsy; Diagnosis; Gastric linitis plastica; Gastric lymphoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The diagnosis of gastric infiltrating tumors
is challenging, which is often delayed due to negative
endoscopic and histological tests. We for the first time
investigated the deep and large biopsy technique for
diagnosis of gastric infiltrating tumors with negative
malignant endoscopy biopsies. This biopsy technique
combined bite-on-bite technique with or without
endoscopic mucosal resection. Endoscopic ultrasound
was used to select the thickest site for biopsy. The
biopsy provided a definitive and conclusive diagnosis
in 29 (80.6%) of the 36 patients. Neither severe
hemorrhage nor perforation occurred. It is an effective
and safe diagnostic method for gastric infiltrating
tumors with negative endoscopy biopsies.
Zhou XX, Pan HH, Usman A, Ji F, Jin X, Zhong WX, Chen
HT. Endoscopic ultrasound-guided deep and large biopsy
for diagnosis of gastric infiltrating tumors with negative
malignant endoscopy biopsies. World J Gastroenterol 2015;
21(12): 3607-3613 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3607.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3607

INTRODUCTION
The most common gastric infiltrating tumors are
gastric linitis plastica (GLP) and gastric lymphoma.
GLP is a diffuse, infiltrating carcinoma characterized by
thickening and rigidity of the stomach wall. Generally,
GLP infiltrates the submucosal layer without destroying
the structure of the stomach wall, and thus specific
findings in the mucosal layer are insufficient for making
[1,2]
a diagnosis . Few patients are curable because at
diagnosis the tumor is frequently advanced, with
[2]
invasion of neighboring organs or distant metastasis .
On the other hand, primary gastric lymphoma
[3]
comprises only 5% of gastric malignant tumors . Most
gastric lymphomas originate in the submucosa, and
diagnosis via gastroscopy and forceps biopsy is often
[4]
difficult . The distinction between gastric lymphoma
and GLP is also important for the treatment.
Endoscopic ultrasound (EUS) is a reliable nonsurgical
technique for diagnosis and staging of gastrointesti
nal malignancies. The EUS examination has become
an integral part of the pre-therapeutic evaluation in
patients suspected of submucosal tumors of the upper
[5,6]
gastrointestinal tract . EUS can be used to ascertain
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MATERIALS AND METHODS
From January 2009 to March 2014 in our department,
36 patients (19 men, average age 53.5 years, age
range: 31-77 years) suspected of gastric infiltrating
tumors underwent deep and large biopsies guided by
EUS. All patients had undergone ordinary biopsies 2
to 4 times and pathology showed negative results.
During routine endoscopic examinations, among
the 36 patients, 6 were asymptomatic, while 11,
6, 6, 4 and 3 patients presented with abdominal
pain, gastrointestinal tract hemorrhage, abdominal
circumference, obstruction, and mass, respectively.
They provided informed consent for deep and large
biopsies. Therapy, pathology, and image data were
extracted. The institutional review board at Zhejiang
University approved this study.
All patients received deep and large biopsies under
the guidance of EUS. A 12-MHz probe (GF-UM 2R,
Olympus, Tokyo, Japan) and two-channel endoscope
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Figure 1 Endoscopic ultrasound characteristics of gastric infiltrating tumors. A: Invaded muscularis propria and the first three blurred sonographic layers; B:
Invaded serosal layer; C: Ascites around gastric wall; D: Perigastric lymph node.

(GIF-2T240, Olympus, Tokyo, Japan) were used for
ultrasonographic study. The lesion was scanned after
filling the stomach with water. By EUS, the location,
echogenicity, and infiltrated depth of tumors were
characterized, and the maximum thickness of the
gastric wall, perigastric lymph nodes, and ascites were
noted.
EUS was used to select the thickest site for biopsy.
If the lesion protruded into the cavity, EMR was
performed for removal of the overlying mucosa and
then bite-on-bite technique was conducted in the
resected area to obtain submucosal tissue. If the lesion
appeared to be flat or was difficult to lift by injection,
the bite-on-bite technique was directly used. EMR was
performed with a conventional electrosurgical snare
(FD-IU, Olympus, Tokyo, Japan) and an electrosurgical
unit (VIO 200D, ERBE, Tubingen, Germany). The
lesion was lifted by submucosal injection of indigo
carmine (0.002%) and epinephrine (0.001%), and the
mucosa was then resected. The bite-on-bite technique
[11]
was performed as previously reported
using a
biopsy forceps with needle (Radial jaw 3 standard
capacity, Boston Scientific). Each bite was directly
taken from top of the previous bite in an attempt to
burrow into the lesion. Two to eight bites per lesion
were performed for every patient. All specimens
were sent for pathologic study, some of which were
assayed by immunohistochemistry. Procedural risks
and complications such as perforation and hemorrhage
were recorded.

WJG|www.wjgnet.com

RESULTS
Thirty-six patients were examined using EUS, and
gastric infiltrating tumors were diagnosed. The lesions
were diffusely located in 13 cases, and in 10, 5, 5,
and 3 cases located in the body and antrum, fundus
and cardia, body only, and antrum only, respectively.
EUS showed that the lesion site had been replaced
by a hypoechoic or medium-echoic thickened gastric
wall. In 24 of the 36 lesions, the muscularis propria
was invaded and the first three sonographic layers
were blurred or even indistinguishable and absent
(Figure 1A), while in the remaining 12 lesions the five
sonographic layers were invaded (Figure 1B). The
maximum full thickness of the stomach wall ranged
from 10 mm to 29 mm, with an average of 16.3
mm. Perigastric lymph nodes were seen in 3 patients
and perigastric ascites in 6 patients (Figure 1C and
1D). In 2 patients, both perigastric lymph nodes and
perigastric ascites were found.
The deep and large biopsy procedure was performed
under the guidance of EUS to determine appropriate
biopsy sites (Figures 2 and 3). The choice of EMR or
bite-on-bite technique was based on the endoscopic
results. Twenty-eight of the 36 patients underwent
combined EMR and bite-on-bite technique (Figure
3), while the remaining 8 patients were given biteon-bite technique alone (Figure 2). Minor oozing of
blood in 2 mucosal resection wounds was managed
by argon plasma coagulation (APC) and in 5 cases
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Figure 2 Endoscopic ultrasound-guided bite-on-bite technique. A and B: A gastric infiltrating tumor diagnosed by endoscopic ultrasound (EUS) (red arrow); C:
Bite-on-bite technique performed after EUS localization; D: The bite is taken on top of the previous one to obtain valid tissue; E: Postoperative wound; F: Histology
confirmed lymphoma (HE staining, × 400).

after deep biopsies by epinephrine (0.001%). None
of the patients suffered from severe hemorrhage or
perforation.
Postoperative histological results showed that 23 of
the 36 lesions were poorly differentiated adenocarcinomas
(including 9 signet-ring cell carcinomas), 2 diffuse large
B cell lymphomas, 4 mucosa-associated lymphoid
tissue-type lymphomas, and 7 of unknown type. The
diagnostic yield of the bite-on-bite technique was 6
(75%) of 8, whereas that of EMR with bite-on-bite
technique was 23 (82.2%) of 28. The deep and large
biopsy technique provided a definitive diagnosis in
29 (80.6%) of the 36 patients (Table 1). Based on
the systemic assessment, 3 GLP patients underwent
surgery. Twelve unresected GLP and 6 lymphoma
patients received chemotherapy, and 5 GLP patients
received both surgery and chemotherapy. Three GLP
patients refused treatment. Five patients with negative
results underwent surgery and the pathologic results
showed poorly differentiated adenocarcinomas. Two
patients without a definitive diagnosis were confirmed
as adenocarcinomas by endoscopy biopsies at the 3and 6-mo follow-up, respectively.

are beyond the reach of conventional-sized forceps. In
cases of GLP, the false-negative rate with endoscopic
[13]
mucosal forceps biopsy can be as high as 55.9% .
In our department, from January 2009 to March
2014 there were at least 36 patients with gastric
infiltrating tumors determined by EUS, with negative
malignant endoscopy biopsies. It has been shown
that, for diagnosis of GLP, the accuracy of computed
tomography (74.6%, 44/59) was significantly higher
than that of gastroscopy (44.1%, 26/59; P < 0.001),
yet this is still not effective enough for making a clear
[13]
diagnosis .
EUS may be a viable pre-surgical diagnostic
method, increasing diagnostic accuracy and safely
predicting gastric infiltrating tumors on the basis
[4,14]
of endosonographic characteristics
. According
to a prospective multicenter study by Rösch et
[15]
al , EUS had a sensitivity of 64% and a specificity
of 80% in differentiating between malignant and
benign submucosal tumors. However, the differential
diagnosis between GLP and gastric lymphoma is not
an easy task. In the present study, EUS showed that
in all patients the lesion site had been replaced by a
hypoechoic or medium-echoic thickened gastric wall.
The invaded sonographic layered structures were
blurred or even indistinguishable. Although some of
these lesions had distinctive classifiable EUS features,
endosonographic criteria alone were inadequate and
could not confirm a clear diagnosis.
For tissue acquisition of gastric submucosal lesions,

DISCUSSION
Making a diagnosis of gastric infiltrating tumors is
challenging, and is often delayed due to false negative
[1,2,12]
endoscopic and histological tests
. These tests can
be false negative because lesions in the submucosa
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Figure 3 Endoscopic mucosal resection combined with bite-on-bite technique under the guidance of endoscopic ultrasound. A and B: A gastric infiltrating
tumor diagnosed by endoscopic ultrasound (EUS); C: The thickest site was selected for biopsy after EUS localization (red arrow); D: The mucosa was then resected; E:
Bite-on-bite technique was performed in the resection area; F: Histology confirmed adenocarcinoma with poor differentiation (HE staining × 400).

a variety of deep and large techniques have been
developed, such as jumbo biopsy, EUS-guided fine
needle aspiration (EUS-FNA), endoscopic submucosal
resection, endoscopic submucosal dissection and the
[11,16-20]
bite-on-bite technique
. It was reported that EUSFNA provided a definitive diagnosis for sub-epithelial
lesions in 14 (45.1%) of 31 patients, while the rate of
a clearly definitive diagnosis using the jumbo biopsy
[17]
forceps was 76 (58.9%) of 129 patients . According
[11]
to a retrospective study by Cantor et al , for the
evaluation of sub-epithelial tumors the diagnostic yield
was 17% (4/23) using the jumbo forceps and 87%
(20/23) for endoscopic resection. However, these
studies were performed with many limitations. EUSFNA is not reliable for obtaining valid tissue and may
[16,18,20]
be inadequate or inaccurate for diagnosis
. The
use of jumbo forceps or EMR may increase the surface
area of the tissue sample, but does not significantly
[11]
increase its depth , and there are procedural
risks and complications such as perforation and
[17]
hemorrhage . The bite-on-bite technique for deep
biopsy of the stomach wall yields valid submucosal
tissues, which may increase the accuracy rate for clear
and positive diagnoses. Nevertheless, gastric infiltrating
tumors usually have a thickened epithelium which may
limit the use of bite-on-bite technique. In this study,
we assessed the diagnostic yield of combined EMR and

WJG|www.wjgnet.com

bite-on-bite technique for gastric infiltrating tumors
that had received negative results for malignancy via
endoscopy biopsies. Based on the endoscopic results,
28 of 36 patients were treated by combined EMR and
bite-on-bite technique, and the other 8 patients only
underwent bite-on-bite technique. The deep and large
biopsy technique provided a definitive and confirmative
diagnosis in 29 (80.6%) of the 36 patients.
Before planning an appropriate therapy, definitive
pathology tests and results are essential for diagnosis
of gastric infiltrating tumors. In the present study,
based on the systemic assessment patients given a
definite diagnosis underwent individualized treatment.
The 12 unresected GLP and 6 lymphoma patients
received chemotherapy and avoided surgery. Thus,
deep and large biopsy technique helps to improve
decision making in the management of gastric
infiltrating tumors.
Previous studies showed that deep and large
biopsy techniques for submucosal lesions have been
associated with a relative risk of complications,
[11,19-22]
mainly hemorrhage and perforation
. To reduce
[11]
the complication rate, Cantor et al
proposed that
endoscopic resection should be performed in obviously
symptomatic patients (e.g., with gastrointestinal
bleeding or abdominal pain or obstruction). In
asymptomatic patients, it should be limited to lesions
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tissue from lesions. The bite-on-bite technique was used with each bite taken
from the top of the previous bite in an attempt to burrow into the lesion. Two to
eight bites per lesion were performed for every patient.

Table 1 Diagnosis by deep and large biopsy techniques in
the 36 gastric infiltrating tumors with negative malignant
endoscopy biopsies n (%)
n
Bite-on-bite technique
8
EMR combined with bite- 28
on-bite technique
Total
36

GLP

Gastric
lymphoma

No diagnosis

5 (62.5)
18 (64.3)

1 (12.5)
5 (17.9)

2 (25.0)
5 (17.9)

23 (63.9)

6 (16.7)

7 (19.4)
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Abstract
AIM: To investigate the relationship between chole
cystectomy and fatty liver disease (FLD) in a Chinese
population.
METHODS: A total of 32428 subjects who had voluntarily
undergone annual health checkups in the Second
Affiliated Hospital of Nanjing Medical University from
January 2011 to May 2013 were included in this study.
Basic data collection, physical examination, laboratory
examination, and abdominal ultrasound examination were
performed.
RESULTS: Subjects undergoing cholecystectomy were
associated with greater age, female sex, higher body
mass index, and higher levels of systolic blood pressure,
diastolic blood pressure, fasting plasma glucose, total
cholesterol, and triglycerides. However, no significant
differences were found in high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, alanine
aminotransferase, aspartate aminotransferase, gammaglutamyl transpeptidase, albumin, and serum uric
acid. The overall prevalence of FLD diagnosed by
ultrasonography was high at 38.4%. The prevalence
of FLD was significantly higher for subjects who had
undergone cholecystectomy (46.9%) than those who
2
had not undergone cholecystectomy (38.1%; χ test,
P < 0.001). Cholecystectomy was positively associated
with FLD (OR = 1.433, 95%CI: 1.259-1.631). However,
after adjusting for possible factors associated with
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[15]

FLD, multivariate regression analysis showed that
the association between cholecystectomy and FLD
was not statistically significant (OR = 1.096; 95%CI:
0.939-1.279).
CONCLUSION: According to our study results, chole
cystectomy may not be a significant risk factor for FLD.

bile acids
and the loss of metabolic activity of
[16]
the gallbladder mucosa . However, these reports
are not enough to confirm this conclusion. Whether
cholecystectomy increases the prevalence of FLD
requires more research. In this study, we attempted
to determine the association between cholecystectomy
and FLD in a large population-based study.

Key words: Cholecystectomy; Fatty liver disease; Relation
ship; cross-sectional study

MATERIALS AND METHODS
All participants were informed about the purpose and
general procedures of the examination. The Ethics
Committee of Nanjing Medical University approved the
study protocol and manner of consent.
Study subjects were recruited from participants
who had voluntarily undergone annual health checkups
at the Second Affiliated Hospital of Nanjing Medical
University between January 2011 and May 2013. The
analyses were limited to the subjects who underwent
abdominal ultrasonography, and those who had full
records of anthropometric and biochemical data.
The subjects were included if they complied with the
following criteria: (1) absence of markers of hepatitis
B virus infection (hepatitis B surface antigen) and
hepatitis C virus (HCV) infection (anti-HCV antibody);
(2) no previous history of liver disease, including fatty
liver; and (3) the absence of other factors inducing
fatty changes in the liver, including the use of liver
damaging drugs, and autoimmune diseases. Finally, a
total of 32428 subjects (22463 men and 9965 women)
were enrolled.
Clinical examinations were performed by trained
staff using standardized procedures. Height and weight
were measured using an automatic digital stadiometer.
Body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared.
After resting for at least ten minutes, systolic blood
pressure (SBP), and diastolic blood pressure (DBP)
were measured. Venous blood samples were also
obtained from subjects following an overnight fast of
more than eight hours and alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gammaglutamyl transpeptidase (GGT), total cholesterol (TC),
high-density lipoprotein (HDL) cholesterol, low-density
lipoprotein (LDL) cholesterol, triglycerides (TG), fasting
plasma glucose (FPG), albumin, and serum uric acid
(SUA) levels were measured using standard techniques.
All subjects received abdominal ultrasonography to
determine FLD and cholecystectomy combined with a
surgical history.
Statistical analyses were performed using SPSS
18.0 software for Windows (SPSS Inc., Chicago,
IL, United States). Due to non-normal distribution,
continuous variables were expressed as median and
interquartile range (25%-75%) due to abnormal
distribution of the data. Comparisons between the
independent groups were conducted using the MannWhitney U test. Categorical variables were compared

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

Core tip: The prevalence of fatty liver disease (FLD)
without cholecystectomy was 38.1%, and was up to
46.9% with cholecystectomy, showing an increase
in the prevalence of FLD after cholecystectomy.
However, no significant association was found between
cholecystectomy and FLD after adjusting for multiple
related factors. To the best of our knowledge, this is the
first study on the correlation between cholecystectomy
and FLD in a large Chinese population.
Wang HG, Wang LZ, Fu HJ, Shen P, Huang XD, Zhang FM,
Xie R, Yang XZ, Ji GZ. Cholecystectomy does not significantly
increase the risk of fatty liver disease. World J Gastroenterol
2015; 21(12): 3614-3618 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i12/3614.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3614

INTRODUCTION
Fatty liver disease (FLD) is a leading cause of chronic
[1]
liver disease in China , and is classiﬁed as nonalcoholic
fatty liver disease (NAFLD) and alcoholic liver disease
[2,3]
according to etiology . Recent population-based
epidemiological studies indicate that the median
prevalence of FLD in China is 17% (12.5%-27.3%),
and approximately 90% of cases appear to be
[4-8]
nonalcoholic . FLD may progress to end-stage liver
disease and then to steatohepatitis, advanced fibrosis,
[1,2,8-10]
cirrhosis, and hepatocellular carcinoma
. Although
it is not a direct cause of death, FLD is considered a
preclinical condition related to cardiovascular disease
[2,9,11,12]
and other metabolic diseases
.
Cholecystectomy is one of the most common
surgical procedures due to its curative effect. However,
there are many long-term complications associated
with this procedure. Whether cholecystectomy is a
risk factor for FLD requires further study. According
[13]
to a recent report , the prevalence of NAFLD has
increased possibly due to the metabolic effects of the
absence of the gallbladder after cholecystectomy.
Cholecystectomy in mice also led to FLD by changing
[14]
triglyceride metabolism . This may be interpreted
as an alteration in the enterohepatic circulation of
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Table 1 Demographics and clinical characteristics of the subjects according to cholecystectomy
With cholecystectomy (n = 949)
Age (yr)
Sex (male/female)
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
FPG (mmol/L)
TC (mmol/L)
TG (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
ALT (U/L)
AST (U/L)
GGT (U/L)
Albumin (g/L)
SUA (mmol/L)
FLD (yes/no)

63 (54-73)
447/502
24.26 (22.55-26.65)
131 (121-141)
80 (72-88)
5.41 (4.97-5.99)
5.07 (4.43-5.74)
1.28 (0.92-1.74)
1.28 (1.10-1.51)
2.88 (2.37-3.42)
19 (14-26)
20 (17-24)
22 (16-33)
47.7 (45.8-49.3)
327 (265-379)
445/504

Without cholecystectomy (n = 31479)
49 (36-59)
22016/9463
23.92 (21.71-26.09)
125 (116-135)
77 (69-86)
5.04 (4.68-5.47)
4.93 (4.34-5.57)
1.14 (0.82-1.67)
1.28 (1.09-1.50)
2.88 (2.39-3.40)
19 (14-27)
20 (17-24)
22 (15-36)
47.7 (45.6-49.6)
329 (275-386)
12003/19476

P value
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.240
0.987
0.132
0.237
0.243
0.835
0.070
< 0.001

The data are expressed as the median (IQR) due to abnormal distribution. Mann-Whitney U and χ 2 test were performed. BMI: Body mass index; SBP:
Systolic blood pressure; DBP: Diastolic blood pressure; FPG: Fasting plasma glucose; TC: Total cholesterol; TG: Triglycerides; HDL: High-density
lipoprotein; LDL: Low-density lipoprotein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl transpeptidase; SUA:
Serum uric acid; FLD: Fatty liver disease.

In this study, the overall prevalence of FLD
diagnosed by ultrasonography was high at 38.4%.
2
Using the χ test, the prevalence of FLD was
significantly higher for cholecystectomized subjects
(46.9%) than those without cholecystectomy (38.1%;
χ 2 test, P < 0.001). In addition, logistic regression
analysis, not considering other risk factors, showed
that cholecystectomy was positively associated with
FLD (OR = 1.433, 95%CI: 1.259-1.631) (Table 2).
In order to avoid the influence of other relevant
factors, multiple logistic regression analysis was
further performed to investigate the ORs for FLD with
cholecystectomy. After adjusting for possible factors
associated with FLD, multivariate regression analysis
showed that the association between cholecystectomy
and FLD was not statistically significant (OR =1.096;
95%CI: 0.939-1.279). These results may indicate
that there is no significant association between
cholecystectomy and FLD.

Table 2 Logistic regression analysis of odds ratios for fatty
liver disease relative to cholecystectomy
Multivariate regression analysis
Cholecystectomy
(not adjusted)
Cholecystectomy
(adjusted1)

OR

95%CI

P value

1.433

1.259-1.631

< 0.001

1.096

0.939-1.279

0.245

1

Data were adjusted for age, gender, BMI, SBP, DBP, FPG, TC, TG, HDL
cholesterol, LDL cholesterol, ALT, AST, GGT, albumin, and SUA. BMI: Body
mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure;
FPG: Fasting plasma glucose; TC: Total cholesterol; TG: Triglycerides; HDL:
High-density lipoprotein; LDL: Low-density lipoprotein; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyl
transpeptidase; SUA: Serum uric acid.

using the χ test. Multivariate logistic regression
analyses were conducted to assess the odds ratio (OR)
for FLD, comparing subjects with cholecystectomy to
those without cholecystectomy. P < 0.05 (2-tailed)
was considered statistically significant.
2

DISCUSSION
Several studies have investigated the positive association
[13,14]
between cholecystectomy and FLD
. However, in our
study, the results indicated that cholecystectomy may
not be associated with FLD. Although the prevalence
of FLD in the cholecystectomized subjects was higher
than those without cholecystectomy, no significant
association was found between cholecystectomy and
FLD after adjusting for multiple related factors.
In a population from the United States, the
prevalence of NAFLD with cholecystectomy was 48.4%.
In addition, the prevalence was higher than that in
subjects with (34.4%) or without gallstone disease
(17.9%). Controlling for numerous factors associated
with both NAFLD and gallstone disease, multivariateadjusted analysis conﬁrmed the association between

RESULTS
Of 32428 subjects enrolled in this study, 949 subjects
had a history of cholecystectomy. Compared with
subjects without cholecystectomy, cholecystectomy
was associated with higher age, female sex, higher
BMI, and higher levels of SBP, DBP, FPG, TC, and TG.
However, between the two groups, no significant
differences were found in HDL cholesterol, LDL
cholesterol, ALT, AST, GGT, albumin, and SUA (Table
1). These results indicate that cholecystectomized
subjects may not have more metabolic abnormalities
than those without cholecystectomy, particularly serum
lipids and liver function abnormalities.
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NAFLD and cholecystectomy (OR = 2.4; 95%CI:
1.8-3.3), indicating that cholecystectomy may be a
[13]
risk factor for NAFLD . In our study, the prevalence of
FLD without cholecystectomy was 38.1%, and was up
to 46.9% with cholecystectomy, showing an increase
in the prevalence of FLD after cholecystectomy.
However, no significant association was found when
adjusted by age, gender, BMI, SBP, DBP, FPG, TC,
TG, HDL cholesterol, LDL cholesterol, ALT, AST, GGT,
albumin, and SUA. These metabolic factors are closely
related to FLD. Therefore, to study the relationship
between cholecystectomy and FLD, these metabolic
factors should be considered.
[17]
The previous study from the United States
found that subjects with cholecystectomy were more
likely to have elevated serum ALT and GGT, and was
associated with the development of cirrhosis. However,
the levels of serum liver enzymes, including ALT, AST
and GGT, were not changed after cholecystectomy
in our study. There is no reasonable explanation for
this, although different eating habits and different
BMI between subjects in the United States and
China may play a part. In addition, several possible
biological mechanisms were analyzed. Following
cholecystectomy, bile is continuously secreted into
the duodenum, and the bile acid pool circulates more
quickly, exposing the liver to a greater flux of bile
[18-20]
acids
. The gallbladder mucosa is metabolically
active, secreting and absorbing compounds to and
from the bile and loss of the gallbladder provides
another possible mechanism for the increased risk of
[13]
NAFLD following cholecystectomy .
However, our results are not entirely consistent
with other studies, which might be due to the following
shortcomings. First, information regarding smoking
and drinking status, physical activity, and the surgical
approach for cholecystectomy (open or laparoscopic)
were not available, and these factors may act as
confounding variables in the association between
cholecystectomy and FLD. Further longitudinal studies
should consider these confounding factors. Second,
the causal relationship between cholecystectomy
and FLD might not be reliable using a cross-sectional
analysis, although we ensured all cholecystectomy
subjects had no FLD before cholecystectomy. Thus,
a prospective cohort study may be more convincing.
Finally, the study subjects were recruited at one
provincial hospital and therefore may not represent
the entire community. Fortunately, these limitations
may be partly balanced by the benefits of using a large
population-based sample, particularly the avoidance of
ascertainment bias which occurs in studies of selected
patients.
In conclusion, in 32428 Chinese subjects, chole
cystectomy might not be a significant risk factor
for FLD according to our findings. Further studies
should be performed to verify these results due to the
limitations of our study.
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Abstract
AIM: To investigate the utility of scintigraphic studies
in predicting response to laparoscopic fundoplication
(LF) for chronic laryngopharyngeal reflux symptoms.
METHODS: Patients with upper aero-digestive
symptoms that remained undiagnosed after a period
of 2 mo were studied with conventional pH and
manometric studies. Patients mainly complained of
cough, sore throat, dysphonia and globus. These
patients were imaged after ingestion of 99m-technetium
diethylene triamine pentaacetic acid. Studies were
quantified with time activity curves over the pharynx,
upper and lower oesophagus and background. Late
studies of the lungs were obtained for aspiration.
Patients underwent LF with post-operative review at 3
mo after surgery.
RESULTS: Thirty four patients (20 F, 14 M) with an
average age of 57 years and average duration of
symptoms of 4.8 years were studied. Twenty four
hour pH and manometry studies were abnormal
in all patients. On scintigraphy, 27/34 patients
demonstrated pharyngeal contamination and a rising
or flat pharyngeal curve. Lung aspiration was evident
in 50% of patients. There was evidence of pulmonary
aspiration in 17 of 34 patients in the delayed study
(50%). Pharyngeal contamination was found in 27
patients. All patients with aspiration showed pharyngeal
contamination. In the 17 patients with aspiration,
graphical time activity curve showed rising activity in
the pharynx in 9 patients and a flat curve in 8 patients.
In those 17 patients without pulmonary aspiration, 29%
(5 patients) had either a rising or flat pharyngeal graph.
A rising or flat curve predicted aspiration with a positive
predictive value of 77% and a negative predictive value
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of 100%. Over 90% of patients reported a satisfactory
symptomatic response to LF with an acceptable sideeffect profile.

rightly point out that not all chronic cough is due to
GERD, as approximately half the patients treated
for LPR do not have evidence of acid-reflux on pH
[5]
monitoring . We examined the connection between
GERD and LPR in a small, selected population of
patients referred for laparoscopic fundoplication as
treatment for chronic cough and suspected pulmonary
aspiration of refluxate. These patients had been
carefully investigated and had established GERD by
the standard criteria of pH and manometric studies.
Detecting LPR and pulmonary aspiration are the two
major blind spots of the accepted approach using pH
and manometry, with some evidence that impedance
[6,7]
studies may help with detecting LPR . We examined
the utility of scintigraphic reflux studies in the diagnosis
of standard GERD, LPR and in the direct visualization
of pulmonary aspiration of tracer during these studies.

CONCLUSION: Scintigraphic reflux studies offer a
good screening tool for pharyngeal contamination and
aspiration in patients with gastroesophageal reflux
disease.
Key words: Laryngopharyngeal reflux; pH studies;
Oesophageal manometry; Gastroesophageal reflux
disease; Lung aspiration; Scintigraphy; Cough
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Scintigraphic studies offer a good screening
tool for patients with gastroesophageal reflux disease
(GERD) who are suspected of laryngopharyngeal reflux
(LPR) and lung aspiration. Such studies can predict the
response to fundoplication. Although the application
for this study was in a highly selected group who
underwent fundoplication for LPR, the results have
been equally valid in over 700 unselected patients with
suspected GERD. The technique however requires
careful attention to detail for acquisition parameters,
particularly with the volume of liquid into which the
tracer is introduced.

MATERIALS AND METHODS
Population and clinical data

Patients were extracted from a research database
for either proven or suspected GERD which had
been approved by the Institutional Ethics Committee
(LNR/12 CRGH/248). Consecutive patients undergoing
laparoscopic fundoplication for suspected LPR disease
on the basis of abnormal pH/manometry studies
was extracted from this database. All patients were
considered if they had predominantly upper respiratory
tract symptoms that remained undiagnosed after 8 wk
of investigation by appropriate specialists. Major upper
respiratory tract symptoms documented were cough,
sore throat, recurrent throat clearing, voice change,
laryngospasm, aspiration, globus and regurgitation.
Any history of heartburn regurgitation and dysphagia
was also elicited. Because of the severity of continuing
extra-oesophageal symptoms despite full medical
management and results of standard investigations
for GERD as the likely cause of LPR, patients were
surgically treated by fundoplication. This is therefore
a highly selected group of patients with a high pretest probability of GERD causing LPR and with a
long history of undiagnosed upper respiratory tract
symptoms. Patients were reassessed clinically at three
months following surgery for the severity of symptoms
and/ or the degree of improvement in symptoms.
Clinical data was prospectively collected using a
standardized proforma before and after surgery and
entered into a database.
Scintigraphy, pH studies and manometry were
repeated in 5 patients with recurrent symptoms postoperatively.

Falk GL, Beattie J, Ing A, Falk SE, Magee M, Burton L, Van der
Wall H. Scintigraphy in laryngopharyngeal and gastroesophageal
reflux disease: A definitive diagnostic test? World J Gastroenterol
2015; 21(12): 3619-3627 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i12/3619.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3619

INTRODUCTION
Gastro-oesophageal reflux disease (GERD) has
a number of protean manifestations that make it
difficult to diagnose and treat. In 2006, the Montreal
Consensus Group defined GERD as “a condition
which develops when the reflux of stomach contents
causes troublesome symptoms or complications”.
The range of symptoms includes cough, sore throat
and atypical chest pain and other apparent nonoesophageal symptoms. A proportion of patients may
[1,2]
be asymptomatic even with significant acid reflux .
Furthermore, asymptomatic physiological episodes of
GERD are a daily manifestation, further complicating
[3]
the diagnosis .
While traditionally understood GERD (heartburn
and regurgitation) is common, it has a different
symptom profile to laryngopharyngeal reflux (LPR).
The connection between GERD and LPR is however a
contentious issue which has been canvassed in both
[4]
[5]
the editorial format and refereed publication . These
[4]
publications, especially the editorial by Spechler

WJG|www.wjgnet.com

pH monitoring (2 channel)

Ambulatory 24 h pH monitoring was performed using
antimony crystal dual channel catheters (Medtronics,
Synectics Medical, Minneapolis, Minnesota, United
States) as described elsewhere. Data was recorded
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pharynx, upper and lower half of the oesophagus and
a background region over the right side of the chest,
away from the stomach and oesophagus. Delayed
images were analysed by a line profile over the lungs.
Time activity curves were graded as showing no GERD,
a falling curve, flat or rising curves. We defined the
area under the curves (AUC) for the upper oesophagus
and oropharynx after subtraction of the background
level of activity as the Falk index.

Table 1 Patient symptom profile
Total (n = 34)

Symptoms
GERD

33

Heartburn

24

Regurgitation

23

LPR

33

Chronic cough

25

Voice change

15

Throat clearing/aspiration

11

Sore throat

10

Globus

5

Laryngospasm

2

Statistical analysis

Data was analysed by nonparametric statistical
methods as much of the analysis was of ordinal data
with multiple studies for each patient. Standard ANOVA
statistics, Wilcoxon matched pairs test and Pearson
correlation coefficient (2 tails) with significance levels
of 0.05 were utilised. Cluster analysis of the principal
variables was also undertaken to evaluate linkages
between 11 key variables. The Statistica V8 software
(Statsoft, Oklahoma, United States) package was used
for data analysis.

GERD: Gastroesophageal reflux disease; LPR: Laryngopharyngeal reflux.

with a Digi trapper Mark Ⅲ recorder (Medtronics,
Synectics Medical) and analysed with the Synectics
PW esophagram reflux analysis module (Medtronics,
Synectics Medical). Abnormal proximal reflux was
[8]
based on results of previous studies .

Manometry

RESULTS

Stationary manometry was performed using a water
perfused dent sleeve 8 channel catheter (Dent Sleeve
International, Mississauga, Ontario, Canada) using
standard techniques as described elsewhere. Data
was recorded using a multichannel recording system
(PC polygraph HR Medtronics, Synectics Medical,
Minneapolis, Minnesota, United States) and analysed
using PolyGram software program (Medtronics,
Synectics Medical, Minneapolis, Minnesota, United
States). Oesophageal motility was graded as normal,
mildly, moderately or severely ineffective oesophageal
[9,10]
motility modified from Kahrilas et al
.

Population and pre-operative clinical data

There were 34 patients (20 F, 14 M) with an average
age of 57 years (range: 38-72 years). Proximal LPR
symptoms were reported in 33 of 34 patients with
one patient having no proximal symptoms, but severe
heartburn and sinusitis. GERD was reported in 22
patients. Details of symptoms are provided in Table 1.
Average duration of symptoms was 4.8 years (range:
0.5-22 years). All patients underwent laparoscopic
fundoplication on the basis of symptoms, supporting
tests and failure of best medical management
(including double-dose proton pump inhibitor therapy).

Scintigraphy

Post-operative clinical data

Patients were fasted overnight and medications were
ceased for the 24 h prior to the test. While upright,
patients were positioned in front of a Hawkeye 4
gamma camera (General Electric, Milwaukee, United
States) with markers placed on the mandible and
over the stomach to ensure the regions of interest
were within the field of view of the camera. Patients
swallowed 100-150 mL of water with 40-60 MBq of
99mTc DTPA followed by another 50 mL of water
to clear the mouth and oesophagus of radioactivity.
Dynamic images of the pharynx, oesophagus and
stomach were obtained for 5 min at 15 s per frame into
a 64 × 64 matrix. A second 30 min dynamic image was
obtained in the supine position immediately following
the upright study utilising 30 s frames. Following
acquisition of the supine study, the patients were
given a further 50 mL of water with 60 MBq of 99mTc
phytate(colloid) followed by 50 mL of water as a flush.
Delayed images were obtained at 2 h to assess the
presence of aspiration of tracer activity into the lungs.
Images were analysed by time activity curves over the

WJG|www.wjgnet.com

Patients remained on anti-reflux medical therapy for
six weeks post-operatively with cessation prior to the 3
mo review. At three months, total control of symptoms
was reported in 27 (79%), partial in 4, giving overall
improvement in 31 (91%). The rate of dysphagia was
unchanged in 12 (44%). Occasional chest pain and
bloating was present in 4, reduction in cough frequency
in 1 and continued heartburn but eliminated cough in
1. Scintigraphy demonstrated low-grade reflux to the
mid-oesophagus but not the pharynx in this patient.
Reappearance of cough on stopping PPI occurred in 2
and no symptom resolution in 1 despite normalisation
of scintigraphy and 24-h pH monitoring. Two patients
were lost to review. Scintigraphy showed recurrent
reflux to the pharynx in the 2 former patients and no
evidence of reflux in the latter. The pH study was also
normal in the latter patient.

Statistical analysis

Cough was the only significant symptom predicting
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rising or flat curve predicted aspiration with a positive
predictive value of 77% and a negative predictive
value of 100%. There was a significant correlation
between pharyngeal contamination and aspiration (P
= 0.000). All patients in the cohort had evidence of
gastro-oesophageal reflux by scintigraphy. Significant
correlations were found for almost all pH studies and
the isotope episodes, and amplitude of reflux in the
oesophagus by scintigraphy (P < 0.01) but not for
proximal supine acid exposure.

Table 2 pH studies
pH studies

mean ± SD

Range
Minimum

pH distal episodes
pH distal %total time
pH distal erect exposure
pH distal sup exposure
pH proximal episodes
pH proximal %total time
pH prox erect exposure
pH prox sup exposure

128.06 ± 91.41
16.04 ± 19.22
15.68 ± 18.72
20.10 ± 29.35
31.30 ± 38.48
1.59 ± 2.11
4.68 ± 17.65
10.52 ± 29.49

8
5.2
4.2
13
11
1
0
2

Maximum
356
105
102
102
145
9.7
102
102

Cluster analysis

The hierarchical tree relationship between variables
was expressed as a vertical icicle plot of the 11
variables (Figure 1) with single linkages using non[11]
standardised Euclidean distances . Tight linkages
were shown between positive pharyngeal scintigraphy,
aspiration by scintigraphy, manometric motility studies
and impaired oesophageal motility, proximal total and
exposure time.

pharyngeal contamination by scintigraphy (P = 0.047)
and voice change predicted aspiration by scintigraphy
(P = 0.038). All symptoms were strongly correlated
with pharyngeal contamination by scintigraphy. Cough,
laryngospasm and globus were strongly correlated
with aspiration (scintigraphy). Change in voice was
present in 15 patients, 11 demonstrated aspiration and
13 pharyngeal contamination by scintigraphy.

DISCUSSION

24 h two channel pH studies

When assessing patients for persistent upper
respiratory tract symptoms (predominantly cough)
and no cause is immediately apparent, there is
accumulated clinical evidence to consider the
possibility of LPR. However, approximately 30%
of the population in one series of 2000 random
cases had a score of over 10 in the reflux symptom
[12]
index
with 75% also complaining of symptomatic
[13]
GERD
(Figure 2). The task of assessing GERD in
such a vast number of patients is problematic as
there would be the need for a relatively invasive
algorithm of endoscopy, pH/manometry/ impedance
monitoring, ENT examination, respiratory function
studies, amongst others. This would incur substantial
costs and patient inconvenience. Endoscopy shows
abnormalities in less than 50% of patients with reflux
[14]
disease . The presence of pepsin in saliva has shown
promise as a surrogate marker of GERD that reaches
[15,16]
the pharynx
but does not indicate lung aspiration
of refluxate. A simple non-invasive test is required
to assess the presence of significant full-column
or proximal oesophageal reflux with potential for
pharyngeal contamination and pulmonary aspiration of
gastric contents. This particular standardised protocol
for scintigraphy has the potential to be such an option.
Two channel 24 h pH monitoring provides a good
measure of the frequency, severity and percentage of
various aspects of acidic reflux. It may demonstrate fullcolumn reflux rising to the level of the cricopharyngeus,
and so a likelihood of pharyngeal contamination (Figure
3). However recent work using impedance studies
has demonstrated that many patients suffer reflux
which is not identified on pH monitoring but remains
[17,18]
symptomatic and potentially damaging
. The pH
study does not measure the presence of acid or non-

The 24 h pH studies were abnormal in all patients (Table
2). Episodes of reflux/24 h in the distal oesophagus
were a mean of 128 and in the upper oesophagus,
a mean of 31. The acid reflux exposure time distal
was a mean of 16%, and 20% when supine. Reflux
exposure time proximal was a mean 1.6%/24 h and
10.5% when supine. There were strong correlations
between all symptoms and each of the proximal 24-h
pH parameters. Strong correlations were found for
heartburn, regurgitation and distal pH results. Strong
correlations were found between severity of pH results
and pulmonary aspiration by scintigraphy.

Manometry

Lower oesophageal sphincter pressure had a mean ±
SD of 2.94 ± 5.03 (normal > 18, range: 0-18 mmHg).
Oesophageal motility was frequently abnormal and
graded as severe IEM in 16, moderate IEM in 4, mild
IEM in 5 and normal in 9. Highly significant correlations
were found between impaired motility and pulmonary
aspiration (P = 0.000063), episodes of reflux by
scintigraphy (P = 0.000011), amplitude of reflux by
scintigraphy (P = 0.0026) and the Falk index (AUC) (P
= 0.000001).

Scintigraphic studies

There was evidence of pulmonary aspiration in 17 of
34 patients in the delayed study (50%). Pharyngeal
contamination was found in 27 patients. All patients
with aspiration showed pharyngeal contamination.
In the 17 patients with aspiration, graphical time
activity curve showed rising activity in the pharynx
in 9 patients and a flat curve in 8 patients. In those
17 patients without pulmonary aspiration, 29% (5
patients) had either a rising or flat pharyngeal graph. A
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Tree diagram for 11 variables single linkage euclidean distances
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Figure 1 Cluster analysis of variables. There is tight clustering of pH proximal total exposure, Motility, Aspiration scintigraphy and Pharyngeal scintigraphy located
at the far right side of the graph.
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Figure 2 Grading of time-activity curves for the pharynx and upper oesophagus. A: Grade 0 is where there is no significant activity and the curve is similar
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Figure 4 Typical image of the delayed study in which tracer activity is present in the main airways in a patient with lung aspiration.
[19]

acid material in the pharynx . One clear advantage
of reflux scintigraphy is that it measures any reflux
to the level of the pharynx and the direct occurrence
of pulmonary aspiration. It is not dependent upon
measuring acid. A rising time-activity curve over
the pharynx was demonstrably a good predictor of
pulmonary aspiration in this group of patients. It very
likely indicates continuing episodes of GERD combined
with a failure of normal clearance mechanisms due to
impaired motility. A flat pharyngeal time-activity curve
may indicate a failure of pharyngeal clearance in the
absence of repeated episodes of GERD into the pharynx.

WJG|www.wjgnet.com

This relationship is reflected in the correlation between
the manometric motility studies which measure
[10]
ineffective oesophageal clearance of acid
and the
presence of pulmonary aspiration on scintigraphy.
Upper aero-digestive symptoms and positive
pharyngeal scintigraphy were strongly associated when
analysed as paired variables on an individual patient
basis. Cough, laryngospasm and globus were strongly
correlated with positive aspiration scintigraphy. This
suggests an aetiological role for the persistence of
reflux (acid or weakly acidic/alkaline) fluid in the
pharynx and subsequent aspiration into the respiratory
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tract (Figure 4). There is evidence that this may directly
[20]
trigger the cough reflex
or lower the threshold for
[21]
the cough reflex as indicated by C2 and C5 testing .
The concept of direct damage is supported by the
findings in the 25 cases of chronic cough, where 14
cases had aspiration and 23 pharyngeal contamination
by scintigraphy. The alternate theory of chronic cough
mediated by afferent nerves in the distal oesophagus
[22]
is also well supported in other studies . There is
no reason to suppose that both mechanisms are not
separately operative in individual patients or indeed
concurrent as there was no way to identify reflexmediated patients. However, scintigraphic findings in
the current study are not congruent with the concept
of a reflex-mediated aetiology as the majority of
the patients with cough, laryngospasm and globus
had evidence of direct contamination of the pharynx
and lungs. Perhaps reflex mediation may be more
frequent in a less pathological group. The scintigraphic
studies have shown a surprising degree of pulmonary
aspiration (50%) in patients with cough. This may
reflect the very highly and conservatively selected
group of patients with long disease duration, likely
to have more severe disease than in other reported
series.
The ultimate test of the predictive value of reflux
scintigraphic findings has been the symptomatic res
ponse to definitive surgical management by laparo
scopic fundoplication. Resolution of laryngopharyngeal
symptoms were found in 90% of cases. This supports
the choice of patients for intervention based on the
scintigraphic findings. It is no surprise that there has
been a continuation of dysphagia in this patient group
with a large percentage of oesophageal dysmotility. It
is of course possible that there may have been a strong
placebo effect within this patient group, which has been
reported to be as high as 85% in chronic cough treated
with pharmacological intervention such as opiates.
However, opiates also have centralised effects upon
[23]
cerebral neurotransmitters . Surgical intervention in
this situation is however more likely to have a response
rate closer to 35%, which is generally accepted for the
[24]
placebo effect . The one patient that had no response
to surgery had no definable reflux by pH monitoring
or scintigraphy on follow-up. It does demonstrate the
complexity of the disease where there may be a mixed
pathology of both GERD and primary respiratory disease
or a behavioral component. In a large multicentre study
of laparoscopic fundoplication for GERD with 5 year
follow-up in 1340 patients, symptoms were satisfactorily
[25]
treated in 93% of patients . More applicable to this
study is a group of 47 patients reported over a six
year period having laparoscopic fundoplication for
[26]
the treatment of chronic cough . Symptom relief
was reported in 30 (64%) with a similar side-effect
profile. The use of reflux scintigraphy may have yielded
substantially better primary symptom management by
improved selection as in our series.
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Scintigraphic studies have been utilized to evaluate
pulmonary aspiration in infants and children for many
years, generally as tracer being instilled in milk which
is administered at night with scanning the following
[27,28]
morning
. These studies have been performed
with low radiation exposure, often as low as single
chest x-ray examinations and are considered safe
and acceptable. Modifications of the technique have
been shown to provide good results in the detection
[29-32]
[33,34]
of GERD
and lung aspiration of refluxate
.
Results in these series tend to vary with technical
[29,31,35,36]
differences
. It appears that the volume
of liquid in which the tracer is introduced into the
stomach is important, as is the framing rate for study
acquisition. The optimal volume is reported between
[29,31,32]
150 and 300 mL
and framing rates between
15 and 30 s, not 60 s which leads to significant reflux
[37]
being missed . Computer modeling and clinical
data indicates that as little as 0.1 MBq of activity
aspirated into the lung can be detected by the gamma
[34]
camera . There is some conflict in the reported
reproducibility measures of visual interpretation vs
analysis of time-activity curves. In one series, the
[38]
computerised analysis was significantly better
[39]
while in another, visual interpretation was better .
These differences very likely reflect variations in the
acquisition parameters. Importantly, reproducibility
was good in both studies with kappa values greater
than 0.70. Acquisition protocols in the current study
[38]
were aligned with the technique of Caglar et al .
Two groups have reported good sensitivity and utility
of the scintigraphic technique for the detection of
laryngeal reflux and aspiration of tracer into the
[35,36]
[35]
lungs
. The study of Bestetti et al
reported
201 patients with symptomatic posterior laryngitis
documented by laryngoscopy and who were evaluated
after administration of 300 mL of orange juice labeled
with 99mTc. GERD was demonstrated by scintigraphy
in 134 (67%), of which 78% was proximal and 31
patients were positive on scintigraphy for pulmonary
aspiration. These findings are similar to the current
report. Symptoms profiles were also similar between
[35]
the study of Bestetti et al
and our group. Proximal
symptoms in our group were tightly correlated with
positive pharyngeal contamination. Cough was the
only significant variable predicting positive pharyn
geal contamination by multivariate analysis. Voice
change was the only variable that predicted positive
pulmonary aspiration by multivariate analysis. This
finding has clinical importance. Our study showed good
concordance for oesophageal scintigraphy with the 24
h pH and motility findings on an individual patient basis
as paired studies. Other have reported less favourable
results for scintigraphy (82% for pH studies vs 33%
[31]
for scintigraphy) . This may reflect a different and
less severe patient sample. Technical difference may
also have contributed to these disparate findings.
This study is relatively small and collected over a
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in patients with co-existent gastroparesis. Post-operative assessment may
provide important information regarding effectiveness of the fundoplication.

four year period. Such studies are time-consuming and
invasive and patient compliance becomes a significant
issue. The use of patient questionnaires raises the
[40]
problem of the degree of placebo effect . There were
a large number of uncontrolled variables in the study
and a high degree of patient variability, especially
in the pH studies. A valid approach is therefore to
consider these variable as dependant paired studies
on an individual basis, as none of the variables were
held constant. Cluster analysis was a valuable tool
to assess a large number of variables and identify
fundamental linkages between variables to get a sense
[11]
of connectedness . The finding of strong linkages
between the motility studies, pH proximal total
exposure time, pharyngeal and aspiration scintigraphy
is reassuring.
The findings of the current study indicate that
reflux scintigraphy utilising the current protocol is a
potential screening tool for pharyngeal contamination
and lung aspiration if GERD is suspected in patients
with cough or other LPR symptoms. This requires
further study in a more mixed and less selected
group of patients. Subsequent assessment in over
700 patients has shown further utility in predicting
response to surgical intervention and more impor
tantly, factors that may predict surgical failure. The
technique is simple, reproducible and has a low
radiation exposure that is considered acceptable even
in a pediatric population. The patient group with longterm LPR symptoms, especially cough and extensive
investigation over a long time course can be selected
for a high likelihood of symptomatic improvement by
laparoscopic fundoplication. The combination of reflux
scintigraphy, motility studies and two channel 24 h
pH monitoring can increase the likelihood of success
to over 90%. Patients with cough should therefore be
assessed for pulmonary aspiration.

Terminology

Scintigraphy uses the common isotope 99m Technetium which has a half-life
of 6 h and a low radiation exposure at the doses being used. It is commonly
bound to diethylene triamine pentaacetic acid which is frequently used in renal
studies.

Peer-review

The true possible diagnostic role of scintigraphy in LPR might not be so
straightforward as hypothesized, and will need more evaluations. Functional
components to the symptoms may not be negligible in patients classified as
having LPR, thus making more difficult a correct diagnosis, even in case of a
positive scintigraphy test.
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Abstract
AIM: To describe the bowel habits and the prevalence
of irritable bowel syndrome (IBS) and to investigate the
influence of health behavior and social factors on IBS
prevalence in university students.
METHODS: This cross-sectional study was conducted
at five major universities in Greater Beirut and its
suburbs, between February and June 2014. Using a
convenience sample, a total of 813 students aged
18 years old and above participated in this study.
Participants were asked to complete a comprehensive
anonymous questionnaire which detailed characteristics
on socio-demographic, health-related, and lifestyle
factors, as well as IBS. The ROME Ⅲ criteria were
2
used as a tool to ascertain IBS. A χ test was used to
determine differences between categorical variables;
stepwise logistic regression was used to measure the
association between IBS and its risk factors.
RESULTS: An overall prevalence of IBS of 20% was
recorded among university students. The bivariate
analysis showed that females were significantly more
likely to report having IBS than males (29.1% vs
18.2%, P < 0.01). Those living at the school dormitory
or in a private residence (39.5%) were more likely to
have IBS than those living with their families (16.3%)
(P < 0.01). The multivariate analysis showed that those
who had a relatively high family income level (US$ >
2000) were almost 6 times more likely to report having
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IBS than their counterparts.

IBS is highly influenced by demographic factors,
particularly sex and age. IBS is more prevalent in
females than in males and has an onset between late
[6,7]
teens to twenties, decreasing with age . Women
from developed countries are 2-4 times more likely
[7,8]
to have IBS than men
. Furthermore, evidence
suggests a genetic role in the etiology of IBS, with
33% of patients with IBS reporting a positive family
[6]
history . In addition to a genetic predisposition, IBS
has also been linked to several dietary habits and to
[5,6]
psychological factors such as stress and anxiety .
Although IBS is not a grave condition, it does however
considerably reduce the quality of life of people
afflicted with this syndrome. It interferes with their
[9]
education, working ability and social life . Moreover,
IBS poses an economic burden to a country’s health
care system; the annual cost of diagnosing, treating
and managing IBS in the United States being between
$1.7 and $10 billion in direct costs (e.g., from office
visits, medications), and up to $20 billion in indirect
costs (e.g., through work absenteeism and reduced
[10]
productivity) .
Most studies conducted in both developed and
developing countries have focused on samples from
adolescents and university students. For example,
the prevalence of IBS was found to be 5.7% among
[11]
Korean college students . A study in China found
that medical students had a higher risk of functional
bowel disorders than science and engineering
[12]
students . Little is known about IBS prevalence
in Arab countries and specifically among university
students, including in Lebanon, a small middleincome country of the Middle East and North Africa
(MENA) region. The sample population chosen is
significant because of the lifestyle characteristics that
this population experience. Not only are university
students relatively restricted in terms of access to
a variety of foods but are also exposed to a stress
load that accompanies examinations and monetary
limitations, thereby potentially exacerbating the onset
of IBS symptoms. As a result, an epidemiological
study investigating IBS among university students
in Lebanon is warranted. Using the Rome Ⅲ criteria
to determine IBS, this study is the first to examine
the prevalence and factors associated with IBS
among a large sample of university students in
Lebanon. The objectives of this study are: (1) to
determine the prevalence of IBS among university
students in Lebanon; and (2) to investigate the
role of socioeconomic and behavioral factors on IBS
prevalence in this group of individuals.

CONCLUSION: This is the first study to describe the
nature of IBS among young adults in Lebanon. The
prevalence of IBS among university students in our
sample was higher than that reported in the West.
Key words: Irritable bowel syndrome; Lebanon; Social
factors; Prevalence; ROME Ⅲ criteria
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Irritable bowel syndrome (IBS) is an
acknowledged functional gastrointestinal disorder of
major public health concern. Little is known about IBS
prevalence in Arab countries and specifically among
university students, including Lebanon. Therefore, an
epidemiological study, the first of its kind, investigating
IBS among university students in Lebanon was
conducted. The prevalence of IBS reported in this
study was relatively high and similar to the estimate
found in industrialized countries. The risk of having
IBS, after adjusting for confounders was significantly
higher among females than males, those aged 22 years
or younger, among those who were living in a private
house or in the school dormitory on their own, and
among subjects with middle to high income levels.
Findings of this study have important implications for
IBS screening and management, as they highlight
the importance of engaging in healthy behaviors to
minimize IBS symptoms and enhance quality of life
among IBS patients.
Costanian C, Tamim H, Assaad S. Prevalence and factors
associated with irritable bowel syndrome among university
students in Lebanon: Findings from a cross-sectional study. World
J Gastroenterol 2015; 21(12): 3628-3635 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3628.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3628

INTRODUCTION
Irritable bowel syndrome (IBS) is an acknowledged
functional gastrointestinal disorder (FGID) that is
associated with abdominal pain and bloating, along
with other symptoms such as changes in bowel
[1]
habits . The worldwide prevalence of IBS ranges
[2]
from 5.7% to 34% , usually varying significantly
between countries according to the diagnostic criteria
[3]
used . Various diagnostic tools have been employed
for the detection of IBS, including the Manning criteria,
[2]
Rome Ⅰ criteria and Rome Ⅱ criteria . Currently,
the Rome Ⅲ criteria are the most common method
[4]
for diagnosing IBS . Based on the Rome Ⅲ criteria,
the prevalence of IBS has been estimated to range
from 10% to 15% in Western countries, whereas that
[5]
reported in Asian countries ranged from 1% to 10% .

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study design, sample and procedures

This study used a cross-sectional design and was
conducted in the Spring semester (February 3-June 2)
of the academic year 2013-2014 in Lebanon. According
to the Central Administration of Statistics (2011) in
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Lebanon, 180850 students were enrolled in higher
education institutions in Lebanon during 2009-2010, of
which 45.7% were males and 54.3% females. Of the
29 licensed universities in Lebanon, 72530 students
(40.2%) were attending the Lebanese University vs
[13]
108037 (59.8%) attending private universities . The
study was conducted at five large universities located
within the Greater Beirut area, which includes more
than 50% of university students in Lebanon. Using
a convenience sampling method, participants were
recruited from four major private universities, the
faculties of which were located in a single campus, and
one public university, namely the Lebanese University.
Four out of the five private universities approached
consented to participate in the study; seven out of
nine faculties approached at the Lebanese University,
each with its own campus, agreed to participate.
Participants were recruited throughout the
semester up until 2 wk prior to the final exam period.
Flyers inviting participants to partake in this study
were distributed in each of the campuses of the
participating universities. To be included in the study,
participants had to be between 18-29 years of age
and enrolled as undergraduate students in one of the
five universities. Students were excluded if they had
a history of receiving medication for peptic ulcers or
inflammatory bowel disease, such as ulcerative colitis
or Crohn’s disease. Students who were interested in
participating in the study were invited to meet in a
large classroom or an auditorium where they were
informed about the purpose of the study and were
invited to participate in the survey. Participation in
the study was voluntary, and did not involve financial
or any other compensation. After being screened
for inclusion/exclusion criteria, students were then
asked to complete a self-administered anonymous
questionnaire. During this time, a research assistant
was constantly present in the classroom to answer
students’ questions. The questionnaire required
less than 15 minutes to be completed, and included
items related to socio-demographic and behavioral
characteristics as well as variables pertaining to
diagnosis of IBS such as bowel habit and food
hypersensitivity. Informed consent of the participants
was obtained and all completed questionnaires were
anonymous and confidential. Approval to conduct the
present study was granted by the administrations of all
participating universities. This research was reviewed
and approved by the institutional review board at the
Lebanese University.

used. The clinical diagnostic criteria defines IBS as
recurrent abdominal pain or discomfort for at least 3
d/mo during last 3 mo associated with at least two
or more of the following features: (1) improvement
after defecation; (2) onset associated with a change
in frequency of bowel movement; and/or (3) onset
associated with a change in form (appearance) of
stools. The diagnosis of IBS can reasonably be made
by using the Rome Ⅲ criteria as long as the patient
does not have red flag symptoms like fever, vomiting,
rectal bleeding, weight loss, or other findings that
may suggest other diagnoses. The classification of
IBS subtypes was based on the predominant stool
pattern. IBS with constipation (IBS-C) was defined as
having hard or lumpy stools at least 25% of the time
and loose (mushy) or watery stools in less than 25%
of bowel movements. IBS with diarrhea (IBS-D) was
defined as having loose (mushy) or watery stools at
least 25% of the time and hard stools in less than
25% of bowel movements. Mixed IBS (IBS-M) was
defined as having hard or lumpy stool at least 25% of
bowel movements and loose (mushy) or watery stool
in at least 25% of bowel movements. Un-subtyped or
unknown IBS (IBS-U) was defined as an insufficient
abnormality of stool consistency to meet the criteria of
the other three subtypes.
Socio-demographic, individual and health behavior
characteristics were also collected at baseline. These
included: sex, age, living condition (at home vs
away from home: with a family, in a private house
or in the school dormitory), income (US$ 500-1200;
1300-2000, > 2000), engaging in regular physical
activity (yes, no), cigarette smoking (current, not
current), and foods that triggered abdominal pain or
diarrhea (yes, no; if yes, specify).

Statistical analysis

All eligible questionnaires were coded. Descriptive
analyses were performed to determine frequencies of
categorical variables and the prevalence of IBS and its
2
subtypes. A χ test was used to determine differences
in categorical variables to assess the association
between IBS and socio-demographic and behavioral
indicators. Multivariate logistic regression was also
conducted to predict the independent relationship
between each of the socio-demographic and behavioral
characteristics as well as family history of IBS, and
the risk of IBS. Adjusted odds ratios (ORs) and their
95% confidence intervals are reported. Statistical
significance was defined as a P value < 0.05, and
SPSS 18.0 software package was used for the analyses
(IBM Corp., Armonk, NY, United States).

Data collection and measures

Definition of IBS and other covariates: Data on
IBS was collected using a validated questionnaire with
[14]
a reported sensitivity of 65% : the Rome Ⅲ criteria.
These criteria consist of a standardized self-reported
questionnaire, which has been developed by the Rome
[15]
Foundation Board to identify FGIDs
and is widely
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RESULTS
A total of 1000 students were approached to par
ticipate in this study; analysis was restricted to 813
participants (325 male, 488 females for whom we
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with IBS being significantly higher among subjects
with higher income levels (OR = 5.72; 95%CI:
3.36-9.71). In contrast, students who performed
regular physical activity had a 53% reduction in IBS
prevalence compared to those who did not perform
regular physical activity (95%CI: 0.35-0.79). Over
50% of students who reported having IBS were in the
Faculty of Medical Sciences and had majors such as
medicine, pharmacy, and dentistry, although this was
not statistically significant. Furthermore, the majority
of respondents with IBS did not report a family history
of IBS.

Table 1 Prevalence of irritable bowel syndrome and its
subtypes and contributory foodstuffs n (%)
1

With IBS (n = 163/813)

Variable
IBS
IBS subtypes
IBS constipation
IBS diarrhea
IBS mixed
IBS unknown
Foods that trigger hypersensitivity2
Yes3
No
Beans
Milk
Sweets
Fatty food (beef and fast foods)
Coffee
Carbonated beverages
Spicy foods
Fruits (banana, watermelon)
Vegetables (tomato)
Parsley

163 (20.0)
60 (36.8)
25 (15.4)
73 (44.8)
5 (3.06)
34 (20.9)
129 (79.1)
8 (23.5)
4 (11.8)
1 (2.94)
4 (11.8)
5 (14.7)
1 (2.94)
5 (14.7)
2 (5.88)
2 (5.88)
2 (5.88)

DISCUSSION
The prevalence of IBS reported in this study was
relatively high at 20%. This is similar to the estimate
[5]
found in industrialized countries (2%-19%) . Almost
a quarter of IBS cases reported identifying foods that
triggered diarrhea or abdominal pain. The risk of
having IBS was significantly higher among females
than males, those aged 22 years or younger, and those
who were living in a private house or school dormitory
on their own, and among subjects with middle to high
income levels, after adjustment for the effect of other
covariates. This study also suggested that engaging
in regular physical activity, was a protective factor
for IBS. A positive family history of IBS, albeit nonsignificant, had a protective effect against having IBS.
While the 20% prevalence rate of IBS among
university students in Lebanon is relatively higher
than that found in Western countries, it is similar to
that reported by other countries in the region. IBS
[14]
affects about 10%-15% of adults in North America .
Consistent with the prevalence rate obtained in this
study, a study conducted among medical students
at the University of Western Ontario in Canada,
found that the prevalence of IBS among preclinical
and clerkship students was 19.1% and 22.0%,
[16]
respectively . However, in Asian countries a highly
variable range of IBS prevalence has been observed
[11]
(2.3%-34%) . Studies in the MENA region are scarce
and mostly restricted to special groups of students
[3,17,18]
or among patients in hospital settings
. A study
conducted among secondary school male students
in Al-Jouf Province in Saudi Arabia showed a 9.2%
[19]
prevalence of IBS . Another study conducted among
medical students and interns at the King Abdulaziz
University in Jeddah, found a prevalence of 31.8%
[18]
according to the Rome Ⅲ criteria , while Naeem and
[20]
colleagues , also using the Rome Ⅲ criteria, reported
a 28.3% prevalence of IBS among medical students
[3]
in Karachi, Pakistan. Abdulmajeed et al found a
prevalence of 34.2% using the Rome Ⅱ criteria in a
study of 117 primary health care center attendees at
Suez governorate in Egypt.
Less than a quarter of positive IBS cases reported
having food hypersensitivity by identifying foods
that triggered diarrhea or abdominal pain. Reported

1

Irritable bowel syndrome (IBS) was defined according to Rome Ⅲ
criteria as recurrent abdominal pain or discomfort for at least 3 d per
month during the past 3 mo, associated with two or more of the following
features: (1) improvement with defecation; (2) onset associated with a
change in frequency of bowel movement; and/or (3) onset associated with
a change in form (appearance) of stools; 2In the form of abdominal pain or
diarrhea; 3Distribution of specific food categories among IBS cases (n = 34)
triggering hypersensitivity.

had complete data on the primary outcome, IBS
prevalence. No major differences between those with
complete information on IBS prevalence and those
with incomplete information existed. The mean age of
the study sample was 22.7 years (standard deviation,
1.39 years) with a larger proportion of females than
males (488 vs 325; 60% vs 40%). Table 1 details
IBS prevalence, its subtypes, and the foods that
triggered IBS symptoms among the cases. Of 813
participants, 163 fulfilled the Rome Ⅲ criteria for a
diagnosis of IBS, yielding a prevalence of 20.05%
(95%CI: 18.95-21.15). Sixty respondents (36.8%)
were classified as IBS-C and 25 (15.4%) as IBS-D.
The majority (44.8%) of respondents were classified
as IBS-M, while the remaining 3% of students fell into
the IBS-U subgroup. Almost a quarter (20.9%) of IBS
positive cases reported identifying foods that triggered
diarrhea or abdominal pain.
Table 2 outlines the characteristics of the overall
study population and of students with IBS as well
as the results of the regression analysis. These
associations remained statistically significant before
and after adjustment. The risk of having IBS was
significantly higher among females than males (OR =
0.40; 95%CI: 0.26-0.61), those aged ≤ 22 years (OR
= 0.53; 95%CI: 0.35-0.79), and those who were living
in a private house or school dormitory on their own
compared to those who were living with their family
(OR = 2.84; 95%CI: 1.94-4.16). The majority of
participants had a relatively low to middle income level,

WJG|www.wjgnet.com

3631

March 28, 2015|Volume 21|Issue 12|

Costanian C et al . Epidemiology of IBS among university students in Lebanon
Table 2 Distribution of baseline socio-demographic and behavioral characteristics and factors associated with irritable bowel
syndrome prevalence n (%)
Variable
Sex
Female
Male
Age
≤ 22 yr
> 22 yr
Faculty
Sciences and humanities
Medical sciences2
Engineering
Business and economics
Living condition
With family
School dormitory or private house
Family income (US$)
500-1200
1300-2000
> 2000
Cigarette smoking
Not current
Current
Regular physical activity
No
Yes
Family history of IBS
No
Yes

Total
(n = 813)

With IBS
(n = 163)

P value

488 (60.0)
325 (40.0)

122 (25.0)
41 (12.6)

< 0.001

539 (66.3)
274 (33.7)

118 (21.9)
45 (16.4)

0.039

113 (13.9)
431 (53.0)
140 (17.2)
129 (15.9)

22 (19.5)
89 (20.6)
27 (19.3)
25 (19.4)

0.975

517 (63.6)
296 (36.4)

75 (14.5)
88 (29.7)

< 0.001

241 (29.6)
369 (45.4)
203 (25.0)

28 (11.6)
64 (17.3)
71 (35.0)

< 0.001

716 (88.1)
97 (11.9)

144 (20.1)
19 (19.6)

0.514

474 (58.3)
339 (41.7)

113 (23.8)
50 (14.7)

0.001

754 (92.7)
59 (7.3)

154 (20.4)
9 (15.3)

0.401

Unadjusted

Adjusted

1

OR

95%CI

OR

95%CI

1.00
0.43a

0.29-0.64

1.00
0.40a

0.26-0.61

1.00
0.7

0.48-1.02

1.00
0.53a

0.35-0.79

1.00
0.98
1.07
0.99

0.53-1.85
0.64-1.81
0.52-1.80

1.00
0.80
1.06
0.94

0.45-1.42
0.53-2.11
0.47-1.89

1.00
2.49a

1.76-3.54

1.00
2.84a

1.94-4.16

1.00
1.60
4.09a

0.99-2.57
2.51-6.68

1.00
1.86a
5.72a

1.13-3.06
3.36-9.71

1.00
0.97

0.56-1.60

1.00
0.95

0.43-1.72

1.00
0.55a

0.38-0.80

1.00
0.53a

0.35-0.79

1.00
0.70

0.34-1.46

1.00
0.49

0.22-1.08

1

Adjusted for all variables listed in the table; 2Includes medicine, dentistry, pharmacy, public health, medical lab technology, and physiotherapy. aP < 0.05
vs control. OR: Odds ratio; CI: Confidence interval.

perceived triggers included carbohydrates and fatty
foods, together with caffeine, alcohol and spices. To
date, few studies have examined the dietary intakes
of IBS patients to identify dietary changes or potential
[21]
nutrient deficiencies . This was consistent with
findings from a cross-sectional study across a large
sample of Iranian adults which found that women with
high consumption of spicy foods had a 2-fold increased
risk of developing IBS compared with women who
[22]
reported not consuming any spicy foods . On the
other hand, the frequency of meals per day and
frequency of flour intake were not associated with
[18]
IBS, similar to findings reported by Ibrahim et al
among medical students in King Abdulaziz University
in Jeddah. The results above underline the need for
further studies to characterize potential relationships
between diet-related practices and the risk of FGID, in
order to design appropriate and effective diet-based
interventions.
We found that the risk of having IBS was significantly
greater among females than males. This finding is
in concordance with the established association
[23]
between female sex and IBS . In fact, most studies
conducted in Western countries showed that IBS
[24]
affected women more than men . A systematic
review pooling the results of 80 studies showed
that the prevalence of IBS was significantly higher
for women than men (overall OR = 1.67); these
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included 55 studies that mostly reported a positive
[25]
association between IBS and female sex . Similar
results were also found in countries of the MENA
region where a systematic review on the prevalence
and risk factors of IBS in the Republic of Iran showed
that more than half of the reviewed studies showed
that the prevalence of IBS was significant correlated
[26]
with female sex . However, the reason behind the
sex difference in IBS prevalence remains uncertain.
A possible explanation for this might lie in the
differences in socio-cultural features such as health
care seeking behavior between men and women or
it may be due to actual biological differences. For
example, although gastrointestinal symptom changes
related to the menstrual cycle are common in women
in general, those who have IBS are significantly more
likely to report an exacerbation of bowel symptoms
[27]
during menses .
Interestingly, living arrangements or conditions
were associated with IBS prevalence in our sample.
The proportion of students with IBS who were living
away from home was higher than that of students
living at home. A possible explanation might lie in the
fact that life away from home may have an influence
on lifestyle behaviors including irregular dietary habits
and poor stress management, thereby influencing
the manifestation of IBS symptoms. This possibility
[28]
was demonstrated by Mansour-Ghanaei et al
who
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reported that Iranian students living at a distance
from their families had significantly higher rates of IBS
compared to others. The effect of stress as a major
moderator in IBS development has been previously
[29]
explored and established , yet the exact mechanism
of how psychological stress induces abdominal
symptoms has not been elucidated, despite many
studies reporting a bidirectional relationship between
[30]
the central nervous system and the digestive tract .
Since stress and other psychological factors are
associated with IBS, living away from home may act
as a potential stressor, affecting the onset and severity
of IBS among vulnerable students.
The role of a subject’s socioeconomic status (SES)
may also play a possible role in IBS development.
Studies have demonstrated a link between affluent
[31,32]
childhood SES and adult Manning criteria for IBS
.
An association between a higher socioeconomic
environment and IBS was also noted in our sample. A
significant proportion of students who lived away from
home, in a private apartment or house, had middle
to high family income. Moreover, post hoc analysis
showed that over 50% of IBS positive cases living
away from home had middle to high family income.
A possible explanation for this association lies in the
[33]
“hygiene hypothesis” proposed by Gwee . Children
from a high social class are less likely to live in highly
crowded environments and as a result, are less
exposed to enteric pathogens at an early stage of life.
These pathogens result in the development of immune
tolerance by protecting against the development of
post-infectious IBS through increased exposure to
intestinal organisms leading to lower risk of adult
[33]
IBS .
Regarding behavioral risk factors, the results of
the present study showed that IBS prevalence was
higher among students who did not engage in physical
exercise. These results are similar to those obtained
[34]
by Kim et al
who reported a higher prevalence
of IBS among Korean university students who did
[11]
not exercise. Similarly, Dong et al
found that low
exercise levels indicated a high risk of IBS among
Chinese university students. Increased physical activity
has been shown to improve IBS symptoms whereby
physically active IBS patients have less symptom
exacerbation compared with physically inactive
[35]
patients . Physical activity also has a well-known role
in stress management; therefore, it is possible that
patients with IBS who did not exercise might have
been less able to cope with a stressful factor in their
lives, be it personal or socioeconomic, in addition to
the university experience being itself an additional
stressor, thereby exacerbating IBS symptoms.

area. Therefore, this study is unique in its nature, as it
is the first study in Lebanon to analyze the predictors
of IBS among university students at the multivariate
level. The sample size of the study was heterogeneous
(private and public universities), and not restricted to
one university, reflecting the socioeconomic diversity of
all university students in Lebanon. Moreover, the ROME
Ⅲ criteria have been shown to be a reliable and valid
tool to diagnose and obtain estimates of FGIDs based
[15]
on symptoms for various gastrointestinal conditions .

Limitations

Findings from this study should be interpreted with
consideration of some limitations. Data in the study
were self-reported with no verification performed,
incurring a possibility of information bias. Also,
misclassification bias of the dependent variable might
have occurred because of the use of self-completed
questionnaires. However, because the questionnaires
were anonymous, the likelihood of misclassification
bias was minimized. Selection bias may have been
possible since the sample was not random and
may not be representative of the whole university
student population in Lebanon, and so our results
cannot be generalized to this target population.
Moreover, given the exploratory nature of the study,
certain confounders were not controlled for, possibly
introducing some confounding bias. Finally, due to the
cross-sectional nature of our data, we cannot infer
causality from these findings.
In conclusion, IBS presents a major public health
concern worldwide due to its negative impact on
health-related quality of life and high health care
expenditure. This is the first study to describe the
nature of IBS among young adults in Lebanon. Our
study found that the prevalence of IBS in a large
population of Lebanese students was higher than
rates reported in the West. This study showed that
proportionately more women suffered from IBS than
men and that social as well as health behavioral
factors have significant influences on the presence
and progression of IBS. As a result, multifaceted
interventions should be considered when aiming to
reduce symptoms of IBS such as dietary education,
and encouragement to change lifestyles in order to
control stress.
The findings of this study also have important
implications for IBS screening and management, as
they highlight the importance of engaging in healthy
behaviors such as physical activity to minimize IBS
symptoms and enhance quality of life. It is worthwhile
to note that Lebanon has continuously been facing
insecurity and political conflict. These factors are not
present in countries where other studies have been
conducted and such contextual factors are expected to
have an adverse effect on physical and mental health
and so any intervention that targets Lebanese youth
should be tailored to suit the environment and barriers

Strengths

Despite the relatively high prevalence of IBS in Asia in
general and in the Middle East in particular, few studies
in the region have examined the prevalence in this
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found in this country. More studies are needed to fully
explore the factors related to symptoms of FGIDs
in Lebanon. Future studies that include objective
measurement of dietary factors and habits, exercise
and psychological factors are needed to add to the
understanding of the scope and dimensions of IBS in
this population.
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AIM: To evaluate how Helicobacter pylori (H. pylori)
is able to evade the immune response and whether it
enhances systemic immune tolerance against colorectal
cancer.
METHODS: This prospective randomized study
involved 97 consecutive colorectal cancer patients and
108 cancer-free patients with extra-digestive diseases.
Colorectal cancer and cancer-free patients were
assigned into subgroups according to H. pylori IgG
seropositivity. Exposure to H. pylori was determined by
IgG seropositivity which was detected by enzyme linked
immunoassay (ELISA). Serum neopterin levels were
measured by ELISA. Serum tryptophan, kynurenine,
and urinary biopterin concentrations were measured by
high performance liquid chromatography. Serum nitrite
levels were detected spectrophotometrically. Serum
indoleamine 2,3-dioxygenase activity was estimated by
the kynurenine to tryptophan ratio and by assessing the
correlation between serum neopterin concentrations and
the kynurenine to tryptophan ratio. The frequencies of
increased serum kynurenine to tryptophan ratio of H.
pylori seronegative and seropositive colorectal cancer
subgroups were estimated by comparing them with
the average kynurenine to tryptophan ratio of H. pylori
seronegative tumor-free patients.
RESULTS: Compared with respective controls, in both
H. pylori seronegative and seropositive colorectal cancer
patients, while serum tryptophan levels were decreased
(controls vs patients; seronegative: 20.37 ± 0.89
µmol/L vs 15.71 ± 1.16 µmol/L, P < 0.05; seropositive:
20.71 ± 0.81 µmol/L vs 14.97 ± 0.79 µmol/L, P < 0.01)
the kynurenine to tryptophan ratio was significantly
increased (controls vs patients; seronegative: 52.85
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± 11.85 µmol/mmol vs 78.91 ± 8.68 µmol/mmol,
P < 0.01, seropositive: 47.31 ± 5.93 µmol/mmol vs
109.65 ± 11.50 µmol/mmol, P < 0.01). Neopterin

a locally but also a systemically evoked phenomena
in the host. Particularly in the last few years, many
studies have been performed on the role of H. pylori
[1]
in the pathogenesis of extra-gastric diseases . It is
now known that exposure to H. pylori and subsequent
seropositivity is associated with an increased number
of cardiovascular, respiratory, extra-gastroduodenal
digestive, neurological and miscellaneous autoimmune
[2]
disorders .
It has previously been shown that the risk of colon
adenomas is increased in H. pylori-infected subjects.
Two recent studies from Japan, based on a large
number of patients, added important evidence for the
association between H. pylori infection and colorectal
[3]
neoplasia. Previously, Fujimori et al showed a positive
relationship between H. pylori infection and the risk of
adenoma and carcinoma, especially in women [odds
ratio (OR); 1.68 and 2.09, respectively]. Later, Mizuno
[4]
et al found that H. pylori infection was associated
with the presence of colon adenomatous polyps. A
very signiﬁcant increase in the incidence of adenomas
was observed in the seropositive group compared with
seronegative controls (44.3% vs 18.9%, P < 0.0001).
In the evaluation of the relationship between H.
pylori and risk of colorectal cancer, the estimated
OR showed a small increase in the risk of colorectal
cancer development because of H. pylori infection.
Recently, in one of two different meta-analyses, an
OR of 1.49 (95%CI: 1.17-1.91) was found for the
association between H. pylori infection and colorectal
cancer. In another study, serological investigation
demonstrated an OR of 1.56 (95%CI: 1.14-2.14)
for the association between immunoglobulin G (IgG)
[5,6]
antibody and colorectal cancer risk . Likewise, in our
previous study, we found a 2.2-fold increase in the risk
of colorectal carcinoma in patients with H. pylori IgG
[7]
seropositivity . Very recently, a significant correlation
was found by Popović and colleagues between H. pylori
seropositivity and colon cancer (P = 0.002) in a series
[8]
of 142 patients .
Although the human host mounts a vigorous innate
and adaptive immune response against the bacterium,
H. pylori can escape and evade host responses by
a variety of mechanisms that lead to persistent
[9]
colonization and chronic active inflammation .
Surprisingly, most people infected with H. pylori are
asymptomatic, which suggests that additional factors
are necessary for the development of H. pylori[10]
associated diseases .
Thomas and Stocker proposed a sequential defen
se mechanism for the immune response, in which
indoleamine 2,3-dioxygenase (IDO) activity is the
[11]
first-line of defense against invading cells . Inter
feron-gamma (IFN-γ)-induced IDO activity mediates
an antimicrobial effect. During the first phase of
infection, IDO-mediated tryptophan (Trp) depletion
is predominantly antimicrobial whereas in the further
[12]
stage, it is an inhibitor of T-cell growth .

concentrations in cancer patients were significantly
elevated compared with controls (P < 0.05). There was
a significant correlation between serum neopterin levels
and kynurenine/tryptophan in control and colorectal
cancer patients groups (r s = 0.494, P = 0.0001 and r s
= 0.293, P = 0.004, respectively). Serum nitrite levels
of H. pylori seropositive cancer cases were significantly
decreased compared with seropositive controls (controls
vs patients; 26.04 ± 2.39 µmol/L vs 20.41 ± 1.48
µmol/L, P < 0.05) The decrease in the nitrite levels of H.
pylori seropositive cancer patients may be attributed to
excessive formation of peroxynitrite and other reactive
nitrogen species.
CONCLUSION: A significantly high kynurenine/
tryptophan suggested that H. pylori may support the
immune tolerance leading to cancer development,
even without an apparent upper gastrointestinal tract
disease.
Key words: Colorectal cancer; Kynurenine/tryptophan;
Immune tolerance; Helicobacter pylori ; Oxidative stress
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Persistent inflammation of the stomach
induced by Helicobacter pylori (H. pylori) can have
consequences on the rest of the body. Despite the
vigorous innate and adaptive immune response
against the bacterium, H. pylori escape and evade host
responses by a variety of mechanisms. Low tryptophan
levels and increased concentrations of its degradation
product, kynurenine, may be directly involved
in diminished T-cell responsiveness to antigenic
stimulation in cancer. H. pylori seropositive colorectal
cancer patients with significantly higher kynurenine/
tryptophan and reduced nitric oxide suggested that
H. pylori might support immune tolerance leading
to cancer development, even in patients without an
apparent upper gastrointestinal tract disease.
Engin AB, Karahalil B, Karakaya AE, Engin A. Helicobacter
pylori and serum kynurenine-tryptophan ratio in patients with
colorectal cancer. World J Gastroenterol 2015; 21(12): 3636-3643
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i12/3636.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i12.3636

INTRODUCTION
Persistent inflammation of the stomach induced by
Helicobacter pylori (H. pylori) can have consequences
on the rest of the body. Recent studies showed that the
immunological response against H. pylori is not only
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Despite the phenomenon of immune activation
against cancer cells, low Trp levels and increased
concentrations of its degradation products may be
directly involved in diminished T-cell responsiveness
[13]
to antigenic stimulation in cancer patients . This new
mechanism proposed for tumoral immune resistance
involves the expression of IDO by tumor cells. It
rapidly degrades Trp, and resultant Trp depletion
causes a strong inhibitory effect on the development of
[14]
immune responses .
These evidences raise the question of how H.
pylori is consistently able to evade these cellular and
humoral immune responses. Furthermore, it is not
known whether H. pylori enhance systemic immune
tolerance against colorectal cancer or not. Regarding
the mentioned assumptions, the present study was
designed to determine the effects of the serum
kynurenine (Kyn)/Trp, serum Trp, Kyn and neopterin
levels, which are sustained in persisting H. pylori
seropositivity in colorectal cancer patients.

seropositive. The patients whose titers were between 8
and 12 U/mL appeared in the grey zone and were not
included in the study. The 13C-urea breath test (UBT)
is an accurate, non-invasive test to diagnose gastric
viable H. pylori colonization in adults and it is also
used to monitor the outcome of eradication therapy in
[15]
patients . However, findings suggest that infections
with H. pylori may have a long-lasting impact on
the cell-mediated immune system even after viable
bacteria are eradicated. Therefore, we did not perform
UBT in our series of patients but determined H. pylori
IgG seropositivity in our study. There were 37 H. pylori
IgG seronegative and 71 H. pylori IgG seropositive
control patients, while 19 of the colorectal cancer
patients were H. pylori IgG seronegative and 78 were H.
pylori IgG seropositive.
Cancer-free individuals were selected from the patient
population admitted to the hospital for hernioraphy,
hemorroidectomy or breast biopsies. These patients had
undergone diagnostic endoscopic evaluation whenever
their complaints were suggestive of digestive diseases.
Patients who did not have any pathological finding in
either the upper or lower gastrointestinal system were
included in the cancer-free control group. No patient
had cardio-pulmonary or metabolic risks that could be
an obstacle for surgery.
The exclusion criteria were immune system disorders,
not able to receive surgical intervention or treatment
with neoadjuvant chemotherapy because of late stage
carcinoma, or having malnutrition, autoimmune diseases,
systemic inflammatory response syndrome, chronic
granulomatosis, collagen tissue or neurodegenerative
diseases. None of the patients who received traditional
triple eradication therapy for H. pylori infection within
the last two years were included in the study groups.
All participants’ rights were protected and informed
consents were obtained according to the Helsinki
Declaration. Gazi University, Local Ethics Committee
approved the study protocol.
Peripheral venous blood samples from each
individual was collected and used for serum separation.
Urine specimens were collected coincidentally. All
samples were obtained in the early morning, and kept
from direct light at -20 ℃ until assay.
Biopterin and creatinine levels in urine were
analyzed by high performance liquid chromatography
[16]
(HPLC), as previously described . Serum neopterin
concentrations were determined according to the
manufacturer’s instructions by a commercially avai
lable enzyme immunoassay kit (ELISA, Tani Medical
Laboratories, Ankara, Turkey). The optical density was
measured at 450 nm. Trp and Kyn concentrations in
serum were determined simultaneously by reversedphase HPLC. In order to estimate Trp degredation, the
Kyn to Trp ratio (Kyn/Trp) was calculated by dividing
Kyn concentrations (µmol/L) by Trp concentrations
[17]
(mmol/L) . The frequency of increased serum Kyn/
Trp of H. pylori seronegative and seropositive colorectal

MATERIALS AND METHODS
This prospective randomized study involved 97
consecutive colorectal cancer patients; 61.7 ± 1.3
(mean ± SE) years of age, and body mass index
2
(BMI) of 25.5 ± 0.4 kg/m , and 108 cancer-free
patients with extra-digestive diseases; 55.5 ± 1.3
2
years of age, and BMI of 27.1 ± 0.5 kg/m , referred
to Gazi University, Faculty of Medicine, Department of
General Surgery for surgical evaluation. Diagnosis was
made by colonoscopy and histological examination
of tumor biopsies in all colorectal cancer patients,
and stratified according to the TNM classification of
the American Joint Committee on Cancer Staging.
From laboratory findings and clinical staging, the
primary disease of all cancer patients was found to
be suitable for surgical intervention. Subsequent
confirmation of the preoperative diagnosis was
made by routine histopathological examination of
postoperative specimens regarding the presence
of lymphatic invasion, lymph node involvement,
peritumoral lymphoid cell infiltration, and tumor
grade. However, these histological findings were
ignored in our series of patients because of the high
seroprevalence of H. pylori in the general population
and prevalent asymptomatic infection makes the
interpretation of the definite role of H. pylori difficult.
Therefore, cancer patients and cancer-free cases
were divided simply into two subgroups, based on the
presence or absence of H. pylori IgG seropositivity.
Exposure to H. pylori in each patient was determined
by an IgG seropositivity test (ELISA) according to
the manufacturer’s instructions (H. pylori IgG ELISA,
Demeditec, Germany). Considering the ELISA kit
manual, individuals with an H. pylori IgG titer below 8
U/mL were accepted as H. pylori seronegative, while
a value above 12 U/mL was interpreted as H. pylori
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Table 3 Comparison of neopterin, tryptophan, kynurenine,
nitrite, biopterin levels (mean ± SE) in Helicobacter pylori
seropositive controls and Helicobacter pylori seropositive
colorectal cancer patients

Table 1 Comparison of neopterin, tryptophan, kynurenine,
nitrite, biopterin levels (mean ± SE) in controls without
malignancy and in gastric cancer patients
Control group Colorectal P value
(n = 108) cancer group
(n = 97)
Serum neopterin (nmol/L)
Tryptophan (nmol/L)
Kynurenine (nmol/L)
Kynurenine/tryptophan
(mmol/mmol)
Nitrite (mmol/L)
Urinary biopterin/
creatinine (mmol/mol)

7.68 ± 0.56
20.6 ± 0.61
0.89 ± 0.09
49.10 ± 5.52

21.18 ± 2.45
15.38 ± 0.64
1.24 ± 0.09
99.93 ± 8.70

0.021a
0.000a
0.000a
0.000a

24.60 ± 1.69
121.65 ± 7.79

23.05 ± 1.74
122.70 ± 7.69

0.107
0.926

H. pylori

H. pylori

P value

seropositive
seropositive
control group colorectal cancer
(n = 71)
group (n = 78)
Serum neopterin (nmol/L)
Tryptophan (nmol/L)
Kynurenine (nmol/L)
Kynurenine/tryptophan
(mmol/mmol)
Nitrite (mmol/L)
Urinary biopterin/
creatinine (mmol/mol)

a

P < 0.05, control vs cancer patients.

7.44 ± 0.61

21.8 ± 3.05

0.0001a

20.71 ± 0.81

14.97 ± 0.79

0.0001a

0.89 ± 0.13

1.28 ± 0.11

0.0001a

47.31 ± 5.93

109.65 ± 11.50

0.0001a

26.04 ± 2.39

20.41 ± 1.48

0.017a

124.65 ± 9.84

120.69 ± 9.98

0.607

a

P < 0.05, Helicobacter pylori (H. pylori) seropositive control vs H. pylori
seropositive cancer patients.

Table 2 Comparison of neopterin, tryptophan, kynurenine,
nitrite, biopterin levels (mean ± SE) in Helicobacter pylori
seronegative controls and Helicobacter pylori seronegative
colorectal cancer patients
H. pylori

H. pylori

RESULTS
Mean serum neopterin levels of the cancer patients
were significantly lower than in the non-tumor group
(Table 1). In the evaluation of subgroups, there was
a signiﬁcant increase in serum neopterins in both H.
pylori seronegative (Table 2) and seropositive (Table
3) cancer patients (u = 202, P = 0.01 and u = 1265, P
= 0.0001, respectively) compared with their matched
controls. However, the highly significant increase
in serum neopterin levels in H. pylori seropositive
cancer patients suggested that H. pylori seropositivity
enhanced the immune response of macrophages
against colorectal cancer. Considering all colorectal
cancer patients, although the reduction in serum
nitrite concentrations was not significant (u = 5538.5,
P = 0.107) (Table 1), serum nitrite levels of H. pylori
seropositive cancer patients were significantly lower
compared with H. pylori seropositive cancer-free
matched controls (2110, P = 0.01) (Table 3). Serum
nitrite levels did not differ between the H. pylori
seronegative cancer group and their matched controls
(u = 347, P = 0.938) (Table 2). These findings may
be consistent with the evidence that the released
reactive oxygen and nitrogen species are produced by
the phagocytic leukocytes which are recruited to the
colorectal tumor site and by H. pylori itself. However,
it was not investigated whether H. pylori colonization
is still positive or not in 78 seropositive cases with
colorectal cancer. Unchanged urinary biopterin,
oxidized product of tetrahydrobiopterine (H4-bip) in H.
pylori seropositive colorectal cancer patients (1385.5, P
= 0.607) (Table 3) showed that despite the increased
consumption of NO, supportive NO synthesis in these
patients was not evident.
Trp concentrations in cancer patients were signi
ﬁcantly lower than that of cancer-free controls (u =
2876, P = 0.0001) (Table 1). As a result of increased

P value

seronegative
seronegative
control group colorectal cancer
(n = 37)
group (n = 19)
Serum neopterin (nmol/L)
Tryptophan (nmol/L)
Kynurenine (nmol/L)
Kynurenine/tryptophan
(mmol/mmol)
Nitrite (mmol/L)
Urinary biopterin/
creatinine (mmol/mol)

8.10 ± 1.11
20.37 ± 0.89
0.89 ± 0.12
52.85 ± 11.85

20.89 ± 6.27
15.71 ± 1.16
1.22 ± 0.18
78.91 ± 8.68

0.010a
0.003a
0.007a
0.000a

21.86 ± 1.81
116.20 ± 12.87

25.51 ± 4.34
119.1 ± 11.6

0.938
0.573

a

P < 0.05, Helicobacter pylori (H. pylori) seronegative control vs H. pylori
seronegative cancer patients.

cancer groups was estimated by comparing each
of them with the mean of seronegative cancer-free
controls. Serum nitrite concentrations were measured
[18]
by the Griess method . Serum nitrate measurements
were not included in this study, because nitrates are
not only released as the final products of nitric oxide
(NO) oxidation via nitrites, but could also be produced
from peroxynitrites formed during the reaction of NO
with the free oxygen radicals. A conclusive profile
of NO concentration is reflected by serum nitrite
[19]
level . Measurement of serum creatinine levels was
performed by an auto analyzer.

Statistical analysis

Data were analyzed using SPSS, version 13.0 (SPSS
Inc., Chicago, IL, United States). All results are
expressed as mean ± SE. After checking the data with
the Kolmogorov-Smirnov test, non-parametric data
of two independent groups were compared with the
Mann-Whitney U test and P < 0.05 was considered
statistically significant. Correlations were assessed
using the Spearman rank test.
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[20]

cell 1 (Th1)-derived cellular immune activation .
An increase in neopterin concentrations during
cancer growth indicates a chronic cellular immune
response; however, it is not specific for malignant cell
[21]
proliferation . The mean serum neopterin level in the
non-tumor group was below the standard cut-off value,
[22]
10 nmol/L , while there was a signiﬁcant increase
in serum neopterins in cancer patients. Thus in our
study, a highly significant increase in serum neopterin
concentration of H. pylori seropositive colorectal cancer
patients suggested that H. pylori seropositivity induced
activation of cell-mediated immunity, in addition to
cancer-induced chronic cellular immune response.
On the other hand, chronic stimulation of Th1mediated immunity may also cause enhanced IDO
[23]
activity in malignant diseases . IDO is an enzyme
ubiquitously distributed in mammalian cells, and
converts Trp to N-formylkynurenine. This substance
[13]
is further catabolized to Kyn . Trp depletion as
well as the accumulation of its metabolites results
in a strong inhibitory effect on the development of
[24]
immune responses . IDO-induced Trp depletion from
the tumor microenvironment could be the result of
enhanced activation of the enzyme and augmented
Trp consumption by both tumor cells and antigen[25]
presenting cells of the host . Recent data obtained
from tumor models demonstrated that IDO inhibition
could significantly enhance the antitumor activity of
various chemotherapeutic and immunotherapeutic
agents. These results were consistent with data
showing that increased IDO expression was an
independent prognostic variable for reduced overall
[24]
survival in cancer patients . In colorectal cancer
patients, significantly accelerated degradation of
Trp, with lowered serum concentrations of Trp and
increased Kyn, as well as an increased Kyn/Trp has
[26]
previously been reported . Indeed, in our study,
the highly significant correlation between neopterin
concentrations with increased Kyn/Trp clearly indicated
that the formation of Kyn is related to IDO activity
by IFN-γ stimulation. It is postulated that IDO limits
immune cell proliferation by depleting locally available
[27]
Trp and/or producing its cytotoxic metabolites .
However, enhanced IDO activity and further serum
Trp degradation due to H. pylori-seropositivity in
colorectal cancer patients was demonstrated for the
first time in our study. In addition to reduced serum
Trp concentrations and raised serum Kyn levels in the H.
pylori seropositive colorectal cancer group, a significant
increase in serum Kyn/Trp (u = 1026, P = 0.0001)
and highly significant correlation between the serum
neopterin and Kyn/Trp suggested that IDO activities
may be induced by H. pylori seropositivity. A frequency
of increased Kyn/Trp of 57% indicated that enhanced
IDO activity may be an important additional factor
in the development of H. pylori-associated colorectal
cancer. As a result, H. pylori seropositivity may have
an effect on the enhancement of immune tolerance
against cancer cells. The number of advanced cancer

mmol kynurenine/mmol tryptophan

Control group
Colorectal cancer group
120

a
a

100

a

80
60
40
20
0

Total

H. pylori

H. pylori

seronegative

seropositive

Figure 1 Comparison between kynurenine to tryptophan ratios in controls
and colorectal cancer patients, in Helicobacter pylori seronegative
or seropositive groups. aP < 0.05, controls vs colorectal cancer patients,
Helicobacter pylori (H. pylori) seronegative controls vs H. pylori seronegative
colorectal cancer patients, H. pylori seropositive controls vs H. pylori
seropositive colorectal cancer patients, statistically significant.

IDO activity, levels of Kyn, the toxic product of the
Trp degradation pathway, signiﬁcantly increased in
colorectal cancer cases (u = 2931, P = 0.0001). Thus,
colorectal cancer patients showed a highly significant
rise in Kyn/Trp (u = 2272, P = 0.0001) (Table 1,
Figure 1). To elucidate the contribution of H. pylori
seropositivity to the frequency of increased Kyn/Trp,
the data of H. pylori seronegative or seropositive
subgroups were evaluated. H. pylori seronegative or
seropositive colorectal cancer patients had significantly
higher Kyn/Trp compared with their matched cancerfree controls. Although no statistical difference was
found between IDO activities of H. pylori seronegative
and seropositive cancer patients, the frequency of
increased Kyn/Trp was estimated as 46% and 57% for
seronegative and seropositive subgroups, respectively.
This means that H. pylori seropositivity might add 11%
to the frequency of increased Kyn/Trp in the colorectal
cancer group and enhance immune tolerance against
cancer cells. There was a significant correlation
between the serum neopterin levels and Kyn/Trp
in control and colorectal cancer patients groups (rs
= 0.494, P = 0.0001 and rs = 0.293, P = 0.004,
respectively), while a positive correlation existed in
both H. pylori seronegative and seropositive control
individuals (rs = 0.652, P = 0.0001 and rs =0.381, P
= 0.002, respectively). Similarly, the correlation of
the same parameters in H. pylori seropositive cancer
patients was also significant (rs = 0.374, P = 0.002,
respectively).

DISCUSSION
Neopterin is mainly synthesized by activated
monocytes/macrophages in response to induction
by IFN-γ. Measurement of neopterin concentrations
in body fluids provides information about T helper
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cases in the H. pylori seropositive group may support
this statement.
In our study, while serum nitrite levels were
significantly lower in H. pylori seropositive cancer
patients, no difference was found between H. pylori
seronegative cancer patients and their H. pylori
seronegative matched controls. Thus, the nitriteNO pathway may be viewed as a backup system,
to ensure sufﬁcient NO generation along the entire
[28]
physiological oxygen gradient . Actually, NO regulates
IDO activity biphasically, in a dose-dependent manner
such that, while high NO production inactivates
IDO enzyme and favors the immune response, low
concentrations of NO increase IDO activity, resulting
[29]
in immune tolerance . A decrease in serum NO in H.
pylori seropositive cancer patients may be attributed
to the relatively effective scavenging of the radicals by
NO. NO and superoxide can antagonize each other’s
biological actions regarding the NO/superoxide balance
[30]
in cytoplasmic fractions . The relative NO production
rates have an impact on the NO-mediated toxic vs
[31]
protective effects . Peroxynitrite formed in vivo from
superoxide and NO can mediate oxidative nitration
or nitrosation reactions, leading to tissue injury.
Consequently, a reduction in NO may be due to the
formation of peroxynitrite and other reactive nitrogen
species (RNS). It was demonstrated that excessive
reactive oxygen species (ROS)/RNS production in the
H. pylori-infected stomach by activated neutrophils
and H. pylori itself can damage DNA in gastric
epithelial cells, implying its involvement in gastric
[32]
carcinogenesis . A negative correlation between the
amount of superoxide radicals and nitrites suggests
[33]
that NO has antioxidative effects at the site of injury .
However, the vast majority of the studies have
employed serological surveillance rather than isolation
of H. pylori from the target disease site, as serological
testing for indirectly detecting H. pylori is quick,
relatively cheap and specific. Moreover, it is well known
that there is an ongoing risk of developing cancer even
[34]
after the eradication of H. pylori infection . These
data claimed that H. pylori may induce oxidative stress
by different mechanisms. Most probably NO combines
with reactive oxygen metabolites to form RNS, such
as nitrogen dioxide and peroxynitrite, whereby NO
bioavailability was decreased.
As we could not find any difference between the
serum nitrite levels of H. pylori seronegative colorectal
cancer cases and their matched controls; it seems
that the presence of H. pylori may have caused a
significant increase in NO consumption by formation
of redox active radicals in cancer cases. H4-bip is an
indispensable cofactor for NO generation by inducible
[35]
nitric oxide synthase (iNOS) . The quantity of urinary
biopterin excretion is a determinant of the amount of
intracellular H4-bip which is critical for iNOS-dependent
[36]
generation of NO . However, we did not observe
an increase in urinary biopterin excretion of H. pylori
seropositive cancer group.
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In our study, a significant increase in serum
neopterin concentrations suggested that IFN-γ-induced
guanosine triphosphate (GTP) cyclohydrolase Ⅰ activi
ties largely supported neopterin synthesis in either H.
pylori seronegative or H. pylori seropositive colorectal
carcinoma patients. GTP cyclohydrolase Ⅰ activities
correlate with the sum of neopterin plus biopterin
[37]
rather than with neopterin or biopterin alone . As
a conclusion, H. pylori seropositive colorectal cancer
patients with significantly higher Kyn/Trp and reduced
NO suggest that H. pylori may support immune
tolerance leading to cancer development, even in
patients without an apparent upper gastrointestinal
tract disease. There is little in the literature related to
this subject, thus further studies in larger populations
are warranted in order to support these findings.
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H. pylori seropositive colorectal cancer patients with significantly higher
kynurenine/tryptophan and reduced nitric oxide suggested that H. pylori may
support immune tolerance leading to cancer development, even in patients
without an apparent upper gastrointestinal tract disease.

Applications

H. pylori seropositivity may have consequences not only in the stomach but
also in the colon and rectum, and this may lead to the increased incidence of
colorectal cancer. Significantly higher kynurenine/tryptophan and reduced nitric
oxide may be an indicator of immune tolerance related to H. pylori seropositivity
that supports colorectal cancer development.

Terminology

The presence of H. pylori immunglobulin G is associated with previous
infection. Indolamine-2,3-dioxygenase is an enzyme, ubiquitously distributed in
mammalian cells, which converts tryptophan into kynurenine. The correlation
of kynurenine/tryptophan with neopterin indicates indolamine-2,3-dioxygenase
activity. Thus, tryptophan depletion as well as the accumulation of its
metabolites results in a strong inhibitory effect on the development of immune
responses against cancer cells.

Peer-review

This is a good descriptive study in which the authors analyzed consequences
of H. pylori on the body other than stomach. The results are interesting and
suggest that increased kynurenine/ tryptophan- may be directly involved in
diminished T-cell responsiveness to antigenic stimulation in cancer and H.
pylori might support immune tolerance leading to cancer development, even in
patients without an apparent upper gastrointestinal tract disease.
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Abstract
AIM: To determine the incidence and risk factors for
colorectal cancer (CRC) in patients with ulcerative colitis
from a low prevalence region for CRC.
METHODS: Our prospective database yielded a
cohort of 430 patients [age: 44 ± 14.6 years; 248
men (57.7%)] with ulcerative colitis (median disease
duration 6, range: 1-39 years) for analysis. Of these,
131 (30.5%) had left-sided colitis and 159 (37%)
extensive colitis. Patients with histologically confirmed
CRC within the segment with colitis were compared
with those without CRC, to determine the risk factors
for the development of CRC.
RESULTS: Twelve patients (2.8%) developed CRC. The
overall incidence density was 3.56/1000 patient-years
of disease - 3/1000 in the first 10 years, 3.3/1000 at 10
to 20 years, and 7/1000 at > 20 years. Three of our 12
patients developed CRC within 8 years of disease onset.
On univariate analysis, extensive colitis, longer duration
of disease, and poor control of disease were associated
with development of CRC. On multivariate analysis,
duration of disease and extent of colitis remained
significant.
CONCLUSION: CRC occurred in 2.8% of patients with
ulcerative colitis in our population - an incidence density
similar to that in Western countries in spite of a low
overall prevalence of colon cancer in our population.
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The risk increased with extent and duration of disease.
Key words: Colon cancer; Dysplasia; Epidemiology;
Inflammatory bowel disease; Malignancy

cohort of patients with ulcerative colitis, in order to
identify risk factors and also to determine whether
standard recommendations for time-to-surveillance
are reasonable for low-risk populations.

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

MATERIALS AND METHODS
This is an analysis of a prospectively maintained
database of a cohort of patients with ulcerative
colitis presenting to the Division of Gastroenterology
since 2005. The data include demography, history,
examination findings, laboratory investigations, colo
noscopy (patients with disease proximal to splenic
flexure were considered to have extensive colitis) and
histology findings, imaging findings, diagnosis, therapy
(medical and surgical), duration of disease and therapy,
compliance with therapy (taking more than 85% of
the prescribed dose of medications was considered
“compliant with treatment”), response to treatment,
course, complications of disease, and extra-intestinal
manifestations.
Currently, colonoscopic surveillance is advised
routinely to our patients with more than 8 years’
history of ulcerative colitis, irrespective of extent of
disease. Follow up was recorded during their hospital
visits, failing which they were contacted by telephone,
e-mail or post, for update on their disease status.
Patients with less than one-year duration of ulcerative
colitis and those with less than one year of follow up
were excluded from analysis in this study. Disease
control was considered good when bowel frequency
was normal, and there was no blood in stool and no
systemic symptoms; when they were symptomatic,
[10]
Truelove and Witt’s criteria
were used to assess
disease severity; mild and moderate activity was
considered as average control and severe activity was
considered as poor control.
Data of patients with confirmed diagnosis of CRC
on endoscopic biopsy and/or operative specimens
were analysed with regard to details of location of
malignancy, whether it occurred in the segment with
macroscopic colitis, stage of disease, presence of
metastatic disease, and outcome. These patients were
compared to those without malignancy to identify
possible risk factors for development of malignancy.

Core tip: From an area with low prevalence of colon
cancer, the risk of colorectal cancer (CRC) in patients
with ulcerative colitis was as high as in those with
high risk of CRC. Some patients developed CRC before
the recommended commencement of colonoscopic
surveillance for CRC.
Desai D, Shah S, Deshmukh A, Abraham P, Joshi A, Gupta T,
Deshpande R, Khandagale V, George S. Colorectal cancers in
ulcerative colitis from a low-prevalence area for colon cancer.
World J Gastroenterol 2015; 21(12): 3644-3649 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i12/3644.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i12.3644

INTRODUCTION
The risk of development of colorectal cancer (CRC)
in patients with ulcerative colitis varies in literature.
[1]
A meta-analysis by Eaden et al in 2001 concluded
that the cumulative probability of CRC was 2% by 10
years, 8% by 20 years, and 18% by 30 years. The
[2]
meta-analysis by Lutgens et al shortlisted eight
studies from 1988 to 2009 and reported that the risk
of CRC is increased in inflammatory bowel disease but
is not as high as reported in earlier studies; the pooled
standardized incidence rate (SIR) was 1.7 (95%CI:
1.2-2.2).
These studies come from regions where the
prevalence of CRC itself is high. India has an incidence
of CRC that is approximately a tenth of that in the
[3]
Western world . It would be interesting to see
whether the intrinsically lower risk in the population
would translate to a lower overall risk in patients
with ulcerative colitis. Previous studies from India do
[4,5]
indeed point to a lower risk ; however, the duration
of ulcerative colitis in the patient population evaluated
has been low, with only a small percent exceeding
10 year follow up. The recent Asia-Pacific consensus
statement on ulcerative colitis highlighted the paucity
[6]
of data on CRC in the Asian population .
In an attempt to diagnose CRC early, various societies
[6-8]
have proposed surveillance guidelines
. Survival
benefit from colonoscopic surveillance programmes in
ulcerative colitis has not been conclusively established,
but there seem to be fewer deaths in patients under
[7-9]
going surveillance
. Surveillance guidelines in an
otherwise low-risk population should depend on the risk
increase of CRC with ulcerative colitis.
We therefore analysed the incidence of CRC in our

WJG|www.wjgnet.com

Statistical analysis

Qualitative data are represented as frequency and
percentage. Association between qualitative variables
2
was assessed by χ test or Fisher’s exact test. p value
less than 0.05 was taken as significant. All analyses
were done using SPSS Version 13.0.1, IBM, New York.
The study was approved by institutional review board

RESULTS
Of the 461 patients with ulcerative colitis in our
database, 31 were excluded from analysis (less
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Table 1 Comparison of ulcerative colitis patients with and
without colorectal cancer

Number of patients (males)
Age (mean ± SD, yr)
Median duration of disease
(interquartile range)
History of smoking
Family history of IBD
Pancolitis
Left-sided colitis
No. of patients on azathioprine
Poor compliance with therapy
Poor disease control

Table 2 Characteristics of colorectal cancer in ulcerative
colitis

CRC

P value

No.

418 (242)
44.5 ± 14.6
6 (7)

12 (5)
49.6 ± 10.1
18 (8)

0.3751
0.232
0.000013

1
2
3

59
47
51

M
F
M

Ext colitis
Left-sided colitis
Ext colitis

24
10
6

31
24
159
129
108
144
50

0
2
9
2
2
6
5

4
5
6
7
8
9
10
11
12

42
64
41
40
46
67
49
56
51

M
F
F
F
F
F
M
M
F

Ext colitis
Ext colitis
Ext colitis
Left-sided colitis
Ext colitis
Left sided
Ext colitis
Ext colitis
Ext colitis

7
13
17
6
20
27
22
17
13

1.0
0.15
0.01
1.0
0.7381
0.23
0.0071

1

Fisher’s exact test; 2Unpaired t test; 3Mann Whitney test. CRC: Colorectal
cancer; IBD: Inflammatory bowel disease.

than one year of duration of disease). Of the 430
patients analysed [age: 44 ± 14.6 years; 248 males
(57.7%)], 38 (8.8%) had proctitis, 95 (22.1%)
procto-sigmoiditis, 131 (30.5%) left-sided colitis, and
159 (37%) extensive colitis; disease extent was not
recorded in 7 patients but all these had extent beyond
the rectum. The duration of ulcerative colitis was 1 to
10 years in 301 (70%) patients, 11 to 20 years in 107
(24.9%), and 21 or more years in 22 (5.1%) patients.
The median duration of disease was 6 (range: 1-39
years; interquartile range 7) years.
All except three patients received 5-aminosalicylic
acid (5-ASA) formulations; 109 (25.3%) patients also
received azathioprine. Two hundred forty-four patients
were compliant with medications. Disease control
was good in 156 (36.3%), poor in 55 (12.8%), and
average in the remaining. Thirty-two (7.4%) patients
underwent proctocolectomy for suboptimal disease
control.

Sex Extent of disease Duration ,
yr

Location of CRC
Recto-sigmoid
Left colon
Ascending,
transverse,
descending colon
(multifocal)
Rectum
Ascending colon
Descending colon
Rectum
Rectum
Rectum
Rectum
Rectum
Ascending colon

1
Duration from onset of ulcerative colitis to detection of CRC. Ext: Extensive
colitis; CRC: Colorectal cancer.

Analysis of factors affecting the development of CRC

Table 1 compares patients with and without CRC. For
univariate analysis, age, gender, duration of disease,
extent of colitis, history of smoking, family history of
inflammatory bowel disease, medication compliance,
and disease control were included. Pancolitis (p =
0.012), longer duration of disease (p = 0.00001), and
poor control of disease (p = 0.007) were associated
with development of CRC. On multivariate analysis,
longer duration of disease (p = 0.01) and pancolitis (p
= 0.027) were significant factors for development of
malignancy.

Details of CRCs

Table 2 shows details of the patients with CRC.
Malignancy developed at a median of 18 (range: 6-27
years; IQR 8) years after the onset of ulcerative colitis.
Tumours were located in the rectum in six patients,
recto-sigmoid junction in one, descending colon in
one, ascending colon in two, and left colon in one
patient. Two patients had multifocal tumours: one
had 3 tumours (one each in the ascending, transverse
and descending colon), and the other patient had 2
tumours (one each in the ascending colon and at the
hepatic flexure).
In three patients, CRC developed with disease
duration of less than 8 years. The first patient (aged
51 years) with pancolitis developed CRC after 6 years
of disease and had 3 tumours. The second patient
(aged 42 years), also with pancolitis, had adenoma in
the rectum but refused surgery for 2 years. Two years
later (7 years’ disease duration) he agreed to surgery
when biopsy showed adenocarcinoma in the adenoma.
The third patient (aged 40 years) with left-sided colitis
was incidentally detected to have lung metastases
when she underwent high-resolution CT scan of the
chest (at disease duration of 6 years) as part of a

Development of CRCs

Twelve patients (2.79%) developed CRC and six
developed non-colorectal malignancies (one each
with acute myeloid leukaemia, carcinoma breast,
cholangiocarcinoma, endometrial carcinoma, laryngeal
cancer and non-Hodgkin lymphoma). The risk of CRC
was higher in patients with pancolitis (9/159; 5.6%)
than with the other extents of disease (3/130; 2.3%) (p
= 0.0125). One CRC was detected during surveillance
at 11 years whereas others were detected during
work-up for symptoms. The overall incidence density
of CRC was 3.6 per 1000 person-year disease (PYD):
2.3/1000 PYD in the first 10 years, 3.3/1000 PYD in
the second decade, and 7/1000 PYD thereafter. Three
of 12 patients developed CRC within 8 years of disease
onset (one patient had lung metastases). Associated
primary sclerosing cholangitis was present in four
patients - one developed cholangiocarcinoma and one
CRC. No patient reported the occurrence of CRC in a
first-degree relative.
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Age
(yr)

1

No
malignancy

3646

March 28, 2015|Volume 21|Issue 12|

Desai D et al . Colorectal cancer in ulcerative colitis
study protocol; she was then found to have rectal
adenocarcinoma on colonoscopy.
The pathological stage of CRC was known in 10
patients (one patient underwent surgery at another
centre and one patient refused surgery and was
subsequently lost to follow up): 3 patients had T1 N0
M0 stage, one patient had T2 NO M0 disease, one
had T3 N0 M0, and five had nodal involvement. One
patient had lung metastases at presentation.

cancer in the Indian population. This supports the
contention that ulcerative colitis is a risk factor for
tumour and therefore requires surveillance. If we look
at the reason for relatively high prevalence of CRC
in an area with low prevalence for CRC, there are no
clear answer but some questions arise: It may be
related to prevalence of UC in India. A study from India
has shown that the incidence and prevalence of UC
(incidence 6.02/100000 and prevalence 44.3/100000)
[26]
is comparable to the west . The prevalence is higher
[27]
that the rest of Asia . The studies on migrant Indian
in Leicestershire have suggested that Indian may
be more susceptible to inflammatory bowel disease
[28,29]
(IBD) than the caucasians (rr = 2.45)
. Secondly
more than prevalence, it may be related to disease
phenotypes in Indian patients. There is mixed literature
[30]
on this. A study by Walker et al
compared the IBD
disease phenotypes between South Asians (India,
Paksistan and Bangladesh) and Northern Europeans
living in London. The phenotype of ulcerative colitis
differed significantly: higher number of of South
Asian patients had extensive colitis as compared
to Northern Eurpean patients (63% vs 42.5%, p =
0.0001); The colectomy rate was non significantly
lower in migrant population; they did not study the
cancer development. Another study reported in an
abstract form compared UC phenotype in native (living
in Nagpur, Central India) Indian, Indians migrated to
the United States of America (Indian-American) and
[31]
Caucasian Americans . Proportion of patients with
pancolitis was 34.7% in Indians, 65.9% in Indian
Americans and 62.9% in Caucasian Americans.
Indian Americans were more likely to have colectomy
than Indian in India. So the prevalence and disease
phenotypes do not seem to explain the high likelihood
of CRC. Another factor like disease control may explain
the high liklihood of cancer.
Our study showed that pancolitis and duration of
disease are significantly associated with increased
likelihood of CRC, in keeping with previous literature.
Age, gender, history of smoking, family history of
inflammatory bowel disease, duration of 5-ASA
therapy, azathioprine therapy and compliance with
therapy were not significant associations.
Guidelines by various societies suggest that sur
veillance for CRC should begin after 8 to 10 years of
[7-9]
disease duration . However, if these recommendations
are followed, CRC may be missed. Three of 12 patients
with CRC in our study developed the malignancy at
6, 6 and 7 years; one of them had lung metastases
at presentation. In another Indian study, by Kochhar
[4]
et al , 2 of 8 patients with ulcerative colitis developed
CRC at 7 and 8 years’ disease duration. In the study
[17]
by Gilat et al , 2 of 26 patients who developed CRC
in ulcerative colitis had disease duration less than 10
[21]
years (6 and 9 years). In the study by Gong et al ,
cumulative risk of CRC in the first decade was 1.15
%, similar to the 1.6 % in the meta-analysis by Eaden
[1]
[32]
et al , Lutgens et al
reported that 15% of their

DISCUSSION
Our study found a prevalence rate of 2.8% for colon
cancer in a cohort of 430 patients with ulcerative
colitis. This is similar to that reported in previously
published studies, predominantly from the Western
world, where prevalence rates of CRC in ulcerative
[11-16]
colitis varied from 0.7% to 3.3%
.
The trend in Asia is not clear; studies have shown
that the likelihood of CRC is low, ranging from 0.8%
[4,5,17-21]
to 1.8%
. Our study, taken together with two
[4,5]
others from India , provides insight into the risk
[4]
of CRC in ulcerative colitis in India. Kochhar et al
reported that the risk of CRC in ulcerative colitis was
[5]
1.8%; Venkataraman et al reported a lower rate of
CRC (0.94%). Our study reports a higher rate (2.79%).
This is possibly a result of having a greater number
of patients with duration of ulcerative colitis greater
than 20 years. The duration of ulcerative colitis has not
[4]
been specified in the study by Kochhar et al , and the
lower mean duration of follow up (6 years) in the study
[5]
from Vellore with no increase in incidence density
between 10 and 20 years also suggests a shorter
disease duration. Colectomy rates were similar in the
[5]
two studies (8.8% in the Vellore study and 7.4% in
ours) and could not account for the difference.
Two recent studies from the West have reached
different conclusions about the increased risk of colon
[22]
cancer in ulcerative colitis. Jess et al , in a populationbased study from Denmark, suggested that the risk
of colon cancer in ulcerative colitis is not as high as
previously reported and in fact may not be different
than that in the general population. To the contrary,
[23]
Herrinton et al , from California showed that the
risk of CRC in ulcerative colitis is 60% higher than in
age- and gender-matched cohorts of people without
inflammatory bowel disease, and the risk remained
the same throughout the study period of 14.5 years.
Recent data suggest that the age-adjusted rates
of CRC in the general Indian population vary from
2.65 to 3.06/100000 in men and 3.40/100000 in
[3,24,25]
women
. The low prevalence of colon cancer in
the general population can be seen by the absence
of a single case of colon cancer amongst firstdegree relatives of our cohort of patients. The risk
of CRC in Indian patients with ulcerative colitis thus
appears much higher (900 times) than in the general
population. This is a much larger risk factor than that
in West, owing to the far lower prevalence of colon
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patients with ulcerative colitis developed CRC before
the recommended surveillance. A recent analysis from
Surveillance, Epidemiology and End Result (SEER)
data suggested an increased rate of missed CRC in
[33]
older patients with inflammatory bowel disease . It is
not clear if this can be applied to patients in other age
groups with ulcerative colitis but it has relevance to
surveillance strategy. Thus, although a strong body of
literature suggests that few patients develop CRC with
ulcerative colitis disease duration less than 10 years,
it appears that approximately 10% to 20% of cancers
may occur earlier during the course of the disease.
In summary, 12 (2.8%) patients with ulcerative
colitis in our study developed CRC during a mean
follow up of 7.8 years. The overall incidence density
of cancer was 3.6 per 1000 person-year disease, with
the incidence increasing with each decade. Extensive
disease and duration of disease were significant risk
factors for the development of CRC. Two patients had
multifocal tumours; four of nine patients had nodal
involvement, and one had metastases at presentation.
A fourth of our patients developed cancer with disease
duration less than 8 years. This study points to a
significant increase in the incidence of colon cancer
in ulcerative colitis over the population incidence and
supports the recommendation for screening patients
with ulcerative colitis even in a low-endemicity zone for
colon cancer.
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Their characteristics and clinical features were recorded.
Laboratory, endoscopic, histologic and radiographic
features were determined. The features with a high
specificity were selected to establish a scoring system.
The features supporting CD scored +1, and those
supporting ITB scored -1; each patient received a final
total score. A receiver operating characteristic (ROC)
curve was used to determine the best cut-off value for
distinguishing CD from ITB.
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RESULTS: Based on a high specificity of differentiating
between CD and ITB, 12 features, including longitudinal
ulcers, nodular hyperplasia, cobblestone-like mucosa,
intestinal diseases, intestinal fistula, the target sign, the
comb sign, night sweats, the purified protein derivative
test, the interferon-γ release assay (T-SPOT.TB), ring
ulcers and ulcer scars, were selected for the scoring
system. The results showed that the average total
score of the CD group was 3.12 ± 1.740, the average
total score of the ITB group was -2.58 ± 0.984, the
best cutoff value for the ROC curve was -0.5, and the
diagnostic area under the curve was 0.997, which was
statistically significant (P < 0.001). The patients whose
total scores were higher than -0.5 were diagnosed
with CD; otherwise, patients were diagnosed with ITB.
Overall, the diagnostic accuracy rate and misdiagnosis
rate of this scoring system were 97% and 3%,
respectively.
CONCLUSION: Some clinical features are valuable for
CD and ITB diagnosis. The described scoring system is
key to differentiating between CD and ITB.

Abstract

Key words: Crohn’s disease; Intestinal tuberculosis;
Clinical features; Differential diagnosis; Scoring system

AIM: To investigate the clinical features of Crohn’s
disease (CD) and intestinal tuberculosis (ITB) with a
scoring system that we have developed.

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

METHODS: A total of 25 CD and 40 ITB patients were
prospectively enrolled from August 2011 to July 2012.
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and currently emerging techniques, such as computed
tomography enterography, this large-sample, prospective
study identified specific indicators for differential
diagnoses of Crohn’s disease and intestinal tuberculosis
and used these indicators to establish a highly valuable
scoring system for differential diagnosis.

the range . However, this technique is just emerging
in China, and its diagnostic value requires the same
large-sample research and confirmation as T-SPOT.TB.
By using various traditional diagnostic methods
and currently emerging techniques, such as T-SPOT.
TB and CTE, this prospective study (including sufficient
follow-up time) identified specific indicators for the
differential diagnosis of CD and ITB and used these
indicators to establish a highly valuable scoring system
for differential diagnosis.

Huang X, Liao WD, Yu C, Tu Y, Pan XL, Chen YX, Lv NH,
Zhu X. Differences in clinical features of Crohn's disease
and intestinal tuberculosis. World J Gastroenterol 2015;
21(12): 3650-3656 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3650.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3650

MATERIALS AND METHODS
Patients with CD or ITB at the gastroenterology
outpatient clinic of First Affiliated Hospital of Nanchang
University were enrolled from August 2011 to July
2012. All of the patients were newly diagnosed cases
in our hospital and were 18-75 years old; CD patients
had not received infliximab therapy or AZA/6-MP/MTX,
and ITB patients had not received anti-TB treatment.
The study was approved by the ethics committee of
First Affiliated Hospital of Nanchang University, and
informed consent was obtained from all patients.
Patients with CD or ITB who were admitted to
the hospital were found in the endoscopy room or
as outpatients and were divided into the CD and ITB
groups. Their characteristics and clinical features
were recorded. Laboratory, endoscopic, histologic and
radiographic features were determined. The diagnostic
indicators were identified through statistical analyses.
The diagnostic indicators with a high specificity
were selected to establish a scoring system. Each
indicator supporting CD scored +1, and each indicator
supporting ITB scored -1. Based on this system,
the total score for each patient was calculated, and
the best cutoff value for the diagnosis of these two
diseases was calculated based on a receiver operating
characteristic (ROC) curve. Patients whose total
scores were higher than this value were diagnosed
with CD; patients with scores lower than this value
were diagnosed with ITB. Finally, the accuracy rate
and misdiagnosis rate of this scoring system for the
diagnosis of these two diseases were calculated.
Active or past TB lesions on chest X-rays and the
purified protein derivative (PPD) test could be very
helpful in making a differential diagnosis between CD
and ITB. In our study, all patients had chest X-rays and
PPD tests, but only three patients had positive chest
X-rays, which was not statistically significant (P > 0.05).
Therefore, we did not select this test to establish our
scoring system. There were 41 patients with positive
PPD tests, which was statistically significant (P < 0.05),
so we selected this test.
For PPD testing, 1 mL tuberculin purified protein
derivative and 1 mL physiological saline solution were
used. Using a 1-mL syringe, 0.1 mL concentrate
was removed and diluted with saline to 0.25 mL, 0.1
mL of which was then intradermally into the medial
forearm of the patient. The result is positive (+) if the

INTRODUCTION
Crohn’s disease (CD) and intestinal tuberculosis (ITB)
are frequently misdiagnosed due to their high similarity
[1-7]
in clinical manifestations . In spite of new emerging
diagnostic techniques and recent advances in the
exploration of the pathogenesis of both diseases, the
specific diagnostic indicators for a differential diagnosis
of those two diseases remain to be further developed.
Both CD and ITB share some symptoms, including
abdominal pain, diarrhea, fever and weight loss, but
[8]
they lack specificity. Lee et al argued that the T-SPOT.
TB test (T-SPOT.TB is an interferon-gamma release
assay that detects T-cell responses to early secreting
antigen target 6 and culture filtrate protein 10 peptides
by enzyme-linked immunospot assay for tuberculosis
diagnosis. The test is highly sensitive and specific
and is not affected by the subject’s immune status
or bacillus Calmette-Guerin vaccination.) was highly
valuable for the differential diagnosis of both diseases,
given that its positive and negative predictive values
were 60% and 100%, respectively, for diagnosing
ITB. However, large-sample studies are still needed
to confirm the diagnostic value of this technique
because it has just arrived in China and has failed
to be widely promoted. Some scholars believe that
longitudinal ulcers, aphthous ulcers and a cobblestonelike appearance are frequently found in typical CD,
and circular or linear ulcers, an open ileocecal valve
opening and fixed inflammatory polyps are frequently
[9-11]
found with an endoscopy in typical ITB
. However,
these specific indicators show low positive rates, and
they are atypical findings with endoscopy when used
clinically. Both CD and ITB lack specific pathological
indicators. Caseous granulomas can be used as the
[12]
gold standard for the diagnosis of ITB , but their
low positive rates make early differential diagnoses
of both diseases difficult. In recent years, computed
tomography enterography (CTE) has been a frequently
used technique for the clinical diagnosis of CD. CTE can
show abnormalities, the intestinal wall, the intestines
and the intestinal mucosa, and contrast-enhanced CTE
can also show the involved intestinal segments and
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Table 1 General information about Crohn’s disease and intestinal tuberculosis n (%)
Gender
CD, n = 25
ITB, n = 40
P value

Age (yr)

Male

Female

18 (72)
21 (53)

7 (28)
19 (47)
0.118

28.57 ± 12.713
39.69 ± 13.172
0.248

Duration (mo)

Profession
Students and workers

Farmers

Others

15 (60)
10 (25)
0.005

5 (20)
15 (38)
0.137

5 (20)
15 (38)
0.137

29.36 ± 42.423
17.07 ± 25.624
0.378

Data are expressed as n (%) or the mean ± SD. CD: Crohn’s disease; ITB: Intestinal tuberculosis.

scleroma diameter is more than 5 mm but less than
or equal to 10 mm and positive (++) if the scleroma
diameter is more than 10 mm but less than or equal
to 20 mm. The test is strongly positive (+++) if the
scleroma diameter is more than 20 mm or has local
blisters, necrosis or lymphangitis and is negative if the
scleroma diameter is less than 5 mm.

suspected ITB or CD were prospectively enrolled in
this study. Of the 80 patients, 12 were lost to followup before the diagnosis was confirmed, and 3 were
diagnosed with neither CD nor ITB. Therefore, 40
patients with ITB and 25 patients with CD were
analyzed in this study. The differences in gender, age
and duration of disease between these two diseases
were not statistically significant (P > 0.05). The
numbers of students and workers were significantly
different between these two disease groups (P < 0.05),
but the other jobs were not significantly different
between the two groups (P > 0.05) (Table 1).

Diagnostic criteria for ITB and CD

A diagnosis of CD was made according to the World
Health Organization diagnostic criteria based on
clinical, radiographic, colonoscopic, and histologic
features and the criteria previously established in the
[14]
literature . A diagnosis of ITB was made according
to the following criteria: (1) the identification of
Mycobacterium tuberculosis by acid-fast staining or
culture of biopsied specimens; (2) the presence of
caseating granulomas on histological examination; and
(3) an improvement of clinical and endoscopic disease
activity after at least 3 mo of anti-TB therapy.
In patients in whom the differentiation between ITB
and CD was uncertain, antituberculous therapy was
administered for 3 mo, and the final diagnosis was
made based on the clinical and endoscopic responses
to antituberculous therapy. The clinical response
was determined by the loss of subjective symptoms.
The endoscopic response was determined by the
disappearance of ulcerations.

Clinical manifestations of CD and ITB

Both CD and ITB patients had abdominal pain and
weight loss, but night sweats were highly specific
for ITB. None of the differences in any of the clinical
manifestations were statistically significant between
these two diseases (P > 0.05), with the exception of
night sweats.

PPD, T-SPOT.TB and biochemical tests of CD and ITB

In this study, the PPD and T-SPOT.TB positive rates
were higher in ITB patients than in CD patients. There
were 37 PPD-positive cases (93%) and 38 T-SPOT.TBpositive cases (95%) in ITB patients and 4 PPD-positive
cases (16%) and 0 T-SPOT.TB-positive cases (0%)
in CD patients. Elevated high-sensitivity C-reactive
protein (hs-CRP), elevated erythrocyte sedimentation
rate (ESR) and decreased serum albumin were more
commonly observed in CD patients, with 19 (76%),
21 (84%) and 21 (84%) cases, respectively, whereas
there were 18 (45%), 18 (45%) and 21 (53%) cases,
respectively, in the ITB group. The differences in all of
these indicators were statistically significant between
the two diseases (P < 0.05).

Statistical analysis

All statistical calculations were performed using SPSS
software (SPSS version 17.0; SPSS Inc., Chicago,
IL, United States). Measurement data are expressed
as the mean ± SD, and variables between the two
groups were assessed using the t-test. Count data
2
were assessed using the χ test, and rates were
expressed as a percentage. The total score data of the
scoring system were not normally distributed, and the
Wilcoxon test was used. Odds ratio (OR) values were
calculated to analyze the relevance of the diagnostic
criteria, and the best cutoff value for the diagnosis of
these two diseases was calculated based on the ROC
curve. P < 0.05 was considered significant.

Endoscopic findings in CD and ITB

Both CD and ITB patients had multiple irregular
ulcers, mainly in the terminal ileum and ileocecal
valve. In CD patients, there were 13 (52%) cases
of visible longitudinal ulcers (Figure 1A), 4 (16%)
cases of aphthous ulcers, 13 (52%) cases of nodular
hyperplasia and 6 (24%) cases of cobblestone-like
mucosa. In ITB patients, there were 16 (40%) cases of
visible ring ulcers (Figure 1B) and 14 (35%) cases of
ulcer scars. The difference in aphthous ulcers between
these two diseases was not statistically significant (P >

RESULTS
General CD and ITB information

From August 2011 to July 2012, 80 patients with
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A

B

Figure 1 Longitudinal ulcer (A, arrow) and ring ulcer (B, arrow).

Figure 2 Comb sign (arrow).

Figure 3 Target sign (arrows).

0.05), and the differences in the remaining indicators
were statistically significant between these two
diseases (P < 0.05).

These findings were significantly different (P < 0.05).
There were 8 cases with lymph node enhancement
in the ITB group, but this result was not statistically
significant (P > 0.05).

Pathological examination of CD and ITB

Value of using indicators for the differential diagnosis of
CD and ITB

No caseous granulomas were detected in ITB patients,
which is the gold standard for ITB diagnosis. There
were patients with granulomas in both groups,
including 15 (60%) cases from the CD group and
24 (60%) cases from the ITB group, but none of the
granulomas were caseous. None of the differences
in pathological indicators were statistically significant
between these two diseases (P > 0.05).

In our study, the following indicators were valuable for
the differential diagnosis of CD or ITB: whether patients
were students or workers, hs-CRP, ESR, serum albumin,
longitudinal ulcers, nodular hyperplasia, cobblestonelike mucosa, intestinal diseases, intestinal fistulas,
target signs, comb signs, night sweats, positive PPD
tests, positive T-SPOT.TB tests, ring ulcers and ulcer
scars. The OR values of whether patients were students
or workers, hs-CRP, ESR, serum albumin, longitudinal
ulcers, nodular hyperplasia, cobblestone-like mucosa,
intestinal diseases, intestinal fistulas, target signs and
comb signs were greater than 1; these indicators were
risk factors of CD and were positively correlated with
CD. The OR values of night sweats, positive PPD tests,
positive T-SPOT.TB tests, ring ulcers, and ulcer scars
were less than 1; these indicators were protective
factors for CD and were negatively correlated to CD,
whereas these indicators were positively correlated to
ITB. The sensitivity, specificity, positive predictive value
and negative predictive value of these indicators are

CTE in CD and ITB

The CTE could be subjective, so two independent,
blinded researchers were chosen to review each CTE.
They analyzed the positive results and discussed them
with the chief physician if an agreement could not be
reached. The CTE results showed that the patients with
CD or ITB had thickened bowel walls, so evaluations
were performed to examine intestinal fistulas, target
signs, comb signs and lymph node enhancement.
Intestinal diseases, intestinal fistulas, comb signs
(Figure 2) or target signs (Figure 3) were more
commonly observed in CD patients, with 19 (76%), 9
(36%), 13 (52%) and 12 (48%) cases, respectively.
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Table 2 Value of indicators with Crohn’s disease and intestinal tuberculosis

Students and workers
Night sweats
Purified protein derivative
T-SPOT.TB
High-sensitivity C-reactive protein
Erythrocyte sedimentation rate
Serum albumin
Longitudinal ulcer
Ring ulcer
Ulcer scar
Nodular hyperplasia
Cobblestone appearance
Intestinal diseases
Intestinal fistula
Target sign
Comb sign

Sensitivity

Specificity

Positive predictive
value

Negative
predictive value

OR (95%CI)

60%
35%
93%
95%
76%
84%
84%
52%
40%
35%
52%
24%
76%
36%
52%
48%

75%
92%
84%
100%
55%
55%
48%
95%
96%
100%
85%
100%
85%
95%
98%
98%

60%
88%
90%
100%
51%
54%
50%
87%
94%
100%
68%
100%
76%
82%
93%
92%

75%
47%
88%
93%
79%
85%
83%
76%
50%
49%
74%
68%
85%
70%
76%
75%

4.500 (1.538-13.165)
0.161 (0.033-0.787)
0.015 (0.003-0.076)
0.050 (0.013-0.193)
3.870 (1.276-11.735)
6.417 (1.862-22.117)
4.750 (1.380-16.353)
20.583 (4.057-104.428)
0.063 (0.008-0.509)
0.650 (0.518-0.816)
6.139 (1.905-19.729)
1.316 (1.056-1.640)
17.944 (5.074-63.464)
10.688 (2.074-55.081)
42.250 (4.999-357.089)
36.000 (4.259-304.265)

shown in Table 2.

diagnoses of both diseases.
[16]
found that the sensitivity, specificity,
Li et al
positive predictive value and negative predictive
value of T-SPOT.TB tests were 84.2%, 75.4%, 50.0%
[17]
and 94.2%, respectively. Lei et al
recently found
specificity and positive predictive values that were
also very high, which is consistent with the results
of the present study. Thus, the T-SPOT.TB test plays
a significant role in the differential diagnosis of both
diseases. The PPD test was slightly more sensitive than
the T-SPOT.TB test in this study, but the specificity
of the PPD test was inferior to that of the T-SPOT.TB
test, and the results of the PPD test could have been
influenced by factors such as the immunity of the
organism and previous BCG vaccination. Therefore,
the effect of the PPD test was inferior to that of the
T-SPOT.TB test. However, the PPD test, which has
high sensitivity and specificity, is a helpful tool for the
differential diagnosis of both diseases. In this study,
the positive rates of increase in patients’ hs-CRP
and ESR were higher in CD, and there was greater
inflammatory activity in CD. Albumin decreased in
both CD and ITB, but the number of cases in which it
decreased was greater in CD than in ITB, indicating
that patients with CD are likely to have severe
dystrophia, which contrasts with previous reports. The
differences in ESR and serum albumin results may be
related to severe patient conditions, a longer disease
course and nutrient consumption in CD as well as to
small intestine disease and relatively poor nutrition
absorption. Thus, the differential diagnosis values need
to be confirmed in further large-sample studies.
Endoscopy is significant for the differential diagnosis
of CD or ITB and can be used for response evaluation
and follow-up of both diseases. CTE can be used to
identify thickened intestinal walls during the active
[18-20]
phase of CD and intestinal diseases
, and it is
helpful for the differential diagnosis of CD and ITB as
well. These diseases have highly specific indicators,

Scoring system for CD and ITB

Of these 16 indicators, 12 with a high specificity were
selected to establish the scoring system: longitudinal
ulcers, nodular hyperplasia, cobblestone-like mucosa,
intestinal diseases, intestinal fistulas, target signs,
comb signs, night sweats, positive PPD tests, positive
T-SPOT.TB tests, ring ulcers and ulcer scars. The
results showed that the average total score of the CD
group was 3.12 ± 1.740, the average total score of
the ITB group was -2.58 ± 0.984, the best cutoff value
for the ROC curve was -0.5, and the diagnostic area
under the curve was 0.997, which was statistically
significant (P < 0.001). The diagnostic sensitivity and
specificity of this scoring system were 100% and 95%,
respectively. Patients whose total score was higher
than -0.5 were diagnosed with CD; otherwise, they
were diagnosed with ITB. The diagnostic accuracy
rate and misdiagnosis rate of this scoring system were
97% and 3%, respectively.

DISCUSSION
In this study, CD was prevalent in students and
workers, while ITB was prevalent in peasants, which
shows that CD may be more prevalent in those who
live in more developed regions, while ITB may be more
prevalent in those who live in less developed regions.
Due to the small sample size in this study, correlations
between both diseases and living standards still require
[15]
further research and confirmation. Gu et al believed
that bloody stools were more prevalent in patients
with CD and that night sweats were more prevalent
in patients with ITB. Although the presence of bloody
stools was not confirmed in this study, the presence of
night sweats was statistically significant. Night sweats
are a typical clinical manifestation of tuberculosis and
thus a useful diagnostic indicator in the differential
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suggested that the establishment of a scoring system based on high-specificity
features would be valuable for the differential diagnosis of CD and ITB.

such as longitudinal ulcers and ring ulcers on
endoscopy and target signs and comb signs on CTE.
However, their sensitivities and negative predictive
values were not high, which may be related to the
low incidence of CD in China and insufficient physician
knowledge of endoscopic and CTE manifestations of
both diseases. We must increase the sample size in
future studies, reinforce learning and improve the
diagnosis rate of both diseases using endoscopy and
CTE.
The method used to establish the scoring system
of specific diagnostic indicators in this study was
[21]
introduced by Lee et al . Their scoring system was
based mainly on 8 specific endoscopic indicators: less
than 4 lesions, a deformed ileocecal valve, ring ulcers,
ulcer scars, anorectal lesions, longitudinal ulcers,
aphthous ulcers and cobblestone appearance. In this
study, to build a new scoring system, we added new
indicators to the foundational endoscopy indicators, i.e.,
the PPD test, the T-SPOT.TB test and CTE. Compared
with previous reports, there were some differences in
[2,4,21-24]
the indicators found in this study
, which might
be related to the sample size and to regional disparity.
If the studied patients had been diagnosed using the
[21]
scoring system described by Lee et al , 56 of 65
patients would have been diagnosed correctly, 9 would
have been misdiagnosed, and the accuracy and the
misdiagnosis rate would have been 86% and 14%,
respectively. However, the diagnostic accuracy of the
scoring system established in this study was 97% for
both diseases. Thus, the scoring system established in
this study is more valuable than that proposed by Lee
[21]
et al for the differential diagnosis of CD and ITB.
The scoring system described herein, which was
established based on high-specificity features, is
valuable for the differential diagnosis of CD and ITB.
In view of the small sample size and the equal weights
assigned to all diagnostic indicators in this study,
gradual improvement could be attained for this scoring
system by further increasing the sample size and
determining the weights for all diagnostic indicators.

Applications

Some clinical features are valuable for the diagnosis of CD and ITB. Establishing
a scoring system based on high-specificity features is key to differentiating
between CD and ITB.

Peer-review

This prospective study was performed to develop a scoring system to differentiate
between CD and ITB. The clinical significance of this type of study seems
very high in Asian countries, in which ITB is still prevalent and the incidence of
CD is continuously increasing. The authors have engaged this subject, which
has been eluding clinicians for a long time, and have compared the results of
several important parameters. The authors have found significant results that
may be clinically valuable.

REFERENCES
1

2

3

4

5

6

7
8

COMMENTS
COMMENTS
Background

9

Crohn’s disease (CD) and intestinal tuberculosis (ITB) are frequently
misdiagnosed due to the high similarity of their clinical manifestations. Despite
new emerging diagnostic techniques and recent advances in the exploration
of the pathogenesis of both diseases, the specific diagnostic indicators for the
differential diagnosis of these two diseases remain to be elucidated.

10

Research frontiers

With the emergence of new diagnostic technology, such as the interferon-γ
release assay (T-SPOT.TB test), computed tomography enterography, and
magnetic resonance enterography, the diagnostic accuracy of differences
between CD and ITB has increased. However, these new methods have either
low sensitivity and high specificity or high sensitivity and low specificity. An
investigation of the clinical features of CD and ITB using a scoring system is
needed.

11

12

Innovations and breakthroughs

The aim of this study was to test the differences between CD and ITB using
clinical, laboratory, endoscopic, histological and radiographic features. It is

WJG|www.wjgnet.com

3655

Pulimood AB, Peter S, Ramakrishna B, Chacko A, Jeyamani R,
Jeyaseelan L, Kurian G. Segmental colonoscopic biopsies in the
differentiation of ileocolic tuberculosis from Crohn’s disease. J
Gastroenterol Hepatol 2005; 20: 688-696 [PMID: 15853980 DOI:
10.1111/j.1440-1746.2005.03814.x]
Kirsch R, Pentecost M, Hall Pde M, Epstein DP, Watermeyer
G, Friederich PW. Role of colonoscopic biopsy in distinguishing
between Crohn’s disease and intestinal tuberculosis. J Clin
Pathol 2006; 59: 840-844 [PMID: 16873564 DOI: 10.1136/
jcp.2005.032383]
Almadi MA, Ghosh S, Aljebreen AM. Differentiating intestinal
tuberculosis from Crohn’s disease: a diagnostic challenge. Am
J Gastroenterol 2009; 104: 1003-1012 [PMID: 19240705 DOI:
10.1038/ajg.2008.162]
Amarapurkar DN, Patel ND, Rane PS. Diagnosis of Crohn’
s disease in India where tuberculosis is widely prevalent. World J
Gastroenterol 2008; 14: 741-746 [PMID: 18205265 DOI: 10.3748/
wjg.14.741]
Wong WM, Lai KC, Yiu WC, Wong BC, Chan FL, Lai CL.
Intestinal tuberculosis mimicking fistulizing Crohn’s disease. J
Gastroenterol Hepatol 2007; 22: 137-139 [PMID: 17201898 DOI:
10.1111/j.1440-1746.2006.03311.x]
Ouyang Q, Tandon R, Goh KL, Pan GZ, Fock KM, Fiocchi C,
Lam SK, Xiao SD. Management consensus of inflammatory
bowel disease for the Asia-Pacific region. J Gastroenterol
Hepatol 2006; 21: 1772-1782 [PMID: 17074013 DOI: 10.1111/
j.1440-1746.2006.04674.x]
Shen ZK. The analysis of clinical misdiagnosis about Crohn’
s disease in Chinese. Shijie Huaren Xiaohua Zazhi 2006; 14:
2460-2463
Lee JN, Ryu DY, Park SH, You HS, Lee BE, Kim DU, Kim TO, Heo
J, Kim GH, Song GA, Kim S, Park do Y. [The usefulness of in vitro
interferon-gamma assay for differential diagnosis between intestinal
tuberculosis and Crohns disease]. Korean J Gastroenterol 2010; 55:
376-383 [PMID: 20571305 DOI: 10.4166/kjg.2010.55.6.376]
Venkatesh PG, Navaneethan U. Mimickers of intestinal
tuberculosis: could this be Crohn’s disease? An unsolved enigma.
Saudi J Gastroenterol 2011; 17: 95-96 [PMID: 21372344 DOI:
10.4103/1319-3767.77236]
Epstein D, Watermeyer G, Kirsch R. Review article: the diagnosis
and management of Crohn’s disease in populations with high-risk
rates for tuberculosis. Aliment Pharmacol Ther 2007; 25: 1373-1388
[PMID: 17539977 DOI: 10.1111/j.1365-2036.2007.03332.x]
Leighton JA, Shen B, Baron TH, Adler DG, Davila R, Egan JV,
Faigel DO, Gan SI, Hirota WK, Lichtenstein D, Qureshi WA, Rajan
E, Zuckerman MJ, VanGuilder T, Fanelli RD. ASGE guideline:
endoscopy in the diagnosis and treatment of inflammatory bowel
disease. Gastrointest Endosc 2006; 63: 558-565 [PMID: 16564852
DOI: 10.1016/j.gie.2006.02.005]
Sailer J, Peloschek P, Schober E, Schima W, Reinisch W, Vogelsang
H, Wunderbaldinger P, Turetschek K. Diagnostic value of CT
enteroclysis compared with conventional enteroclysis in patients
with Crohn’s disease. AJR Am J Roentgenol 2005; 185: 1575-1581

March 28, 2015|Volume 21|Issue 12|

Huang X et al . Identification of CD and ITB

13

14

15
16

17

18

[PMID: 16304016 DOI: 10.2214/AJR.04.1534]
Chatzicostas C, Koutroubakis IE, Tzardi M, Roussomoustakaki M,
Prassopoulos P, Kouroumalis EA. Colonic tuberculosis mimicking
Crohn’s disease: case report. BMC Gastroenterol 2002; 2: 10 [PMID:
12019037 DOI: 10.1186/1471-230X-2-10]
Bernstein CN, Fried M, Krabshuis JH, Cohen H, Eliakim R, Fedail S,
Gearry R, Goh KL, Hamid S, Khan AG, LeMair AW, Malfertheiner
Q, Rey JF, Sood A, Steinwurz F, Thomsen OO, Thomson A,
Watermeyer G. World Gastroenterology Organization Practice
Guidelines for the diagnosis and management of IBD in 2010.
Inflamm Bowel Dis 2010; 16: 112-124 [PMID: 19653289 DOI:
10.1002/ibd.21048]
Gu Q, Ou YQ, Zhang WY, Li GD. A comparison of clinical and
pathologic characteristics between Crohn’s disease and intestinal
tuberculosis. Zhonghua Neike Zazhi 2009; 48: 291-294
Li Y, Zhang LF, Liu XQ, Wang L, Wang X, Wang J, Qian JM. The
role of in vitro interferonγ-release assay in differentiating intestinal
tuberculosis from Crohn’s disease in China. J Crohns Colitis 2012; 6:
317-323 [PMID: 22405168 DOI: 10.1016/j.crohns.2011.09.002]
Lei Y, Yi FM, Zhao J, Luckheeram RV, Huang S, Chen M, Huang
MF, Li J, Zhou R, Yang GF, Xia B. Utility of in vitro interferon-γ
release assay in differential diagnosis between intestinal tuberculosis
and Crohn’s disease. J Dig Dis 2013; 14: 68-75 [PMID: 23176201
DOI: 10.1111/1751-2980.12017]
Wu YW, Tao XF, Tang YH, Hao NX, Miao F. Quantitative measures
of comb sign in Crohn’s disease: correlation with disease activity and

19
20

21

22
23

24

laboratory indications. Abdom Imaging 2012; 37: 350-358 [PMID:
22002159 DOI: 10.1007/s00261-011-9808-8]
Ding HY, Zhu XQ, Du C. The applications of multislice CT in the
small intestine Crohn’s disease. Fangshexue Shijian 2009; 24: 1259
Booya F, Akram S, Fletcher JG, Huprich JE, Johnson CD, Fidler JL,
Barlow JM, Solem CA, Sandborn WJ, Loftus EV. CT enterography
and fistulizing Crohn’s disease: clinical benefit and radiographic
findings. Abdom Imaging 2009; 34: 467-475 [PMID: 18551336
DOI: 10.1007/s00261-008-9419-1]
Lee YJ, Yang SK, Byeon JS, Myung SJ, Chang HS, Hong SS,
Kim KJ, Lee GH, Jung HY, Hong WS, Kim JH, Min YI, Chang
SJ, Yu CS. Analysis of colonoscopic findings in the differential
diagnosis between intestinal tuberculosis and Crohn’s disease.
Endoscopy 2006; 38: 592-597 [PMID: 16673312 DOI: 10.1055/
s-2006-924996]
He Y, Chen MH. The diagnosis and differential diagnosis of Crohn’s
disease. Xiandai Xiaohua Ji Jieru Zhenliao 2010; 4: 236-240
Larsson G, Shenoy T, Ramasubramanian R, Balakumaran LK,
Småstuen MC, Bjune GA, Moum BA. Routine diagnosis of
intestinal tuberculosis and Crohn’s disease in Southern India. World
J Gastroenterol 2014; 20: 5017-5024 [PMID: 24803814 DOI:
10.3748/wjg.v20.i17.5017]
Chen W, Fan JH, Luo W, Peng P, Su SB. Effectiveness of interferongamma release assays for differentiating intestinal tuberculosis from
Crohn’s disease: a meta-analysis. World J Gastroenterol 2013; 19:
8133-8140 [PMID: 24307809 DOI: 10.3748/wjg.v19.i44.8133]
P- Reviewer: Caviglia R, Desai DC, Pani SP, Yang SK, Ye BD
S- Editor: Yu J L- Editor: Wang TQ E- Editor: Wang CH

WJG|www.wjgnet.com

3656

March 28, 2015|Volume 21|Issue 12|

World J Gastroenterol 2015 March 28; 21(12): 3657-3662
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i12.3657

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Prospective Study

Early kidney injury during long-term adefovir dipivoxil
therapy for chronic hepatitis B
Hong-Yu Jia, Feng Ding, Jian-Yang Chen, Jiang-Shan Lian, Yi-Min Zhang, Lin-Yan Zeng, Dai-Rong Xiang,
Liang Yu, Jian-Hua Hu, Guo-Dong Yu, Huan Cai, Ying-Feng Lu, Lin Zheng, Lan-Juan Li, Yi-Da Yang
binding protein (RBP) excretion, and renal impairment
with adefovir dipivoxil (ADV) for chronic hepatitis B.

Hong-Yu Jia, Feng Ding, Jian-Yang Chen, Jiang-Shan Lian,
Yi-Min Zhang, Lin-Yan Zeng, Dai-Rong Xiang, Liang Yu,
Jian-Hua Hu, Guo-Dong Yu, Huan Cai, Ying-Feng Lu, Lin
Zheng, Lan-Juan Li, Yi-Da Yang, Collaborative Innovation
Center for Diagnosis and Treatment of Infectious Diseases,
State Key Laboratory for Diagnosis and Treatment of Infectious
Disease, First Affiliated Hospital of Zhejiang University School
of Medicine, Hangzhou 310003, Zhejiang Province, China
Author contributions: Jia HY and Ding F contributed equally to
this work; all authors contributed to this manuscript.
Supported by National Key Program for Infectious Diseases
of China (to Yang YD), No. 2013ZX10002001; and 12th FiveYear Significant New Drugs Creation Plan of the Ministry
of Science and Technology of China (to Yang YD), No.
2011ZX09302-003-03.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Yi-Da Yang, Collaborative Innovation
Center for Diagnosis and Treatment of Infectious Diseases,
State Key Laboratory for Diagnosis and Treatment of Infectious
Disease, First Affiliated Hospital of Zhejiang University School
of Medicine, No. 79 Qingchun Road, Hangzhou 310003,
Zhejiang Province, China. yangyida65@163.com
Telephone: +86-571-87236755
Fax: +86-571-87236755
Received: September 16, 2014
Peer-review started: September 19, 2014
First decision: October 29, 2014
Revised: November 10, 2014
Accepted: January 21, 2015
Article in press: January 21, 2015
Published online: March 28, 2015

METHODS: We enrolled 165 patients with chronic hepatitis
B infection who were treated with ADV monotherapy (n
= 90) or ADV plus lamivudine combination therapy (n
= 75). An additional 165 chronic hepatitis B patients
treated with entecavir were recruited as controls. We
detected serum creatinine, urine β2-M, and RBP levels,
and estimated the glomerular filtration rate (eGFR) at
the initiation of antiviral therapy and every 6 mo for a
period of five years.
RESULTS: Urine β2-M abnormalities were observed in
patients during the first (n = 3), second (n = 7), third (n
= 11), fourth (n = 16), and fifth (n = 21) year of ADV
treatment. Urinary RBP abnormalities were observed in
patients during the first (n = 2), second (n = 8), third (n
= 12), fourth (n = 15), and fifth (n = 22) year of ADV
treatment. eGFR decreased 20%-30% from baseline
in 20 patients, 30%-50% in 12 patients, and > 50% in
3 patients during the five years of treatment. Further
analysis indicated that decreases in eGFR of ≥ 30%
relative to the baseline level correlated significantly
with urine RBP and β2-M abnormalities. In contrast,
both serum creatinine and eGFR remained stable in
patients treated with entecavir, and only one of these
patients developed a urine β2-M abnormality, and two
developed urine RBP abnormalities during the five years
of treatment.
CONCLUSION: Urine RBP and β2-M are biomarkers of
renal injury during long-term ADV treatment for chronic
hepatitis B, and indicate when treatment should be
switched to entecavir.
Key words: Adefovir dipivoxil; Entecavir; Retinol binding
protein; Renal impairment; Urine β2-microglobulin

Abstract

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

AIM: To evaluate urine β2-microglobulin (β2-M), retinol-
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evaluating its effectiveness in CHB patients.
β2-Microglobulin (β2-M) is an 11.8-kDa protein,
and is a light chain of major histocompatibility class
[13]
I expressed on the surface of every nucleated cell .
Retinol-binding protein (RBP) is a protein of 21 kDa
that is synthesized by the liver. Both β2-M and RBP
are subject to glomerular filtration, the bulk of which
undergo proximal tubular reabsorption and catabolism,
[14]
which might be disrupted in renal dysfunction . β2-M
and RBP excretion in urine has been reported as an
early marker of nephrotoxicity induced by nephrotoxic
substances, cardiac surgery, diabetes mellitus, or
[15]
hypertension . At present, it remains unclear whether
urine β2-M and RBP can be used as early markers
to diagnose renal impairment in CHB patients with
long-term ADV treatment. In this study, we aimed to
evaluate the relationship between urine β2-M and RBP
excretion and early renal impairment during long-term
ADV treatment in CHB patients.

Core tip: Identifying a reliable and sensitive biomarker
of early renal dysfunction would be helpful for facilitating
early intervention and evaluating the effectiveness
of treatments for chronic hepatitis B. Urinary β2microglobulin and retinol-binding protein are early
markers of nephrotoxicity induced by nephrotoxic
substances, cardiac surgery, diabetes mellitus, or
hypertension. This study shows that long-term adefovir
dipivoxil therapy in patients with chronic hepatitis
B results in renal impairment that correlates with
abnormalities in these markers.
Jia HY, Ding F, Chen JY, Lian JS, Zhang YM, Zeng LY, Xiang
DR, Yu L, Hu JH, Yu GD, Cai H, Lu YF, Zheng L, Li LJ, Yang
YD. Early kidney injury during long-term adefovir dipivoxil
therapy for chronic hepatitis B. World J Gastroenterol 2015;
21(12): 3657-3662 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3657.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3657

MATERIALS AND METHODS
Patients

INTRODUCTION

From January 2007 to March 2010, 165 patients diag
nosed with CHB at the First Affiliated Hospital of
Zhejiang University School of Medicine (Hangzhou,
China) were treated with ADV monotherapy (n = 90)
or ADV and LAM combination therapy (n = 75). An
additional 165 CHB patients treated with ETV were also
recruited as controls. All the patients had normal renal
function at the outset of ADV and ETV treatment (serum
creatinine < 59 µmol/L and eGFR of ≥ 50 mL/min per
2
1.73 m ). Urinary excretion of β2-M and RBP was not
detected in any of the patients at the beginning of the
study. We excluded patients infected with hepatitis
delta virus, hepatitis C virus, or those who had HIV coinfection. Patients with hypertension, diabetes mellitus,
hepatocellular carcinoma, autoimmune hepatitis,
alcoholic liver cirrhosis, or severe heart, renal and
brain diseases were also excluded. All patients who
participated in this study provided informed consent
and were aware of the procedures to be conducted.
The protocol was approved by the Ethics Committee of
the First Affiliated Hospital of Zhejiang University.

More than 350 million people worldwide are infected
[1]
with the hepatitis B virus (HBV) . Hepatitis B is a
leading cause of chronic hepatitis, cirrhosis, and
hepatocellular carcinoma, for which high levels of
[2]
HBV DNA are an independent factor . Therefore, the
main goal of treatment is complete suppression of
HBV replication to limit progressive liver damage and
improve the natural history of chronic hepatitis B (CHB).
Currently, oral nucleoside analogs have demonstrated
success in suppressing virus replication, with few side
effects. Evidence-based medicine has demonstrated
that a slow virologic response after initiation of
nucleoside analog treatment is associated with high
[3,4]
rates of long-term drug resistance .
Among the available nucleoside analogs, adefovir
dipivoxil (ADV) is a phosphonate acyclic nucleotide
analog of AMP. It is a potent inhibitor of HBV reverse
transcriptase and is effective for patients with hepatitis
B e antigen (HBeAg)-positive and HBeAg-negative
[5,6]
CHB . ADV also shows no cross-resistance with
other nucleoside analogs such as lamivudine (LAM),
telbivudine, and entecavir (ETV), and thus is widely
[7,8]
used as a rescue therapy for these drugs . However,
renal dysfunction associated with prolonged use of
[9-11]
ADV has been reported recently
. For example, in
a study of 10 mg ADV combined with 100 mg LAM,
serum creatinine increased in 38% of patients following
[12]
median treatment duration of 38 mo . However,
most routine renal function tests used in these studies
were based on serum creatinine, blood urea nitrogen,
and estimated glomerular filtration rate (eGFR), which
failed to identify early stages of renal dysfunction and
structural injury. Therefore, identification of a reliable
and sensitive biomarker of early renal dysfunction
would be helpful for facilitating early intervention and
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Follow-up studies

Serum HBV markers, including hepatitis B surface
antigen, anti-HBs, HBeAg, hepatitis B e antibody (antiHBe), and hepatitis B core antibody, were detected by
commercially available enzyme immunoassays (Abbott
Laboratories, Chicago, IL, United States). Serum
HBV DNA was measured by PCR with a linear range
3
8
between 1 × 10 copies/mL and 5 × 10 copies/mL
(Shanghai ZJ Bio-Tech Co. Ltd., China).
Patients visited our hospital every 3-6 mo after
the start of ADV and ETV treatment. Follow-up
clinical assessments included physical examination,
HBeAg and anti-HBe, quantitative HBV DNA, serum
biochemistry, α-fetoprotein, renal function, and
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Figure 1 Time course after treatment with adefovir dipivoxil with or without lamivudine and entecavir for chronic hepatitis B patients. A: Changes in mean
creatinine level; B: Mean estimated glomerular filtration rate (eGFR) with adefovir dipivoxil (ADV) and entecavir (ETV) administration.

using the log rank test. The Cox proportional hazard
regression model was used to estimate univariate and
multivariate risk factors for urine microprotein (β2-M
and RBP) abnormalities. P < 0.05 was considered
significant.

Table 1 Baseline characteristics n (%)
Characteristic

Age (yr)
Male
Treatment duration (mo)
HBeAg positive
HBV DNA (log10 copies/mL)
Total bilirubin (mmol/L)
ALT (U/L)
Albumin (g/L)
Creatinine (mmol/L)
eGFR (mL/min per 1.73 m2)
Inorganic phosphate
(mmol/L)
b2-M (g/mol Cr)
RBP (g/mol Cr)

ADV or ADV
+ LAM
(n = 165)

ETV
(n = 165)

P value

46.2 ± 9.2
115 (69.7)
54.6 (12–95)
95 (57.6)
6.65 ± 0.93
48.9 (23–71)
146 (85–210)
45.6 ± 6.7
57.8 ± 4.6
97.8 ± 10.7
1.43 ± 0.9

48.6 ± 8.7
120 (72.7)
53.8 (12–98)
93 (56.3)
6.54 ± 0.89
45.7 (21–75)
156 (89–216)
44.9 ± 7.1
59.7 ± 8.3
96.7 ± 13.5
1.37 ± 0.8

0.89
0.68
0.76
0.64
0.88
0.76
0.54
0.32
0.45
0.23
0.12

1.4 ± 0.006
1.6 ± 0.004

1.3 ± 0.005
1.7 ± 0.008

0.55
0.51

RESULTS
ADV-related nephrotoxicity

Baseline characteristics of the groups did not differ, and
are presented in Table 1. Figure 1 shows the dynamic
changes in the mean value of creatinine and eGFR
from baseline during ADV (with or without LAM) and
ETV treatment. The creatinine level increased gradually
from the second year, and was increased 20%-30%
from baseline in 32/165 (19.4%) patients, 30%-50%
in 15/165 (9.1%), and > 50% in 4/165 (2.4%)
patients during the five-year period. Serum creatinine
was > 104 µmol/L in 5/165 (3.0%) patients treated
with ADV. eGFR decreased 20%-30% from baseline in
20/165 (12.1%) patients, 30%-50% in 12/165 (7.2%),
and > 50% in 3/165 (1.8%) in patients treated with
ADV, and three patients displayed renal impairment
2
(eGFR < 50 mL/min per 1.73 m ). In the ETV control
treatment group, both creatinine and eGFR remained
stable over the five-year period.

ADV: Adefovir dipivoxil; ALT: Alanine aminotransferase; b2-M: b2microglobulin; eGFR: Estimated glomerular filtration rate; ETV: Entecavir;
HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus: LAM: Lamivudine;
RBP: retinol-binding protein.

ultrasonography or CT. The eGFR (measured as
2
mL/min per 1.73 m ) was calculated by the Chinese
1.234
0.179
equation [175 × Pcr
× age
(female × 0.79)].
Renal impairment was indicated by a decrease in eGFR
2
to < 50 mL/min per 1.73 m . Urine β2-M and RBP
were tested in the First Affiliated Hospital of Zhejiang
University. The normal values of urine β2-M and RBP
were 0.000-0.025 g/mol Cr, respectively.

Frequency of urine β 2-M abnormality

Cumulative incidences of urine microprotein abnor
malities are shown in Figure 2. Urine β2-M abnormality
developed in 3/165 (1.8%), 7/165 (4.2%), 11/165
(6.7%), 16/165 (9.7%), and 21/165 (12.7%) patients
in the first, second, third, fourth, and fifth year of ADV
or ADV plus LAM treatment, respectively. Urine RBP
abnormality developed in 2/165 (1.2%), 8/165 (4.8%),
12/165 (1.8%), 15/165 (9.1%), and 22/165 (13.3%)
patients in the first, second, third, fourth, and fifth
year of treatment, respectively. Only 1/165 (0.1%)
patient developed a urine β2-M abnormality, and 2/165
(1.2%) patients developed urine RBP abnormalities
during the five years of ETV treatment. The incidence

Statistical analysis

SPSS version 16.0 software (SPSS Inc., Chicago,
IL, United States) was used for data analysis.
Measurements are presented as mean ± SD and
comparisons were conducted using the Student’s t
test. Proportions are presented as percentages, and
2
rate comparisons were performed using the χ test.
The cumulative incidence of renal impairment and
urine β2-M and RBP changes were calculated using the
Kaplan-Meier method, and group data were calculated
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Figure 2 Cumulative incidence of urine microprotein abnormalities after treatment with adefovir dipivoxil with or without lamivudine or entecavir in
chronic hepatitis B patients. Cumulative incidence of A: Urine b2-microglobulin abnormality; and B: Retinol-binding protein abnormality with long-term adefovir
dipivoxil (ADV) or entecavir (ETV) treatment.

switching to ETV treatment for 48 wk, while both urine
RBP and β2-M increased gradually in the ADV or ADV
plus LAM treatment group. eGFR increased from 78.5
2
± 11.8 mL/min per 1.73 m to 89.5 ± 13.7 mL/min
2
per 1.73 m after switching to ETV treatment for 48
wk. eGFR deteriorated from 79.8 ± 14.3 mL/min per
2
2
1.73 m to 68.5 ± 14.3 mL/min per 1.73 m if ADV
was continuously applied.

Table 2 Determinants of urine b2-microglobulin abnormality
Univariate analysis
Age ≥ 50 yr
Male
Body weight
Baseline eGFR < 80
mL/min per 1.73 m2
ADV treatment

Multivariate analysis

HR (95%CI)

P value HR (95%CI) P value

5.237
(2.687-10.742)
1.523
(0.876-3.487)
1.323
(0.712-3.237)
3.879
(1.657-7.986)
5.178
(2.358-9.867)

< 0.001

0.003

0.782

3.675
(1.612-7.865)
-

0.574

-

-

0.001

-

-

< 0.001

3.078
(1.328-6.871)

0.005

-

DISCUSSION
Renal dysfunction is one of the serious adverse effects
of ADV. In a previous retrospective study of 687
patients, during a median treatment duration of 27
mo, 10.5% of patients developed renal impairment,
which was defined as a decrease in eGFR > 20%
[16]
relative to baseline . In another study of 292 patients
treated with ADV plus LAM combination therapy, 9.6%
patients developed renal impairment during a median
[9]
treatment duration of 64.3 mo . Our results show
that during the five years of ADV or ADV plus LAM
treatment, creatinine increased by 20%-30% from
baseline in 19.4%, 30%-50% in 9.1%, and > 50% in
2.4% of patients, while the eGFR decreased 20%-30%
from baseline in 12.1%, 30%-50% in 7.2%, and >
50% in 1.8% of patients. Furthermore, five patients
had serum creatinine > 104 µmol/L and three had
2
eGFR < 50 mL/min per 1.73 m during the five years
of ADV or ADV plus LAM treatment. These rates are
less than those reported previously, because all the
CHB patients with hypertension, diabetes mellitus,
and liver cirrhosis were excluded from our study. In
contrast to ADV treatment, both creatinine and eGFR
remained stable in the ETV treatment group.
Routine renal function tests based on serum
creatinine and blood urea nitrogen fail to identify
early stages of renal dysfunction and structural injury.
Creatinine change is not specific because it can also
occur in non-renal disease, reflecting changes in
[17]
muscle mass and nutrition intake . eGFR mainly
reflects the renal filtration capacity, and cannot detect

ADV: Adefovir dipivoxil; CI: Confidence interval; eGFR: Estimated
glomerular filtration rate; HR: Hazard ratio.

of urine β2-M abnormality in the ADV treatment group
was higher than that in the ETV group (P < 0.001).
Further analysis indicated that a ≥ 30% decrease
in eGFR relative to the baseline level after five years
correlated significantly with urine RBP and β2-M
abnormality (P = 0.006 and 0.005, respectively).

Predictive factors for urine β 2-M abnormality

The results of univariate and multivariate analyses are
indicated in Table 2. Univariate analysis showed that
old age (≥ 50 years), ADV treatment, and baseline
mild renal dysfunction (eGFR < 80 mL/min per 1.73
2
m ) were associated with the development of urine
β2-M abnormality (all P < 0.001). Multivariate analysis
indicated that old age (P = 0.003) and ADV treatment
(P = 0.005) were significant predictors of urine β2-M
abnormality.

Effect of switching ADV to ETV treatment on renal
impairment

Among 22 patients with urine β2-M abnormalities,
11 switched to ETV treatment while the other 11
continued ADV treatment. As indicated in Figure 3,
both urine RBP and β2-M decreased gradually after
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Figure 3 Changes in urine microproteins after modification of adefovir dipivoxil treatment in chronic hepatitis B patients. A: Mean urine b2-microglobulin (b2-M);
B: Mean urine retinol-binding protein (RBP) after switching to entecavir treatment [adefovir dipivoxil (ADV) to entecavir (ETV)] or with continued ADV treatment.
2 [9,10]

the early stage of renal tubular disorders. Therefore,
other biomarkers have been examined, such as β2-M,
RBP, kidney injury molecule-1, neutrophil gelatinase
associated lipocalin, interleukin-18, and sodium/
[18]
hydrogen exchange form 3 . These biomarkers
show increased levels in the urine at an early stage
after renal dysfunction occurs. Our results indicate
that 1.8%, 4.2%, 6.7%, 9.7% and 12.7% of patients
developed urine β2-M abnormalities, and 1.2%, 1.8%,
4.8%, 9.1%, and 13.3% of patients developed urine
RBP abnormalities in the first, second, third, fourth,
and fifth year of treatment, respectively. Only 3% of
patients displayed serum creatinine > 104 µmol/L
2
and 1.8% eGFR < 50 mL/min per 1.73 m at the
same time. This indicates that the urine β2-M and RBP
abnormalities preceded creatinine abnormality renal
impairment.
The mechanism of ADV-induced nephrotoxicity
may be related to drug accumulation in renal proximal
tubules after long-term administration, which may
reduce the reabsorption capacity of microproteins
(β2-M and RBP), amino acids, glucose, phosphorus,
[19,20]
and calcium
. Detection of these biomarkers in
serum or urine might be important, because at this
stage, positive results should raise awareness of the
risk of renal damage at the moment when it is still
reversible with prophylactic or therapeutic intervention.
In our study, among 11 patients with urine β2-M
abnormality, urine RBP and β2-M decreased gradually,
and eGFR increased after switching to ETV treatment
for 48 wk, whereas urine RBP and β2-M continued to
increase, and the eGFR decreased in those remaining
on ADV treatment. Our results strongly suggest that
ADV should be switched to ETV treatment immediately
if urine RBP or β2-M is detected in CHB patients.
We also analyzed the risk factors of urine β2-M
abnormality after long-term ADV treatment. Consistent
with previous reports, our univariate analysis indicated
that age was a significant and independent factor of
urine β2-M abnormality, together with long-term ADV
administration and baseline mild dysfunction (eGFR

WJG|www.wjgnet.com

< 80 mL/min per 1.73 m )
. Multivariate analysis
suggested that age and ADV administration were
independent factors of urine β2-M abnormality.
In conclusion, both urine RBP and β2-M are
sensitive biomarkers for detecting early renal injury
during long-term ADV treatment. Therefore, when RBP
or β2-M are detected in urine, ADV should be switched
to ETV immediately. Moreover, ADV should be avoided
as a first-line treatment for CHB patients, especially for
elderly people.

ACKNOWLEDGMENTS
Ding F is a graduate student, now working in the Sixth
People’s Hospital of Shaoxing, Zhejiang, China.

COMMENTS
COMMENTS
Background

Renal dysfunction associated with prolonged use of adefovir dipivoxil (ADV)
has been reported recently. However, most routine renal function tests used
in these studies were based on serum creatinine, blood urea nitrogen, and
estimated glomerular filtration rate (eGFR), which fail to identify early stages of
renal dysfunction and structural injury. Therefore, identification of a reliable and
sensitive biomarker of early renal dysfunction would be helpful in facilitating
early intervention and evaluating its effectiveness for chronic hepatitis B (CHB)
patients. The aim of this study was to evaluate the relationship between urine
β2-microglobulin (β2-M) and retinol-binding protein (RBP) excretion and early
renal impairment during long-term ADV in CHB patients.

Research frontiers

β2-M is an 11.8-kDa protein, and is a light chain of major histocompatibility
class I expressed on the surface of every nucleated cell. RBP is a protein of
21 kDa that is synthesized by the liver. Both β2-M and RBP are subject to
glomerular filtration, and undergo proximal tubular reabsorption and catabolism,
which might be disrupted in renal dysfunction. β2-M and RBP excretion in urine
has been reported as an early marker of nephrotoxicity induced by nephrotoxic
substances, cardiac surgery, diabetes mellitus, or hypertension. At present, it
remains unclear whether urine β2-M and RBP can be used as early markers to
diagnose renal impairment in CHB patients with long-term ADV treatment.

Innovations and breakthroughs

Routine renal function tests based on serum creatinine and blood urea
nitrogen fail to identify early stages of renal dysfunction and structural injury.
Recently, several biomarkers have been found, such as β2-M, RBP, kidney
injury molecule-1, neutrophil gelatinase associated lipocalin, interleukin-18,
and sodium/hydrogen exchange form 3, which show increased levels in the
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urine at an early stage after renal dysfunction occurs. These results indicated
that a proportion of patients developed urine β2-M and RBP abnormalities
during long-term ADV treatment, which occur before creatinine abnormality and
impaired eGFR. Thus, detection of urine β2-M and RBP can help identify early
renal dysfunction during long-term ADV treatment.

9

Applications

The study results suggest that urine β2-M and RBP can be used as early
biomarkers to indicate renal dysfunction during long-term ADV treatment.

Terminology

ADV is a phosphonate acyclic nucleotide analog of AMP. It is a potent inhibitor
of hepatitis B virus reverse transcriptase and is effective for patients with
chronic hepatitis B infections.

10

Peer-review

This is a good descriptive study in which the authors analyzed the β2-M and
RBP excretion induced by long-term ADV treatment in the CHB patients. The
results are interesting and suggest that urine RBP and β2-M are sensitive
biomarkers of early renal injury during long-term ADV treatment. ADV should
be switched to ETV as soon as urine RBP or β2-M is detected. ADV should be
avoided as first-line treatment for CHB.
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Abstract
AIM: To examine the frequency of regular comple
mentary and alternative therapy (CAM) use in three
Australian cohorts of contrasting care setting and
geography, and identify independent attitudinal and
psychological predictors of CAM use across all cohorts.
METHODS: A cross sectional questionnaire was
administered to inflammatory bowel disease (IBD)
patients in 3 separate cohorts which differed by
geographical region and care setting. Demographics
and frequency of regular CAM use were assessed,
along with attitudes towards IBD medication and
psychological parameters such as anxiety, depression,
personality traits and quality of life (QOL), and
compared across cohorts. Independent attitudinal and
psychological predictors of CAM use were determined
using binary logistic regression analysis.
RESULTS: In 473 respondents (mean age 50.3 years,
60.2% female) regular CAM use was reported by
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45.4%, and did not vary between cohorts. Only 54.1%
of users disclosed CAM use to their doctor. Independent
predictors of CAM use which confirm those reported
previously were: covert conventional medication
dose reduction (P < 0.001), seeking psychological
treatment (P < 0.001), adverse effects of conventional
medication (P = 0.043), and higher QOL (P < 0.001).
Newly identified predictors were CAM use by family or
friends (P < 0.001), dissatisfaction with patient-doctor
communication (P < 0.001), and lower depression
scores (P < 0.001).

advise patients regarding these potentially deleterious
agents. However, the ongoing consumer demand for
alternatives to conventional therapy means that IBD
physicians need to be alert to CAM use, its associated
behaviours and underlying health beliefs that may
influence conventional IBD care.
Approximately three quarters of CAM taking IBD
[3,8]
patients do not discuss its use with their IBD physician ,
thus there is a need to identify surrogate markers or
predictors of use that may prompt discussion about CAM
during routine consultation.
Predictors previously established fall into demo
graphic, clinical and attitudinal categories. Independent
demographic predictors of CAM use include younger
[1,5,9]
[1,5,9]
[5,9]
age
, female gender
, higher educational level ,
[5,8]
income and employment , and middle social class at
[5]
[10,11]
birth . Clinical predictors are more controversial
[9]
but have included Crohn’s disease , longer disease
[12]
[1,13]
[14]
duration , medication type
, active disease ,
the experience of adverse effects of conventional
[2,14,15]
medication
, and a concurrent diagnosis of irritable
[16]
bowel syndrome (IBS) .
Some studies however, have suggested that health
attitudes and behaviours are more important than
[15,17]
demographics in influencing CAM use
, and there
has been recent enthusiasm to identify attitudinal
and behavioural predictors as these factors are
potentially modifiable. Data regarding such predictors
are more limited and heterogenous but suggest
[17]
that a need for control over disease , desire for a
[17]
holistic approach , lack of confidence in the IBD
[17]
[18]
physician , poorer therapeutic relationships , and
[5]
vegetarianism are associated with CAM use. CAM use
has also been suggested as a marker of psychological
[16]
or social distress .
Disparity in findings between different studies may
relate in part to cultural differences in IBD populations,
as suggested by an Italian study which demonstrated
regional variations in CAM type chosen, despite similar
[14]
rates of use across the cohorts . An Australian
diabetes study suggested an effect of health care
setting on CAM use frequency, reporting private health
[19]
insurance as an independent predictor of CAM use .
In IBD patients in Australia, whilst overall frequency
and potential ethnically based differences in CAM use
[4]
have been previously examined , attitudinal and
psychological predictors of its use are unexplored, as is
the effect of the health care setting on CAM uptake.

CONCLUSION: In addition to previously identified
predictors of CAM use, these data show that physician
attention to communication and the patient-doctor
relationship is important as these factors influence CAM
use. Patient reluctance to discuss CAM with physicians
may promote greater reliance on social contacts to
influence CAM decisions.
Key words: Complementary medicine; Alternative
therapy; Therapy; Inflammatory bowel disease; PatientDoctor Communication; Medication adherence
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Complementary medicine use is widespread in
inflammatory bowel disease, and potentially deleterious
to treatment outcomes. Whilst demographic and clinical
predictors of complementary and alternative therapy
(CAM) are well established, attitudinal influences are
under explored. This study demonstrates that the
specific aspect of patient doctor relationship most
influencing CAM use is quality of doctor communication.
The other newly identified predictor of CAM use is its
use by family and friends. This finding enables valuable
insight suggesting that in the absence of good doctor
communication, inflammatory bowel disease patients
seek advice from unqualified sources such as family
and friends.
Mountifield R, Andrews JM, Mikocka-Walus A, Bampton P.
Doctor communication quality and Friends' attitudes influence
complementary medicine use in inflammatory bowel disease.
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INTRODUCTION

MATERIALS AND METHODS

The use of complementary and alternative medicine
(CAM) is widespread in inflammatory bowel disease
(IBD), rates ranging from 31% to 74% in studies
[1-3]
[4,5]
[6]
across Europe , Australasia , and North America .
Studies examining the efficacy and safety of these
treatments in IBD are heterogenous and controlled
[7]
data limited , thus it is difficult for physicians to

Subject selection and recruitment

WJG|www.wjgnet.com

IBD patients from three different care settings in
two distinct geographical locations in Australia were
invited to participate. This method has been reported
[20]
previously .
The first cohort came from a metropolitan public
teaching hospital based specialist IBD Service
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at Flinders Medical Centre (FMC). This is a large,
government funded hospital, offering secondary/tertiary
care for a local regional population of 341000 with a
Gastroenterology inpatient and outpatient service, and
IBD nurses available to patients within working hours.
The second cohort consisted of IBD patients in an
overlapping area, receiving their care via a metropolitan
Private Practice setting. These patients were under the
care of one of four male general Gastroenterologists
with extensive experience in managing IBD, without
attachment to a specialist IBD unit, or access to IBD
specialist nurse support.
The third cohort consisted of IBD patients cared
for via Royal Darwin Hospital (RDH), a public hospital
in a very remote location in Northern Australia. When
this study was conducted, IBD care in Darwin was
undertaken predominantly by general practitioners
(GPs) and general surgeons, with no specialist gastro
enterologist residing in Darwin, and no IBD nurse. The
nearest tertiary hospital is in Adelaide, SA, more than
3000 kilometres away.
Potential subjects were identified from IBD data
bases/hospital records in each location and mailed
a questionnaire. Reminder letters were sent to nonresponders after one and three months.

were put to subjects, seeking their views regarding
IBD treatment beliefs and attitudes. Some Likert
data were collapsed into categories “yes” and “no”
for data presentation, but analysed as ordinal data
or continuous data using factor scores for regression
analysis.
Anxiety and Depression were measured using the
[23]
Hospital Anxiety and Depression Scale , higher scores
indicating higher levels of anxiety or depression. Quality
of Life was measured using the reliable and valid Short
[24]
Inflammatory Bowel Disease Questionnaire .
[25-27]
The Spielberger State-Trait Personality Inventory
was used to assess and compare depressive symptoms,
anxiety, anger and curiosity between cohorts in both the
immediate (state) and long term (trait or personality
characteristic).

Statistical analysis

Comparisons between cohort means and medians
were performed using the Kriskal Wallis test for nonnormally distributed values, and two tailed t test or
2
ANOVA for normally distributed values. Pearson’s χ
or Fisher’s exact test were applied as appropriate for
categorical data.
Significant or trend associations at univariate level
(P < 0.10) determined which variables were inclu
ded in regression analyses, along with demographic
factors.
Additional continuous variables summarising themes
across the questionnaire were generated using principal
component analysis for ordinal data using M Plus
software (V5.2), for the purpose of data reduction.
An oblique (oblimin) rotation was used of 37 of the
55 Likert scale items assessing all aspects of IBD
treatment. An examination of the Kaiser-Meyer Olkin
measure of sampling adequacy suggested the sample
was favourable (KMO = 0.618). When loadings less
than 0.4 were excluded, the analysis yielded an 8
factor solution. Scores for each of these 8 factors were
normally distributed.
Binary logistic regression was used to assess
predictors of CAM use as a dichotomous dependent
variable, adjusting for age, gender, employment and
relationship status.
A P value of < 0.05 was considered statistically
significant. Apart from factor analysis, statistical
calculations were performed using IBM SPSS Statistics
for Windows, version 22, 2013 (IBM Corp). The
statistical methods for this study were reviewed by Dr
Reme Mountifield of Flinders Medical Centre, South
Australia.

Questionnaire content

The opening section of the questionnaire sought demo
graphic details including age, gender, disease type,
indigenous, relationship and employment status as well
as current or previous history of smoking.
In the following sections, A-D, participants answered
questions assessing: (1) views regarding conventional
IBD medications; (2) views regarding CAM; (3) quality
of Life; and (4) psychological and personality traits.
Where possible, validated instruments were used as
described below.
IBD-specific CAM use was assessed by asking
subjects to rate the frequency with which they use
complementary or alternative medicine to treat IBD
on an ordinal Likert scale. A dichotomous variable was
then generated whereby “yes” responses encompassed
those describing their use as “often” or “very often”,
and “no” included responses “sometimes”, “rarely” and
“never”.
Medication Adherence was assessed using the
Morisky 4 item Self Report Measure of Medication
[21,22]
Taking Behaviour
, examining predominantly
dose omission, and covert dose reduction (CDR),
the tendency to take less than prescribed of IBD
medication without prescriber awareness was assessed
as a dichotomous variable (yes/no) based on answer
to the question “I take less than prescribed of my IBD
medication without telling my doctor”. This has been
[20]
previously reported .
Free text responses regarding attitudes towards IBD
medication and dose modification were encouraged.
Other non-standardised attitudinal statements

WJG|www.wjgnet.com

RESULTS
Demographic data

Response rates to the survey differed between
cohorts, with 337/612 (55.1%) of FMC and 91/180
(50.5%) of SA private invitees participating, compared
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47%

Table 1 Demographics in contrasting inflammatory bowel
disease cohorts

46%
45%
44%

FMC
Private
Darwin P value
(n = 337) (n = 91) (n = 35)
Mean age respondents (yr)
Mean age non respondents
(yr)
Female respondents
Female non respondents
Crohn’s disease
Indigenous subjects
Current smokers
Previous smokers
Receiving disability support
pension
Employed
Currently partnered

50.3
43.0

52.2
48.1

48.4
39.9

0.35
0.20

60.2%
55.7%
55.2%
0.9%
11.1%
25.8%
1.8%

60.4%
52.4%
57.1%
1.1%
13.6%
25.0%
1.1%

60%
40.7%
48.6%
2.9%
17.1%
42.9%
5.7%

0.99
0.07
0.70
0.37
0.09
0.09
0.006

58.7%
92.2

56.7%
95.3

62.9%
93.3

0.19
0.61

43%
42%

P = 0.626

41%
39%
38%
37%
36%

FMC

Private

Darwin

Figure 1 Proportion of subjects in each cohort reporting regular com
plementary medicine use.

= 0.805), or vegetarianism (P = 0.256) on univariate
analysis.
Table 2 Distribution of complementary and alternative therapy
types reported by inflammatory bowel disease subjects
Primary (first mentioned) CAM type

Percentage of total CAM
reported overall

Herbal products (e.g., slippery elm,
aloe vera juice, olive oil extract, green
lipped mussel oil, other herbs)
Probiotics
Fish oil
Chinese medicine
Acupuncture, massage, magnetism
Other (prayer, meditation, exercise,
dietary supplements, hypnotherapy)

30.50%

Attitudes towards CAM

Of the 206 subjects who reported regular CAM use,
52.5% felt that it was effective (worked “well” or
“very well”), and 20.7% had obtained the therapy at
consultation with an alternative practitioner rather than
independently. The vast majority (83.3%) continued to
use conventional IBD medications concurrently. Only
half (54.1%) discussed their CAM treatment with their
doctor, despite 87.6% of subjects reporting feeling
comfortable doing so.
In contrast, of those reporting previous consultation
with an alternative practitioner only 62.2% felt
comfortable discussing conventional therapy with
their alternative practitioner (P < 0.001), and 16.6%
reported the CAM practitioner discouraged their use
of conventional IBD medication. With regard to the
consultation experience, 10.5% felt less intimidated
by alternative practitioners than doctors, and 16.9%
felt more informed about IBD by the alternative
practitioner.

22.60%
12.10%
10.50%
10.50%
13.70%

CAM: Complementary and alternative therapy.

with 35/100 (35%) in Darwin (P < 0.0001). Non
respondents did not differ from respondents by
gender (P = 0.2), but there was a trend toward non
respondents being younger than respondents (mean
age 43.7 vs 50.3 years, P = 0.065) Darwin subjects
were more likely be current or previous smokers, and
to receive a disability support pension. This population
[20]
has been previously reported . Demographic data
are summarised in Table 1.

Reasons for CAM use by free text response

Of the 194/206 (94.2%) subjects who offered reasons
for their CAM use, 33.0% reported safety concerns
regarding conventional medications. Subjects who
elaborated further expressed the belief that “natural”
CAM would enable them to reduce reliance on
“chemical” conventional therapy and dose reduce or
cease these medications. Seeking a holistic approach
to health in some way was cited by 32.0%, and 20.6%
report advice from family, friends, colleagues, religious
advisors, or the internet as their main reason for use.
A smaller proportion (14.4%) cited lack of efficacy of
conventional medications in treating IBD. No significant
cohort based differences were observed.

Frequency, demographic and clinical associations of
regular CAM use

Many subjects (45.4% overall) reported regular
use of CAM, with no significant difference in usage
frequency between cohorts (P = 0.594) (Figure 1).
Distribution of CAM type used is presented in Table 2,
and was not significantly different between cohorts (P
= 0.626). The regular use of more than one CAM type
(i.e., physical as well as homeopathic methods) was
reported by 64.5% of subjects.
Rates of CAM use were higher amongst younger
(46.69 vs 53.41 years, P < 0.001), female (52.0% vs
35.5%, P < 0.001), and permanently employed (51.1%
vs 37.4%, P = 0.004) subjects. However, CAM usage
did not differ by disease type (P = 0.394), conventional
medication pill burden (P = 0.784), smoking status (P

WJG|www.wjgnet.com

CAM use and treatment attitude associations-univariate
analysis

Attitudinal and behavioural associations of CAM use on
univariate analysis are presented in Table 3.
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Table 3 Attitudinal and behavioural associations of regular
complementary and alternative therapy use - univariate
analysis n (%)
Regular CAM use
Deliberate dose reduction
Family or friends use
alternative treatments
Experienced adverse effects
conventional IBD meds
Satisfied with
communication with IBD
doctor
Previous psychological
counselling

Table 5 Independent attitudinal predictors of regular
complementary and alternative therapy use in inflammatory
bowel disease - logistic regression analysis

P value

No

Yes

No
Yes
No
Yes
No
Yes
No
Yes

197 (61.4)
46 (38.7)
88 (55.0)
85 (40.1)
89 (59.7)
129 (48.3)
1 (9.1)
246 (55.7)

124 (38.6)
73 (61.3)
72 (45.0)
127 (59.9)
60 (40.3)
138 (51.7)
10 (90.9)
196 (44.3)

< 0.001

No
Yes

197 (61.6)
49 (38.0)

123 (38.4)
80 (62.0)

< 0.001

0.004
0.025
0.002

Anxiety (HADS)
Depression
(HADS)
SIBDQ
Trait anxiety
Trait curiosity
Trait anger
Trait depression

SD

SE

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

8.3312
8.6365
6.8774
6.5556
56.0152
58.1210
21.0042
21.0957
25.831
25.8549
11.3837
11.5097
18.9960
19.0385

3.50750
3.18002
2.85105
2.67318
9.71282
9.57504
2.53088
2.48538
6.13307
5.71720
3.93971
3.60996
3.59568
3.12376

0.09032
0.08969
0.07354
0.07540
0.25137
0.27126
0.06539
0.07019
0.15836
0.16158
0.10169
0.10202
0.09293
0.08818

< 0.001
< 0.001
< 0.001

1.561

1.304-1.869

< 0.001

1.208

1.006-1.467

0.043

0.910
1.022

0.878-0.943
1.011-1.032

< 0.001
< 0.001

Independent predictors of regular CAM use

After adjustment for age, gender, disease type and
employment level, attitudinal and psychological
predictors of regular CAM use using binary logistic
regression analysis are shown in Table 5. This model
explained a significant proportion of variance in low
adherence rates (adjusted pseudo R squared 0.217,
goodness of fit Hosmer Lemeshow P = 0.161).
After adjustment for demographics a trend was
observed toward higher CAM usage amongst nonsmokers (OR = 1.299, 95%CI: 0.993-1.698, P =
0.056).
Covert dose reduction, lower depression scores
and subjects’ propensity to seek psychological help
predicted CAM use, the latter factor analysis generated
variable encompassing use of antidepressants, and
consultations with counsellors, psychologists or
psychiatrists (Table 5). Similarly, the factor analysis
generated variable assessing dissatisfaction with
doctor communication was an independent predictor
of CAM use, and included satisfaction level with
doctor relationship, doctor communication style,
level of comfort in asking questions of doctor, and
comprehension of information provided during
consultation.

2 tailed

P value
0.017
0.002
< 0.001
0.341
0.916
0.385
0.744

Of all subjects including CAM users and non-users,
57.3% reported family or friends using CAM for any
health purpose. Those with CAM-using contacts was
more likely to use it themselves for IBD (59.9% vs
40.1%, P = 0.004), free text responses suggesting
that type of CAM chosen was influenced by social
contacts.
The 54.9% of subjects reporting adverse effects
of conventional medications were more likely to
use CAM (P = 0.025), as were the 26.9% reporting
regular self-initiated dose reduction of medication (P <
0.001). Lack of doctor communication satisfaction was
reported by only a small proportion of patients (2.4%)
but was associated with CAM use, as was seeking of
psychological or psychiatric treatment (P < 0.001)
when analysed as individual items.
Analysis of HADS, QOL and Spielberger mean
scores suggested that increased anxiety, higher quality
of life and lower depression scores were associated
with increased CAM use, whilst personality type did not

WJG|www.wjgnet.com

P value

2.135-3.138
1.563-2.280
1.434-2.044

influence rate of use (Table 4).

Table 4 Anxiety, depression, quality of life and personality
traits in users vs non users of cam in inflammatory bowel
disease - univariate analysis
Mean

95%CI

2.588
1.888
1.710

CAM: Complementary and alternative therapy.

CAM: Complementary and alternative therapy; IBD: Inflammatory bowel
disease.

Regular
CAM use

Odds ratio
Covert dose reduction
Seeking psychological treatment
Family and friends are regular
CAM users
Dissatisfied with doctor
communication
Adverse effects conventional
medications
Depression (HADS)
Quality of life (SIBDQ)

DISCUSSION
This study demonstrates the high frequency of CAM
use amongst IBD patients in Australia, and suggests
that such use occurs independently of health care
setting and geography. Newly identified attitudinal
and psychological risk factors include dissatisfaction
with patient-doctor communication, CAM use by social
contacts and lower depression scores. We confirm both
the known demographic risk factors for CAM use and
known behavioural associations such as covert dose
reduction, psychotherapeutic support seeking, and
adverse effects of conventional medications.
The frequency of regular CAM use was slightly
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higher in our study population (45.4%) than reported
[4]
previously in Australia , but within the range reported
[1,4,28]
internationally
. Similarly to the Italian study
[14]
assessing regional variation in CAM use , we found
no difference in overall rates of CAM use between
cohorts, but in contrast did not find regional variation
in the type of CAM chosen either. Some variation
in choice of CAM type is seen between populations
globally, our predominantly Caucasian cohorts being
comparable with New Zealand IBD subjects amongst
whom herbs and vitamins were most commonly
[5]
used . Interestingly nearly two thirds of subjects used
more than one type of CAM, however, overlapping
physical and homeopathic methods and rendering
further analysis by individual CAM type difficult.
Although the patient doctor relationship is known to
[29]
affect CAM use , the more specific aspect of doctor
communication quality as a predictor has not been
previously reported. Subjects who were dissatisfied
with the style of communication from their doctor, did
not feel information was presented in a comprehensible
way, or felt that the consultation environment did not
encourage patient questions, were significantly more
likely to use CAM after adjustment for other factors.
A Canadian study found that the wish for a more
active role in treatment decisions was associated with
[17]
CAM use , and the desire for more information from
[30]
doctors was predictive of use in an Italian cohort .
The significant influence of CAM use behaviours
amongst social contacts on CAM uptake decisions in
IBD individuals has also not been previously reported.
In our study this was adjusted for age, gender, and
employment level but not for other demographics
which may be common across family members and
confound the association. Such influence would not be
surprising, however, given the effect of marital status,
for example, on other medication taking behaviours
[31]
such as adherence to conventional therapy in IBD .
A study of healthy adolescents found that social
contacts exert significant influence over the decision
[32]
to use CAM , and further work to investigate this
in IBD populations is warranted, especially given
the escalating influence of social media on everyday
decision making.
Previously reported predictors including CDR
of conventional medications, adverse effects of
medications and increased QOL were confirmed in this
study. Free text responses strongly suggested that
IBD CAM users tend to reduce rather than omit doses
of conventional medications on the assumption that
CAM use will provide a “medication sparing” effect, the
aim being to minimise adverse effects of conventional
medications. This newly described phenomenon is the
[20]
subject of a separate publication , which suggests
that similar underlying health beliefs and desires
drive both CAM uptake and CDR behaviour. Although
abundant free text data from this study support
this hypothesis, formal path analysis has yet to be

WJG|www.wjgnet.com

undertaken to confirm the direction of causality in the
association between CAM use and CDR.
Those subjects seeking psychological input such
as counselling, psychologist or psychiatrist review, or
antidepressant medication were significantly more
likely to use CAM in this study, and this has been
[1,13]
previously demonstrated in two European studies
.
Free text responses suggested that CAM was not
being prescribed by the psychological care provider,
but rather both behaviours were the result of a desire
for a holistic health approach with active ways of
[13]
coping, and this has been previously reported .
This may be supported by our new finding that lower
depression scores were associated with CAM use,
perhaps indicating the presence of successfully treated
depression in this population who may be more
receptive to psychology.
Gastroenterologist awareness of CAM use was
similar in our study to the 46% seen in a French web
[10]
based study of IBD patients , but greater than that
[3,8,33]
found elsewhere
. This communication gap may
be contributed to by both consultation participants,
a study examining CAM use in IBD patients from
the physician perspective finding that only 8% of
IBD physicians had initiated CAM conversations
themselves, and only around 50% were comfortable
[33]
discussing CAM with their patients .
The confirmation of previously reported demographic
and attitudinal CAM predictors suggests that our study
population is similar to others, and thus the results
generalizable to some extent. The limitations of this
study include the small amount of clinical information
obtainable from subjects by self-report, including
disease activity and response to conventional therapy.
Additionally, comparisons between cohorts were
hampered by the uneven group sizes and response
rates across different treatment settings. Statistical
analysis differentiating by CAM type is likely to be
important but was not feasible in this study as most
subjects (64.5%) reported using more than one
therapy type. Also, the definition of CAM is not uniform
across studies and in this case was defined as what
subjects felt was outside of “conventional” therapy.
CAM use is highly prevalent and appears inde
pendent of care setting and geography in IBD, and its
importance to patients is often under-recognised by
physicians. The quality of patient doctor communication
is a key determinant, and failure to actively address
CAM use in consultation may promote patient “default”
to other advice sources such as family, friends and
other social contacts, which ultimately undermines the
patient doctor relationship.
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Complementary and alternative medicine (CAM) use is common in inflammatory
bowel disease (IBD), and some demographic and clinical predictors have been
established. This article reports a cross sectional survey of Australian subjects
from contrasting care settings with IBD, focussing on the frequency and type of
CAM use, and its behavioural and attitudinal predictors.
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Research frontiers

In the world of ever increasing influence on everyday health decisions from
social contacts via social media and the internet, physician understanding of
patient context needs to evolve to promote strong and open partnerships with
patients in making treatment decisions.

9

This study demonstrates that patients with IBD make decisions regarding
CAM use that are subject to multiple inputs, only one of those inputs being
the treating physician. The importance of unqualified health advice from
social contacts needs to be acknowledged and addressed in order to optimise
adherence to conventional therapy.

10

IBD physicians need to attend more closely than ever to clear communication
with patients regarding the risks and benefits of conventional therapy, and
enquire about CAM use to better understand the patient’s context. Patient
understanding of disease and therapy should be routinely assessed by
physicians in order to correct misperceptions introduced by social contacts,
alternative practitioners and the internet that may undermine successful IBD
treatment.
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Innovations and breakthroughs

Applications

12
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13

This well presented study makes an important contribution to the literature as it
highlights the broader context of individuals with IBD, reporting new behavioural
predictors of complementary medicine uptake in this population which warrant
attention during consultation.
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Abstract
AIM: To compare the efficacy and safety of sedation
protocols for endoscopic submucosal dissection (ESD)
between dexmedetomidine-remifentanil and propofolremifentanil.
METHODS: Fifty-nine patients scheduled for ESD
were randomly allocated into a dexmedetomidineremifentanil (DR) group or a propofol-remifentanil (PR)
group. To control patient anxiety, dexmedetomidine or
propofol was infused to maintain a score of 4-5 on the
Modified Observer’s Assessment of Alertness/Sedation
scale. Remifentanil was infused continuously at a
rate of 6 μg/kg per hour in both groups. The ease of
advancing the scope into the throat, gastric motility
grading, and satisfaction of the endoscopist and patient
were assessed. Hemodynamic variables and hypoxemic
events were compared to evaluate patient safety.
RESULTS: Demographic data were comparable
between the groups. The hemodynamic variables and
pulse oximetry values were stable during the procedure
in both groups despite a lower heart rate in the DR
group. No oxygen desaturation events occurred in
either group. Although advancing the scope into the
throat was easier in the PR group (“very easy” 24.1%
vs 56.7%, P = 0.010), gastric motility was more
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suppressed in the DR group (“no + mild” 96.6% vs
73.3%, P = 0.013). The endoscopists felt that the
procedure was more favorable in the DR group (“very
good + good” 100% vs 86.7%, P = 0.042), whereas
patient satisfaction scores were comparable between
the groups. En bloc resection was performed 100% of
the time in both groups, and the complete resection
rate was 94.4% in the DR group and 100% in the PR
group (P = 0.477).

[5]

risk for cardiopulmonary complications than other
traditional sedatives. However, in addition to the
dose-dependent respiratory depression of propofol,
aspiration pneumonia occurs with an incidence of
[6]
2.3% following ESD . Moreover, it is difficult to control
[7]
sedation depth with propofol . However, its use in
combination with other analgesics can offset these
[8]
complications by reducing the dose of propofol .
Dexmedetomidine, a selective α2-adrenoceptor
agonist with sedative and analgesic effects, has been
[9]
[10]
successfully used during colonoscopy , cystoscopy
[11]
and ESD . Dexmedetomidine suppresses gastro
intestinal motility and inhibits gastric emptying in
[12]
[13]
healthy volunteers
whereas propofol does not .
Suppressing gastric motility may be crucial for succe
ssful ESD.
In this study, we compared the procedural efficacy
and patient safety of the use of dexmedetomidineremifentanil vs propofol-remifentanil during ESD.

CONCLUSION: The efficacy and safety of dexme
detomidine and remifentanil were comparable to
propofol and remifentanil during ESD. However, the
endoscopists favored dexmedetomidine perhaps due to
lower gastric motility.
Key words: Dexmedetomidine; Efficacy; Peristalsis;
Safety; Endoscopic submucosal dissection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Propofol and remifentanil are effectively used
for endoscopic procedures. However, deep sedation
especially with propofol is frequently associated with
cardiorespiratory complications; therefore, it is of
interest to identify shallower yet equally effective
sedation protocols. Dexmedetomidine allows sedation
without respiratory depression, and has also been
utilized for sedation for endoscopic procedures. This
study compared the efficacy and safety between
propofol-remifentanil and dexmedetomidine-remi
fentanil during endoscopic submucosal dissection
(ESD) from the perspective of the endoscopist and
the patient. We found that efficacy and safety of
dexmedetomidine-remifentanil were comparable to
propofol-remifentanil during ESD, but the endoscopists
favored the dexmedetomidine-remifentanil regimen
perhaps due to lower gastric motility.

Patient and sedation protocol

This study was approved by the Institutional Review
Board of Severance Hospital, Yonsei University Health
System (ref: 4-2012-0621) and was registered at
http://ClinicalTrials.gov (ref: NCT01920113). Written
informed consent was obtained from all patients
before the procedure. Sixty patients aged > 20 years
belonging to American Society of Anesthesiologists
classification Ⅰ-Ⅲ and scheduled for ESD were enrolled
in this prospective, randomized, and endoscopist-blind
study from September 2012 to January 2013. Patients
with end-organ diseases (i.e., heart failure, respiratory
failure, hepatic failure, or renal failure), known drug
allergies, or a history of drug abuse were excluded.
The patients were randomly assigned to the
dexmedetomidine-remifentanil group (DR group, n
= 30) or the propofol-remifentanil group (PR group,
n = 30) using a random number table provided by
www.random.org. Among the 60 patients, data for 59
patients (29 patients in the DR group and 30 patients
in the PR group) were analysed; surgical removal was
considered in one patient.
Both the endoscopists and patients were blinded to
the sedation protocol. None of the patients were premedicated. The level of sedation in both groups was
targeted to a score of 4-5 on the Modified Observer’
[14]
s Assessment of Alertness/Sedation scale
(MOAA/
S, Table 1) for minimal sedation during the entire
procedure. For the DR group, a bolus dose of 0.5 μg/
®
kg dexmedetomidine (Precedex , Abbott, Istanbul,
Turkey) was injected intravenously for 5 min before
starting the procedure. Thereafter, a continuous
infusion dose of 0.3-0.7 μg/kg per hour was given.
For the PR group, a bolus injection of 0.5 mg/kg
propofol was followed by continuous infusion at a rate
®
of 30 μg/kg per minute (Pofol , Dongkook Pharm.

Kim N, Yoo YC, Lee SK, Kim H, Ju HM, Min KT. Comparison
of the efficacy and safety of sedation between dexmedetomidineremifentanil and propofol-remifentanil during endoscopic
submucosal dissection. World J Gastroenterol 2015; 21(12):
3671-3678 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3671.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3671

INTRODUCTION
Endoscopic submucosal dissection (ESD) is associated
with greater and longer patient discomfort and pain
than other endoscopic procedures. Therefore, it is
of interest to reduce pain and discomfort associated
[1]
with ESD . Propofol has been widely used for endo
[2,3]
[4]
scopic procedures . It is safe and effective and
is associated with shorter recovery time and better
sedation and amnesia levels without an increased

WJG|www.wjgnet.com
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Table 1 Modified observer’s assessment of alertness/sedation

Table 3 Evaluation of gastric motility

Alertness/
sedation level

Grade of gastric motility

6
5
4
3
2
1
0

Description

No
No or very weak gating movement of the pyloric ring is observed, but
the movement does not show strong contraction
→ No peristalsis
Mild
A circular peristaltic wave is formed in the antrum but disappears
without reaching the pyloric ring, or circular contraction temporarily
occurs immediately before the pyloric ring
→ Peristaltic wave does not reach the pyloric ring
Moderate
A pronounced peristaltic wave is formed and reaches the pyloric ring
→ Peristaltic wave reached the pyloric ring, which opens and closes,
showing star-like contraction as a result of the peristaltic wave
Vigorous
Peristaltic wave is deep and pronounced and proceeds, strangulating
the antrum
→ Peristaltic wave reaches the pyloric ring, and the pyloric ring is
totally covered by the wave, the area exhibiting star-like contraction
protrudes toward the opening of the pyloric ring, and the mucosa is
pushed out from the central part of the opening

Agitated
Respond readily to name spoken in normal tone (alert)
Lethargic response to name spoken in normal tone
Responds only after name is called loudly, repeatedly, or
both
Responds only after mild prodding or shaking
Does not respond to mild prodding or shaking
Does not respond to deep stimulus (asleep)

Table 2 Modified aldrete scoring system
Discharge criteria
Activity: Able to move voluntarily or on command
Four extremities
Two extremities
Zero extremities
Respiration
Able to deep breathe and cough freely
Dyspnea, shallow or limited breathing
Apneic
Circulation
Blood pressure ± 20 mmHg of preanesthetic level
Blood pressure ± 20 - 50 mmHg preanesthetic level
Blood pressure ± 50 mmHg of preanesthetic level
Consciousness
Fully awake
Arousable on calling
Not responding
O2 saturation
Able to maintain O2 saturation > 92% on room air
Needs O2 inhalation to maintain O2 saturation > 90%
O2 saturation < 90% even with O2 supplementation

Score
2
1
0
2
1
0

the endoscope was passed into the esophagus (T2);
as the tumor margin was marked by argon plasma
coagulation (T3); 5 min after an injection of normal
saline containing epinephrine (0.01 mg/mL) was given
in the gastric submucosa (T4); at dissection of the
gastric tumor region from the gastric submucosa (T5);
once bleeding control was performed at the gastric bed
after dissection (T6); and at the end of the procedure
(T7).
[15]
The discharge Aldrete score
(Table 2) was
recorded to document the patient’s general status at
the end of the procedure.
All patients were observed in the post-anesthetic
care unit (PACU) until their discharge Aldrete score
reached 10.

2
1
0
2
1
0
2
1
0

Co. Ltd., Seoul, South Korea) using an infusion pump
(Syringe Pump TE-331, Terumo, Tokyo, Japan). In
®
both groups, remifentanil (Ultiva , GlaxoSmithKline,
Co. Ltd., Genval, Belgium) was infused continuously
at the rate of 6 μg/kg per hour beginning 5 min before
commencing the procedure.
We monitored the MOAA/S scale score continuously.
If the score was 6 or the patient wanted deeper
sedation, a bolus of 10 mg propofol was administered.
If the patient complained of pain during the procedure,
0.1 μg/kg remifentanil bolus was administered, and its
infusion rate was increased by 0.1 μg/kg per hour.
Hartman’s solution was administered at a rate of
3-5 mL/kg per hour, and 2 L/min oxygen was given
through a nasal cannula. Oxygen saturation (SpO2),
systolic and diastolic blood pressure (SBP and DBP),
electrocardiogram (ECG), and heart rate (HR) were
monitored continuously and recorded at 5-min
intervals.
The MOAA/S scale score was recorded as follows:
just before the procedure (baseline, T0); 1 min after
induction of sedation (1 min after a 5 min loading of
dexmedetomidine in the DR group and 1 min after
the propofol bolus injection in the PR group, T1); as

WJG|www.wjgnet.com

Assessment of the efficacy of procedural performance

The ease of advancing the scope through the throat
(four grades: very easy, easy, slight difficulty, and
[16]
difficult), gastric motility
(four grades: no, mild,
moderate, and vigorous) (Table 3), and procedural
satisfaction (four grades: very good, good, fair, and
bad) were evaluated by the endoscopists. Gastric
motility was assessed at the time after the scope had
reached to stomach. Thereafter butylscopolamine
(20 mg) was administered to suppress gastric
motility during the procedure at the request of the
endoscopists. The total amount of butylscopolamine
used was recorded.
The rate of en bloc resection and complete
resection (defined as en bloc resection with tumor-free
[17]
margins) was compared between the groups.
Patients were also asked about their satisfaction
with the procedure (four grades: very good, good,
bearable, and unbearable) before discharge from the
PACU.
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Table 4 Patient characteristics

Age (yr)
Male
Height (cm)
Weight (kg)
ASA classification n (%)
Ⅰ
Ⅱ
Ⅲ
Snoring history

Table 6 Drugs used for endoscopic submucosal dissection

DR group
(n = 29)

PR group
(n = 30)

P value

62.1 ± 10.3
19 (65.5)
162.2 ± 7.7
62.8 ± 8.5

62.9 ± 12.3
22 (73.3)
164.8 ± 5.8
65.1 ± 10.2

0.763
0.514
0.274
0.276
0.390

19 (65.5)
9 (31.0)
1 (3.4)
9 (31.0)

15 (50.0)
12 (40.0)
3 (10.0)
7 (23.3)

Sedation duration (min)
Dexmedetomidine infusion rate
(μg/kg per hour)
Propofol infusion rate
(μg/kg per minute)
Remifentanil infusion rate
(μg/kg per hour)
Additional propofol required
Patients
Dose (mg)
Butylscopolamine use
Patients
Dose (mg)

0.506

Values are presented as the mean ± SD or frequency (percentage). DR
group: Indicates dexmedetomidine-remifentanil group; PR group:
Propofol-remifentanil group; ASA: American society of anesthesiologists.

DR group
(n = 29)

PR group
(n = 30)

P value

42.8 ± 26.7
0.5 ± 0.3

37.6 ± 18.5

0.477

23.8 ± 16.5
5.7 ± 1.4

6.3 ± 4.0

0.451

8 (27.6)
16.9 ± 10.3

3 (10.0)
13.3 ± 5.8

0.083
0.596

4 (13.8)
3.4 ± 9.3

10 (33.3)
10.0 ± 16.4

0.078
0.066

Values are presented as the mean ± SD or frequency (percentage).

Table 5 Tumor characteristics n (%)

Number of
lesion
Histology

Macroscopic
appearance
Location

Adenoma
Carcinoma
Others
Elevated
Flat or
depressed
Upper body
Middle body
Lower body

Size (mm)

Continuous and categorical variables were tested by
2
using Student’s t test and χ test (or Fisher’s exact
test), respectively. Repeatedly measured variables
such as SpO2, SBP, DBP, and HR were analyzed by a
linear mixed model with patient indicator, group, time,
and interaction between group and time as fixed effect
factors. When the interaction between group and
time was significant, post-hoc testing was performed
with Bonferroni correction. All statistical tests were
two-tailed at a significance level of 0.05. Statistical
analyses were performed by using SPSS software (ver.
19.0, SPSS Inc., Chicago, IL, United States) and PASS
software (ver. 12, NCSS, LLC, Kaysville, Utah, United
States).
The sample size of this study was referred from the
[18]
previous randomized trial
comparing the safety and
effectiveness between dexmedetomidine and propofol
during oesophagus interventions.

P value

DR group

PR group

(n = 29)

(n = 30)

36

32

19 (52.8)
16 (44.4)
1 (2.8)
32 (88.9)
4 (11.1)

17 (53.1)
14 (43.8)
1 (3.1)
27 (84.4)
5 (15.6)

0.995

3 (8.3)
8 (22.2)
25 (69.4)
15.7 ± 7.0

3 (9.4)
8 (25.0)
21 (65.6)
14.0 ± 6.7

0.945

0.584

0.344

Values are presented as the mean ± SD or frequency (percentage).

Assessment of patient safety

Hemodynamic variables of SBP, DBP, HR, and SpO2
were compared when measuring the MOAA/S score.
All respiratory (apnea and oxygen desaturation)
and hemodynamic (hypertension, hypotension,
tachycardia, or bradycardia; defined as a change in
baseline value of more than 20%) adverse events
were recorded. Apnea was defined as not breathing
spontaneously for at least 20 s. Oxygen desaturation
was defined as SpO2 < 90%. We managed adverse
respiratory events with a jaw thrust, mask ventilation,
or by increasing oxygen flow. Ephedrine, nicardipine,
atropine, or esmolol was administered for adverse
hemodynamic events. The total amount of sedative
drug and remifentanil were recorded.

RESULTS
No significant differences were observed in patient
demographic data including age, sex ratio, height,
weight, snoring history, and ASA classification (Table 4).
Tumor characteristics, including histology, macroscopic
appearance, location and size measured by the
endoscopist were similar between the groups (Table 5).
Dexmedetomidine in the DR group and propofol
in the PR group were infused at rates of 0.5 ± 0.3
μg/kg per hour and 23.8 ± 16.5 μg/kg per minute,
respectively. The infusion rates of remifentanil were 5.7
± 1.4 μg/kg per hour and 6.3 ± 4.0 μg/kg per hour in
the DR and PR groups, respectively (P = 0.451). Eight
and 3 patients in the DR and PR groups, respectively,
required propofol as a rescue sedative (P = 0.083)
at 16.9 ± 10.3 mg and 13.3 ± 5.8 mg (P = 0.596),
respectively (Table 6).
Complete resection was possible with 94.4% of the
36 en bloc resections in the DR group and 100.0% of
the 32 en bloc resections in the PR group. Moreover,

Statistical analysis

The statistical methods of this study were reviewed
by statisticians (Mi Kyung Song and Bo Gyoung Ma)
from Biostatistics Collaboration Unit, Yonsei University
College of Medicine, Seoul, South Korea. Data on
baseline characteristics of study participants were
presented as mean ± SD for continuous variables
or frequency (percentage) for categorical variables.
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Figure 1 Changes of hemodynamic variables and SpO2 during endoscopic submucosal dissection. T0, just before the procedure; T1, 1 min after induction of
sedation (1 min after a 5 min loading of dexmedetomidine in the DR group and 1 min after the propofol bolus injection in the PR group); T2, as the endoscope was
passed into the esophagus; T3, as the endoscope marked the tumor region; T4, 5 min after epinephrine injection was given in the gastric submucosa; T5, at dissection
of the gastric tumor region from the gastric submucosa; T6, once bleeding control was reached at the gastric bed; T7, and at the end of the procedure. HR: Heart rate;
SpO2: Oxygen saturation; SBP: Systolic blood pressure; DBP: Diastolic blood pressure.

the duration of sedation was similar (P = 0.477).
Although the endoscope was more easily advanced
through the throat in the PR group than in the DR
group (P = 0.010), low-grade gastric motility (no or
mild) was more frequent in the DR group (96.6%
vs 73.3%, P = 0.013). Butylscopolamine was
administered to 10 patients of the PR group compared
with 4 patients of the DR group (P = 0.078).
While the endoscopists were satisfied with the
procedural performance and judged the procedures
as favorable in all patients in the DR group and in only
86.7% of patients in the PR group (P = 0.042), patient
satisfaction was comparable between the two groups
(Table 7).
The Aldrete score at the end of the procedure was
not different between the groups (9.5 ± 0.6 in the
DR group and 9.4 ± 0.6 in the PR group, P = 0.924)
and all patients left the PACU within 30 min (21.2 ±
6.8 min in the DR group and 20.4 ± 5.8 min in the PR
group, P = 0.636).
No differences in the MOAA/S scale score, SBP,
DBP, or SpO2 were observed. However, the mean
change of HR over time was different between DR and
PR groups (Figure 1). No cases of oxygen desaturation
or any adverse hemodynamic events were observed
during the ESD procedures in either group.
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DISCUSSION
We found that minimal sedation using dexmedeto
midine-remifentanil could be substituted for propofolremifentanil during ESD, and that the endoscopists
seemed to be satisfied with the procedural efficacy
perhaps due to low gastric motility.
This study has some clinical implications regarding
the sedating protocol for ESD. First, our results
suggest the importance of analgesics and optimal
sedation level to avoid patient anxiety. ESD was
safely performed under MOAA/S sedation levels of
4-5 if adequate analgesic was provided. As shown
in Figure 1, no patient needed management due to
hemodynamic instability or adverse respiratory events
despite the decreased HR in the DR group. We believe
that continuous infusion of remifentanil enabled the
patients to tolerate this procedure well in an orientated
and anxiety-free state. The analgesic requirement
for a painful procedure was evident in a previous
colonoscopy trial, which was terminated early before
enrolling the planned number of patients because
of the higher rate of supplemental fentanyl required
and adverse hemodynamic events in the group of
[19]
patients administered dexmedetomidine alone .
International sedation guidelines for gastrointestinal
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among countries.
Second, regarding procedural performance,
the endoscopists felt that the endoscope could be
more easily advanced into the throat with propofol
(endoscopists reported the insertion “very easy”
in 7 of 29 patients in the DR group vs 17 of 30
patients in the PR group, P = 0.01). The underlying
causes of this difference are unclear but might be
explained, in part, by the different effect of propofol
and dexmedetomidine on the pharyngeal function.
[23]
Kiriyama et al
assessed the effects of a bolus of 0.5
mg/kg propofol injected before ESD compared to no
bolus of propofol and found that the propofol bolus
decreased pharyngeal muscle tone and obtunded the
scope-stimulated pharyngeal reflex in 77% of patients
compared to 21% of patients with no bolus. Therefore,
in the present study, the intact pharyngeal function in
the DR group may have made it more difficult for the
endoscopists to advance the scope into the throat.
Inhibiting gastric motility is crucial for successful
performance of ESD, and this is the first report of
endoscopist evaluated gastric motility during ESD in
relation to two different sedation protocols (Table 7).
The endoscopists graded gastric motility as low (no
and mild among four grades) in 96.6% of the DR
group and in 73.3% of the PR group (P = 0.013).
Corroborating the report of lower gastric motility by
the endoscopists, patients in the DR group required
butylscopolamine less frequently to suppress gastric
motility than those in the PR group. The effects of
dexmedetomidine on gastric motility seemed to differ
according to subject and dosage. In a previous study,
infusion with a 1.0 μg/kg loading dose for 20 min
followed by infusion of 0.7 μg/kg per hour inhibited
gastric emptying in healthy volunteers, as measured
by paracetamol absorption compared to 0.1 mg/kg
[12]
[24]
morphine or placebo . In contrast, Memiş et al
found no difference in gastric emptying time between
propofol (2 mg/kg per hour) and dexmedetomidine
(0.2 μg/kg per hour) for 5 h in critically ill patients.
This discrepancy may have resulted from the different
doses of drugs and measuring methods (direct
visualization vs indirect paracetamol absorption test)
used in the two studies. Dexmedetomidine itself
does not alter gastric motility in rats but markedly
enhances the inhibitory effect of morphine on gastric
[25]
motility . We are uncertain of the interactive effect of
dexmedetomidine and remifentanil on gastric motility.
We believed that both sedation protocols were effective
for ESD considering that the endoscopists were able
to perform complete resection at a comparable rate
between the two groups (94.4% vs 100%).
However, our study had some limitations. We
analyzed a small number of patients, which limited
the statistical power of our results. If we carry out the
follow-up study, 143 subjects will be needed for each
group to keep the statistical power of 80%. Gastric
motility did not differ between the two groups (P =
0.101) when measured using the four grades (no,

Table 7 Efficacy of procedural performance

Advancing scope into throat
Very easy
Easy
Slight difficult
Difficult
Gastric motility
No
Mild
Moderate
Vigorous
Low: No + mild
High: Moderate + vigorous
Endoscopist’s satisfaction
Very good
Good
Fair
Bad
Favorable: Very good + good
Unfavorable: Fair + bad
Patients’ satisfaction of sedation
Very good
Good
Bearable
Unbearable

DR group
(n = 29)

PR group
(n = 30)

7 (24.1)
14 (48.3)
1 (3.4)
7 (24.1)

17 (56.7)
12 (40.0)
1 (3.3)
0 (0.0)

21 (72.4)
7 (24.1)
1 (3.4)
0 (0.0)
28 (96.6)
1 (3.4)

16 (53.3)
6 (20.0)
7 (23.3)
1 (3.3)
22 (73.3)
8 (26.7)

21 (72.4)
8 (27.6)
0 (0.0)
0 (0.0)
29 (100.0)
0 (0.0)

17 (56.7)
9 (30.0)
2 (6.7)
2 (6.7)
26 (86.7)
4 (13.3)

4 (13.8)
21 (72.4)
4 (13.8)
0 (0.0)

7 (23.3)
20 (66.7)
3 (10.0)
0 (0.0)

P value
0.010

0.101

0.013
0.216

0.042
0.616

Values are presented as frequency (percentage). The gastric motility and
endoscopists’ satisfaction were reclassified as low (no + mild) or high
(moderate + vigorous) and favorable (very good + good) or unfavorable
(fair + bad), respectively.

[20-22]

endoscopic procedures
recommend sedating
patients to improve procedural performance. However,
the adequate level of sedation for patients has
not been well defined (conscious sedation vs deep
[11]
sedation). Takimoto et al
compared the efficacy
and safety of conscious sedation for ESD targeting a
Ramsay sedation score (RSS) of 2-3 among propofol,
dexmedetomidine, and midazolam. They found that
dexmedetomidine provided comparable hemodynamic
stability and improved oxygen saturation as well as no
major surgical complications compared to propofol or
midazolam. In comparison, two patients who received
propofol or midazolam developed gastric perforation.
An RSS of 2-3 represents a level of sedation that
is similar to, but slightly deeper than, the MOAA/
S of 4-5 used in the present study (MOAA/S 4 =
responding to normal verbal tone; RSS 3 = responding
[19]
to commands). Sasaki et al
reported hypoxemia
in 15.9%-17.8% of patients and hypotension in
19.3%-34.4% of patients, suggesting a deeper
sedation level and a higher rate of complications. In
the present study, minimal sedation, regardless of
the group, allowed the patients to achieve an Aldrete
score of 9.5 at the end of the procedure and to leave
the PACU within 30 min. Fast recovery may also be
an economic benefit of minimal sedation. However,
further pharmaco-economic evaluation between
propofol and dexmedetomidine will not be discussed
here because of the costal differences of medications
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during colonoscopy. In addition, dexmedetomidine suppresses gastrointestinal
motility in healthy volunteers whereas propofol does not.

mild, moderate, and vigorous); however, there was
a significant difference when just two grades of low
(no/mild) and high (moderate/vigorous) were applied
(P = 0.013). This same issue was also observed with
the statistical analysis of endoscopists’ satisfaction.
We did not find any significant difference when the
ratings were based on four grades (very good, good,
fair, and bad). However, when satisfaction was divided
into favorable (very good/good) and unfavorable
(fair/bad), the endoscopists were in favor of the
dexmedetomidine-remifentanil treatment (favorable,
100% in the DR group vs 86.7% in the PR group, P
= 0.042). Although there were no serious adverse
respiratory events during ESD in both groups, we could
not exclude the possibility of hypercapnia because
we did not measure the partial pressure of carbon
dioxide (PaCO2) through arterial blood gas analysis.
To blind endoscopists from the type of anesthesia, we
covered the patients’ venous access sites with a drape;
however, we are unsure whether endoscopists were
able to correctly identify the type of sedative drugs
from the difference in the pharmacologic properties
between dexmedetomidine and propofol. Therefore,
we could not completely eliminate the bias of personal
preference when they answered the questionnaires.
Finally, our study design did not include a psychometric
test for patients or comprehensive questionnaires
to assess patients and endoscopists satisfaction as
[26]
suggested by Vargo et al .
In conclusion, use of dexmedetomidine and
remifentanil targeting minimal sedation could be
substituted for propofol-remifentanil sedation during
ESD procedure. However, the effect of suppressing
gastric motility with dexmedetomidine-remifentanil
sedation needs further studies with a greater number
of subjects.

Innovations and breakthroughs

The sedation level was maintained at MOAA/S of 4-5 with either sedating
regimen (propofol-remifentanil or dexmedetomidine-remifentanil). What we
found in this study were as follows. The patients tolerated the ESD procedure
well and safely under minimal sedation under either sedating regimen with
pain adequately controlled. However, the endoscopists favored the regimen
of dexmedetomidine-remifentanil perhaps due to the suppression of gastric
motility.

Applications

Because the endoscopic procedure can vary greatly among patients in regard
to anxiety, pain, and duration, it is important to regard sedation and analgesia
separately to avoid over-sedation. Dexmedetomidine may provide benefits to
the sedation regimen during ESD because it has sedative effects, analgesic
effects, the ability to suppress gastric mobility and, more importantly, the ability
to preserve respiratory drive.

Terminology

The endoscopic submucosal dissection procedure lasts for hours and is
accompanied by pain. Propofol and dexmedetomidine are commonly used
sedative agents that work through GABAA receptor and a selective α 2adrenoceptor, respectively. Remifentanil is a synthetic opioid with rapid onset
and offset of action.

Peer-review

The authors compared the efficacy and safety of sedation between
dexmedetomidine-remifentanil and propofol-remifentanil for use during
ESD. Fifty-nine patients scheduled for ESD were randomly assigned to a
dexmedetomidine-remifentanil group or a propofol-remifentanil group. The
efficacy and safety of dexmedetomidine and remifentanil were comparable
to propofol and remifentanil during ESD. The endoscopists favored
dexmedetomidine mainly due to lower gastric motility.
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study type; cases; controls; country; effect estimate;
adjustments for confounders and quality of publication
were extracted. The quality of the publications were
scored by adherence to the STROBE checklist. The data
for each part of the GIT were presented in separate
tables.
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RESULTS: Seventy-five studies and 5 meta-analyses
satisfied the predefined criteria for inclusion and were
included in this review. There were inconsistent reports
and no strong evidence of an association between
cholecystectomy and cancers of the oesophagus
(Adenocarcinoma), pancreas, small bowel and rightsided colon cancers. In squamous cancer of the
oesophagus, cancers of the stomach, liver, bile
ducts, small bowel and left sided colon cancers, good
quality studies suggested a lack of association with
cholecystectomy. Equally, distal colon and rectal cancers
were found not to be associated with cholecystectomy.
Several mechanisms for carcinogenesis/promotion
of carcinogensis have been proposed. These have
focused on a role for bile salts in carcinogenesis with
several potential mutagenic molecular events and
gut metabolic hormones signaling cell proliferation or
initiation of carcinogenesis.
CONCLUSION: This is a comprehensive review of the
association between GIT cancers and cholecystectomy.
This review found no clear association between
cholecystectomy and GIT cancers.

Abstract
AIM: To investigate the association between cholecy
stectomy and gastro-intestinal tract (GIT) cancers.

Key words: Cholecystectomy; Cancer; gastro-intestinal
tract; carcinogenesis

METHODS: We conducted a systematic review
according to the PRISMA guidelines. A MEDLINE search
was performed with predefined search criteria for
English Language articles on the association between
cholecystectomy and GIT cancers. Additional articles
were retrieved by manual search of references. All
relevant articles were accessed in full text. Data on
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Core tip: This systematic review explores the association
between cholecystectomy and individual gastrointestinal tract cancers and proposed mechanisms of
carcinogenesis. The review finds no clear association
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between cholecystectomy and cancers of the gastrointestinal tract.

by chance alone reasonably frequently. Cancers
may be missed at laparoscopic cholecystectomy
[18]
for gallstones . For these reasons, it is important
to establish and quantify the association between
cholecystectomy and gastro-intestinal tract cancer
risk to aid the informed consent process. If a real
relationship exists, every patient consented for
cholecystectomy, should have all the established risks
explained including the potential for GIT cancers.
The objective of this study is to perform a systematic
review of the literature of studies to determine whether
or not there is an association between cholecystectomy
and the development of GIT cancers.

Coats M, Shimi SM. Cholecystectomy and the risk of alimentary
tract cancers: A systematic review. World J Gastroenterol 2015;
21(12): 3679-3693 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3679.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3679

INTRODUCTION
The presence of gallstones increases with age with an
estimated median prevalence ranging from 5.9% to
[1]
21.9% in large population surveys . Gallstone disease
constitutes a significant health problem affecting
[2-4]
10% to 15% of adults in the western world
.
Gallstone related problems such as cholecystitis and
choledocholithiasis are becoming the leading cause
of inpatient hospital admissions for gastrointestinal
[5]
problems . Cholecystectomy is the treatment of
choice for symptomatic cholelithiasis. Since 1988,
laparoscopic cholecystectomy has evolved globally
and more than 90% of cholecystectomies are carried
out either acutely or electively using laparoscopy.
Laparoscopic cholecystectomy has become standard
[6]
practice for benign gallbladder disease . Several studies
have shown an early increase of cholecystectomies
[7-9]
after the adoption of laparoscopic cholecystectomy .
Some studies have shown a sustained increase which
[6]
is independent of total population growth .
Over the past decade, a number of studies have
investigated the association between cholecystectomy
and/or cholelithiasis with gastro-intestinal tract (GIT)
cancers. Although cholelithiasis is reported to be
strongly associated with an increased risk of biliary
[10]
tract cancers , the association with other GIT cancers
is not established. With regards to cholecystectomy,
authors of meta-analysis reported that pooled results
from case-control studies had shown a significant
elevation of increased cancer risk after cholecystectomy
[11]
but pooled results from cohort studies had not .
However, cohort studies, which are less prone to bias
have been less commonly undertaken. Further, the
time scale between the exposure and the risk is not
always reported. This is important given that GIT
cancers and cholelithiasis are common and may arise
independently. However, the symptoms of cancer may
be misinterpreted to be symptoms of cholelithiasis.
The proposed mechanism for the increased risk of
digestive tract cancers after cholecystectomy is through
[11,12]
[13]
alteration of bile flow
, increased exposure ,
[14]
alteration of bile salts
or alterations to metabolic
[15]
hormone levels .
Since both cholecystectomy and a diagnosis of
[6,16,17]
cancer of the gastro-intestinal tract are common
,
the same person could encounter both within a lifetime,
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MATERIALS AND METHODS
Search strategy

A comprehensive literature search of MEDLINE via
the online database PubMed was carried out by two
observers to identify all relevant studies for inclusion
in this literature review. The search criteria (MeSH
headings/index terms) included (1) “cholecystectomy”;
(2) “risk of cancer” and one of the following cancer
subtypes; (3) “oesophageal”; (4) “gastric”; (5)
“pancreatic”; (6) “bile duct”; (7) “liver”; (8) “small
intestine”; and (9) “colorectal”. In addition, MeSH
headings, index terms of ‘bile salts’, ‘risk of cancer’ and
“carcinogenesis” were used to search for the proposed
mechanism of action.
Only English language articles were included in
the analysis. Review articles, case reports and studies
based on autopsy results were excluded. Articles,
which combined the risk for cholelithiasis and cancer,
were also excluded. Articles with poor study design
(e.g., Inappropriate comparisons or without controlling
for appropriate confounders) were excluded. No
restriction was placed on the journal in which it was
published, location or date of the study. Studies should
report statistical ratios with 95% confidence intervals
(95%CIs) or provide data to enable derivation of
rate or risk ratios. Rarely, studies reporting odds ratio
(or) with 95%CIs were included if their inclusion was
deemed relevant. References from included studies
were searched manually to identify missing relevant
publications. When data of a study group were used in
multiple articles, only the most recent paper was used
for this review.

Data extraction

Each study was analyzed based on type of methodology
(meta-analysis; case control; cohort) and study size
indicating the number of GIT cancers and control
cases. The data sources were noted for both the
exposure and outcome parameters. The number of
years follow up as reported in the study was recorded
when available and the effect estimate [relative risk
(RR); hazard ratio (HR); OR; Incidence rate ratio (IRR)]
with its calculated 95%CI was noted. Where risk ratios
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were adjusted for age, gender and other confounding
factors this was recorded. Extracted data were
stratified by the site of cancer, year of publication,
country where the study was undertaken and any
other relevant factors.

cholecystectomy more than 10 years previously are
at an increased risk for oesophageal adenocarcinoma
(SRRs = 1.26, 95%CI: 1.06-1.49). Descriptive
characteristics of studies on the association between
cholecystectomy and Oesophageal Adenocarcinoma
are shown in Table 1.
[20,21]
[23,24,26]
Two case control
and three cohort studies
based on 618 cases found that cholecystectomy was
not associated with an increased risk of oesophageal
squamous cell carcinoma. The results from a metaanalysis, which included some of these studies,
confirmed the null association (SRRs = 0.92, 95%CI:
0.80-1.06), which was independent of study location
[25]
or study design . Descriptive characteristics of
studies on the association between cholecystectomy
and Oesophageal squamous cell carcinoma are shown
in Table 2.

Assessment of study quality

The quality of the different studies was measured
using the STROBE (Strengthening The Reporting of
[19]
Observational Studies in Epidemiology
checklist.
Each item on the STROBE checklist was scored by
one of the authors as follows: 0, item not reported;
1, item reported but inadequately; 2, item reported
adequately. Although there are 22 items on the
STROBE checklist, item number 1 was divided into 2
sections, item number 6 was divided into two sections,
item number 12 was divided into 5 sections, item
number 13 was divided into three sections, item
number 14 was divided into two sections and item
number 16 was divided into three sections. As such,
the maximum score that any publication could achieve
was 66. In order to be comprehensive, no minimum
score was set for inclusion.

Gastric cancer

Statistical analysis

Descriptive statistics were quoted from the original
source where provided. In a few circumstances, it was
necessary to derive the OR and 95%CI from the data
provided. Statistical analysis was done using IBM SPSS
v21 (SPSS, Chicago, IL, United States).

RESULTS
Included studies

The total number of initial publications retrieved from
MEDLINE for the association between cholecystectomy
and GIT cancers was 1394 articles. After screening
titles and abstracts, 142 were included for full text
analysis. After exclusion of studies, which did not
meet the selection criteria, 75 studies (cohort and
case-control) describing an association between
cholecystectomy and a GIT cancer site were included
for data extraction. Three meta-analyses were
reviewed. A flow chart of the literature search is
depicted in Figure 1.

Pancreatic cancer

There are at least 23 epidemiological studies inves
tigating the association between cholecystectomy and
pancreatic cancer (see table 5). The results obtained
from these studies are contradictory. A significantly
increased risk between previous cholecystectomy
and pancreatic cancer was found in four case control
[21,30-32]
[33-36]
studies
and four cohort studies
. However,
no association was found among nine case-control
[37-45]
[22,26,29,46-48]
studies
and six cohort studies
.
A meta-analysis based on 18 studies (8 cohort
studies and 10 case-control studies) reporting a
total of 12129 cases of pancreatic cancer found that
9 studies reported a positive (but not significant)
association between previous cholecystectomy and risk
of pancreatic cancer and 5 studies found a significantly

Oesophageal adenocarcinoma and squamous cell
carcinoma
[20,21]

Two case control studies
with 321 cases between
[22]
them and one cohort study
based on 91 cases,
found that cholecystectomy, despite its effect on
gastric juice did not appear to increase the risk of
oesophageal adenocarcinoma. By contrast, two cohort
[23,24]
studies
based on 179 cases, found a moderate
association between cholecystectomy and subsequent
oesophageal adenocarcinoma, however, the absolute
risk was found to be small. The results from a meta[25]
analysis
suggested that patients who had a
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[26,27]

Two case control studies
based on 186 cases
found that cholecystectomy did not increase the risk of
[21]
gastric cancer. However, one case control study
and
[22,28,29]
three cohort studies
based on a total of 1491
cases found an increased risk of gastric cancer after
a cholecystectomy. The results from a meta-analysis,
which included some of these studies, found that prior
cholecystectomy was not associated with the risk of
gastric cancer (SRRs = 1.03, 95%CI: 0.93-1.13).
Descriptive characteristics of studies on the association
between cholecystectomy and gastric cancer are
shown in Table 3.
[20,21]
[28]
Two case control
and one cohort study based
on a total of 478 cases found that prior cholecystectomy
was not associated with an increased risk of gastric
[25]
cardia cancer. The results from a meta-analysis
which included two studies specific for gastric cardia
[20,28]
cancer
found that cholecystectomy was not
associated with risk of gastric cardia cancer(SRRs =
0.87, 95%CI: 0.65-1.17). Descriptive characteristics
of studies on the association between cholecystectomy
and gastric cardia cancers are shown in Table 4.
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Primary
search

Search terms: MESH headings/index terms
“cholecystectomy”, “risk of cancer”,
“oesophageal”, “gastric”, “pancreatic”, “bile
duct”, “liver”, “small intestine”, “colorectal”

MEDLINE (PubMed) 1394

306 title and abstract
evaluation

Screening

Excluded 1088
Satisfaction of eligibility criteria
Cancer of GIT site
History of cholecystectomy
Case and control descriptors
Provision of risk estimate (95%CI)
Sufficient quality
Eligibility
Excluded 186 records
120 records

22 additional studies:
Manual search of references

Full text analysis
142 records
Excluded 67 records

Analysis
Included in review
75 records

Figure 1 Study flow diagram. GIT: gastro-intestinal tract.
[29,34]

increased risk of pancreatic cancer in patients who
[49]
had a cholecystectomy . The meta-analysis found
that compared with individuals without a history of
cholecystectomy, those who had their gallbladder
removed had a 23% excess risk of pancreatic
adenocarcinoma (SSRs = 1.23, 95%CI: 1.12-1.35).
Sub-group analysis revealed that the increased risk
was independent of geographic location, gender, study
design and confounders including body mass index
(BMI), diabetes and smoking. The risk of pancreatic
cancer remained elevated two and five years post
cholecystectomy. Descriptive characteristics of studies
on the association between cholecystectomy and
pancreatic cancer are shown in Table 5.

studies
based on 143 cases of extra-hepatic
bile duct cancer did not find a significant association
in cancer risk with a history of cholecystectomy.
Descriptive characteristics of studies on the association
between cholecystectomy and extra-hepatic bile duct
cancers are shown in Table 6.

Liver cancer

Extra-hepatic bile duct cancer

A case control study comparing the incidence of
cancers of the extra-hepatic bile duct and ampulla of
Vater, before and after the introduction of laparoscopic
cholecystectomy, found, no increase in the incidence
[50]
of these cancers in the short term . The study
was based on the observed increase in the rate of
laparoscopic cholecystectomy since its introduction in
[7-9]
[21]
1990 . One case-control study
and two cohort
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[21]

One case-control study (332 incident cases of cancer
of the liver) found a significant association between a
previous history of cholecystectomy and an increased
risk of liver cancer (OR = 1.26, 95%CI: 1.12-1.41).
This significant association was found for hepatocellular
carcinoma (OR = 1.34, 95%CI: 1.17-1.52) and not for
cholangiocarcinoma (OR = 1.19, 95%CI: 0.98-1.43).
[22,29,34]
However, three cohort studies
based on 173
incident cases of liver cancer in patients who had a
previous cholecystectomy did not show an increased
risk of liver cancer after cholecystectomy. Descriptive
characteristics of studies on the association between
cholecystectomy and liver cancer are shown in Table 7.

Intestinal (small bowel) cancer
[21]

One case control study
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Table 1 Descriptive characteristics of studies on the association between cholecystectomy and oesophageal adenocarcinoma
Ref.

Period of
study

Study
design

No. of
cases

Freedman et al[20], 1994-1997 Case2000
control
Nogueira et al[21],
2014
Freedman et al[23],
2001
Goldacre et al[22],
2005
Lagergren and
Mattsson[24], 2011

1992-2005

Casecontrol
1965-1997 Cohort
1963-1999 Cohort
1965-2008 Cohort

No. of
Exposure
Outcome
Followcontrols ascertainment ascertainment up (yr)

Effect
estimate

Adjustments

Quality of
publication

Age, gender, alcohol,
smoking, BMI, physical
activity, education, diet
Age, gender, diabetes

37

Age, gender

38

Age, gender, calendar
year, residence
Age, gender, calendar
Year

36

189

820

Self report

Pathology
records

-

RR = 1.03
(0.63-1.69)

132/
5488
53/
268312
91/
39245
126

2572/
1000000

Medicare
database
National
registry
NHS database

Cancer
registry
Cancer
registry
Cancer
registry
Cancer
registry

>6

OR = 0.95
(0.80-1.14)
SIR = 1.3
(1.0-1.8)
RR = 0.98
(0.79-1.21)
RR = 1.29
(1.07-1.53)

803/
334813
345251

NA

> 10
NA
15

49

40

NA: Not available; BMI: Body mass index.

Table 2 Descriptive characteristics of studies on the association between cholecystectomy and oesophageal squamous cell cancer
Ref.

Period of Study No. of No. of
Exposure
Outcome Follow-up
study
design cases controls ascertainment ascertainment
(yr)

Freedman et al[20],
2000

1994-1997

Nogueira et al[21],
2014
Ichimiya et al[26],
1986
Freedman et al[23],
2001
Lagergren and
Mattsson[24], 2011

1992-2005

Casecontrol

Casecontrol
1953-1984 Cohort

167

820

Self-report

Pathology
records

100/
4732
29

2572/
100000

Medicare
database
Self report

Cancer
registry
Death
registry
Cancer
registry
Cancer
registry

1965-1997 Cohort

129/
268312
1965-2008 Cohort 193/
345251

1238
NA

National
registry
NA

>6
< 31
> 10
15

Effect
estimate

Adjustments

Quality of
publication

OR = 0.82
(0.43-1.54)

Age, gender, alcohol,
smoking, BMI, physical
activity, education, diet
Age, gender, diabetes

37

Age, gender

48

Age, gender

38

Age, gender, calendar
year

40

OR = 0.85
(0.69-1.04)
0.59
(0.26-1.36
SIR = 0.9
(0.7-1.1)
SIR 0.93
(0.81-1.08)

49

Ichimiya et al[26], 1986, reported on oesophageal cancer without specifying pathology of cancer. NA: Not available; BMI: Body mass index.

Table 3 Descriptive characteristics of studies on the association between cholecystectomy and gastric cardia cancer
Ref.

Period of Study No. of No. of
Exposure
Outcome
Follow- Effect estimate
study
design cases controls ascertainment ascertainment up (yr)

Freedman et al[20], 1994-1997 Case2000
control
Nogueira et al[21],
2014
Fall et al[28], 2007

1992-2005

Casecontrol
1970-1997 Cohort

262

820

Self-report

Pathology

-

RR = 0.67
(0.39-1.13)

122/
5579
94/
251672

2572/
100000
NA

Medicare
database
National
registry

Cancer
registry
Cancer
registry

>6

OR = 0.88
(0.73-1.06)
RR = 0.95
(0.76-1.16)

11.5

Adjustments

Quality of
publication

Age, gender, alcohol,
smoking, BMI, physical
activity, education, diet
Age, gender, diabetes

37

Age, gender, surgical
procedure

42

49

NA: Not available; BMI: Body mass index.

of small bowel cancer found a significant association
between a history of cholecystectomy and an increased
risk of carcinoid tumors of the small bowel (OR =
1.78, 95%CI: 1.41-2.25) and a weaker increased
risk of adenocarcinoma of the small bowel (OR =
1.34, 95%CI: 1.02-1.76). In addition, two cohort
[51,52]
studies
found a significantly elevated risk of small
bowel tumors after cholecystectomy. The risk was
found to be elevated for both proximal small bowel
adenocarcinoma and for distal small bowel carcinoid
tumors. In the first year after cholecystectomy, the
age adjusted rate ratios for cancer of the small bowel
were significantly high at 10.43, 95%CI: 7.79-13.99.

WJG|www.wjgnet.com

Thereafter, the rate ratio reduced with increasing
time since operation. By 8 years and more from
cholecystectomy, the rate ratio was not significantly
[52]
raised at 2.47, 95%CI: 0.82-6.28 . Descriptive
characteristics of studies on the association between
cholecystectomy and small intestine cancers are
shown in Table 8.

Colorectal cancer

Three case-control studies reporting 132 cases of
colorectal cancer found a significant association
[43,53,54]
between cholecystectomy and colorectal cancers
.
[54]
The highest reported RR was 2.11 (95%CI: 1.19-3.85) .
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Table 4 Descriptive characteristics of studies on the association between cholecystectomy and gastric cancer
Ref.

Period of
study

Study
design

No. of
cases

No. of
controls

Exposure
ascertainment

Sarli et al[27],
1986
Ichimiya et
al[26], 1986
Nogueira et
al[21], 2014
Goldacre et
al[22], 2005
Fall et al[28],
2007
Chen et al[29],
2014

1980-1984

Case
control
Cohort

157

157

29

1238

Surgical and
database
Self report

1963-1999

Casecontrol
Cohort

1970-1997

Cohort

2572/
100000
1354/
334813
NA

2000-2010

Cohort

429/
12925
177/
39254
854/
251672
31/
5850

1953-1984
1992-2005

Outcome
Follow-up
ascertainment
(yr)
Pathology

NA

Death registry

NA

Medicare
Cancer registry
database
NHS database Cancer registry

>6

National
registry
National
database

NA

Cancer registry

11.5

Cancer registry

10

Effect
estimate

Adjustments

Quality of
publication

0.77
(0.09-6.40)
0.92
(0.66-1.28)
OR = 1.26
(1.13-1.40)
1.06
(0.88-1.26)
1.11
(1.04-1.19)
1.81
(1.09-3.02)

Age, gender

26

Age, gender

33

Age, gender, diabetes

49

Age, gender, calendar
year, residence
Age, gender, surgical
procedure
Age, gender,
comorbidities

36
42
53

NA: Not available.
[29,55,56]

This finding was supported by three cohort studies
suggesting an increased risk of colorectal cancer by
[29]
up to 56% (RR = 1.56, 95%CI: 1.12-2.17 ). Similar
trends were identified in another four case-control
and two cohort studies but these were not statistically
[57-62]
significant
. The largest and most recent study in the
literature encompasses 3907 incident cases and, with
age and gender adjustments, showed no association (OR
= 0.97, 95%CI: 0.92-1.02). This finding is supported
[63-67]
by five more studies
. Descriptive characteristics of
studies on the association between cholecystectomy
and colorectal cancers are shown in Table 9.

calculated an OR of 1.87 (95%CI: 0.943-8.14) but the
design of this study and statistical methodology was
poor which renders meaningful interpretation difficult.
Descriptive characteristics of studies on the association
between cholecystectomy and colorectal cancers are
shown in Table 11.

Rectal cancer

The rectum lies farthest from the gall bladder in the GI
tract and any proposed mechanism relating to altered
flow of bile metabolism following cholecystectomy
causing cancer would be presumed to have the least
effect here. A meta-analysis of 42 studies encompassing
14226 incident cases showed no significant risk of
rectal cancer following cholecystectomy (OR = 1.14,
[70]
95%CI: 0.92-1.41) . This finding is supported by
[53,62,63,65]
three other case-control studies
and two
[56,64]
[57]
cohort studies
. Linos et al
showed a reduced
risk of rectal cancer in women post cholecystectomy
(RR = 0.5, 95%CI: 0.1-1.3) and an increased risk in
men (RR = 2.3, 95%CI: 0.9-4.8). These findings are
not clinically significant and do not correlate with any
other studies. They are most likely artifact due to small
sample size and lack of adjustment for confounding
factors and the results should be interpreted cautiously.
Descriptive characteristics of studies on the association
between cholecystectomy and colorectal cancers are
shown in Table 12.

Proximal colon cancer

Six studies (4 case-control; 2 cohort) demonstrated
a positive association between proximal colon cancer
[59,62,63,67-79]
and cholecystectomy
. An extremely high
association (OR = 5.85, 95%CI: 2.13-16.7) was found
in one particular Chinese study but 95%CIs were
broad and a low quality assessment score indicates
[62]
these findings are somewhat unreliable . However,
a well-designed study scoring highly (57 out of 66)
on the STROBE checklist also showed a positive
association (RR = 1.35, 95%CI: 0.97-1.88). The study
performed a comprehensive statistical analysis to
account for several confounding factors (age, smoking,
BMI, lifestyle and dietary factors, comorbid disease
[59]
such as diabetes) . This strengthens the findings of
the study considerably. However, this study was based
on a female only cohort, which raises the possibility
of increased gender-based risk. Two other studies
selected for analysis showed no association between
[21,51]
proximal colon cancers and cholecystectomy
.
Descriptive characteristics of studies on the association
between cholecystectomy and colorectal cancers are
shown in Table 10.

Proposed mechanisms of carcinogenesis

When the normal gallbladder is in situ, wide
physiological fluctuations occur in the bile-emptying
rate from the common bile duct (CBD) into the
[71,72]
duodenum
. After cholecystectomy, all the bile
secreted from the liver enters the CBD and drains
through the sphincter of Oddi into the duodenum,
thereby producing a continuous flow. Although the
net effect of cholecystectomy on bile secretion is not
fully understood, cholecystectomy results in globally
increased trans-papillary bile flow and CBD emptying
[73]
rate . The increased and continuous bile flow

Distal colon cancer

Subgroup analysis within five of the selected studies
showed that there was no association of cholecystectomies
[21,51,59,67]
[62]
with distal colon cancer
. However, Zeng et al

WJG|www.wjgnet.com
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Table 5 Descriptive characteristics of studies on the association between cholecystectomy and pancreatic cancer
Ref.

Period of Study
study
design

No. of
cases

Wynder et al[37],
1950-1964 Case11/142
1973
control
Haines et al[38], 1982 1973-1978 Case8/116
control
Mack et al[39], 1986 1976-1981 Case38/490
control
Cuzick and
1983-1986 Case14/216
Babiker[40] 1989
control
Farrow and
1982-1986 Case8/218
Davis[41] 1990
control
Bueno de Mesquite 1984-1988 Case24/176
et al[42], 1992
control
Lee et al[43], 1996
1989-1994 Case12/282
control
Gullo et al[45], 1996 1987-1992 Case93/720
Control
Silverman et al[30], 1986-1989 Case- 132/484
2001
Control

Ko et al[32], 2007
Hassan et al[44],
2007

1995-1999 Casecontrol
2000-2006 CaseControl

Exposure
ascertainment

Outcome
ascertainment

Followup (yr)

Effect
estimate

Adjustments

Quality of
publication

16/307

Hospital records

NA

>2

Hospital records

Medical records

≥5

44/490

Hospital records Pathology records

>1

Age, gender, race,
hospital
Age, gender, race,
year of admission
Age, gender, race

28

18/232

7/279

Hospital records

Medical records

NA

Age, gender

29

6/188

Hospital records

Cancer registry

≥3

Age

29

44/487

Hospital records

Medical records

>5

Hospital records

Medical records

NA

Age, response
status, smoking
Age, gender

31

6/282
71/720

Hospital records

Medical records

>1

1.57
(0.76-3.24)1
0.89
(0.40-1.98)1
0.8
(0.5-1.4)
2.43
(0.91-7.12
1.1
(0.3-3.4)
1.15
(0.55-2.40)
2.04
(0.76-6.21)
1.00
(0.70-1.43)
1.77
(1.26-2.48)1

Age, gender

34

Age, race, gender,
smoking, alcohol
consumption, BMI,
Calorie intake.
Ag, gender, BMI,
smoking, diabetes
Age, gender,
smoking,
comorbidities
Age, gender, race,
smoking, physical
activity, diabetes
Age, gender,
diabetes
Age, gender

31

Age, gender,
smoking
Age, gender

32

Age, gender,
obesity, years of
follow-up, other
comorbidities
Age, gender,
smoking, race,
education, BMI,
diet.
Age, gender,
calendar year
Age, gender, BMI,
Physical activity,
diabetes
Age, gender,
calendar year,
residence.
Age, gender, BMI,
smoking, FH of
pancreatic cancer,
diabetes.

33

Age, gender,
comorbidities

53

150/
2099

Hospital records Pathology records

>2

Hospital records

SEER abstracts

NA

808

155/
1701
808

Hospital records

Self reported

>2

215

676

Self report

Pathology reports

>2

2.11
(1.32-3.35)

1106/
33280
3/
1238
65/
13979
261/
62615
184/
42461

2572/
100000
NA

Medicare
database
National registry

Cancer registry

>6

Death registry

NA

NA

Hospital records

NA

>4

NA

National registry

Cancer registry

>1

NA

National registry

Cancer registry

≥4

OR = 1.23
(1.15-1.33)
SMR = 0.86
(0.33-2.25)1
RR = 2.09
(0.99-4.39)
1.20
(1.06-1.36)
1.3
(1.1-1.6)

75/532

Zhang et al[31], 2014 1994-1998 CaseControl

No. of
controls

1.73
(1.29-2.33)1
OR = 1.1
(0.9-1.8)

Nogueira et al[21],
2014
Ichimiya et al[26],
1986
Shibata et al[46],
1994
Ekbom et al[33],
1996
Chow et al[34], 1999

1992-2005 Casecontrol
1953-1984 Cohort

Coughlin et al[35],
2000

1982-1996 Cohort

3751/
1.2 M

NA

Study database

Cancer registry

14

RR = 1.2
(1.0-1.5)

Ye et al[48], 2001

1965-1997 Cohort

NA

National database

Cancer registry

≥2

Schernhammer et
al[47], 2002

1976-1986 Cohort

730/
268312
37/
145927

256/
1675355

Self-report

Self report and
death registry

> 10

SIR = 1.06
(0.98-1.14)
1.23
(0.86-1.77)

Goldacre et al[22],
2005

1963-1999 Cohort

127/
39254

791/
334813

NHS database

Cancer registry

≥2

1.06
(0.88-1.26)

Arnold et al[36],
2009

1984-2004 Cohort

6243/
1060389

NA

Hospital records

Death registry

NA

Chen et al[29], 2014

2000-2010 Cohort 16/5850

National database

Cancer registry

10

HR = 1.62
(1.02-2.55)
black
HR = 1.10
(1.0-1.22)
white
1.13
(0.60-2.12)

1981-1990 Cohort
1965-1987 Cohort
1977-1993 Cohort

27
27

43

36
35

51

49
33

28

31

35
34

36

41

1

RR and 95% confidence intervals were calculated from raw data. NA: Not available; BMI: Body mass index.

into the duodenum can either reflux back into the
stomach and oesophagus or proceed cephalad down

WJG|www.wjgnet.com

to the small and large bowel. Increased duodenogastro-oesophageal reflux after cholecystectomy is
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Table 6 Descriptive characteristics of studies on the association between cholecystectomy and extrahepatic bile duct cancer
Ref.

Period of
study

Study
design

No. of
cases

No. of
controls

Exposure
ascertainment

Nogueira et al[21], 1992-2005 Case2014
control
Chow et al[34],
1977-1993 Cohort
1999

118/
3681
16/
42461

2572/
100000
NA

Medicare
database
National
registry

Cancer
registry
Cancer
registry

Chen et al[29],
2014

9/
5850

National
database

Cancer
registry

2000-2010 Cohort

Outcome
Followascertainment up (yr)

Effect estimate

Adjustments

Quality of
publication

Age, gender, diabetes

49

≥4

OR = 1.19
(0.98-1.43)
0.7 (0.3-1.4)

33

10

2.22 (0.91-5.41)

Age, gender, obesity,
years of follow-up,
other comorbidities
Age, gender,
comorbidities

>6

53

NA: Not available.

Table 7 Descriptive characteristics of studies on the association between cholecystectomy and liver cancer
Ref.

Period of
study

Study No. of No. of
design cases controls

Exposure
Outcome
Followascertainment ascertainment up (yr)

Nogueira et al[21], 1992-2005 Case332/
2014
control 10219
Chow et al[34],
1977-1993 Cohort 48/
1999
42461

2572/
100000
NA

Medicare
database
National
registry

Cancer
registry
Cancer
registry

Goldacre et al[22], 1963-1999 Cohort
2005
Chen et al[29],
2000-2010 Cohort
2014

306/
334813
163/
5850

NHS database

Cancer
registry
Cancer
registry

38/
39245
87/
5850

National
database

>6
≥4

NA
10

Effect
estimate

Adjustments

Quality of
publication

OR = 1.23
(1.15-1.33)
1.1 (0.7-1.5)

Age, gender, diabetes

49

Age, gender, obesity,
years of follow-up, other
comorbidities
Age, gender, calendar year,
residence
Age, gender, comorbidities

33

0.91
(0.64-1.25)
1.17
(0.90-1.52)

36
53

NA: Not available.

Table 8 Descriptive characteristics of studies on the association between cholecystectomy and small intestinal cancer
Ref.

Period of
study

Study
design

Nogueira et al[21],
2014
Lagergren et
al[51], 2001
Lagergren et
al[51], 2001
Goldacre et al[52],
2012

1992-2005

Casecontrol
Cohort

1965-1997
1965-1997
1998-2008

No. of
cases

No. of
Exposure
Outcome
Followcontrols ascertainment ascertainment up (yr)

148/
2572/
Medicare
3694
100000
database
68/
NA
National
2784601
registry
Cohort
98/
NA
National
2784602
registry
Cohort
NA
327460/ HES database
3M

Cancer
registry
National
registry
National
registry
Cancer
registry

>6
10
10
10

Effect
estimate

Adjustments

Quality of
publication

OR = 1.49
(1.26-1.77)
1.77
(1.37-2.24)
1.71
(1.39-2.08)
2.47
(0.82-6.28)

Age, gender

49

Age, gender, time
aftercholecystectomy
Age, gender, time
aftercholecystectomy
Age, gender, period since
cholecystectomy

38
38
45

1

Proximal small bowel adenocarcinoma; 2Distal small bowel carcinoids. NA: Not available.
[74-76]

[84]

controversial
and probably relates to the method
[76]
of measurement . The effects of refluxed bile may
be augmented by additional noxious refluxed material
[77]
such as acid and pancreatic enzymes .
Bile acids were initially proposed as carcinogenic.
However, later work with rodent models suggested
that they should be regarded as cancer promoters
(increasing tumorigenesis by other known carcinogens)
[78-80]
rather than carcinogens acting independently
.
More recent evidence supports the view that bile
acids (primary or secondary) are carcinogens in
[81,82]
humans
. Bile acids cause DNA damage probably
indirectly through induction of oxidative stress and
production of reactive oxygen species which damage
[83]
DNA . Repeated DNA damage may increase the
mutation rate including that of tumor suppressor genes

WJG|www.wjgnet.com

and oncogenes . Additional reports suggest that bile
acids at an increased concentration induce apoptosis
[85]
and hence select for apoptosis resistant cells with an
[86]
increased rate of mutation .
More than 95% of the bile salts synthesized in
the liver are reabsorbed either by passive diffusion
in the proximal jejunum, or by active transport in
the distal ileum. The bile salts are then transported
via the portal vein back to the liver where they are
absorbed by hepatic cells and again secreted as bile.
The enterohepatic recirculation of bile salts recycles
[87]
about 6-8 times daily . The bile salts are the ionized
form of the bile acid molecule. The carboxyl group in
the side chain of the bile salt molecule when activated
can react with glycine or taurine forming amides
known as conjugated bile salts. Intestinal anaerobic
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Table 9 Descriptive characteristics of studies on the association between cholecystectomy and colorectal cancer
Ref.

Period of
study

No. of
cases

No. of
controls

Nogueira et
1992-2005 Caseal[21], 2014
control
Schmidt et al[60], 1992 -1994 Case2012
Control
Todoroki et al[67], 1991-1994 Case1999
Control

3907/
150045
10/
254
226/
1982

2572/
100000
0/
1043
270/
2129

Zeng et al[62],
1965-1986 Case1993
Control
Neugut et al[66], 1986-1988 Case1991
Control
Lee et al[54], 1989 1980-1987 CaseControl
Kune et al[65],
1980-1981 Case1988
Control

8/
503
11/
106
40/
165
35/
715

18/
2188
41/
507
19/
165
57/
727

Neugut et al[58],
1988

1983-1985

CaseControl

11/
56

10/
84

Friedman et
al[63], 1987

1971-1984

CaseControl

174/
5898

773/
27687

Medicare
Database

Cancer registry

≥2

1

1976-1977

92

687

Cancer Registry

Self-reporting

≥1

20/
305
67/
5850
1207/
150912

5

Hospital records

>5

RR = 2.7

76/
5850
NA

National
database
National
database

Hospital
records
Cancer registry

10

Self-report

8

HR = 1.56
(1.12-2.17)
HR = 1.36
(1.13-1.64)

National
database
National
database of
nurses

National
database
Self-report and
National death
registry

16

Hospital
database
Hospital
database

Cancer registry

1-16

Weiss et al[53],
1982
2
Turnbull et
al[61], 1981
Chen et al[29],
2014
2
Hartz et al[55],
2012

Study
design

CaseControl
1972-1976 CaseControl
2000-2010 Cohort
1993-1998 Cohort

Shao et al[56],
1987-2002 Cohort
2005
2
Schernhammer 1982-1998 Cohort
et al[59], 2003

297/
55960
133/
6669

574668

1

225/
42098
42/
1681

NA

Johansen et
al[64], 1996
Linos et al[57],
1981

1977-1989 Cohort
1950-1969 Cohort

78515

Exposure
ascertainment

Outcome
ascertainment

Medicare
Cancer registry
database
National
Cancer registry
database
Medicare
Cancer registry
database and
self report
Hospital records
Hospital
records
Hospital
Self-report
Records
Hospital
Hospital
Records
Records
Hospital
Self-reporting
Records
and hospital
records
Hospital records Self-reporting

Hospital
records and self
reporting

Followup (yr)

Effect estimate

Adjustments

Quality of
publication

>6

OR = 0.97
(0.92-1.02)
HR = 1.20
(0.85-1.70)
OR = 1.1 (0.9-1.3)

Age, gender

49

Age, gender

41

Age, gender,
Family history,
BMI, diet, NSAIDs

48

24
≥2

≥ 2.5

2
≥2

OR = 1.95
(0.84-4.51)
OR = 0.96
(0.46-1.98)
RR = 2.11
(1.19-3.85)
RR = 1.10
(0.7-1.1)

26
Age, gender

30
36

OR = 1.8 (0.6-5.4)

Age,
socioeconomic
status
OR = 1.1 (0.9-1.2)
Age, gender,
geographical area,
calendar year
RR = 1.4 (0.7-2.6)

IRR = 1.32
(1.16-1.48
RR = 1.21
(1.01-1.46)

RR = 1.09
(1.0-1.2)
2
RR = 1.3 (0.9-1.9)
3
RR = 1.3 (0.7-2.2)

34

38

47

40
33

Age, gender,
comorbidities
Age, smoking,
obesity,
Family history,
comorbidities
Age, gender

53

Age, smoking,
BMI, lifestyle
factors,
comorbidities
Age, gender,
calendar year

57

48

54

43
34

1

Excluding rectal cancer; 2Women only; 3Men only; NA: Not available; BMI: Body mass index; NSAIDs: Nonsteroidal anti-inflammatory drugs.

bacteria, for example species of the Bacteroides
fragilis group, deconjugate and dehydroxylate the
bile salts by removing glycine and taurine residues
[14]
and the hydroxyl group at position 7 . The primary
bile salts are then biochemically transformed into the
secondary bile acids, deoxycholic acid and lithocholic
acid. The deconjugated and dehydroxylated bile salts
are less soluble in intestinal chyme and are therefore
less readily absorbed from the intestinal lumen
than the bile salts that have not been subjected to
bacterial metabolism. Based on both experimental and
observational epidemiologic studies, deoxycholic acid
has been classified as a potential tumor promoter in
[88-90]
conjunction with other genotoxic agents
. Studies
of concentration levels of deoxycholic acid in both

WJG|www.wjgnet.com

fecal and serum samples have been associated with
[91-93]
colorectal adenomas and cancer
. The relatively
prominent distribution of adenocarcinoma in the
duodenum and proximal jejunum, particularly after
cholecystectomy, has been attributed to proximity to
[51]
the juncture of the common bile duct .
The other culprits in this scenario include gut
metabolic hormones. As an illustrative example,
elevated circulating levels of Cholecystokinin (CCK)
[94]
have been found after cholecystectomy . Normal
human pancreas and pancreatic cancer have been
found to possess receptors for CCK. CCK has been
shown to stimulate the growth of human pancreatic
[95]
cancer cell lines and initiate pancreatic carcinogenesis
[96]
in rodents .
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Table 10 Descriptive characteristics of studies on the association between cholecystectomy and proximal colon cancer
Ref.

Period of
study

Study No. of No. of
design cases controls

Nogueira et al[21],
2014
Todoroki et al[67],
1999

1992-2005

Case- 1963/
control 66740
1991-1994 Case134/
control
967

2,572/
100000
270/
2129

Zeng et al[62], 1993

1965-1986

18/
2188
773/
27687
23/
250
78515

Casecontrol
Friedman et al[63], 1971-1984 Case1987
control
Vernick et al[69],
1975-1978 Case1981
control
1
Schernhammer et 1982-1998 Cohort
al[59], 2003
Lagergren et al[51],
2001
1
Ekbom et al[68],
1993

5/
108
70/
1925
21/
150
46/
6669

1965-1997 Cohort

861/
278460
1965-1983 Cohort 633/
62615

NA

Exposure
ascertainment

Outcome
ascertainment

Followup (yr)

Effect
estimate

Adjustments

Quality of
publication

Medicare
database
Medicare
database and
self report
Hospital
records
Medicare
Database
National
database
National
database of
nurses
National
registry
National
registry

Cancer registry

>6

Age, gender

49

Cancer registry

≥2

OR = 1.06
(0.99-1.12)
OR = 1.3
(1.0-1.6)

Age, gender, family
history, BMI, diet, NSAID
use

48

Hospital
records
Cancer registry

≥ 2.5

OR = 5.85
(2.13-16.7)
OR = 1.2 Age, gender, geographical
(0.9-1.5)
area, calendar year
RR = 1.77
(0.95-3.3)
RR = 1.35
Age, smoking, BMI,
(0.97-1.88)
lifestyle factors,
comorbidities
SIR = 1.16
Age, gender, time after
(1.08-1.24)
cholecystectomy
SIR = 1.24
Age
(1.03-1.48)

26

Self-report and
hospital records
Self-report and
National death
registry
National
registry
National
registry

≥2

16

10
< 23

47
44
57

35
46

1

Women only. NA: Not available; BMI: Body mass index; NSAIDs: Nonsteroidal anti-inflammatory drugs.

Table 11 Descriptive characteristics of studies on the association between cholecystectomy and distal colon cancer
Ref.

Period of
study

Study
design

Nogueira et al[21],
2014
Todoroki et al[67],
1999

1992-2005

Casecontrol
CaseControl

986/
40996
87/
965

Zeng et al[62],
1993
Friedman et al[63],
1987

1965-1986

CaseControl
CaseControl

2/
131
60/
1963

Schernhammer
et al[59], 2003

1982-1998

Cohort

28/
6669

78515

Lagergren et
al[51], 2001

1965-1997

Cohort

2564/
278460

NA

1991-1994

1971-1984

No. of No. of
cases controls

Exposure
ascertainment

Outcome
ascertainment

2572/
Medicare
Cancer registry
100000
database
270/
Medicare
Cancer registry
2129 database and self
report
18/
Hospital records
Hospital
2188
records
773/
Medicare
Cancer registry
27687
database
National
Self-report and
database of
National death
nurses
registry
National registry
National
registry

Followup (yr)

Effect
estimate

Adjustments

Quality of
publication

>6

OR = 0.93
(0.86-1.00)
OR = 0.8
(0.6-1.1)

Age, gender

49

Age, gender, Family
history, BMI, diet,
NSAID use

48

≥2

≥ 2.5
≥2

16

10

OR = 1.87
(0.43-8.14)
OR = 1.2
(0.9-1.6)

Age, gender,
geographical area,
calendar year
RR = 0.95
Age, smoking, BMI,
(0.64-1.43)
lifestyle factors,
comorbidities
SIR = 0.98 Age, gender, time after
(0.94-1.02)
cholecystectomy

26
47

57

35

NA: Not available; BMI: Body mass index; NSAIDs: Nonsteroidal anti-inflammatory drugs.

cancer or death registry data which are subject to
errors. Thirdly, Adjustment for confounding factors has
been variable amongst the studies but inadequate in
the majority. It is very likely that the same risk factors
for cholelithiasis and cancer such as obesity, diet,
ethnicity, family history, cigarette smoking, education
and physical activity co-exist. Unless such confounders
are adjusted for it is difficult to conclude that the risk is
purely a cholecystectomy effect.
It is established that early manifestations of
abdominal cancers are sometimes misdiagnosed as
gallstones and treated with cholecystectomy. Some
studies have shown that a not uncommon cause
of readmission after laparoscopic cholecystectomy
[18,97,98]
is colon cancer
. As such, all short term
studies which did not adjust for the period between
cholecystectomy and the incident cancer must be

DISCUSSION
This systematic review has found inconclusive
evidence for an association between a history of
cholecystectomy and cancers of the Gastro-intestinal
tract at each site. The contradictory evidence was
found both in case-control studies and in cohort
studies. The same level of inconsistency was noted
by meta-analyses in individual cancer sites. The
most likely explanation for this level of inconsistency
is the quality of studies. In general, case-control
studies are more susceptible to selection bias than
are cohort studies. This is mainly due to the increased
surveillance of patients in cohort studies which is
[31]
less likely to distort the true effect . Secondly, the
majority of studies did not stipulate or report criteria
for disease ascertainment. This was based mainly on

WJG|www.wjgnet.com
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Table 12 Descriptive characteristics of studies on the association between cholecystectomy and rectal cancer
Ref.

Period of
study

Chiong et al[70], 2012

1950-2012

Zeng et al[62], 1993

1965-1986

Kune et al[65], 1988

1980-1981

Friedman et al[63], 1987

Study
design

No. of
cases

No. of
Exposure
Outcome
Followcontrols ascertainment ascertainment up (yr)

Meta14226/
Analysis 460262
Case1/
Control
264
Case29/
Control
715

NA
18/
2188
57/
727

Mixed
sources
Hospital
records
Hospital
records

1971-1984

CaseControl

43/
1921

773/
27687

Medicare
database

Weiss et al[53], 1982

1976-1977

49

687

Shao et al[56], 2005

1987-2002

CaseControl
Cohort

574668

1

Schernhammer et al[59],
2003

1982-1998

Cohort

83/
55960
32/
6669

Cancer
registry
National
database
National
database of
nurses

2

Johansen et al[64], 1996

1977-1989

Cohort

NA

Linos et al[57], 1981

1950-1969

Cohort

119/
42098
1
7/1681
3
4/1681

78515

Hospital
register
Hospital
database

Mixed sources Variable
Hospital
records
Self-reporting
and hospital
records
Cancer
registry

≥ 2.5

Self-reporting

≥1

National
database
Self-report
and National
death registry

Cancer
registry
Hospital
records and
self reporting

≥2

16

1-16

Effect estimate

Adjustments Quality of
publication

OR = 1.14
Age, gender
(0.92-1.41)
OR = 0.46
(0.06-3.45)
RR = 1.22 (0.7-2.0)

54

OR = 0.9 (0.6-1.2) Age, gender,
geographical
area, calendar
year
RR = 1.0 (0.4-2.4)
Age

47

IRR = 1.00
(0.85-1.17)
RR = 1.58
(1.05-2.36)

Age, gender

Age,
smoking,
BMI, lifestyle
factors,
comorbidities
RR = 1.07 (0.9-1.3) Age, gender,
calendar year
1
RR = 0.5 (0.1-1.3)
3
RR = 2.3 (0.9-4.8)

26
36

40
54
57

43
34

1

Women only; 2Excluding rectal cancer; 3Men only. NA: Not available; BMI: Body mass index.

viewed with caution. Further, if there is a causal
relationship between cholecystectomy and cancer, the
rate ratio, representing the rate in the cholecystectomy
cohort relative to that in the comparison cohort, should
increase over time (due to the latent period required
for the development of a cancer) and the risk should
remain at long time intervals. This has not been shown
with any consistency in the reported studies.
Cholecystectomy is a common procedure throughout
[6-9]
the world . The necessity for cholecystectomy has
arisen mainly due to symptomatic gallstone disease
[2]
which is age related . Equally, gastro-intestinal
cancers are common and increase with increasing
[81,99]
age
. The association between cancers of the
gastro-intestinal tract is more likely to be a casual
rather than a causal. In order to establish a causal
association, the criteria of Sackett’s modification of
the Bradford-Hill criteria would need to be applied
[100]
on epidemiological research
. There are to-date
no Randomised controlled trials which have arisen to
confirm nature of the association nor is it feasible to
conduct such trials in the short term. The strength
of the association appears weak at best, particularly
when taking into account the almost universal lack
of adjustment for all necessary confounders. There is
lack of consistency of the association in several cohort
studies with some showing an association in a positive
direction and others confirming the null hypothesis
of an association. Although all the studies show a
temporal relationship between cholecystectomy and
cancer, there is an equal temporal relationship with
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the gallstones phenotype. In terms of the plausibility
of the association, a number of studies have proposed
mechanisms for carcinogenesis by either bile salts or
enteric hormones. These studies are based on in-vitro
or animal experiments and have concluded that bile
salts are either promoters increasing tumorigenesis
[79,80]
by other known carcinogens
or carcinogens
[82]
acting independently . A possible objection to
the contention that bile acids could be carcinogenic
is based on evolutionary grounds. For a natural
substance produced by the body, to be carcinogenic
is counter intuitive. Hence the emphasis on bile acids
being promoters of other known carcinogens or
acting in high physiologic concentrations in certain
[101]
individuals after high fat intake
. With regards to
enteric hormones, the evidence was based mainly on
in-vitro experiments. In terms of biological plausibility,
it seems contrary to our understanding of how
natural selection operates, that a natural substance
produced by the body for a beneficial purpose could
be carcinogenic. On the basis that none of the criteria
have been to-date satisfactorily satisfied that no such
causal relationship exists between cholecystectomy
and gastro-intestinal tract cancers. It seems more
likely that some of the gallstone producing phenotype,
develop gastro-intestinal tract cancers as they age.
This review has several potential limitations.
Although an extensive search was made of all the
available literature, it is possible that some articles
were accidentally missed. However, having captured
the majority if not all of the available articles on the
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subject, it seems less likely that any missed articles
would alter the conclusions made. Although it is
difficult to rule out publication bias, there appears to
be a reasonable number of epidemiological studies
from different parts of the world, which encompass the
cholecystectomy cohort with no significant differences
between populations. Thirdly, a number of the
publications reported in this review are of moderate
quality but a reasonable number are of sufficiently
higher quality. In addition, the majority of reported
studies suffer from heterogeneity.
This review has included a number of historical
articles on the subject. In a subject with so few
articles on each of the components of the GIT, it was
important to include such historic articles to avoid bias
acknowledging that the inclusion of such articles would
not alter the conclusion. It is reasonable to conclude
that if a real effect were apparent, it would have
manifested more strongly.
In conclusion, this systematic review has found
contradictory evidence of an association between a
history of cholecystectomy and gastro-intestinal tract
cancers. Based on current evidence, there is no clear
association between cholecystectomy and cancers of
the gastro-intestinal tract. Additional robust, scientific
studies are warranted.
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Cholecystectomy for gallstone disease is a common operation. A number of
studies have investigated the association between cholecystectomy and/or
cholelithiasis with gastro-intestinal tract cancers with contradictory results.

Research frontiers

11

To the best of our knowledge, no such comprehensive systematic review of the
association between cholecystectomy and gastro-intestinal tract (GIT) cancers
has previously been published. The objective of this study was to review
systematically all the studies which have investigated the association between
cholecystectomy and GIT cancers.
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Innovations and breakthroughs

A number of systematic reviews have been published which were focused on
one or other type of GIT cancers, this is the first comprehensive systematic
review which have addressed all GIT cancers and have added comments on
mechanisms of carcinogenesis in different parts of the GIT.
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Applications

Based on the lack of clear association between cholecystectomy and GIT
cancers, clinicians can be assured of the benefits of cholecystectomy without
the risk of GIT cancer. In consenting patients for cholecystectomy, clinicians
can assure patients that no causal risk of GIT cancers after cholecystectomy
was demonstrated.
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Terminology

Carcinogenesis is the formation of cancer driven either by direct carcinogens
which act independently to cause mutations or by promoters which drive cellular
proliferation without causing mutations themselves. As such promoters require
the field to have been exposed to a tumor initiator which could be mutagenic.
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This is a comprehensive review of the world’s literature highlighting the
relationship between prior cholecystectomy and gastro-intestinal malignancies
by site as well as proposed mechanism/pathogenesis.
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METHODS: Related articles were selected by searching
the following English or Chinese electronic databases:
CINAHL, MEDLINE, Science Citation Index, the Chinese
Journal Full-Text, and the Weipu Journal. NewcastleOttawa Scale (NOS) criteria were used to ensure
consistency in reviewing and reporting results. Statistical
analyses were conducted with Version 12.0 STATA
statistical software.
RESULTS: Ultimately, 11 articles, with a total of
2,120 GC patients, were found to be eligible for study
inclusion. In comparisons of GC patients by TNM stage
(Ⅲ-Ⅳ vs Ⅰ-Ⅱ: OR = 2.35, 95%CI: 1.15-4.825, P
= 0.019), histologic grade (3-4 vs 1-2: OR = 3.48,
95%CI: 1.36-8.92, P = 0.009), invasion grade (T3-4
vs T1-2: OR = 2.86; 95%CI: 1.69-4.83; P = 0.000),
and lymph node metastasis (positive vs negative: OR
= 2.64; 95%CI: 1.33-5.27; P = 0.006), it was found
that CDH17 showed more positive expressions in each
of the more severe cases. Country-stratified analyses
from all four experimental subgroups showed that
high CDH17 expression levels may be related to GC
among Chinese and Korean populations (all P < 0.05),
with the exception of the invasion grade T3-4 vs T1-2
comparison, where the relation only held among the
Chinese population (OR = 2.86, 95%CI: 1.69-4.83, P =
0.000).
CONCLUSION: Collectively, the data reflects the
capacity of CDH17 in tumor proliferation and metastasis
among GC patients.
Key words: Cadherin 17; Protein expression; Gastric
cancer; Meta-analysis

Abstract
AIM: To construct a meta-analysis in order to examine
the relationship between cadherin-17 (CDH17) and

WJG|www.wjgnet.com

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

3694

March 28, 2015|Volume 21|Issue 12|

Long ZW et al . CDH17 expression and GC
[5,9]

GC development . In general, CDH17 is expressed
on the basolateral surface of enterocytes and goblet
cells in the small and large intestines in a selective
manner, and is seldom detected in the healthy adult
[10,13]
stomach or liver
. Cadherins, including CDH17,
are single-pass transmembrane proteins that function
mainly in cell-cell adhesion and may be implicated in
[14]
tumorigenesis . It has been reported that CDH17
knockdown may result in the inactivation of Wnt
signaling, which could in turn inhibit the activity of
[12]
cancer cell invasion . More importantly, there is
evidence indicating that loss of CDH17 may lead to
an increased expression of placental growth factor
and metal-responsive transcription factor-1, which
is believed to increase tumor aggression, thus
[15]
modulating angiogenesis in human carcinoma .
Additionally, by activating the NFκB signaling pathway,
CDH17 can also induce lymph node (LN) metastasis,
[16]
as well as the formation of tumors in GC . With this
in mind, it is possible that CDH17 expression may be
involved in the pathogenesis and progression of GC.
Several clinical studies have documented that high
expression levels of CDH17 were positively connected
with histological stage, tumor invasion, and LN
metastasis of GC, revealing that CDH17 expression
might be a valuable indicator for predicting the
[8,17]
progression and prognosis of GC
. However, other
researchers have failed to find evidence to support
the correlation of CDH17 expression with pathological
[5,9]
characteristics of GC . With such an inconsistency in
previous reported findings in mind, we performed the
current meta-analysis with the available data in order
to clarify the connection between CDH17 expression
and the pathological features of GC.

Core tip: This meta-analysis conducted in order to
examine the relationship between cadherin-17 (CDH17)
and gastric cancer (GC), with the data reflecting the
capacity of CDH17 in tumor proliferation and metastasis
in GC patients.
Long ZW, Zhou ML, Fu JW, Chu XQ, Wang YN. Association
between cadherin-17 expression and pathological characteristics
of gastric cancer: A meta-analysis. World J Gastroenterol 2015;
21(12): 3694-3705 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3694.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3694

INTRODUCTION
Gastric cancer (GC) is a malignant disease arising
from gastric tissue . More than 90% of GCs are
adenocarcinomas, with the remainder being lym
phomas or emerging from gastrointestinal stromal
[1]
tissue (sarcomas) . GC is the fourth most common
cancer in the world and the second leading cause
[2]
of cancer-related death globally . Although the
last decade has witnessed a dramatic decrease in
the prevalence of GC in some developed countries,
approximately one million newly diagnosed cases,
along with 800000 GC-related deaths, occur each
[3]
year worldwide . In fact, it has been reported
that two-thirds of GC cases occur in developing
countries, with particularly high incidences in areas
such as Japan, China, Central America, and South
[4]
America . Generally, gastric carcinogenesis is a
multifactorial process involving the participation of
[1,5]
both environmental and epigenetic factors
. A
variety of factors that are related to the occurrence
and progression of GC have been confirmed,
including Helicobacter pylori infection, low fruit intake,
consumption of foods high in salt, smoking, and
[4,6,7]
consumption of preserved foods and nitrites
.
Recently, adhesion molecules such as cadherin-17
(CDH17), which is reported to be implicated in tumor
invasion and metastasis, have been shown to be
[8]
correlated with GC pathogenesis .
CDH17, also known as liver-intestine cadherin
or human peptide transporter-1, consists of seven
homologous repeated domains, and while it belongs to
the cadherin superfamily responsible for intercellular
conjunction, its structure is distinct from that of classic
[9]
cadherin family members . CDH17 possesses the
2+
ability to modulate Ca -dependent homophilic cellcell adhesion without depending on cytoskeleton
interaction, suggesting that it may play a central
[10,11]
role in tumor metastasis
. In addition, CDH17
has been shown to both act as a peptide transporter
and participate in the development of the embryonic
[12]
gastrointestinal tract . In recent studies, CDH17
expression was observed to be upregulated in GC
patients, implying that CDH17 expression is related to

WJG|www.wjgnet.com

MATERIALS AND METHODS
Literature search

The following computerized bibliographic databases
were reviewed, without restrictions with respect to
language or data collection, to identify relevant articles
relating to the association of CDH17 expression and
GC susceptibility: PubMed, Embase, CINAHL, Science
Citation Index, the Cochrane Library, Current Contents
Index, Chinese Biomedical, the Chinese Journal
Full-Text, and the Weipu Journal. The search terms
“stomach neoplasms” or “gastric cancer” or “stomach
cancer” or “gastric neoplasms” or “gastric carcinomas”
or “stomach carcinomas” or “carcinoma ventriculi” or
“stomach neoplasms” and “CDH17 protein, human” or
“CDH17” or “liver-intestine-cadherin” or “cadherin-17”
were entered in the databases searches as medical
subject heading terms and text words, within a highly
sensitive search strategy. Manual searches were used
to screen other eligible studies.

Study selection

After reading the abstract, full texts were retrieved and
assessed for their suitability based on the following
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Articles identified through electronic
database searching (n = 53)

Additional articles identified through a
manual search (n = 0)

Screening

Articles reviewed for duplicates
(n = 53)

Articles after duplicates removed
(n = 51)

Studies were excluded, due to:
(n = 4) Letters, reviews, meta-analysis
(n = 5) Not human studies
(n = 8) Not related to research topics

Eligibility

Full-text articles assessed for eligibility
(n = 34)

Included

Studies included in qualitative synthesis
(n = 13)

Studies were excluded, due to:
(n = 5) Not case-control or cohort study
(n = 7) Not relevant to CDH17 protein
(n = 9) Not relevant to Gastric cancer

Studies included in quantitative synthesis
(meta-analysis) (n = 11)

Figure 1 Flow chart showing study selection procedure. Eleven final case-controlled studies were included in this meta-analysis.
12

and provide original data; and (4) the article must
supply sufficient information on CDH17 expression. The
major exclusion criteria were: (1) article did not satisfy
the inclusion criteria designed in the current study; (2)
studies turned out to be abstracts, reviews, case report,
letters, meta-analyses, or proceedings; (3) duplication
publications or studies with overlapping data; and (4)
subgroup analysis of the included trials.

PubMed database
All database

No. of articles

10
8
6
4

Data extraction and quality assessment

A standard reporting form was used to extract
data from each included study, with the collected
descriptive information including: first author surname
and initials, year of submission, country, racial
descent, study design, number of cases and controls,
demographic variables, CDH17 detection method,
CDH17 expression, and confirmation of diagnosis. Two
reviewers independently assessed the methodological
quality of the included trials using the NewcastleOttawa Scale (NOS) criteria to ensure consistency in
[19]
reviewing and reporting results . Three aspects were
considered in the NOS criteria: (1) subject selection:
0-4; (2) subject comparability: 0-2; and (3) clinical
outcome: 0-3. NOS scores range from 0 to 9; a score
≥ 7 indicated that the study was of good quality.
Disagreement on the inclusion of a single study was
settled either by discussion or after consultation with a
third investigator.

4
20
1

2
20
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-

20
1
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20
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-

20
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20
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-

20
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20
07
-

20
0
20
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-

20
0

20
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-

20
01
-

20
0

2

0

4

2

Publication year

Figure 2 Distribution of topic-related literature in the electronic database
over the last decade.

inclusion criteria: (1) clinical studies had to examine
the association between CDH17 expression and the
pathological features of GC within a human population;
(2) tumor specimens were drawn from all patients
confirmed to have GC via histological examination,
and the pathological staging for each GC sample was
[18]
classified in accordance with the TNM system ; (3)
the article must be published in a peer-reviewed journal

WJG|www.wjgnet.com

3696

March 28, 2015|Volume 21|Issue 12|

Long ZW et al . CDH17 expression and GC
Table 1 Characteristics of included studies focusing on protein expression of cadherin-17
Ref.

Year

Country

Sample

Gender (M/F)

Age (yr)

Sample

Method

NOS score

Lin et al[17]
Qiu et al[9]
Wang et al[16]
Sakamoto et al[5]
Wang et al[30]
Liu et al[29]
Lee et al[28]
Xu et al[27]
Ge et al[35]
Tian et al[25]
Park et al[8]

2014
2013
2012
2012
2011
2011
2010
2009
2008
2007
2007

China
China
China
Japan
China
China
United States
China
China
China
South Korea

216
156
191
152
264
46
440
215
166
66
208

150/66
103/53
117/74
157/107
37/9
169/46
109/57
32/34
135/73

65 (32-84)
57 (27-78)
57 (24-82)
52.2 ± 10.2
53 (29-91)
-

Tissue
Tissue
Tissue
Tissue
Tissue
Tissue
Tissue
Tissue
Tissue
Tissue
Tissue

EnVision
EnVision
Non-EnVision
Non-EnVision
EnVision
EnVision
Non-EnVision
Non-EnVision
EnVision
Non-EnVision
Non-EnVision

8
7
8
7
8
6
8
8
7
6
8

NOS: Newcastle-Ottawa Scale.

Statistical analysis

Sample sizes > 200 were considered “large”. Of the 11
included studies, only one operated within a Caucasian
population [United States (Lee HJ)]; the remaining 10
studies were conducted in Asian populations [China
(Lin Z, Qiu HB, Wang J, Wang B, Liu SQ, Xu XY, Ge J,
and Tian MM), Japan (Sakamoto N), and Korea (Park
SS)]. Two studies (Lee HJ and Sakamoto N) did not
provide gender information, while six studies (Wang
J, Sakamoto N, Wang B, Liu SQ, Lee HJ, and Park
SS) failed to obtain age information. There was only
one non-Asian study, though it had a large sample
size. The detection of CDH17 expression was divided
into EnVision and non-EnVision groups (PV, LSAB, SP,
and ABC). CDH17 expression in different pathological
stages (TNM stage, histologic grade, invasive grade,
and LN metastasis) and baseline characteristics for the
11 individual studies are summarized in Table 1.

The association between CDH17 expression and the
pathological features of GC was estimated by the
odds ratio (OR) and a 95% confidence interval. We
used Cochran’s Q-statistic (P < 0.05 was considered
2
[20]
significant) and I tests to quantify heterogeneity .
In order to calculate the pooled ORs, fixed/random
effects models were used; a random effects model
was applied in the event of significant heterogeneity
2
(P < 0.05 or I test exhibited > 50%), while ORs were
[21,22]
pooled via the fixed-effects model
. In the event
of significant heterogeneity, subgroup analysis was
performed to find potential explanatory variables for
the differences. In addition, we employed sensitivity
analyses to evaluate whether a single study had the
weight to impact the overall estimate. The effect of
publication bias was determined via Egger’s linear
regression test (P < 0.05 was considered significant),
which can be used to evaluate funnel plot asymmetry;
[23,24]
an asymmetric plot reveals possible publication bias
.
Statistical analyses were conducted with STATA statistical
software (Version 12.0, Stata Corporation, College
Station, TX, United States).

Meta-analysis of the MMP-3 levels with GC risk

In the meta-analysis, the relationship between CDH17
expression and the pathological features of GC was
assessed via the random effect model for observed
2
heterogeneity (TNM Ⅲ-Ⅳ vs Ⅰ-Ⅱ: I = 88.4%, P =
2
0.000; histologic grade 3-4 vs 1-2: I = 91.1%, P =
2
0.000; invasive grade: T3-4 vs T1-2: I = 59.7%, P =
2
0.030; LN metastasis: I = 85.2%, P = 0.000). Results
showed that CDH17 exhibited more positive expression
in patients with TNM Ⅲ-Ⅳ staging GC than in those
with Ⅲ-Ⅳ staging GC based on the ORs from the
combined results of all the included studies (OR = 2.35;
95%CI: 1.15-4.82; P = 0.019). We also examined the
role of CDH17 expression in the histologic grade of GC
progression, and found that GC tissues from histologic
grades 3-4 had higher CDH17 expression than those
with histologic grades 1-2 (OR = 3.48; 95%CI:
1.36-8.92; P = 0.009). As for the invasive grade,
we found that CDH17 expression was significantly
higher in GC tumors with an invasion depth of T3-4
when compared with the T1-2 (OR = 2.86; 95%CI:
1.69-4.83; P = 0.000). Meanwhile, GC tissues with
LN metastases had higher CDH17 expression than
those with no detectable LN metastases (OR = 2.64;
95%CI: 1.33-5.27; P = 0.006) (Figure 3).

RESULTS
Selection of eligible studies

Figure 1 shows the flow chart of identified publica
tions and the main reason for exclusion. Initially, 53
potential articles emerged from the electronic data
bases. Of the 53 articles, 2 studies were duplicates
and thus removed. After title/abstract screening, 17
irrelevant studies were also removed. A further 21
studies were excluded after detailed readings during
full text assessment, thereby leaving 13 remaining
studies for qualitative analysis. Based on this analysis,
2 additional studies were removed. This left 11 casecontrolled studies published between 2007 and 2014
[5,8,9,17,25-31]
for the meta-analysis
(Figure 2).

Demographic variables

The 13 include studies consisted of 2,120 total GC
patients with sample sizes ranging from 46 to 440.
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TNM stage (Ⅲ-Ⅳ vs Ⅰ-Ⅱ)

Included study

OR (95%CI)

Lin Z (2014)
Qiu HB (2013)
Sakamoto N (2012)
Liu SQ (2011)
Lee HJ (2010)
Ge J (2008)
Tian MM (2007)
Park SS (2007)
2
Heterogeneity test (I = 88.4%, P < 0.001)
Z test (Z = 2.34, P = 0.019)
Random effects analysis

2.83 (1.57, 5.11)
1.35 (0.69, 2.66)
1.25 (0.66, 2.37)
5.74 (1.35, 24.38)
0.76 (0.51, 1.13)
1.04 (0.55, 1.96)
3.08 (1.13, 8.43)
25.98 (10.44, 64.62)
2.35 (1.15, 4.82)

0.0155

1

Lin Z (2014)
Qiu HB (2013)
Wang B (2011)
Liu SQ (2011)
Xu XY (2009)
Ge J (2008)
Park SS (2007)
2
Heterogeneity test (I = 91.1%, P < 0.001)
Z test (Z = 2.60, P = 0.009)
Random effects analysis
0.0116

1

OR (95%CI)

Weight%

6.92 (3.65, 13.12)
1.56 (0.82, 2.98)
1.30 (0.75, 2.25)
4.07 (1.14, 14.61)
9.10 (3.86, 21.45)
0.57 (0.31, 1.08)
29.13 (9.86, 86.04)
3.48 (1.36, 8.92)

14.97
14.95
15.24
12.40
14.19
15.00
13.26
100.00

OR (95%CI)

Weight%

86

Invasive grade (T3-4 vs T1-2)

Included study
Lin Z (2014)
Qiu HB (2013)
Wang B (2011)
Liu SQ (2011)
Ge J (2008)
Tian MM (2007)

12.28 (4.80, 31.46)
1.50 (0.62, 3.64)
2.31 (1.39, 3.85)
3.09 (0.90, 10.67)
2.46 (1.31, 4.61)
2.06 (0.74, 5.70)
2

Heterogeneity test (I = 59.7%, P = 0.030)
Z test (Z = 3.93, P = 0.000)
Random effects analysis
0.0318

1

Lin Z (2014)
Qiu HB (2013)
Wang J (2012)
Wang B (2011)
Liu SQ (2011)
Xu XY (2009)
Ge J (2008)
Tian MM (2007)
Park SS (2007)
2
Heterogeneity test (I = 85.2%, P < 0.001)
Z test (Z = 2.76, P = 0.006)
Random effects analysis
0.0272

15.12
16.00
23.08
11.13
20.73
13.94

2.86 (1.69, 4.83)

100.00

OR (95%CI)

Weight%

1.04 (0.51, 2.11)
0.60 (0.30, 1.20)
7.64 (2.87, 20.35)
2.13 (1.28, 3.54)
6.00 (1.54, 23.44)
2.65 (1.05, 6.67)
2.06 (1.00, 4.23)
1.52 (0.54, 4.22)
17.09 (7.95, 36.74)
2.64 (1.33, 5.27)

11.78
11.82
10.58
12.53
8.82
10.84
11.73
10.37
11.54
100.00

31.5

LN metastasis (+ vs -)

Included study

13.48
13.10
13.27
9.25
14.18
13.27
11.48
11.96
100.00

64.6

Histologic grade (3-4 vs 1-2)

Included study

Weight%

1

36.7

Figure 3 Forest plots for the relationships between cadherin-17 protein expression and the pathological characteristics of gastric cancer.

Subgroup analysis

P = 0.000), but not in the Japan (OR = 1.25; 95%CI:
0.66-2.37; P = 0.494) or United States subgroups (OR
= 0.76; 95%CI: 0.51-1.13; P = 0.168). In addition,
we found positive associations between CDH17
expression and histologic grade of GC in the China
(OR = 2.49; 95%CI: 1.04-5.99; P = 0.041) and Korea
subgroups (OR = 29.13; 95%CI: 9.86-86.04; P =
0.000). Significant differences in CDH17 expression
were also observed between samples with T3-4 grade

Since heterogeneity was found, the relationship
between CDH17 expression and the pathological
features of GC were evaluated for subgroups of
different explanatory variables. We found that CDH17
expression occurred more frequently in TNM Ⅲ-Ⅳ
staging GC than those with Ⅰ-Ⅱ staging GC in the
China (OR = 2.03; 95%CI: 1.18-3.49; P = 0.010) and
Korea subgroups (OR = 25.98; 95%CI: 10.44-64.62;
WJG|www.wjgnet.com
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TNM stage (country: Ⅲ-Ⅳ vs Ⅰ-Ⅱ)

Included study

OR (95%CI)

China
Lin Z (2014)
Qiu HB (2013)
Liu SQ (2011)
Ge J (2008)
Tian MM (2007)
2
Heterogeneity test (I = 57.1%, P = 0.053)
Z test (Z = 2.56, P = 0.010)
Japan
Sakamoto N (2012)
Z test (Z = 0.68, P = 0.494)
United States
Lee HJ (2010)
Z test (Z = 1.38, P = 0.168)
South Korea
Park SS (2007)
Z test (Z = 7.00, P = 0.000)

2.83 (1.57, 5.11)
1.35 (0.69, 2.66)
5.74 (1.35, 24.38)
1.04 (0.55, 1.96)
3.08 (1.13, 8.43)
2.03 (1.18, 3.49)

13.48
13.10
9.25
13.27
11.48
60.59

1.25 (0.66, 2.37)
1.25 (0.66, 2.37)

13.27
13.27

0.76 (0.51, 1.13)
0.76 (0.51, 1.13)

14.18
14.18

25.98 (10.44, 64.62)
25.98 (10.44, 64.62)

2
Heterogeneity test (I = 88.4%, P < 0.001)
Z test (Z = 2.34, P = 0.019)

Weight%

11.96
11.96

2.35 (1.15, 4.82)

100.00

OR (95%CI)

Weight%

Random effects analysis
0.0155

1

64.6

TNM stage (method: Ⅲ-Ⅳ vs Ⅰ-Ⅱ)

Included study
EnVision
Lin Z (2014)
Qiu HB (2013)
Liu SQ (2011)
Ge J (2008)
2
Heterogeneity test (I = 63.8%, P = 0.040)
Z test (Z = 1.99, P = 0.047)
Non-EnVision
Sakamoto N (2012)
Lee HJ (2010)
Tian MM (2007)
Park SS (2007)
2
Heterogeneity test (I = 94.1%, P < 0.001)
Z test (Z = 1.45, P = 0.148)
2
Heterogeneity test (I = 88.4%, P < 0.001)
Z test (Z = 2.34, P = 0.019)
Random effects analysis
0.0155

1

13.48
13.10
9.25
13.27
49.10

1.25 (0.66, 2.37)
0.76 (0.51, 1.13)
3.08 (1.13, 8.43)
25.98 (10.44, 64.62)
2.83 (0.69, 11.59)

13.27
14.18
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Figure 4 Subgroup analyses of the relationship between cadherin-17 protein expression and the pathological characteristics of gastric cancer.

GC and T1-2 grade GC in the China subgroup (OR
= 2.86; 95%CI: 1.69-4.83; P = 0.000). In addition,
the results showed significant difference in CDH17
expression between LN metastasis-positive samples
and LN metastasis-negative GC samples in both the
China (OR = 2.00; 95%CI: 1.17-3.42; P = 0.011) and
Korea subgroups (OR = 17.09; 95%CI: 7.95-36.74; P
= 0.000).
In the method-classified subgroup analysis, we
revealed significant differences in CDH17 expression
in GC patients with TNM stage Ⅲ-Ⅳ when compared
with those with TNM stage Ⅰ-Ⅱ in the EnVision
subgroup (OR = 1.89; 95%CI: 1.01-3.53; P = 0.047),
but not in the non-EnVision subgroup (OR = 2.83;
95%CI: 0.69-11.59; P = 0.148). Meanwhile, evidence
suggested that GC patients with overexpressed
CDH17 were associated with a higher histologic grade
in the non-EnVision subgroup (OR = 15.50; 95%CI:
4.98-48.29; P = 0.000), but not in the EnVision
subgroup (OR = 1.93; 95%CI: 0.80-4.67; P = 0.144).
Additionally, the results also indicated that CDH17
expression occurred more frequently in GC patients
with a higher invasive grade in the EnVision subgroup
(OR = 3.04; 95%CI: 1.65-5.60; P = 0.000), but a
similar association was not found in the non-EnVision
subgroup (OR = 2.06; 95%CI: 0.74-5.70; P =
0.165). Furthermore, we observed increased CDH17
expression in GC patients with LN-positive metastasis
relative to those with LN-negative metastasis in
the non-EnVision subgroup (OR = 4.92; 95%CI:
1.63-14.79; P = 0.005), but not in the EnVision
subgroup (OR = 1.57; 95%CI: 0.84-2.92; P = 0.154)
(Figure 4).

CDH17 expression and the pathological features
of GC (Figure 5). We did not observe any obvious
asymmetry from the shapes of the funnel plots, and
the Egger’s regression test suggested the absence of
publication bias, with the exception of the association
between CDH17 expression and TNM stage (t = 2.49;
P = 0.047); thus, no significant publication bias was
detected in the association of CDH17 expression with
histologic grade (t = 1.72; P = 0.146), invasive grade
(t = 0.58; P = 0.594), or LN metastasis (t = 0.83; P =
0.435) in our systematic reviews (Figure 6).

DISCUSSION
In this meta-analysis, the relationship between high
CDH17 expression and pathological features of GC
was observed. From the results, we can conclude
there is a significant connection between CDH17 and
TNM stages, histologic grade, invasive grade, and
LN metastasis of GC. Single-pass transmembrane
cadherins are a type of cell adhesion molecule that
can regulate adhesion to adjacent cells depending on
2+
Ca , thereby contributing to homophilic cell adhesion
[32]
and tumor development . CDH17, a member of the
cadherin superfamily that is expressed exclusively on
enterocyte basolateral surfaces and intestine goblet
cells (but not liver or stomach cells), differs from
[33]
classic cadherins in structure and function . Different
from classic cadherins such as E-, P-, and N-cadherins,
CDH17 consists of seven cadherin type repeats without
the His-Ala-Val motif of the N-terminal domain, has
only 20 amino acid residues for its CDH17 cytoplasmic
portion, has a short COOH-terminal for possible cell
adhesion function, and displays no homology to
classical cadherins which have the highly conserved
[8]
150-160 amino acid residues . The independent
adhesion function from the cytoskeletal anchorage
of CDH17 has no connection with catenins, actins, or

Sensitivity analysis and publication bias

Sensitivity analyses were performed, with the results
showing that no single study had the weight to impact
the overall estimate of the association between
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2.35
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4.82

6.17
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Lin Z (2014)

8.92
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4.83

6.20

1.13 1.33

2.64

5.27
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Figure 5 Sensitivity analysis of the summary odds ratio coefficients on the association between cadherin-17 protein expression and the pathological
characteristics of gastric cancer.

other cytoplasmic components; this is vastly different
from classical cadherins, suggesting a complementary
[34]
classical cadherin adhesion function . It has been
reported that the high expression of CDH17, as
opposed to the low levels of other classical cadherins,
is related to gastric cancer, colorectal cancer, liver
cancer, pancreatic cancer, and cholangiocarcinoma,
suggesting that CDH17 might play an important part in
[33]
tumor progression . A series of studies have shown
that the high expression of CDH17 is linked with the
stage of the tumor, histological grade, invasive depth
[5,31]
of the tumor, and lymph node metastasis of GC
.
The reason for high CDH17 expression levels in this
capacity may be related to the activation of the NFκB
signaling pathway, which impacts processes such as
p50/p65 heterodimer regulation of the transcription
of responsive genes and differentiation of lymphatic
endothelium into VEGFs. Relatedly, increased nuclear
translocation of p65 in GC has a close relationship
[16]
with tumor invasion depth and tumor metastases .
Another mechanism may involve the Wnt/β-catenin

WJG|www.wjgnet.com

pathway. It was found that the knockdown of CDH17
had the ability to decrease phosphorylation of GSK-3b
and β-catenin related with the reduction transactivation
activity of TCF/LEF, thus decreasing the expression of
cyclin-D1, which is of great importance in promoting
[9,35]
cell proliferation and inhibiting cell apoptosis
.
Furthermore, CDH17 over-expression can activate
the Ras/Raf/MEK/ERK MAPK signaling pathway, which
may regulate cell proliferation, apoptosis, metabolism,
and differentiation, which are all processes important
[17]
in tumor biology . From the above analysis, we
may draw the conclusion that the high expression of
CDH17 is largely related to the pathological features of
GC through three signaling pathways in the cells: the
NFκB signaling pathway, the Wnt/β-catenin pathway,
and the Ras/Raf/MEK/ERK MAPK signaling pathway. In
[26]
agreement with our conclusion, Ge et al also found
that the expression of CDH17 may play an important
part in the development of GC, suggesting a suitable
marker for the prognosis of GC.
Given the fact that several factors may affect the
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Figure 6 Funnel plot of publication biases on the association between cadherin-17 protein expression and the pathological characteristics of gastric
cancer.

linkage between CDH17 expression and pathological
features of GC patients, a stratified analysis based on
country and detection method was conducted. From
the country-stratified analysis, we found no obvious
influence in either Chinese or Korean populations in
TNM stages, histologic grade, invasive grade, or LN
metastasis of GC. In Japan and the United States,
however, the relationship was not as obvious. This can
be explained by the differences in the environmental
backgrounds and gene pools of these different
populations. In conclusion, our results are partly in
accordance with previous studies that hold that high
expression of CDH17 has a typical connection with the
pathological features of GC patients.
Our study does have some limitations that merit
additional investigation. Firstly, our study is observational
research that is cross-sectionally designed. Secondly,
the sample sizes in more than half of the total involved
articles were relatively small, and the number of
patients in some groups was low. In particular, the
small patient numbers in the stratified analyses of
country and method may detract from the study
results. Thirdly, there was a difference in the high/
low cut-off values of CDH17 expression levels in the
various included studies. The different cut-off values of
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CDH17 between studies may influence the final results
and be responsible for a few inconclusive outcomes.
Finally, the existence of heterogeneity may also harm
the integrity of results. A large number of the included
studies were designed with small sample sizes, six
studies lacked complete gender and age information,
and the CDH17 expression detection methods were
different from each other (EnVision, PV, LSAB, SP,
and ABC). In this regard, differences in age, sex, and
detection methods may be largely responsible for
heterogeneity. Additionally, there was only one nonAsian study, and although it had a large sample size,
this might have influenced the scope of our results.
Considering the limitations listed above, the results, as
well as the analysis, must be interpreted with caution.
In conclusion, the present study identified that
CDH17 is an actual oncogene that plays an important
role in cell proliferation, tumor growth, invasion, and
metastasis in GC. This data may present a novel
therapeutic approach in treating GC by targeting
CDH17. Our conclusions, however, need to be
confirmed due to the aforementioned limitations,
via a combination of more and larger sample size
publications, which use a consistent definition for cutoff values.
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META-ANALYSIS

Prognostic value of c-Met in colorectal cancer: A metaanalysis
Yan Liu, Xiao-Feng Yu, Jian Zou, Zi-Hua Luo
indicated that patients with high c-Met expression have
a significantly poorer overall survival (OR) (HR = 1.33,
95%CI: 1.06-1.59) and progression-free survival (PFS)
(HR = 1.47, 95%CI: 1.03-1.91). Subgroup analysis
showed a significant association between high c-Met
expression and poorer overall survival in the hazard
ratio reported (HR = 1.41, 95%CI: 1.08-1.74).
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CONCLUSION: The present meta-analysis indicated
that high c-Met expression was associated with poor
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Core tip: High c-Met expression was found in colorectal
cancer and showed a positive relationship with early
tumor invasion and metastasis. However, there still
seems to be no consensus about the prognostic
properties of c-Met status. In this paper, after combing
the data from 11 retrospective studies with 1,895
patients, the authors found that high c-Met expression
was associated with poor prognosis in patients with
colorectal cancer.

Abstract

Liu Y, Yu XF, Zou J, Luo ZH. Prognostic value of c-Met in
colorectal cancer: A meta-analysis. World J Gastroenterol 2015;
21(12): 3706-3710 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3706.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3706

AIM: To assess the prognostic value of c-Met status in
colorectal cancer.
METHODS: We conducted a search in PubMed,
Web of Science, and the Cochrane Library covering
all published papers up to July 2014. Only studies
assessing survival in colorectal cancer by c-Met status
were included. This meta-analysis was performed by
using STATA11.0.

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
types of cancer worldwide. The 5-year survival rate of
CRC is higher in the early stage due to radical surgical

RESULTS: Ultimately, 11 studies were included in
this analysis. Meta-analysis of the hazard ratios (HR)
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resection. However, many patients who underwent
resection for primary colorectal cancer developed local
recurrences or distant metastases, and had a shorter
[1]
survival . Recent treatment options for patients
with advanced colorectal cancer included combining
anti- epidermal growth factor receptor (egfr) or
anti-vascular endothelial growth factor monoclonal
antibodies with chemotherapy. Although many
[2-4]
predictive markers have been identified
, most
of them are not commonly used in clinical practice.
Identification of factors that can predict a more
accurate prognosis is therefore required.
C-Met is a receptor tyrosine kinase encoded by the
c-Met oncogene. High expression of c-Met has been
found in different solid tumors and has a correlation
with poor prognosis. In CRC, c-Met is considered to be
related to tumor aggressiveness and invasiveness, as
[5-7]
well as metastatic potential and poor prognosis . In
many tumors, the c-Met signaling pathway is activated
aberrantly and represents one of the most important
[8]
mechanisms of progression and invasiveness .
However, despite a large number of studies having
researched the relationship between c-Met and
survival in colorectal cancer, there still seems to be no
consensus about the prognostic properties of c-Met
status. It is for this reason that we performed this
systematic review.

Records identified
through database search
(n = 84)

Records after duplicates
removed (n = 84)

Records screened
(n = 33)

Full-text articles assessed
For eligibility
(n = 33)

Records excluded
(n = 51)

Full-text articles
excluded with reasons
(n = 22)

Studies included in
qualitative synthesis
(n = 11)

Studies included in
quantitative synthesis
(Meta-analysis)
(n = 11)

Figure 1 Flow chart of the meta-analysis.

MATERIALS AND METHODS

Statistical analysis

We calculated HRs with their 95%CIs to evaluate
the relationships between c-Met level and PFS or
2
OS. Heterogeneity was defined as I > 50%. When
heterogeneity was judged among primary studies, the
random-effects model was used. Otherwise, the fixedeffects model was used. Publication bias was assessed
using Egger’s test. All statistical analysis was carried
out with STATA 11.0.

Publication search

We searched PubMed, Web of Science, and the Cochrane
Library with the following terms: (c-Met AND (colon
or rectal or colorectal) AND (carcinoma or tumor or
cancer) AND prognosis) from 1990 to July 2014. To
expand our search, references of the retrieved articles
were also screened for additional studies. The inclusion
criteria for primary studies were as follows: (1) proven
diagnosis of CRC in humans; (2) overall survival
(OS) or progression-free survival (PFS) analyzed by
c-Met level; and (3) c-Met evaluation using reverse
transcriptase quantitative polymerase chain reaction
(RT-qPCR) or immunohistochemistry (IHC). Data from
abstracts, review articles, and letters were excluded.

RESULTS
Characteristics of included studies

The initial search yielded 84 articles, of which 51 were
excluded after screening of their titles and abstracts.
Following the evaluation of the full text, a total of 11
studies were ultimately included in our study. The
selection process for the studies involved in this metaanalysis is shown in Figure 1. From the 11 studies
[10-20]
that were included
, a total of 1,895 patients were
analyzed. The characteristics of the involved studies
are showed in Table 1.
All of these studies were retrospective research.
[11,13]
Of the 11 studies, two
included only patients with
advanced disease (stage Ⅳ), while the remaining 9
[10,12,14-20]
studies
included patients with stage Ⅰ -Ⅳ .
None of the patients received therapy before resection
of the primary tumor. C-Met evaluation was performed
by IHC or PCR. The rate of high c-Met level ranged

Data abstraction

Relevant data were extracted from eligible studies
by two researchers independently. The following
information was extracted from each study: (1) basic
information such as first author’s name, country, and
publication year of article; and (2) variables such as
number of patients analyzed, disease stage, methods
of c-Met analysis, and hazard ratio (HR) with 95%CI
for progression-free survival (PFS) and overall survival
(OS). When HRs and confidence intervals were not
reported directly, we estimated them from the number
of patients in each group and Kaplan-Meier curves by
[9]
using the published methodology .
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Additional records
identified through other
sources (n = 0)

3707

March 28, 2015|Volume 21|Issue 12|

Liu Y et al . c-Met and colorectal cancer prognosis
Table 1 Characteristics of the selected studies
Ref.

No. of
patients

Country

Method to
stratify c-Met
status

Stage

Stage
(Ⅰ, Ⅱ)

High c-Met
expression

Survival

HR

95%CI

247
73
134
183
73
286
75
583
63
135
43

United States
Greece
Israel
Greece
Italy
Brazil
Japan
United States
United States
Taiwan
Japan

RT-qPCR
IHC
IHC
IHC
IHC
IHC
IHC
IHC
RT-qPCR
IHC
IHC/RTqPCR

Ⅰ-Ⅳ
Ⅳ
Ⅰ-Ⅳ
Ⅰ-Ⅳ
Ⅳ
Ⅰ-Ⅳ
Ⅰ-Ⅳ
Ⅰ-Ⅳ
Ⅰ-Ⅳ
Ⅰ-Ⅳ
Ⅰ-Ⅳ

46%
NS
NS
61%
NS
53%
NS
46%
39%
NS
35%

29%
52%
77%
72%
75%
79%
48%
62%
81%
72%
30%/12%

OS
OS
PFS
OS
PFS/OS
PFS/OS
PFS/OS
OS
OS
PFS/OS
OS

2.081
4.59
0.811
1.021
2.17/1.92
1.651/1.211
1.46/1.16
1.45
2.44
10.05/3.93
1.141

0.94-4.62
2.05-10.28
0.24-3.75
0.52-1.99
0.99-4.76/0.81-4.54
0.56-4.21/0.85-2.06
1.06-2.02/0.73-1.82
1.06-1.96
1.05-5.68
2.54-43.84/1.40-10.99
0.78-3.45

Zeng et al[17], 2008
Voutsina et al[11], 2012
Resnick et al[19], 2004
Garouniati et al[12], 2012
Inno et al[13], 2011
De Oliveira et al[14], 2009
Kishiki et al[10], 2014
Ginty et al[16], 2008
Kammula et al[18], 2006
Lee et al[15], 2007
Umeki et al[20], 1999

1

HR estimated, if the HRs were not directly given in the studies, we calculated them from the survival curves. RT-qPCR: Reverse transcriptase quantitative
polymerase chain reaction; IHC: Immunohistochemistry; NS: Not shown.

Study

HR (95%CI)

ID

%
Weight

Zeng 2008
Voutsina 2012
Garouniatis 2012
Inno 2011
De Oliveira 2009
Kishiki 2014
Ginty 2008
Kammula 2006
Lee 2007
Umeki 1999
2
Overall (I = 0.0%, P = 0.635)

2.08 (0.94, 4.62)
4.59 (2.05, 10.28)
1.02 (0.52, 1.99)
1.92 (0.81, 4.54)
1.21 (0.85, 2.06)
1.16 (0.73, 1.82)
1.45 (1.06, 1.94)
2.44 (1.05, 5.68)
3.93 (1.40, 10.99)
1.14 (0.78, 3.45)
1.33 (1.06, 1.59)
-11

0

2.03
0.41
12.72
1.98
18.78
23.14
35.50
1.28
0.30
3.86
100.00

11

Figure 2 Fixed-effects model of hazard ratio of overall survival associated with c-Met overexpression.

from 12% to 81% (median, 61%). The median followup time was 80 months (range from 25 to 140 mo).
In most of these studies, c-Met expression level was
evaluated by cell percentage. High c-Met expression
was defined as >50% positive cells. OS was presented
in 10 studies, and PFS was reported in five studies. Six
[10,12,13,15,16,18]
studies
presented data on HR, with 95%
CI for PFS or OS directly. The remaining five studies
did not present HRs and 95%CIs directly, so we
estimated them from Kaplan-Meier curves.

in the hazard ratio reported (HR = 1.41, 95%CI:
1.08-1.74).

Association between c-Met and PFS

The pooled HR for PFS showed that patients with a
high c-Met level had a significantly poorer PFS (HR =
1.47; 95%CI: 1.03-1.91). No significant heterogeneity
2
was found (P = 0.778, I = 0.0%), and the pooled HR
for PFS was assessed by using the fixed-effects model
(Figures 3 and 4). There was no significant publication
bias in this analysis of PFS (Begg’s test, P = 0.462;
Egger’s test, P = 0.548).

Association between c-Met and OS

Forest plots for the relationships between c-Met level
and overall survival are showed in Figure 2, with the
results indicating a significant relationship between
high c-Met expression and poorer OS (overall HR =
1.33, 95%CI: 1.06-1.59). No significant heterogeneity
2
was found (p = 0.635, I = 0.0%) and the HR for OS
was assessed by using the fixed-effects model. There
was no significant publication bias in this analysis of
OS (Begg’s test, P = 0.052; Egger’s test, P = 0.094).
We also performed subgroup analysis in studies by
HR reported. We found significant association between
high c-Met expression and poorer overall survival

WJG|www.wjgnet.com

DISCUSSION
The main cause of CRC-related death is metastases.
Identification of patients who are at risk of developing
distant metastases is important to cancer treatment
and prognosis. c-Met overexpression or genetic
alteration has been proven to play an important
role in the pathogenesis of many tumor types. In
CRC, overexpression of c-Met has been found to be
associated with tumor progression.
This systematic review is based on 11 studies
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Study

HR (95%CI)

ID

%
Weight

Resnick 2004
Inno 2011
De Oliveira 2009
Kishiki 2014
Lee 2007
2
Overall (I = 0.0%, P = 0.778)

0.81 (0.24, 3.75)
2.17 (0.99, 4.76)
1.65 (0.56, 4.41)
1.46 (1.06, 2.02)
10.51 (2.54, 43.84)
1.47 (1.03, 1.91)
-43.8

0

6.22
5.39
5.17
83.17
0.04
100.00

43.8

Figure 3 Fixed-effects model of hazard ratio of progression-free survival associated with c-Met overexpression.
Study

HR (95%CI)

ID

%
Weight

Ginty 2008
Kammula 2008
Lee 2007
Kishiki 2014
Voutsina 2012
Inno 2011
2
Overall (I = 4.6%, P = 0.387)

1.45 (1.06, 1.94)
2.44 (1.05, 5.68)
3.93 (1.40, 10.99)
1.16 (0.73, 1.82)
4.59 (2.05, 10.28)
1.92 (0.81, 4.54)
1.41 (1.08, 1.74)
-11

0

56.71
2.05
0.48
36.96
0.65
3.16
100.00

11

Figure 4 Forest plot showing the meta-analysis of hazard ratio reported for overall survival in patients.

and includes 1,895 patients with CRC. The results of
this meta-analysis showed the prognostic value of
c-Met expression level in CRC patients. High c-Met
expression significantly predicted poor OS and PFS.
We also performed subgroup analysis in studies by HR
reported. There was a significant relationship between
high c-Met expression and poorer overall survival in
the hazard ratio reported.
[10]
A study conducted by Kishiki et al
showed that
c-Met overexpression was associated with shorter PFS
in metastasis colorectal cancer (mCRC) patients with
wild-type KRAS. All patients received cetuximab- or
panitumumab-based therapy. However, the study was
conducted retrospectively in a relatively small and
heterogeneous population. 90% of the patients were
treated with two or more chemotherapy regimens
before they were given anti-EGFR treatment. In
addition, the anti-EGFR treatment protocols were also
heterogeneous. Therefore their findings needed to be
[17]
validated by more prospective studies. Zeng et al
found that amplification of c-Met gene is a relatively
rare event (3.6%) in CRC, and that the majority of
amplified cases occurred in patients with synchronous
hepatic metastases (stage Ⅳ).
After identification of c-Met involvement in cancer
progression and metastasis, many in vitro experi
mental studies have showed that c-Met plays a role
[13]
in resistance to anti-EGFR therapy. Inno et al
retrospectively evaluated a cohort of 73 patients with
mCRC treated with a cetuximab-containing regimen.
They found an association of high c-Met level with
shorter PFS and OS in patients with mCRC, and
that the c-Met pathway may be involved in primary

WJG|www.wjgnet.com

resistance to cetuximab. However, their study cannot
ascertain whether c-Met is a predictive biomarker,
because they assessed only patients treated with
a cetuximab-containing regimen. In CRC, many
studies have proved that KRAS mutations predict
unresponsiveness to EGFR-targeted monoclonal
antibody therapies; however, there still about 26%
of patients who are not responsive to EGFR-targeted
therapy that are a wild-type for KRAS. Therefore, we
hypothesize resistance to EGFR-targeted therapies
may be mediated by the activation of parallel pathways
such as the c-Met signaling pathway. Therefore more
prospective studies are needed to affirm the results.
c-Met as a biomarker might be used to select
advanced colorectal cancer patients who could
benefit from targeted therapies. A growing number
of studies from in vitro, in vivo, and in various stages
of clinical testing have shown that c-Met tyrosine
kinase (TK) inhibitors can block c-Met signaling and
arrest or reverse tumor growth in a subset of human
[21,22]
cancers
. Recently a few studies have shown
that c-Met amplification confers high sensitivity to a
specific c-Met TK inhibitor in lung cancer and gastric
[23,24]
cancer
. All of these findings indicate that amplified
c-Met may serve as a biomarker for targeted therapy.
Some limitations to this meta-analysis require
particular note: heterogeneity; differences in clinical
treatment; and different criteria to stratify c-Met
status.
In conclusion, our meta-analysis demonstrated a
significant association between high c-Met expression
and poor OS and PFS in CRC for the first time.
However, further larger prospective studies are needed
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to confirm these results.
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RESULTS: We included 14 published articles with
439355 participants for dietary cholesterol, and 6
published articles with 1805697 participants for serum
TC. For the highest vs lowest category of dietary
cholesterol, the pooled RR (95%CI) of pancreatic
cancer was 1.308 (1.097-1.559). After excluding two
studies (RR > 3.0), the pooled RR (95%CI) was 1.204
(1.050-1.380). In subgroup analysis stratified by
study design, the pooled RRs (95%CIs) were 1.523
(1.226-1.893) for case-control studies and 1.023
(0.871-1.200) for cohort studies. The association of
dietary cholesterol with the risk of pancreatic cancer
was significant for studies conducted in North America
[1.275 (1.058-1.537)] and others [2.495 (1.565-3.977)],
but not in Europe [1.149 (0.863-1.531)]. No significant
association [1.003 (0.859-1.171)] was found between
the risk of pancreatic cancer and serum TC.
CONCLUSION: Dietary cholesterol may be associated
with an increased risk of pancreatic cancer in worldwide
populations, except for Europeans. The results need to
be confirmed further.
Key words: Dietary cholesterol; Serum total cholesterol;
Pancreatic cancer; Risk; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To evaluate the effect of dietary cholesterol and
serum total cholesterol (TC) on the risk of pancreatic
cancer.

Core tip: Many epidemiological studies have explored
the association of cholesterol with the risk of pancreatic
cancer, but the results of these studies are conflicting.
We conducted the current meta-analysis to evaluate
the effect of dietary cholesterol and serum total
cholesterol on the risk of pancreatic cancer. The results
suggested that dietary cholesterol may be associated

METHODS: A literature search was performed up
to June 2014 in PubMed, EMBASE, China National
Knowledge Infrastructure and China Biology Medical
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with an increased risk of pancreatic cancer. However,
the finding needs to be confirmed further.

we reviewed the bibliographies of included articles
to search additional studies not captured by our
databases. The detailed steps of the literature search
are shown in Figure 1.

Wang J, Wang WJ, Zhai L, Zhang DF. Association of cholesterol
with risk of pancreatic cancer: A meta-analysis. World J
Gastroenterol 2015; 21(12): 3711-3719 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3711.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3711

Inclusion criteria

The inclusion criteria were as follows: (1) an observational
study published as an original study to evaluate the
association between the risk of pancreatic cancer and
dietary cholesterol and serum TC; (2) the exposure of
interest was cholesterol; (3) the outcome of interest
was pancreatic cancer; and (4) relative risk (RR) and
95% confidence interval (CI) (or data to calculate
these) were provided. The most recent and complete
study was included if data from the same population
had been published repeatedly.
Two investigators (JW and LZ) searched and
reviewed all identified studies independently. If the
two investigators cannot reach an agreement, it was
resolved by consensus with a third reviewer.

INTRODUCTION
Pancreatic cancer is an uncommon but fatal malignant
tumor. The overall 5-year survival rate of pancreatic
[1]
cancer is less than 4% . Worldwide, the estimated
numbers of cases and deaths for pancreatic cancer
[2]
are 277000 and 266000 in 2008 , respectively. In
the United States, the estimated numbers of new
pancreatic cancer cases and deaths are 46420 and
[3]
39590 in 2014 , respectively. Several factors have
been associated with the risk of pancreatic cancer,
[4]
[5]
[6]
such as age , body mass index (BMI) , smoking ,
[7]
coffee drinking , hepatitis B virus (HBV) and hepatitis
[8]
[9]
C virus (HCV) infection , type 2 diabetes mellitus
[10]
and family history . In addition, many nutritional
[11]
[12]
[13-16]
factors, such as folate , fat
and cholesterol
,
might also have an influence on the risk of pancreatic
cancer.
Several epidemiologic studies have been performed
to evaluate the relationship between cholesterol
and the risk of pancreatic cancer. Although some
studies found that dietary cholesterol was associated
[13-15]
with an increased risk of pancreatic cancer
,
others demonstrated no association between dietary
[17-19]
cholesterol and the risk of pancreatic cancer
.
The association between serum total cholesterol
(TC) and the risk of pancreatic cancer also remains
[16,20,21]
controversial
. So far, there is no sufficient
epidemiological evidence to establish an association
between the risk of pancreatic cancer and dietary
cholesterol or serum TC level.
Therefore, we conducted a meta-analysis to
evaluate the effect of dietary cholesterol and serum TC
on the risk of pancreatic cancer.

Data extraction

The following data were extracted from each study
by two investigators (JW and LZ) independently: the
first author’s name, publication year, country where
the study was performed, study design, sample size
and number of cases, mean age, male percentage in
case (exposed) and control (unexposed) groups, RRs
(we presented all results as RR for simplicity) with
corresponding 95%CIs for highest vs lowest categories
of cholesterol, the cut-points for cholesterol exposure
and variables adjusted for in the analysis. We extracted
the RRs that were adjusted for the most confounders.

Statistical analysis

Pooled measure was calculated as the inverse
variance-weighted mean of the logarithm of RR
with 95%CI to assess the strength of association
between cholesterol and the risk of pancreatic cancer.
2
The I was adopted to assess the heterogeneity
2
between studies (I values of 0%, 25%, 50%
and 75% represent no, low, moderate and high
[22]
heterogeneity , respectively). The random-effects
model (REM) was used as the pooling method. Metaregression was performed to evaluate the potentially
important covariates that might exert substantial
[23]
impacts on between-study heterogeneity . Influence
analysis was performed with one study removed at a
time to assess whether the results could have been
[24]
affected markedly by a single study . The Egger et
[25]
al
regression asymmetry test and the funnel plot
were adopted to evaluate publication bias. Subgroup
analysis was performed by study design (case-control
or cohort study) and continent (North America, Europe
or others).
All statistical analyses were performed with STATA
version 10.0 (Stata Corporation, College Station, TX,
United States). All reported probabilities (P-values)

MATERIALS AND METHODS
Search strategy

A literature search was performed up to June 2014
for relevant available articles published in English or
Chinese from the following databases: (1) PubMed; (2)
EMBASE; (3) China National Knowledge Infrastructure
(CNKI); and (4) China Biology Medical literature
database (CBM). The following search terms were
used: “pancreatic cancer OR pancreatic neoplasm
OR pancreatic carcinoma OR pancreatic tumour” and
“cholesterol OR hypercholesterolemia”. Moreover,
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Additional records
identified through
reference list (n = 5)

Identification

Records identified through searching PubMed
(n = 274), EMBASE (n = 389), China National
Knowledge Infrastructure (n = 32) and China
Biology Medical literature database (n = 56)

Records excluded (n = 225)
Records not for humans (n = 122)
Records not reporting original
research (editorials, letters,
reviews commentaries, interviews)
or case reports only (n = 103)
Screening

Records included for
screening abstracts
(n = 531)
Records excluded (n = 506)
Records not reporting incidence data,
but mortality data only (n = 3)
Records not relevant (cell and
molecular level, gene, metabolic
syndrome, mechanism, etc .)
(n = 503)

Eligibility

Full-text articles assessed
for eligibility (n = 25)

Full-text articles excluded (n = 5)
Records whose data not available
(n = 3)
Records removed for the same study
population (n = 2)

Included

Studies included in
qualitative synthesis
(n = 22)

Studies included in quantitative
synthesis (meta-analysis)
(n = 22)

Figure 1 Flow diagram of literature search.
2

were two-sided with a statistical significance level of
0.05.

1.308 (95%CI: 1.097-1.559, I = 55.3%, Pheterogeneity
= 0.006). The pooled RRs for case-control and cohort
2
studies were 1.523 (95%CI: 1.226-1.893, I = 49.7%,
Pheterogeneity = 0.037) and 1.023 (95%CI: 0.871-1.200,
2
I = 0.0%, Pheterogeneity = 0.508), respectively. The
pooled RRs for studies conducted in North America,
Europe and others were 1.275 (95%CI: 1.058-1.537,
2
I = 29.3%, Pheterogeneity = 0.215), 1.149 (95%CI:
2
0.863-1.531, I = 55.4%, Pheterogeneity = 0.047) and 2.495
2
(95%CI: 1.565-3.977, I = 0.0%, Pheterogeneity = 0.362),
respectively (Figure 2).

RESULTS
Study characteristics

[13-15,17-19,26-33]

For dietary cholesterol, 14 articles
with
14 studies (4 cohort studies and 10 case-control
studies) were included, involving 439355 participants.
[16,20,21,34-36]
For serum TC, 6 articles
with 8 studies
(6 cohort studies and 2 case-control studies) were
included, involving 1805697 participants. The detailed
characteristics of the included studies are shown in
Tables 1 and 2.

Serum TC and the risk of pancreatic cancer: Serum
TC level (highest vs lowest) was not significantly
associated with the risk of pancreatic cancer (RR =
2
1.003, 95%CI: 0.859-1.171, I = 55.5%, Pheterogeneity
= 0.028). The pooled RRs for European and Asian
2
populations were 1.034 (95%CI: 0.722-1.481, I
= 65.1%, Pheterogeneity = 0.035) and 1.005 (95%CI:
2
0.847-1.192, I = 56.2%, P heterogeneity = 0.077),
respectively.

Quantitative synthesis

The main results are summarized in Table 3.
Dietary cholesterol and the risk of pancreatic
cancer: For the highest vs lowest category of dietary
cholesterol, the pooled RR of pancreatic cancer was
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Hawaii and Los Angeles
-2005

Finland
-2002

Poland
-1991

Nöthlings et al[31]

StolzenbergSolomon et al[32]

Zatonski et al[33]

NA: Not available; BMI: Body mass index.

Cohort

United States
-2003

Michaud et al[30]

Casecontrol

Cohort

Cohort

Casecontrol

Kalapothaki et al[29] Greece
-1993

Heinen et al[28]

Ghadirian et al[27]

Casecontrol
Casecontrol
Casecohort

Baghurst et al[26]

Australia
-1991
Canada
-1995
The Netherlands
-2009

Casecontrol

Lucenteforte et al[19] Italy
-2010

Casecontrol
Casecontrol
Casecontrol

Study
design

Casecontrol
Casecontrol

Japan
-2005
United States
-2007
Canada
-2012

Country (year)

Metropolitan Toronto
-1990
Bueno de Mesquita Netherlands
-1991
et al[18]

Howe et al[17]

Hu J et al[15]

Chan et al[14]

Lin et al[13]

Ref.

62.2/63.2
61.8/45.6

58/57
NA

65/60
51.2/45.3

NA
NA

NA
NA

NA
50.0/56.1
63.9/62.1
54.2/51.5
NA
52.9/49.1

NA
53.4/53.4

64.6/64.8
56.6/53.5
NA
54.9/48.3

64.7/65.1
NA
NA
54.7/51.9
61.6/57.1
56.2/50.5

305
-110

27111
-163

190545
-482

88802
-178

362
-181

357
-104
418
-179
120852
-350

978
-326

754
-249
644
-164

327
-109
2233
-532
5667
-628

Mean age (case/control)
Sample size
Percentage of males (case/control)
(cases)

Table 1 Characteristics of studies for dietary cholesterol included in the meta-analysis

Caloric and fibre intake, lifetime cigarette
consumption
Age, sex, response status, total smoking and dietary
intake of energy

Age, sex, BMI, race, education, smoking, history of
diabetes and energy intake
Age, sex, BMI, province, education, alcohol
drinking, pack year smoking, total of vegetable and
fruit intake, saturated fat and total energy intake

Age and pack-years of smoking

Adjustment for covariates

First quintile of cholesterol exposure (referent), second vs first,
Year of interview, education, tobacco smoking,
third vs first, fourth vs first,
history of diabetes and total energy intake
fifth vs first [1.10 (0.68-1.77)]
First quintile of cholesterol exposure (referent), second vs first,
Age and pack-years of smoking
third vs first, fourth vs first [3.19 (1.58-6.47)]
First quintile of cholesterol exposure (referent), second vs first, Age, sex, lifetime cigarette consumption, response
third vs first, fourth vs first [2.24 (0.83-6.05)]
status and total energy intake
Dietary cholesterol (mg/d), first quintile of cholesterol
Age, sex, BMI, energy, smoking, alcohol, history
exposure (referent), second vs first, third vs first, fourth vs first,
of diabetes mellitus, history of hypertension,
fifth vs first [0.78 (0.52-1.18)]
vegetables and fruits intake
Dietary cholesterol (mg), an increment of about one standard
Age, sex, hospital, past residence, years of
deviation of the energy-adjusted residual of the corresponding schooling, smoking, diabetes mellitus and energy
nutritional variable [1.19 (0.96-1.47)]
intake
Median of cholesterol exposure (g/d) 212 (referent), 275, 322,
Pack-years of smoking, BMI, history of diabetes
371, 466 [1.11 (0.67-1.83)]
mellitus, caloric intake, height, physical activity,
menopausal status and glycemic load intake
Cholesterol density (mg/1000 kcal per day) median intake
Age, ethnicity, history of diabetes mellitus, familial
56.8 (referent), 81.6, 100.4, 120.8, 156.8 [1.09 (0.89-1.32)]
history of pancreatic cancer, smoking status and
energy intake
First quintile of cholesterol exposure (referent), second vs first, Energy intake, age, years of smoking and energythird vs first, fourth vs first,
adjusted saturated fat intake
fifth vs first [0.92 (0.53-1.59)]
First quintile of cholesterol exposure (referent), second vs first,
Cigarette lifetime consumption and calories
third vs first, fourth vs first [4.31 (1.60-11.59)]

Dietary cholesterol exposure (mg), < 206 (referent), 206-330,
> 330 [2.06 (1.11-3.85)]
Dietary cholesterol exposure (g/d) median, 122.8 (referent),
192.6, 257.6, 368.9 [1.5 (1.1-2.0)]
Dietary cholesterol cut-point
(mg/wk) < 966.261 (referent), 966.262-1412.753,
1412.754-1880.265,
> 1880.266 [1.57 (1.09-2.26)]
Mean difference per day
quartile 4-quartile 1 (569 mg) [0.95 (0.51-1.75)]
Dietary cholesterol
[1.33 (0.72-2.45)]

Cut-points for cholesterol exposure RR (95%CI)
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Casecontrol

Cohort

Cohort

Cohort

Cohort

756604
(1799)
433115
(776)
6788
(73)
602
(290)

288834
(314)

289866
(543)

29048
(172)

840
(210)

Serum TC (mg/dL) < 160 (referent), 160-179,
180-199, 200-239, ≥ 240 [0.88 (0.74-1.05)]
Serum TC (mg/dL) < 160 (referent), 160-179,
180-199, 200-239, ≥ 240 [0.96 (0.74-1.24)]
Serum TC (mmol/L) < 5.20 (referent), 5.20-5.89,
5.90-6.62, ≥ 6.63 [1.76 (0.87-3.55)]
Serum TC (mmol/L) < 5.72 (referent), ≥ 5.72 [1.01
(0.88-1.17)]

Serum TC mean level (mmol/L) 4.5 (referent), 5.3,
5.8, 6.4,
7.6 [0.70 (0.53-0.93)]
Serum TC mean level (mmol/L) 4.4 (referent), 5.1,
5.7, 6.3, 1.11 [0.75 (0.53-1.64)]

Serum TC < 5.18 mmol/L (referent),
≥ 5.18 mmol/L [0.88 (0.60-1.28)]

Serum TC < 5.70 mmol/L (referent),
≥ 5.70 mmol/L [1.793 (1.067-3.013)]

Cut-points for cholesterol
Exposure RR (95%CI)

Diabetes mellitus, smoking, hypertension, family history of cancer,
history of gastrointestinal surgery, history of biliary disease, history
of chronic pancreatitis and triglyceride

Smoking, drinking, fasting serum glucose,
BMI, hypertension and physical activity
Smoking, drinking, fasting serum glucose,
BMI, hypertension and physical activity
Age, BMI, smoking status, alcohol consumption and education

Age, BMI and smoking status

Age, years smoked, cigarettes smoked per day, self-reported history
of diabetes and
bronchial asthma, occupational activity and
measured high blood pressure
Age, BMI and smoking status

Age, sex, hypertension, HBV markers,
the levels of HDL, LDL, Tri and Apo B

Adjustment for covariates

Egger test and funnel plot showed no evidence of significant publication bias for the analysis between the risk of pancreatic cancer and dietary cholesterol (P = 0.107)
(Figure 4) or serum TC (P = 0.204).

Publication bias

For the relationship between dietary cholesterol and the risk of pancreatic cancer, the summary RR (95%CI) ranged from 1.203 (95%CI: 1.079-1.341) to 1.291 (95%CI:
1.146-1.455) in influence analysis (Figure 3). For the relationship between serum TC and the risk of pancreatic cancer, the range was from 0.941 (95%CI: 0.840-1.054)
to 1.003 (95%CI: 0.913-1.101).

Influence analysis

In order to explore the between-study heterogeneity, we performed univariate meta-regression with the covariates of sex, age, publication year, sample size, continent
where the study was conducted and study design. For the analysis between the risk of pancreatic cancer and dietary cholesterol, study design was found to contribute
[26,33]
significantly to the between-study heterogeneity (P = 0.037). After excluding two studies
(RR > 3.0), the heterogeneity was reduced to 29.4% (Pheterogeneity =0.158),
and the pooled RR was 1.204 (95%CI: 1.050-1.380). For the analysis between the risk of pancreatic cancer and serum TC, no covariate contributed significantly to the
between-study heterogeneity.

61.4/60.74
59.3/60.5

NA

NA

NA

NA

NA

NA

59.3/59.3
58.6/58.6

Mean age (case/control)
Sample size
Percentage of males (case/control)
(cases)

Sources of heterogeneity and sensitivity analysis

NA: Not available; BMI: Body mass index.

Xu et al[36]

Kuzmickiene et al[35]

Kitahara et al[34]

Kitahara et al[34]

Johansen et al[21]

Cohort

Austria, Norway,
and Sweden
(2010)
Austria, Norway,
and Sweden
(2010)
South Korea
(2011)
South Korea
(2011)
Lithuania
(2013)
China
(2011)

Johansen et al[21]

Casecontrol

Study
design

Cohort

China
(2012)

Country (year)

Stolzenberg-Solomon Finland
et al[20]
(2002)

Wu et al[16]

Ref.

Table 2 Characteristics of studies for serum total cholesterol included in the meta-analysis
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Table 3 Pooled relative risks of associations between pancreatic cancer and dietary cholesterol and serum total cholesterol
Cholesterol source

Subgroup

No. of studies

Pooled RR (95%CI) REM

I2

P heterogeneity

Dietary cholesterol

All studies
After excluding two studies[24,31] (RR > 3.0)
Study design
Case-control
Cohort
Continent
North America
Europe
Others
All studies
Continent
Europe
Asia

14
12

1.308 (1.097-1.559)
1.204 (1.050-1.380)

55.3%
29.4%

0.006
0.158

10
4

1.523 (1.226-1.893)
1.023 (0.871-1.200)

49.7%
0.0%

0.037
0.508

6
6
2
8

1.275 (1.058-1.537)
1.149 (0.863-1.531)
2.495 (1.565-3.977)
1.003 (0.859-1.171)

29.3%
55.4%
0.0%
55.5%

0.215
0.047
0.362
0.028

4
4

1.034 (0.722-1.481)
1.005 (0.847-1.192)

65.1%
56.2%

0.035
0.077

Serum TC

TC: Total cholesterol; REM: Random effect model.

Author

RR (95%CI)

Weight(%)

Others
Baghurst PA
Lin Y
2
Subtotal (I = 0.0%, P = 0.362)

3.19 (1.58, 6.47)
2.06 (1.11, 3.85)
2.49 (1.56, 3.98)

4.44
5.27
9.71

North America
Howe GR
Michaud DS
Ghadirian P
Nothlings U
Chan JM
Hu J
2
Subtotal (I = 29.3%, P = 0.215)

0.95 (0.51, 1.75)
1.11 (0.67, 1.83)
2.24 (0.83, 6.05)
1.09 (0.89, 1.32)
1.50 (1.10, 2.00)
1.57 (1.09, 2.26)
1.27 (1.06, 1.54)

5.34
6.84
2.61
13.00
10.72
9.31
47.82

Europe
Bueno de Mesquita HB
Lucenteforte E
Heinen MM
Kalapothaki V
Zatonski W
Stolzenberg-Solomon RZ
2
Subtotal (I = 55.4%, P = 0.047)

1.33 (0.72, 2.45)
1.10 (0.68, 1.77)
0.78 (0.52, 1.18)
1.19 (0.96, 1.47)
4.31 (1.60, 11.59)
0.92 (0.53, 1.59)
1.15 (0.86, 1.53)

5.38
7.22
8.42
12.65
2.62
6.17
42.47

2

Overall (I = 55.3%, P = 0.006)
Note: Weights are from random effects analysis
0.1

1.31 (1.10, 1.56)

0.2

0.5

1

2

5

100.00

10

Figure 2 Forest plot of the relative risks of studies on dietary cholesterol and pancreatic cancer.

cancer. The association of dietary cholesterol with the
risk of pancreatic cancer was significant in case-control
studies, and for studies conducted in North America
and others but not in Europe. No significant association
between the risk of pancreatic cancer and serum TC
was found in this meta-analysis.
The exact mechanism whereby high total cholesterol
levels could lead to an increased risk of pancreatic
cancer is unclear. There are several theories explaining
the possible role of cholesterol in pancreatic cancer.
Increased level of serum TC is related to increased
[37-39]
levels of proinflammatory cytokines
. Longstanding
pre-existing chronic pancreatitis is a strong risk factor
[40]
for pancreatic cancer . Moreover, dietary cholesterol
may affect bile excretion. This may cause bile reflux

DISCUSSION
Recently, many studies have been performed to
evaluate the association between cholesterol and the
risk of pancreatic cancer. However, the results are
conflicting. Generally, individual study has a relatively
small sample size with insufficient power to detect
the effect. Therefore, we conducted a meta-analysis
to get a more reasonable conclusion. This metaanalysis, containing 439355 participants for dietary
cholesterol and 1805697 participants for serum TC,
can effectively assess the association of cholesterol
and the risk of pancreatic cancer. Findings from this
meta-analysis suggested that dietary cholesterol may
be associated with an increased risk of pancreatic
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Meta-analysis estimates, given named study is omitted
Lower CI limit
Estimate
Upper CI limit

Study omitted
Baghurst PA (1991)
Howe GR (1990)
Michaud DS (2003)
Ghadirian P (1995)
Bueno de Mesquita HB (1991)
Lucenteforte E (2010)
Heinen MM (2009)
Nothlings U (2005)
Kalapothaki V (1993)
Zatonski W (1991)
Lin Y (2005)
Chan JM (2007)
Stolzenberg-Solomon RZ (2002)
Hu J (2012)

1.08 1.11

1.23

1.37

1.46

Figure 3 Influence analysis of individual study on the pooled estimate for studies on dietary cholesterol and pancreatic cancer.

49.7% and 0.0%, respectively. After excluding two
[26,33]
studies
(RR > 3.0) in the analysis for dietary
cholesterol, the between-study heterogeneity was
reduced to 29.4%, and the result did not change
substantially, suggesting that the result was stable.
This meta-analysis has several strengths. First, a
large number of participants were included, allowing
a much greater possibility of reaching a reasonable
conclusion. Second, almost all studies included in this
meta-analysis were adjusted for major risk factors,
such as age, sex, smoking, BMI, energy intake,
making the results more credible. Third, influence
analysis showed that no individual study had an
excessive influence on the pooled effects of dietary
cholesterol and serum TC on the risk of pancreatic
[26,33]
cancer. Fourth, after excluding two studies
(RR >
3.0) in dietary cholesterol analysis, the between-study
heterogeneity was reduced to 29.4%, but the result
did not change substantially.
However, the present study has several limitations.
First, unknown confounders might result in exaggera
ting or underestimating the risk. Second, disparate
results were found between the association of dietary
cholesterol and serum TC with the risk of pancreatic
cancer. Third, in subgroup analysis by continent, a
significant association between dietary cholesterol
and the risk of pancreatic cancer was found for
studies conducted in North America and others,
but no association was found for those in Europe.
However, the discrepancy might also be caused by the
relatively small number of studies in each subgroup
analysis. Fourth, results from case-control studies
are susceptible to recall bias, thus prospective cohort
studies that do not suffer from recall bias are believed

Funnel plot with pseudo 95% confidence limits

0

s.e. of logrr
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1
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Figure 4 Funnel plot of the relative risks of 14 studies on dietary
cholesterol and pancreatic cancer.

into the head of the pancreas via the common duct,
[26,41]
where most tumors occur
.
Between-study heterogeneity is common in metaanalysis. It is essential to explore the potential sources
of between-study heterogeneity. Diversity in a number
of indeterminate characteristics such as sex, age,
publication year, sample size, the continent where the
study was performed or study design might be the
source of between-study heterogeneity. Therefore, we
explored the potential sources of the between-study
heterogeneity with meta-regression. However, only
study design was found to contribute to the betweenstudy heterogeneity significantly in the analysis for
dietary cholesterol. In subgroup analysis by study
design, the between-study heterogeneities for casecontrol studies and cohort studies were reduced to
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to provide better evidence. However, only 4 cohort
studies were included in this meta-analysis. Therefore,
further cohort studies are warranted to confirm this
association. In addition, patients might change their
dietary habits after the diagnosis of pancreatic cancer;
however, in most case-control studies included in this
meta-analysis, the investigators collected the dietary
information of participants at least 1 year before the
interview. Finally, although serum TC was not found
to be associated with the risk of pancreatic cancer, the
blood of patients was collected after the diagnosis of
pancreatic cancer in case-control studies and at the
start of the study in cohort studies.
In summary, this meta-analysis suggested that
dietary cholesterol may be associated with the risk of
pancreatic cancer in worldwide populations, except for
Europeans. The finding needs to be confirmed further.
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was used to analyze the extracted data. The risk
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RESULTS: Thirteen studies were included in this
systematic review and nine studies were included in the
meta-analysis. The duration of mechanical ventilation
was significantly decreased in the sivelestat group
2
on postoperative day 5 [I = 76.3%, SMD = -1.41,
95%CI: -2.63-(-0.19)]. Sivelestat greatly lowered the
incidence of acute lung injury in patients after surgery
2
(I = 0%, RR = 0.27, 95%CI: 0.08-0.93). However, it
did not decrease the incidence of pneumonia, intensive
care unit stay or postoperative hospital stay, and did
not increase the incidence of complications such as
anastomotic leakage, recurrent nerve palsy, wound
infection, sepsis and catheter-related fever.
CONCLUSION: A neutrophil elastase inhibitor is
beneficial in patients undergoing esophagectomy. More
high quality, large sample, multi-center and randomized
controlled trials are needed to validate this effect.
Key words: Neutrophil elastase inhibitor; Esophageal
cancer; Esophagectomy; Systematic review; Metaanalysis

Abstract

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

AIM: To evaluate the benefit and safety of sivelestat (a
neutrophil elastase inhibitor) administration in patients
undergoing esophagectomy.

Core tip: Radical esophagectomy has been adopted
in patients with esophageal carcinoma to improve
survival. This technique is highly invasive, leading
to excess surgical stress, a perioperative mortality
of 3%-10%, and pulmonary disorders account for
nearly 30%-60%. Sivelestat sodium hydrate, a specific

METHODS: Online databases including PubMed,
EMBASE, the Cochrane Library, Web of Knowledge,
and Chinese databases (Wanfang database, VIP and
CNKI) were searched systematically up to November
2013. Randomized controlled trials and high-quality
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[16]

neutrophil elastase inhibitor, actively protects patients
with acute respiratory diseases. The efficacy and safety
of sivelestat administered during esophagectomy
has produced conflicting results and the conclusions
from relevant studies are presented. This metaanalysis revealed that sivelestat is beneficial in patients
undergoing esophagectomy, especially in terms of the
duration of mechanical ventilation and the incidence of
pulmonary complications.

ALI/ARDS . However, reports on the benefits of
sivelestat administration during esophagectomy in
patients with esophageal carcinoma have shown
[17-19]
conflicting results
. It is not known whether
sivelestat can improve the postoperative clinical
course, reduce lung function damage, and alter blood,
cytokine and lung injury markers. Although some
traditional reviews exist, the data from these reviews
are not comprehensive and are insufficient. Therefore,
we performed a systematic review and meta-analysis
to evaluate the benefit and safety of sivelestat
administration in patients undergoing esophagectomy.

Wang ZQ, Chen LQ, Yuan Y, Wang WP, Niu ZX, Yang YS, Cai
J. Effects of neutrophil elastase inhibitor in patients undergoing
esophagectomy: A systematic review and meta-analysis. World
J Gastroenterol 2015; 21(12): 3720-3730 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3720.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3720

MATERIALS AND METHODS
Literature search

Online databases, including PubMed, EMBASE, the
Cochrane Library, Web of Knowledge, and Chinese
databases (Wanfang database, VIP and CNKI) were
searched systematically and comprehensively up to
November 2013. In addition, clinicalTrials.gov and
recent conferences were also searched. Search terms
were “esophageal cancer OR esophagectomy” in
combination with “neutrophil elastase inhibitor OR
sivelestat OR sivelestat sodium OR frese lestat” without
limitation of publication year, status and language.
Review articles were also scanned to identify relevant
studies by reading the reference list.

INTRODUCTION
Esophageal carcinoma is the sixth leading cause of
cancer-related deaths worldwide, and its incidence is
[1,2]
increasing rapidly . In recent years, multidisciplinary
treatments have been adopted more and more
frequently. Of these treatments, curative surgery
[3,4]
remains the most important treatment option
.
Previous studies have shown that patients undergoing
radical esophagectomy after neoadjuvant therapy
[4-6]
achieved the highest long-term survival .
Radical esophagectomy, which consists of videoassisted thoracoscopic esophagectomy, cervical
esophagogastrostomy and two- or three-field lymph
node dissection, is one of the most invasive surgical
[7]
techniques performed in the gastrointestinal system .
This excess surgical stress has led to a perioperative
[8,9]
mortality rate of approximately 3%-10% , and is
mainly caused by systemic inflammatory response
syndrome (SIRS)-associated complications, of which
pulmonary disorders account for approximately
[10]
30%-60% .
The lung is the main target organ for overproduced
cytokines in SIRS; thus, pneumonia, acute lung
injury (ALI) and acute respiratory distress syndrome
(ARDS) occur frequently in patients undergoing
[11,12]
esophagectomy
. Current studies have demon
strated that neutrophil elastase (NE), which is secreted
by IL-8 induced mature neutrophils, could represent
[13]
the severity of postoperative pulmonary disorders .
[14]
In addition, Suda et al stated that a drug that could
relieve SIRS and control neutrophil function might
improve the postoperative clinical course following
transthoracic esophagectomy.
Sivelestat sodium hydrate, a synthetic NE inhibitor,
can competitively inhibit NE activity and does not
[15]
affect other proteases . A positive treatment effect
was reported in many studies, and the Japanese
Respiratory Society recommends sivelestat for the
treatment of ALI in the Guidelines for Treatment of

WJG|www.wjgnet.com

Study selection

Randomized controlled trials and high-quality com
parative studies were considered eligible for inclusion if:
(1) the participants were esophageal carcinoma patients
undergoing esophagectomy; (2) neutrophil elastase
inhibitor was compared with placebo (saline); and
(3) outcomes mainly included data on postoperative
clinical course, oxygenation, blood and cytokines.
Studies on patients undergoing other major surgeries
were excluded. Quantitative data were not necessary
for inclusion. According to the inclusion criteria, two
reviewers independently reviewed the searched
literature and any disagreement was resolved by
discussion.

Data extraction and quality assessment

Data were extracted and a form, which was devised
in advance, was completed. The following data were
recorded: basic information (author, country and
year of publication), characteristics (sex, age and
arm), treatment protocol (case, sivelestat dosage and
usage), surgical background (operative time, blood
loss, surgical procedure), outcome measures [duration
of mechanical ventilation, intensive care unit (ICU)
stay, SIRS, postoperative hospital stay, and P/F ratio],
and complications. Another two reviewers carried out
the data extraction, and the results were then crosschecked. Disagreement was resolved by discussion.
Three reviewers evaluated the methodological
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References identified
(n = 430)
PubMed, n = 256;
EMBASE, n = 148;
Cochrane library, n = 26

Additional records identified
through other sources
(n = 24)

Title and abstract screened,
duplicates removed
(n = 454)

Records excluded
(n = 437)

Full-text articles assessed
for eligibility
(n = 19)

Full-text articles excluded (n = 6)
Low quality study, n = 2;
Patients meet exclusion, n = 3;
Failed to obtain full text, n = 1

Studies included in
qualitative synthesis
n = 13

Studies included in
meta-analysis
n =9

Figure 1 Flowchart of trials selection.

quality of the included studies according to the
[20]
standard recommended by the Cochrane handbook
for systematic reviews and meta-analyses. By
studying the materials and methods section, quality
assessment was performed by identifying the study
type, randomization, blinding, allocation concealment,
eligibility criteria, baseline comparability, participants
lost to follow-up, ITT analysis, selective reporting,
incomplete outcome and other biases.

This review was performed in accordance with The
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. The present protocol has
not been published or registered elsewhere.

RESULTS
Literature search

The flowchart of the trial selection is shown in Figure
1. A total of 454 references were identified from
the online databases and other sources, and after
screening the title and abstract, 17 references were
selected for full-text assessment. In total, 13 studies
[14,19-30]
were included in this systematic review
and nine
[14,19,20,22,24-28]
studies were included in the meta-analysis
.

Statistical analysis

Stata 12.0 software was used to analyze the extracted
data. The risk ratio (RR) was used to express the
effect size of dichotomous outcomes, and the mean
difference (MD) or standardized mean difference was
used to express the effect size of continuous outcomes.
2
Cochran’s Q-test and the I statistic were used to
estimate the heterogeneity among the pooled studies.
2
If P > 0.05 or I < 50%, the heterogeneity was
thought to be insignificant, and a fixed-effect model
was adopted in the meta-analysis. If the heterogeneity
was significant, a random-effect model was adopted
and the source of heterogeneity was investigated using
clinical and statistical aspects. In addition, sensitivity
was assessed to judge the reliability of the evidence,
and both Begg’s test and Egger’s test were conducted
to determine publication bias.
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Study characteristics and quality assessment

Tables 1 and 2 describe the baseline and basic
information on the included studies. Ten studies had
two arms: sivelestat-treated arm and saline-treated
[21]
or control arm, and one study
had three arms:
two sivelestat-treated arms and a control arm. All the
studies were performed in Japan, with 10 published
in English and one published in Japanese. Other
information, such as the sex and age of participants,
dosage and usage of sivelestat, and surgical
procedure related indices are summarized in detail,
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Table 1 Basic characteristics of the included studies
Ref.

Year

Arm

Case (n )

Sex (M/F)

Age (yr)

Usage of sivelestat

Sato et al[19]

2001

Akamoto et al[20]

2007

Kawahara et al[22]

2010
2011

Yamaguchi et al[29]

2011

Iwahashi et al[21]

2011

Yamaki et al[30]

2005

Ono et al[28]

2007

Suda et al[14]

2007

Kobayashi et al[23]

2010

Mimatsu et al[25]

2011

Nishiyama et al[27]

2012

Nagai et al[26]

2013

8
8
6
7
10
10
16
15
12
12
15
15
15
9
6
7
10
18
25
60
28
22
20
26
27
42
35

5/1
5/2
7/3
10/0
12/4
13/2
9/3
9/3
13/2
9/6
10/5
4/3
7/3
15/3
20/5
56/4
24/4
21/1
19/1
23/3
23/4
39/3
31/4

63.9 ± 6.9
64.6 ± 8.7
70.8 ± 5.5
65.7 ± 2.9
64 (50-78)1
63 (65-69)
65 (61-68)2
66 (63-69)
59 ± 5
60 ± 8
65 ± 8
64 ± 7
67 ± 8
62 ± 9
69 ± 8
61 ± 12
70 ± 7
60 (55-65)3
56 (52-66)
66 ± 7
60 ± 10
59 ± 11
63 ± 9
67 ± 8
63 ± 8
66 ± 9
63 ± 8

150000 U diluted in 20 mL normal saline every 12 h from
operation to POD 5
4.8 mg/kg per day of sivelestat + 240 mL saline from operation to
POD 3
300 mg/d of sivelestat + 200 mL saline from operation to POD 3

Makino et al[24]

SSH
Saline
SSH
Saline
SSH
Saline
SSH
Saline
SSH
Saline
Arm1
Arm2
Control
SSH
Control
SSH
Control
SSH
Control
SSH
Control
SSH
Control
SSH
Control
SSH
Control

4.8 mg/kg per day of sivelestat + 240 mL saline from operation to
POD 7
0.2 mg/kg per hour sivelestat from operation to POD 1
Arm1: 0.2 mg/kg per hour sivelestat from operation to POD 1;
Arm 2: 0.2 mg/kg per hour sivelestat from operation to POD 5
0.2 mg/kg per hour sivelestat
0.2 mg/kg per hour sivelestat after operation till POD 5
0.2 mg/kg per hour sivelestat diluted with saline after operation
till POD 6
0.2 mg/kg per hour from operation and during mechanical
ventilation support
0.2 mg/kg per hour sivelestat diluted with saline after operation
till POD 5
0.2 mg/kg per hour sivelestat after operation till POD 3
0.2 mg/kg per hour sivelestat with 5% dextrose in water from
operation till POD 3

1

Range; 295%CI; 3Inter-quartile range. SSH: Sivelestat sodium hydrate; POD: Postoperative day; Age is shown as mean ± SD.

Table 2 Basic surgical characteristics of patients in the included studies
Ref.
[19]

Sato et al

Akamoto et al[20]
Kawahara et al[22]
Makino et al[24]
Yamaguchi et al[29]
Iwahashi et al[21]

Yamaki et al[30]
Ono et al[28]
Suda et al[14]
Kobayashi et al[23]
Mimatsu et al[25]
Nishiyama et al[27]

Nagai et al[26]

Arm

Operative time (min)

Blood loss (mL)

Surgical procedure

SSH
Saline
SSH
Saline
SSH
Saline
SSH
Saline
SSH
Saline

357 ± 58
326 ± 23
496 ± 140
569 ± 46
517 (range 443-733)
549 (range 453-785)
433 (95%CI: 399-467)
431 (95%CI: 407-455)
387 ± 57
363 ± 85

615 ± 268
712 ± 184
1 672 ± 426
1 339 ± 316
305 (range 180-1050)
32 (range 150-1910)
468 (95%CI: 380-556)
514 (95%CI: 386-643)
488 ± 229
376 ± 166

Extensive resection including lymph node dissection

SSH
SSH
Control
SSH
Control
SSH
Control

491 ± 62
466 ± 72
482 ± 69
538 ± 121
552 ± 157
573.4 ± 72.6
568.7 ± 164.1

422 ± 210
405 ± 262
430 ± 173
969 ± 505
1134 ± 682
1685.1 ± 1255.3
1032.4 ± 347.7

SSH
Control
SSH
Control
SSH
Control
SSH
Control

458 (95%CI: 373-545)
626 (95%CI: 541-700)
311 ± 66
412 ± 71
407.3 ± 74.6
396.7 ± 96.3
450.2 ± 64.1
445.8 ± 87.9

361 (95%CI: 218-682)
520 (95%CI: 216-700)
359 ± 253
402 ± 161
346.7 ± 122.2
354.4 ± 134.5
813.6 ± 548.4
735.2 ± 479.0

SSH
Control

576.4 ± 126.7
537.3 ± 120.2

630.1 ± 392.0
494.2 ± 312.7

Esophagectomy and esophagogastric anastomosis
Video-assisted thoracoscopic oesophagectomy
Video-assisted thoracoscopic oesophagectomy
Right-sided transthoracic esophagectomy with cervical
esophagogastrostomy and lymph node dissection
Radical esophagectomy with a two- or three-field lymph
node dissection via a cervicothoracoabdominal approach
Radical esophagectomy
Esophagectomy and reconstruction with gastric mobilization
by right posterolateral thoracotomy and laparotomy
Transthoracic esophagectomy
Thoracoscopy-assisted subtotal esophagectomy
Transthoracic esophagectomy with reconstruction of the
stomach role via the posterior sternum
Thoracolaparotomic total thoracic esophagectomy, chest
wall-antral stomach reconstruction, and 3-regional lymph
node dissection
Subtotal esophagectomy and reconstruction through a right
posterolateral thoracotomy and upper midline laparotomy

SSH: Sivelestat sodium hydrate.
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Table 3 Quality assessment of the included trials
ITT
Selective Incomplete Other
Allocation Eligibility
Baseline
> 85%
bias
concealment criteria comparability participants analysis reporting outcome
followed up

Ref.

Type

Randomization

Blinding

Sato et al[19]
Akamoto et al[20]

RCT
RCT

M
Y

Kawahara et al[22]

RCT

M

Makino et al[24]

RCT

Y

RCT
non-RCT
non-RCT
non-RCT
non-RCT
non-RCT
non-RCT
non-RCT
non-RCT

M
N
N
N
N
N
N
N
N

U
Y, single
blinding
M, double
blinding
Y, triple
blinding
U
U
N
N
N
N
N
N
N

Yamaguchi et al[29]
Iwahashi et al[21]
Yamaki et al[30]
Ono et al[28]
Suda et al[14]
Kobayashi et al[23]
Mimatsu et al[25]
Nishiyama et al[27]
Nagai et al[26]

U
U

Y
Y

Y
Y

Y
Y

Y
Y

U
U

N
N

U
U

U

Y

Y

Y

Y

U

N

U

Y

Y

Y

Y

Y

U

N

U

U
U
N
N
N
N
N
N
N

Y
Y
M
Y
Y
Y
Y
Y
M

Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
N
U
Y
Y
Y
Y
Y
Y

U
U
U
U
U
N
N
N
U

U
N
N
N
N
N
N
N
N

U
U
U
U
U
U
U
U
U

M: Mentioned (the study just mentioned the item but without detailed description); Y: Yes (the study mentioned and detailed the item); N: No (the study
did not report the item); U: Unclear.

Study
ID

SMD (95%CI)

%Weight

Postoperative day 3
Nishiy (2011)

0.11 (-0.42, 0.65)

40.93

Nagai (2011)

-0.04 (-0.49, 0.41)

59.07

0.02 (-0.32, 0.37)

100.00

2

Subtotal (I = 0.0%, P = 0.666)

Postoperative day 5
Yamaki (2005)

-1.15 (-2.27, -0.03)

32.27

Satoshi (2007)

-2.88 (-4.29, -1.47)

27.85

Mimat (2011)

-0.60 (-1.22, 0.02)

2

Subtotal (I = 76.3%, P = 0.015)

-1.41 (-2.63, -0.19)

39.88
100.00

Note: Weights are from random effects analysis

-4.29

0

4.29

Figure 2 Duration of mechanical ventilation on postoperative days 3 and 5.

and all showed no significant differences between the
treatment group and control group. Table 3 shows
the results of the methodological quality assessment,
which was carried out according to the methods
recommended by The Cochrane Collaboration.

3 (sivelestat was administrated until POD3 and
POD 5 (sivelestat was administrated until POD 5)
was performed. When compared with the control
group, the duration of mechanical ventilation was
significantly decreased in the sivelestat group on POD
2
5 [I = 76.3%, SMD = -1.41, 95%CI: -2.63-(-0.19)].
Although the duration of mechanical ventilation was
also decreased in the sivelestat group on POD 3, it
2
failed to reach statistical significance (I = 0%, SMD=
-0.68, 95%CI:-1.38-0.02). Begg’s test and Egger’
s test showed that publication bias might exist (P =
0.027, 95%CI: -8.82-1.06). These data are shown in
Figures 2 and 3. The data in the other three studies
are summarized in Table 4.

Mechanical ventilation

The duration of mechanical ventilation was reported
[14,22,24-28,30]
in eight studies
, and five of these studies
[25-28,30]
were pooled quantitatively in this meta-analysis
.
There was significant heterogeneity among the
trials. To investigate the source of heterogeneity,
according to postoperative day (POD) of sivelestat
administration, subgroup analysis including POD

WJG|www.wjgnet.com
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Table 4 Summary of qualitative pooled data
Kawah et al

Study
Mechanical ventilation
ICU stay
SIRS
Postoperative hospital stay

1

Makino et al

2

Suda et al

3

SSH vs control

P value

SSH vs control

P value

SSH vs control

P value

24.5 (24.3-28.7) vs
24.5 (23.9-49.1)
64.0 (39-109) vs
74.5 (39.0-109)
17 (9-36) vs
49 (15-60)
32 (19-46) vs
31 (18-81)

0.796

89.5 (57.3, 121.7) vs
204 (77.4, 330.6)
5.7 (4.1, 7.4) vs
8.8 (5.5, 12.1)
2.8 (2.1, 3.6) vs
5.6 (4.2,7.0
31.4 (23.8, 38.9) vs
37.1 (31.1, 43.1)

0.046

1 (1-1.5) vs
1.5 (1-2)
1.5 (1.5-1.9) vs
2.5 (1.5-3.5)
3.5 (2-5.8) vs
5 (3.8-10.8)

0.008

0.481
0.009
0.853

0.048
0.001

0.018
0.026

0.077

Data is shown as the mean (range); 2Data is shown as the mean (95%CI); 3Data is shown as the median (inter-quartile range). SSH: Sivelestat sodium hydrate.

1

ICU stay

0.0

0.2
SE of WMD

[14,22,24,26-28]

Six studies provided data on ICU stay
, and
three of these studies were pooled quantitatively in
[26-28]
the fixed effect analysis
. The results showed
that sivelestat decreased ICU stay, but this failed
2
to achieve statistical significance [I = 0%, SMD =
-0.22, 95%CI: -0.54-(-0.11)], as shown in Figure
6. In the other three studies, one study reported no
statistically significant difference, and two studies
found a statistically significant difference between the
sivelestat group and the control group, as summarized
in Table 4.

0.4

0.6

0.8
0.5

1

2

5

10

WMD

Postoperative hospital stay

Postoperative hospital stay was reported in four
[22,24,26,27]
[26,27]
studies
, and two of these studies
were
pooled quantitatively in the fixed effect analysis. The
results showed that sivelestat decreased postoperative
hospital stay, but it failed to achieve statistical
2
significance [I = 36.2%, SMD = -0.27, 95%CI:
-0.63-(-0.09)], as shown in Figure 7. The other two
[22,24]
studies
showed no significant difference, as
summarized in Table 4.

Figure 3 Begg’s and Egger’s test of mechanical ventilation.

Pulmonary complications

Pneumonia and ALI were common pulmonary compli
cations after esophagectomy. Seven studies reported
[21,22,24-28]
data on pneumonia
, and the fixed effects
meta-analysis showed that sivelestat decreased the
incidence of pneumonia compared with the control;
however, the difference was not statistically significant
2
(I = 0%, RR = 0.84, 95%CI: 0.47-1.50). Available
[14,24]
data on ALI was reported in two studies
. The
fixed effects model meta-analysis demonstrated that
sivelestat greatly decreased the incidence of ALI in
2
patients after surgery (I = 0%, RR = 0.27, 95%CI:
0.08-0.93). Begg’s test and Egger’s test indicated
that no publication bias existed (P = 0.214, 95%CI:
-3.24-0.87). These data are shown in Figures 4 and 5.

SIRS

Other complications

With the exception of pulmonary complications, other
complications such as anastomotic leakage, recurrent
nerve palsy, wound infection and sepsis were also
reported in the included studies. Fixed effects analysis
demonstrated that no significant difference existed
between the sivelestat group and the control group in
2
terms of anastomotic leakage (I = 0%, RR = 1.26,
2
95%CI: 0.71-2.22), recurrent nerve palsy (I = 0%,
2
RR = 1.34, 95%CI: 0.62-2.90), wound infection (I
2
= 0%, RR = 1.12, 95%CI: 0.53-2.37), sepsis (I =
0%, RR = 0.55, 95%CI: 0.09-3.43) and catheterrelated fever (RR = 0.14, 95%CI: 0.01-2.39). Overall,
sivelestat did not significantly increase the incidence
2
of these complications (I = 0%, P = 1.10, 95%CI:
0.75-1.59), and Begg’s test and Egger’s test indicated
that no publication bias existed (P = 0.53, 95%CI:
-1.57-0.84). These data are shown in Figures 8 and 9.

[14,22,24-26]

Five studies presented data on SIRS
, and
these studies demonstrated that sivelestat decreased
[14,22,24,25]
the duration of SIRS. Of these five studies, four
stated that there were significant differences between
the sivelestat group and the control group (P = 0.046,
[26]
P = 0.048, P = 0.018, P = 0.048), but one
stated
that the difference failed to reach statistical significance
(P > 0.05), as shown in Table 4.
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Study
ID

RR (95%CI)

%Weight

Pneumonia
Satoshi (2007)

0.15 (0.01, 2.45)

17.37

Kawah (2007)

1.00 (0.17, 5.77)

9.17

Iwaha (2011)

0.33 (0.01, 7.58)

6.88

Nagai (2011)

1.04 (0.30, 3.58)

20.00

Nishiy (2011)

0.78 (0.19, 3.15)

17.99

Mimat (2011)

1.21 (0.31, 4.77)

14.41

Makino (2011)

1.25 (0.33, 4.68)

14.19

0.84 (0.47, 1.50)

100.00

2

Subtotal (I = 0.0%, P = 0.861)
ALI
Suda (2007)

0.47 (0.02, 11.01)

Makino (2011)

0.23 (0.06, 0.93)

86.95

0.27 (0.08, 0.93)

100.00

2

Subtotal (I = 0.0%, P = 0.688)

0.00951

1

13.05

105

Figure 4 Pulmonary complications.

on POD 3, but it was significantly decreased in the
sivelestat group on POD 5. Our study revealed that
sivelestat administered at different times may lead to
different clinical outcomes, and the administration of
sivelestat should be continued up to at least POD 5 to
decrease the time required for mechanical ventilation
support.
Pneumonia and ALI are common pulmonary com
[10]
plications after esophagectomy , and our results
indicated that although sivelestat may not decrease
the incidence of pneumonia compared with the control,
it greatly reduced the incidence of ALI in patients after
surgery. Although ARDS and SIRS have been clearly
defined during the American-European consensus
[32]
conferences, the criteria for pneumonia differ widely .
Consequently, the study results for pneumonia should
be considered with caution. Furthermore, pneumonia
after esophagectomy can be caused by various
factors such as increased infection, invasive surgical
procedures, administration of methylprednisolone,
decreased pulmonary function and immunity, and the
[33]
use of mechanical ventilation support . ALI mainly
occurs because of increased levels of cytokines in the
serum, especially NE secreted by neutrophils. Thus, as
a specific inhibitor of NE, sivelestat, had a very limited
effect on postoperative pneumonia, but a very strong
effect on postoperative ALI. In addition, sivelestat
had a positive effect on pulmonary function. Kawaha
[22]
et al
reported a significant increase in PaO2/FiO2
[14]
on POD 1 and 7; Suda et al
reported a significant
[27]
increase in PaO2/FiO2 on POD 1; and Nishiyama et al
reported a significant increase in PaO2 on POD 5.
Most studies reported a reduction in the duration
of postoperative SIRS; however, two studies found no
[21,26]
statistically significant difference
. Of these two
[21]
studies, Iwahashi et al
performed esophagectomy

SE of LogOR

0.0

0.5

1.0

1.5
0.5
1
LogOR

2

5

10

Figure 5 Begg’s and Egger’s test of pulmonary complications.

DISCUSSION
Some studies have found that patients undergoing
esophagectomy benefit from methylprednisolone
administration with no adverse effects. However, even
when pre-operative methylprednisolone is administered,
pulmonary complications frequently occur. This may be
caused by the systemic inflammatory response following
esophagectomy, leading to accumulation of neutrophils
in the lungs. Subsequent local release of neutrophil
[18,31]
elastase (NE) injures the lung
. As glucocorticoids
do not affect the release or function of NE, additional
selective inhibition of NE might be beneficial. Indeed,
the results of the meta-analysis showed that compared
with the control group, the duration of mechanical
ventilation support was reduced in the sivelestat group.
Subgroup analysis demonstrated that this reduction in
the duration of mechanical ventilation support failed
to reach statistical significance in the sivelestat group
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Study
ID

SMD (95%CI)

%Weight

Satoshi (2007)

-0.68 (-1.67, 0.32)

10.74

Nagai (2011)

-0.07 (-0.52, 0.38)

52.92

Nishiy (2011)

-0.29 (-0.83, 0.25)

36.34

0.22 (-0.54, 0.11)

100.00

2

Subtotal (I = 0.0%, P = 0.524)

-1.67

0

1.67

Figure 6 Intensive care unit stay.
Study
ID

SMD (95%CI)

%Weight

Nishiy (2011)

-0.53 (-1.08, 0.02)

Nagai (2011)

-0.06 (-0.55, 0.42)

56.25

0.27 (-0.63, 0.09)

100.00

2

Subtotal (I = 36.2%, P = 0.211)

-1.08

0

43.75

1.08

Figure 7 Postoperative hospital stay.
Study
ID

RR (95%CI)

%Weight

Anastomotic leakage
Sato (2001)

3.00 (0.14, 64.26)

1.17

Satoshi (2007)

2.14 (0.48, 9.66)

3.86

Akamo (2007)

2.33 (0.27, 19.80)

2.16

Iwaha (2011)

3.00 (0.13, 68.26)

1.17

Nagai (2011)

1.67 (0.55, 5.07)

10.23

Mimat (2011)

0.68 (0.17, 2.68)

9.82

Makino (2011)

0.56 (0.16, 1.96)

12.10

1.26 (0.71, 2.22)

40.53

Kawah (2010)

1.25 (0.47, 3.33)

9.38

Iwaha (2011)

0.50 (0.05, 4.94)

4.69

Makino (2011)

2.34 (0.53, 10.30)

4.84

1.34 (0.62, 2.90)

18.91

2

Subtotal (I = 0.0%, P = 0.673)
Recurrent nerve palsy

2

Subtotal (I = 0.0%, P = 0.528)
Wound infection
Sato (2001)

1.00 (0.18, 5.46)

4.69

Nagai (2011)

1.46 (0.46, 4.58)

10.23

Mimat (2011)

0.83 (0.24, 2.92)

10.23

1.12 (0.53, 2.37)

25.15

Suda (2007)

0.69 (0.07, 7.09)

3.93

Akamo (2007)

0.38 (0.02, 7.93)

3.28

0.55 (0.09, 3.43)

7.21

0.14 (0.01, 2.39)

8.21

0.14 (0.01, 2.39)

8.21

1.10 (0.75, 1.59)

100.00

2

Subtotal (I = 0.0%, P = 0.804)
Sepsis

2

Subtotal (I = 0.0%, P = 0.758)
Cathether fever
Sato (2001)
2

Subtotal (I = . %, P = . )
2

Overall (I = 0.0%, P = 0.890)
0.00855

0

117

Figure 8 Other complications.
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additional sivelestat did not increase medical costs.
With regard to safety, our study demonstrated that
sivelestat did not increase the risk of complications,
including anastomotic leakage, recurrent nerve palsy,
wound infection and sepsis.
There are also some weaknesses with the present
evidence. Some of the included trials were non-RCTs,
which may have increased the risk of random errors.
Dissimilar procedures, such as minimally invasive or
traditional surgery with different operative time and
blood loss, could affect patient outcomes. In addition,
different concentrations of sivelestat administered
with inconsistent doses of methylprednisolone may
decrease the risk of pulmonary complications. All of
these factors suggest that there may be unavoidable
bias in the pooled results, which in turn limited the
strength of this meta-analysis. Minimally invasive
surgery has evolved rapidly in recent years. As
minimally invasive approaches reduce the factors
associated with pulmonary complications (e.g., blood
loss, pain and inflammation), minimally invasive
esophagectomy would be particularly beneficial with
respect to pulmonary complications. In the included
studies, three studies performed thoracoscopy[22-24]
assisted surgery
, and two studies performed
[23,26]
subtotal esophagectomy
; therefore, the different
procedures adopted in these studies would also have
some effect on the results.
The results for perioperatively administered neu
trophil elastase inhibitor are encouraging. All the trials
included were conducted in Eastern populations, and
[36,37]
genomic factors may have influenced the results
.
Further trials are required in other areas to determine
whether these results can be extrapolated to all
populations.
In summary, neutrophil elastase inhibitor admini
stration is beneficial in patients undergoing esopha
gectomy, especially in terms of the duration of
mechanical ventilation, pulmonary function, pulmonary
complications and SIRS state. Although many studies
have reported that it also plays an active role in ICU
stay and hospital stay, there is currently insufficient
evidence for these effects, and more high-quality, large
sample, multi-center and randomized controlled trials
are needed.

SE of LogOR

0.0

0.5

1.0

1.5
0.5

1
2
LogOR

5

10

Figure 9 Begg’s and Egger’s test of other complications.

using the cervicothoracoabdominal approach, and
[26]
Nagai et al
performed subtotal esophagectomy via
a right posterolateral thoracotomy and upper midline
laparotomy. Compared with current video-assisted
[34,35]
thoracoscopic esophagectomy
, their surgical
procedures appeared to be more invasive and led to
more blood loss, which induced a more acute SIRS
state. Therefore, additional sivelestat administration
after the more invasive surgical procedure may
have little clinical benefit, and the effects of different
procedures in addition to higher dose of sivelestat
should be investigated in the future.
The meta-analysis results showed that sivelestat
may have decreased ICU stay; however, this decrease
failed to achieve statistical significance. In the other
[14,24]
three studies mentioned previously, two studies
[22]
reported significant differences, while one study
reported no significant difference, thus there is no
consensus on ICU stay. Postoperative hospital stay
[22,24,26,27]
was reported in four studies
, and only two of
[26,27]
these studies
were pooled quantitatively in the
fixed effect analysis. The results showed that sivelestat
might have decreased postoperative hospital stay;
however, this decrease failed to achieve statistical
[22,24]
significance. The other two studies
showed no
significant difference. With sivelestat administrated
after surgery, the mechanical ventilation support,
pulmonary complications and SIRS were improved;
however, the ICU stay and postoperative hospital stay
were not significantly shortened. Possible explanations
for these findings are as follows: (1) limited number
of studies included in the analysis; (2) insufficient data
in the studies; (3) different protocols for discharging
from the ICU and hospital adopted in the studies; (4)
heterogeneity between the studies; and (5) different
protocols of sivelestat administration.
[27]
One study performed a cost-analysis , which
showed that only surgery costs were significantly
lower in the sivelestat group compared with the control
group, and there were no significant differences in the
hospitalization, medication or total costs. Therefore,
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Background

Esophageal carcinoma is the sixth leading cause of cancer-related deaths
worldwide. Patients undergoing radical esophagectomy suffer excess
surgical stress, which mainly causes pulmonary complications. Sivelestat
sodium hydrate is recommended for the treatment of acute lung injury, and
is considered effective in patients with esophageal carcinoma undergoing
esophagectomy. However, this needs to be systematically evaluated.

Research frontiers

This meta-analysis was performed to evaluate the benefit and safety of
sivelestat administration in patients undergoing esophagectomy. The outcome
measures included mechanical ventilation, pulmonary complications, SIRS, ICU
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stay, postoperative hospital stay and other complications.

Innovations and breakthroughs

This meta-analysis revealed that sivelestat is beneficial in patients undergoing
esophagectomy, especially in terms of the duration of mechanical ventilation
and the incidence of pulmonary complications. It may also play an active role
on ICU stay, hospital stay, oxygenation and blood cytokine levels. However,
there is currently insufficient evidence for these effects.

12

Applications

The current analysis shows that sivelestat sodium hydrate may achieve
better treatment outcomes in patients with esophageal carcinoma undergoing
esophagectomy. Sivelestat reduced the duration of mechanical ventilation
support and the incidence of pulmonary complications. In addition, side effects
did not appear to be a concern.

13

Terminology

Radical esophagectomy, which mainly consists of video-assisted thoracoscopic
esophagectomy, cervical esophagogastrostomy and two- or three-field lymph
node dissection, is one of the most invasive surgical techniques performed in
the gastrointestinal system.

14

Peer-review

This is a nicely written manuscript with a thoroughly performed review and
meta-analysis on the use of sivelestat perioperatively for esophagectomy, and
the outcomes and analyses were really conducive.
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CASE REPORT

Pyogenic liver abscess caused by Fusobacterium in a
21-year-old immunocompetent male
Zohair Ahmed, Saurabh K Bansal, Sonu Dhillon
Computed tomography imaging revealed hepatic
abscesses, the largest measuring 9.5 cm. Empiric
antibiotics were started and percutaneous drains were
placed in the abscesses. Anaerobic cultures from the
abscesses grew Fusobacterium nucleatum . This is
a gram negative anaerobic bacteria; a normal flora
of the oral cavity. Fusobacterium is most commonly
seen in Lemiere’s disease, which is translocation of
oral bacteria to the internal jugular vein causing a
thrombophlebitis and subsequent spread of abscesses.
Our patient did not have Lemiere’s, and is the first case
described of fusobacterium pyogenic liver abscess in a
young immunocompetent male with good oral hygiene.
This case was complicated by sepsis, empyema, and
subsequent abscesses located outside the liver. These
abscesses’ have the propensity to flare abruptly and can
be fatal. This case not only illustrates fusobacterium
as a rare entity for pyogenic liver abscess, but also
the need for urgent diagnosis and treatment. It is
incumbent on physicians to diagnose and drain any
suspicious hepatic lesions. While uncommon, such
infections may develop without any overt source and
can progress rapidly. Prompt drainage with antibiotic
therapy remains the cornerstone of therapy.
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Core tip: Pyogenic liver abscesses have the propensity
to cause devastating effects; immediate drainage
and antibiotics are the mainstay of treatment. Herein
we report the first case of a pyogenic liver abscess
from fusobacterium in a young, otherwise healthy
immunocompetent individual.

Abstract
A 21-year-old male with no significant past medical
history, presented with right upper quadrant (RUQ)
abdominal pain along with fevers and chills. Lab work
revealed leukocytosis, anemia, and slightly elevated
alkaline phosphatase. Viral serology for hepatitis b
virus, hepatitis C virus, and human immunodeficiency
virus were negative and he was immunocompetent.
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A

INTRODUCTION
Pyogenic liver abscesses (PLA) are uncommon entities
which require urgent diagnosis and treatment. If
untreated they carry a high mortality. Hepatic abscess
due to fusobacterium (gram negative anaerobic
bacteria) is rare, but when reported they are associated
with Lemierre’s disease, an infectious thrombophlebitis
of the internal jugular vein. Such infections are typically
seen in the setting of instrumentation, dental work, and
incidental oral flora translocation. Herein, we present
the first case of de novo hepatic abscesses due to
fusobacterium in an otherwise healthy 20-year-old
Caucasian male with no identifiable source of infection.
His course was further complicated by development of
multiple intra-abdominal abscesses with subsequent
direct seeding into the right pleural cavity causing
empyema.

24 cm

B

24 cm

CASE REPORT

Figure 1 Abdominal computed tomography. A: Hepatic abscess, prior to
drainage and antibiotics. Largest hepatic abscess seen measuring 8.9 cm × 9.4
cm × 9.5 cm; B: Resolution of hepatic abscesses after drainage and antibiotics.

A 20-year-old Caucasian male was admitted with two
weeks of progressive right upper quadrant abdominal
pain, approximately 10 pound weight loss, fevers/
chills, fatigue, and diarrhea. His social history was not
significant for any IVDA, high risk sexual behavior,
recent travel, exposure to contaminated water, or
pet exposure. He was a college student and played
baseball on the school team. On presentation his
vital signs were stable and was afebrile. Examination
revealed mild RUQ tenderness, but was otherwise
unremarkable. His laboratory work revealed:
leukocytosis with wbc count of 16.3 k/uL and anemia
with Hgb of 7.6 gm/dL. Liver function tests revealed
normal: AST (29 U/L)/ALT (44 U/L), total bilirubin (0.7
mg/dL); and mild elevation of alkaline phosphatase
(158 U/L). Serologic workup was negative for
human immunodeficiency virus, hepatitis B virus
and hepatitis C virus. Computed tomography (CT)
imaging of abdomen/pelvis revealed multiple hepatic
abscesses, the largest in the right lobe measuring
8.9 cm × 9.4 cm × 9.5 cm (Figure 1A). Aerobic and
anaerobic blood cultures were collected and empiric
antibiotic treatment was initiated with Vancomycin
and Piperacillin/Tazobactam. Two percutaneous drains
were placed in the largest hepatic abscesses. The
hepatic abscesses’ anaerobic culture grew heavy
fusobacterium nucleatum (F. nucleatum). The patient
denied any neck pain or recent dental infection, but
did report recent routine dental cleaning. Neck imaging
revealed patent jugular veins without tenderness or
palpable cords. An ERCP was done to rule out a biliary
source, and revealed normal hepatic, biliary, and
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pancreatic ducts.
One week after initiating treatment the patient
developed respiratory distress and was found to have
a large right sided multiloculated pleural effusion
for which a chest tube was placed and pleural fluid
analysis revealed empyema, likely due to direct
extension of the pyogenic liver abscesses. The chest
tube did not resolve the pleural effusion and the
patient subsequently developed a trapped lung. He
underwent evacuation of the pleural fluid and partial
decortication with a VATS procedure. He developed 2
more abdominal abscesses, and one pelvic abscess, all
required percutaneous drain drainage with resolution. A
2D trans-thoracic echocardiogram was unremarkable,
apart from a mild pericardial effusion. The patient was
placed on Ⅳ Ertapenem for 8 wk and discharged home
in stable condition. Repeat imaging during out-patient
follow-up showed complete resolution of his abscesses
after 9 wk of treatment (Figure 1B).

DISCUSSION
Liver

The two most common types of liver abscesses
are: PLA and amebic abscess. PLA is defined as an
[1-3]
encapsulated mass containing purulent material .
Incidence varies with geographical location; PLA are
more common in developed countries whereas amebic
abscess are more common in developing countries.
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For PLA the reported incidence in the United States is
[4,5]
3.6 out of 100000 people . The right hepatic lobe
is the most common site of involvement, due to its
larger size and having greater blood supply when
[6]
compared to the left and caudate hepatic lobes .
PLA are more commonly polymicrobial rather than
[5]
monomicrobial. Meddings et al , evaluated close to
18000 patients with PLA in the United States; and
found the most commonly recorded bacterial infections
were: Streptococcus species (29.5%) and Escherichia
coli (18.1%). Of note, Taiwan had the highest reported
incidence at 17.6 out to 100000 people, with Klebsiella
being the most prominent bacterial organism being
found. Anaerobic species are also not uncommon in
such patients, with Bacteroides being most commonly
isolated. Anaerobes are probably under-reported
because of difficulty associated with culturing them.
There are only a few case reports, which report
fusobacterium as the causative organism. Of the
[5]
two large PLA studies done by Meddings et al and
[7]
Chuang et al , none of them were reported to have
been caused by Fusobacterium.
Liver abscess can occur from three mechanisms:
(1) dissemination via the portal venous system is
most common cause of pyogenic liver abscess. Intraabdominal infections in portal bed region organes,
result in septic thrombophlebitis causing micro-abscess
formation in the liver. These micro-abscesses later
coalesce to form larger single or multiple abscesses;
(2) biliary tract disease such as biliary duct stone,
stricture or malignancy, results in direct extension
of infection through biliary channels to liver; and (3)
hematogenous spread from systemic bacteremia
can result from endocarditis, septic thrombophlebitis
[8]
(Lemierre’s syndrome) or periodontal infections .
Notable risk factors for PLA include: diabetes
mellitus, liver transplantation, intra-abdominal
malignancy, biliary tract procedures, and immune
[9]
system suppression . Several recent studies from
Taiwan mention an association between Klebsiella
pneumoniae and colorectal cancer. Their studies show
patients diagnosed with PLA had a fourfold increase in
gastrointestinal malignancy, of which colorectal cancer
[10-15]
was the most common
.
Treatment of PLA includes prompt initiation of
intravenous antibiotics and drainage of purulent
material. The preferred method is via percutaneous
drainage, with needle aspiration being an inferior
choice due to requirement of repeated aspirations.
Surgical intervention is recommended for: abscesses
> 5 cm, gas forming organism, or biliary fistulization.
Empiric broad spectrum intravenous antibiotics should
include one of the following: ampicillin/sulbactam,
ceftriaxone plus metronidazole, or meropenem.
Definitive therapy is based on speciation of isolated
organism. Recommended duration of antibiotics varies,
usually ranging from 2-6 wk; depending on clinical
improvement and resolution of abscess seen on CT
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imaging .

Fusobacterium

The genus Fusobacterium currently includes 13 species
[16,17]
and belongs to family bacteroidaceae
. Most
common species of Fusobacterium responsible for
human infections are Fusobacterium necrophorum (F.
necrophorum) and F. nucleatum. Fusobacterium is
a nonsporeforming, nonmotile, gram negative small
[17,18]
spindle-shaped rod
. F. nucleatum is part of normal
[18,19]
oral flora
. Fusobacterium species possesses
outer membrane proteins like other gram-negative
[17]
bacteria . The Lipopolysaccharides in the outer
membrane proteins can act as endotoxins and provide
other antigenic properties such as adhesion and coaggregation which helps in invasion of the tissue and
[17]
contribute towards virulence .
In 1936, Dr. Lemierre was the first to describe
a periodontal source leading to septicemia from
Fusobacterium. F. necrophorum is associated with
younger healthy population while nucleatum is mostly
associated with older patients with chronic medical
[20]
conditions . F. nucleatum had been associated with
infections such as tropical skin ulcers, peritonsillar
abscesses, pyomyositis, septic arthritis, bacteremia,
intrauterine infections, bacterial vaginosis, urinary
tract infections, pericarditis, endocarditis, myocarditis,
[17,21]
and pulmonary infections
. F. Nucleatum has
also recently been implicated as causative agent in
[16]
chorioamnionitis and idiopathic preterm labor .
Association of F. Nucleatum infections with GI tract
malignancies is attributed to the breach in mucosal
[18]
lining resulting in invasive infections .
Annual incidence of Fusobacterium infections is
[20]
between 0.6-3.5 cases per 1000000 people . Su
[22]
et al
pointed out that most Fusobacterium blood
stream infections were from nucleatum species.
Community acquired F. nucleatum infections tend to
be more polymicrobial as compared to nosocomial
[23,24]
which are almost always monomicrobial
. Risk
factors for poor prognosis were presence of comorbid
conditions such as diabetes mellitus, renal failure,
[18,20]
dialysis and malignancy
. Nosocomial bacteremia
was a significant mortality predictor with rates as high
[18]
as 84% in one study . F. nucleatum bacteremia
without identifiable source is not uncommon. In such
[18]
cases, a GI tract malignancy is often found .
The fusobacteria species are broadly susceptible to
commonly used antibiotics, but reports of increasing
resistance to: vancomycin, neomycin, erythromycin,
amoxicillin, ampicillin, and phenoxymethylpenicillin;
[17]
have emerged . Recently some resistant patterns
to quinolones had been identified with fusobacteria
[16]
isolated from oral flora of dogs and cats . An accurate
identification of fusobacterium species is critical not
only for taxonomic reasons but also for appropriate
treatment of infection, since the susceptibility of
different Fusobacterium species to antibiotics varies
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[17]

widely . Only 13 cases have been reported of liver
abscesses caused by F. nucleatum, 12 of which were
in immunosuppressed individuals, and 1 mentioned
[25]
by Kajiya et al
was an elderly immunocompetent
[26-29]
individual
. Apart from our case, no other case
has been reported in an otherwise young and healthy
immunocompetent patient.
Pyogenic liver abscess from fusobacterium is a rare
diagnosis and behaves clinically like any other anaerobic
body cavity infections. It presents with fever, chills
and weight loss in most cases. Surprisingly, jaundice
[8]
and RUQ pain are inconsistent findings . Course is
indolent which could be used as a clinical clue on initial
presentation. Necrosis of the tissue with putrid discharge
and abscess formation are seen in later stages of the
disease. Anemia and weight loss are indicators of long
standing chronic infection. The spectrum of infections
that can occur with Fusobacterium species is broad
and carry a high mortality if untreated. Suspicion for
anaerobic infections such as Fusobacterium should
be kept high when a host with risk factors presents
with indolent disease course. Also it should be kept in
mind that while often seen in immunocompromised
individuals, it can present, as in our case, in otherwise
healthy individuals. It is postulated the patient got this
invasive strain from possible plaques and/or minor oral
cavity manipulation during routine dental cleaning.
Prompt drainage along with empiric anaerobic coverage
is recommended initially. The sequelae of this condition
are fatal, prompt diagnosis and treatment with source
control being the focus are crucial in preventing
mortality.

This case report illustrates importance of recognizing pyogenic liver abscess
as a possible entity in otherwise healthy individuals with no predilection, and
urgent treatment with: drainage and antibiotics.

Peer-review

The author presented a young, immunocompetent patient had liver abscesses
caused by F. nucleatum, a nonsporeforming, nonmotile, gram negative small
spindle-shaped rod. F. nucleatum is a rare cause of pyogenic liver abscess and
high morbidity and mortality will happen if delayed diagnosis and treatment. It is
interesting to readers to keep in mind if same scenario happened.
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Abstract
A 65-year-old male suffering from acute spinal cord
injury leading to incomplete tetraplegia presented
with severe recurrent Clostridium difficile (C. difficile)
infection subsequent to antibiotic treatment for
pneumonia. After a history of ineffective antimicrobial
therapies, including metronidazole, vancomycin,
fidaxomicin, rifaximin and tigecycline, leading to
several relapses, the patient underwent colonoscopic
fecal microbiota transplantation from his healthy son.
Four days subsequent to the procedure, the patient
showed a systemic inflammation response syndrome.
Without detecting an infectious cause, the patient
received antimicrobial treatment, including tigecycline,
metronidazole, vancomycin via polyethylene glycol and
an additional enema for a period of seven days, leading
to a prompt recovery and no reported C. difficile
infection relapse during a 12 wk follow up.
Key words: Clostridium difficile infection; Spinal cord
injury; Fecal microbiota transplantation; Systemic
inflammatory response syndrome
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A 65-year-old male suffering from incomplete
tetraplegia presented with severe recurrent Clostridium
difficile (C. difficile) infection subsequent to antibiotic
treatment of pneumonia. After several antimicrobial
therapies with subsequent relapses, the patient
underwent colonoscopic fecal microbiota transplantation
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from his healthy son. Four days later, the patient
showed a systemic inflammation response syndrome.
Without detecting an infectious cause, the patient
received antimicrobial treatment, including tigecycline,
metronidazole, vancomycin via polyethylene glycol and
an additional enema, for a period of seven days, leading
to prompt recovery and no reported C. difficile infection
relapse during a 12 wk follow up.

Table 1 Antibiotic treatment prior to fecal microbiota
transfer procedure
Episode
1

2
3
4
5
6

Brechmann T, Swol J, Knop-Hammad V, Willert J, Aach
M, Cruciger O, Schmiegel W, Schildhauer TA, Hamsen U.
Complicated fecal microbiota transplantation in a tetraplegic
patient with severe Clostridium difficile infection. World J
Gastroenterol 2015; 21(12): 3736-3740 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i12/3736.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i12.3736

7

Dose

Administration
route

Length

Vancomycin
Vancomycin
Metronidazole
Fidaxomicin
Rifaximin
Tigecycline
Rifaximin
Tigecycline
Vancomycin
Rifaximin
FMT-procedure

4 times/250 mg
2 times/2 g
3 times/400 mg
2 times/200 mg
3 times/400 mg
1 time/50 mg
3 times/400 mg
1 time/50 mg
2 times/2 g
3 times/400 mg

PEG
Enema
PEG
PEG
PEG
iv
PEG
iv
Enema
PEG

10 d
10 d
10 d
10 d
10 d
10 d
14 d
7d
7d
10 d

PEG: Polyethylene glycol; FMT: Fecal microbiota transfer.

fracture. However, high level incomplete tetraplegia
(American Spinal Injury Association impairment scale
C) persisted so that intermittent mechanical ventilation
via tracheostoma and enteral feeding via gastric tube
[polyethylene glycol (PEG)] became necessary. After
several weeks of intensive care treatment, transfer
to a general ward was possible. The patient received
antibiotic treatment (co-trimoxazole and imipenem)
because of a ventilator-associated pneumonia. As a
consequence of this, 10 wk post trauma, he presented
with watery diarrhea. An Elisa immunoassay detected
C. difficile toxin A and B and polymerase chain reaction
as a nucleic acid amplification method distinguished C.
difficile ribotype 027.
Several therapeutic protocols including metronidazole,
vancomycin, fidaxomicin, rifaximin and tigecycline in
different forms of applications and combinations were
administered (table 1). Treatment was initiated with
vancomycin via PEG 250 mg 4 times a day and via
clyster. Metronidazole was added via PEG 400 mg
3 times a day. No vancomycin tapering was done.
Fidaxomicin was given using 200 mg via PEG two times
a day for 10 d. Due to the next relapse, the patient was
treated with rifaximin 400 mg three times a day via
PEG for 2 wk. After the next relapse, he was treated
with tigecycline intravenously for 10 d combined with
vancomycin 2 g via clyster.
None of the above succeeded in resolving the
symptoms. A total of six relapses occurred, four
of which were confirmed by toxin testing in a stool
sample. Two episodes without microbiological proof
were highly probable by clinical evaluation. Two of the
recurrences matched the criteria of severe CDI.
After the sixth treatment failure and renewed
cultural proof of CDI, we decided to transfer fecal
microbiota. The son, as a healthy first degree relative,
gave informed consent for FMT. He reported no
antibiotic treatment in the last three months prior
to the procedure. Additional testing for infectious
diseases (anti-hepatitis A virus, anti-hepatitis B core,
hepatitis B surface antigen, anti-hepatitis C virus,

INTRODUCTION
The recurrence rate of Clostridium difficile (C. difficile)
infections (CDI) after adequate antibiotic treatment
remains high and is even more frequent in patients
[1]
who once relapsed . Data analysis of CDI in
spinal cord injured (SCI) patients is insufficient but
recurrence rates seem to be equivalent to the non[2]
SCI population . A recent systematic review provides
evidence that fecal microbiota transfer (FMT) seems to
[3]
be a useful adjunct in the treatment of CDI relapses .
Out of 536 patients enrolled and treated with FMT, 467
(87%) succeeded in showing no further symptoms.
However, success rates vary depending on the site of
administration: 81% (stomach); 86% (duodenum and
jejunum); 93% (cecum and ascending colon); and
84% for the distal colon. No severe adverse events
occurred due to the procedure.
Patients with SCI present with special characteristics
[4-6]
in the course of gastrointestinal diseases
and therefore
[7,8]
the management and treatment is challenging
.
For example, impaired colonic motility leads to
decreased large bowel transport, frequently leading to
[9,10]
constipation or megacolon
. Furthermore, high level
tetraplegic patients (C4 or higher), with more frequent
administration of antibiotics due to permanent or
intermittent dependency on assisted ventilation following
ventilator associated pneumonia, are more susceptible
to colonization with multi resistant bacteria or C.
[11]
difficile infections .
Yet, no special protocols for the treatment of CDI
in tetraplegic patients have been published, so general
regimens are applied. Until now, no FMT procedure
in SCI patients has been described in the available
literature.

CASE REPORT
A 65-year-old male was admitted to our hospital after
ventral spondylodesis of C3 to C5 due to traumatic
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Antibiotic
regimen
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A

B

C

D

E

F

Figure 1 Endoscopic appearance during colonoscopic fecal microbiota transfer procedure. A, B: Severe pseudomembranous colitis in the colon after antibiotic
treatment and bowel lavage; C: Terminal ileum without endoscopic changes; D: Instillation of fecal transplant; E, F: Fecal transplant in pseudomembranous colitis areas.

human immunodeficiency virus, cytomegalovirus,
Epstein-Barr virus, Treponema pallidum) in the serum
and C. difficile toxins A and B, campylobacter spp.,
Shigella, salmonella, Yersinia, pathogenic Escherichia
coli, Adeno-, Rota- and Norovirus, parasites, Cryp
tosporidium/Microsporidium in three independent fecal
samples were negative.
In order to prepare the patient for the FMT
procedure, we omitted antibiotic treatment over a
period of one week and bowel lavage and enema
th
was performed on the 7 day. Fresh donor stool
was immediately transferred to the laboratory in an
airtight container. A portion of 160 g was weighed
and homogenized with isotonic sodium chloride in a
sterile flask. Afterwards, the homogenate was filtered
repeatedly through a sterile gauze pad to remove as
[12]
much particulate matter as possible . The finished
stool slurry was immediately transferred to the
endoscopy unit and administered into the terminal
ileum and colon during colonoscopy. The endoscopic
findings showed severe pseudomembranous colitis
with destruction of large areas of the colonic surface
(see figure 1).
Four days subsequent to the FMT, the patient
experienced fever as part of a severe systemic
inflammatory response syndrome with shock. Stool
consistency was pulpy but not watery as seen before.
Due to respiratory failure and vasoplegia which
required immediate mechanical ventilation and highdose vasopressor therapy, the patient was transferred
from the intermediate care to the intensive care unit.
Extensive work-up did not reveal any infectious cause.
Whole body CT scan did not show a focus despite the

WJG|www.wjgnet.com

persistent colitis, especially no signs of pneumonia,
empyema or soft tissue infection. Microbiological
testing did not detect C. difficile in the stool sample
and blood and urine cultures did not detect any
bacteria or mycosis. There was no sign of catheterassociated blood stream infection. Echocardiographic
examination did not show endocarditis.
We initiated calculated intravenous antibiotic
therapy, including tigecycline and metronidazole as well
as vancomycin via PEG and an enema, for a period
of seven days. The respiratory and cardiovascular
situation improved shortly after initiation of the
treatment. In the following weeks, the patient did not
receive any further antibiotic therapy. Weaning from
ventilation was successful within the next weeks,
enabling transfer of the patient to a specialized
rehabilitation clinic. No recurrence of watery diarrhea
or CDI-like symptoms occurred in the following twelve
weeks subsequent to the FMT procedure.

DISCUSSION
Only very few adverse events associated with FMT
have been described in the available literature so
[13]
far, focussing on general population . In more than
200 fecal transplantation procedures at the Academic
Medical Centre of Amsterdam, The Netherlands, and
more than 3000 at the Centre for Digestive Diseases in
Sydney, Australia, no serious adverse event have been
reported. Most patients treated with FMT experienced
diarrhea on the day of the procedure and only a
minority of the patients reported belching, abdominal
cramping or constipation. These observations coincide
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with published case reports and series of FMT for
[14,15]
CDI
; adverse events were reported for only 3 of
317 patients (upper gastrointestinal tract bleeding,
peritonitis or enteritis). In another case report,
nasoduodenal FMT for Crohn’s disease resulted in
transient adverse effects, such as fever and abdominal
tenderness in three out of four patients. However, the
symptoms were temporary and ceased spontaneously
[16]
in the following two days post FMT . A case report
[17]
by Borody et al , in which FMT was administered
during colonoscopy, does not describe any side effects
due to the procedure. Substantially, long-term follow
up studies state FMT as a safe and feasible procedure
[18]
without major adverse events .
Due to impaired bowel function, among other
characteristics, patients with spinal cord injury are
a challenging population. In particular, CDI in SCI[19]
patients seems to take a more severe clinical course .
Furthermore, bowel preparation as the initial step of
[8]
FMT is less effective , which may lead to deterioration
of the FMT outcome.
This case emphasizes that FMT is feasible and
effective in the treatment of CDI in tetraplegic patients;
however, possible adverse and even severe adverse
events have to be taken into consideration. In a
population of ninety-nine immunosuppressed patients,
severe adverse events occurred in 15% of the patients,
including one procedure-associated and one non
[20]
procedure-associated death . Astonishingly, infection
has not been the leading problem. Although our
patient showed symptoms of systemic inflammation
response syndrome, an infectious cause was not
identified during the extensive diagnostic work-up. We
hypothesize that some bacteria, possibly C. difficile,
might have passed the severely destroyed mucosal
layer during colonoscopy of the insufficiently prepared
large bowel. The assumed transient bacteremia may
be avoidable by performing FMT using a nasojejunal
tube.
Although the cause remained uncertain, the treatment
for septic CDI using metronidazole, vancomycin and
tigecycline was initiated. With the absence of diarrhea 12
wk after the FMT procedure, the enterocolitis is considered
to be in remission, emphasizing that antibiotic treatment
after FMT did not lead to a relapse of CDI in the sense of
[21,22]
the international definition
.
To our knowledge, this is the first case reporting
successful fecal microbiota transfer in a SCI-patient
with recurrent CDI. Severe adverse events, although
rarely described in literature, have to be considered
subsequent to FMT, especially in patients with further
impairments of bowel function. In cases of tetraplegic
patients, oral administration of the stool suspension
might be more feasible than through a colonoscope
due to the impaired bowel cleansing prior to the
procedure and therefore a higher microbial load.
However, antibiotic treatment after FMT does not
necessarily deteriorate the outcome of fecal microbiota
transplantation.
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COMMENTS
COMMENTS
Case characteristics

A patient with acute spinal cord injury leading to incomplete tetraplegia
developed recurrent diarrhea after antibiotic treatment of ventilator associated
pneumonia.

Clinical diagnosis

Relapsing Clostridium difficile (C. difficile) infection (CDI) was likely.

Differential diagnosis

After several regimens to treat CDI, fecal microbiota transplantation (FMT) was
planned and undertaken.

Laboratory diagnosis

An ELISA detected C. difficile toxins A and B, polymerase chain reaction proved
C. difficile ribotype 027.

Imaging diagnosis

Colonoscopy during FMT showed pseudomembranous colitis, a computed
tomography scan four days later revealed severe colitis; all other examinations
did not show pathological signs.

Treatment

Relapsing CDI was treated by FMT, which four days later resulted in a
systemic inflammatory response syndrome (SIRS); subsequent treatment with
tigecycline, rifaximin and vancomycin led to prompt complete recovery.

Related reports

There is an increasing interest in the literature in FMT but descriptions of
complications are scarce. Furthermore, several special groups of patients have
been treated with FMT but no tetraplegic patient with functional abnormalities of
the gastrointestinal and colonic tract has been described so far.

Experiences and lessons

The authors report the first case of FMT in a tetraplegic patient and describe a
possible, procedure related serious adverse event.

Peer-review

This is an interesting case report of CDD treated with FMT in a patient with
acute spinal cord injury who had been previously treated with antibiotics.
The paper is well written and the case is interesting and potentially useful for
readers.
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Core tip: This is the first reported case of Bacillus
thuringiensis as the suspected causative agent of

rapidly progressive and fatal phlegmonitis of the
esophagus, stomach, and duodenum in patient in
an immunocompromised state. Even low-virulence
bacilli may be a causative pathogen of gastrointestinal
phlegmonitis in patients in an immunocompromised
state.
Matsumoto H, Ogura H, Seki M, Ohnishi M, Shimazu T.
Fulminant phlegmonitis of the esophagus, stomach, and
duodenum due to Bacillus thuringiensis. World J Gastroenterol
2015; 21(12): 3741-3745 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i12/3741.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3741

INTRODUCTION
Phlegmonous gastritis is a rare acute and occasionally
fatal bacterial infection of the gastric wall. Although
a number of different bacterial organisms have been
implicated as etiologic agents, Bacillus thuringiensis
has not been reported as such an agent. We report
a case of fatal phlegmonous gastritis with Bacillus
thuringiensis suspected as the pathogen of intestinal
infection. To the best of our knowledge, this is the first
reported case of this type.

Abstract
We report a case of phlegmonitis of the esophagus,
stomach, and duodenum in patient in an immuno
compromised state. Culture of gastric juice and blood
yielded Bacillus thuringiensis . This case showed that
even low-virulence bacilli can cause lethal gastrointestinal
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A 74-year-old man experiencing acute epigastric
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Figure 1 Abdominal computed tomography images show rapid progression of gastric wall hypertrophy. Twenty days before onset (A) and at 4 h (B), 6 h (C),
and 10 h (D) after onset. Arrowheads in (D) indicate intramural gas.

pain and nausea after a midnight meal was rushed
to an emergency hospital 1 h after onset. He had
past histories of myelofibrosis and stage Ⅲ multiple
[1]
myeloma . He had neutropenia as a result of
myelosuppressive chemotherapy, and on admission
3
to hospital, his white blood count was 800 cells/mm
3
with an absolute neutrophil count of 300 cells/mm .
Compared with a screening computed tomography
(CT) scan performed 20 d before onset (Figure 1A),
abdominal CT performed 4 h after onset revealed
gastric wall hypertrophy (Figure 1B). Abdominal CT
performed 6 h after onset showed continued significant
spread of the wall hypertrophy to the total stomach
(Figure 1C), and upper gastrointestinal endoscopy
revealed ischemic change over the entire gastric
mucosa. He was transferred to our critical care center
9 h after onset. On arrival, his temperature was 36.7°
C, blood pressure was 98/69 mmHg, pulse rate was
113/min, and respiration rate was 36/min, indicating
a shock state and systemic inflammatory response
syndrome. Physical examination found local muscular
guarding in the epigastric area. His blood chemistry
data showed kidney and liver dysfunction, with a
creatinine level of 2.6 mg/dL, alanine aminotransferase
level of 77 IU/L, and aspartate aminotransferase level
of 76 IU/L. Arterial blood gas analysis revealed severe

WJG|www.wjgnet.com

acidosis, with a pH of 7.14 and blood lactate level of
117 mg/dL. Abdominal CT performed at 10 h after
onset showed progression of wall hypertrophy to the
lower esophagus and total stomach and duodenum
and the presence of intramural gas (Figure 1D,
arrowheads). Contrast enhancement of the gastric
wall was very poor. Repeat upper gastrointestinal
endoscopy showed extensive ischemic change to
the mucosa and necrosis extending from the lower
esophagus to the stomach and duodenal bulb
(Figure 2). A diagnosis of acute phlegmonitis of
the esophagus, total stomach, and duodenum was
made based on the CT images. Gram staining of the
patient’s gastric juice revealed Gram-positive cocci
and Gram-negative rods, and Gram-positive rods
were also highlighted (Figure 3). We isolated Bacillus
species in both blood and gastric juice cultures and
genetically confirmed them to be Bacillus thuringiensis
by sequencing of PCR amplified products of the groEL
region and by detection of Bt toxins. Therefore, we
diagnosed the patient as having acute phlegmonitis
of the esophagus, stomach, and duodenum due
to Bacillus thuringiensis (B. thuringiensis). MICs
determined with an automated system (MicroScan
WalkAway; Siemens, Munich, Germany) included
gentamicin, < 2 μg/mL (susceptible); cefazolin, <
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Figure 2 Endoscopy images show extensive mucosal ischemic change and extension of the necrosis. A: Lower esophagus; B: Cardia; C: Gastric corpus; D:
Duodenum.

4 μg/mL (susceptible); ciprofloxacin, < 0.5 μg/mL
(susceptible); and imipenem, < 1 μg/mL (susceptible).
Despite mechanical ventilation and treatment with
meropenem (1 g × 3/d intravenously) and fluid and
vasopressor therapy, the patient rapidly deteriorated
due to septic disseminated intravascular coagulation
and multiple organ failure. He died 14 h after arrival (24
h after disease onset).

of the esophagus or duodenum beyond the stomach
is extremely rare. To our knowledge, only 2 cases of
phlegmonous involvement of segments of both the
esophagus and duodenum beyond the stomach have
[4,5]
been reported .
Patients usually present with an acute abdomen
[6]
and septicemia , and rebound tenderness or muscle
[7]
guarding can be observed in advanced cases . Other
symptoms include nausea, vomiting, and prostration.
CT findings also provide supporting evidence for
[8]
the diagnosis . In the present patient, we could
clearly detect for the first time, to our knowledge,
the time-dependent changes of the spread of
fulminant phlegmonitis on screening CT scans. Thus,
CT was useful in the early diagnosis of this patient’s
phlegmonous gastritis.
Submucosal involvement is the most prominent
histopathologic finding in phlegmonous gastritis.
Snare biopsy specimens are generally more useful for
[9]
diagnosis because the submucosa is included , but if
transmural purulent infection is present in advanced
cases, diagnosis may be made by culture of gastric
[10]
juice, other organs, and blood, as in our patient .
Although primarily caused by β-hemolytic group A
Streptococcus, phlegmonous gastritis can be caused
[11]
by many other bacterial organisms . B. thuringiensis,
a naturally occurring organism commonly found in soil,

DISCUSSION
Phlegmonous gastritis is caused by bacterial infection
invading the gastric wall. Phlegmonitis of the stomach
was initially recognized by Cruveilhier in the early
th
[2]
18 century . Although the pathogenesis of acute
phlegmonous gastritis is unclear, several mechanisms
are implicated, such as direct invasion through areas
of injury and by hematogenous or lymphatic spread.
Immunosuppression, alcoholism, achlorhydria, and
[3]
infection are also reported as predisposing factors . We
considered that myelofibrosis, multiple myeloma, and
neutropenia resulting from chemotherapy might have
been involved in disease development as predisposing
factors for our patient’s immunocompromised status.
Phlegmonous gastritis may involve either a
portion of the stomach (localized form) or the entire
stomach (diffuse form). Phlegmonous involvement

WJG|www.wjgnet.com
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hypertrophy to the lower esophagus and total stomach and duodenum and the
presence of intramural gas.

Pathological diagnosis

The authors isolated Bacillus species in both blood and gastric juice cultures
and confirmed Bacillus thuringiensis (B. thuringiensis) by sequencing of PCR
amplified products of the groEL region and by detection of B. thuringiensis
toxins.

Treatment

The patient was treated with mechanical ventilation and meropenem (1 g × 3/d
intravenously) and fluid and vasopressor therapy.

Related reports

Phlegmonous gastritis is caused by bacterial infection invading the gastric wall.
Many bacterial organisms such as Staphylococcus spp. have been implicated
as etiologic agents. Immunosuppression, alcoholism, achlorhydria, and
infection are reported as predisposing factors. Phlegmonous involvement of the
esophagus or duodenum beyond the stomach is extremely rare.

Term explanation

GroEL, one member of the heat shock protein family, which is highly conserved
and essential to Bacillus, and its gene are used for detection and differentiation
of cells belonging to the Bacillus spp. group. B. thuringiensis toxins are proteins
produced by a bacterium that is lethal to insects.

Figure 3 Gram staining of gastric juice from the patient (original
magnification × 1000). Arrows indicate Bacillus thuringiensis.

Experiences and lessons
has been used for almost half a century as a specific
[12]
pesticide against various insects . To our knowledge,
there are no other published reports of intestinal
infection by B. thuringiensis.
Overall, the reported mortality rate for patients with
phlegmonous gastritis with medically treated localized
disease is 17%, whereas that for diffuse disease
[6]
is 60% . Treatment resistance and rapid disease
progression were reported to be associated with high
[7]
mortality . The factors common to all of the survivors
were early recognition and the prompt application of
[13]
antibiotic treatment or surgery .
In summary, in a patient with rapidly progressive
and fatal phlegmonitis spreading to the esophagus,
total stomach, and duodenum, B. thuringiensis was
identified genetically from cultures of gastric juice and
blood and was considered the causative pathogen.
To our knowledge, this is the first reported case of
B. thuringiensis relevant to intestinal infection. Even
low-virulence bacilli may be a causative pathogen
of gastrointestinal phlegmonitis in patients in an
immunocompromised state.

The authors demonstrated for the first time data relevant to intestinal infection
by B. thuringiensis. The data suggest that B. thuringiensis may have been one
of the causes of the lethal pathological condition that occurred in a patient in an
immunocompromised state.
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Monoclonal antibodies against epidermal growth factor
receptor (EGFR) are used in the treatment of advanced
colorectal cancer. However, these agents can induce
severe dermatological side effects that discourage their
administration in patients with chronic dermatological
disease. EGFR plays a key role in normal skin development
and immunological function, and is expressed in various
tissues and organs, although contrarily, it is overexpressed
in psoriasis-related skin lesions. Thus, discussion is
ongoing regarding the putative pathological role and
therapeutic potential of this protein. We herein report on
a patient with advanced colon cancer and concomitant
long-standing psoriasis vulgaris who received antiEGFR antibody monotherapy as a third-line treatment
for metastatic disease. One week after the initiation of
treatment, the patient’s skin lesions dramatically subsided
and the improvement was sustained during therapy.
Based on this case, we propose that anti-EGFR antibody
therapy is not necessarily contraindicated in patients
with psoriasis vulgaris. Moreover, the findings reaffirmed
that EGFR is an important molecule in the pathology of
psoriasis.
Key words: Psoriasis; Cetuximab; Panitumumab; Epidermal
growth factor receptor; Colorectal cancer
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Anti- epidermal growth factor receptor (EGFR)
antibodies are effective in treating advanced colorectal
cancer. However, anti-EGFR antibodies are not generally
used in patients with concomitant chronic skin disease
due to dermatological toxicities. In this case report,
we present a patient with psoriasis vulgaris whose
symptoms lessened during treatment with anti-EGFR
antibody monotherapy for metastatic colon cancer.
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Based on this result, we consider that patients with
concomitant skin disease should still be considered for
anti-EGFR antibody therapy.

A

Okamoto K, Maeda H, Shiga T, Shiga M, Dabanaka K, Hanazaki
K, Kobayashi M. Cetuximab and panitumumab in a patient with
colon cancer and concomitant chronic skin disease: A potential
beneficial effect on psoriasis vulgaris. World J Gastroenterol
2015; 21(12): 3746-3749 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i12/3746.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3746
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INTRODUCTION
Psoriasis vulgaris is a relatively common chronic
inflammatory skin disease, which prevalence is ranging
from 2.2% to 2.6% in the United States and 0.4% in
[1]
Asia . Psoriasis is characterized pathognostically by
well-demarcated and slightly elevated red plaques with
silver or white scale, reflecting the typically increased
[2]
vascularity and keratinocyte hyper-proliferation . Local
therapies are prescribed for mild forms of the disease,
while phototherapy and systemic therapies such as
immunosuppressive drugs and anti-tumor necrosis
factor (TNF) antibody are chosen for moderate-tosevere psoriasis, with recent studies highlighting the
immune system, and particularly the TNF/NF-kB/
interleukin (IL)-23-Th17 axis, as a pathogenic hub of
[1]
psoriasis vulgaris . These studies thus significantly
and directly contributed to the development of a new
treatment strategy for psoriasis.
Elevated serum levels of epidermal growth factor
(EGF) and excessive expression of EGF receptor (EGFR)
in affected skin have also been reported in patients
[3,4]
with psoriasis vulgaris , suggesting pathological
keratinocyte proliferation through the EGFR signaling
pathway. However, to our knowledge, studies on EGF
signaling biology and the potential therapeutic effect
of anti-EGFR antibody are scarce in the psoriasis
[5-8]
literature
. In this case report, we describe a
patient with advanced colon cancer and concomitant
psoriasis vulgaris, who received anti-EGFR antibody
monotherapy using cetuximab and panitumumub.

Figure 1 Improvement in psoriasis vulgaris after anti-epidermal growth
factor receptor antibody monotherapy. A: Clearly demarcated plaques with
silver scales are evident before initiation of cetuximab; B: After initiation of
cetuximab, psoriasis skin lesions remarkably improved, and only erythema was
observed.

marked improvement in his skin lesions. However,
during the treatment, sigmoid colon cancer with
multiple liver and lung metastases was identified.
On presentation to our clinic, he underwent
laparoscope-assisted sigmoidectomy for the prevention
of colonic obstruction and drug therapy with CapeOX
(capecitabine, 4200 mg/d, days 1-14 and oxaliplatin
250 mg/d, 3-wk intervals) in combination with
bevacizumab (anti-vascular endothelial growth factor
antibody, 700 mg/d, 3-wk intervals) and IRIS (S-1,
120 mg/d, days 1-14 and irinotecan, 240 mg/d, 2-wk
intervals) as the first- and second-line treatments,
respectively. During these treatments, the skin lesion
of psoriasis showed neither significant worsening nor
improvement.
At 29 mo after the initial diagnosis, the patient
commenced third-line treatment with cetuximab
antibody (a human-and-mouse chimeric anti-EGFR
monoclonal antibody, 800 mg on day 1, 500 mg on
day 8, and once a week thereafter). Notably, seven
days after the first administration of cetuximab, the
psoriasis showed significant improvement (Figure
1). Subsequently, an allergic reaction necessitated
replacement of the cetuximab with panitumumab
(a fully human anti-EGFR monoclonal antibody,
600 mg/d, 2-wk intervals); however, the skin lesion
improvement was maintained. The third-line treatment
was continued for six months and the best response

CASE REPORT
A 55-year-old male patient was referred to our
department for the treatment of colon cancer. He
was diagnosed with psoriasis vulgaris at 27 years of
age, and since then has received topical therapy with
corticosteroids and activated vitamin D3 analogue,
narrow-band ultraviolet B (NB-UVB) phototherapy,
immunosuppressive drug therapy, and oral etretinate,
resulting in partial and temporary relief of the
symptoms. At the age of 54 years, he received antiTNF antibody therapy and subsequently, showed
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A

B

Figure 2 Effect of anti-epidermal growth factor receptor antibody on liver metastatic lesions of colon cancer. A: Enhanced abdominal computed tomography
showed metastatic lesions throughout the liver, including in the right posterior segment; B: The best response was partial response, with eventual regrowth.

studies and patient data collection focusing on the link
between psoriasis vulgaris and EGFR.
Anti-EGFR antibody is effective in treating KRAS
wild-type advanced colorectal cancer and various kinds
of solid tumors. However, dermatological toxicities such
as papulopustular rash occur in 70%-90% of patients,
with the consequent physical and psychosocial
discomfort potentially resulting in discontinuation of
[14]
treatment . Therefore, anti-EGFR antibodies are not
generally used in patients with concomitant chronic
skin disease, despite the lack of definitive evidence
suggesting adverse skin effects. The case reported
herein now presents important data and supports the
previous experience that the use of cetuximab and/or
panitumumab for colorectal cancer is not necessarily
[6]
contraindicated in patients with psoriasis vulgaris ,
and indeed, suggests that such therapy could be
beneficial for the treatment of psoriasis vulgaris.
Importantly, the currently prevalent treatment with
anti-EGFR antibodies is unlikely to ‘‘cure’’ psoriasis.
[5]
Therefore, the case presented by Trivin et al is quite
attractive in that complete remission of psoriasis was
sustained for more than 6 months after discontinuation
of the treatment.
In conclusion, we experienced a patient with
psoriasis vulgaris whose symptoms lessened during
treatment with anti-EGFR antibody monotherapy for
metastatic colon cancer. We hope that this case report
serves to further clarify the pathogenesis of psoriasis
vulgaris. In addition, patients with concomitant skin
disease should still be considered for anti-EGFR
antibody therapy.

was partial response (Figure 2). The patient showed
grade1 folliculitis on his face as an adverse effect of
cetuximab or panitumumab, although it did not require
treatment. The psoriasis symptoms worsened after
discontinuation of the anti-EGFR monotherapy, and the
patients died five months later.

DISCUSSION
EGFR is expressed in epithelial cells including kera
tinocytes and hair follicles, and plays a critical role
[9,10]
in the development and function of normal skin
.
In addition, skin lesions of psoriasis patient have
[3,4,11]
revealed EGFR overexpression
, suggesting
sustained keratinocyte viability due to EGFR-mediated
hyperstimulation as an underlying mechanism in the
development of psoriatic skin lesions. In support of this
hypothesis, EGFR tyrosine kinase inhibitor used for the
treatment of lung cancer induced some improvement
[12]
[5]
in psoriasis skin lesions , while Trivin et al reported
the regression of psoriasis after combination therapy
with cetuximub and 5-fluorouracil/folinic acid for
metastatic colon cancer. Although this report could not
eliminate the possible effect of 5-fluorouracil, Neyns et
[6]
al later reported marked improvement of psoriasis
during cetuximub monotherapy for the treatment of
metastatic colon cancer.
[8]
Contrarily and surprisingly, Mas-Vidal et al
reported a case of psoriasis developing 12 d after the
initiation of cetuximub treatment and resolving with
discontinuation of treatment, and accordingly, they
suggested a causal association between cetuximub
[13]
and psoriasis. Similarly, Zorzou et al
reported the
unexpected exacerbation of psoriasis after EGFR
tyrosine kinase inhibitor treatment in patients with
squamous cell lung cancer. Although a mechanism for
the development and exacerbation of psoriasis with
[8]
these treatments remains unclear , thresholding
of EGFR signal blockade could induce alterations in
the skin immune system and/or to the activation
of alternative signaling pathways for psoriatic
keratinocyte proliferation in selected patients. In any
case, these inconsistent reports necessitate further
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Case characteristics

A 55-year-old male patient with long-standing psoriasis vulgaris was referred to
our department for the treatment of colon cancer.

Clinical diagnosis

Metastatic colon cancer and psoriasis vulgaris.

Imaging diagnosis

Computed tomography revealed metastatic colon cancer, and dermatological
inspection showed typical skin lesions of psoriasis vulgaris.
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Pathological diagnosis

Postoperative pathological examination revealed typical sigmoid colon cancer
(not described in the manuscript).

6

Anti-epidermal growth factor receptor (EGFR) antibody was effective against
both metastatic colon cancer and psoriasis vulgaris.

7

Treatment

Related reports

The effect of anti-EGFR antibody on psoriasis vulgaris is not well understood.

Experiences and lessons

8

Peer-review

9

For the treatment of metastatic colon cancer, anti-EGFR antibody therapy
should be still considered in patients with psoriasis vulgaris and/or chronic
dermatological diseases.
This report describes a quite rare case of colon cancer and concomitant
psoriasis vulgaris successfully treated with anti-EGFR antibody.
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Abstract
We report a rare case of cytomegalovirus (CMV)
colitis followed by severe ischemic colitis in a nonimmunocompromised patient. An 86-year-old woman
was admitted after experiencing episodes of vomiting
and diarrhea. The next day, hematochezia was detected
without abdominal pain. The initial diagnosis of ischemic
colitis was based on colonoscopy and histological
findings. The follow-up colonoscopy revealed a prolonged
colitis. Immunohistochemical staining detected CMVpositive cells following conservative therapy. Intravenous
ganciclovir therapy led to successful healing of ulcers
and disappearance of CMV-positive cells. The prevalence
of CMV infection is common in adults. CMV colitis is
relatively common in immunocompromised patients;
however, it is rare in immunocompetent patients. In
our case, CMV infection was allowed to be established
due to the disruption of the colonic mucosa by the prior
severe ischemic colitis. Our experience suggests that
biopsies may be necessary to detect CMV and the prompt
management of CMV colitis should be instituted when
intractable ischemic colitis is observed.
Key words: Cytomegalovirus infection; Colitis; Ischemic
colitis; Non-immunosuppression; Infectious disease
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Cytomegalovirus colitis is common in immuno
compromised patients but rare in immunocompetent
patients. In cases where ischemic colitis is prolonged,
it is important to consider cytomegalovirus colitis. This
case report not only represents the colonoscopy and
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pathological findings in immunocompetent patients,
but also applies the method of diagnosing and treating
immunocompetent patients.

A

Hasegawa T, Aomatsu K, Nakamura M, Aomatsu N, Aomatsu K.
Cytomegalovirus colitis followed by ischemic colitis in a nonimmunocompromised adult: A case report. World J Gastroenterol
2015; 21(12): 3750-3754 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i12/3750.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3750
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INTRODUCTION
Cytomegalovirus (CMV) is a well-recognized pathogen,
with 40%-100% of the general population showing
[1]
prior exposure as per serology . However, most
infected adults show no symptoms or occasionally
[2]
show self-limiting infectious mononucleosis . Gas
trointestinal CMV disease usually occurs in immu
[3]
nocompromised patients . CMV colitis is rarely
[4]
reported in non-immunocompromised patients .
Herein, we report a rare case of CMV colitis in an
immunocompetent patient followed by ischemic
colitis and successfully managed by antiviral therapy.

C

CASE REPORT
An 86-year-old woman was admitted following one
day episodes of vomiting (three times) and diarrhea
(three times). The patient denied any recent travel or
changes in medication usage, including antibiotics and
non-steroidal anti-inflammatory drugs. The patient
had a history of diabetes mellitus and hypertension but
no history of inflammatory bowel disease (IBD), renal
failure, valvular disease or coronary artery disease.
General examination revealed a malnourished woman
2
with a body mass index of 19.1 kg/m . Her vitals
included a body temperature of 36.5  ℃, a heart rate
of 81 bpm and blood pressure of 82/49 mmHg. Other
findings were unremarkable, including a soft abdomen
and normal active bowel sounds.
Laboratory results for white blood cells, hemoglobin,
hematocrit, platelets, serum creatinine, total protein,
albumin, aspartate aminotransferase, alanine
aminotransferase and alkaline phosphatase were
within their normal range. C-reactive protein, lactate
dehydrogenase, creatinine phosphokinase, serum
creatinine (Cre) and fasting blood sugar were slightly
elevated at 0.45 mg/dL, 346 U/L, 241 U/L, 0.90 mg/
dL and 190 mg/dL, respectively. The prothrombin
time was within the normal range, while the activated
partial thromboplastin time was short at 20.5 s. Stool
culture at the first visit was not performed.
After admission, the patient had a broad-spec
trum antibiotic via instillation administered. The
next day, diarrhea and vomiting subsided. However,
hematochezia was detected without abdominal pain

WJG|www.wjgnet.com

Figure 1 Endoscopic findings. A: First colonoscopy (day 4), mucosal
hyperemic change with edema, erosion and ulcerations and hemorrhagic friable
mucosa from the descending to sigmoid colon; B: Follow-up colonoscopy after
conservative therapy (day 25); ulcerations remain; C: Follow-up colonoscopy
after ganciclovir therapy (day 46); ulcerations have healed.

the next day. On day 4, colonoscopy revealed acute,
inflamed and friable mucosal changes as well as ulcers
spread widely and annularly from the transverse
colon to sigmoid colon (Figure 1A). Biopsy specimens
taken from the ulcers showed acute exudative colitis
compatible with ischemic colitis. After administration
of the antibiotic fosfomycin calcium hydrate (2 g/d), a
high fever and an elevated white blood cell count were
detected on day 11. Consequently, the treatment was
changed to 2 g/d of cefotiam hydrochloride. A test for
Clostridium difficile toxin in the stool was negative.
Follow-up colonoscopy on day 25 demonstrated
stenosis at the splenic flexure, with a shallow and
circumferential ulcer from the descending colon to
sigmoid colon remaining (Figure 1B). The stenosis
segment, estimated with a contrast medium, appeared
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including saliva, respiratory secretions, urine, blood,
breast milk and semen, and is transmitted by close
personal contact. The prevalence of CMV infections
in the general adult population is approximately
[1]
40%-100% . In normal hosts, primary infection
is usually asymptomatic but can sometimes result
in a syndrome similar to infectious mononucleosis,
accompanied by symptoms such as fever, myalgia,
cervical lymphadenopathy and elevated liver
[4]
enzymes . Several reports have shown that CMV
can cause severe disease in immunocompromised
patients; for instance, patients that have been
treated with steroids, have renal failure, acquired
immune deficiency syndrome, cancer or IBD,
or have undergone bone marrow or solid tumor
[3,5-7]
transplants
. A meta-analysis of CMV colitis
among immunocompetent patients was performed
[4]
by Galiatsatos et al and included 44 cases over 23
years. Only three case reports have been written by
Japanese researchers on CMV colitis after ischemic
colitis in immunocompetent patients.
In our case, abdominal pain, a typical symptom
of ischemic colitis, was not detected. Although the
symptoms with no abdominal pain are atypical in
ischemic colitis, colonoscopy results, location of the
disease and biopsy results were in accordance with
ischemic colitis. Patients with diabetes mellitus often
have a nerve disorder and at times do not feel pain,
even in the presence of myocardial infarction. Our
patient was old and also had a history of diabetes
mellitus, providing a potential explanation for why
abdominal pain was not detected.
CMV target organs include the gastrointestinal
[4]
tract, lung, retina, liver and central nervous system .
CMV can infect the gastrointestinal tract from the
esophagus to the rectum, with the most frequent
site in immunocompetent patients being the colon.
These data are in concordance with those reported
[4]
by Galiatsatos et al . The symptoms of CMV colitis
include abdominal pain, anorexia, malaise, nausea,
[5]
vomiting, diarrhea and bleeding . Colonic perforation,
although uncommon (about 1% of cases), is a
potentially fatal complication in these patients.
Colonoscopy can reveal a range of CMV colitis
related findings, such as shallow, erythematous
erosions or localized ulcers and, less commonly,
plaques, nodules and polyps. Biopsies are essential
because similar findings can be present in other types
of colitis. Pathological examination of the involved
gastrointestinal site typically reveals diffuse ulcerations
and necrosis with scattered CMV inclusions that play an
active role in damaging the colonic mucosa, primarily
[6]
as a result of CMV vasculitis . These characteristics
are consistent with our patient’s pathological findings.
Previously, diagnosing CMV infection required
at least one of the following laboratory methods:
serology, direct detection of CMV pp65 antigen in the
blood or CMV culture. Increase in the serum antiCMV IgM and IgG levels indicates a recent or a past

A

B

Figure 2 Pathological examinations following hematoxylin-eosin and
immunohistochemical staining. A: White arrow shows cytomegalovirus
inclusion bodies (HE staining, × 200); B: Red arrows show cytomegaloviruspositive cells (immunohistochemical staining, × 200).

short and incomplete. Serum CMV IgG and IgM were
seropositive and seronegative, respectively. CMV pp65
antigen was negative. A quantitative polymerase
chain reaction (PCR) assay to detect CMV was not
performed. Histopathological evaluation of the
biopsy specimens from the colonic mucosa revealed
granulation tissue with dilatation of blood capillaries.
Enlarged cells with viral inclusions were observed in the
biopsy specimens (Figure 2A). Immunohistochemical
findings with an anti-CMV antibody showed positively
stained cells (Figure 2B). After diagnosis of CMV colitis,
the patient was treated with intravenous ganciclovir
at 500 mg/d for seven days. A follow-up colonoscopy
on day 46 showed disappearance of the colonic ulcers
(Figure 1C) and stenosis persisting in the descending
colon. A biopsy demonstrated disappearance of the
CMV inclusion bodies and the CMV-positive cells. Figure
3 shows the clinical course of the case. The follow-up
colonoscopy at five months showed normal mucosa,
stenosis in the descending colon and the presence of
inflammatory polyps. The patient is carefully monitored
once a month, has no trouble evacuating the bowels
and remains asymptomatic in November 2014.

DISCUSSION
CMV is a double-stranded DNA virus belonging to
the herpes virus family. CMV infections are common
worldwide due to excretion of CMV in bodily fluids,
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Figure 3 Clinical course of this case. CS: Colonoscopy; CMV: Cytomegalovirus; CRP: C-reactive protein; WBC: White blood cells.

CMV infection, respectively. Although anti-CMV IgG
and IgM serum levels have been previously widely
used at diagnosis of CMV infection, serology and
virus detection tests are not very sensitive and may
not detect the virus despite disease progression.
Culturing CMV from body fluids or tissue samples is
another method, although a time-consuming one with
low sensitivity. Hematoxylin-eosin (HE) staining and
immunohistochemical staining appear to be more
[2]
sensitive than serological or virus isolation tests .
[8]
The HE sensitivity is 10%-87% and CMV inclusion
bodies can be found in biopsy specimens. Recent
usage of PCR assay to detect CMV-DNA has led to
successful diagnosis; however, the technology is not
[9]
commonly available . Therefore, the final diagnosis
relies on histological findings, including the presence of
CMV inclusion bodies, and the immunohistochemistry
or hybridization results. In our case, there was an
increase in the levels of anti-CMV IgG antibodies
despite CMV pp65 antigen being negative. Histological
findings showed CMV inclusion bodies detected in HE
staining. Immunohistochemical staining was positive.
PCR detection was not performed.
Two theories, the primary and secondary, have
been proposed regarding the mechanism of the
pathogenesis of CMV colitis. The primary theory is that
the CMV can proliferate in the vascular endothelial
cells, leading to vasculitis and small vessel thrombosis
[7]
with local ulceration . Furthermore, large vessel
vasculitis may lead to thrombosis and subsequently
to ischemic colitis. According to the secondary
theory, previous diseases, such as ischemic colitis
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or IBD, destroy the colonic mucosa, leading to local
immunosuppression. CMV infection may occur under
such mucosal conditions. In the case of our patient,
severe ischemic colitis preceded CMV infection that
was allowed to be established due to the disruption of
the colonic mucosa by the prior ischemic colitis. CMV
inclusion bodies were detected at the second follow-up
colonoscopy but not at the first colonoscopy.
Ganciclovir is currently a standard anti-viral drug
for the treatment of CMV infection. Both ganciclovir
and foscarnet have shown to significantly improve
the prognosis of CMV disease of the gastrointes
[6]
tinal tract . Unfortunately, ganciclovir can lead to
serious side effects, including myelosuppression,
central nervous system disorders, hepatotoxicity
[2]
and nephrotoxicity . Despite these serious side
effects, Eddleston recommended antiviral therapy for
immunocompetent patients due to poor prognosis in
[10]
the absence of antiviral treatment .
In our patient, CMV colitis prolonged ischemic colitis
and colonoscopy showed severe colitis symptoms.
We correctly diagnosed CMV colitis with positive
immunohistochemical staining. Implementation of
intravenous ganciclovir therapy led to considerable
healing and disappearance of positive immuno
histochemical staining. No ganciclovir-related side
effects were detected. Concerning the stenosis detected
by colonoscopy, we plan to operate or place a stent in
this stenosis when complete obstruction is noticed at
this area.
A secondary CMV infection must be suspected
when prolonged ischemic colitis is noted following
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management of cytomegalovirus in immunocompetent patients.

conservative therapy. Biopsies or PCR tests may be
necessary to diagnose CMV colitis. CMV colitis may be
the cause of more cases of intractable ischemic colitis
than are currently being documented.
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CASE REPORT

Liver transplantation for recurrent posthepatectomy
malignant hepatic angiomyolipoma: A case report
Wen-Tao Wang, Zi-Qiang Li, Gui-Hui Zhang, Yuan Guo, Mu-Jian Teng
cells, adipose tissue, and vessels, and are commonly
found in the kidney and occasionally in the liver. The
preoperative diagnosis of hepatic AML is primarily
made from imaging and fine-needle aspiration biopsy
results, though limited experience for such diagnoses
can result in misdiagnosis. Some uncommon features
of hepatic AML have been reported in the literature
without an objective or qualitative consensus. As the
majority of cases are benign, conservative treatment
of AMLs is recommended. However, in rare cases,
liver transplantation has been implemented. Only five
cases of malignant hepatic AML have been reported.
We report a rare case of recurrent posthepatectomy
malignant hepatic AML that was misdiagnosed as liver
cancer in a 37-year-old woman, which was treated
by liver transplantation. The imaging and pathologic
findings are presented in order to provide a more
concise description to aid in future diagnoses.
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Core tip: Hepatic angiomyolipomas (AMLs) are typically
benign tumors, with rare reports of malignant cases.
Because there is a lack of experience for preoperative
diagnosis, hepatic AMLs can easily be misdiagnosed.
This case report not only presents some characteristics
of hepatic AML and diagnostic indicators of malignancy,
but also describes the successful treatment with liver
transplantation.
Wang WT, Li ZQ, Zhang GH, Guo Y, Teng MJ. Liver trans
plantation for recurrent posthepatectomy malignant hepatic
angiomyolipoma: A case report. World J Gastroenterol 2015;
21(12): 3755-3758 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i12/3755.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i12.3755

Abstract
Hepatic angiomyolipomas (AMLs) are typically benign
tumors containing varying amounts of smooth muscle
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malignancy were found (Figure 2D-F), and the final
pathologic diagnosis was malignant hepatic AML. The
patient recovered well and is currently healthy.

INTRODUCTION
Angiomyolipoma (AML) is a rare mesenchyme-derived
neoplasm that most commonly occurs in the kidney,
but can also be found in the liver. Hepatic AML was
[1]
first reported by Ishak in 1976, and has since been
considered a benign tumor requiring conservative
treatment. However, a malignant case with evidence
[2]
of recurrence has been more recently been reported .
The first case of liver transplantation for hepatic
[3]
AML was reported in 2010 , and only two additional
[3,4]
cases have since been described
. We report a
case of a Chinese woman with recurrent posthepa
tectomy malignant hepatic AMLs who required liver
transplantation. The details of this case will help for
future diagnosis and treatment of malignant hepatic
AML.

DISCUSSION
Of the 200 cases of hepatic AML reported, only five
[2-5]
have described malignancies
, and three with
[5]
hepatic recurrence ; this is the sixth reported case
of malignant hepatic AML. Most of the patients were
asymptomatic, and preoperatively diagnosed from
imaging and fine-needle aspiration biopsy findings.
Because of the rarity of objectively malignant cases,
it is difficult to distinguish benign from malignant
hepatic AML, and subsequently, to determine whether
to treat the patient conservatively or with surgery.
Conservative treatment has been recommended for
the patients with: (1) tumors smaller than 5 cm; (2)
hepatic AML determined by fine-needle aspiration
[6]
biopsy; (3) good compliance; and (4) hepatitis virus .
In contrast, surgery is the only accepted treatment
for patients with: (1) multiple or large, unresectable
lesions; (2) serious life-threatening complications; and
(3) tumors with a malignant potential, for whom liver
[2,7-9]
transplantation is available
.
Liver transplantation has been proposed for
[10]
the treatment of benign liver diseases , but only
approximately 50 cases have been reported worldwide.
However, there are only two reported cases of liver
transplantation for AML. The first case was reported
[3]
by Dumortier et al , describing a patient who died
of multi-organ lesions after liver transplantation. The
[4]
other report by Vagefi et al involved a 20 cm mass,
for which the authors suggested liver transplantation
referral in similar cases because the lesions are not
amenable to resection. However, the tumors in these
two cases were consistent with benign hepatic AMLs.
A model was proposed for predicting malignant
behavior of renal AMLs, incorporating the following
features: ≥ 2 mitotic figures per 10 high-powered
fields, atypical epithelioid cells, atypical mitotic figures
and necrosis; the preoperative diagnostic accuracy rate
[6]
was 78% . In accordance, the case presented here
also showed atypical epithelioid cells, atypical mitotic
figures and necrosis. We also observed cells positive
for human melanoma black-45 and Ki-67, which
have been suggested as indicators of hepatic AML
[7]
malignancy by Mizuguchi et al . However, whether the
predictive model of renal AML is applicable for hepatic
AML requires further research.
Although malignant hepatic AML is extremely rare,
a possible diagnosis should not be ignored. As liver
transplantation has been the method of treatment for
hepatic AML, preoperative evaluation and discussion
must be made with caution.

CASE REPORT
A 37-year-old Chinese woman had been diagnosed
with liver cancer two years before. An abdominal
enhanced computed tomography (CT) scan in
2011 showed a hepatic mass with early-phase
hyperattenuation and late-phase hypoattenuation,
measuring 7 cm × 9 cm in the left lobe (Figure 1A-C).
Magnetic resonance imaging revealed a mass with
hypointensity on T1-weighted, hyperintensity on T2weighted, and hyperintensity on diffusion-weighted
images (Figure 1D and E), and the patient underwent
hepatic resection. Pathologic evaluation of the
specimen indicated that the tumor was a hepatic AML.
The patient was subsequently lost to follow-up
after surgery, during which time she gave birth to a
baby and was not diagnosed during health checkups.
She was admitted to our hospital in 2014 for further
examination of a hepatic tumor that had been found
incidentally during examinations. There was no medical
history of other malignant diseases, and the blood
exams were negative for tumor markers and viral
markers. Enhanced CT showed two hepatic masses
13.0 cm × 12.0 cm and 2.3 cm × 1.8 cm in the right
lobe (Figure 1F and G). On angiography, the tumor was
shown as a circumscribed hypervascular mass (Figure
1H). After transcatheter arterial chemoembolization,
liver transplantation was performed.
The two tumors appeared gray and white; the
larger tumor measured 15 cm in diameter (Figure 2A),
while the smaller one measured 3 cm in diameter.
The diagnosis of hepatic AML was confirmed by
immunohistochemical examination. Most of the
epithelioid cells were immunopositive for human
melanoma black-45 (Figure 2B), and there was
no evidence of vascular invasion or extrahepatic
metastasis. Nuclear atypia and Ki-67 antigenicity
(4%) were found (Figure 2C). Additional indicators of
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Figure 1 Imaging findings. A: The tumor was hypoechoic on computed tomography (CT); B, C: Enhanced CT showed a tumor (7.0 cm × 9.0 cm) with early-phase
hyperattenuation and late-phase hypoattenuation; D, E: Magnetic resonance imaging showed a tumor with hypointensity on T1-weighted, hyperintensity on T2weighted; F, G: Enhanced CT showed two hepatic masses (13.0 cm × 12.0 cm and 2.3 cm × 1.8 cm) in the right lobe; H: Angiography revealed a circumscribed
hypervascular mass.

A

B

C

D

E
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Figure 2 Pathologic findings. A: The tumor occupied a large area of the liver; The tumor was immunopositive for B: Human melanoma black-45 (20 ×); C: Ki-67 (10 ×);
D: Smooth muscle actin (10 ×); E: CD68 (20 ×); F: Hematoxylin and eosin staining showed neoplasm necrosis (4 ×).

Imaging diagnosis

COMMENTS
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Enhanced computed tomography showed two hepatic masses with early-phase
hyperattenuation and late-phase hypoattenuation, measuring 13.0 cm × 12.0
cm and 2.3 cm × 1.8 cm in the right lobe; upon angiography, the tumor was
shown as a circumscribed hypervascular mass.

Case characteristics

A 37-year-old woman with recurrent posthepatectomy malignant hepatic
angiomyolipoma (AML) without symptoms was misdiagnosed with liver cancer.

Pathological diagnosis

Clinical diagnosis

Benign AMLs have little or no mitotic activity, which was present in this case
(human melanoma black-45-, smooth muscle actin- and CD68-positive).

Recurrent posthepatectomy malignant hepatic AML.

Differential diagnosis

Hepatic malignant tumor; Focal nodular hepatic fatty infiltration; Hepatic
hemangioma.

Treatment

WBC, 8.20 k/µL; hemoglobin, 12.10 g/dL; alpha-fetoprotein 1.31 ng/mL; liver
function tests were within normal limits.

Malignant hepatic AML is extremely rare, and there are no proposed models for
predicting malignancy.

The patient received a liver transplantation.

Related reports

Laboratory diagnosis
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Term explanation

4

Experiences and lessons

5

Peer-review

6

AML is a rare mesenchyme-derived neoplasm, typically seen as benign tumors
in the kidney, but can also be found in the liver.
This case report not only presents the features of malignant hepatic AML, but
also applies liver transplantation as a treatment method.
The authors of the case report entitled “Liver transplantation for recurrent
posthepatectomy malignant hepatic AML” present a problem of the use of liver
transplantation as a method of treatment of liver malignant tumors. this case
report is well written.
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CASE REPORT

Gastritis cystica profunda in a previously unoperated
stomach: A case report
Xiong-Fei Yu, Li-Wen Guo, Shi-Tu Chen, Li-Song Teng
computed tomography and magnetic resonance
imaging showed the gastric wall of the greater
curvature of the antrum was markedly and irregularly
thickened, and mild to moderate enhancement was
observed around the lesion with no enhancement in the
central portion, suggestive of a gastrointestinal stromal
tumor. The patient underwent a distal gastric resection
of the 2.5 cm × 1.5 cm lesion. A postoperative
pathologic examination showed dilated cystic glands
in the muscularis mucosa and submucosal layers and
erosion of the mucosal surface of the tumor, confirming
the diagnosis of gastritis cystica profunda without
malignancy.
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Core tip: Gastritis cystica profunda is a rare disease
characterized by polypoid hyperplasia and cystic
dilatation of the gastric glands extending into the
submucosa of the stomach. It is typically only found
in the stomach after gastric surgery, however, we
encountered a rare case of gastritis cystica profunda
in a 43-year-old Chinese woman who had never
undergone gastric surgery. The elevated lesion in the
anterior wall of the gastric antrum was discovered
by endoscopic ultrasonography, and marked and
irregular thickening of the gastric wall was observed
with computed tomography and magnetic resonance
imaging.

Abstract
Gastritis cystica profunda is a relatively rare disease,
usually observed at anastomotic sites in stomachs
of patients that have undergone gastric procedures.
We present the rare case of an elevated lesion in the
anterior wall of the gastric antrum of a 43-year-old
Chinese woman who had never undergone gastric
surgery and had no gastrointestinal tract symptoms.
Although the physical examination and laboratory data
showed no abnormalities, endoscopic ultrasonography
revealed an anechoic cystic structure. Abdominal
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INTRODUCTION
Gastritis cystica profunda (GCP) is a relatively rare,
benign disease characterized by polypoid hyperplasia
and cystic dilatation of the gastric glands that extend
[1]
into the submucosa of the stomach . GCP can
present as upper gastrointestinal symptoms, such as
upper abdominal pain, acid reflux, nausea, anorexia,
or bleeding, though some patients may experience
[2]
no symptoms at all , and can cause massive upper
gastrointestinal hemorrhage and gastric outlet
[3-5]
obstruction in some cases . GCP usually emerges
as giant gastric folds, submucosal tumors, or isolated
polyps and typically occurs at anastomotic sites of
[6]
previous surgeries . Here we report a unique case of
GCP in an asymptomatic patient who had no history of
gastric surgery.

Figure 1 Gastroscopy. An elevated nodular lesion (arrows) with smooth
surfaces was observed in the anterior portion of the gastric antrum.

CASE REPORT
A 43-year-old Chinese woman was admitted to our
hospital for an abnormality of the stomach that
was discovered during a routine medical check-up.
Gastroscopy revealed a mass-like lesion protruding
into the gastric lumen (Figure 1). She had no gas
trointestinal symptoms and no history of abdominal
surgery. Physical examination and laboratory data
showed no abnormalities. Endoscopic ultrasonography
revealed an anechoic cystic structure in the irregularly
thickened stomach wall of the greater curvature of the
antrum (Figure 2). Additional abdominal computed
tomography and magnetic resonance imaging also
showed that the gastric wall was markedly and
irregularly thickened, and enhanced scanning showed
mild to moderate enhancement around the lesion,
suggestive of a gastrointestinal stromal tumor (Figure
3).
A distal gastric resection (Billroth Ⅰ) was performed
to remove the 2.5 cm × 1.5 cm tumor, which had
an eroded mucosal surface. A histologic examination
revealed dilated cystic glands in the muscularis mucosa
and submucosa (Figure 4), consistent with a diagnosis
of GCP without malignancy.

Figure 2 Endoscopic ultrasonography. An anechoic mass with an irregularly
thickened wall was observed in the submucosal lining of the stomach.
[8]

precancerous , as a few cases have been associated
[11-13]
with gastric cancers
and gastric carcinoma with
[14]
lymphoid stroma . There is also evidence that
the development of GCP is influenced by infection
with the Epstein-Barr virus, which was observed in
[14]
both dysplastic and carcinoma areas , and is more
prevalent in gastric cancer tissues from patients with
[11]
GCP .
As GCP is typically found at sites of previous
surgeries, it was suggested that mucosal injury caused
by surgery or the suture technique itself promotes
mucosal prolapse and herniation of glands into the
[15,16]
submucosa
. Interestingly, the patient in the
present case had no history of abdominal surgery, thus
additional factors must have contributed. Mukaisho
[17]
et al found GCP-like mucosal changes in an animal
model of duodenal reflux, of which 76.2% developed
adenocarcinomas at week 80. Repeated erosion of
the stomach lining may give rise to heterotopic cysts,
the surface mucosa of which may be more prone
to further erosion. Additionally, the regeneration of
mucosal epithelium may lead to the development
[8]
of carcinoma . Indeed, GCP lesions may be pre
[13]
cancerous, as Ochiai et al
found that cell kinetics

DISCUSSION
The etiology and pathogenesis of GCP have not been
established, however, lesions are often accompanied
[7]
by severe diffuse chronic gastritis and Helicobacter
[8]
pylori infection . It is thought that inflammation
causes the erosion of the muscularis mucosa, con
sequently leading to the formation of submucosal
cysts. The potassium voltage-gated channel subfamily
E member 2 (KCNE2), an essential subunit of apical
potassium channels in parietal cells, may also be
implicated, as knockout mice exhibit a severe gastric
[9]
preneoplastic phenotype , and the expression of
KCNE2 is negatively correlated with gastric cancer
[10]
formation in humans . GCP is also considered to be
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Figure 3 Radiology. A: Computed tomography; B: Magnetic resonance
imaging of the patient in a prone position showed that the gastric wall of the
stomach at the greater curvature of the antrum was markedly and irregularly
thickened, with mild to moderate enhancement (arrow).

Figure 4 Histology. Hematoxylin and eosin staining of nodular lesion
specimens showed dilated cystic glands (arrows) in the A: Muscularis mucosa (×
50 magnification); B: Submucosal layers (× 400 magnification).
fetoprotein, carbohydrate antigen 19-9), metabolic panel and liver function test
were within normal limits.

were accelerated and gene mutations were enhanced
in GCP lesions, and foveolar glands in GCP can be
[18]
hyperplastic and highly proliferative . Therefore,
patients with non-malignant GCP should continue to
be monitored.
The main treatment for GCP is surgical removal
of the lesion, while minimizing bile reflux into the
stomach. Due to the premalignant nature of the
disease, histopathologic evaluation of the lesion is
recommended. In addition, GCP recurrence after
[19]
surgical resection has been reported . Therefore,
careful long-term follow-up is needed. The case
reported here demonstrates that GCP is not limited
to patients who have previously undergone gastric
surgery, and should therefore be considered for cases
with abnormalities of the stomach mucosa.

Imaging diagnosis

Abdominal computed tomography and magnetic resonance imaging showed
the gastric wall on the greater curvature of the antrum was markedly
and irregularly thickened; enhanced scanning showed mild to moderate
enhancement of the lesion periphery, with no enhancement in the central
portion of the lesion.

Pathological diagnosis

Postoperative pathologic examination showed a 2.5 cm × 1.5 cm lesion with an
eroded mucosal surface, confirming the diagnosis of gastritis cystica profunda
(GCP) without malignancy.

Treatment

The patient underwent a distal gastric resection (Billroth Ⅰ).

Related reports

GCP usually emerges as giant gastric folds, submucosal tumors, or isolated
polyps at the anastomotic sites of previous surgeries. GCP is also more
prevalent in patients with gastric cancer, and can be considered as a
precancerous lesion.

Term explanation

GCP is a rare disease characterized by polypoid hyperplasia and cystic
dilatation of the gastric glands extending into the submucosa of the stomach.

COMMENTS
COMMENTS
Case characteristics

Experiences and lessons

A 43-year-old Chinese woman who had no history of gastric surgery presented
with an abnormality of the stomach by gastroscopy during a routine medical
check-up.

Although GCP is typically only seen in stomachs of patients who have
undergone gastric procedures, it can also develop in stomachs of patients with
no history of abdominal surgery.

Clinical diagnosis

Peer-review

Endoscopic ultrasonography revealed an anechoic cystic structure in the
irregularly thickened stomach wall in the greater curvature of the antrum.

In this article, the authors report a rare case of GCP that developed in that
stomach of patient who had not previously undergone gastric surgery. The
authors also review the clinical pathologic features of GCP. It is a case report
that is of interest to the readership.

Laboratory diagnosis

Complete blood count, serum tumor markers (carcinoembryonic antigen, alpha-
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Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome

IV

Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
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Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
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Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon



Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
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Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
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Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

VI

Qatar
Abdulbari Bener, Doha
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Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
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Sang Wun Kim, Seoul
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid

VII

Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras
Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Inci Alican, Istanbul
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Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
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Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
JK K Limdi, Manchester
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
Sylvia LF Pender, Southampton
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel A Butt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston

VIII

Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
Amy E Foxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego
Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
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Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Li Ma, Stanford
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
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EDITORIAL

Field cancerisation in colorectal cancer: A new frontier or
pastures past?
Abhilasha Patel, Gyanendra Tripathi, Kishore Gopalakrishnan, Nigel Williams, Ramesh P Arasaradnam
of cancer biology, early diagnosis of colorectal cancer
remains elusive. Based on the adenoma-carcinoma
sequence, cancer develops through the progressive
accumulation of mutations in key genes that regulate
cell growth. However, recent mathematical modelling
suggests that some of these genetic events occur
prior to the development of any discernible histological
abnormality. Cells acquire pro-tumourigenic mutations
that are not able to produce morphological change
but predispose to cancer formation. These cells can
grow to form large patches of mucosa from which a
cancer arises. This process has been termed “field
cancerisation”. It has received little attention in the
scientific literature until recently. Several studies have
now demonstrated cellular, genetic and epigenetic
alterations in the macroscopically normal mucosa of
colorectal cancer patients. In some reports, these
changes were effectively utilised to identify patients
with a neoplastic lesion suggesting potential application
in the clinical setting. In this article, we present the
scientific evidence to support field cancerisation in
colorectal cancer and discuss important limitations
that require further investigation. Characterisation of
the field defect is necessary to enable early diagnosis
of colorectal cancer and identify molecular targets for
chemoprevention. Field cancerisation offers a promising
prospect for experimental cancer research and has
potential to improve patient outcomes in the clinical
setting.
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Core tip: There is a great deal of interest in developing
non- invasive tests that are able to detect colorectal
cancer in the asymptomatic population. Most current
research activity is focussed on investigating the
biological changes found in tumour tissue itself. This

Abstract
Despite considerable advances in our understanding
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review evaluates the biological alterations found in
the normal mucosa around a neoplastic lesion and
critically analyses the concept of field cancerisation.
It highlights recent advances and identifies important
molecular targets that could play a role in early colorectal
carcinogenesis. In particular, the available evidence for
field cancerisation is scrutinised and future avenues for
further scientific enquiry are outlined.

FIELD CANCERISATION THEORY DEFINITION AND MECHANISM
Field cancerisation was first described by Slaughter in
[15]
1953 for head and neck squamous cell carcinoma .
It was based upon the observation that a statistically
significant proportion of oral cancers developed in
multifocal areas and often had histologically abnormal
cells surrounding the cancer. Since its inception, field
cancerisation has been applied to several other cancers
[19]
[20]
including cancer of the oesophagus , stomach ,
[21]
[22]
[23]
[24]
lung , bladder , pancreas
and skin . In the
colon, it has been described as “the process whereby
colonic epithelial cells acquire pro-tumorigenic
mutations that are insufficient to cause morphological
[25]
change but which predispose to tumour” . Multiple
mechanisms have been proposed to explain how
a patch of altered mucosa forms around a cancer
(Figure 1). Genetic analysis has revealed that the field
defect consists of a clonal proliferation of a mutated
cell. Based on this observation, it was proposed that
a mutation or epigenetic alteration in stem cells
gives it reproductive advantage so that it generates
clonal descendents that outcompete neighbouring
[26]
stem cells . These stem cells replace other stem
[27]
cells through the process of niche succession
and
eventually, the entire crypt is occupied by the mutant
[28,29]
or epigenetically altered cells
. Crypt fission of this
mutated or epigenetically altered crypt results in a
patch defect (Figure 1A). Other mechanisms include
alteration in the adjacent mucosa by the presence of
the tumour itself or as a result of chemicals released
[30,31]
by the tumour
(Figure 1B). Whilst others have
[32,33]
proposed that, like oral cancer
and bladder cancer,
colonic epithelial cells shed in the lumen at one place
could migrate to another site, seed and give rise to
[16]
synchronous cancer
(Figure 1C). Field changes
could be more widespread which has led some authors
to suggest that dietary exposure, for example, vitamin
B and folate, could alter the methylation state of the
[25]
entire colonic mucosa predisposing it to cancer .
Further investigation is required to elucidate the
precise biological mechanism and causal events that
underly field cancerisation. Despite this, however,
a large body of evidence exists that supports the
presence of a field defect in colorectal cancer.

Patel A, Tripathi G, Gopalakrishnan K, Williams N, Arasaradnam
RP. Field cancerisation in colorectal cancer: A new frontier or
pastures past? World J Gastroenterol 2015; 21(13): 3763-3772
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i13/3763.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i13.3763

INTRODUCTION
Colorectal cancer is the third most common cancer
[1]
worldwide, affecting 1.36 million people and is the
largest killer amongst non-smokers in the United
[2]
Kingdom . The greatest chance of cure is with disease
confined to the bowel wall, hence, early diagnosis
[3]
and prompt treatment are important . It is generally
accepted that cancers develop through accumulation
[4,5]
of mutations in key genes . Traditionally, a three
step process comprising initiation, promotion and
[6,7]
progression was proposed
. Later, it became
apparent that the colonic epithelium undergoes an
ordered sequence of genetic events with corresponding
histological abnormalities on its journey to cancer
[8]
formation . However, several recent analyses have
revealed that the mutations found in colorectal cancer
occur long before the onset of a clinically visible
[9,10]
lesion
. In many cancers, cells have been shown to
acquire pro tumorigenic mutations that are not able
to produce morphological change but predispose to
[11-14]
subsequent malignant transformation
. These cells
can expand creating patches of mucosa which have an
increased risk of developing into cancer. This process
[15,16]
has been described as “field cancerisation”
. It is
a concept that has previously received little attention
in the scientific literature. Most studies investigating
colorectal carcinogenesis have focused solely on the
cancer tissue or assumed that the mucosa adjacent to
[17,18]
the neoplastic lesion is normal
. However, based
upon the field cancerisation theory, characterization
of the biological events that occur in the “mucosa at
risk” could enable identification of the earliest steps in
colorectal cancer formation. This could aid the scientist
in discovery of how neoplasia develops and enable the
clinician to develop more reliable tests to risk stratify
patients. This article discusses the evidence for field
cancerisation, its limitations and its potential clinical
application to improve patient outcome.

WJG|www.wjgnet.com

EARLY EVIDENCE BASED ON THE
TRANSITIONAL MUCOSA
The term “transitional mucosa” was used to describe
the patch of mucosa around a cancer that was
abnormal compared to the rest of the mucosa.
Although field cancerisation had not been formally
proposed at the time, these were some of the early
studies supporting the concept.
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A
Niche succession

Crypt fission

Patch defect

Malignant transformation

B

Alters adjacent mucosa
creating patch defect

Tumour secretes signals

C
Distant seeding to
form patch defect
elsewhere in colon

Tumour cells migrate

Travel in bloodstream

Figure 1 Schematic representation of proposed mechanisms for formation of field defect. A: A mutation or epigenetic alteration in a stem cell (depicted in red)
is inherited by all cells within the crypt through niche succession. Crypt fission results in several crypts becoming biologically altered creating a patch defect. Further
mutation within this field of altered mucosa leads to malignant transformation; B: Tumour secretes chemical signals that alter the adjacent mucosa resulting in a field
defect; C: Malignant cells shed from a tumour travel in the bloodstream and seed in a distant site rendering the mucosa susceptible to malignant transformation.

In 1969, Filipe described abnormal histochemical
[34]
properties in the transitional mucosa
with a
decrease in sulfomucins, usually found in normal
colorectal tissue and concurrent increase in sialomucin
content. Sulfomucins protect against luminal insults
by increasing mucus viscosity which increases the
resistance against bacterial degradation and microbe
[35]
adhesion . Replacement by sialomucin has been
previously observed in colorectal cancer tissue. Based
on the finding of increased sialomucin content in the
transitional mucosa, Filipe proposed that these changes
[36]
could represent an early stage of carcinogenesis .
Further exploration using light microscopy revealed
that there were alterations in crypt morphology and
[37]
cell type within this mucosa. Saffos and Rhatigan
found an increase in the length of the crypts, increased
distension and branching of the crypts and an increase
in the number of goblet cells in the crypt. They were
unable to demonstrate similar changes in tissue
samples taken along the rest of the colon in these
patients. They concluded that these changes were
confined to the rim around the tumour.
In the late 1970’s, several investigators characterised
the ultrastructural properties of the transitional
[38,39]
mucosa
. They found that the crypts were larger in
diameter and composed of larger cells with larger nuclei
compared to those found in the normal colon. There
was also a change in cell distribution with an increase

WJG|www.wjgnet.com

in mature goblet cells in the lower half of the crypt and
an increase in immature goblet cells and “intermediate”
cells in the upper half of the crypt.
Subsequent studies have highlighted alterations
in the nuclear morphology of cells in the transitional
[40,41]
mucosa, often as far as 50 mm from the tumour
.
Many nuclear features were found to differ in the
transitional mucosa compared to that of healthy
controls including total optical density, nuclear area,
chromatin texture, chromatin coarseness, average
optical density and increased tendency of peripherally
[42]
placed chromatin . However, because of the
considerable inter-patient and inter gland variation
in these parameters, the authors cautioned against
the use of any single feature to identify those at
risk. Instead, it was suggested that a combination
of parameters be used to develop a tool for risk
stratifying patients. More recent studies, using
[43]
computer based karyometric analysis
or electron
[44]
microscopy
have confirmed these earlier findings.
Although there are differences in nuclear appearance
of cells in the transitional mucosa, the variability seen
between patients and between samples taken from
the same patient preclude the use of nuclear analysis
as a discriminant factor to risk stratify patients.
Investigators have therefore sought to identify other
biological changes that could be indicative of a field
defect.
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B
Branching and distension
Larger cells and nuclei
More goblet cells
Increased cellular proliferation

Field change
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D

Increased density of organelles
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More elaborate Golgi
Increased heterochromatin formation
and loss of peripheral placement

Field change

Normal

C

Epigenetic modulation

RNA Pol
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Figure 2 Changes in crypt morphology, cellular ultrastructure and epigenetic modulation in the field defect. A, B: Changes in crypt morphology characterised
by increased branching and distension of crypts, increased cell division and a change in proportion of cells with increase in goblet cells; C, D: Changes in the cell
cytoskeleton, organelles and nuclear composition; E, F: Epigenetic modulation of DNA leading to transcriptional silencing of certain genes involved in regulation of cell
division, apoptosis and DNA repair.

the macroscopically normal rectal mucosa of patients
with and without polyps was assessed. The crypt was
divided into five compartments along the longitudinal
axis and the labelling index was calculated for the
entire crypt and each of the five compartments. In
the 22 patients whose polyps recurred, the upper
compartments 3, 4 and 5 demonstrated a significantly
higher labelling index compared to the 33 patients
without recurrence. There was an upward shift in the
proliferative zone of the crypt that was associated
with polyp recurrence. Interestingly, there was no
difference in the labelling index between the first and
second biopsy suggesting that an underlying genetic
defect or persisting environmental insult may have
been responsible for the field defect detected in this
study.

SUPPORTING EVIDENCE BASED ON
CANCER BIOLOGY
Colorectal cancer usually arises from multiple dys
functional cellular processes which enable the cell to
evade homeostatic signals and grow in an autonomous
manner. Similarly, alterations at the genetic, epigenetic
and protein level in a number of cellular processes and
function have been described in the colonic field (Figure 2).

Cellular proliferation and apoptosis

Many studies have demonstrated that there is an
increase in cellular proliferation and concurrent
reduction in apoptosis in the macroscopically normal
[45-48]
appearing mucosa around a malignant lesion
.
Using 3H thymidine autoradiography, the rate of
proliferation in normal mucosa was found to be
significantly higher in patients harbouring a colorectal
cancer or large adenoma compared to those with small
[45]
adenomas or healthy individuals . These changes
were most prominent in the upper third of the mucosal
[47,48]
crypt
and could potentially be utilised as a
predictive marker to identify patients with a neoplastic
[49,50]
lesion
. Not only have these changes in proliferation
been linked to the presence of neoplastic lesions but
they have also been shown to be predictive for the risk
[49]
of polyp recurrence . Epithelial cell proliferation in
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Genetic and epigenetic modulation

The genetic and epigenetic abnormalities found in
colorectal cancer have also been shown to extend
into the macroscopically normal mucosa supporting
the field cancerisation theory. Early studies using
flow cytometry confirmed that mucosa adjacent to
diploid cancers is diploid in nature and in patients with
[51,52]
aneuploid tumours, is often aneuploid
. Similarly,
epigenetic modulation of genes has been found to
differ in patients with classical adenomas compared to
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[53]

those with serrated polyps . These lesions represent
the two different pathways to colorectal cancer.
Classical adenomas are linked to carcinogenesis
that occurs along the CIN (chromosomal instability)
pathway compared to serrated polyps which are the
precursor for the CpG island methylator phenotype
(CIMP) pathway. The authors demonstrated that agerelated methylation was inversely associated with
the presence of classical adenomas compared to
methylation of cancer specific genes that was more
likely in patients with serrated polyps. This suggests
that the background mucosa of these patients had
detectable epigenetic differences that conferred a
predisposition to a specific pathway of cancer prior
to the development of any discernible histological
abnormality.
Differences in expression of genes across a wide
number of cellular processes have been implicated
in the field defect and may potentially play a role in
early tumourigenesis. Based on a 15-gene signature
encompassing genes that play a role in the APC/Beta
catenin, NFκB, cell cycle and inflammation pathways,
significant alterations in gene expression were found
in the normal mucosa of human cancer resection
[54]
specimens, often extending into the margins . In a
further study, based on analysis of a macroscopically
normal appearing rectosigmoid biopsy, this 15-gene
signature could discriminate between individuals with
[55]
and without polyps .
Epigenetic silencing of genes has been implicated
in both mismatch repair deficient and CIMP cancer.
Several investigators have reported epigenetic changes
in the normal colonic mucosa in patients with cancer.
Reduced protein expression of the DNA repair proteins,
mismatch repair endonuclease (Pms2), DNA excision
repair protein (ERCC1) and DNA excision repair protein
XPF (ERCC4) was found up to 10 cm longitudinally
[56]
from the tumour edge supporting the field theory .
[57]
In a study by Shen et al , O-6-methylguanine-DNA
methyltransferase (MGMT) methylation was found in
the normal adjacent mucosa of 50% patients whose
tumours also had methylated MGMT compared to only
6% when MGMT was not methylated in the tumour.
In 10 out of 13 patients, methylation changes were
seen as far as 10 cm away from the tumour and
hypermethylation was more pronounced at 1 cm
compared to 10 cm. These findings raise the possibility
that MGMT methylation may play a role in the field
defect representing an early step in the carcinogenesis
pathway of tumours with hypermethylated MGMT.
Similarly, others have also reported that MGMT
hypermethylation is more likely to be found in the
surrounding mucosa of microsatellite unstable tumours
[58,59]
compared to microsatellite stable cancers
. Other
studies have investigated the methylation profile
of combinations of multiple genes confirming that
the apparently normal mucosal field has undergone
significant epigenetic change that could represent the
[60,61]
earliest stages of colorectal cancer development
.
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Epigenetic modulation through methylation of
micro-RNAs (miR) may also contribute to a field
[62]
defect. Grady et al , found expression of hsamiR-342, a microRNA encoded in an intron of the gene
EVL, is commonly suppressed in human colorectal
cancer. They found methylation at the EVL/hasmiR-342 locus in 56% of histologically normal mucosa
from patients with colorectal cancer compared to only
12% of patients without colorectal cancer. Similarly,
methylation of miR-124a and miR-34b/c in the
histologically normal mucosa, was observed in 59%
and 26% of patients with cancer but was not found
[63]
in patients without cancer or Ulcerative Colitis . In
another study, the level of methylation of miR-137
was found to be higher in the macroscopically normal
mucosa in cancer patients compared to healthy
[64]
controls
(10.3% vs 7.7%, P = 0.035). These
findings suggest that changes at the micro-RNA level
could also play an important role in field defect around
a tumour.
Although, there are considerable genetic and
epigenetic alterations in the “normal” mucosa sur
rounding a cancer, it is not yet clear which of these
changes are most important. Epigenetic changes
are particularly interesting as they can be modified
by changes in diet or pharmacological agents unlike
the germline mutations often linked with cancer.
Elucidation of the specific epigenetic marker that
underlies the field defect could enable specific
chemopreventative agents to be designed to target
these early changes prior to the development of any
precancerous lesions such as adenomas.

FIELD CANCERISATION - POTENTIAL
PITFALLS
Although there is sufficient evidence to support the
field cancerisation theory in colorectal cancer, a
number of pertinent questions remain.

Pre malignant change or a secondary phenomenon?

Similar changes in crypt and cellular morphology to
those observed in the transitional mucosa have also
been described in mucosa adjacent to squamous cell
[65,66]
[66,67]
carcinoma of the anus
, sarcoma of the colon
[67]
and in non-neoplastic lesions such as endometriosis .
This has led to the conclusion that these alterations
do not represent premalignant change but rather, a
reactive phenomenon in response to tumour or nonneoplastic injury such as that induced by inflammation
or necrosis. Early studies showed that the width of
the transitional mucosa was related to the size of the
[36]
tumour where it became larger with increasing stage
of the tumour. However, if these changes precede
cancer formation, it would be expected that as a tumour
grows, it replaces the transitional mucosa from which
it arose resulting in a smaller area containing the initial
cellular changes. Therefore, one would expect that
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the area of the transitional mucosa would be inversely
related to the size of the tumour and the changes seen
in the transitional mucosa would be demonstrated
throughout the entire colonic mucosa. Investigators
were unable to provide evidence to support this
hypothesis which led to the proposal that the transitional
mucosa represents the neoplastic phenotype, however,
is likely to be a secondary phenomenon as a result of
factors released by the tumour. This may also explain
how it was found adjacent to non-neoplastic lesions
which would be expected to release similar growth
factors, in response to the inflammatory process, to
those secreted by the tumour. However, subsequent
studies have successfully correlated genetic mutations
found in the tumour with those demonstrated in the
surrounding mucosa confirming that these tumour cells
share a common clonal origin. Also, the reports of these
changes persisting despite removal of the offending
[49,68]
lesion
suggest that this is a primary phenomenon
rather than reactive change in response to the presence
of a neoplastic lesion. Hence, these field changes are
most likely to be pre-malignant events that represent
some of the very early steps along the path to colorectal
cancer.

induced apoptosis. In other words, the field defect
was not continuous along the entire colon; there
were areas which showed greater changes in rate of
apoptosis, however, these areas did not correspond to
site of previous neoplasia. If these changes occur as a
consequence of the interplay between an underlying
genetic predisposition and environmental insult,
patchy mucosal alterations could be explained by
differences in luminal factors along the colon. Hence,
there would be areas that are more susceptible
to carcinogens found in the lumen or areas where
cells are defective at protecting against the harmful
effects of carcinogens. Further study is required to
characterise the nature of the field defect and examine
the causative agents responsible.

Are these alterations passengers or drivers in
carcinogenesis?

Colon cancers have been found to contain a median
of 76 non-silent sequence mutations of which, only 15
[73]
represent driver mutations . These are mutations
in key oncogenes or tumour suppressor genes that
confer a selective advantage to the cell enabling it
to divide uncontrollably and survive in unfavourable
conditions. In comparison, passenger mutations occur
during normal cell division that takes place to replenish
the colonic epithelium and have no role in driving
carcinogenesis. They can be over-represented in
cancer tissue due to aberrant DNA repair mechanisms
and defective anti-apoptotic machinery. Similarly, it is
difficult to discriminate which of the molecular changes
found in the field defect are integral in driving cancer
formation from those that are innocent bystanders.
[74]
Roy et al , used 4-dimensional elastic light scattering
fingerprinting (4D-ELF) to probe the nanoarchitecture
of colonocytes in the Azoxymethane treated rat model
vs the saline treated rat. They measured 4D-ELF
at different time points and correlated the changes
observed with the emergence of the aberrant crypt
focus. Their finding that changes in 4D-ELF were
apparent 2 wk prior to development of aberrant crypt
foci (ACF) and that they correlated both spatially
and temporally with subsequent development of ACF
suggests that these changes were integral in early
colorectal cancer formation.
Mathematical modelling suggests that it is not the
rate of mutations which is important but rather the
selection of clones of cells with specific advantages
in autonomous growth that drives malignant trans
[75]
formation . It has also become apparent that this
selective advantage is not conferred by mutations
in one or few genes but is the accumulated benefit
of several genes that have low individual selective
[76]
advantage . Therefore, it is crucial that mechanistic
studies are conducted based upon the gene targets
found in the mucosal field to discern the driver
mutations from those that are innocent bystanders.

How far along the colon does a field defect extend?

If the macroscopically normal mucosa is biologically
altered in response to the tumour, it would be limited
to the area immediately in the vicinity of the tumour.
In an early study investigating the field defect based
on histochemical analysis, transitional mucosa was
found in 90/100 cases, extending as far as 17 cm from
[69]
the tumour . The change in sialomucin content that
was identified in the transitional mucosa was found at
the resection margins and in a subset of patients, it
was a direct extension of the zone of altered mucosa
surrounding the tumour. Several other studies have
described biological changes in mucosa as far as 10
[43,70,71]
cm from the tumour
whilst others have reported
that the field defect extends as far as the rectum in
[49,72]
these patients
. Some authors have shown that the
hypermethylation changes observed in the field defect
are more pronounced 1 cm away from the tumour
[57]
compared to 10 cm
whereas others were unable
to corroborate their findings with distance from the
[54]
lesion
Some investigators have proposed that the
field of altered mucosa does not occur in a contiguous
manner but occurs in discrete patches. Bernstein et
[46]
al
measured the bile salt induced apoptosis rate in
68 patients (17 colorectal cancer, 37 adenoma and
14 with neoplasia). Biopsies were taken 20 cm from
the anal verge, caecum and descending colon. Site to
site variability, both between regions of the colon and
adjacent biopsies was greater than the inter-patient
variability for individuals with a history of colorectal
cancer suggesting that there was ‘‘patchiness’’ of
the susceptibility of regions of the colon to bile acid
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CLINICAL APPLICATION

FUTURE DIRECTIONS

Despite some of these shortcomings, field cancerisation
in colorectal cancer is a promising prospect upon
which to develop potentially diagnostic and therapeutic
modalities. Elucidation of the underlying molecular
mechanism could enable more accurate screening
tests to be designed that are able to identify individuals
with a malignant lesion. Current research is focused
on developing tools that are capable of identifying
patients with colorectal cancer based on analysis
of a “normal” biopsy from a distant site. Using light
scattering technology, three manifestations of tissue
[77]
alteration in the colonic field have been shown :
changes in microcirculation [early increase in blood
supply (EIBS)], changes in the extracellular matrix from
abnormal cross linking and alignment of collagen fibres
[as assessed by low coherence backscattering (LEBS)]
and differences in the internal structure of colonocytes
[as assessed using partial wave spectroscopy (PWS)].
EIBS can be detected within 30 cm of a polyp using
a spectroscopic probe on 222 patients undergoing
colonoscopy. The magnitude of EIBS correlated with the
size and proximity of the adenoma. Based on a rectal
biopsy, EIBS was found to be increased in 50% patients
with an adenoma. A logistic regression model using
EIBS, mucosal oxyhaemoglobin and patient age gave a
sensitivity of 83% and specificity of 82% with an AUC
[72]
of 0.88 for the detection of advanced adenomas . A
progressive change from control patients to those with
advanced adenomas was demonstrated using LEBS
[78]
parameters . LEBS was able to discriminate between
patients with and without advanced adenomas with
100% sensitivity, 80% specificity and an AUC of 0.90.
An in vivo study was subsequently performed where a
fibre optic probe was used to measure LEBS parameters
[79]
in the rectum of 574 subjects
and was shown to
reliably identify patients with an advanced adenoma.
Similarly, PWS has been shown to correlate with risk of
[80]
developing colorectal cancer . The differences in EIBS,
LEBS and PWS parameters detected in these studies
were not confounded by demographics, presence of
non-neoplastic lesions or site of adenoma suggesting
true potential for development into a screening tool.
The presence of a field defect may indicate a higher
risk of metachronous neoplastic lesions and could help
to identify which patients require more radical surgery.
Field cancerisation could also be utilized to ascertain
risk of disease progression, hence, could enable risk
stratification of patients with inflammatory bowel
disease or a family history of colorectal cancer. However,
the most exciting use of field cancerisation theory is its
potential application in chemoprevention. Individuals
at risk of malignancy could be identified based on field
defects in their mucosa. Pharmacological therapy could
be developed, targeted at the underlying signaling
pathway, to modify the field change and reduce the
risk of subsequent malignant transformation.

There is considerable evidence in the literature to
support the field cancerisation theory in colorectal
cancer. However, important questions about the
underlying mechanism and extent of the field defect
require further investigation before it can be applied in
a clinical setting.
In other conditions that results in an increased risk
of colorectal cancer such as Ulcerative Colitis, mutations
in KRAS, CDNK2A (p16) and TP53 have been detected
in non-tumour, non-dysplastic and dysplastic epithelium.
In two patients, these changes were detected 4 years
before the development of tumour suggesting that they
represent some of the very early genetic events that led
[81]
to colorectal carcinogenesis .
Furthermore, a recent study using a mouse colitis
model showed persisting epigenetic alteration in the
mucosa despite removal of the toxic insult that initiated
[68]
it . Lessons learnt from these studies could shed
light upon the interactions that take place between the
environment and the mucosa in the journey along the
cancer pathway.
Cancer research has traditionally focused on
characterization of the genetic/epigenetic events that
occur in a malignant cell to understand the processes
that contribute to malignancy. This approach seems
somewhat backwards, especially in a disease where
early intervention is important. Future research needs
to identify early events that occur along the cancer
pathway. Hence, a paradigm shift in scientific enquiry
is required which focusses on the temporal sequence
of mutational events to elucidate early molecular
targets in colorectal cancer. The field cancerisation
theory offers such an approach whereby, based on
the changes occurring in the surrounding mucosa, the
initial events leading to colorectal carcinogenesis can
be discerned.
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EDITORIAL

Helicobacter pylori eradication in gastric diffuse large B cell
lymphoma
Semra Paydas
eradication of this microorganism is effective in these
cases. This entity is biologically distinct from H. pylori
(-) cases and has a better clinical outcome. There are
sufficient data about the complete remission in some of
these cases with brief treatment with antibiotics. With
this strategy, it is possible to save some of these cases
from the harmful effects of standard chemotherapy. It
is time to treat these cases with H. pylori eradication.
However, strict histopathological follow-up is crucial and
histopathological response must be evaluated according
to the scoring system proposed by Groupe d’Etude
des Lymphomes de l’Adulte. If there is no sufficient
response, chemotherapy must be given immediately.
These results suggest that H. pylori dependency and
high-grade transformation in gastric MALT lymphomas
are distinct events.
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Core tip: The association between Helicobacter pylori
(H. pylori ) and gastric mucosa-associated lymphoid
tissue lymphoma has a long history and H. pylori
eradication is the standard of care in these cases. In
recent years, it has been shown that high-grade, earlystage gastric lymphoma may be dependent on H. pylori
and eradication of this microorganism may be curative
in some of the cases with gastric diffuse large B cell
lymphoma. However, chemotherapy is a standard
approach in cases unresponsive to H. pylori eradication.

Abstract
Diffuse large B cell lymphoma (DLBCL) of the stomach
is a heterogenous disease. There are tumors without
histological evidence of mucosa-associated lymphoid
tissue (MALT) lymphoma, which are classified as pure
or de novo DLBCL and those with evidence of MALT,
which are classified as DLBCL (MALT). The association
between Helicobacter pylori (H. pylori ) and gastric MALT
lymphoma and remission with H. pylori eradication
was shown in the 1990s. In recent years, scientists
from Taiwan and others have shown that high-grade
gastric lymphomas may be dependent on H. pylori and
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Diffuse large B cell lymphoma (DLBCL) of the stomach is
a heterogenous disease entity and includes lymphomas
with or without mucosa-associated lymphoid tissue
[1]
(MALT) features in WHO classification . Tumors
without histological evidence of MALT lymphoma, dense
infiltration of centrocyte like cells in the lamina propria,
and typical lymphoepithelial lesions are classified as
pure or de novo DLBCL and those with evidence of
[2,3]
MALT are classified as DLBCL (MALT) . The association
between Helicobacter pylori (H. pylori) and gastric MALT
lymphoma and remission with H. pylori eradication
(HPE) is an old story. In recent years, this association
has been shown in de novo gastric DLBCL and HPE is
effective in this disease. There are sufficient data about
HPE in these cases and it is time to treat these cases
with 2 wk antibiotics and to save these cases from the
harmful effects of standard chemotherapy. For this aim
we can use large-scale data about HPE for MALT and we
must be ready to draw an analogy from gastric MALT
lymphoma for gastric DLBCL.
In the early 1990s, a high incidence of H. pylorirelated gastritis was described by Wotherspoon in
patients with gastric MALT lymphoma. Complete
histological remission of gastric MALT lymphoma by
[4,5]
HPE was detected in five of six cases in 1993 . In
the past 20 years, complete pathological response
(pCR) in H. pylori (+) gastric MALT lymphoma has
[6-9]
been reported in 47%-100% of these patients . The
most important factors in response to HPE are tumor
stage, depth of invasion, and localization, as well as
[8-10]
geographic region
. Lymphoma regression has been
reported in > 80% of cases confined to the submucosa,
and in about 50% of cases with deeper invasion. Distal
lesions are more responsive to HPE than proximal
lesions (92% vs 76%). A higher response rate has
been found in Asian than western populations (84% vs
74%). These factors may also determine the response
to HPE in gastric DLBCL. Another important point is
the use of highly heterogenous pathological response
criteria after HPE in MALT lymphoma studies. Scoring
for histopathological response proposed by Groupe d’
Etude des Lymphomes de l’Adulte, which is European
Gastro-Intestinal Lymphoma Study consensus report,
is the recommended system for MALT lymphomas
and this scoring system must be used also for gastric
[9,11]
DLBCL
.
In previous years, it was believed that MALT is
dependent on H. pylori and this dependency is lost
with high-grade transformation. However, it has been
shown that low-grade MALT lymphomas and highgrade gastric MALT lymphomas remain H. pylori
dependent and potentially can be cured by HPE
[12-14]
only
. In an early German study, pCR by HPE
was reported in seven of eight cases with high-grade
[12]
gastric MALT in 2001 . Long-term results of HPE
in early-stage gastric high-grade transformed MALT
[15]
lymphoma were reported by Chen et al in 2005. pCR
was reported in 64% of cases. After these successful
results about the regression of HG lymphomas with
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HPE, the first prospective study was reported again
[14]
[14]
by Chen et al . The study of Chen et al
reported
treatment with HPE in 16 cases with stage IE, highgrade MALT lymphomas between 1995 and 2000. H.
pylori was eradicated in 15 of the 16 cases and rapid
tumor regression with disappearence of large cells
was seen in 10 of these 15 cases. The response was
found to be adversely affected by the depth of tumor
invasion, as reported in low-grade MALT lymphomas
with an attractive pCR rate (66.6%) with long duration
[3]
(31.2 mo) . This study suggests that high-grade
transformation is not associated with loss of H. pylori
dependency and disappearance of large cells with
HPE. This finding is similar to the results of a study
from Japan in which pCR was found in four of six
cases with high-grade MALT lymphoma restricted to
the mucosa/submucosa, but in only one of four cases
[13]
with invasion beyond the muscularis propria . A
retrospective but larger study was published by Kuo et
[16]
al
3 years ago. Fifty patients with stage IE (tumor
limited from mucosa to subserosa) or stage II1E
(tumor invasion detected in regional lymph nodes) H.
pylori (+) gastric DLBCL between 2002 and 2009 were
treated by HPE. pCR was detected in more than twothirds of the cases with de novo DLBCL and more than
half of those with DLBCL (MALT). Importantly, all the
patients achieving pCR were alive and in remission
[16]
at a median of 7.7 years . These studies are the
cornerstone for HPE in gastric DLBCL. Additionally,
an important study published last year showed
different biology of H. pylori-dependent gastric DLBCL.
It was shown that H. pylori (+) cases had lower
international prognostic score, earlier stage disease,
fewer constitutional symptoms of lymphoma, higher
sensitivity to standard chemotherapy, and better 5-year
event-free survival (EFS) and overall survival than H.
pylori-independent cases. H. pylori negativity was seen
among the six detrimental prognostic factors for EFS,
and CagA expression was related to better response to
[17]
chemotherapy .
Although H. pylori-dependent DLBCL has a better
biology and HPE may be curative in some of these
cases, we must not forget that high-grade lesions
may rapidly progress if they are unresponsive to
HPE. For this reason, cellular and/or molecular
markers predicting H. pylori-independent status of
newly diagnosed high-grade gastric lymphoma are
important. These markers are well known for lowgrade MALT lymphoma and we can make an analogy
for high-grade lesions. t(11:18) is a genetic aberration
predictive for no response to HPE in low-grade
[18-21]
lymphoma
. In contrast, t(11:18) activates the
[22]
nuclear factor (NF)-κB pathway . Aberrant nuclear
BCL10 or NF-κB is predictive of H. pylori-independent
status in low-grade gastric MALT lymphoma with or
[23]
without t(11:18) . However, t(11:18) is uncommon
in gastric DLBCL with or without MALT properties and
the absence of t(11:18) precludes its use in predicting
[21]
[16]
the response to HPE in DLBCL . Kuo et al
studied
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BCL10 and NF-κB in 22 cases with stage IE high-grade
gastric MALT. They found aberrant nuclear BCL10
expression in seven of eight H. pylori-independent
cases and in none of 14 H. pylori-dependent highgrade MALT cases. Additionally, they found NF-κB
expression in all seven cases with BCL10 expression
and in only two of 15 cases without BCL10 expression.
These results suggest that aberrant nuclear BCL10
or NF-κB expression is highly predictive of H. pylori[24]
independent status . In contrast, CD86 expression
is associated with H. pylori- dependent status in high[25]
grade gastric MALT lymphoma . Another important
biological feature is CagA expression, which is more
frequent in H. pylori-dependent cases than H. pyloriindependent cases, and response to HPE is more
[26]
rapid in cases with Cag A expression . These results
identify the candidate patients with gastric DLBCL for
HPE without chemotherapy.
In conclusion, HPE is not limited to H. pyloridependent low-grade MALT lymphoma, and it may
be used in patients with high-grade DLBCL. Essential
points are as follows. (1) all the patients without pCR
after HPE must be immediately treated by standard
chemotherapy; (2) histological sections from a
minimum of six endoscopic tumor biopsies should be
evaluated according to the EGIL consensus. Endoscopic
ultrasound is mandatory for initial staging and CR has to
[16]
be confirmed in two subsequent follow-up biopsies ;
(3) loss of H. pylori dependency and high-grade
transformation are distinct events in the progression of
gastric lymphoma and short-term antibiotics may be
[6]
effective in some cases ; (4) there are many molecular
and biological markers predicting H. pylori dependency.
Markers associated with H. pylori dependency are
INK4A
CD86, CD4 CD56 Treg, p16
, serum/tissue CagA
protein and antibodies. Markers showing no response
to HPE are t(11:18), t (1:14), aberrant BCL10 nuclear
expression, CXCR3, MAD2, miR203, miR 142-5p and
[6]
miR 155 ; (5) H. pylori (+) gastric DLBCL, particularly
with Cag A expression, is H. pylori related and
clinicopathologically distinct from H. pylori-unrelated
[17]
gastric DLBCL ; and (6) CagA (+) cases with DLBCL
[17]
tend to be localized and have a lower clinical stage .
CagA positivity is more frequent in East Asia compared
with western countries and this may be related to
[6,27]
higher response to HPE in eastern countries
.
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EDITORIAL

Current pharmacological therapies for nonalcoholic fatty
liver disease/nonalcoholic steatohepatitis
Yoshihisa Takahashi, Keiichiro Sugimoto, Hiroshi Inui, Toshio Fukusato
manifestation of metabolic syndrome, and its incidence
is rapidly increasing worldwide. It is currently the most
common chronic liver disease. NASH can progress to
liver cirrhosis and hepatocellular carcinoma, and may
result in liver-related death. Currently, the principal
treatment for NAFLD/NASH is lifestyle modification by
diet and exercise. However, pharmacological therapy
is indispensable because obese patients with NAFLD
often have difficulty maintaining improved lifestyles.
The pathogenesis of NAFLD/NASH has not been
completely elucidated. However, insulin resistance,
inflammatory cytokines, and oxidative stress are
thought to be important in the development and/or
progression of the disease. Currently, insulin sensitizers
(thiazolidinediones) and antioxidants (vitamin E)
seem to be the most promising therapeutic agents for
NAFLD/NASH, and lipid-lowering drugs, pentoxifylline,
angiotensin receptor blockers, and n-3 polyunsaturated
fatty acids also have promise. However, there is a
lack of consensus regarding the most effective and
appropriate pharmacotherapy for NAFLD/NASH. Animal
experiments suggest that herbal medicines and natural
products may be promising therapeutic agents for
NAFLD/NASH, but their efficacy and safety are yet to be
investigated in human studies. In this paper, we review
the existing and potential pharmacological therapies for
NAFLD/NASH.
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Core tip: Nonalcoholic fatty liver disease (NAFLD)/
nonalcoholic steatohepatitis (NASH) is considered to be a
hepatic manifestation of metabolic syndrome. Currently,
the principal treatment for NAFLD/NASH is lifestyle
modification by diet and exercise. However, establishment
of pharmacological therapy is indispensable. Currently,

Abstract
Nonalcoholic fatty liver disease (NAFLD)/nonalcoholic
steatohepatitis (NASH) is considered to be a hepatic
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insulin sensitizers (thiazolidinediones) and antioxidants
(vitamin E) seem to be the most promising agents
for treating NAFLD/NASH, and lipid-lowering drugs,
pentoxifylline, angiotensin receptor blockers, and
n-3 polyunsaturated fatty acids also have promise.
However, there is a lack of consensus regarding the
most effective and appropriate pharmacotherapy for
NAFLD/NASH. Here, we review the existing and potential
pharmacological therapies for NAFLD/NASH.

not been completely elucidated, the “two-hit”
[8]
and “multiple parallel hit” hypotheses have been
proposed. In the two-hit hypothesis, hepatic steatosis
occurs first and progresses to NASH by subsequent
second hits. Hepatic steatosis results from an im
balance between triglyceride accumulation and
elimination in the liver. Insulin resistance (IR), which is
frequently seen in obese individuals, is closely linked
to this process, because it alters nutrient distribution
[9]
among tissues and nutrient metabolism . Peripheral
IR leads to an influx of free fatty acids into the liver by
decreased suppression of lipolysis and increased de
[10]
novo lipogenesis . The renin-angiotensin-aldosterone
system plays a central role in IR and is associated
[11]
with NAFLD/NASH . Hepatic inflammation is ca
used by increased levels of inflammatory cytokines
[e.g., tumor necrosis factor (TNF)-α, interleukin-6],
decreased levels of anti-inflammatory cytokines
(e.g., adiponectin), oxidative stress, and endotoxins
originating from intestinal bacterial flora.

Takahashi Y, Sugimoto K, Inui H, Fukusato T. Current
pharmacological therapies for nonalcoholic fatty liver disease/
nonalcoholic steatohepatitis. World J Gastroenterol 2015;
21(13): 3777-3785 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/3777.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3777

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is charac
terized by accumulation of triglycerides in the liver
of patients without a history of excessive alcohol
consumption. NAFLD is classified into simple ste
atosis, in which only hepatic steatosis is observed,
and nonalcoholic steatohepatitis (NASH), in which
intralobular inflammation and ballooning degeneration
of hepatocytes as well as hepatic steatosis are
observed. NASH is a progressive disease and may
[1,2]
lead to liver cirrhosis and hepatocellular carcinoma .
Twenty percent of NASH patients are reported to
develop cirrhosis, and 30%-40% of patients with NASH
[3]
cirrhosis experience liver-related death . Recently,
NASH has become the third most common indication
[4]
for liver transplantation in the United States .
NAFLD/NASH is considered to be a hepatic mani
[5]
festation of metabolic syndrome . The incidence of
NAFLD/NASH has been rapidly increasing globally
in line with the increased prevalence of obesity, and
is currently the most common chronic liver disease.
Recently, the incidence of NAFLD and NASH was
reported to be 46% and 12%, respectively, in a largely
[6]
middle-aged population .
Currently, the principal treatment for NAFLD/
NASH is lifestyle modification by diet and exercise. At
present, there is a lack of consensus regarding the
most useful and appropriate pharmacological therapy.
However, establishment of pharmacological therapy
is indispensable because obese patients with NAFLD
often have difficulty maintaining improved lifestyles.
In this paper, we review the existing and potential
pharmacological therapies for NAFLD/NASH.

PHARMACOLOGICAL THERAPY FOR
NAFLD/NASH
Insulin sensitizers

IR is a major mechanism in the development and
progression of NAFLD, therefore, the potential the
rapeutic effect of insulin sensitizers on NAFLD/NASH
has gathered much attention. Thiazolidinediones
(TZDs) are peroxisome proliferator-activated receptor
(PPAR)-γ agonists and increase insulin sensitivity.
Rosiglitazone and pioglitazone are representative
TZDs. Rosiglitazone was shown to improve steatosis
and aminotransferase levels in patients with NASH in
[12]
a randomized controlled trial . However, usage of
rosiglitazone is restricted because it can increase the
risk of heart attack (ischemic heart disease). Usage
of rosiglitazone is prohibited in Europe according to
the recommendations of the European Medicines
Agency, and it is highly restricted in the United States
based on the recommendations of the Food and Drug
Administration (FDA).
In randomized controlled trials, administration
of 30 or 45 mg/d pioglitazone induced significant
improvements in serum aminotransferase levels and
liver histology (steatosis, inflammation, ballooning, and
Mallory-Denk bodies) compared with placebo in NASH
[13-15]
patients
. However, improvement in the extent of
fibrosis was not significant. American guidelines for
NAFLD have recommended the use of pioglitazone
[16]
in patients with biopsy-proven NASH . Pioglitazone
has side effects including weight gain, edema, heart
failure, and bone density reduction. In addition, it is
reported that the risk of bladder cancer is increased
[17]
if pioglitazone is used for > 2 years . Therefore, the
usage of pioglitazone for new patients is prohibited in
France and Germany. In the United States, the FDA
currently recommends avoidance of pioglitazone if

PATHOGENESIS OF NAFLD/NASH
Understanding the pathogenesis of NAFLD/NASH
is important for the development of suitable drugs.
Although the pathogenesis of NAFLD/NASH has
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active bladder cancer is present, and caution if there is
[18]
history of the disease .
Metformin is classified as a biguanide, and is used
to treat type 2 diabetes mellitus. Metformin increases
insulin sensitivity by decreasing hepatic gluconeogenesis
[19]
and limiting triglyceride production . In pilot studies,
metformin was shown to improve fatty liver disease and
reverse hepatomegaly, steatosis, and aminotransferase
[20]
abnormalities in a mouse model of NAFLD , as well
as improve serum aminotransferase levels and liver
histology including steatosis, necroinflammation, and
[21,22]
fibrosis in NAFLD/NASH patients
. However, in a
subsequent randomized controlled trial, treatment with
metformin for 6 mo showed no significant benefits
compared with placebo in terms of improvement in
liver histology in patients with NAFLD, although it was
associated with a reduction in serum levels of lipids
[23]
and glucose . In a recent randomized controlled trial,
metformin was not superior to placebo in attaining
sustained reduction of alanine aminotransferase (ALT)
[24]
levels in patients with pediatric NAFLD . American
guidelines for NAFLD do not recommend metformin for
[25]
the treatment of adult NAFLD .

reported that dietary supplementation with vitamin
E significantly increases the risk of prostate cancer
[29]
among healthy men . It is necessary to investigate
the long-term prognoses of NASH patients who take
vitamin E supplements.

Lipid-lowering drugs

NAFLD is strongly associated with obesity and
dyslipidemia. Statins prevent cholesterol synthesis
by inhibiting 3-hydroxy-3-methylglutaryl-coenzyme
A (HMG-CoA) reductase, and are used to treat
dyslipidemia. In addition, owing to their possible
anti-inflammatory effects, statins are an option for
[30]
treating NAFLD . Atorvastatin and simvastatin
are representative statins. In a pilot study, serum
aminotransferase and lipid levels were reduced
significantly in all patients with NAFLD by atorvastatin
treatment; however, histological assessment was not
[31]
performed . In a subsequent open-label study, liver
steatosis and NAFLD activity score (NAS) significantly
improved, whereas four of 17 (24%) patients with
biopsy-proven NASH with hyperlipidemia had increased
[32]
fibrosis stage after atorvastatin administration . In
a randomized controlled trial, atorvastatin (20 mg/d)
combined with antioxidants (vitamin C and E) was
effective in reducing the risk of hepatic steatosis by
71% after 4 years of active therapy in individuals
[33]
with NAFLD at baseline . In a randomized controlled
trial, simvastatin treatment did not induce significant
improvement in serum aminotransferase levels, hepatic
steatosis, necroinflammatory activity, or stage of fibrosis
[34]
in NASH patients . Thus, the efficacy of statins for
NAFLD/NASH has not been fully validated. Statins
decrease lipid levels both peripherally and viscerally,
[9]
specifically in the liver . Serum aminotransferase
levels may increase transiently when fat is removed
from the liver. This transient elevation of serum
aminotransferase levels does not progress to liver injury,
and decreased fat deposition in the liver eventually
decreases serum aminotransferase levels. Therefore,
even if serum aminotransferase levels increase shortly
after administration of statins, it is not necessary to
discontinue treatment. American guidelines recommend
against the use of statins for treatment of NASH until
randomized controlled trials have confirmed their
[16]
histological efficacy . However, administration of
statins may be beneficial in improving metabolic status
and reducing the risk of cardiovascular disease.
Ezetimibe is a newer agent that decreases serum
lipid levels by inhibiting cholesterol absorption. It was
reported that combination therapy with ezetimibe
and acarbose (an α-glucosidase inhibitor) for 24
wk improved histopathological findings (steatosis,
inflammation, and fibrosis) in a mouse model of
[35]
NAFLD . In an open-label pilot study, serum
aspartate aminotransferase (AST), ALT, and lowdensity lipoprotein (LDL) cholesterol levels were
significantly improved in NASH patients by treatment

Antioxidants

Many studies have examined the therapeutic effects
of antioxidants on NAFLD/NASH because oxidative
stress is thought to be an important factor for the
progression of NAFLD. Vitamin E (α-tocopherol) is a
fat-soluble vitamin with antioxidant properties. In a
pilot study, daily oral vitamin E administration was
shown to normalize serum aminotransferase and
[26]
alkaline phosphatase levels in children with NASH .
In a large randomized controlled trial, vitamin E
administration (800 IU/d) for 96 wk significantly
improved serum aminotransferase levels, hepatic
steatosis, and lobular inflammation compared with
placebo in adults with NASH and without diabetes.
However, the extent of hepatic fibrosis was not
[15]
significantly improved . In another randomized
controlled trial, administration of vitamin E and C (1000
IU/d and 1000 mg/d, respectively) for 6 mo resulted in
significant improvement in hepatic fibrosis in patients
[27]
with NASH . In a recent randomized controlled
trial, vitamin E (800 IU/d) administration for 96 wk
significantly improved hepatocellular ballooning, but
it was not superior to placebo in attaining sustained
reduction in ALT level in patients with pediatric
[24]
NAFLD . Based on the results of earlier trials in
non-diabetic patients with biopsy-proven NASH, the
American guidelines for NAFLD recommend the use of
vitamin E for non-diabetic patients with biopsy-proven
[16]
NASH . It is important to examine the effects of
vitamin E in NASH patients with diabetes.
It is noteworthy that the long-term safety of
vitamin E is questionable. It was reported that highdosage (≥ 400 IU/d) vitamin E supplements may
[28]
increase all-cause mortality . In addition, it is
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[46]

in this study . In a randomized controlled trial, 2
years treatment with UDCA in combination with vitamin
E improved serum AST and ALT levels and hepatic
[47]
steatosis in patients with NASH ; however, this may
be primarily due to the effects of vitamin E. American
guidelines do not recommend UDCA for the treatment
[25]
of NAFLD or NASH .

with ezetimibe (10 mg/d) for 6 mo. Follow-up liver
biopsies revealed that steatosis grade and NAS also
significantly improved; however, the fibrosis stage
[36]
did not change significantly . In a subsequent
trial, long-term (10 mg/d for 24 mo) ezetimibe
therapy significantly improved serum triglyceride,
total cholesterol, LDL cholesterol, and ALT levels in
NAFLD patients. In that study, histological features
of steatosis, necroinflammation, and ballooning
significantly improved from baseline, but fibrosis stage
[37]
did not significantly improve . In a recent randomized
controlled trial, ezetimibe administration (10 mg/d for
6 mo) improved hepatic fibrosis but increased hepatic
long-chain fatty acid and hemoglobin A1c levels in
[38]
patients with NAFLD .

Angiotensin receptor blockers

The renin-angiotensin-aldosterone system modulates
insulin sensitivity and is associated with pathogenesis
of NAFLD/NASH. Thus, the effects of angiotensin
Ⅱ type 1 blockers (e.g., telmisartan, valsartan
and losartan) on NAFLD have been investigated.
Telmisartan attenuated steatohepatitis progression by
suppressing the infiltration of macrophages into the
[48]
liver in a mouse model of NASH . In a clinical trial,
telmisartan and valsartan decreased serum ALT levels,
homeostasis model assessment as an index of insulin
resistance (HOMA-IR), and NAS in NASH patients
with metabolic syndrome, with telmisartan showing a
[49]
higher efficacy than valsartan for HOMA-IR and NAS .
Combined treatment with losartan and deferasirox
(an oral iron chelator) attenuated progression of
[50]
NASH in rats . In a clinical trial, losartan improved
serum aminotransferase levels and liver histology
[51]
(necroinflammation and fibrosis) . However, in an
open-label trial, combination therapy with rosiglitazone
and losartan conferred no greater benefit than
[52]
rosiglitazone alone with respect to histopathology .
Well-designed randomized controlled trials are needed
to confirm the effects of angiotensin receptor blockers
on NAFLD/NASH. In addition, the use of angiotensin
receptor blockers for normotensive patients requires
caution because of their hypotensive effects.

Pentoxifylline

Pentoxifylline is a methylxanthine derivative and
nonselective phosphodiesterase inhibitor that inhibits
synthesis of TNF-α. TNF-α is thought to be important
in the progression of NAFLD, thus, pentoxifylline has
been investigated as a treatment option for NAFLD/
NASH. In addition, pentoxifylline has recently been
shown to decrease oxidized lipid product levels in NASH
[39]
patients . In pilot trials, administration of pentoxifylline
for 12 mo significantly decreased serum AST and
ALT levels compared to baseline, and this correlated
[40,41]
well with histological resolution in NASH patients
.
However, randomized controlled trials led to mixed
[42]
results. Van Wagner et al reported that administration
of pentoxifylline (1200 mg/d) for 12 mo failed to
reduce aminotransferase levels compared to placebo
[43]
in NASH patients. However, Zein et al
reported that
administration of pentoxifylline (1200 mg/d) for 12
mo improved histological features of NASH (steatosis,
lobular inflammation, NAS, and fibrosis) compared to
placebo. Larger randomized controlled trials are needed
in the future to validate the effects of pentoxifylline on
NAFLD/NASH. Administration of pentoxifylline requires
caution because it causes adverse effects such as
nausea and vomiting.

N-3 polyunsaturated fatty acids

N-3 polyunsaturated fatty acids (n-3 PUFAs) are PPARα
ligands, and are suggested to play a role in improving
NAFLD. Supplementation with n-3 PUFAs ameliorated
hepatic steatosis and the degree of liver injury in a
[53]
rat model of NASH . In a pilot human study, n-3
PUFA supplementation significantly decreased serum
AST, ALT, triglyceride, and fasting glucose levels in
patients with NAFLD compared with those in controls.
Moreover, ultrasonography demonstrated improvement
[54]
of liver echotexture after n-3 PUFA supplementation .
Eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) are major n-3 PUFAs. In a pilot trial, after
administration of highly purified EPA (2700 mg/d) for
12 mo, serum ALT levels and liver histology, including
steatosis, lobular inflammation, ballooning, and
[55]
fibrosis improved in most NASH patients . However,
in a recent phase 2 trial, ethyl-eicosapentaenoic acid
(EPA-E), a synthetic n-3 PUFA, had no significant effect
[56]
on the histological features of NASH . Although many
studies have suggested positive effects of n-3 PUFAs
on NAFLD/NASH, conclusions and recommendations

Ursodeoxycholic acid

Ursodeoxycholic acid (UDCA) is a hydrophilic bile acid
with antiapoptotic and cytoprotective properties. Its
effects on NAFLD/NASH have therefore been examined.
In a randomized controlled trial, 2 years of therapy
with UDCA at a dose of 13-15 mg/kg per day did not
have any significant benefit compared with placebo for
[44]
patients with NASH . In a subsequent randomized
controlled trial, 23-28 mg/kg per day UDCA treatment
for 18 mo failed to improve overall histology in patients
[45]
with NASH compared with placebo . A recent
randomized controlled trial showed that treatment
with high-dose (28-35 mg/kg per day) UDCA for 12
mo improved aminotransferase levels, serum fibrosis
markers, and selected metabolic parameters in NASH
patients, but histological assessment was not performed
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Figure 1 Effects of a Japanese herbal medicines on liver histology in an animal model of nonalcoholic steatohepatitis. A: When db/db mice were fed a
methionine- and choline-deficient (MCD) diet, marked hepatic steatosis and scattered foci of lobular inflammation (arrows) were induced; B: When juzentaihoto was
added to the MCD diet, liver histology markedly improved (hematoxylin and eosin staining).

for n-3 PUFA supplementation are difficult to establish
because the specific quantities and ratios of EPA and
DHA were unclear in most published trials.

trials. In addition, the most effective preparations and
dosages need to be established.

Herbal medicines/natural products

Probiotics and synbiotics

Various herbal medicines and natural products are
known to possess anti-inflammatory and antioxidant
properties, and their effects on NAFLD/NASH have
therefore been anticipated. Japanese herbal medicines
(JHMs) (Kampo medicines) are traditional Japanese
medicines that are integrated into modern clinical
practice. We investigated the effects of four kinds
of JHMs [shosaikoto (TJ-9), inchinkoto (TJ-135),
juzentaihoto (TJ-48), and keishibukuryogan (TJ-25)]
on a mouse model of NASH (methionine- and cholinedeficient diet-fed db/db mice), and showed that TJ-9
and TJ-48 inhibited necroinflammation and fibrosis
[65]
in the liver
(Figure 1). We also found that TJ-9 and
TJ-48, as well as TJ-135, inhibited necroinflammatory
activity in another mouse model of NASH [high[66]
fat diet (HFD)-fed db/db mice] . Recently, it was
reported that bofutsushosan (TJ-62), an anti-obesity
JHM, attenuated the progression of HFD-induced
[67]
NASH in mice . In a small retrospective study, TJ-25
administration led to a significant improvement in liver
injury tests and blood cholesterol levels in all NAFLD
[68]
patients examined .
Resveratrol is a polyphenol with antioxidant, antiinflammatory, antiproliferative, and antiangiogenic
effects, and plays a potentially important role in many
[69]
disorders . It was shown that resveratrol improves IR
and NAFLD severity in rats, and this effect is suggested
to be associated with activation of AMP-activated
[70,71]
protein kinase
.
In an epidemiological study, increased consumption
of green tea was associated with decreased serum
concentrations of total cholesterol and triglycerides and
an increased concentration of HDL cholesterol, together
with a decreased concentration of low- and very lowdensity lipoprotein cholesterol. Increased consumption
of green tea is related to decreased concentrations of
[72]
serum AST and ALT . Green tea extracts attenuated
hepatic steatosis by decreasing adipose lipogenesis and

Probiotics are microorganisms that provide health
benefits when consumed. Prebiotics are chemicals that
induce the growth and/or activity of microorganisms
that contribute to the well-being of their host. Synbiotics
are nutritional supplements combining probiotics and
prebiotics in a synergistic form. Gut microorganisms
play a role in the development of insulin resistance,
[57]
hepatic steatosis, necroinflammation, and fibrosis ,
therefore, the potential benefits of probiotics and
synbiotics on NAFLD/NASH have been suggested. In
2003, treatment with VSL#3 probiotic was reported to
improve liver histology, reduce hepatic total fatty acid
content, and decrease serum ALT levels in an animal
[58]
model of NAFLD . Subsequently, various studies have
shown the beneficial effects of probiotics or synbiotics
[59-61]
on animal models of NAFLD/NASH
. In contrast, in
an open label pilot trial, all subjects who received one
sachet of VSL#3 probiotic daily for 4 mo experienced a
[62]
significant increase in liver fat content . However, the
study had several limitations, including a small number
of subjects and use of only one dose and preparation of
the probiotic compound. No subsequent clinical studies
have reported a similar harmful effect of probiotics.
In a randomized controlled trial, the administration of
probiotic Lactobacillus rhamnosus strain GG (12 billion
colony forming unit/d for 8 wk) significantly decreased
serum ALT levels compared with the placebo in
[63]
pediatric obesity-related liver disease patients . In a
recent randomized controlled trial, administration of
a synbiotic capsule twice daily for 28 wk in addition
to lifestyle modification significantly decreased serum
ALT and AST levels and fibrosis scores, as determined
[64]
by transient elastography compared with placebo .
Although promising results have been obtained in most
of the previous experimental and clinical studies, the
effects of probiotics and synbiotics on NAFLD/NASH
need to be confirmed in larger randomized controlled
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Table 1 Mechanism of action and limitations/demerits of drugs for nonalcoholic fatty liver disease/nonalcoholic steatohepatitis
Drug

Mechanism of action

Insulin sensitizers
Antioxidants (vitamin E)
Lipid-lowering drugs
Pentoxifylline
UDCA
Angiotensin receptor
blockers
n-3 PUFAs
Probiotics and synbiotics
Herbal medicines/natural
products

Limitations/demerits

Improve insulin sensitivity

Obvious side effects (heart attack with rosiglitazone; weight gain, edema, heart failure, and
bone density reduction with pioglitazone)
Attenuate oxidative stress
Long-term safety is questionable (increased all-cause mortality and risk of prostate cancer)
Improve dyslipidemia
The efficacy has not been fully validated in clinical trials
Inhibits synthesis of TNF-α
Randomized controlled trials led to inconsistent results. Side effects (nausea and vomiting)
Antiapoptotic and cytoprotective
Most randomized controlled trials did not show positive effects
properties
Modulates insulin sensitivity
Randomized controlled trials are lacking. Side effects (hypotension)
Activate PPARα
Control gut microbiota
Anti-inflammatory and
antioxidative properties

Specific quantities and ratios of EPA and DHA are unclear in most trials
The most effective preparation and dose have not yet been established
Effects have not been studied in humans

UDCA: Ursodeoxycholic acid; n-3 PUFAs: N-3 polyunsaturated fatty acids; TNF: Tumor necrosis factor; PPAR: Peroxisome proliferator-activated receptor;
EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid.

enhancing hepatic antioxidant defenses in a mouse
[73,74]
model of NAFLD
. In addition, (-)-epigallocatechin3-gallate, the major polyphenol found in green tea,
improved plasma ALT concentrations and hepatic
[75]
steatosis in HFD-fed mice .
The leaves of eucalyptus (Eucalyptus globulus)
and banaba (Lagerstroemia speciosa L.) are used as
traditional remedies for diabetes mellitus. We found that
extracts of these leaves reduced lipogenesis, oxidative
stress, and inflammatory cytokine expression, and
thus inhibited NASH induced by excessive ingestion of
fructose in rats (unpublished data). Reports on positive
effects of herbal medicines and natural products on
animal models of NAFLD/NASH have been increasing,
and human studies are needed in the future.

for NAFLD/NASH, which is an increasingly prevalent
disease.

CONCLUSION
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TOPIC HIGHLIGHT
2015 Advances in hepatitis C virus

Hepatitis C virus and antiviral innate immunity: Who wins
at tug-of-war?
Da-Rong Yang, Hai-Zhen Zhu
on the recognition of these pathogens by several key
sensors. The interferon (IFN) system plays an essential
role in the restriction of HCV infection via the induction
of hundreds of IFN-stimulated genes (ISGs) that inhibit
viral replication and spread. However, numerous factors
that trigger immune dysregulation, including viral
factors and host genetic factors, can help HCV to escape
host immune response, facilitating viral persistence.
In this review, we aim to summarize recent advances
in understanding the innate immune response to HCV
infection and the mechanisms of ISGs to suppress viral
survival, as well as the immune evasion strategies for
chronic HCV infection.
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Core tip: The complex interaction between hepatitis
C virus (HCV) and its host determines which side the
balance tends to be tipped between antiviral innate
response and viral immune evasion. The development
of new cell culture systems and small animal models
for HCV research permits increased understanding of
how the host responds to viral infection and what leads
to HCV evasion of innate immunity. Recent discoveries
in these areas reveal many pivotal factors imparting the
control of viral-induced innate immunity, and facilitate
the development of novel drugs and effective vaccines
for HCV infection.

Abstract

Yang DR, Zhu HZ. Hepatitis C virus and antiviral innate
immunity: Who wins at tug-of-war? World J Gastroenterol 2015;
21(13): 3786-3800 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/3786.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3786

Hepatitis C virus (HCV) is a major human pathogen
of chronic hepatitis and related liver diseases. Innate
immunity is the first line of defense against invading
foreign pathogens, and its activation is dependent
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different subtypes . The different HCV genotypes
exhibit different geographical distributions, differential
responses to therapy and distinct characteristics in
[14]
pathogenesis .
During infection of hepatocytes by HCV, much
progress has been made in understanding how this
enveloped RNA virus enters cells. The first described
[15]
receptors for HCV were the tetraspanin CD81
[16]
and scavenger receptor class B type Ⅰ (SR-BI) .
Glycosaminoglycans and low-density lipoprotein
receptor mediate initial viral binding to hepatocytes
before HCV envelope protein interacts with CD81
[14]
and SR-BI . The cellular protein apolipoprotein E
[17]
(apoE) is needed for HCV attachment to cells . Using
an iterative complementary DNA library screening
approach, two tight junction proteins, claudin-1
[18]
[19]
(CLDN1)
and occludin (OCLN) , were identified as
co-receptors for the later step of HCV entry. Moreover,
the major block to HCV entry of mouse hepatocytes
can be overcome by the expression of human CD81
and OCLN in the context of mouse CLDN1 and SR[19]
BI . Recently, the cholesterol absorption receptor,
Niemann-Pick C1-like 1, the epidermal growth factor
receptor and ephrin receptor typeA2, were reported
as essential HCV entry factors that function after viral
[20,21]
binding
. The membrane-spanning syndecan-1
and cell death-inducing DFFA-like effector B were
[22,23]
also identified as HCV entry cofactors
. However,
the next step of pH-dependent fusion and uncoating,
and release of the viral genome into the cytoplasm is
[24]
poorly understood .
After virion entry into hepatocytes, the internal
ribosomal entry site (IRES) sequence located at
the 5′ end of the untranslated region of the viral
RNA genome is recognized by ribosomes studded
in host endoplasmic reticulum (ER) to mediate viral
[25]
polyprotein translation . The HCV nonstructural
proteins, including NS3, NS4A, NS4B, NS5A, and
NS5B, comprise the RNA replication machinery within
ER-derived structures known as the membranous
[26]
web . Lipid droplets (LDs) are found in replication
sites located at the ER membranous web and play
[27]
a central role in viral RNA synthesis . HCV particle
assembly involves the coordinated action of the ERresident E1-E2 glycoprotein complex, recruitment of
LDs-associated core protein to package viral RNA,
[28]
and several viral and host factors . HCV uses the
lipoprotein production pathway to further assemble
infectious particles and to release them from the
infected cells. AMP-activated protein kinase plays a key
role in regulation of both lipid and glucose metabolism
[29,30]
and is implicated in HCV replication
. Recently,
based on the method of selective evolution of ligands
by exponential enrichment, we screened a series of
[31]
specific aptamers targeting viral proteins Core ,
[32]
[33]
[34]
E1E2 , NS2 , NS5A , respectively. The enzymelinked oligonucleotide assay, based on core-specific
aptamers, can be used to detect serum samples from

INTRODUCTION
Hepatitis C virus (HCV) is a member of the Flaviviridae
family that causes liver disease globally. HCV infects
approximately 170 million people worldwide, with
[1]
3-4 million new infections per year . Following
infection, 20%-30% of infected individuals clear the
virus spontaneously without any therapy during this
phase, while 70%-80% of them become persistently
[2]
infected . The virus replicates in the liver continuously
and establishes intrahepatic persistent infection
progressively, putting patients at risk of hepatic
[3]
fibrosis, cirrhosis and hepatocellular carcinoma .
Although direct acting antivirals (DAAs) have been
introduced recently, PEGylated interferon-α (PEGIFN-α)
plus ribavirin is still the current standard-of-care
therapy for HCV in many treatment centers. However,
only 40%-50% of patients infected with difficult-totreat HCV genotypes achieve sustained viral response
[4]
with PEGIFN-α treatment regimen . A prophylactic
[5]
anti-HCV vaccine is still lacking .
The first immune defense that senses HCV infection
is the intrinsic innate immunity within hepatocytes.
The pattern recognition receptors (PRRs) within the
infected cells sense the virus as non-self and induce
antiviral defenses through activation of downstream
signaling cascades to clear the virus. Evolutionarily,
HCV has acquired strategies to modulate and escape
immune recognition by the host, which contributes to
[6]
HCV persistence . Furthermore, the polymorphisms
in IFNL3 (also referred to as IL28B), as the host
factor, influence both the outcome of infection and
[7-11]
the response to therapy
. The mechanisms that
underlie the different outcomes of viral infection are
still not fully understood, but likely reflect a complex
interaction between the virus and the host during the
immune response. Understanding how HCV activates
or evades innate immune responses is essential
to develop new antiviral approaches and to design
effective vaccine applications to reduce the disease
burden of HCV-induced liver disease and cancer. In this
review, we describe how HCV regulates the antiviral
innate immune response in the hepatocytes and
discuss how virus-host interactions affect the outcome
of HCV infection.

LIFE CYCLE OF HCV
The HCV genome consists of an approximately 9.6
[12]
kb positive single-stranded RNA (+ssRNA) . Its
genome encodes a large polyprotein of about 3000
amino acids that is processed by a combination of host
signal peptidases and viral proteases into 10 individual
proteins, including three structural proteins (core, E1
and E2) and seven nonstructural proteins (p7, NS2,
NS3, NS4A, NS4B, NS5A, and NS5B). Based on the
viral genetic variation of the Core, E1 and NS5B, HCV
is classified into seven genotypes (1-7) and up to 67
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hepatitis C patients . Furthermore, core-specific
aptamers inhibit the production of infectious virus
particles by disrupting the localization of core with
LDs and NS5A, and perturbing the association of core
[31]
protein with viral RNA . Like core-specific aptamers,
the aptamers targeting NS5A also exhibit suppression
of viral production by reversing the interaction of
[34]
NS5A and core . Moreover, NS5A-specific aptamers
[34]
repress the RNA replication of HCV . The aptamers
targeting E1E2 selectively inhibit HCV entry at early
binding step by disrupting the association of E2
[32]
and viral receptors . Interestingly, NS2-specific
aptamers suppress HCV RNA replication, assembly
[33]
and release . These aptamers may hold promise for
the investigation of the detailed mechanisms of HCV
life cycle and development as therapeutic drugs for
hepatitis C patients.

which may reflect insufficient expression of miR-122
[62]
and apoE in the non-Huh7 cells . There have been
significant advances in the generation of HCV culture
systems based on the hepatocyte-like cells induced
[63-65]
from pluripotent stem cells
. Importantly, Schwartz
and co-workers demonstrated that induced hepatocytelike cells mount an antiviral inflammatory response
with upregulation of innate immune/inflammatory
markers, including CXCL10, CXCL11, TNF-α, IL28B
[63]
and IL29, by HCV infection . The utilization of the
hepatocyte-like cells may be limited because of a series
of complicated conditions for induction and culture
of cells. To maximally imitate the in vivo infection of
virus, we and other groups isolated primary human
hepatocytes (PHHs) to establish the closest cell-based
[66-68]
in vitro model for HCV
. After acute HCV infection
of PHHs, interferon-β (IFN-β) and interferon-stimulated
genes were induced in the cells and the apoptosis of
viral-infected cells were triggered by TRAIL-mediated
pathway, which indicated that the innate host response
[66]
is intact in HCV-infected PHHs . Although PHHs can
support successful HCV replication, their disadvantages,
such extreme lack of donors and highly variable results,
may hinder their application. Strikingly, we recently
established a PHHs-like hepatoma cell line, termed
HLCZ01, and found that it can support both HCVcc
(HCV cell culture) and HCV clinical isolates infection
[69]
and replication . In comparison to Huh7 or its
derived cell lines, HLCZ01 mounts an innate immune
[69]
response to HCV infection . In addition, HLCZ01 also
supports infection and propagation of hepatitis B virus
[69]
produced both in cell culture and clinically . This cell
line provides a powerful tool for addressing the virus
lifecycle, research of antiviral innate immunity and the
development of antivirals and vaccines.

MODELS FOR HCV INFECTION
Cell culture models

There is a lack of efficient HCV cell culture systems;
therefore, research on the virus has been impeded
since the identification of HCV in 1989. The first
robust HCV replicon system derived from the Con1
strain (genotype 1b) was established in Huh7 cells
[35]
in 1999 . Until 2005, the first fully permissive cell
culture system for HCV became possible using a clinic
isolate (genotype 2, termed JFH1) from a Japanese
[36-39]
patient with fulminant hepatitis C
. Similar to
the JFH1-derived cell culture system, the efficient
infectious culture systems based on H77 (genotype 1a)
and Con1 isolates were also described, though both
[40,41]
are less robust than JFH-1
. Continuous culture
of JFH1 virus in vitro leads to accumulation of viral
genomic mutations responsible for enhancing of virus
[42]
titer . Several groups reported multiple mutations
residing in the p7 and NS2 regions, consistent with
[42-45]
their important role in virus assembly
. Other viral
proteins associated with HCV RNA replication, such
as NS3 and NS5A, also evolve many titer-enhancing
[42,46-48]
mutations with cell culture adaptation of virus
.
Until now, most robust HCV infection has been
achieved in Huh7 cells or its derived cells. However,
Huh7 cells are not well suited to investigate innate
immune response, virus-host interaction and HCVassociated carcinogenesis because they contain
some mutant host factors and lack the majority of
markers characterizing mature hepatocytes. Hence, it
is desirable to develop alternative host cell systems.
Indeed, some groups tried to replicate HCV in non[49]
[50,51]
Huh7 cell lines such as HuH-6 , HepG2
,
[51]
[52]
IMY-N9
and LH86 . Furthermore, human cell
lines derived from the non-liver tissues, including
[53,54]
[54,55]
[56]
HEK293
, HeLa
, neuroepithelioma cells , as
[55,57-61]
well as non-human cells
, have been reported
to support HCV infection. However, the levels of viral
replication in these cells are lower than Huh7 cells,
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Animal models

Apart from humans, chimpanzees are the only species
that support natural HCV infection. The speciesspecific host cell factors promoting or restricting HCV
[70]
replication may have led to this narrow host range .
Chimpanzees have played an essential role in the
identification of HCV as the etiological agent of non-A
[71]
non-B hepatitis . In fact, the entire HCV life cycle
can be achieved in chimpanzee. Viruses obtained
from clinical isolates and in vitro tissue culture have
been inoculated into chimpanzees using intravenous
[72-75]
or intrahepatic injection
. The chimpanzee model
holds promise for research of both innate and adaptive
immunity, and the development or testing of new
drugs and vaccines. However, studies based on
this model are impeded by limited availability, high
costs and ethical concerns. In addition, research on
[76]
chimpanzees is now banned in most countries .
Therefore, alternative animal models are urgently
needed. Although the tree shrew, a small squirrel[77,78]
like mammal, is susceptible to HCV infection
,
numerous groups prefer to construct HCV-susceptible
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mice models.
Humanized mice transplanted with human hepa
tocytes or expressing essential HCV host factors are
now considered as the novel models for analyzing
HCV infection and testing therapeutics. The xeno
transplantation model, as one of the humanized
models, must suffer from an endogenous liver injury
and allow stimulated growth of human hepatocytes. The
[79,80]
[81]
human liver chimeric Alb-uPA
, MUP-uPA , HSV[82]
[83]
tk
and FAH-/mice were reported to be infected
with HCV derived from cell culture and clinic isolates.
The AFC8-hu hematopoietic stem cells (HSC)/Hep
mice containing both human immune system and liver
tissues is a novel model for the study of the immune
[84]
response against HCV . However, this model is limited
because of shortage of human donors to isolate HSCs
and hepatocyte progenitors. Another mouse model,
comprising genetically humanized mice that were
[85]
transient adenovirally transfected
or showed stable
[86]
transgenic expression of human CD81 and OCLN ,
could support HCV infection of murine hepatocytes in
vivo. Importantly, the genetically humanized mice are
immunocompetent models, which provide opportunities
to study host immunity during viral infection, in spite
[85]
of their low efficiency of HCV infection . Although
numerous studies have been done to improve the
efficacy of the humanized mice, the model remains
technically challenging. Currently, there is still a lack
of a suitable alternative to the chimpanzee model for
to study both innate and adaptive immune responses
to HCV infection and to test candidate drugs and
[87]
vaccines .

infection . RIG-I senses HCV PAMP that bears 5′
triphosphate and 3′ untranslated region of the HCV
[93,94]
genome RNA with poly-U/UC ribonucleotides
(Figure 1). The recognition of HCV PAMP by RIG-I is
dependent on the 34-nucleotide poly-uridine core within
[95]
the poly U/UC region . Although the 5′ triphosphate
and the 3′ poly-U/UC region are at opposite ends of
the viral genome, the interactions between the 5′ and
3′ ends of HCV RNA can bring both into proximity
[96]
for presentation to RIG-I . RIG-I is also crucial for
host innate responses to other RNA viruses, including
influenza virus, vesicular stomatitis virus, Sendai
virus, Japanese encephalititis virus, dengue virus and
[97-99]
West Nile virus (WNV)
. When the HCV RNA binds
to RIG-I, it induces a RIG-I conformational change
that promotes its oligomerization and translocation
[100-102]
from the cytosol into intracellular membranes
.
The E3 ubiquitin ligase tripartite motif-containing
protein 25 (TRIM25) induces the lysine 63 (K63)linked polyubiquitination of the CARD of RIG-I at lysine
172, which is crucial for RIG-I signaling pathway to
[103]
elicit host antiviral innate immunity
. Recent works
revealed that two other E3 ubiquitin ligases, Mex3c
and Riplet (also called Reul), are also essential for K63linked polyubiquitination of RIG-I and RIG-I-dependent
[104-106]
innate immune responses
. The chaperone
protein 14-3-3e is involved in the association of RIG-I
and TRIM25, and facilitates RIG-I translocation to
[102]
interact with MAVS
. Strikingly, unanchored K63ubiquitin chains potently activate RIG-I by interacting
[107]
with RIG-I CARD domains
. Furthermore, the
binding of unanchored K63-ubiquitin chains to RIG-I
induces the formation of a large complex comprising
four RIG-I and four polyubiquitin chains, which is
[108]
responsible for activation of antiviral signaling
.
Siglec-G, a member of lectin family, promotes RIG-I
degradation by E3 ubiquitin ligase c-Cbl, which inhibits
[109]
the innate immune response .
MDA5 preferentially senses long dsRNA molecules
[110]
generated during virus infection
. Whether MDA5
serves as a PRR for HCV infection remains to be
clarified. Overexpression of MDA5 inhibits HCV
infection in vitro and the HCV NS3/4A protein can block
[111]
the transduction of MDA5 signaling
. In addition,
suppression of MDA5 by V protein of paramyxovirus
[112,113]
enhances HCV replication
. However, it fails to
-/induce the IFN-β in the RIG-I mouse embryonic
[93]
fibroblasts (MEFs) by stimulation with HCV RNA .
Knockdown of RIG-I in the PHHs and HLCZ01 cells
[66,114]
impairs the production of HCV-induced IFN-β
.
-/Moreover, the MDA5 MEFs still produce IFN-β upon
[93]
stimulation with HCV RNA . These studies suggested
that RIG-I is the key sensor for HCV recognition
and MDA5 may be involved in regulation of innate
immunity triggered by HCV infection.

RECOGNITION OF HCV
RIG-I-like receptors detect HCV

In the host cell, several PRRs sense viruses as foreign
invaders through pathogen-associated molecular
patterns (PAMPs) recognition to activate the innate
immune response. The major key PRRs include RIG-I
(retinoic acid inducible gene-I)-like receptors (RLRs),
toll-like receptors (TLRs) and other nontraditional
PRRs. RLRs consist of RIG-I, melanoma differentiationassociated protein 5 (MDA5) and laboratory of
genetics and physiology 2 (LGP2). RIG-I is a cytosolic
RNA helicase that contains three major domains: a
C-terminal domain, a central DExD/H box RNA helicase
[88,89]
domain, and two CARD domains at the N-terminus
.
Mitochondrial antiviral signaling protein (MAVS; also
called Cardif, IPS-1 or VISA) is the common adaptor for
RLRs. Interestingly, MAVS is located on mitochondria,
peroxisomes and mitochondria-associated membranes
[90,91]
(MAMs)
(Figure 1). Activation of MAVS leads to
activation of TBK1 or IKKε, which phosphorylates
downstream IFN regulatory factor 3 (IRF3) and IRF7.
In addition, MAVS also activates NF-kB through the
activation of the classical IKK complex.
HCV is recognized by RIG-I at the early period of
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Figure 1 Immune sensing of hepatitis C virus by pattern recognition receptors. During hepatitis C virus (HCV) infection, PKR and RIG-I recognize dsRNA
constructed in the HCV IRES and HCV PAMP with 5’-triphosphate plus 3’poly-U/UC region, respectively. In the late period of infection, HCV dsRNA from viral
replication intermediates or extracellular dying cells is detected by TLR3. Activation of pattern recognition receptors (PRRs) leads to the transduction of signaling
through adaptor protein MAVS or TRIF, and subsequent phosphorylation and dimerization of IRF3 to induce the production of IFN-β, IFN-λ, ISGs and proinflammatory
cytokines. MT: Mitochondria; ER: Endoplasmic reticulum; ES: Endosome; PX: Peroxisome; MAVS: Mitochondrial antiviral signaling; PAMP: Pathogen-associated
molecular pattern; IFN: Interferon; TRIF: TIR-domain-containing adaptor-inducing interferon-β.

TLR3, TLR7 and TLR9 sense viral nucleic acids, while
[115,116]
TLR2 and TLR4 recognize viral proteins
. In
addition, HCV infection can induce the expression of
[117]
TLR4 . As an endosomal sensor of HCV dsRNA, TLR3
is expressed in many cell types within the liver, including
hepatocytes and the liver-resident macrophage
[118,119]
Kupffer cells
. TLR3 is type Ⅰ transmembrane
protein and comprises an amino-terminal horse shoeshaped ectodomain that recognizes viral dsRNA, a
transmembrane region, and a cytosolic carboxyterminal Toll-IL1 receptor homology (TIR) domain
[120]
that activates downstream signaling
. Moreover,
the activation of TLR3 signaling is dependent on the
[121]
acidification of endosomes .
TLR3 signals are transduced through the adaptor
protein TIR-domain-containing adaptor-inducing
interferon-β (TRIF), which activates IRF3 and NF-kB,
leading to the production of typeⅠIFN, proinflammatory
[122]
cytokines and chemokines
(Figure 1). TLR3 also
[123]
triggers the apoptosis of human cancer cells directly
.
HCV dsRNA replication intermediates (≥ 80-100 bp)
accumulated late during HCV replication and represent
[124]
the HCV PAMP . Actually, HCV infection activates TLR3
[118,124]
signaling late (3-4 d) in infection
, which indicates
that the incoming viral genomes or early replication
products may not present as TLR3 ligands. In addition
to the dsRNA accumulation from viral replication, the
HCV ligands for TLR3 are probably obtained from the
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uptake of extracellular HCV dsRNA (either from dying
cells or from the extracellular milieu) by scavenger
[125]
receptors on nearby uninfected cells . Consequently,
TLR3-mediated signaling may act as a secondary innate
immune response or monitoring system for uninfected
cells after the initial RIG-I detection of HCV.
TLR7 recognizes ssRNAs derived from HCV or other
ssRNA viruses in the endosome. TLR7 is expressed
mainly in plasmacytoid DCs (pDCs). Phagocytic uptake
of HCV RNA triggers an innate immune response via
TLR7 signaling in the pDCs. Activated pDCs induce
type Ⅰ IFNs rapidly and the levels of IFNs are more
than 100-fold higher than that induced in any other
[126,127]
blood cell type
. Exosomes can transfer HCV
RNA from infected cells to pDCs and activate TLR7[128]
dependent innate response in pDCs
. Exosomes
from both HCV-infected cells and hepatitis C pa
tients transmit HCV infection of human hepatoma
[129,130]
cells
. TLR2 is expressed on the cell surface.
The TLR2 pathway is involved in the induction of
TNFα after stimulation by synthetic TLR2 ligands in
[131]
various hepatocyte cell lines
. In addition, hepatic
expression of TLR2 and TNF-α is associated with
hepatic inflammation and liver injury in hepatitis C
[132,133]
patients
.

Other sensors recognition of HCV

The protein kinase R (PKR), an antiviral protein,
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[134,139,140]

before RIG-I activation
(Figure 1). In addition,
although the HCV ligand for PKR is the structured
[134,138]
RNA at the IRES of the HCV genome
, the detail
course of PKR recognition remains unclear.
The Nod (nucleotide oligomerization domain)like receptors (NLRs) belong to a large family of
intracellular PRRs, including NOD1, NOD2, and
[141]
NLR protein 3 (NLRP3)
. NLRs sense the PAMPs
from RNA viruses, resulting in activation of the
[142]
inflammasome
.The inflammasome comprises
a sensor protein, the adaptor protein ASC and the
cellular protease caspase 1. The NLRP3 inflammasome
is the most characterized inflammasome and is
activated by viral dsRNA and ssRNA. NLRP3 triggers
the production of proinflammatory cytokines IL-1β in
[143]
macrophages during HCV infection .

Table 1 Antiviral interferon-stimulated genes targeting different
steps of the hepatitis C virus life cycle
Gene
symbol

Phases of
HCV life
cycle targeted
by ISGs

Infection or
replicon for
studies

Overexpression
or knockdown of
ISGs for tests

Ref.

IFITM1

Entry
Replication
Replication
Translation
Replication
Replication
Translation
Translation
Translation
Replication
Translation
Translation
Translation
Translation
Translation
Translation
Translation
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Replication
Release

Infection
Infection
Replicon
Replicon
Replicon
Replicon
Infection/replicon
Infection/replicon
Infection/replicon
Replicon
Infection/replicon
Infection/replicon
Infection/replicon
Infection/replicon
Infection/replicon
Infection/replicon
Infection
Replicon
Replicon
Infection
Replicon
Replicon
Replicon
Replicon
Infection
Replicon
Replicon
Replicon
Replicon
Replicon
Replicon
Replicon
Replicon
Replicon
Replicon
Infection/replicon
Infection
Infection

oe/kd
oe/kd
kd
oe
oe
oe/kd
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe
oe/kd
oe
kd
oe/kd
oe/kd
oe/kd
oe/kd
kd
oe
oe
oe
oe/kd
oe
oe/kd
oe/kd
oe
oe
oe
kd
oe

[158]
[159]
[147]
[161]
[160]
[147]
[144]
[144]
[144]
[162]
[144]
[144]
[144]
[144]
[144]
[144]
[144]
[152]
[147]
[153]
[163]
[162]
[162]
[162]
[162]
[147]
[162]
[164]
[162]
[147]
[162]
[147]
[147]
[164]
[165]
[155]
[156]
[166]

IFITM3

DDIT4
IFI44L
IRF1
IRF2
IRF7
MAP3K14
MDA5
NT5C3
RIG-I
OASL
RNaseL
ADAR1
GBP-1
IFI27
IFI6
IFIT1
IFIT3
IRF9
ISG20
MxA
NOS2
OAS
PLSCR1
TRIM14
Viperin

Tetherin

IMMUNE EFFECTORS THAT RESTRICT
HCV
The immune effectors against invading viral pathogens
infection are the products of interferon-stimulated
genes (ISGs). More than 300 ISGs are regulated
by IFNs through the Jak-Stat signaling pathway. To
identify the specific set of ISGs responsible for the
inhibition of HCV replication, several screens have
been conducted in vitro systems. Identified ISGs that
restrict the HCV life cycle are summarized in Table
1. Using an overexpression screening approach, a
recent study tested the ability of nearly 400 ISGs to
inhibit the replication of several important human
and animal viruses, including HCV, yellow fever
virus, WNV, chikungunya virus, Venezuelan equine
encephalitis virus and human immunodeficiency
[144]
virus type-1
. For HCV, the inhibitory effectors
includes IRF family members, RIG-I, MDA5 and other
little characterized ISGs, such as DDIT4, IFI44L,
[144,145]
MAP3K14, OASL and NT5C3
. In contrast to the
overexpression approach, an RNA interference-based
screen was performed by two groups to identify anti[146,147]
[146]
HCV ISGs
. Zhao et al
identified 93 genes
that mediate the anti-HCV effect of IFN-α, in which
23 and nine genes are involved in mRNA processing
and translation initiation, respectively. Seven ISGs
were identified by Metz and co-workers to contribute
to the suppression of HCV replication by IFN-α or
[147]
IFN-γ
. Although all ISGs identified in this study
were upregulated by either cytokine, PLSCR1 and
NOS2 were the main effectors of IFN-γ-mediated anti[147]
HCV activity . In addition to ISG proteins, the IFNinduced microRNAs (miRNAs) may also be capable of
[148]
inhibiting HCV replication . Similarly, Fusco and coworkers identified ISGs as well as non-transcriptionally
induced genes required for the antiviral effect of IFN-α
[149]
using a genome-wide siRNA screen . In this screen,
120 IFN effector genes were identified that restricted
HCV, and 92% of them were non-transcriptionally IFNinduced genes, which suggested an as-yet-unknown

HCV: Hepatitis C virus; ISGs: Interferon-stimulated genes; Infection
or replicon: The functions of ISGs were studied by using infectious
culture system (infection) or subgenomic replicon (replicon); oe or kd:
The functions of ISGs were identified by using overexpression (oe) or
knockdown (kd) of indicated ISGs in cells.

is a serine/threonine kinase that regulates protein
synthesis, cell proliferation, apoptosis and signal
transduction. PKR is a PRR that detects HCV and
[134]
activates innate immune signaling
. Upon binding
to HCV dsRNA, PKR activates its kinase activity for
phosphorylation of the α subunit of eukaryotic initiation
factor 2 (eIF2α). Activated PKR results in shuttingoff of the cap-dependent translation of host mRNAs,
while HCV uses an IRES translation mechanism (capindependent translation) that is insensitive to the
[135-138]
phosphorylation of eIF2α
. PKR binding of HCV
dsRNA also activates a kinase-independent signaling
that induces a small subset of IFN-stimulated genes
(ISGs) and IFN-β through MAVS, TNF receptorassociated factor 3, IRFs and NF-kB transduction
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[149]

action of the IFN pathway .
Although numerous ISGs have been validated in
the process of IFN-mediated anti-HCV activity, the
underlying mechanisms of most ISGs are unclear.
Several ISGs, including OAS-RNaseL system,
Viperin and the IFITM family members are relatively
[150]
well characterized
. During viral infections, viral
dsRNA activates one of the three functional human
2′,5′-oligoadenylatesynthetases (OASs) to synthesize
2′-to-5′-linked oligoadenylates (2-5A), which
subsequently activate RNaseL to cleave viral RNAs, as
well as cellular mRNAs and rRNAs, to induce apoptosis
[151]
of infected cells
. In vitro studies have shown that
all three OAS proteins induce RNaseL-dependent
[144,152,153]
antiviral activity against HCV
. Viperin (RSAD2)
localizes to the ER and lipid droplets. Viperin interacts
with HCV core and NS5A proteins, as well as VAP-A,
an important host factor of HCV replication, in the
[154-156]
LDs-ER membranes
. Viperin may cause an
alteration of the lipid composition of the membranous
web by disturbing NS5A-VAP-A interaction, leading
[157]
to inhibition of HCV replication
. The IFN induced
transmembrane proteins (IFITMs), including IFITM1,
IFITM2, IFITM3 and IFITM5, contain two anti-parallel
transmembrane domains, a leucin-zipper motif and a
short cytoplasmic domain. IFITM1 interacts with HCV
co-receptors CD81 and occludin to inhibit the process
[158]
of viral entry
. IFITM1 and IFITM3 suppress HCV
replication; however, the mechanism of replication
[147,159,160]
inhibition by IFITMs remains to be determined
.
In addition, IFITM3 inhibits the translation of both
[161]
HCV polyprotein and host proteins
. IFI27 (also
called ISG12a), a mitochondria-anchored protein,
also exhibits antiviral activity through inhibition of
HCV replication and by triggering apoptosis of HCV[114,162]
infected cells
. Although the role of IFI27 in early
control of HCV is unclear, IFI27 can mediate TRAILdependent apoptosis via induction of Noxa in the late
[114]
stage of HCV infection . Although single ISG exhibits
anti-HCV activity, full restriction of HCV infection
requires the combined activity of multiple ISGs and
the transduction of other innate immune signaling
pathways.

viral RNA replication, polyprotein processing and viral
[168]
assembly
. The NS3/4A complex is anchored to
intracellular membranes by the N-terminal α-helix of
NS3 and NS4A transmembrane domain that facilitates
membrane association and cleavage of membrane[169,170]
anchored substrates
. The RIG-I signaling
pathway can be blocked by NS3/4A, which cleaves
MAVS at Cys508 from intracellular membranes to
prevent its dimerization and downstream signaling of
[92,171-175]
innate immunity
. NS3/4A cleaves MAVS at the
[92,175]
mitochondrial outer membrane
, and MAVS also
[90,91]
localizes to peroxisomes and MAMs
. Although NS3/
4A localizes to all three kinds of membranes during HCV
infection, MAM-localized MAVS is cleaved by NS3/4A
rather than MAVS anchored on the outer mitochondrial
[91]
membrane
(Figure 2). Activation of the RIG-I
pathway by HCV infection may occur via the MAMlocalized MAVS to transduce the downstream signaling.
In the livers of patients with chronic HCV infection,
the cleavage of MAVS by NS3/4A was also observed,
which contributes to lower levels of IFN pathway
[92,176]
induction
. Hence, the fact that NS3/4A targets and
cleaves MAVS to disrupt RIG-I signaling is an effective
strategy for HCV to evade the innate antiviral immunity.
HCV NS3/4A also targets the E3 ubiquitin ligase Riplet
and inhibits K63-linked polyubiquitination of RIG-I and
its association with TRIM25 and TBK1, which provides a
[105]
new mechanism for HCV evasion of host immunity .
TRIF, the TLR3 signaling-adaptor protein, is also
cleaved by HCV NS3/4A protease at Cys372, a site
containing high sequence homology to the NS4B/5A
[177,178]
cleavage site in the HCV polyprotein
(Figure
2). The infection of hepatoma cells by JFH1 virus in
vitro leads to substantial reduction of TRIF protein
abundance, which could be partially reversed by
[118]
NS3/4A inhibitor treatment
. Although the relative
abundance of TRIF decreased, the specific TRIF
proteolytic fragments have not been detected during
HCV infection, probably because of technical difficulties
[118]
in detecting this low abundance protein
. Similar
to the blockage of RIG-I signaling, NS3/4A-mediated
cleavage of TRIF suppresses the transduction of TLR3
signaling, as a mechanism responsible for chronic HCV
infection. However, TRIF is also implicated as an adaptor
[179]
protein for TLR3-independent signaling
. This
suggests that cleavage of TRIF by NS3/4A may also
inhibit other innate immune responses contributing to
HCV persistence.
The dsRNA-dependent protein kinase PKR plays
multiple roles in cells, including pathogen sensing and
[180]
response to different stress situations
. Binding of
HCV dsRNA to PKR activates a kinase-independent
signaling that induces some early ISGs and IFN-β
[134,139,140]
through MAVS
. Therefore, cleavage of MAVS
by HCV NS3/4A protease probably suppresses the
transduction of PKR signaling during HCV infection
(Figure 2). Binding to dsRNA also promotes PKR
homodimerization and activates the kinase domain
to phosphorylate eIF2α. However, the effects of

STRATEGIES FOR INNATE IMMUNITY
EVASION OF HCV
Viral factors

Despite the effective recognition of HCV by many
sensors to activate innate immune responses,
about 80% of patients with acute HCV infection
do not effectively clear the virus and develop a
[167]
chronic infection
. HCV may have evolved several
mechanisms that are responsible for viral evasion of
host innate immune signaling. The key viral factor of
the HCV innate immune evasion is the viral NS3/4A
protease. NS3/4A, a complex of NS3 and NS4A
proteins, is required for the HCV life cycle, including
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Figure 2 Innate immune evasion of hepatitis C virus infection. Multiple strategies to disrupt both IFN induction and response pathways are responsible for chronic
hepatitis C virus (HCV) infection during viral infection. Notably, HCV NS3/4A protease cleaves the adaptor proteins MAVS and TRIF, contributing to the blockage of
downstream signaling of PKR, RIG-I and TLR3, and prevention of IFN production. HCV E2 and NS5A proteins suppress the function of PKR by direct binding to this
kinase. IFN-β and IFN-λ bind to their distinct receptors and induce the formation of IFN-stimulated gene factor-3 (ISGF3), comprising phosphorylated STAT1, STAT2
and IRF9 through the common JAK/STAT pathway. HCV core and other viral proteins inhibit the activation of STAT signaling, and therefore repress the production of
ISGs. The function of specific ISG protein is also suppressed by HCV proteins. Additionally, the unfavorable IFNL3 genotype (T/T or C/T) leads to less expression of
IFN-λ, which attenuates the antiviral effect of IFN-λ on HCV infection. MT: Mitochondria; ER: Endoplasmic reticulum; ES: Endosome; PAMP: Pathogen-associated
molecular pattern; IRES: Internal ribosomal entry site; TLR: Toll-like receptor; IFN: Interferon; MAVS: Mitochondrial antiviral signaling; ISGs: IFN-stimulated genes;
TRIF: TIR-domain-containing adaptor-inducing interferon-β.

this activation for HCV replication are controversial.
During HCV infection, the phosphorylation of eIF2α
by PKR inhibits cellular mRNAs translation, which
contains host factors important for HCV replication
and cellular growth (PKR functions as anti-HCV),
while it can also suppress the translation of IFN and
[135,138]
ISGs (PKR functions as pro-HCV)
. Two viral
proteins, NS5A and E2, inhibit PKR by directly binding
[181-183]
to the kinase
(Figure 2). NS5A represses PKR
through a direct interaction with PKR at a site termed
the interferon sensitivity determining region within
[181]
NS5A . Similarly, E2 can also target and inhibit PKR,
and the interaction site in E2 bears a highly conserved
amino acid sequence with remarkable sequence
homology to PKR autophosphorylation and eIF2α
[183]
phosphorylation sites
. The detailed mechanisms
by which NS5A and E2 mediate inhibition of PKR are
unknown. It is possible that activation and inhibition
of PKR occur in a sequential manner; that is, HCV
activates PKR at the early stage of infection and
inhibits PKR at a later stage through high levels of
synthesized NS5A and E2. Interestingly, HCV E1/E2
protein can downregulate the expression of RIG-I and
TLR3 in vitro, which provides a new mechanism of viral
[184]
evasion of innate immunity for HCV .
In addition to disrupting the IFN induction pathway,
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HCV has evolved strategies to block the IFN response
pathway. During HCV infection, HCV viral proteins (such
as core protein) are implicated as negative-regulators
of the IFN response pathway through blockage of
[185]
JAK/STAT signaling . In addition, viral proteins also
[185]
inhibit specific ISGs to evade their restrictions
(Figure 2). Interestingly, patients infected with HCV
genotype 2 or 3 show the highest response rates to
therapy (70%-80%), while only 45%-60% of patients
[186]
with HCV genotype 1 or 4 infection achieve SVR
.
Actually, the patients infected with HCV genotypes 1
and 4 have high levels of ISG expression in the liver
before IFN therapy, contributing to the resistance of
[187-189]
IFN treatment
. The mechanisms by which HCV
persists in the liver, despite high levels of hepatic ISGs
expression, are poorly understood and future research
focusing on this respect may identify novel strategies
by which HCV evades innate immunity.

Host genetic factors

Host genetic factors are also involved in innate
immunity evasion by HCV. In fact, the single nucleotide
polymorphisms (SNPs) upstream of the IFNL3 locus
have been determined as novel predictors for both
[7,8,10,11]
successful clinical therapy of chronic hepatitis C
[9,11]
and spontaneous clearance of HCV infection
. The
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IFNL3 locus encodes the antiviral cytokine IFNL3 (also
referred to as IL28B), which belongs to type Ⅲ IFN
family. The molecular mechanisms of action of this
genetic variation remain unknown. One hypothesis is
that these SNPs may alter the mRNA expression of
IFNL3 and the expression levels of IFNL3 are probably
[7,8,188]
associated with HCV clearance and therapy effect
(Figure 2). Several groups have verified the hypothesis
that the unfavorable SNPs in the IFNL3 locus contribute
to lower expression of IFNL3 within the liver, peripheral
[7,8,189,190,191]
blood mononuclear cells and whole blood
.
Patients with the unfavorable IFNL3 genotype exhibit
the inhibition of innate immune function of NK cells,
which suggests that the genetic variation in the IFNL3
[192]
locus directly affects antiviral immunity to HCV
.
Further studies to address how different IFNL3
polymorphisms regulate the innate immune response
to HCV infection and the outcome of IFN therapy are
encouraged, which will facilitate the development of
new therapeutic strategies to clear HCV.
Recently, a newly characterized gene, IFNL4, was
[193]
identified . IFNL4 is created by a dinucleotide variant
ss469415590 (TT or ΔG) in the upstream region of IFNL3
[193]
(IL28B) on chromosome 19q13.13 . Compared with
previously discovered variant rs12979860, ss469415590
is more strongly associated with HCV clearance in
[193]
individuals of African ancestry . The polymorphism in
IFNL4 provides new insights into the genetic regulation
of HCV clearance. It is now known that the type Ⅲ IFNs
(IFN-λs) comprise IFNL1 (IL29), IFNL2 (IL28A), IFNL3
(IL28B) and IFNL4. We and other groups have validated
the effect of IFN-λs on inhibiting HCV replication in
[194,195]
vitro
. The restricted receptor distribution of IFN-λ
makes it likely that IFN-λs could be developed as new
drugs for HCV therapy, with fewer side effects than
[195]
IFN-α .

and NLRs for innate immune signaling. The potential
mechanisms used by HCV to evade PRRs-dependent
recognition should be identified. Genetic studies
have provided insights into IFNL3 polymorphisms,
indicating that variations of IFNL3 predict an effective
immune response for both natural and IFN-induced
HCV clearance. However, the IFNL3 genotype is not
the best predictor of therapeutic responses to HCV
[167]
infection . Thus, further studies to define new host
factors that determine the outcome of viral infection
could help to effectively guide the individual treatment
of HCV infection, together with known predictors.
Although the IFN-based therapy is still the
current standard-of-care therapy for HCV in many
treatment centers, significant scientific advances have
enabled the development of new classes of antivirals
for the treatment of HCV. In the near future, the
DAAs targeting HCV NS3 protease, NS5A or NS5B
polymerase may well cure virtually all hepatitis C
[196]
patients with an all-oral, interferon-free regimen
.
However, viral breakthrough and drug resistance
during these therapeutic courses will need to be
[197]
considered and monitored carefully
. Furthermore,
the efficacy of these drugs for other genotypes of
HCV, not genotype 1, still needs to be determined.
A full understanding of how the host antiviral innate
immunity responds to HCV infection, and what
drives HCV evasion of this protective activity, will be
important to the development of new therapeutic
approaches and novel vaccines with high-efficacy for
HCV. In addition, the establishment of new, efficient
cell culture systems and more convenient small animal
models is highly encouraged, which will facilitate basic
research on viral-host interactions, innate immunity
and HCV pathogenesis, leading to the development of
drugs and vaccines for chronic hepatitis C.

CONCLUSION
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Gastrointestinal Behçet's disease: A review
Wasseem Skef, Matthew J Hamilton, Thurayya Arayssi
are of particular importance as they are associated
with significant morbidity and mortality. Although
ileocecal involvement is most commonly described,
BD may involve any segment of the intestinal tract as
well as the various organs within the gastrointestinal
system. Diagnosis is based on clinical criteria - there
are no pathognomonic laboratory tests. Methods for
monitoring disease activity on therapy are available
but imperfect. Evidence-based treatment strategies
are lacking. Different classes of medications have been
successfully used for the treatment of intestinal BD
which include 5-aminosalicylic acid, corticosteroids,
immunomodulators, and anti-tumor necrosis factor
alpha monoclonal antibody therapy. Like inflammatory
bowel disease, surgery is reserved for those who are
resistant to medical therapy. A subset of patients have a
poor disease course. Accurate methods to detect these
patients and the optimal strategy for their treatment are
not known at this time.
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Core tip: Behçet’s disease is an uncommon subtype
of inflammatory bowel disease. It can present with a
wide array of clinical manifestations that may mimic
other diseases including Crohn’s disease. Establishing
the diagnosis remains a challenge and clinicians
must be aware of the relevant clinical manifestations
and diagnostic considerations. The optimal medical
management is limited by the lack of rigorous clinical
trial data.

Abstract
Behçet’s disease (BD) is an idiopathic, chronic, relapsing,
multi-systemic vasculitis characterized by recurrent
oral and genital aphthous ulcers, ocular disease and
skin lesions. Prevalence of BD is highest in countries
along the ancient silk road from the Mediterranean
basin to East Asia. By comparison, the prevalence in
North American and Northern European countries is
low. Gastrointestinal manifestations of Behçet’s disease
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reported in the United Kingdom (38%-53%) and Japan
[12,16,18-21]
(50%-60%)
. It is imperative that the clinician
caring for patients with BD is aware of the myriad
of clinical manifestations, diagnostic methods and
treatment strategies available for the gastrointestinal
manifestations of BD.

INTRODUCTION
Behçet’s disease (BD) is an inflammatory disorder
classically characterized by recurrent oral and
genital ulcers, uveitis and characteristic skin lesions.
Behçet’s patients can also present with arthritis,
gastrointestinal lesions, central nervous symptoms and
[1-3]
vascular lesions . Table 1 lists the common clinical
manifestations of BD. There are no pathognomonic
laboratory tests for Behcet’s disease. The most widely
accepted criteria were published by the International
[4]
Study Group (ISG) for Behcet’s Disease in 1990 .
Diagnosis requires the observation of recurrent oral
ulceration (three episodes within any 12 mo period)
plus any two of the following: recurrent genital
ulceration, eye lesions, skin lesions or a positive
pathergy test.

ESOPHAGUS
Esophageal involvement in BD is uncommon; incidence
[14]
rates between 2%-11% have been reported .
Esophageal manifestations are associated with
involvement of another part of the gastrointestinal
[16]
tract in more than 50% of cases . Common clinical
manifestations include retrosternal chest pain,
[22,23]
dysphagia, odynophagia, melena and hematochezia
.
Endoscopic findings usually consist of a single or multiple
ulcers. Ulcers tend to aggregate in the middle or distal
third of the esophagus. Serious complications such
[24]
as stenosis and perforations may occur . “Downhill”
esophageal varices have also been reported in patients
[25,26]
with obstruction of the caval veins
.
BD may also affect the motility of the esophagus. A
study of 25 patients with BD and dyspeptic symptoms
demonstrated that 16% had esophageal motor
abnormalities. Median lower esophageal pressure (LES)
and LES relaxation were significantly lower in the
[27]
BD group in comparison to age-matched controls .
Although routine endoscopy is not recommended in
[23,28]
patients with BD
, referral for upper endoscopy
and/or esophageal manometry for patients with upper
gastrointestinal symptoms may be appropriate.

EPIDEMIOLOGY
Prevalence of BD is highest in countries along the
ancient silk road from the Mediterranean Basin
to East Asia. Prevalence estimates vary and are
reported as 3.8-15.9/100000 in Italy, 7.1/100000
in France, 7.5/100000 in Spain, 7.6/100000 in
Egypt, 20-420/100000 in Turkey, 15.2-120/100000
in Israel, 68/100000 in Iran, 14/100000 in China
[5-11]
and 7.5-13/100000 in Japan
. By comparison,
prevalence in North American and Northern European
countries is rare: varying between 0.27-5.2 per
[5]
100000 . Mean age of onset is during the 3rd and 4th
[12]
decades of life . Male-to-female ratio varies regionally
- the disease is generally more common amongst
men in most Mediterranean, Middle Eastern and Asian
countries; conversely, higher female prevalence has
been reported in the United States, Northern European
[12,13]
and East Asian countries
.

STOMACH AND DUODENUM
The stomach is thought to be the least involved
segment of the gastrointestinal tract. However,
consistent with varying phenotypes of disease across
different patient populations, one study of 28 patients
with BD in Taiwan demonstrated a prevalence of
43% of gastroduodenal involvement amongst those
[29]
of Chinese descent . Dyspepsia and epigastric
abdominal pain were the most common symptoms.
Patients either had isolated gastric, isolated duodenal
or combined gastroduodenal ulcers.
Rare manifestations in the stomach include dieulafoy’s
[30,31]
lesions and gastric non-hodgkins lymphoma
. Cases
of pyloric stenosis due to edematous hypertrophy of
[32,33]
the pyloric ring have also been reported
. Likewise,
gastroparesis has also been linked with BD in a case
[34]
report .
The prevalence of Helicobacter pylori does not
appear to be increased in patients with BD. This
was illustrated in a prospective, single center study
of 45 patients with BD and upper gastrointestinal
complaints. In comparison to age-matched controls
there was no difference in prevalence (73.3% vs 75%,
P > 0.05) and eradication rate with two weeks of triple
[35]
therapy (75% vs 70%, P > 0.05) . Curiously, a study

GASTROINTESTINAL DISEASE
Gastrointestinal (GI) manifestations of Behçet’s
disease are of particular importance as they are as
sociated with significant morbidity and mortality. GI
manifestations usually occur 4.5-6 years after the
[14]
onset of oral ulcers . The most common symptoms
include abdominal pain, nausea, vomiting, diarrhea
[15]
and gastrointestinal bleeding . Although ileocecal
involvement is most commonly described, BD may
involve any segment of the alimentary tract and
[14,16]
the various GI organs
. In general, two forms of
intestinal Behçet’s disease exist - neutrophilic phlebitis
that leads to mucosal inflammation and ulcer formation
and large vessel disease (i.e., mesenteric arteries)
[17]
that results in intestinal ischemia and infarction . The
frequency of GI involvement among patients with BD
varies in different countries. Lower frequency has been
reported in Turkey (2.8%), India (3.4%) and Saudi
Arabia (4%), moderate frequency in China (10%) and
Taiwan (32%) and the highest frequency has been
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[12,130]

Table 1 Common clinical manifestations of Behçet’s disease
Skin, Mucocutaneous
Eyes
Vascular
Musculoskeletal
Gastrointestinal
Genitourinary
Central nervous system

Papulopustular lesions (Behçet’s pustulosis), erythema nodosum, superficial thrombophlebitis, minor aphthous ulcers
Anterior and posterior uveitis, retinal vasculitis
Deep venous thrombosis, large-vein thrombosis, pulmonary artery aneurysm
Arthralgia, arthritis (monoarticular, oligoarticular)
Ileocecal ulcers
Genital ulcers, epididymitis
Meningoencephalitis, parenchymal disease (pyramidal signs, hemiparesis, behavioral changes, sphincter disturbance),
intracranial hypertension secondary to dural sinus thrombosis

were more common (68% vs 38% superficial). Of
note, rectal involvement in BD is exceedingly rare and
[15]
occurs in less than 1% of patients .
Rare complications of BD include strictures, abscess
formation, fistula and perforation. One study found the
rates of perforation, fistula, stricture and abscess to be
[40]
12.7%, 7.6%, 7.2% and 3.3% respectively . A series
of 22 patients with perforation secondary to intestinal
BD demonstrated that all perforations occurred in the
[41]
terminal ileum, ileocecal region or ascending colon .
Risk factors for perforation include age < 25 at
diagnosis, history of laparotomy and volcano-shaped
[42]
ulcers on colonoscopy .

Table 2 Differences between intestinal Behçet’s disease and
[39,40,48,49,52,54]
Crohn’s disease

Extra-intestinal
manifestations

Perianal disease
(fistula, fissures)
Strictures, fistula,
abscess
Serologic markers

Endoscopic features

Pathognomonic
lesions on
histopathology

Crohn’s disease

Intestinal BD

Iritis, episcleritis more
specific

Oral and genital
ulcers more common,
papulopustular lesions,
neurologic and arterial
manifestations
Rare

Common

Common, characteristic
Less common but
of disease process
possible
Anti-saccharomyces
IgM anti-α-enolase
cerevisiae antibody
antibody
(Prevalence: 41%-76%)
(Prevalence: 67.5%)
Irregular, longitudinal
Round or oval
ulcers with cobblestone shaped, punched-out
appearance, may have
lesions with discrete
aphthous lesions
margins, > 1 cm, Focal
Segmental or diffuse
distribution, < 5 ulcers.
involvement
No aphthous lesions
Non-caseating
Non-specific
epithelioid granuloma
neutrophilic or
lymphocytic phlebitis
with or without aortitis

DIFFERENTIAL DIAGNOSIS
In areas where tuberculosis and BD are endemic, it
is imperative to make the correct diagnosis as the
treatment differs substantially. To our knowledge,
there have been no studies conducted comparing
intestinal BD to intestinal tuberculosis (ITB). In a study
comparing ITB and Crohn’s disease (CD), multivariate
analysis demonstrated that blood in stool (OR = 0.1,
95%CI: 0.04-0.5), sigmoid involvement (OR = 0.07,
95%CI: 0.01-0.3) and focally enhanced colitis on
histology (OR = 0.1, 95%CI: 0.03-0.5) were more
[43]
predictive of CD than ITB . Chest radiography may
identify pulmonary involvement in 32% of patients
[44]
with ITB . T-SPOT.TB can be a useful assay but with
varying sensitivity and specificity of 83%-100% and
[45]
47%-100% respectively . Polymerase chain reaction
of endoscopic biopsies has low sensitivity (21.6%) but
[46]
is highly specific (95%) . A biopsy for specialized
culture is definitive but time consuming and has a very
[47]
low sensitivity . When the diagnosis between the CD
and ITB is unclear, expert opinion suggests an empiric
8 wk trial of anti-tuberculous therapy.
The more difficult distinction is between CD and BD.
Both diseases typically can present in young patients,
are associated with extraintestinal manifestations
(EIMs), involve any area of the GI tract and have a
waxing and waning course. Table 2 demonstrates the
key differences between CD and intestinal BD.
CD and BD share many EIMs in common including
oral ulcers, uveitis, arthritis and erythema nodosum
- although-oral ulcers and uveitis are more common
in BD. Genital ulcers, a hallmark of BD, are rare in
CD. Amongst eye findings, episcleritis and iritis are

BD: Behçet’s disease.

of 13 patients demonstrated a statistically significant
decrease in oral and genital ulcerations during the 6
mo follow-up after eradication therapy suggesting a
[36]
possible etiologic role of Helicobacter pylori .

JEJUNUM, ILEUM AND COLON
Studies using video capsule endoscopy have demon
[37,38]
strated that BD can involve the entire small bowel
.
Classically intestinal BD manifests as large (> 1 cm),
round/oval shaped, deep ulcers in the ileocecal region.
This was demonstrated in a landmark Korean study
of 94 patients with intestinal BD in which 96% had
involvement of the terminal ileum, ileocecal valve
[39]
or cecum . Localized single (67%) and localized
multiple (27%) ulcers were the most common patterns
of distribution. Multisegmental and diffuse colonic
involvement were rare (6%). Eighty five percent of
patients had less than 6 ulcers (67% of single ulcer,
18% of 2-5 ulcers). Ulcers were large with a mean
diameter of 2.9 cm (76% of ulcers > 1 cm). Round/
oval shape was most common (77%). Deep ulcers
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more specific for CD whereas retinal vasculitis is more
[48]
commonly associated with BD . Both diseases have
an increased risk of deep venous thrombosis - however,
CD is not associated with other vascular manifestations
such as varices, Budd-Chiari Syndrome (BCS) or arterial
vasculitis. Neurologic disease, an important complication
in BD, is typically not associated with CD.
Intestinal complications such as strictures, fistula
and abscess occur in both diseases but are less common
[40]
in BD. Jung et al
found that fistula (CD: 27.4% vs
BD: 7.6%, P ≤ 0.001), strictures (CD: 38.3% vs BD:
7.2%, P ≤ 0.001) and abscess formation (CD: 19.6%
vs BD: 3.3%, P ≤ 0.001) were more common in CD.
Perforation was more common in BD although not
statistically significant (CD: 8.7% vs BD: 12.7%, P =
0.114). Perianal fistula was a rare complication in BD
(CD: 39.2% vs BD: 2.5%, P ≤ 0.001).
Serologic testing appears to be less reliable in
differentiating between CD and BD. Anti-saccharomyces
cerevisiae antibody, a specific marker for CD, is positive
[49]
in 41%-76% of patients with CD
and 0%-44.3%
[50,51]
of patients with BD
making it unhelpful in
differentiating between the two diseases. The data for
IgM anti-Alpha-Enolase Antibody is quite similar. The
antibody is reported to be present in 67.5% of patients
[52]
[53]
with intestinal BD and 50% of patients with CD .
Colonoscopic findings can help differentiate ac
curately between the two diseases. A study of 235
patients with CD and intestinal BD found that round
ulcer, focal single/focal multiple distribution of ulceration,
less than 6 ulcers, absence of cobblestone appearance
or aphthous lesions were most predictive of BD on
[54]
colonoscopy in multivariate analysis . Although nonepithelioid granuloma can be found in CD in 30% of
[54]
patients , there are no other pathologic features that
may help distinguish between CD and BD on intestinal
mucosal biopsies.

and associated with a high mortality rate. Venous
thrombosis secondary to endothelial dysfunction
from vasculitis has been proposed as a possible
[60]
mechanism . Studies have reported prevalence
[61-63]
rates between 1.3%-3.2%
. Men are more likely
to develop BCS than females. Presenting signs and
symptoms include right upper quadrant abdominal
[64]
pain, hepatosplenomegaly and ascites . Patients
can present with acute, subacute or chronic BCS.
[65]
Acute BCS appears to carry a very poor prognosis .
Thrombosis of the hepatic veins (HV), inferior vena
cava (IVC) and portal vein (PV) may occur. In a
Turkish series of 14 patients with BCS secondary to
BD, 2 had isolated HV involvement, 8 had HV and IVC
involvement and 4 had HV, IVC and PV involvement.
Six out of 8 with HV and IVC involvement and 4/4 of
those with PV, HV and IVC involvement died with mean
[62]
survival of 10.4 mo . It appears the extent of IVC
obstruction appears to be the major determinant of
survival in BD patients with BCS. Notable complications
from BCS include hepatosplenomegaly, ascites, lower
extremity edema, esophageal varices and liver failure.
Given the relatively high prevalence and significant
mortality rate of BCS in BD patients, some authors
suggest that all patients with BD should be screened
[61]
for BCS with duplex ultrasonography . Other un
common manifestations of BD include aseptic abscess
formation in the liver, chronic hepatitis and sclerosing
[66-68]
cholangitis
.

VISCERAL ARTERIAL INVOLVEMENT
BD is a unique form of vasculitis because it can
[69]
involve arteries and veins of all sizes . One study of
38 BD patients with vascular involvement found that
venous involvement was by far the most prevalent
[70]
(88%) . Incidence of vascular involvement varies
[71]
between 7%-29% . Males are more commonly
[72]
affected . Arterial manifestations include formation of
[64]
aneurysms and luminal thrombi . Important sites of
arterial involvement include the arteries of the upper
[73]
and lower extremities (radial, femoral, popliteal) ,
[74]
[75]
pulmonary artery
and thoracoabdominal aorta .
[76]
Other sites of involvement include the subclavian ,
[77]
[78,79]
[80]
[81]
iliac , carotid
, renal and coronary arteries .
Arterial involvement of the intra-abdominal organs
is rare. When it occurs, patients may present with
fever, abdominal pain or pulsatile mass. Complications
can include intestinal infarction and gastrointestinal
hemorrhage. Very few cases of visceral aortic
aneurysm exist in the literature - involvement of the
[82]
[83]
[84]
celiac trunk , superior mesenteric , hepatic ,
[85]
[86]
[87]
splenic , inferior mesenteric
and ileocolic artery
have been described.

PANCREAS
Pancreatic involvement in BD is exceptionally rare.
Very few case reports of acute pancreatitis have been
[55,56]
attributed to BD
. Chronic pancreatitis was also
reported in a patient with BD - however he also had
[57]
a history of heavy alcohol intake . It is possible
that pancreatic involvement is underreported or
underdiagnosed - an autopsy series of 170 cases from
[58]
Japan suggested 2.9% involvement of the pancreas .
Vasculitis is likely the underlying pathological process
leading to pancreatic inflammation - this theory is
further supported by other vasculitic syndromes such
as granulomatosis with polyangiitis which has also
[59]
been associated with pancreatitis .

LIVER

DIAGNOSIS

BCS is the most common manifestation of the liver in
patients with BD. BCS may be a serious complication
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Patient with ulcer in ileocecal region

1

2

Typical intestinal ulcer

Systemic BD

Definite intestinal BD

Oral ulcer only

Atypical intestinal ulcer

Systemic BD

No BD
Manifestation

Oral ulcer only

Possible intestinal BD

Probable intestinal BD

No BD
Manifestation

Nondiagnostic

Figure 1 Algorithm for diagnosis of intestinal Behçet’s disease. 1Typical: < 5 ulcers, oval in shape, deep, discrete borders located in ileocecal region; 2Atypical:
Ulcerations that do not satisfy all criteria for typical. Adapted from Cheon et al[88]. BD: Behçet’s disease.

a challenge. Previously, the diagnosis was based
primarily on the combination of clinical criteria for
systemic BD with the presence of intestinal ulcer
[88]
formation . However, the dilemma is that not all
patients with “typical” intestinal ulcers satisfy ISG
criteria for systemic BD at the time of endoscopy - this
often leads to delayed or misdiagnosis. As a result,
[88]
Cheon et al
proposed four separate categories
of classification using the modified Delphi process:
definite, probable, suspected and non-diagnostic for
intestinal BD (Figure 1). In their study, 145 (51.8%)
of 280 patients were confirmed to have intestinal BD.
Using this algorithm, the first 3 categories provide for
a pooled sensitivity, specificity, positive and negative
predictive values of 98.6%, 83%, 86.1% and 98.2%,
respectively.

Table 3 Disease activity index for intestinal Behçet’s disease
Item

Score

General well-being in the preceding week
Well
Fair
Poor
Very poor
Terrible
Fever
< 38 ℃
≥ 38 ℃
Extraintestinal manifestations
Abdominal pain in the preceding week
None
Mild
Moderate
Severe
Abdominal mass
None
Palpable mass
Abdominal tenderness
None
Mildly tender
Moderately or severely tender
Intestinal complications
Number of liquid stools in the preceding week
0
1-7
8-21
22-35
≥ 36
Total score
Severity of disease
Quiescent Intestinal BD
Mild intestinal BD
Moderate intestinal BD
Severe intestinal BD

0
10
20
30
40
0
10
5 points for each
manifestation1
0
20
40
80

DISEASE MONITORING

0
10

A clinical scoring system called the Disease Activity
Index for Intestinal BD (DAIBD) exists. Prior to its
[89]
development in 2011 by Cheon et al , other IBD
indices such as the Crohn’s Disease Activity Index or
Harvey-Bradshaw Index were frequently used. The
DAIBD provides a score between 0 and 325 based
on an 8-point index. It classifies disease activity as
quiescent (≤ 19), mild (20-39), moderate (40-74) and
severe (≥ 75). Laboratory and endoscopic data are
not part of the scoring system making it ideal for use
in the outpatient setting (see Table 3). A later study
demonstrated that the correlation between DAIBD
[90]
and endoscopic severity was weak (r = 0.43) . It is
still unclear whether endoscopic severity is superior to
clinical severity in predicting prognosis.
Serum biologic markers are a helpful adjunct in
monitoring disease activity in intestinal BD. Soluble
triggering receptor expressed in myeloid cells-1
demonstrates the highest degree of correlation with
[91]
disease activity of intestinal BD . C-reactive protein

0
10
20
10 points for each
complication2
0
10
20
30
40

≤ 19
20-39
40-74
≥ 75

1

Five points are added for each type of the following manifestations: oral
ulcer, genital ulcers, eye lesions, skin lesions or arthralgia. 15 points are
added for each of the following: vascular involvement or central nervous
system involvement; 2Fistula, perforation, abscess or intestinal obstruction.
Adapted from Cheon et al[89]. BD: Behçet’s disease.
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(≥ 1.5 mg/dL) and increased disease activity (DAIBD
≥ 60) were associated with higher relapse rates. The

Table 4 Summary of evidence for medical management of
intestinal Behçet’s disease
Therapy
5-ASA/sulfasalazine
Corticosteroids
Thalidomide
Azathioprine, 6-MP
Mycophenolate
Methotrexate
Tacrolimus
Infliximab

Adalimumab
Etanercept

authors concluded that 5-ASA/sulfasalazine should be
reserved for mild-to-moderate intestinal BD.
CS are usually reserved for moderate to severe
[93,94,96]
disease in order to induce remission
. Doses of
20-100 mg prednisolone have been used depending
[1]
on the severity of the disease . Expert opinion
recommends a weight-based approach of 0.5-1 mg/kg
per day of prednisolone for 1-2 wk followed by a taper
[93,94]
of 5 mg weekly until discontinuation
. Hospitalized
patients with severe disease may require intravenous
[15]
methylprednisolone therapy . Intravenous pulse
therapy of 1 gram/d for 3 d followed by oral pre
[2]
dnisolone taper has been advocated . At 1 mo, almost
1/2 of patients achieve complete remission, 43%
attain partial remission and 11% will demonstrate no
response (i.e., steroid resistance). Patients who are
steroid-dependent or steroid-resistant can be difficult
to manage and often times require additional therapy
(immunomodulators, anti-TNF-α mAb) or surgery.
Maintenance therapy with CS is not appropriate and
long term steroid use should be avoided given the
significant systemic side effects.
Thiopurines are indicated in patients with steroiddependent disease, enterocutaneous fistulae and
maintenance of postoperative remission. Expert
opinion advocates starting azathioprine at doses of
25-50 mg/d with gradual titration every 2-4 wk to
[94]
2.0-2.5 mg/kg . The starting dose of 6-MP is 0.5
mg/kg and similarly is escalated every 2-4 wk to a
[97]
goal dose of 1.0-1.5 mg/kg . In a retrospective
analysis of 272 patients with intestinal BD, 67 patients
were started on thiopurines (66 on azathioprine, 1
on 6-mercaptopurine) during hospitalization for the
above three indications. Of the 39 patients who were
maintained on thiopurines, the relapse rates were
5.8%, 43.7% and 51.7% at one, three and five years
[97]
respectively . Younger age at the time of diagnosis
of intestinal BD (< 25 years) and a lower hemoglobin
level (< 11 g/dL) were independent risk factors for
relapse on thiopurine maintenance therapy.
Anti-TNF-α mAb therapy alone or in combination
with immunomodulatory therapy is also a modality
of treatment for patients with steroid-dependent
[98]
or steroid-resistant intestinal BD. Sfikakis et al
recommend the introduction of Anti-TNF-α mAb
therapy only in patients who have failed two
immunosuppressive agents and require prednisolone
at a dosage > 7.5 mg/d. Infliximab (IFX) and
adalimumab (ADA) are the two best studied biologic
agents. The first published case reports of IFX
success were in 2001; clinical response to IFX was
demonstrated in 3 patients with steroid dependent
[99,100]
BD in two separate case reports
. A larger case
series of 6 patients was also promising. Four out of
6 patients who received induction and maintenance
therapy (5 mg/kg) at 0, 2 and 6 wk and every 2 mo

Level(s) of published evidence
Retrospective cohort study[95]
Expert opinion, European League Against
Rheumatism Recommendations[114]
Case reports[131-133]
Retrospective cohort studies[97,123]
Case report[134]
Case series[135]
Case report[136]
Single arm clinical trial[102],
Retrospective cohort study[104]
Case series[101]
Prospective, non-placebo controlled clinical
trial[110]
Case report[112]

(CRP) and erythrocyte sedimentation rate have also
been demonstrated to correlate with disease activity.
Unexpectedly, serum levels of tumor necrosis factor-α
(TNF-α) are not a good biologic marker of intestinal BD
activity. Stool markers of inflammation that have been
shown to correlate with disease activity in patients with
CD and UC including fecal calprotectin have not been
studied to date in patients with BD.

MEDICAL MANAGEMENT
Management of Behçet’s syndrome is challenging
[92]
because of a general lack of high quality evidence .
Although some controlled data exists for management
of arthritis, eye involvement and mucocutaneous
disease, there is a considerable lack of evidence
addressing treatment strategies for neurologic and
vascular manifestations. Similarly, there are no
internationally accepted, standardized treatment
strategies for gastrointestinal BD. In order to
standardize treatment, the Japanese Inflammatory
Bowel Disease Research Group proposed a set
of consensus statements in 2007 - they were
updated again in 2014 to address growing lowlevel evidence supporting the use of anti-TNF-α mAb
[93,94]
therapy
. Generally, with some exceptions, the
same classes of medications that have been used for
the treatment of systemic BD have also been used
to treat intestinal BD and include colchicine, 5-ASA/
sulfasalazine, corticosteroids (CS), immunomodulators,
immunosuppressants, IFNα and anti-TNF-α mAb
therapy. Table 4 summarizes the highest level of
evidence for each modality of therapy.
Similar to IBD, sulfasalazine (3-4 g/d) and 5-ASA
(2.25-3 g/d) have been the traditional mainstay of
therapy. In a retrospective, single center Korean study
of 143 patients with intestinal BD treated with 5-ASA/
sulfasalazine monotherapy, 46 (32.2%) patients had a
[95]
clinical relapse (defined as DAIBD ≥ 20) . Younger
age at time of diagnosis (< 35 years), elevated CRP
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onwards maintained remission. The other two patients
had persistent ileal ulceration and required surgery however, 1 of those two patients remained in remission
[101]
on IFX after surgery . Similar results were replicated
in several other studies suggesting that IFX has
good efficacy and tolerability for refractory intestinal
[102,103]
BD
. A Korean multi-center retrospective study
of 28 patients treated with IFX demonstrated that
older age (> 40 years), female sex, longer duration of
disease (> 5 years), concomitant immunomodulator
use and achievement of remission within 4 wk were
[104]
predictive of sustained response .
Remission has also been successfully demonstrated
[105-108]
with ADA in several case reports
. ADA provides
a subcutaneous option which is sometimes preferred
[109]
by some patients . Recently, the efficacy and safety
of ADA was investigated in a prospective, non-placebo
controlled, multi-center trial in Japan of 20 patients
[110]
with refractory intestinal BD disease
. A novel
composite index which combined patient reported
GI symptoms in the preceding 2 wk and change in
ulcer size based on endoscopic assessment was used
to evaluate efficacy. Nine (45%) and 12 patients
(60%) demonstrated improvement at 24 and 52 wk
respectively. Four patients (20%) were able to achieve
complete early and late remission at weeks 24 and 52
respectively. Furthermore, 8 of 13 patients on steroids
at baseline were able to completely discontinue them
during the study.
Etanercept (ETN) in a double-blinded, placebo
controlled clinical trial of 40 men in Turkey demonstrated
efficacy against mucocutaneous involvement - spe
[111]
cifically oral ulcers and nodular lesions
. We are
only aware of one case of successful treatment in a
[112]
pediatric patient with refractory intestinal BD
- it
is worth noting she was simultaneously treated with
tacrolimus, prednisolone and mizoribine. Despite its use
for other manifestations of BD, ETN currently has no
role in the management of refractory intestinal BD and
[94]
thus is not addressed in the most recent guidelines .
Interestingly, ETN was not shown to be effective for
[113]
patients with moderate to severe CD .
Despite promising low-level evidence documenting
success of anti-TNF-α mAb therapies, a prospective,
randomized, placebo-controlled trial is necessary to
validate their use. The feasibility of conducting large
placebo-controlled trials is uncertain given the difficulty
recruiting patients with refractory intestinal BD.
Regarding BCS, treatment options include medical
therapy, interventional procedures and surgical
management. Ascites can be managed with salt
restriction and diuretic therapy. Endoscopy may
be clinically indicated to assess and treat possible
varices. Although there is limited data to guide
management of major venous involvement, monthly
cyclophosphamide and CS form the cornerstone of
[114]
therapy for BCS
. Anticoagulation is controversial
and is not recommended in the most recent
[114]
European League Against Rheumatism guidelines
.
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Nevertheless, long term anticoagulation with warfarin is
[61,63]
still commonplace and advocated by some authors
.
IFX has been attempted but was unsuccessful in 2
patients with advanced disease refractory to monthly
cyclophosphamide and CS. A third patient appeared
to have regression of disease in IVC - however the
development of cranial sinus thrombosis prompted the
[115]
investigators to discontinue IFX . It remains unclear
whether anti-TNFα mAb therapy or anticoagulation has
a role in BCS in BD.
Although immunosuppressive treatments are gene
rally indicated in patients with arterial aneurysms,
definitive therapy with open or endovascular repair is
required because of a high risk of rupture. Treatment
with prednisolone 5-60 mg/d combined with aza
thioprine (50-100 mg/d) and/or colchicine (1.2 mg/d)
[116]
has been advocated by some experts .

SURGICAL MANAGEMENT
As in patients with IBD, surgical therapy is reserved
for those who are refractory to medical therapy or
presenting with severe gastrointestinal bleed. Other
indications for surgery include perforation, fistula
formation, intestinal obstruction and abdominal
[117]
mass . It is interesting to note that ileal disease and
ocular lesions are associated with increased risk of
[118]
surgical resection .
There is controversy over the type of surgical
procedure and length of bowel to remove. Traditionally,
right hemicolectomy, ileocolectomy and partial
resection of the small bowel are most commonly
[41]
performed. Chou et al
recommended up to 80 cm
of ileal resection from the ileocecal valve at the time of
right hemicolectomy More recently, authors suggest a
conservative approach with removal of only the grossly
involved bowel as there appears to be no relation
between length of resection and rates of recurrence or
[117]
reoperation .
For select BD patients who undergo surgery, creation
of a stoma may be preferable over primary anastomosis
given a high rate of intestinal leakage, perforation and
[14,42]
fistulization at the anastomosis site
. Reoperation
in those who undergo surgery is high - 30%-44% and
often occurs at or near the anastomosis site (similar
[117-119]
to CD)
. Independent predictors of reoperation
include history of postoperative steroid therapy, CRP
levels greater than 4.4 or endoscopic evidence of
“volcano-type” deep ulcers.
If medical therapy fails in BCS, percutaneous
angioplasty provides an attractive option if the
[120]
segment of thrombosis in the HV or IVC is focal
.
Alternatively, transjugular intrahepatic portosystemic
shunt may be another appropriate option. It is unclear
whether surgical portosystemic shunting affects
survival. Orthotopic liver transplantation has been
performed as a life-saving procedure in patients with
BCS.
Arterial aneurysms in BD are generally treated
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surgically because of a high risk of rupture. Although
open surgical repair (synthetic vs autologous vein
graft) were previously the preferred method, an
endovascular approach has emerged as a more durable
[64]
alternative . A Korean study of 16 BD patients
who underwent endovascular repair demonstrated
[121]
a patency rate of 89% at 2 years
. A more recent
study confirmed that endovascular therapy is safe and
[116]
has long term durability
. Concomitant treatment
with immunosuppressive medications is necessary to
control vessel wall inflammation.

and mortality associated with gastrointestinal BD.
Diagnosis remains a challenge with no universally
accepted criteria. Management can be confusing
and there are no unanimously accepted treatment
algorithms. The goal of treatment is to keep patients
in clinical remission, reduce relapses and prevent
surgical intervention. Although endoscopic remission is
a treatment goal in IBD, there is currently insufficient
evidence in the literature to recommend mucosal
[94]
healing as a treatment goal in BD . Treatment
requires cooperation across multiple specialties
including the primary care physician, rheumatologist,
gastroenterologist and possibly interventional
radiologist and/or surgeon. Anti-TNF-α mAb therapy
appears to be promising for more severe and/or
refractory intestinal disease - more clinical trials are
necessary to support their use. A certain subset
of patients have a poor disease course and better
methods to identify them early in the disease course
will be an important area of study. It is unclear at this
time which populations of BD patients may benefit
from early aggressive therapy and whether this
intervention will have an impact on the progression of
disease.

PROGNOSIS
Unlike CD whereby many patients may experience
a disease flare-up and subsequent corticosteroid
and/or immunosuppressive treatment at least once
in their lifetime, intestinal BD generally follows a
distinguishable mild or severe clinical course. This
was illustrated in a 5 year retrospective study of 130
patients with intestinal BD which demonstrated that
a large proportion of patients (77.1%) experienced a
mild clinical course; on the other hand, 28.5% had a
more severe clinical course with multiple relapses and/
[122]
or chronic symptoms
. Other studies cite a similar
recurrence rate of 24.9%-28% and 43%-49% at 2
[123-125]
and 5 years respectively
.
Although the prognosis of intestinal BD was pre
viously believed to be worse than CD, a retrospective
cohort study of 332 CD and 276 Intestinal BD
demonstrated no difference in cumulative probability
of disease related surgery (P = 0.287) or hospital
admission (P = 0.259) over a mean follow-up period of
[40]
almost 7 years . Furthermore, there was no observed
difference in postoperative clinical recurrence (P =
0.724) or reoperation rates (P = 0.770).
Nonetheless, despite no significant long term
difference in outcomes in comparison with CD, surgery
rates still remain high. Cumulative rates of surgical
interventions are 20% at 1 year, 27%-33% at 5 years
[126-128]
and 31%-46% at 10 years after diagnosis
. Many
clinical variables have been investigated as predictors
of outcomes during medical and surgical therapy:
young age, high disease activity at time of diagnosis,
“volcano-type” ulcers on endoscopy or colonoscopy,
elevated CRP and history of laparotomy confer the
[126]
poorest prognosis .
Death from intestinal BD is uncommon. Diseasespecific mortality in BD is mainly due to major vessel
disease (arterial aneurysm, BCS) or neurologic
[129]
involvement .
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New gene therapy strategies for hepatic fibrosis
Adriana M Salazar-Montes, Luis D Hernández-Ortega, Martha S Lucano-Landeros, Juan Armendariz-Borunda
diffuse disorganization of the normal hepatic structure,
regenerative nodules and fibrotic tissue. Cirrhosis is
associated with a high co-morbidity and mortality
without effective treatment, and much research has
been aimed at developing new therapeutic strategies
to guarantee recovery. Liver-based gene therapy has
been used to downregulate specific genes, to block the
expression of deleterious genes, to delivery therapeutic
genes, to prevent allograft rejection and to augment
liver regeneration. Viral and non-viral vectors have been
used, with viral vectors proving to be more efficient.
This review provides an overview of the main strategies
used in liver-gene therapy represented by non-viral
vectors, viral vectors, novel administration methods like
hydrodynamic injection, hybrids of two viral vectors
and blocking molecules, with the hope of translating
findings from the laboratory to the patient´s bed-side.
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Core tip: Cirrhosis is the irreversible end result of fibrous
scarring and hepatocellular regeneration. Cirrhosis is a
disease without effective treatment and new therapeutic
strategies to accomplish healing are continuously being
sought. Liver-based gene therapy has been used to
improve liver function using viral and non-viral vectors.
This review provides an overview of the main strategies
used in liver-gene therapy, with the hope of finding a
niche application in a given clinical scenario.

Abstract

Salazar-Montes AM, Hernández-Ortega LD, Lucano-Landeros
MS, Armendariz-Borunda J. New gene therapy strategies for
hepatic fibrosis. World J Gastroenterol 2015; 21(13): 3813-3825
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i13/3813.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i13.3813

The liver is the largest internal organ of the body, which
may suffer acute or chronic injury induced by many
factors, leading to cirrhosis and hepatocarcinoma.
Cirrhosis is the irreversible end result of fibrous scarring
and hepatocellular regeneration, characterized by
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cytokine, which stimulates hepatic cell proliferation
and is able to block acute liver failure by inhibition of
[6]
hepatic natural killer cell activity in acute liver injury .
ALR is an important regulator of liver regeneration, with
trophic effects on the regenerating liver and potent anti[7]
hepatitis effects. In this context, Li et al investigated
the effect of an ALR recombinant plasmid on rat
hepatic fibrosis. Histological examination revealed less
hepatic fibrosis in the ALR group with respect to the
control group. There were also reductions in serum
levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and expression of Col-I, Col
Ⅲ and tissue inhibitor of metalloproteinase-1 (TIMP-1),
suggesting that ALR recombinant plasmid enhanced
hepatic regeneration of injured liver cells.
Transforming growth factor-beta 1 (TGF-β1) is
the most prominent cytokine implicated in hepatic
fibrosis. TGF-β1 stimulates production of extracellular
matrix in hepatic stellate cells in the liver. It has been
reported that blockage of TGF-β1 signaling prevents
[8]
hepatic fibrosis. In this context, Nakamuta et al
evaluated the effect of transfection of a plasmid
containing the soluble receptor type Ⅱ TGF-β1 cDNA
into skeletal muscle in an experimental model of
dimethylnitrosamine (DMN) induced fibrosis in rats.
This treatment decreased significantly DMN-induced
hepatic fibrosis, hydroxyproline content, collagen and
alpha-smooth muscle actin (α-SMA) expression. The
authors suggested that this strategy may be useful for
gene therapy of hepatic fibrosis.
Activation of metalloproteinases has also been
evaluated. The delivery of an antisense molecule
for the TIMP-1 into a plasmid to rats with hepatic
fibrosis induced by pig serum injection, resulted in
an increased activity of interstitial collagenase, which
[9]
increased the degradation of collagen .

INTRODUCTION
The liver is the largest internal organ in the body. The
main function of the liver is to take up nutrients, to
store them and to provide nutrients to other organs.
Cirrhosis is associated with high morbidity and
mortality, and is induced by many factors, including
chronic hepatitis, virus infections, alcohol and drug
[1]
abuse .
During acute injury, the changes in liver archi
tecture are transient and reversible. With chronic
injury, there is progressive substitution of the liver
[2]
parenchyma by scar tissue . Despite ongoing injury,
the liver has a remarkable regenerative capacity,
and, as a result, patients often progress slowly to
cirrhosis over decades. Substantial improvements in
the treatment of chronic liver disease have accelerated
interest in uncovering the mechanisms underlying
[3]
hepatic fibrosis and its resolution .
In this setting, the present review deals with
targeted gene delivery using viral and non-viral
“shuttle” vectors, as a relatively novel technology that
has the potential to treat both genetic and acquired
disorders. The mammalian liver is an organ that can
be targeted for gene transfer applications because its
blood-supply can be accessed reliably using current
technology. In addition, hepatocytes are long-lived
cells that can sustain gene expression from episomal
[4]
vectors . The potential application of gene therapy
protocols to human cirrhosis will depend on the
successful and tissue-specific delivery of therapeutic
genes to livers affected by extensive fibrosis.
In this context, experimental protocols of gene
therapy directed to treat extensive
liver fibrosis have been designed to deliver specific
genes to fibrotic organs. These protocols are mainly
based in the use of non-viral and viral shuttle vectors.
Here we describe the most important protocols
published to date.

Hydrodynamic administration

A promising method of gene transfer in large animals
is hydrodynamic gene transfer (HGT), which consists
of the application of controlled hydrodynamic pressure
in capillaries to enhance endothelial and parenchymal
cell permeability. It was used for first time in the
[10]
late 1990s by Budker et al , who demonstrated a
successful gene transfer into rat skeletal muscle by a
rapid injection of plasmid DNA solution into the femoral
artery.
The first clinical trial to test HGT in humans was
th
reported at the 9 Annual meeting of the American
[11]
Society of Gene Therapy . The most successful
application of hydrodynamic delivery was observed
in hepatocytes in rodents. This procedure involves a
tail vein injection in few seconds of 8%-10% vol/body
weight of physiological solution. The high DNA solution
in the tail vein enters directly into the inferior vena
cava and drives the injected solution into the liver in a
[12,13]
retrograde fashion
.
[14]
Huang et al
investigated the effect of recom

NON-VIRAL VECTORS
These delivery methods do not involve the use
of viruses. Among these methods are plasmids,
liposomes, conjugation with inert polymers of high
molecular weight, such as diethylaminoethyl dextran,
polyethylene glycol for the folding of DNA.

DNA plasmids

Plasmids are attractive vectors for direct injection
into organs and tissues. Despite the relatively
low expression achieved after a single plasmid
administration, this expression is enough to reach
physiological and therapeutics levels of the desired
protein. Additionally, improvements in techniques and
plasmid formulations have been performed to increase
[5]
the transfection rate .
Augmentation of liver regeneration (ALR) is a novel
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binant interleukin-10 (rIL-10) gene by HGT on
liver fibrosis progression induced by intraperitoneal
administration of porcine serum (PS) in rats. Plasmid
expressing rIL-10 was transferred into rats by HGT
and the major organ expressing rIL-10 was evaluated
by immunohistochemistry and reverse transcription
(RT)-PCR. The results showed the major expression
of rIL-10 in the liver after HGT. The rIL-10 gene
treatment attenuated liver inflammation and fibrosis in
PS-induced fibrotic rats, decreasing collagen deposition
and expression of α-SMA.
To test the efficiency between plasmid vs foamy
[15]
virus (FV) for liver gene delivery, Zacharoulis et al
applied HGT in four juvenile pigs, to deliver the same
plasmid backbone than naked FV vector particle to
compare both vectors. Gene transfer efficiency and
persistence of expression was assayed by PCR at 1 wk
and 1 mo, respectively, after the infusions. HGT was
well tolerated and no adverse reactions were observed.
Plasmid injections resulted in no detectable DNA
sequences at 1 wk. After 1 mo, 13% of liver sections
analyzed were positive for plasmid DNA. When FV
vectors were infused under identical conditions, 64.3%
of liver samples were positive for vector sequences.
These results indicated that the relative mild pressure
obtained by hydrodynamic injection and the flooding
of the liver was adequate for the entry of plasmids
in hepatocytes and medium-term therapeutic levels
of gene expression can be obtained with FV vectors.
This effect could be attributed to the potential of HGT
procedure and to the FV vector’s natural affinity for
[15]
hepatocytes .
The high efficiency and simplicity of hydrodynamic
injection have raised interest among medical community
towards its possible application in patients. The major
focus has centered on injection volume reduction while
maintaining an adequate pressure for gene transfer. A
proposed strategy to reduce the injection volume is to
inject directly into the vasculature of the target tissues.
[16]
Zhang et al
reduced the volume to < 1.5% of body
weight in rats by targeting the liver through the hepatic
vein, with successful results. These results point out
the possibility of liver gene delivery to hepatocytes in a
human weighing 70 kg at a volume of 500-700 mL, a
volume that might be clinically acceptable.

gene, incorporated in liposomes, into skeletal muscles
in rats with cirrhosis induced by dimethylnitrosamine.
HGF is a potent mitogen for hepatocytes with
anti-apoptotic activity and is essential for hepatic
regeneration. The vector comprised liposomes
containing the hemagglutinating virus of Japan with
mixed liposomes (HVJ liposomes). This strategy induced
a high plasma level of HGF, which binds and induces
tyrosine phosphorylation of the HGF/c-Met receptor
and suppression of TGF-β1 inhibiting fibrogenesis and
hepatocyte apoptosis, resulting in fibrosis resolution.

VIRAL VECTORS FOR GENE DELIVERY
Viral vectors are the most frequently used method to
deliver genes into living organisms. Delivery of genes
by a virus is termed transduction and the infected cells
are described as transduced. Comparing the different
vectors for gene therapy, viral vectors can ensure that
nearly 100% of cells are infected, without severely
affecting cell viability. The first modified virus for gene
therapy was constructed in 1970 by Paul Berg. He
modified the simian virus-40 (SV40) virus by addition
of the bacteriophage lambda DNA and infected
[20]
monkey kidney cells successfully in vitro . Since
then, the use of viral vectors has been reported by
several authors in experimental and clinical protocols.
To date, there has been no clinical protocol for liver
fibrosis. However, several important strategies of gene
therapy in animal models have shed light on this issue,
which promise to lead to the use of viral vectors in
humans in the not too distant future. Here we describe
the most significant progress in this area.

Adenoviruses-based shuttle vectors

Adenoviruses have been shown to be the most
efficient vector in fibrotic liver models, overpassing
technological hurdles and showing high hepatic
tropism. In this context, several authors have used
specific strains of adenovirus to deliver therapeutic
[21]
genes, with promising results. Arias et al cloned the
adenoviral construct Ad5- cytomegalovirus (CMV)AS-TGF-β1 expressing an antisense complementary
to the 3’-portion of rat TGF-β 1 mRNA and a control
virus expressing the reporter gene green fluorescent
protein (GFP). Both transgenes were driven by the
human CMV promoter and were fused to the SV40
early mRNA polyadenylation signal. The authors
found that transduction with Ad5-CMV-AS-TGF-β1
induced significantly more mRNA production than
the endogenous gene. In cirrhotic rats with ligature
of the common bile duct (BDL), the adenoviral vector
abrogated production of collagen and α-smooth
muscle actin, but had no significant impact on serum
levels of AST, ALT, or bilirubin. The authors concluded
that transfer of the TGF-β1 antisense was sufficient to
abolish ongoing liver fibrogenesis, but did not interfere
[21]
with the injury per se .

Liposomes

Many investigators have focused on the production
of effective non-viral vectors gene therapeutic
systems. These synthetic systems are largely based
on polycationic structures, because of their ability to
[17]
interact with negatively charged nucleic acids .
Within this group, liposomes are considered as a
novel strategy for delivery of drugs and genes to cells.
Use of liposome formulations for gene delivery in vivo
is valuable for gene therapy and would avoid several
[18]
[19]
problems associated with viral delivery . Ueki et al
transfected the human hepatocyte growth factor (HGF)
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[22]

A different strategy was used by Salgado et al ,
where an adenoviral vector carrying a modified cDNA
coding for a non-secreted form of human urokinase
plasminogen activator (Ad-ΔhuPA) was administered
to rats with liver fibrosis. The non-secreted uPA was
chosen to diminish the risk of bleeding, which is an
important problem in cirrhotic animals that may have
preexisting coagulopathy, and because huPA is known
as a potent activator of latent hepatic collagenases,
which in turn would promote the degradation of extra
cellular matrix deposited in cirrhotic livers. Salgado
[22]
et al
demonstrated that a single application of AdΔhuPA through the iliac vein of severely cirrhotic
rats induced profound beneficial changes, such as a
significant reversion in carbon tetrachloride (CCl4)[22]
induced hepatic fibrosis. Salgado et al
showed that
Ad-ΔhuPA treated rats had an enormous improvement
at day 10 via reduction of α-SMA, increase of MMP-2
and stimulation of liver regeneration with 40% more
presence of PCNA. HGF expression was increased,
which correlated with its cognate receptor c-Met.
Furthermore, an improvement in functional hepatic
tests was indicted by reduced ALT, AST and ALP levels.

a vector cationic polymer, which has a relatively high
transfection efficiencies and prolonged gene expression.
Intravenous injection of pMMP3 in the vector cationic
polymer increased the level of theMMP-13 mRNA by
25 times in liver tissue, slowing liver fibrosis, reducing
collagen Ⅰ deposition and restoring plasma AST levels
compared with the control group mice treated with
empty vector.
Considering all the experimental data reported by
several authors, gene delivery of collagenases seems
promising for the treatment of advanced cirrhosis in
humans.
However, persistent overexpression of collagenases
in the liver might digest normal architectures in
addition to pathologically deposited ECM. Therefore,
precise, controlled delivery of active interstitial MMPs
may be necessary to develop a treatment for clinical
use. In this context, our group cloned MMP-8, a
neutrophil collagenase, which degrades type Ⅰ collagen
preferentially, under the transcriptional control of
a phosphoenol pyruvate carboxykinase (PEPCK)gene promoter, which contains the regulatory sites
for hormonal regulation of expression in the liver.
Experiments were conducted in HepG2 to demonstrate
that addition of glucagon resulted in MMP-8 over
expression compared with the control using a plasmid
without PEPCK gene promoter. These results showed
that expression of a therapeutic gene like MMP-8
could be controlled at will, allowing modulation of the
quantity of the extracellular matrix according to the
[25]
body’s needs .
[26]
In a different approach, Siller-López et al showed
that adenoviral administration containing the MMP-8
gene promoted in situ degradation of extracellular
matrix proteins in liver fibrosis induced by CCL4
intoxication and bile duct ligation in rats, releasing
hepatic growth factors, and freeing up space for
hepatic cell proliferation. Furthermore, they used a
11
single application of 3 × 10 VP/kg of AdMMP8 via
the iliac vein in severely cirrhotic rats, obtaining in situ
production of the cognate protein. AdMMP8-treated
rats had a variable, yet remarkable, degree of hepatic
fibrosis resolution by day 14 after adenovirus vector
administration, the authors proposed that degradation
of fibrotic tissue could also be taking place via
activation of latent tissue gelatinases.
The systemic administration of adenovirus allows at
least some of them to be introduced in different organs
[27]
to the liver; therefore, Liu et al cloned a cDNA of the
truncated active MMP-8 in a hepatitis B virus vector.
This vector was fused with an adenovirus to create a
chimeric vector, with the aim of increasing liver tropism
and transduction efficiency simultaneously. Rats with
thioacetamide-induced liver cirrhosis were injected
with this vector to evaluate therapeutic efficacy. They
observed beneficial effects of this vector on hepatic
fibrosis and hepatocyte regeneration.
The imbalance between MMPs and TIMPs is

Metalloproteinases gene delivery in adenovirus for liver
fibrosis

Metalloproteinases (MMPs) play a crucial role in the
pathogenesis of liver fibrosis and may represent an
important therapeutic target in the design of antifibrotic strategies for chronic liver diseases. In this
context, several types of MMPs can digest fibrillar
collagens. The most potent MMPs against these
kinds of collagens are: metalloproteinase-1 (MMP1)
metalloproteinase-8 (MMP8) and metalloproteinase-13
(MMP13).
Delivery of collagenases has been reported in
experimental models of cirrhosis by several authors.
[23]
Iimuro et al
delivered a cDNA encoding human
pro-MMP-1 in an adenoviral vector into established
liver fibrosis in rats, supposing that the manipulation
of the imbalance between collagenases and their
inhibitors (TIMPs) might attenuate liver fibrosis. After
Ad-MMP-1 transduction, they found that liver fibrosis
was significantly attenuated, as indicated by Masson’s
trichrome staining. Notably, the area of α-SMA positive
cells (a marker of activated HSC) dramatically decreased.
Active MMP1 protein was detected by western blotting,
indicating that expressed pro-MMP-1 protein was
activated in vivo. Hepatocytes proliferation was also
induced by MMP-1 expression in the liver. Degradation
of fibrillar collagens could affect the interaction between
ECM and hepatocytes. This modification possibly
stimulates several growth factors bound to extracellular
matrix, thereby improving liver function.
Meanwhile, in cirrhotic mice induced by CCl4 into
[24]
xication, Kim et al
delivered a plasmid containing
an internal ribosome entry site, the gene of the green
fluorescent reporter protein and MMP-13 gene into
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of TGF-β1 signal with Ad-TβRII∆cyt could upregulate
the transcriptional repressor SnoN, which antagonizes
TGF-β1 signaling (TGF-β/Smad-pathway inhibitor) and
[30]
downregulated profibrogenic genes expression .
Increased intrahepatic vascular tone in cirrhosis
has been attributed to a decrease of hepatic nitric
oxide (NO), secondary to alterations in the post[31]
translational regulation of the enzyme eNOS . Low
activity of superoxide dismutase contributes to a
reduction of NO bioavailability in cirrhotic livers. Thus,
[32]
Laviña et al investigated whether the removal of NO
by a superoxide dismutase could improve endothelial
dysfunction and reduce portal pressure in cirrhotic
rats. To achieve this, they delivered an adenoviral
vector expressing extracellular superoxide dismutase
or beta-galactosidase (Ad-βgal) via the tail vein to
CCl4-induced cirrhotic rats. This transduction to fibrotic
2livers reduced O levels significantly, increasing cGMP
and decreasing liver nitrotyrosinated proteins, which
are associated with a significant improvement in
vasodilatation. Portal pressure was also significantly
decreased in comparison with control rats. The authors
2suggested that scavenging of O might be a good
therapeutic strategy in the management of portal
[32]
hypertension in cirrhosis .
On the other hand, the bone morphogenic protein
7, a member of the TGF-β1 superfamily, has been
reported to counteract the profibrogenic actions of
[33]
TGF-β1 Kinoshita et al
examined if adenovirusmediated overexpression of bone morphogenetic
protein-7 (BMP-7), administered via the tail vain, could
antagonize the effect of TGFβ1 in an experimental
model of fibrosis induced by thioacetamide in rats.
They found that hydroxyproline content and Sirius red
stained areas were significantly reduced compared
with the control.

considered a crucial parameter of deposition and
breakdown of the extracellular matrix. TIMP-1, the
most important endogenous inhibitor of MMPs, plays
a crucial role in the pathogenesis of liver fibrosis, and
may represent an important therapeutic target in
the design of anti-fibrotic strategies for chronic liver
disease. TIMP-1 expression is upregulated in cirrhotic
rats compared with normal liver. TIMP-1 binds to
[28]
MMPs and inhibits their activity. Roderfeld et al
had
already shown in vitro that an inactive MMP-9 (MMP-9H401A) inactivated TIMP-1 by binding to it. Thus, they
investigated the potential anti-fibrotic effect of WTMMP-9 and MMP-9 mutants delivered by adenovirus
vector to cirrhotic mice in a CCl 4 model. They
showed that inactive MMP-9 mutants delivered by
adenovirus inhibited hepatic fibrogenesis, collagen-1
gene expression and hepatic stellate cells activation
associated with decreased TIMP-1. This was the first
work using an inactivated enzyme acting as a TIMP-1
scavenger as a therapeutic agent against fibrosis. The
authors concluded that application of MMP-9 mutants
as TIMP-1 scavengers opens up a new avenue for the
treatment of hepatic fibrosis.

Delivery of additional therapeutic genes with adenovirus

Several authors have reported that liver fibrogenesis
involves a disturbance in mineral physiological
concentrations, in particular zinc. The availability of zinc
affects the activities of the zinc-dependent enzymes
like MMPs. In this context, several studies have shown
the beneficial effect of zinc supplementation on liver
fibrosis. Metallothionein is a protein involved in the
regulation of zinc homeostasis. For this reason, Jiang
[29]
et al
delivered adenovirus containing the human
MT-Ⅱ gene (Ad-MT2A) through intravenous injection,
to study the effect on liver fibrosis induced by CCl4 in
mice. Ad-MT2A reversed fibrosis along with increased
hepatocyte regeneration. MT was associated with
increased activities of liver collagenases. This study
indicated that MT makes an important contribution in
the resolution of chemical-induced hepatic fibrosis and
could be a therapeutical outcome in patients with liver
fibrosis of certain etiologies.
[30]
Otherwise, Marquez-Aguirre et al
constructed
a recombinant adenovirus containing the truncated
receptor for TGFβ1 (Ad-TβRII∆cyt). They administrated
11
a single injection of Ad-TβRII∆cyt (5 × 10 vp/kg)
via the iliac vein in rats with TAA-induced cirrhosis.
This single injection diminished significantly hepatic
fibrosis and the expressions of fibrogenic genes, such
as collagen α1, TGF-β1, PAI-1, and MMP-2. Ad-TβRII
∆cyt also increased the expression of anti-fibrotic
transcriptional factor SnoN in sinusoidal cells. There
was also a significant difference in serum levels of
AST and total bilirubin between cirrhotic rats and
cirrhotic rats transduced with TβRII∆cyt. The results
suggested that delivery of TβRII∆cyt in an adenovirus
is effective to express this therapeutic gene. Blocking
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Dual delivery of therapeutic genes
[34]

Qiu et al
used adenovirus for dual gene transfer,
human IL-10 and human hepatocyte growth factor, to
rats with liver fibrosis induced by CCl4. This strategy
protected hepatocytes from damage by reducing
hepatocyte degeneration, hepatic fibrosis, and
intra-hepatic inflammatory cell infiltration, thereby
preserving liver function. The authors concluded that
this liver protection could be the consequence of the
regulation of the immune response caused by IL-10
and that this dual gene expression vector constitutes
one of the most promising current strategies for liver
gene therapy.
[35]
Meanwhile, Lin et al used a combinatorial delivery
of urokinase-type plasminogen activator (uPA) and
HGF genes to investigate the effect of these two genes
on hepatic fibrosis. Ad vectors expressing uPA (AduPA), HGF (Ad-HGF) or uPA + HGF (Ad-uPA + HGF)
were generated and injected into rats with hepatic
fibrosis. Extracellular matrix and collagen type Ⅰ and
type Ⅲ expression in the fibrotic liver decreased
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significantly more in the dual-gene transduction group
compared with the individual AdHGF and AduPA
groups, indicating that combinatorial gene delivery
had a larger effect on reversion of hepatic fibrosis than
mono-gene therapy, probably by a synergistic effect of
these two genes on hepatic fibrosis resolution.
A different strategy was devised by Ozawa et
[36]
al , who used the combination of truncated type Ⅱ
TGF-β1 receptor (Tβ TR) gene and HGF in an adenoviral
vector (AdTβTR + AdHGF) to analyze the effect on
liver fibrosis induced by chronic administration of
dimethylnitrosamine in rats. The body and rats-liver
weight treated with the combination and hepatocyte
proliferation increased, while the grading of fibrosis
was significantly less compared with an irrelevant
vector AdLacZ or the single administration of either
AdTβTR or AdHGF, supporting the premise that the
combination of two therapeutics genes for liver fibrosis
treatment is more effective than individual delivery.

rat hepatic stellate cells and carbon tetrachloride-injury
induced rats as the experimental hepatic fibrosis model
in vitro and in vivo. Histological examination revealed
that rAAV-IFN-γ could inhibit the progression of hepatic
fibrosis, hydroxyproline content, and serum AST and
ALT levels were decreased compared with the fibrosis
control group. mRNA expressions of TIMP-1, TGF-β 1
and MMP-13 were decreased.
[40]
In the same year, Tsui et al , demonstrated
that rAAV exhibit high efficiency in transduction of
a homeostatic gene, heme oxygenase-1 (HO-1), to
activated stellate cells, where the binding of rAAVs to
HSCs increased significantly after serum-stimulated
activation compared with the quiescent state. Portal
injection of rAAVs to normal or CCl4-induced liver
fibrosis showed a distinct distribution of rAAV binding.
The majority of injected rAAVs bound to the cells
in fibrotic areas that were associated with higher
expression levels of fibroblast growth factor receptor1alpha at 2 h after administration. Isolation of different
types of cells from CCl4-induced fibrotic livers showed
predominant expression of the transgene in stellate cells
after rAAV/HO-1 administration on day 3 and remained
stable for 12 wk. In addition, HO-1-transduced stellate
cells showed reduced transcript levels of type 1 collagen
and impaired proliferative ability compared with
controls.
[41]
In 2007, Suzumura et al
constructed an AAV
vector expressing HGF (AAV5-HGF) and examined
its effect in two mouse hepatic fibrosis models: CCl4
administration and BDL in Balb/c mice. Mice that
received AAV5-HGF achieved stable HGF expression
both in the serum and liver for at least 12 wk. In
both models, significant improvement of liver fibrosis
was observed in all mice receiving AAV5-HGF, based
on Azan-Mallory staining. Suppression of HSCs was
confirmed by immunohistochemistry. Expressions
of TGF-β1, collagen Ⅰ and α-SMA mRNAs were
significantly suppressed in the liver of AAV5-HGF
transduced mice damaged with CCl4 or BDL. Expression
of the inhibitor of matrix metalloproteinases, TIMP-1,
was significantly suppressed in livers of AAV5-HGF[41]
transduced mice in both animal models .
In 2009, with the aim of investigating the effects
[42]
of TGFβ3 on rat hepatic fibrosis, Liu et al
cloned the
TGFβ 3 cDNA into the rAAV2 vector. TGFβ3 is an antifibrotic cytokine that inhibits collagen production. Rats
were randomly divided into four groups: normal control
group, model group, negative control group and TGFβ3
group. Hepatic fibrosis was induced by hypodermic
injection of 40% CCl4. Recombinant AAV2-TGFβ3
viral particles were injected via caudal vein one week
before CCl4 treatment. Rats were sacrificed 8 wk after
CCl4 treatment, and global histological changes were
observed after HE staining, indicating that collagen
fibers were reduced in the TGFβ3 group. Masson
staining showed that collagen fibers deposited around
the blood vessels, portal area and the perisinusoidal

Adeno-associated vectors

Similar to adenovirus, adeno-associated viral (AAV)
vectors have been shown to be efficient in experimental
cirrhosis models. They have high cellular tropism,
can achieve long-term gene expression and are now
feasible for use in human gene therapy, because
they do not awaken an exacerbated cellular immune
response. For these reasons, AAV has emerged as
an attractive vector for gene therapy. Production and
purification of AAV has been improved recently, and it
is now possible to produce high yields of vector, free
from contaminating cellular and helper virus proteins.
Eventually, tissue specific vectors to evade the immune
[37]
response will be manufactured .
Some experiments have focused on demonstrating
that AAV can efficiently transduce livers with fibrosis.
[38]
Sobrevals et al
compared the ability of AAV to
transduce normal and cirrhotic rat livers. They injected
AAV serotype-1 (AAV1) encoding the reporter luciferase
gene (AAV1Luc) through the hepatic artery, portal vein,
into the biliary tree of normal and cirrhotic rats. They
found that AAV1Luc allowed long-term and constant
luciferase expression in rat livers. Interestingly, intraportal administration led to higher expression levels in
healthy livers compared with cirrhotic livers, whereas
the opposite occurred when using intra-arterial
injection. Intra-hepatic administration led to similar
transgene expression in both animal groups, whereas
intra-biliary infusion was the least effective route.
After 70% partial hepatectomy, luciferase expression
decreased in the regenerating liver, suggesting a lack
of efficient integration of AAV1 DNA into the host
genome. Transgene expression was found mainly in
hepatocytes.
Different protocols using AAV have been developed
for the treatment of hepatic fibrosis. In 2005, Chen et
[39]
al
constructed a recombinant AAV vector encoding
human IFN-gamma (rAAV-IFN-γ), and took the primary
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space in liver tissues of TGFβ3 group were significantly
decreased.
New approaches have been tested with novel
administration methods that are less invasive and
[43]
easier to perform. For example, Hao et al
used
the BMP-7, a potent antagonist of TGF-β1 and an
antifibrotic factor. In that study, they generated a
recombinant AAV carrying BMP-7 (AAV-BMP-7) and
tested its ability to suppress CCl4-induced hepatic
fibrosis in mice. The results showed that ectopic
expression of BMP-7 in gastrointestinal (GI) mucosa
caused by AAV-BMP-7 administration led to long-term
elevation of serum BMP-7 concentrations and resulted
in drastic amelioration of CCl4-induced hepatic fibrosis
in BALB/c mice. Immunostaining for α-SMA and
desmin demonstrated that AAV-BMP-7 inhibited HSCs
activation and promoted hepatocyte proliferation.
The authors suggested that oral AAV-BMP-7 could be
developed into a safe, simple, and effective therapy for
hepatic fibrosis (Figure 1).

serum fibrosis parameter (hyaluronic acid). Histological
examination showed that OSM gene therapy reduced
centrilobular necrosis and inflammatory cell infiltration,
and augmented hepatocyte proliferation. Apoptosis
of hepatocytes and fibrosis were suppressed by OSM
gene therapy.
Different sorts of vectors have been tested, such
as SV40, an icosahedral papovavirus, which has
recently been modified to serve as a gene delivery
vector. Recombinant SV40 vectors (rSV40) are good
candidates for gene transfer, as they display some
unique features: they are non-replicative vectors, easyto-make, and can be produced in high titers. They
also efficiently transduce both resting and dividing
cells, deliver persistent transgene expression to a wide
range of cell types, and are non-immunogenic.
[46]
In 2007, Vera et al , analyzed the efficacy of a
rSV40 encoding IGF-I (rSVIGF-I) to prevent cirrhosis
progression. The transgenic expression of luciferase
was evaluated in mice. The results showed long-term
hepatic expression of the transgene, with luciferase
expression increased significantly in CCl4-damaged
livers and upon IGF-I administration. Thus, liver injury
and IGF-I expression from rSVIGF-I should favor
transgene expression. rSVIGF-I therapeutic efficacy
was studied in rats where cirrhosis was induced by
CCl4 inhalation during 36 wk. At the end of the study,
hepatic levels of IGF-I and IGF-binding protein 3 were
higher in rSVIGF-I-treated rats than in control cirrhotic
animals.
This vector was also used in experiments performed
[47]
by Sobrevals et al , where they found that injection
through the hepatic artery with an SV40 vector
encoding insulin growth factor (SVIGF-I) in cirrhotic
rats increased hepatic levels of IGF-I, improved liver
function tests, and reduced fibrosis associated with
diminished α-SMA expression, upregulation of MMPs
and decreased expression of tissue inhibitors of
MMPs, TIMP-1 and TIMP-2. SVIGF-I therapy induced
downregulation of TGF-β1, amphiregulin, plateletderived growth factor (PDGF), connective tissue
growth factor (CTGF), vascular endothelium growth
factor (VEGF) and induction of the antifibrogenic and
cytoprotective protein, HGF.
Some virus have a high natural tropism for the
liver, one of them is the hepatitis B virus (HBV).
However, HBV vectors have a limited insertion capacity
and are replication-defective. Conversely, in an HBV
infected cell, vector replication may be rescued in
trans by the resident virus, allowing conditional vector
amplification and spread. Capitalizing on a resident
pathogen to help in its elimination and/or in treating
its pathological consequences would represent a novel
strategy. However, resident HBV may also reduce
susceptibility to HBV vector super-infection. Thus, a
size-compatible truncated MMP-8 (tMMP8) gene was
cloned into an HBV vector, which was then used to
generate a chimeric Ad-HBV shuttle vector that was

NOVEL VIRAL VECTORS FOR GENE
THERAPY
Even though some serotypes of Ads and AAVs, such as
Ad-5 or AAV-5/8, have high hepatic tropism, scientists
continue the search for the best vector. Several
investigations involved the usage of other recombinant
[44]
viruses. In 2006, Merle et al , proved the principle of
a lentiviral gene transfer in the Long-Evans cinnamon
(LEC) rat, an animal model of Wilson disease. Rats
were treated either by systemic application of lentiviral
vectors or by intrasplenic transplantation of LECrat hepatocytes lentivirally transduced with ATP7B
gene. ATP7B gene encodes a copper transport protein
that plays a key role in incorporating copper into
ceruloplasmin and moving excess copper out of the
liver. ATP7B gene expression was analyzed by RT-PCR
and its hepatic expression was detected at different
time-points post-treatment and lasted for up to 24 wk
(end of experiment). Liver copper levels were lowered
in all treatment groups compared with untreated LEC
rats. Twenty-four weeks after treatment, the area of
the examined liver-tissue sections occupied by fibrosis
was significantly minor, only with small fibrous septa in
rats treated with cell therapy compared with untreated
rats.
[45]
In the same manner Hamada et al , assessed the
usefulness of oncostatin M (OSM) gene therapy in liver
regeneration. They examined whether the introduction
of OSM cDNA could enhance regeneration of livers
damaged by DMN in rats. They enclosed the cDNA
of OSM in hemagglutinating virus of Japan envelope
into the spleen, resulting in the exclusive expression
of OSM protein in Kupffer cells of the liver, which was
accompanied by increases in body weight, liver weight,
and serum albumin levels and reduction of serum
liver injury parameters (bilirubin, AST and ALT) and a
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not subject to super-infection exclusion. Rats with TAAinduced extensive liver fibrosis were injected with this
chimera to evaluate therapeutic efficacy. The data
demonstrated that infectious HBV vector particles
could be obtained via trans-complementation by wildtype virus, and that tMMP8 HBV vector could efficiently
be shuttled by an Ad vector into cirrhotic rat livers.
In the liver, it exerted a comparable beneficial effect
on fibrosis and hepatocyte proliferation markers as a
[27]
conventional full-length MMP-8 Ad vector .
HBV also contain numerous overlapping open
reading frames and regulatory cis-elements, which
have hampered early attempts to harness HBV
into a gene-transfer vector by simple insertion of
foreign sequences. HBV vectors obtained in this way
selectively accumulate in the liver after inoculation
into peripheral vessels, efficiently infected quiescent
hepatocytes, and successfully transduced genes
for GFP and type Ⅰ interferon (IFN-γ) These data
suggested that HBV-based vectors may become useful
[27]
against other liver diseases .

quiescence HSCs and no expression in hepatocytes.
Nerve growth factor (NGF) is a neutrophin that
binds P75NTR. According to this premise, NGF was
conjugated to the Ad surface using an adapter derived
from a single chain antibody via polientilenglicol. The
Ads carried the reporter gene GFP. This vector was
injected systemically in mice and GFP expression
was evaluated. The authors showed that the GFP
expression was detected in the liver, but not in other
organs like the lung and brain. Liver expression
was selective and increased in HSCs of liver fibrosis
compared to normal cells. There was no expression in
hepatocytes. The authors concluded that this strategy
might provide an effective mechanism for direct
therapeutic gene delivery into activated HCSs without
[50]
affecting hepatocytes .
[51]
To reduce liver fibrosis, Narmada et al
delivered
HGF specifically to activated HSCs in fibrotic livers
using vitamin A-coupled liposomes by retrograde
intrabiliary infusion to bypass capillarized hepatic
sinusoids. The HSC-targeted transgene enhanced the
antifibrotic effect by reduction of α-SMA and collagen
genes.

Gene therapy of hepatic stellate cells

HSCs play a central role in hepatic fibrosis and their
elimination is a crucial step towards the resolution
[48]
and reversion of liver fibrosis. Arabpour et al ,
investigated the potential application of a fused protein
of an anti-epidermal growth factor receptor scFv
antibody-TNF-α (scFv425- sTRAIL) delivery by an Ad
vector on the targeted elimination of activated HSCs
in cell culture. Treatment with Ad-scFv425-sTRAIL
induced a reduction of around 100% in HSC viability,
a 60% reduction in ECM production, and decreased
caspase inhibition, where no effect was observed on
hepatic parenchymal cells. The authors suggested that
this strategy may represent a new therapeutic strategy
against liver fibrosis.
In a different study, other authors developed a
CCl4-induced micronodular cirrhosis model to study the
effect of rAAV/HO-1 administration, where expression
of HO-1 by rAAV/HO-1 significantly increased the
HO enzymatic activities in a stable manner. The
development of micronodular cirrhosis was significantly
inhibited in rAAV/HO-1-transduced animals. Portal
hypertension was markedly diminished in rAAV/HO1-transduced animals compared with controls, and
no significant changes in systolic blood pressure
were noted. These findings were accompanied
with improved liver biochemistry, fewer infiltrating
macrophages and fewer activated HSCs in rAAV/HO-1[49]
transduced livers .
[50]
In a different study, Reetz et al
described a
novel method to deliver genes for HSC in fibrotic
liver, ablating the native tropism to liver. This paper
was based on the concept that the expression of P75
neutrophin receptor (P75NTR) is increased in HSC
in liver fibrosis, compared with low expression in
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BLOCKING MOLECULES FOR THE
INHIBITION OF DELETERIOUS GENES
Technology based in the delivery of short DNAs or
RNAs is a revolutionary tool employed to silence the
expression of specific genes in cells with no toxic
response. These molecules are delivered to the cells
or produced by them using expression cassettes,
which are introduced into cells through viral vectors,
[52]
plasmids or DNA constructs . In this context, several
molecules, such as decoys, antisense oligonucleotides,
short interfering RNAS (siRNAs) and mircoRNAs
(miRNA), have been investigated to evaluate their
effect on expression inhibition of important genes for
cirrhosis development.

Decoy molecules

The usage of decoy technology has been recently
reported. A synthetic double-stranded oligodeoxy
nucleotide (ODN) containing the consensus binding
sequence of the transcription factor Sp1, which regulates
the inflammation-repair process and suppresses ex
pression of several genes including TGF-β1, collagen
typeⅠ, VEGF, to block its activity, was used by Park et
[53]
al in a CCl4-liver fibrosis model. They injected 10 μg of
this ODN through tail vein in mice. The decoy molecule
for Sp1 reduced gene expression of TNF-α, IL-1β, IL-6,
VEGF and MCP-1 and also decreased the production of
pro-fibrogenic proteins like fibronectin, α-SMA, TGFβ-1
and TIMP-1.

Antisense oligonucleotides
In 2005, Cheng et al
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Figure 1 Several cell-targeted methods employing different vectors routinely used in gene therapy approaches. Some of them remain episomal and their
expression is transient. Others enter into the nucleus and integrate their DNA into the cellular genome and their expression is permanent.

approach using a type alpha1 (I) promoter specific
triplex-forming oligonucleotide (TFO) to inhibit collagen
gene expression. In this report, biodistribution and
hepatic cellular and subcellular localization of the
25-mer antiparallel phosphorothioate TFO were
determined after intravenous injection into rats. TFOs
distributed to all the major organs, with higher uptake
in the liver, kidney and spleen. Competition studies
with polyinosinic acid and dextran sulfate suggested
the involvement of scavenger receptors in the hepatic
uptake of TFO. Intrahepatic cellular distribution by
Kupffer, endothelial and HSCs accounted for almost
70% of the liver uptake of P-TFO, while only 30% was
associated with hepatocytes. The level of liver nucleiassociated TFO was much lower relative to that found
in the cytoplasm at 2 and 4 h post-injection. However,
the TFO inhibited collagen expression, as evidenced by
sirius red staining of the liver section of fibrotic rats. In
conclusion, systemic delivery of the TFO against type
alpha1 (I) collagen gene promoter may be used for
the treatment of liver fibrosis.
[9]
In the same year, Jiang et al , constructed a rat
antisense TIMP-1 recombinant plasmid that could
be expressed in eukaryotic cells. The recombinant
plasmids were encapsulated with glycosyl-poly-Llysine and injected into rats suffering from pig serum-

WJG|www.wjgnet.com

induced liver fibrosis. The expression of the exogenous
transfected plasmid was assessed by northern blotting,
RT-PCR and western blotting. The antisense construct
was successfully expressed in vivo and could block the
gene and protein expression of TIMP-1. Active and
latent hepatic interstitial collagenase activities were
elevated. The hepatic hydroxyproline content and the
accumulation of collagen types Ⅰ and Ⅲ were lowered,
and liver fibrosis was alleviated in the antisense
TIMP-1 group compared with the model group.
The use of these kinds of molecules has increased
in recent years and a large number of molecules have
[55]
been tested. Lu et al
constructed a recombinant
plasmid for a rat antisense RNA for CTGF, which could
be expressed in eukaryotic cells. The recombinant
plasmids were encapsulated with lipofectamine and
then transduced into a CCl4-induced rat liver fibrosis
model. The gene and protein expression of CTGF were
significantly decreased in the fibrotic liver transfected
with antisense-CTGF compared with the control group.
Index fibrosis and collagens type Ⅰ and type Ⅲ were
also significantly minimized in this group.

Small interfering RNA

SiRNAs are a recent powerful tool for post-trans
criptional gene silencing and have opened up new
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MicroRNAs

avenues in gene therapy. The problems of lack of
cell specificity in vivo and the subsequent occurrence
of side effects, has hampered their development
for hepatic fibrosis treatment. To overcome these
shortcomings, several targeted strategies using siRNA
for cirrhosis treatment have been developed. For
[56]
example, in 2007 George et al
used a CTGF siRNA
to prevent the progression of NDMA-induced hepatic
fibrosis. The serial administration of NDMA resulted in
activation of HSCs, upregulation of CTGF and TGF-β1 at
both the mRNA and protein levels, and well-developed
hepatic fibrosis. Immunostaining, western blotting and
semiquantitative real-time RT-PCR studies showed
downregulation of CTGF and TGF-β1 after treatment
with the CTGF siRNA. These results demonstrated
that CTGF gene silencing through siRNA reduced
the activation of hepatic stellate cells, prevented
upregulation of CTGF and TGF-β 1 gene expression,
and inhibited accumulation of liver connective tissue
proteins.
Three years later, another working group also
tested the anti-fibrogenesis properties of a single intraportal vein injection CTGF siRNA in a rat model of liver
fibrosis. The authors observed that in CTGF siRNAtreated cirrhotic rats, protein expression of CTGF and
α-SMA, and the number of active HSC, decreased
compared with the model group. Attenuation of liver
[57]
fibrosis was also observed .
[58]
In 2008, Chen et al , constructed a PDGFR-β
siRNA expression plasmid and investigated its effect
on the activation of HSCs. A hydrodynamics-based
transfection method was used to deliver PDGFR-β
subunit-siRNA to rats with hepatic fibrosis. PDGFRβ-siRNA significantly downregulated PDGFR-β ex
pression, and suppressed HSCs activation and pro
liferation in vitro. The progression of fibrosis in the
liver was significantly suppressed by PDGFR-β siRNA
in two animal models of fibrosis: DMN intoxication and
BDL. The authors suggested that the plasmid could be
delivered into activated HSCs by the hydrodynamicsbased transfection method, and remarkably improved
liver function in cirrhotic rats.
[59]
In the same year, Cheng et al , designed a siRNA
and short hairpin RNA (shRNA) targeting different
regions of TGF-β 1 mRNA, and measured the silencing
effect after transfection into immortalized rat liver HSC
(HSC-T6). There was not only a significant decrease
in TGF-β1, TIMP-1, α-SMA and type I collagen after
transfection with TGF-β1 siRNAs, but also synergism
in gene silencing when siRNAs targeting two different
start sites were used as a pool for transfection. The
two siRNA sequences, which efficiently inhibited
TGF-β 1 gene expression, were converted to shRNAs
via cloning into the pSilencer1.0. In conclusion, both
siRNA and shRNA showed sequence-specific and
dose dependent TGF-β 1 gene silencing and have the
potential to treat liver fibrosis.
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MiRNAs are short, endogenous, noncoding RNA
molecules that regulate gene expression at a posttranslational level. MiRNAs have been recognized in
the regulation of physiological conditions. Moreover,
awareness of the association between dysregulated
miRNAs and human diseases is increasing, which
consequently brings miRNAs into the frontline of novel
therapeutic strategies.
This technology is effective, as demonstrated
[60]
by the work of Yang et al . They investigated the
antifibrotic effects of an artificial miRNA targeting
CTGF, using the ultrasound-targeted cationic liposomebearing microbubble destruction gene delivery system.
Plasmids carrying the most effective artificial miRNA
sequences were delivered by this method to rats
with hepatic fibrosis. The results showed that this
method of gene delivery effectively transported the
plasmids into the rat liver. The artificial miRNA reduced
hepatic fibrosis, pathological alterations, and the
protein and mRNA expressions of CTGF and TGF-β 1.
Furthermore, CTGF gene silencing decreased the levels
of type Ⅰ collagen and α-SMA. These data suggested
that delivery of an artificial miRNA targeted against
CTGF using ultrasound-targeted cationic liposomebearing microbubble destruction may be an effective
therapeutic method to ameliorate hepatic fibrosis.

CONCLUSION
Gene therapy represents a novel alternative for the
treatment of those diseases that currently have no
satisfactory cure. In recent years, gene therapy has
been directed to the treatment of mortal chronic
degenerative diseases to offer the patient a better
quality of life. For those diseases caused by lack
of control in the expression of certain genes, such
hepatic fibrosis, delivery of genes that counteract this
overexpression should be an excellent strategy to
control it. Thus, numerous articles have been published
in the experimental field of gene therapy, addressing
innovative strategies that demonstrate that hepatic
fibrosis could be treated with gene therapy, supporting
its use in a near future in cirrhotic patients.
A large number of vectors used in gene therapy
have been implemented, each with its advantages and
disadvantages. The use of gene therapy in humans has
been controversial because the delivered genes could
potentially be integrated into the cell genome, causing
an insertional mutation that might result in cancer,
especially if the vector used is a virus. As mentioned
earlier, adenoviruses are the most commonly used viral
[61]
vectors for therapeutic gene delivery to the liver ,
with the advantage that they recognize the CAR
receptor present in hepatocytes, do not integrate into
the cell genome, and the risk of insertional mutation
[62]
is zero . Other vectors, like liposomes, plasmids and
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adeno-associated viral vectors, have been proved;
however, the ideal vector to deliver genes to a
diseased liver remains to be established. Some clinical
trials using gene therapy against hepatocarcinoma
[61]
and hepatitis C infection are being implemented ;
however, there are only experimental models directed
to liver fibrosis at this moment. These experimental
approaches have been demonstrated as effective to
decrease and prevent experimental fibrosis. We await
their implementation in humans in the near future.
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Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer death, especially in Eastern areas. With
advancements in diagnosis and treatment modalities
for HCC, the survival and prognosis of HCC patients are
improving. However, treatment patterns are not uniform
between areas despite efforts to promote a common
protocol. Although many hepatologists in Asian countries
may adopt the principles of the Barcelona Clinic Liver
Cancer staging system, they are also independently
making an effort to expand the indications of each
treatment and to combine therapies for better outcomes.
Several expanded criteria for liver transplantation in
HCC have been developed in Asian countries. Living
donor liver transplantation is much more commonly
performed in these countries than deceased donor
liver transplantation, and it may be preceded by other
treatments such as the down-staging of tumors. Local
ablation therapies are often combined with transarterial
chemoembolization (TACE) and the outcome is
comparable to that of surgical resection. The indications
of TACE are expanding, and there are new types of
transarterial therapies. Although data on drug-eluting
beads, TACE, and radioembolization in Asian countries
are still relatively sparse compared with Western
countries, these methods are gradually gaining popularity
because of better tolerability and the possibility of
improved response rates. Hepatic arterial infusion
chemotherapy and radiotherapy are not included in
Western guidelines, but are currently being used actively
in several Asian countries. For more advanced HCCs,
appropriate combinations of TACE, radiotherapy, and
sorafenib can be considered, and emerging data indicate
improved outcomes of combination therapies compared
with single therapies. To include these paradigm shifts
into newer treatment guidelines, more studies may be
needed, but they are certainly in progress.
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system has very strict guidelines for treatments; only
very early stage and early stage HCCs are indicated
for the curative therapies, and only one treatment
option is assigned to each of intermediate stage and
advanced stage disease. Furthermore, no combination
therapy is recommended according to the BCLC
algorithm. Hence, despite the worldwide use of the
BCLC guidelines, debates regarding their practicality
are ongoing. The Asian Pacific Association for the
Study of the Liver has guidelines for HCC treatment
[5]
similar to those in the BCLC system ; both consider
hepatic function as well as tumor size, number, and
its extent, and the treatment options are not much
different from BCLC. However, indications of preexisting therapies are expanding and newly emerging
therapies are currently being implemented (Figure
1). In addition, alternative therapies or combination
therapies for each stage are available as determined
by clinical situations in real practice. In this section,
current status of surgical, interventional, medical, and
radiation therapies are reviewed with newly available
data, particularly, from Asian countries.

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

Core tip: This article describes the current status of the
management of hepatocellular carcinoma, focusing on
the changing trends of treatment modalities in Eastern
countries. Newly adopted therapies as well as emerging
combination strategies are discussed based on recent
data.
Yim HJ, Suh SJ, Um SH. Current management of hepatocellular
carcinoma: An Eastern perspective. World J Gastroenterol 2015;
21(13): 3826-3842 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Worldwide, hepatocellular carcinoma (HCC) is the sixth
[1]
most prevalent cancer . More than 600000 people
are newly diagnosed every year and approximately
the same number die due to HCC annually. The main
etiology of HCC is liver cirrhosis caused by chronic
hepatitis B or C, alcohol, fatty liver diseases, or
less commonly, autoimmune or genetic metabolic
[2]
liver diseases . The incidence, characteristics, and
prognosis of HCC vary from region to region according
to the prevalence of underlying chronic liver diseases
as well as the screening and treatment strategies for
HCC. Currently, efforts are being made to promote
the use of common protocols, but the patterns of
treatment are still not uniform as the therapeutic
approach to HCC mainly depends on the availability
of treatment modalities as well as the preferences
[2-7]
of physicians
. As three-quarters of HCC cases
occur in East Asia, the experiences and data in this
area should have been substantially accumulated,
and the treatment trends would have characteristic
features. This article aims to review the current
status of the management of HCC from an Eastern
perspective. The first section introduces the principles
and current trends of different treatment modalities,
and the second section summarizes the findings
on multidisciplinary treatments based on recently
available data.

Surgical therapies

Liver transplantation: Transplanting a healthy
liver provides the most favorable survival outcomes
[8]
in HCC patients . If the patients have underlying
decompensated liver cirrhosis, no other option exists.
However, the availability of organs limits access to
this best curative therapy. The annual incidence of
deceased organ donors does not exceed 5 per million
[9]
in most Asian countries . Compared with those in
Western countries, patients with HCC in Asia have
a low probability of receiving a deceased donor liver
transplantation (DDLT) in a timely manner and thus
have a higher risk of drop-out because of tumor
[10]
progression . For this reason, living donor liver
transplantation (LDLT) has been promoted. In Korea,
the proportion of adult LDLT recipients with HCC has
increased to 30%-40% of all HCC liver transplant
[11]
recipients . Despite technical complexity, LDLT is
[8]
replacing DDLT in other Asian countries as well .
Donor mortality and morbidity rates of LDLT were
0.2% and 24%, respectively, according to a report
[12]
of a worldwide survey . Most LDLT centers develop
[13]
their own criteria for maximizing donor safety .
Although the right lobe is the most suitable graft for
the recipient, its procurement is limited by size of
donor liver. When the right lobe cannot be used alone,
a dual graft from 2 donors containing the left lobe can
[14]
be utilized . Despite this method, the donor pool has
not significantly expanded because of the technical
complexity of the surgery and ethical concerns. To
further overcome organ shortage, ABO-incompatible
LDLT was attempted and became successful after
the implementation of rituximab, which decreased
antibody-mediated rejection rates from 23.5% to
[15]
6.3%, as shown in a Japanese multicenter study .
The Milan criteria (solitary tumor < 5 cm, 2 or 3

MAIN TREATMENT MODALITIES:
EVOLVING ROLES AND CHANGING
TRENDS
For decisions regarding initial treatments, the Barcelona
Clinic Liver Cancer (BCLC) staging system from
[3,4]
Western guidelines is frequently applied
. This
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Figure 1 Expanding indications of treatment modalities for hepatocellular carcinoma. Indications of each treatment are currently expanding and treatments
may be combined as determined by clinical situations. RFA: Radiofrequency ablation; TACE: Transarterial chemoembolization; HAIC: Hepatic arterial infusion
chemotherapy; BSC: Best supportive care.

Table 1 Expanded criteria for liver transplantation proposed in Eastern countries
Criteria (city, country,
reference)
Hong Kong, China[20]

Tumor
number

Tumor diameter
(cm)

Additional criteria
No diffuse type,
no vascular invasion
Histopathologic grade Ⅰ or Ⅱ with
AFP ≤ 400 ng/dL if tumor > 8 cm
No gross vascular invasion

1

≤ 6.5

≤3

≤ 4.5

NC

Total ≤ 8

Seoul (AMC), Korea[22]

≤6

≤5

Seoul (CMC), Korea[23]
Tokyo, Japan[24]

≤7

≤7

≤5

≤5

NC
NC

Kyoto, Japan[25]

≤ 10

≤5

PIVKA-II ≤ 400 mAU/mL

Hangzhou, China[21]

Overall survival
within criteria
3 yr
5 yr
3 yr
5 yr
3 yr
5 yr
5 yr
3 yr
5 yr
5 yr

78%
66%
70.7%
70.7%
87.5%
81.6%
86.3%
82%
75%
87%

AMC: Asan medical center; CMC: Catholic medical center; AFP: Alfa-fetoprotein; PIVKA Ⅱ: Protein induced by vitamin K absence or antagonist-Ⅱ; NC:
Not commented.
[26]

tumors < 3 cm each, and absence of vascular invasion
and extrahepatic metastasis) have been applied for the
[16-18]
selection of candidates for liver transplantation
.
However, these criteria have been criticized because
many patients missed opportunities for transplants
because of the strictness of the criteria. Therefore, Yao
[19]
et al
proposed their own set of criteria, permitting
the listing of patients with somewhat larger-sized
tumors. In Asia, several independent criteria have
also been proposed, expanding indications without
[20-25]
increasing the risk of HCC recurrence significantly
(Table 1). Five-year survival rates were as high as 80%
after transplantation using these criteria. However,
these criteria should be applied very carefully to DDLT
candidates until a consensus is achieved.
Current issues related to “bridging therapy”
and “downstaging” are discussed in the section on
multidisciplinary treatments.

indocyanine green retention rate at 15 min (ICG15) .
Feasibility and the extent of the resection are decided
[27]
according to the degree of retention of the dye .
Although the BCLC algorithm mandates Child-Pugh A
liver function without portal hypertension for hepatic
resection, selective resection has been attempted
in HCC patients exhibiting upper Child-Pugh B liver
function or mild portal hypertension in Asian countries,
[6,26]
with reference to the ICG15 value
.
Prognosis after hepatic resection is determined
by number and size of tumor, vascular invasion, and
[28-30]
level of alpha-fetoprotein
. Five-year survival rates
are > 50% after the resection of solitary tumors,
whereas rates of 20%-30% have been reported for
[28-30]
3 or more nodules
. With respect to tumor size,
5-year survival rates for patients with HCCs < 2
cm, 2-5 cm, and > 5 cm are 66%, 52%, and 37%,
[28-30]
respectively
. However, in selected cases with
proper hepatic function, large single HCCs can be
surgically removed with favorable long-term survival
[29]
outcomes . More advanced stages of HCCs have
been resected in 511 Chinese patients, yielding a 5-year
[31]
survival rate of 30.5% . The presence of vascular
invasion or extrahepatic metastasis resulted in poor
[31]
outcomes .

Hepatic resection: As hepatic resection is a potentially
curative therapy, it has been considered a first-line
option for HCC patients with well-preserved hepatic
function, especially when there is only one tumor or
when tumors are confined to a single lobe. To assess
hepatic function, a Japanese group measured the
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Recently, laparoscopic liver resection has been
implemented for the treatment of HCC. This is a
minimally invasive surgery, so postoperative morbidity
and duration of hospitalization are reduced with no
changes in surgical margin status, tumor recurrence,
[32]
and overall survival . This technique is successfully
being applied for the resection of large tumors
between 5 and 10 cm and lesions at difficult-to[33-35]
approach locations
as well as intra-abdominal
[36]
metastatic HCCs in Asian countries .

needed and the need for long-term surveillance should
be re-enforced.
Transarterial chemoembolization: Patients with
either large tumors or multinodular tumors and a good
performance status are candidates for transarterial
chemoembolization (TACE). However, the presence
of decompensated liver disease, severe hepatic
dysfunction, portal vein thrombosis, or extrahepatic
tumor spread precludes TACE. Although TACE is
associated with a complete response rate of only
40%, it improved survival compared with supportive
treatment in 2 independently performed randomized
[47,48]
controlled trials in Eastern and Western countries
.
A meta-analysis of 7 trials that included 545 HCC
patients showed similar results [odds ratio (OR), OR
[49]
= 0.42, 95%CI: 0.20-0.88] . Importantly, when
the tumor size is ≤ 2 cm, prognosis is even better;
a Korean study of TACE in small HCCs reported
cumulative survival rates of 93.4%, 75.4%, 63.1%,
and 51.1% at 1, 3, 5, and 8 years, respectively, for
TACE, which were not significantly different from those
of 97.6%, 86.7%, 74.5%, and 60.0%, respectively, for
[50]
RFA . Therefore, TACE may have a potential role as a
curative therapy for small HCCs when surgical or local
ablative therapies are not feasible.
Although TACE has been contraindicated in cases
of HCC with portal vein invasion, multiple studies
reported that it can be safely performed and may
have better survival benefits than supportive care in
[51-54]
patients with compensated liver function
. Notably,
when a tumor is nodular and restricted to 1 lobe or 1-2
segments and hepatic function is classified as ChildPugh class A, median survival after TACE is as long
as 22-30 mo even in the presence of main portal vein
[51,52]
tumor thrombosis
. When compared with sorafenib,
which is a current standard treatment for advanced
HCC, median overall survival rates for TACE were not
significantly different from those of sorafenib (9.2 and
[55]
7.4 mo, respectively; P = 0.377) . Therefore, TACE
could be an alternative therapeutic option for advanced
HCC.
TACE was originally intended to maintain intra
tumoral concentrations of chemotherapeutic agents
by transiently obstructing supply vessels and thus
minimizing systemic exposure. The strategy for
TACE was recently refined after the introduction of
microspheres that can increase the duration of drug
retention in the tumor without blocking blood flow,
which reduces hepatic derangement and systemic
[56]
toxicity . In a multicenter phase Ⅱ randomized study
of 201 HCC patients, TACE with drug-eluting beads
(DEB) was compared with conventional TACE, and
hepatic toxicity and drug-related adverse events were
[57]
significantly less observed in the DEB-TACE arm .
Although this study showed a nonsignificant trend
toward better antitumoral effects with DEB-TACE,
a case-control study conducted in Korea reported a

Interventional therapies

Local ablative therapies: Local ablation can be
categorized as chemical or thermal. Chemical ablation
includes percutaneous ethanol injection (PEI) and
acetic acid injection, whereas thermal ablation
includes radiofrequency ablation (RFA), the use of
microwaves, cryotherapy, and high-intensity focused
[3,5]
ultrasound . As these are considered potentially
curative therapies, patients with early stage HCCs are
the candidates, especially when surgical treatments
are not available. Among these modalities, RFA is
currently the most commonly used. Excellent longterm results of RFA, up to 10 years, were reported
[37]
in Korean HCC patients meeting the Milan criteria .
The results at 5 and 10 years were as follows:
cumulative local tumor progression rates, 27.0% and
36.9%; cumulative intrahepatic distant recurrence
rates, 73.1% and 88.5%; and overall survival rates,
[37]
59.7% and 32.3%, respectively . Comparison of
the efficacy of RFA with other local therapies showed
that RFA was substantially superior to PEI, especially
[38,39]
in tumors with a diameter > 2 cm
. Nevertheless,
PEI is associated with a necrosis rate of 90%-100% in
tumors < 2 cm and is still useful in selected patients
[40-42]
when RFA is not technically feasible
. Recently, it
was reported that in cases where the tumor is located
under the diaphragm or near the surface of the liver,
creating artificial ascites or pleural effusion is helpful
in performing RFA and avoiding burns on adjacent
[43,44]
organs
. This technique is being applied in several
[43,44]
Asian countries with good results
.
Several randomized controlled trials compared
the efficacy of RFA with that of resection in Asian
[45,46]
patients with HCC meeting the Milan criteria
.
Pooled data demonstrated no significant differences
in overall survival or recurrence-free survival between
the treatments at 1 and 3 years. The 5-year overall
survival [relative risk (RR), RR = 0.72, 95% confidence
interval (CI): 0.60-0.88] and recurrence-free survival
(RR = 0.56, 95%CI: 0.40-0.78) rates were higher in
[46]
the resection group ; however, the 5-year data were
provided by only one study, which advocated surgery.
Complication rates were lower and hospitalization
period shorter in patients who received RFA rather
[46]
than resection . Although the efficacy of RFA appears
to be comparable to that of hepatic resection with
lower complication rates, additional data may be
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significantly better objective response rate with DEBTACE (85%) than with conventional TACE (30%, P <
0.01) as assessed by modified Response Evaluation
Criteria in Solid Tumors. A systemic review of the
published data demonstrated the superiority of DEB
over conventional TACE in terms of overall disease
control, especially in patients with more advanced
[58]
stage disease . To summarize, the indications of
TACE are expanding, and new types of transarterial
therapy are currently available in Eastern areas.

catheter, which reduces systemic side effects by firstpass effects and maximizes drug delivery to the tumor.
Although this is considered an experimental treatment
modality and is not recommended for treatment of
HCC in Western countries, a large amount of clinical
data on HAIC have been accumulated in Eastern
[67-72]
countries
. A small retrospective study showed
survival benefits of HAIC using low doses of cisplatin
and 5-fluorouracil compared with systemic cytotoxic
chemotherapy or supportive care (median survival,
6, 4, and 2 mo, respectively; P = 0.003) in cases of
[73]
advanced HCC with portal vein tumor thrombosis . A
subsequent prospective study showed better efficacy
[74]
of HAIC when a higher dose of cisplatin was used .
Importantly, a recent retrospective study by the
same group in Korea compared HAIC and sorafenib
in advanced HCC patients with portal vein tumor
thrombosis and showed better overall survival (7.1 and
5.5 mo, respectively; P = 0.011) and longer median
time to progression (3.3 and 2.1 mo, respectively;
[75]
P = 0.034) in the HAIC group . These findings are
[76]
consistent with those of a Japanese study . Although
well-designed prospective studies are warranted to
confirm these results, HAIC at least appears to be
an alternative therapy for patients with portal vein
tumor thrombosis when sorafenib is not available or is
intolerable. Further research is also needed regarding
the use of HAIC as salvage therapy in patients with
advanced HCC who do not respond to standard
therapy.

Medical therapies

Cytotoxic chemotherapies: Cytotoxic chemotherapy
has been attempted continuously since treatment of
HCC began but has failed to improve overall survival
[59,60]
in most clinical trials to date
. The main problem
of cytotoxic chemotherapy in HCC is the co-existence
of liver cirrhosis. Cirrhosis can delay the metabolism
of chemotherapeutic agents and may enhance their
[61]
toxicity . In addition, HCC is relatively chemoresistant
to most cytotoxic anticancer drugs. An early ran
domized trial of doxorubicin conducted in Hong Kong
showed a tumor response of less than 10% and
borderline improvement in overall survival (10.6 wk)
[61]
compared with no treatment (7.5 wk, P = 0.036) .
Notably, 25% of patients died due to doxorubicinrelated complications, including septicemia and
cardiotoxicity. The antitumor activity of other cytotoxic
[62,63]
[64]
agents such as gemcitabine
, oxaliplatin , and
[65]
capecitabine
in clinical and retrospective studies
was modest with objective responses of < 20%. In
randomized controlled trials, combination therapies
such as PIAF (cisplatin, interferon, adriamycin,
fluorouracil) and FOLFOX (5-fluorouracil, folic acid,
and oxaliplatin) did not significantly improve survival
[59,60]
compared with doxorubicin
. Moreover, a high rate
[59]
of myelotoxicity was reported in the PIAF group .
Therefore, no cytotoxic chemotherapy regimen has
provided strong evidence of improving the survival of
HCC patients, and regular practice of chemotherapy is
not advised. Nonetheless, a current retrospective study
in Korea indicated that ECF (epirubicin, cisplatin, and
5-fluorouracil) combination therapy prolonged overall
survival in sorafenib-refractory patients with metastatic
HCC if a tumor response was observed; overall survival
periods were 20.4 mo in responders and 4.9 mo in
[66]
nonresponders (P < 0.001) . Thus, ECF may be an
alternative or rescue therapy for patients who failed
sorafenib therapy, but further prospective evaluations
will be needed.
Hepatic arterial infusion chemotherapy (HAIC)
has been used for treatment of advanced HCC with
[67-72]
portal vein tumor thrombosis in Asian countries
.
Traditionally, the presence of tumor thrombus is
assumed to aggravate ischemic injuries after TACE,
so alternative modalities were sought. HAIC does not
use embolic material, and the chemotherapeutic agent
is infused into the hepatic artery via an implanted
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Molecular target therapies: Sorafenib is the only
approved systemic agent for the treatment of advanced
HCC. It is a multikinase inhibitor whose targets
include Raf-1 and B-Raf serine/threonine kinases,
vascular endothelial growth factor receptor (VEGFR)
and platelet-derived growth factor receptor (PDGFR)
[77]
tyrosine kinases, and c-kit receptors . The Sorafenib
Hepatocellular Carcinoma Assessment Randomized
Protocol trial, which enrolled 602 patients with advanced
stage HCC, showed improved median overall survival
in the sorafenib group compared with the placebo
[78]
group (10.7 and 7.9 mo, respectively; P < 0.001) . A
subsequent study conducted in the Asia-Pacific region
showed a similar trend (overall survival of 6.5 and 4.2
mo in the sorafenib and placebo groups, respectively; P
[79]
= 0.014) . On the basis of the results of these trials,
sorafenib became the standard treatment for advanced
HCC with well-preserved liver function. The most
significant adverse effects were diarrhea and hand-foot
[78,79]
skin reactions
. Interestingly, these toxicities were
associated with better survival in patients receiving
[80,81]
sorafenib
. Therefore, despite the occurrence of
adverse reactions, the use of sorafenib should not be
discouraged when tolerable.
Sorafenib had not been compared with other
treatment modalities before its approval. Currently,
its efficacy in a real-life setting was compared with
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of brivanib in advanced HCC patients who were
intolerant to sorafenib or failed to respond to sorafenib
previously was also tested. The results of this study
showed no significant improvement in overall survival
compared with placebo (9.4 and 8.2 mo for brivanib
[89]
and placebo, respectively) . Linifanib (ABT-869), a
receptor tyrosine kinase inhibitor targeting VEGFRs,
also failed to significantly improve survival compared
with sorafenib in a phase Ⅲ trial (overall survival, 9.1
[90]
and 9.8 mo, respectively) . The reasons for most of
these novel agents failing to improve survival may be
diverse and include lack of understanding of critical
drivers of cancer progression, unpredicted toxicity,
[91]
and marginal antitumor effects . To overcome these
obstacles, the clinical trial design should be modified
to focus on biomarker-based subpopulation targeting
strategies, and thereby, personalized therapies should
be pursued in the future. In addition, efficacy and
toxicity need to be evaluated in detail in phase Ⅰ and
[91]
Ⅱ studies before moving to phase Ⅲ studies .
Currently, several novel molecular targeting agents
are being evaluated in phase Ⅲ trials as first-line or
second-line therapies including lenvatinib [VEGFR1-3,
FGF receptor (FGFR) 1-3, PDGFR-β, RET, KIT],
ramucirumab (VEGFR2), regorafenib (VEGFR, TIE-2,
PDGFR-β, FGFR, KIT, RET, RAF), cabozantinib (MET,
[92]
VEGFR-2), and tivantinib (MET) . Table 2 summarizes
the current status of the randomized controlled trials
of molecular target therapies.
In summary, there are no currently available firstline molecular targeted agents other than sorafenib
and no standard second-line treatments for patients
intolerant or nonresponsive to sorafenib. If underlying
liver function is well preserved, novel molecular target
therapies, HAIC, or systemic cytotoxic chemotherapy
may have a role as second-line treatment, but further
studies are warranted. If a patient with advanced
HCC has poor hepatic function, aggressive anticancer
treatments are not indicated.

Table 2 Randomized controlled trials with molecular target
[92]
therapies
Status
First line
Comparison with placebo
Sorafenib (SHARP, Asian-Pacific)
Sorafenib in Child B (BOOST)
Comparison study between sorafenib and single
agent (head to head)
Sunitinib -> endpoint not met
Brivanib (BRISK-FL) -> endpoint not met
Linifanib -> endpoint not met
Lenvatinib
Combination of sorafenib and another agent
Sorafenib + Erlotinib (SEARCH) -> endpoint not
met
Sorafenib + Doxorubicin (CALGB-80802)
Sorafenib + Everolimus
Second line
Sorafenib failure
Brivanib (BRISK-PS) -> endpoint not met
Brivanib (BRISK-APS)
Everolimus (EVOLVE-1) -> endpoint not met
Ramucirumab (REACH)
Regorafenib (RESORCE)
Cabozantinib (CELESTAL)
Tivantinib (Metiv-HCC)
Combination or addition to standard therapies
Adjuvant setting after surgery or RFA:
Sorafenib (STORM)
Combination with TACE:
Sorafenib (SPACE) -> endpoint not met
Brivanib (BRISK-TA) -> endpoint not met
Sorafenib (TACTICS)

Proven benefit
Phase Ⅲ Ongoing

Terminated
Failed
Terminated
Phase Ⅲ ongoing
Failed
Phase Ⅲ ongoing
R-Phase Ⅱ; Failed

Failed
Terminated
Failed
Phase Ⅲ ongoing
Phase Ⅲ ongoing
Phase Ⅲ ongoing
Phase Ⅲ ongoing

Failed
Failed
Failed
R-Phase Ⅱ ongoing

RFA: Radiofrequency ablation; TACE: Transarterial chemoembolization.

the efficacy of other treatments (TACE, radiation,
and cytotoxic chemotherapy) in Korean patients
[82,83]
with advanced HCC
. Overall survival times were
8.4 and 8.2 mo for sorafenib and other treatments,
[82,83]
respectively, and the difference was not significant
.
To improve the efficacy of sorafenib, combination
therapy or a multidisciplinary approach may be
[84]
needed .
Several newer molecular target therapeutic agents
were evaluated in clinical trials. Sunitinib, an orally
administered multikinase inhibitor of receptor tyrosine
kinases, showed modest activity against HCC. Although
an overall survival time of 9.8 mo was observed in
[85]
a phase Ⅱ study , sunitinib did not outperform
sorafenib in a phase Ⅲ randomized study (overall
[86]
survival, 8.1 and 10.0 mo, respectively; P = 0.0019) .
Brivanib, a selective dual inhibitor of fibroblast growth
factor (FGF) and vascular endothelial growth factor
(VEGF) signaling, was associated with a median
[87]
overall survival of 10 mo in a phase Ⅱ trial and was
considered a promising new drug for advanced HCC.
However, the primary endpoint of brivanib not being
non-inferior to sorafenib was not met in a subsequent
phase Ⅲ trial (overall survival, 9.5 and 9.9 mo,
[88]
respectively, P value is nonsignificant) . The efficacy
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Radiotherapies and emerging therapies

External radiation therapies: Radiotherapy tech
niques for the treatment of HCC have substantially
evolved over the past decades. Delivery of radiation
energy became more precise, which enabled the
exposure of tumors to higher doses of radiation,
[93]
while saving non-tumorous liver parenchyma . In
the past, the role of radiation therapy was limited to
alleviation of bone pain due to bone metastasis and
[94-96]
to emergency use in spine and brain metastasis
.
Radiation therapy has currently been adopted as a
definitive therapy with curative intent if the tumor is at
an early stage. Particularly, stereotactic body radiation
therapy can achieve high rates of locoregional tumor
control as it can deliver high doses of radiation in
a single treatment session or in a small number of
[97,98]
fractions
. In locally advanced HCCs, radiation
therapy can be used to relieve obstruction and improve

3831

April 7, 2015|Volume 21|Issue 13|

Yim HJ et al . Management of HCC
portal blood flow if the tumor invades the biliary tree
[99,100]
or portal vein
. A large multicenter study in Korea
of 994 HCC patients with portal vein tumor thrombosis
[101]
showed a median survival of 9.2 mo
. This was a
relatively longer survival time than that of advanced
HCC patients who did not receive any treatment in
[78,79]
previous trials
. Studies from Japan and China
also reported the efficacy of radiotherapy for HCC
with portal vein thrombosis, and overall survival was
significantly better in patients receiving radiotherapy
than in patients receiving sorafenib (10.9 and 4.8
mo, respectively; P = 0.025) or undergoing surgery
[102,103]
(12.3 and 10.3 mo, respectively; P = 0.029)
.
Although these studies were retrospective, they
suggest the usefulness of radiotherapy in advanced
HCC. However, radiotherapy has not been incorporated
into the international guidelines for HCC despite its
efficacy. This may be attributed to the paucity of welldesigned randomized controlled studies, which are
urgently needed. In addition, guidelines for optimal
dose fractionation and protocols for avoiding radiation
[93]
toxicity should be further established .
Proton beam therapy (PBT) can dramatically reduce
damage to surrounding liver tissue by modulation
of the Bragg peak of protons in energy and time,
and thereby, maximizes the effects of radiation on
the tumor. In Eastern areas, studies of PBT in HCC
patients have been reported mainly by Japanese
[104-106]
groups
. A retrospective study of PBT in 162
surgically unresectable patients reported a local control
rate of 89% and an overall survival rate of 23.5%
[106]
at 5 years
. Although the tumor stages of the
patients were diverse and TACE or PEI may have also
been administered, the overall efficacy seems quite
favorable. PBT showed a good response rate even for
large tumors (> 10 cm) and HCCs with main portal
[107,108]
tumor thrombosis
.

fewer treatments. Fewer treatment sessions should
improve quality of life and reduce the possibility of
liver derangement; therefore, in these respects,
radioembolization is considered better than con
ventional TACE. The efficacy of radioembolization in
patients with advanced HCC patients has also been
evaluated. Sixty- three patients with portal vein
thrombosis were analyzed from an European HCC
[112]
cohort according to underlying liver function
.
Median overall survival and time to progression were
13.8 and 5.6 mo, respectively, for Child-Pugh A
patients and 6.5 and 4.9 mo, respectively, for Child[112]
Pugh B patients . Although these data appear very
promising, there are still no randomized controlled
trials comparing radioembolization with standard
treatments for each stage. Data from Asian countries
are limited, but a multicenter prospective study in
Korea showed a median time to progression of 18
[113]
mo and a 3-year survival rate of 75%
. This is an
improved result compared with data from Western
[114,115]
countries
, but future well-designed studies are
needed.
Emerging therapies: Recently, the oncolytic and
immunotherapeutic vaccinia virus has been reported
to induce antibody-mediated, complement-dependent
[116]
cancer cell lysis in humans
. Immunotherapy may
benefit patients with advanced stage HCC who do not
have further treatment options. The results of a phase
Ⅲ trial need to be confirmed.
Currently, several target delivery systems has been
exploited for the treatment of HCC. New formulations
including polymeric nanoparticles, nanocapsules,
liposomes, nanoemulsions, microsphere, and polymeric
[117,118]
micelles have been reported
. Novel drug delivery
systems are expected to improve treatment efficacy
and to decrease toxicity by drug targeting to the specific
[118]
site of action
. For example, the asialoglycoprotein
(ASPG) receptor is expressed on hepatocyte, and
a synthetic ligand, lactosylated liposomes can be
used for effective delivery vehicles of doxorubicin in
[119]
HCC therapy
. In a previous report, lactosylated
liposomes encapsulating doxorubicin showed stronger
anti-tumor response than the non-targeted liposomal
doxorubicin and free doxorubicin. A galactose ligand
with chitosan modifications, galactosylated chitosan,
is also a promising carrier of chemotherapeutic agent,
such as 5-fluorouracil, to the ASPG receptor, and its
[120]
in vitro and in vivo efficacy was well described
. It
is thought that efficacy of anticancer therapy utilizing
target delivery system will be more synergized by
combination of molecular target therapy. Further studies
are warrantied.

Radioembolization: Radioembolization is a modality
involving the use of a transarterial approach to the
hepatic tumor and subsequent infusion of radioactive
substances. The rationale for this approach is that
the efficacy of external beam radiation therapy
is limited by the low tolerability of cirrhotic livers
leading to radiation hepatitis or decompensation.
To avoid exposure of non-tumorous parenchyma to
radiation, microspheres emitting high-energy and lowpenetration radiation are selectively delivered to the
[109]
tumor
. The most commonly used radioembolic
agents are iodine-131 and yttrium-90 glass beads,
both of which showed favorable antitumoral effects
[109,110]
with an acceptable safety profile
. The benefits of
radioembolization over the other types of transarterial
therapies still need to be validated. A retrospective
analysis showed no significant differences in efficacy
between radioembolization and TACE for intermediate
stage HCC; median survival times were 15.0 and
[111]
14.4 mo, respectively . However, patients receiving
radioembolization needed less hospitalization and
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MULTIDISCIPLINARY TREATMENT
BEYOND TREATMENT ALGORITHMS
As treatment modalities for HCC are very diverse,
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[124-126]

not only hepatologists but also surgeons, intervention
radiologists, medical oncologists, and radiation
oncologists should jointly discuss the best treatment
options for HCC patients. Treatment may not necessarily
be a sole modality; combinations of multiple treatments
can be considered. Although current guidelines do
not recommend multiple treatments, emerging
data indicate better outcomes with multidisciplinary
treatments for HCC. Furthermore, several newer clinical
trials aim to properly evaluate such strategies. In this
context, multimodality treatment options based on
currently available evidence, especially from Eastern
countries, are described in this section, according to
HCC stage.

to recurrence-free survival
. Recently, sorafenib
was tested for prevention of recurrence after curative
therapy, including resection and ablation (the STORM
study), but again no benefits to recurrence-free survival
[127]
were observed
. A Japanese group previously
showed positive effects of acyclic retinoids and vitamin
K analogues on recurrence-free survival, but overall
survival was not improved and large-scale studies were
[128,129]
not performed appropriately
. Interferon has been
[130]
suggested as an adjuvant therapy after resection
.
According to a large current database in Taiwan,
antiviral therapies reduce the recurrence of HCC after
[131,132]
surgery in patients with chronic hepatitis B or C
.
In agreement, a randomized controlled trial conducted
in China showed better recurrence-free survival (RR =
0.651, 95%CI: 0.451-0.938) and overall survival (RR
= 0.420, 95%CI: 0.271-0.651) in patients receiving
antiviral therapy, especially in terms of prevention of late
[133]
recurrence . It would be reasonable to recommend
nucleoside or nucleotide analogues or interferon therapy
to patients with hepatitis B and pegylated interferonbased therapy to patients with hepatitis C after curative
[130-133]
hepatic resection
.

Very early or early stage

Guidelines recommend liver transplantation, hepatic
resection, or RFA/PEI for very early or early stage
[3-5]
HCC
. However, treatment may be diversified
according to the status of the patient or the tumor. In
addition to the single treatments described above, the
following treatments can be considered as an adjuvant
or a combination.

RFA/PEI combined with TACE: Local ablative
therapies, which are curative modalities for HCC
[3,5]
as mentioned previously , have been very useful
in the treatment of patients reluctant to undergo
or ineligible for surgery because of issues other
than liver diseases. As the size of the tumor limits
the efficacy of RFA or PEI, the combination of RFA
or PEI and vaso-occlusive therapies such as TACE
has been attempted to overcome the limitations of
interventional therapies and to maximize synergistic
[134]
effects
. A retrospective study conducted in Korea
evaluated the therapeutic efficacy of RFA plus TACE
in patients with medium-sized (3.1-5.0 cm) HCCs
and found that it significantly lowered the local tumor
progression rate compared with RFA alone (55%
[135]
and 86% at 5 years, respectively; P < 0.001)
.
Subsequently, several randomized controlled trials
compared RFA and RFA plus TACE in Japan and
[136,137]
China
, and a meta-analysis of these studies
showed that the combined treatment was significantly
associated with higher overall survival (OR = 1.85,
95%CI: 1.26-2.71) and recurrence-free survival (OR
[138]
= 2.13, 95%CI: 1.41-3.20) rates
. The benefits of
the combination therapy could be attributed to the
avoidance of the heat sink effect and the subsequent
increase in the size of the thermal coagulation zone.
In addition, synergism between hyperthermia and
high concentrations of chemotherapeutic agents may
enhance the destruction of microscopic satellite lesions.
Recently, a non-randomized controlled study compared
RFA plus TACE and surgical resection for the treatment
[139]
of single HCCs ranging in size from 2 to 5 cm
.
The study showed that the combination therapy
was as effective as resection in terms of recurrence-

Bridging therapy for liver transplantation: Al
though the best outcome can be achieved with liver
transplantation, HCCs may progress while patients
are on the waiting list. To avoid dropout, the rate of
which approaches 20%, bridging therapies may be
[121]
needed . Most commonly applied therapies are RFA,
TACE, and surgical resection, although data from Asian
countries are rather sparse. If the tumor is within the
Milan criteria and liver function is not decompensated,
RFA should be the first bridging therapy attempted
because its post-procedural intratumoral necrosis rate
is higher than that of other locoregional therapies,
[122]
and it is associated with the lowest drop-out rate .
PEI appears to be less efficacious than RFA, but
can be chosen if the lesions are close to adjacent
organs, where RFA is dangerous to perform. If the
tumor size is > 3 cm, TACE or TACE plus RFA may
be favored as tumors become more vascularized and
[121]
the effect of RFA may be diminished
. Surgical
resection can precede liver transplantation, and
salvage transplantation can be performed in the
event of recurrence, without a decrease in overall
[123]
post-transplant survival
. However, most data on
bridging therapy data are uncontrolled, so it is difficult
to strongly recommend this therapeutic strategy,
especially if patients are eligible for LDLT.
Adjuvant therapy after resection: Hepatic rese
ction is the preferred treatment for patients with early
stage tumors and well-compensated liver function,
but recurrence is the main obstacle to improving
long-term prognosis. To reduce the recurrence rate,
various neoadjuvant and adjuvant therapies were
evaluated, but they failed to demonstrate any benefits
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free survival (69.4% and 65%, respectively, at 4
years, P value is nonsignificant) and overall survival
(78.4% and 80.3%, respectively, at 4 years, P value is
nonsignificant). Collectively, the available data suggest
that RFA plus TACE provides better outcomes than RFA
alone and may be as efficacious as surgical resection
for medium-sized HCCs.
PEI may be also combined with TACE, thereby
peripheral micrometastasis will be better controlled
and diffusion of the ethanol can be more facilitated
[140]
compared with PEI alone
. This combination
has been reported to be associated with superior
efficacy in terms of local control, but no survival
benefits compared with PEI monotherapy have been
[141]
confirmed .

(OR = 2.58, 95%CI: 1.64-4.06) in patients receiving
TACE plus radiotherapy compared with patients
[144]
receiving TACE alone
. In this analysis, most
although not all patients in the individual studies had
intermediate stage HCC. Therefore, the combination
of TACE and radiotherapy should be beneficial for
this stage, but consensus is needed for routine
recommendation in practice guidelines.
TACE combined with sorafenib: TACE may upre
gulate circulating VEGF, which is associated with
vascular invasion, tumor growth, metastasis, and poor
survival. Therefore, control of VEGF signaling and of
other tumor growth factors is necessary to prevent the
progression and recurrence of HCC in patients receiving
[145]
TACE . A randomized controlled trial was conducted
in Japan and Korea to assess the effects of TACE plus
[146]
sorafenib
. In that study, time to progression was
significantly longer in Korean patients receiving TACE
plus sorafenib than in those receiving TACE alone, but
not in Japanese patients. To clarify the clinical results,
a meta-analysis of 6 studies was performed, and the
pooled results showed that overall survival [hazard
ratio (HR) = 0.65, 95%CI: 0.47-0.89] and time to
progression (HR = 0.68, 95%CI: 0.52-0.87) were
significantly longer in patients who received TACE plus
[147]
sorafenib than in patients who received TACE only .
Another recent meta-analysis of 9 studies mostly from
[148]
China reached the same conclusions . These results
indicate that appropriate combination therapies will
improve clinical outcomes in patients with unresectable
HCCs.

Intermediate stage

Most HCCs beyond the Milan criteria correspond
to intermediate stage HCCs if vascular invasion
and distant metastasis are absent. TACE is the
[3,5]
recommended therapy for this stage
, but the
beneficial effects of TACE on long-term survival
are limited. Therefore, further treatment would be
necessary even in the presence of an initial tumor
response.
Liver transplantation after downstaging: As liver
transplantation is associated with the best treatment
outcome of HCC, listing patients for transplantation
should be considered whenever available; patients
in the intermediate stage will be eligible if effective
treatment was achieved and their HCC status was
[142]
shifted to meet the Milan criteria . TACE is the most
commonly used modality for downstaging, and local
[142]
ablative therapies may be combined . The expected
5-year overall survival rate in patients who received
liver transplants after downstaging is comparable to
that of HCC patients who met the Milan criteria without
[143]
downstaging
. However, the 5-year disease-free
[143]
survival rate is lower in the downstaged patients
.
Stricter follow-ups would be necessary for these
patients.

Advanced stage

This stage encompasses locally advanced HCCs
with vascular invasion and HCCs with extrahepatic
metastasis. Whether the tumor has advanced locally
or distantly, the BCLC guidelines uniformly recommend
treatment with sorafenib. Although survival benefits
were observed compared with no treatment, the
[78,79]
efficacy of sorafenib is limited
. Therefore, it would
be appropriate to search for more effective methods.
For instance, sorafenib may be combined with other
type of therapies (e.g., TACE, radioembolization,
and external radiation) and TACE or HAIC may be
combined with radiotherapy in patients with advanced
HCC.

TACE combined with RFA or radiotherapy:
Combination therapy with RFA or PEI and TACE is being
used to treat early stage HCC as mentioned earlier.
This therapy can also be applied to intermediate stage
HCC. However, tumor may be too extensive or multiple
to combine ablative therapies in intermediate stages.
For best results, modalities commonly used for more
advanced stage HCC can be adopted in combination
with TACE (e.g., sorafenib and radiotherapy). The
efficacy of TACE plus radiotherapy has been studied in
12 non-randomized and 5 randomized controlled trials
in Korea, Japan, and China. A meta-analysis of these
trials showed significantly improved survival at 1 year
(OR = 2.23, 95%CI: 1.76-2.83) and 5 years (OR =
4.47, 95%CI: 2.08-9.61) and a better tumor response
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Sorafenib combined with TACE: A relatively
large retrospective study compared the efficacy
of TACE plus sorafenib and sorafenib alone in 355
advanced stage HCC patients (164 and 191 patients,
[149]
respectively)
. Overall survival was significantly
longer in the combination group than in the sorafenib
monotherapy group (8.9 and 5.9 mo, respectively;
P = 0.009) as was median time to progression (2.5
and 2.1 mo, respectively; P = 0.008). The difference
in time to progression was still significant after
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[157,158]

propensity score matching, whereas the difference in
overall survival was not. Another study compared the
efficacy of TACE plus sorafenib and TACE alone in 246
advanced stage HCC patients (82 and 164 patients,
respectively) after propensity score matching. Overall
survival was significantly longer in the combination
group than in the TACE monotherapy group (7.0
and 4.9 mo, respectively; P = 0.003) as was time
to progression (2.6 and 1.9 mo, respectively; P =
[150]
0.001)
. These data suggest that the combination
of TACE and sorafenib is most likely more efficacious
than either therapy alone in advanced HCC. Other
types of transarterial therapies, including DEB-TACE
or radioembolization, are emerging modalities for the
[112,151]
treatment of advanced HCC as mentioned above
.
To potentially improve their efficacy, combining new
modalities with sorafenib are being evaluated in clinical
[152,153]
trials
; a phase Ⅱ study which combined DEBTACE with sorafenib showed objective response rate
of 58% and disease control rate of 100% in advanced
[152]
HCC patients . The combination is a promising HCC
treatment strategy considering the current data, but
its benefits compared with monotherapy needs to be
confirmed in a future phase Ⅲ trial.

advanced stage HCC only are few
. A retrospective
study assessed outcome of patients with locally
advanced HCC; 27 patients who were treated with TACE
plus radiotherapy and another 27 patients who received
sorafenib alone were compared after propensity score
matching. Interestingly, overall survival was better in
the former group than in the latter one (6.7 and 3.1
[158]
mo, respectively; P < 0.001) . Although this was a
small study, the results iterate that universal application
of sorafenib for advanced stage patients may not be
the best option. Further well-designed studies are
warranted.
HAIC combined with radiotherapy: To facilitate the
efficacy of HAIC for treatment of advanced HCC with
portal vein thrombosis, radiotherapy may be combined.
In a previous pilot clinical trial, infusion of 5-fluorouracil
st
th
was performed at 1 and 5 wk of radiotherapy, and
then continued every 4 wk. Objective response rate
[99]
was 45% and median survival time was 13.1 mo .
More recently, HAIC combined with radiotherapy was
compared with HAIC in advanced HCC patients, and
the combination therapy was shown to be better than
HAIC monotherapy in terms of time to progression
(5.0 and 2.7 mo, respectively; P = 0.0024) and overall
survival (8.6 and 5.0 mo, respectively; P = 0.0002),
[159]
particularly, among the HAIC non-responders
.
Although, these studies are retrospectively performed,
HAIC combined with radiotherapy appears to have
more benefits than monotherapy, suggesting
synergistic effects of the therapies.

Sorafenib combined with radiotherapy: Sorafenib
was reported to enhance the radiosensitivity of human
HCC cell lines by inhibiting radiation-induced activation
of VEGFRs, a downstream kinase (extracellular signalregulated kinase), and nuclear factor-κB and by
[154]
increasing radiation-induced apoptosis
. Therefore,
combining sorafenib and radiotherapy, in the form of
either radioembolization or external beam radiation,
is expected to be synergistic. A multicenter phase
Ⅱ study evaluated safety and efficacy of combining
sorafenib therapy and radioembolization in several
[155]
Asian-Pacific countries . Sorafenib was administered
after radioembolization, and the median overall
survival time was 8.6 mo in patients with advanced
[155]
stage HCC
. Most of toxicities were associated
with sorafenib therapy. Considering phase Ⅲ AsianPacific trial data of sorafenib which showed median
survival time of 6.5 mo in advanced HCC, the data
of radioembolization plus sorafenib combination
[79]
therapy appears favorable . Data of sorafenib plus
external beam radiation are emerging, recently. A
phase Ⅱ study of sorafenib therapy plus external
beam radiation reported an initial complete or partial
response rate of 55% and a 2-year overall survival
rate of 32% in 40 Taiwanese patients with advanced
[156]
HCC
. These efficacy data seem encouraging, but
further investigations are warranted.

Sequential therapy with metastasectomy: In
cases of extrahepatic metastasis, radiotherapy is
[160]
considered if the lesions cause severe symptoms
.
Metastatic lesions are often surgically removed if: (1)
liver function is well preserved; (2) intrahepatic lesions
are adequately controlled by surgery or locoregional
therapy; and (3) extrahepatic metastatic lesions are
[161-164]
confined to a single organ
. Studies from Asian
countries showed 5-year survival rates ranging from
26% to 37% in HCC patients with lung metastasis
[162-164]
who underwent metastasectomy
, which are
surprising survival data at the patients’ tumor stage
despite the selection of surgical candidates. Although
sorafenib became currently the first-line treatment
for HCC with distant metastasis, uniform application
of sorafenib monotherapy does not seem to be the
best way because of its low objective response rate.
Therefore, when possible, treating intrahepatic and
metastatic lesions via metastasectomy, locoregional
therapy or radiotherapy before the administration of
[165]
sorafenib would be a reasonable plan
. However,
because no data exist regarding this strategy, it needs
to be evaluated further in the future.

TACE combined with radiotherapy: As mentioned in
the intermediate stage section, TACE plus radiotherapy
is an effective synergistic strategy. Most of the previous
randomized and non-randomized clinical trials of TACE
plus radiotherapy included both intermediate stage
[100,144]
and advanced stage HCC
, whereas studies of
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Terminal stage

At this stage, best supportive care (BSC) is recom
mended. BSC includes management of cirrhotic
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complications such as ascites, hepatic encephalopathy,
variceal hemorrhage, and hepatorenal syndrome.
Another important aspect would be management
of cancer pain. Indeed, pain management has been
frequently neglected at many tertiary hospitals in Asian
countries. However, a systematic approach to cancer
pain control is important.
Non-opioid drugs (paracetamol) and mild opioids
(codeine, tramadol, and dihydrocodeine) may be useful
for mild to moderate pain if administered on a regular
[166]
basis . Nonsteroidal ant-inflammatory drugs, which
can cause renal derangement, should be avoided.
Transdermal patches (fentanyl and buprenorphine)
are considered if patient’s requirements of opioid
[166]
are stable
. Breakthrough pain can be managed
with rapid-acting rescue therapies administered via
intravenous or subcutaneous routes. Strong opioids
(morphine, oxycodone, hydromorphone, oxymorphone,
[166]
and fentanyl) are used to control severe pain , but
expose the patient to the risk of developing hepatic
encephalopathy. Hence, close monitoring is essential.
Emotional and nutritional support is also important
for terminal stage care, so collaboration between the
hospice team and the clinical nutrition team would be
[167]
helpful
. Until the final round, a multidisciplinary
approach should be maintained.

recommendations are available. Therefore, to further
improve the outcomes of HCC patients, strategies for
surveillance, diagnosis, initial treatment, recurrence
monitoring, and treatment after recurrence should
be more organized. Close collaboration between
specialists in multiple fields is of utmost importance in
achieving these aims.
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Need of updated staging system

With the advancement of therapeutic modalities and
aggressive treatment by either mono- or combination
therapy as reviewed so far, the prognosis of HCC has
improved remarkably; survival benefits are better
observed in more advanced stage diseases. In this
regard, reevaluation of preexisting staging systems and
refinement of the best-fit models have been performed
[168-171]
in Korea, Japan, Taiwan, and China
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Hepatic artery infusion chemotherapy for advanced
hepatocellular carcinoma
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molecular agents in real practice. In various treatment
modalities, mostly in Asia, hepatic arterial infusion
chemotherapy (HAIC) has been applied to advanced
HCC with a view to increasing the therapeutic efficacy.
HAIC provides direct drug delivery into the tumor
feeding vessels and also minimizes systemic toxicities
through a greater first-pass effect in the liver. However,
the sample sizes of studies on HAIC have been small
and large randomized trials are still lacking. In this
article, we describe the treatment efficacy of HAIC for
advanced stage HCC and discuss future therapeutic
possibilities.
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Core tip: Sorafenib is the standard of treatment for
advanced hepatocellular carcinoma (HCC). However, the
suitability of sorafenib is limited by its low response rates,
and unsuitability for patients with poor liver function.
Therefore, other treatment modalities are required.
Hepatic arterial infusion chemotherapy (HAIC) has the
advantages of delivering high levels of chemotherapeutic
drugs directly into tumor-associated hepatic arterial
branches and repeat injections are relatively simple to
carry out. Thus the local therapeutic level is increased
and systemic adverse effects are decreased. In the
future, HAIC may be a promising treatment strategy for
the management of advanced HCC.

Abstract
Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide. Surgery, percutaneous
ablation and liver transplantation are the only curative
treatment modalities for HCC. However, the majority
of patients have unresectable disease at diagnosis.
Therefore, effective treatment options for patients
with advanced HCC are required. In advanced HCC,
according to current international guidelines, sorafenib,
a molecular targeted agent, is the standard treatment.
However, alternative treatment modalities are required
because of the low response rates and unsuitability of
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Various chemotherapeutic agents based on
5-fluorouracil (5-FU) and cisplatin are commonly
[12,13]
used and have been investigated for HAIC
. The
mechanisms of the 5-FU are the disruption of RNA
synthesis and inhibition of the nucleotide synthetic
enzyme thymidylate synthase by active metabolites
of 5-FU, including fluorodeoxyuridine monophosphate
(FdUMP), fluorodeoxyuridine triphosphate and flu
[14]
orouridine triphospate . Cisplatin also shows cytotoxic
[8,15]
effects and reinforces the effect of 5-FU
. The
mechanism of cisplatin is the direct inhibition of DNA
replication and interruption of methionine transport in
cancer cells. Furthermore, cisplatin increases levels of
intracellular folic acid, which is important for binding
of FdUMP, an active metabolite of 5-FU to thymidylate
[16,17]
synthetase
. Therefore, the synergistic effect of
cisplatin and 5-FU is the basis of HAIC. While various
treatment regimens based on 5-FU and cisplatin have
[18,19]
been tried in HAIC
, few comparative trials for
these regimens have been evaluated in advanced HCC
patients.

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common malignancy and shows high cancer-related
[1]
mortality worldwide . The incidence of HCC is
increasing with the prevalence of major risk factors such
as hepatitis B, hepatitis C, alcohol and nonalcoholic
steatohepatitis. Despite surveillance programs in highrisk patients, most patients with HCC are diagnosed
at an advanced stage. In limited patients (fewer
than 30%), curative treatments, including resection,
liver transplantation, or radiofrequency ablation, can
[2]
be applied . The prognosis of patients with HCC is
[3]
still poor, and life expectancy is difficult to predict .
Furthermore, advanced HCC patients may show
heterogeneous clinical features, from single nodules
associated with limited portal vein thrombosis, to
multiple intrahepatic metastasis associated with
[4,5]
extrahepatic spread .
Sorafenib, the multi-tyrosine kinase inhibitor, was
reported to show survival benefits and is the current
[6,7]
standard treatment in advanced HCC . Sorafenib
treatment has shifted the treatment strategy towards
[8]
molecular targeted therapies for advanced HCC .
However, other alternative treatment modalities
[9]
are required because of low response rates and
the unsuitability of molecular agents in real clinical
practice.
In other alternative therapies, hepatic arterial
infusion chemotherapy (HAIC) has been applied to
advanced stage HCC with a view to increasing the
therapeutic efficacy in Japan and Korea. HAIC provides
direct delivery of chemotherapeutic agents into tumor
feeding vessels and also minimizes systemic toxicities
[10,11]
through a greater first-pass effect in the liver
.
Therefore, the purpose of this article was to describe
the treatment efficacy of HAIC for advanced stage HCC
and discuss future therapeutic possibilities.

TECHNICAL ASPECT
To evaluate hepatic artery vascularization and patency
of portal vein, angiography of the celiac trunk and
superior mesenteric artery were performed through
access to the femoral artery. Any reflux of anti-cancer
drugs into the gastrointestinal tract, and out of the liver,
is a contraindication for HAIC. If necessary, embolization
of non-tumor feeding vessels is performed to prevent
the reflux of cytotoxic drugs into both uninvolved liver
parenchyma and extrahepatic organs, such as the
stomach and duodenum. After selection of the tumor
feeding artery, the catheter was inserted at the proper
hepatic or common hepatic artery and connected to
the port system. The port device in a subcutaneous
pocket was implanted in the right or left iliac fossa. An
infusion pump is necessary to prevent the reflux of
chemotherapeutic agents because of implantation of the
infusion port in the hepatic artery (Figure 1).

HEPATIC ARTERY INFUSION
CHEMOTHERAPY
HAIC has been applied to treat advanced HCC patients
with tumors that are unresectable, refractory to TACE in
single or multiple tumors, the infiltrative type or those
with portal vein thrombosis. Theoretically, HAIC shows
better efficacy than systemic chemotherapy in advanced
HCC because the infusion of the chemotherapeutic
agents through the hepatic artery provides direct
delivery of high concentrations of drugs to the feeding
arteries of HCC. In addition, HAIC also minimizes
systemic toxicities through a greater first-pass effect in
the liver, reflecting the lower the systemic levels of the
drugs compared to systemic infusion. HAIC has been
applied in advanced stage HCC with a view to improving
the therapeutic indexes in Asia, especially Japan and
Korea. However, there is no evidence for a survival
benefit of HAIC compared with sorafenib.
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TREATMENT OUTCOME
[20]

In 1995, Toyoda et al
reported the treatment
outcome of HAIC in HCC patients with portal vein
thrombosis as first. Transarterial chemoembolization
(TACE) has long been used as a palliative therapy for
unresectable HCC in real clinical practice. However,
HAIC has shown favorable outcomes in patients
with intractable, advanced HCC compared with TACE
(Figures 2 and 3).
[21]
Sumie et al
reported a comparative study
between TACE and HAIC in advanced HCC. The tumor
response rates (objective response) of HAIC and
TACE groups were 56.3% and 23.8%, respectively. In
advanced HCC (TNM stage Ⅳ or the tumor maximal
diameter > 5 cm), patients tended to show better
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A

B

C

D

Figure 1 Technical aspects of hepatic artery infusion chemotherapy. A: Liver dynamic computed tomography showing multinodular hepatocellular
carcinoma (HCC) with portal vein thrombosis; B: The embolization of non-target vessels to minimize the flow of chemotherapeutic agents into both uninvolved
liver parenchyma and extrahepatic tissues; C: After finding HCC in the feeding artery, the tip of the catheter was located at the proper hepatic or common hepatic
artery, chemotherapeutic agents were infused through a pump; D: The proximal end of the catheter was connected to the injection port, which was implanted in a
subcutaneous pocket in the right iliac fossa.
2

survival benefits in the HAIC group than in the TACE
group, although the overall survival rates between
the two groups showed no significant difference. Kim
[22]
et al
also reported that the objective response rate
and overall survival in HAIC showed better than TACE
group (16.7% vs 0%, P = 0.030, median survival; 193
vs 119 d, P = 0.026, respectively). In terms of adverse
events, there were no significant differences between
the HAIC and TACE group.
The reported overall response rate was 15%-56%
(Table 1). Various combination regimens based on
5-FU and cisplatin have been investigated for HAIC.
[23]
Hamada et al
reported treatment response and
survival in HAIC using cisplatin (10 mg) and 5-FU
(250 mg). The objective response rate was 17% (CR
1%, PR 16%). The median survival time was 19.5
[24]
mo. Lin et al
prospectively evaluated the effect of
HAIC of the combination of cisplatin, mitomycin C,
5-FU and leucovorin. The treatment regimen consisted
2
2
of cisplatin (10 mg/m ), mitomycin C (2 mg/m ),
2
2
leucovorin (15 mg/m ) and 5-FU (100 mg/m ) for 5
consecutive days. The objective response was 28.3%
(CR 9.4%, PR 18.9%). The patients with treatment
response showed longer survival benefits than the
patients without treatment response (24.6 vs 8.7 mo,
[25]
P < 0.001). Hwang et al
evaluated the efficacy of
HAIC using the FEM (5-FU, epirubicin, mitomycin C)
regimen for advanced HCC. The regimen consisted of
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5-FU (330 mg/m , every week), epirubicin (30 mg/
2
2
m , every 4 wk) and mitomycin-C (2.7 mg/m , every
2 wk). The objective response was 38.9% and the
median survival was 8 mo.
While various treatment regimens based on 5-FU
and cisplatin have been tried in HAIC, few comparative
trials for these regimens have been evaluated in
advanced HCC patients. Recently, in a prospective
[26]
study in Korea, Woo et al
reported a comparative
2
study between high dose HAIC (5-FU, 500 mg/m
2
for 3 consecutive days and cisplatin, 60 mg/m on
2
day 2) and low dose HAIC (5-FU, 170 mg/m and
2
cisplatin, 7 mg/m on days for 5 consecutive days).
The objective response rate in the high-dose HAIC
showed significantly better efficacy than the lowdose HAIC (16.7% vs 0%, P = 0.024). The median
time to progression and overall survival showed more
favorable trends in the high-dose HAIC group than in
the low-dose HAIC group (145 vs 90 d, P = 0.095,
193 vs 153 d, P = 0.108, respectively). Furthermore,
[17]
Kim et al
showed a better long-term outcome of
high dose HAIC. During the follow-up period, overall
survival and time to progression were 9.5 and 6.0 mo,
respectively. These results seem comparable to the
reported outcome of sorafenib.
A randomized phase Ⅱ trial by Yamashita et
[27]
al
compared the response rates to treatment
with interferon combined with HAIC using 5-FU and

3845

April 7, 2015|Volume 21|Issue 13|

Song MJ. HAIC for advanced HCC

A

B

Figure 2 Favorable outcome of patient with infiltrative hepatocellular carcinoma treated by hepatic artery infusion chemotherapy. A: Patient with infiltrative
type hepatocellular carcinoma (HCC) with portal vein thrombosis in liver dynamic magnetic resonance imaging (MRI) showed high FDG uptake; B: After hepatic artery
infusion chemotherapy, this patient showed no viable HCC except focal portal vein thrombosis in a follow-up liver MRI and positron emission tomography/computed
tomography.

A

B

Figure 3 Favorable response of patient with multinodular hepatocellular carcinoma treated by hepatic artery infusion chemotherapy. A: Patient with
multinodular type hepatocellular carcinoma (HCC) with portal vein thrombosis in baseline liver dynamic computed tomography (CT); B: After hepatic artery infusion
chemotherapy, this patient showed partial necrosis of HCC in a follow-up liver dynamic CT.

cisplatin (IFN/FU + CDDP) or 5-FU (IFN/FU) alone. The
response rates were 45.6% for the IFN/FU + CDDP
group and 24.6% for the IFN/FU group (P = 0.030).
Although there was no significant difference in overall
survival, the progression free survival showed a better
outcome in the IFN/FU+CDDP compared with the IFN/
FU group (6.5 mo vs 3.3 mo, respectively, P = 0.0048).
[28]
Recently, Nouso et al
evaluated the efficacy
of HAIC of 5-FU and cisplatin for advanced HCC in
a nationwide survey in Japan. The outcome of 476
patients with HCC who underwent HAIC was compared
with 1466 patients who did not receive active therapy.
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In propensity score-matched analysis, median survival
in patients with HAIC was longer than that in patients
with supportive care (14.0 vs 5.2 mo, respectively, P
[29]
< 0.0001). Song et al reported a comparative study
between sorafenib and HAIC. The median overall
survival in the HAIC treatment group was better than
that in the sorafenib group (7.1 vs 5.5 mo, P = 0.011).
Therefore, HAIC might show a survival benefit as well
as reducing the tumor burden. However, most previous
reports were retrospective designs. The small sample
size and disparity in the treatment response of each
institution are limitations.
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Table 1 Treatment response and survival rate of hepatic arterial infusion chemotherapy
Group

No.

Treatment regimen

Toyoda et al[20]

21

Sumie et al[21]
Kim et al[22]

16
21
36

Hamada et al[23]

31
88

Lin et al[24]

53

Hwang et al[25]

18

Sim et al[30]

67

Group 2: TACE with doxorubicin (10-60 mg)
Cisplatin: 10 mg
5-FU: 1000 mg
Cisplatin: 10 mg, 5-FU 100 mg, Mitomycin 2 mg
Leucovorin 15 mg
5-FU 330 mg/m2 every week
Epirubicin 30 mg/m2
Mitomycin-C 2.7 mg/m2 every 2 wk
Group 1: Cisplatin: 80 mg/m2 (1 d)

36

Group 2: Cisplatin: 60 mg/m2 (1 d) + 5-FU 500 mg/m2 (3 d)

40
39
36

Group 1: Cisplatin 10 mg + 5-FU 250 mg (5 d)
Group 2: Conservative care
Group 1 (High dose):
5-FU 500 mg/m2 on D 1-3 + Cisplatin 60 mg/m2 on D2
Group 2 (Low dose):
5-FU 170 mg/m2 on D 1-5 + Cisplatin 7 mg/m2 on D 1-5
Group 1 (IFN/FU):
5-FU 300 mg/m2 per day for 5 d for 1st 2 wk + IFNα-2b 3M U IM 3
times/wk for 4 wk
Group 2 (IFN/FU + Cisplatin):
IFN/FU + Cisplatin 20 mg/m2 on day 1, 8
Group 1: Cisplatin + 5-FU
Group 2: No therapy
Group 1: Cisplatin + 5-FU ± epirubicin
Group 2: Sorafenib

Lim et al[31]
Woo et al[26]

32
Yamashita et al[27]

57

57
Nouso et al[28]
Song et al[29]

476
1466
50
60

Cisplatin: 5-10 mg
5-FU: 500 mg
Group 1: Cisplatin 10 mg + 5-FU : 250 mg (5 d)
Group 2: TACE with epirubicin
Group 1: 5-FU 500 mg/m2 on D 1-3 + Cisplatin 60 mg/m2 on D2

Response rate (CR + PR)

Median survival

14.3%

36-549 d

56.3%
23.8%
16.7%
(PR16.7%)
0%
17%
(CR1%/PR16%)
28.3%

2.7 yr
1.7 yr
193 d
119 d
19.5 mo
NA

38.9%
(PR 38.9%)

8 mo

20%
(CR2.5%/PR17.5%)
19.2%
(CR 3.8%/PR15.4%)
3.8%(PR 3.8%)
0%
16.7%
(PR 16.7%)
0%

5 mo
8.5 mo
5 mo
3 mo
193 d
153 d

45.6%
(CR 1.7%/PR 43.9%)

10.5 mo

24.6%
(CR 5.3%/PR 19.3%)
40.5%
(CR 4.0%/PR 36.5%)
24.0%
13.3%

17.6 mo
14.0 mo
5.2 mo
7.1 mo
5.5 mo

NA: Not available; 5-FU: 5-fluorouracil.

therapy for advanced HCC. In particular, the indications
for HAIC were unresectable, refractory to TACE in
single or multiple tumors, infiltrative type or tumor
with portal vein thrombosis. The advantages of HAIC
are the delivery high doses of chemotherapeutic drugs
directly into the hepatic arterial branches relating
with the tumors and the ability to repeat the injection
relatively simply, consequently increasing the local
therapeutic level and decreasing systemic adverse
effects. Therefore, HAIC may be a promising treatment
strategy for the management of advanced HCC.
However, the limitations of this study on HAIC
are that the sample size was small and that large
randomized trials are still lacking. Further study to
determination of appropriate treatment regimen
in HAIC is important. As sorafenib is the standard
treatment for advanced HCC, a comparative study
between sorafenib and HAIC is needed. Currently,
randomized controlled trials between HAIC and
sorafenib in advanced HCC are ongoing to validate the
overall clinical benefits of HAIC.

SAFETY AND COMPLICATION
The complications of using HAIC were reported as
fever, jaundice, GI complication (nausea, vomiting or
abdominal pain) and complication of port insertion site
(infection and thrombosis). The rates of these post
embolization complications in HAIC are lower than
TACE. In particular, TACE may induce the following
adverse effects: hepatic artery injury (stenosis or
obstruction) or the development of collaterals, such
as periportal or inferior phrenic artery. HAIC could
be precluded by these complications. In some cases,
hepatic or renal failure was reported. These cases
may have been caused by underlying liver disease or
disease progression rather than toxicity of HAIC.

CONCLUSION
Molecular targeting agents, including sorafenib, have
been used and investigated clinically to treat advanced
HCC. Although sorafenib treatment has shifted to the
treatment strategy of molecular targeted therapies for
advanced HCC, other alternative therapies are required
because of the low response rates and unsuitability
for patients with poor liver function. These studies
may suggest the possibility of HAIC as an alternative
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MINIREVIEWS

Adjuvant therapy for gastric cancer: What have we learned
since INT0116?
Alexandre A Jácome, Ajith K Sankarankutty, José Sebastião dos Santos
associated with high recurrence rates. Adjuvant treatment
strategies have been studied over the last decades,
but there have been controversial results from the
initial studies. The pivotal INT0116 study demonstrated
that the use of adjuvant chemoradiotherapy with
5-fluorouracil increases relapse-free and overall survival,
and it has been adopted across the Western world.
The high toxicity of radiochemotherapy and suboptimal
surgical treatment employed, with fewer than 10% of
the patients submitted to D2 lymphadenectomy, were
the main study limitations. Since its publication, other
adjuvant treatment modalities have been studied,
and radiochemotherapy is being refined to improve
its efficacy and safety. A multimodal approach has
been demonstrated to significantly increase relapsefree and overall survival, and it can be offered in
the form of perioperative chemotherapy, adjuvant
chemoradiotherapy or adjuvant chemotherapy,
regardless of the extent of lymphadenectomy. The
objective of the present review is to report the major
advances obtained in the last decades in the adjuvant
treatment of gastric cancer as well as the perspectives of
treatment based on recent knowledge of the molecular
biology of the disease.
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Core tip: Adjuvant therapy of gastric cancer significantly
improves overall survival. The most accepted adjuvant
therapy in the Western world is chemoradiotherapy
according to the pivotal INT0116 study. However, in the
time following its publication, other adjuvant treatment
modalities have been discussed, and significant
improvements have been obtained in our understanding
of the multimodal approach of gastric cancer. The
present review reports on the major advances obtained
in the last decades in the adjuvant treatment of gastric

Abstract
Gastric cancer is one of the main cancer-related
causes of death worldwide. The curative treatment
of gastric cancer consists of tumor resection and
lymphadenectomy. However, surgical treatment alone is
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cancer as well as the perspectives of treatment based
on recent knowledge of the molecular biology of the
disease.

underwent D2 lymphadenectomy, the standard of
[11]
care .
The INT0116 study represented a milestone in the
treatment of gastric cancer and has been adopted
across the Western world. Since its publication, other
adjuvant treatment modalities have been discussed,
and chemoradiotherapy is being refined to improve its
efficacy and safety.
The objective of the present review is to report
on the major advances in the last decades for the
adjuvant treatment of gastric cancer as well as
the perspectives of treatment based on our recent
knowledge of the molecular biology of the disease.

Jácome AA, Sankarankutty AK, dos Santos JS. Adjuvant therapy
for gastric cancer: What have we learned since INT0116? World
J Gastroenterol 2015; 21(13): 3850-3859 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i13/3850.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i13.3850

INTRODUCTION
Gastric cancer is the fourth most common malignant
neoplasm in the world, and it ranks at the same
[1]
position as a cancer-related cause of death . Its
carcinogenesis is intimately related to environmental
factors, especially those involving diet, as reflected by
[2]
the geographic distribution of the disease . Eastern
countries, Eastern Europe and Latin America are
high risk areas for the development of gastric cancer,
whereas Southeast Asia, North America and Australia
[1]
are low risk areas .
The risk factors involved in the development
of gastric cancer vary according to the histological
[3]
type of the tumor . The Laurén intestinal-type is
[4]
closely related to infection with Helicobacter pylori ,
especially the cagA+ subtype, gastroesophageal reflux
[3]
disease and obesity . The Laurén diffuse-type does
not involve clearly defined environmental risk factors.
The Laurén diffuse-type is associated with a mutation
of the CDH1 gene, which is responsible for e-cadherin
expression, and is the histological type that is usually
detected in genetic syndromes associated with gastric
[5]
cancer .
The curative treatment for gastric cancer consists
[6]
of tumor resection and lymphadenectomy . However,
surgical treatment alone is associated with high
[7,8]
recurrence rates
. A multimodal approach has
been demonstrated to significantly increase relapse[9]
free and overall survival , and it can be offered in
the form of perioperative chemotherapy, adjuvant
chemoradiotherapy or adjuvant chemotherapy. The
use of adjuvant chemotherapy in the treatment of
gastric cancer is estimated to reduce the risk of death
[9]
by approximately 20% .
Adjuvant treatment strategies have been studied
over the last decades, but initial studies have generated
controversial results due to the methodological
limitations and use of toxic chemotherapy regimens.
In 2001, the pivotal INT0116 study demonstrated
that the use of adjuvant chemoradiotherapy with
5-fluorouracil increases relapse-free and overall
[10]
survival, albeit with high toxicity . The main limitation
of the study was the type of surgical treatment
employed, which was considered to be suboptimal
considering that fewer than 10% of the patients

WJG|www.wjgnet.com

SURGICAL TREATMENT
Surgical treatment is the therapeutic modality with the
[6]
possibility of a cure for patients with gastric cancer .
It consists of tumor resection with wide margins and
lymphadenectomy. D2 lymphadenectomy is the most
recommended nodal dissection, which is related to its
lower rate of locoregional recurrence and lower death
rate from gastric cancer, but it may involve a higher
[11,12]
risk of postoperative complications
.
The risk of recurrence after surgical treatment
depends on the initial stage of the disease, histological
[6]
type and surgical radicality . The risk of recurrence is
higher if the tumor invasion is deeper into the gastric
wall, especially when the serosa is involved, as well
as with the presence of nodal involvement. It is also
known that the Laurén diffuse-type and the presence
of microscopic residual disease are associated with
[6]
a higher risk of recurrence . Studies have reported
variable data according to the investigated population,
but the largest series in the literature demonstrated
recurrence risks ranging from 20% to 40% after
[7,8]
resections performed for curative purposes . The
pattern of recurrence also varies according to the
sample studied. Patients who undergo more limited
nodal dissection and who have microscopic residual
disease tend to have a higher risk of locoregional
and peritoneal recurrence. The presence of poorly
differentiated tumors with more extensive nodal
involvement is associated with a higher risk of distant
metastases. Strategies for adjuvant treatment have
been planned based on the analysis of the risk and
pattern of disease recurrence.

ADJUVANT CHEMORADIOTHERAPY
Since the publication of the INT0116 study, which
demonstrated an improvement in the overall survival
with adjuvant chemoradiotherapy, the treatment
strategy published in that report was adopted as
one of the major therapeutic options in Western
countries. Before the publication of this study, the
standard treatment was gastrectomy alone due to
the methodological limitations and use of highly toxic
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chemotherapy regimens in previous clinical studies,
which has raised doubts about the benefits of adjuvant
treatment.
The major limitation of the INT0116 study is the
[10]
surgical treatment that was adopted . The authors
performed D2 lymphadenectomy in fewer than 10%
of the patients, which is likely to leave microscopic
residual nodal disease in most patients and would
justify the survival benefit with the addition of
radiotherapy. However, a potential benefit when
evaluating the role of adjuvant treatment in patients
who did not undergo a standardized surgical technique
would be that we can reflect on the results for when
D2 lymphadenectomy is not routinely performed.
The update of the study after a median follow-up of
10 years supported the initial data with convincing
[13]
results . A gain of 8 mo in the relapse-free survival
(27 mo vs 19 mo; HR = 1.51, 95%CI: 1.25-1.83)
and in the overall survival (35 mo vs 27 mo; HR =
1.32, 95%CI: 1.10-1.60) has convinced the medical
community to adopt this approach as one of the
preferred adjuvant treatments.
A negative aspect of the treatment proposed by
the INT0116 study is its toxicity. The incidence of
grade 3 or higher hematologic toxicity in 54% and
gastrointestinal toxicity in 33% of the patients, with a
treatment-related mortality of 1%, has indicated the
need for improving the treatment safety.
The absence of standardization for lympha
denectomy raises questions about the efficacy
of combined treatment for patients who undergo
D2 lymphadenectomy, even though the study did
not detect differences in the benefit of adjuvant
treatment according to the type of lymphadenectomy.
Retrospective studies have supported the findings
of the INT0116 study and have demonstrated the
efficacy of fluoropyrimidine-based chemoradiotherapy
[14,15]
in patients who undergo D2 lymphadenectomy
.
Aiming to improve the safety and efficacy of
chemoradiotherapy treatment, the RTOG 0114 study
compared two therapeutic regimens, which were both
associated with 45 Gy radiotherapy, i.e., paclitaxel and
cisplatin (PC) vs paclitaxel, cisplatin and 5-fluorouracil
[16]
(PCF) . Two chemotherapy cycles were applied,
which was followed by radiotherapy concurrent with
PC or PCF. The patients treated with the triple regimen
had an incidence of 59% for a toxicity of grade 3 or
higher, which led to the premature closure of this study
arm. The patients treated with the PC regimen showed
a 2-year disease-free survival of 52%, which was lower
than the results of the INT0116 study. Therefore, the
RTOG 0114 study did not increase the gains compared
to standard treatment.
The most relevant study about the role of chemo
radiotherapy that has been published in the time
following the INT0116 study was the ARTIST trial,
which compared adjuvant chemotherapy alone,
consisting of six cycles of capecitabine and cisplatin
(XP), to combined treatment with capecitabine
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and radiotherapy at the dose of 45 Gy in 25
fractions, with two cycles of XP before and after the
[17]
combined phase . All 458 patients underwent D2
lymphadenectomy. The arms of the study showed
similar 3-year disease-free survival (HR = 0.74;
95%CI: 0.52-1.05) and overall survival (HR = 1.13;
95%CI: 0.77-1.64). However, combined treatment
was superior to chemotherapy alone when the
subgroup of patients with positive lymph nodes was
analyzed (HR = 0.70; 95%CI: 0.49-0.99), which was
also true when the subgroup of patients with intestinaltype histology was evaluated (HR = 0.44; 95%CI:
0.23-0.84). This result supports the hypothesis of the
benefit of radiotherapy in the adjuvant treatment of
gastric cancer.
Another interesting finding of the ARTIST trial is
related to the safety of the therapeutic regimen used.
When the chemoradiotherapy and chemotherapy
groups were compared with respect to grade 3 and
4 toxicity, 48% vs 40% neutropenia, 12% vs 12%
nausea, 3% vs 3% vomiting and 1% vs 2% diarrhea
were observed, respectively. These rates are more
favorable when compared to the INT0116 study
3
findings. It should be emphasized that 5-HT inhibitors
for the prophylaxis of nausea and vomiting were
not used in the INT0116 study because they were
not yet available at the time of study initiation. The
greater hematological and gastrointestinal toxicity of
bolus 5-fluorouracil (5-FU) is well known compared
[18]
to infusional 5-FU and capecitabine . Replacement
with capecitabine may have been responsible for
the greater tolerance observed in the ARTIST study.
Therefore, even though partially favorable, the efficacy
and safety data indicate that the XP regimen with
capecitabine and concurrent with radiotherapy could
be a regimen adopted for the adjuvant treatment of
gastric cancer.
In addition to the ARTIST trial, two other ran
domized trials and a meta-analysis have tried to
elucidate the comparison of chemoradiotherapy to
adjuvant chemotherapy in patients with gastric cancer
[19-21]
who undergo D2 lymphadenectomy
. A phase Ⅲ,
single institution Korean study with 90 patients, which
was prematurely stopped due to low recruitment,
demonstrated a reduced risk of locoregional relapse
with the addition of radiotherapy to chemotherapy
[19]
and an equivalent overall survival . The therapeutic
regimens followed the guidelines of the INT0116
study, including the use of 5-FU and folinic acid alone
in the arms treated with adjuvant chemotherapy. Both
treatments showed a similar toxicity profile.
A phase Ⅲ Chinese study on 404 patients, which
used 5-FU according to the INT0116 study, while
associating radiotherapy with the intensity-modulated
radiotherapy technique also demonstrated a reduced
risk of relapse (HR = 1.35; 95%CI: 1.03-1.78); the
study’s authors reported a median relapse-free survival
of 50 mo in the combined treatment group vs 32 mo
in the chemotherapy group, but there was no impact
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Table 1 Randomized clinical trials comparing adjuvant chemoradiotherapy vs chemotherapy
Ref.
Park et al[17]
Kim et al[19]
Zhu et al[20]

Treatment

n

D

DFS

OS

Toxicities G3-G4

XP vs XP/XRT/XP
FL/FL + RT/FL vs FL
FL/FL + IMRT/FL vs FL

458
90
404

D2
D2
D2

0.74 (0.52-1.05)
60.9% vs 50.0%
1.35 (1.03-1.78)

1.13 (0.77-1.64)
65.2% vs 54.6%
1.24 (0.94-1.65)

N 12%, V 3% in both groups
Hem 25%, GI 11.4% vs Hem 19.6%, GI 17.4%
Leuco 7.5%, N 2.7% vs Leuco 7.3%, N 0%

D: Lymphadenectomy; DFS: Disease-free survival; OS: Overall survival; XP: Capecitabine + Cisplatin; FL: 5-Fluorouracil + Leucovorin; Hem:
Hematological; GI: Gastrointestinal; N: Nausea; V: Vomiting; Leuco: Leucopenia.

[20]

on overall survival (HR = 1.24; 95%CI: 0.94-1.65) .
There was no difference between groups with respect
to toxicity. The most frequent adverse effects were
neutropenia (31% vs 25% in the chemoradiotherapy vs
chemotherapy group, respectively) and diarrhea (38%
vs 30%) (Table 1).
A meta-analysis evaluating the comparison of
adjuvant chemoradiotherapy vs chemotherapy in
patients with gastric cancer who underwent D2
lymphadenectomy demonstrated an increase in
relapse-free survival (HR = 0.72; 95%CI: 0.59-0.89)
and locoregional relapse-free survival (HR = 0.53;
[21]
95%CI: 0.32-0.87) in favor of combined treatment .
[17,19,20]
Three randomized studies were selected
,
including a total of 895 patients, who were all from
Asian countries, and there was no benefit in terms
of the distant metastasis-free survival and overall
survival. There was no difference in the toxicity
between groups.
A second meta-analysis evaluating the same
comparison, but with a higher number of patients
(6 trials with a total of 1171 patients), had similar
[22]
results . Chemoradiotherapy was associated with an
increase in disease-free survival (HR = 1.48; 95%CI:
1.08-2.03). However, there was no difference in overall
survival (HR = 1.27; 95%CI: 0.95-1.71). An analysis
of five trials demonstrated no statistically significant
differences in the toxicities between the two groups.

include 5-FU or oral fluoropyrimidines.
The practice of adjuvant chemotherapy is more
common in Eastern countries. Since the publication
of the INT0116 study, the relevant studies that have
evaluated the role of adjuvant chemotherapy were
conducted on this population. The reproducibility of
these data in the Western population is being debated
in view of the distinct surgical practices, different
biological characteristics of the tumors and different
patterns of recurrence between populations.
The use of S-1, an oral fluoropyrimidine, for
adjuvant treatment was investigated in the ACTSGC study, which involved 1059 patients with disease
stages Ⅱ and Ⅲ who were submitted to curative
resection associated with D2 lymphadenectomy;
one group received surgical treatment followed by
systemic therapy for 1 year, and a second group was
[23,24]
treated with surgery alone
. The use of adjuvant S-1
permitted a 34% relative risk reduction of death (HR
= 0.66; 95%CI: 0.54-0.82) as well as a 5-year overall
survival of 71.7%, compared to 61.1% for the group
[24]
that underwent surgical treatment alone . Together
with this marked survival gain, treatment safety was
observed, including low rates of grades 3 and 4 toxicity
[23]
(6.0% anorexia, 3.7% nausea, and 3.1% diarrhea) .
As in the ACTS-GC study, the CLASSIC trial
evaluated the use of adjuvant oral fluoropyrimidines
in patients who underwent curative resection in
[25]
combination with D2 lymphadenectomy . Only
patients from South Korean, Chinese and Taiwanese
centers participated in the study, and relapsefree survival was the primary endpoint. The study
randomized 1035 patients to surgical treatment alone
and to surgical treatment followed by 6 mo of adjuvant
2
XELOX (oral capecitabine 1000 mg/m twice daily on
days 1 to 14 plus intravenous oxaliplatin 130 mg/
2
m on day 1 of each cycle). The systemic treatment
was associated with a 44% relative risk reduction of
relapse within 3 years (HR = 0.56; 95%CI: 0.44 to
0.72), which is a higher value than the 35% reduction
reported in the ACTS-GC study (HR = 0.65; 95%CI:
0.53-0.79). The XELOX regimen resulted in higher
grades 3 and 4 toxicity (56% vs 6% for the group
with surgery alone) as well as 22% neutropenia, 8%
nausea and 8% thrombocytopenia (Table 2).
Extrapolation of data obtained in studies of
metastatic disease shows that the combination of
fluoropyrimidines and platins has greater therapeutic
activity than monotherapy. The comparison of 5-FU

ADJUVANT CHEMOTHERAPY
Studies evaluating the role of adjuvant chemotherapy
in gastric cancer used to be characterized by small
sample sizes of patients, low recruitment, highly
toxic chemotherapy regimens, and methodological
limitations. With improvement in the clinical studies
and treatment regimens, it has been possible to
observe the benefits of adjuvant therapy. A metaanalysis based on individual data for 3838 patients
demonstrated an 18% relative risk reduction in
death (HR = 0.82; 95%CI: 0.76-0.90) with the use
[9]
of adjuvant chemotherapy . Group analysis did not
identify differences when treatment modalities were
analyzed, i.e., monotherapy or polychemotherapy.
Therefore, it is not possible to identify the best
chemotherapy regimen. However, considering only one
study included did not have fluoropyrimidines in its
regimen, the recommendation is that when adjuvant
chemotherapy alone is chosen, the regimen should
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Table 2 Randomized clinical trials comparing adjuvant chemotherapy vs observation
Study
ACTS-GC[23,24]
CLASSIC[25]

Treatment

n

D

DFS

OS

Toxicities G3-G4

S-1 vs observation
XELOX vs observation

1059
1035

D2-3
D2

0.65 (0.53-0.79)a
0.56 (0.44-0.72)a

0.66 (0.54-0.82)a
NR

Anorexia 6%, N 3.7%
Leuco 22%, N 8%

a

P < 0.05, adjuvant chemotherapy vs observation. D: Lymphadenectomy; DFS: Disease-free survival; OS: Overall survival; XELOX: Capecitabine +
Oxaliplatin; N: Nausea; Leuco: Leucopenia; NR: Not reported.

and leucovorin to 5-FU, leucovorin and adjuvant
oxaliplatin (FOLFOX4) was performed in a randomized,
[26]
single-institution study of only 80 patients . The
combined regimen led to an increase in relapsefree survival (30.0 mo vs 16.0 mo, p < 0.05) and
overall survival (36.0 mo vs 28.0 mo, p < 0.05), and
there were similar rates of adverse events, except
for a higher incidence of peripheral neuropathy in the
FOLFOX4 group.
Therefore, even though meta-analysis data do
not demonstrate the superiority of polychemotherapy
over adjuvant monotherapy in gastric cancer, recent
studies that were not included in the cited metaanalysis suggest that as for metastatic disease, the
combination of fluoropyrimidines and platins has a
potentially greater reduction in the risk of death than
[26]
fluoropyrimidines alone .
The absence of data on the overall survival in the
CLASSIC study does not prevent the adoption of this
regimen in clinical practice in view of data favoring
disease-free survival as a surrogate endpoint of the
overall survival in the adjuvant treatment of gastric
[27]
cancer .

and 5-fluorouracil - before and after surgery) and to
a group of surgery alone. The use of perioperative
treatment was associated with a reduced risk of relapse
(HR = 0.66; 95%CI: 0.53-0.81) and of death (HR =
0.75; 95%CI: 0.60-0.93). The group of patients who
underwent perioperative treatment had a higher rate
of curative resection (79% vs 70%, p = 0.03), smaller
tumors (T1-T2: 51% vs 36%, p = 0.002) and lower
nodal involvement (N0-N1: 84% vs 70%, p = 0.01)
upon anatomopathological study. The main adverse
effects related to chemotherapy were myelotoxicity
(23% and 27% grades 3 and 4 neutropenia during the
preoperative and postoperative phase, respectively),
nausea and vomiting.
An aspect that reflects the difficulty of peri
operative treatment with the ECF regimen is that
only 41% of the patients randomized to this group
were able to complete the entire treatment schedule
proposed. The administration of 5-FU in an infusional
regimen lasting 21 d per cycle is difficult to execute
in clinical practice. However, the recent availability
of capecitabine and oxaliplatin, combined with the
demonstration of the equivalent efficacy of the ECF
regimen and of regimens in which replacement with
these more recent drugs is possible, has increased
the feasibility of perioperative treatment in clinical
[29]
practice .
The ACCORD-07 study followed the MAGIC
study and evaluated the efficacy and safety of
perioperative treatment consisting only of platins and
fluoropyrimidines, without the addition of anthracycline
[30]
agents, in 224 patients . Only 25% of the patients in
this study had gastric cancer. The remaining patients
had esophageal or esophagogastric junction tumors.
The patients received 2 or 3 cycles of CF (cisplatin
and infusional 5-FU) preoperatively and 3 or 4 cycles
postoperatively, resulting in a total of 6 cycles. As also
observed in the MAGIC study, perioperative treatment
with the CF regimen was associated with a reduced
risk of relapse (HR = 0.65; 95%CI: 0.48-0.89)
and a reduced risk of death (HR = 0.69; 95%CI:
0.50-0.95). The patients who underwent perioperative
chemotherapy also presented with higher rates of
curative resection (87% vs 74%, p = 0.004), although
there was no significant difference between the groups
in terms of the pathological stage. The CF regimen
showed the expected grades 3 and 4 toxicity as well as
20% neutropenia and 9% nausea and vomiting in the
preoperative phase (Table 3).

PERIOPERATIVE CHEMOTHERAPY
The high recurrence rates associated with the exclusive
surgical treatment of gastric cancer are explained by the
early occurrence of micrometastases. The combination
of systemic and surgical treatment is justified by the
imperative need to treat micrometastases. The start
of systemic treatment before the surgical procedure is
intended to provide early treatment for micrometastases
as well as have the potential benefit of increasing the
rates of resection by reducing the tumor size; additional
goals are a complete pathological response, evaluation
of therapeutic sensitivity in vivo and better tolerability of
the systemic treatment in the absence of postoperative
complications.
Based on these principles, the strategy of peri
operative systemic treatment was proposed, including
the use of treatment regimens known to be active for
treating advanced disease and the use of chemotherapy
both before and after surgical treatment. The main
clinical study evaluating this strategy is the MAGIC
study, involving 503 patients with gastric or distal
[28]
esophagus adenocarcinoma . The patients were
randomized to a group of perioperative treatment
(three cycles of the ECF regimen - epirubicin, cisplatin
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Table 3 Randomized clinical trials comparing perioperative chemotherapy vs observation
Study

Treatment
[28]

MAGIC
ACCORD-07[30]

ECF vs observation
CF vs observation

n
503
224

D

DFS

D1-2
NR

OS
a

0.66 (0.53-0.81)
0.65 (0.48-0.89)a

Toxicities G3-G4
a

0.75 (0.60-0.93)
0.69 (0.50-0.95)a

Leuco 27.8%, N 12.3%
Leuco 20.2%, N 9.2%

a

P < 0.05, perioperative chemotherapy vs observation. D: Lymphadenectomy; DFS: Disease-free survival; OS: Overall survival; XELOX: Capecitabine +
Oxaliplatin; N: Nausea; Leuco: Leucopenia; NR: Not reported.

study revealed data similar to that of the INT0116
[33]
study . Of the 503 patients included in the study,
415 had their specimens evaluated for HER2 status.
The hypothesis that HER2 overexpression and/or
amplification would influence the sensitivity to the
adjuvant therapy regimen based on anthracyclines was
not confirmed. The HER2 status was not a prognostic
factor in the MAGIC study nor was it a predictive factor
for response to the ECF regimen. HER2-positive and
HER2-negative patients had similar benefits after
exposure to perioperative chemotherapy (interaction,
p = 0.77).
An exploratory analysis of the ACTS-GC study also
did not demonstrate an influence of the expression
and/or amplification of HER2 on the prognosis for a
population of patients with gastric cancer, and the
benefit obtained with the administration of adjuvant
[34]
S-1 did not vary according to HER2 status . Of
the 1059 patients included in the study, 829 were
retrospectively evaluated in terms of the expression
and/or amplification of HER2. A total of 113 patients
(13.6%) were considered to be HER2-positive and,
within this group, the use of adjuvant S-1 reduced the
relative risk of death with the same magnitude as that
observed in the HER2-negative group (HR = 0.63;
95%CI: 0.48-0.83 in HER2-negative; and HR = 0.63;
95%CI: 0.33-1.19 in HER2-positive).

INDIVIDUALIZED TREATMENT
HER2 and adjuvant treatment

HER2 overexpression and/or amplification is a
controversial prognostic factor in gastric cancer, but
its predictive value for the use of trastuzumab, an
anti-HER2 monoclonal antibody, was demonstrated in
the ToGA study, which involved patients with locally
[31]
advanced or metastatic disease . The addition of
trastuzumab to cisplatin plus fluoropyrimidines in HER2positive patients reduced the relative risk of death
by 26% (HR = 0.74; 95%CI: 0.60-0.91), permitting
an increase in overall survival from 11.1 to 13.8 mo.
In exploratory analysis, the risk reduction was more
pronounced in the HER2-enriched population, with
3+ or 2+ immunohistochemistry and FISH-positive
status. In this population, the addition of trastuzumab
increased survival from 11.8 to 16.0 mo (HR = 0.65;
95%CI: 0.51-0.83). The ToGA study was the first to
permit the inclusion of a monoclonal antibody in the
treatment of advanced gastric cancer, leading to the
approval of the drug in several countries. No published
prospective studies have evaluated the use of anti-HER2
therapies in the adjuvant treatment of gastric cancer.
Ongoing phase Ⅱ trials are evaluating the combination
of capecitabine, oxaliplatin and trastuzumab in the
neoadjuvant and adjuvant setting of HER2-positive
gastric cancer patients (clinicaltrials.gov NCT 01748773,
NCT01130337). The potential predictive value of HER2
expression to adjuvant therapies was obtained through
the use of an exploratory analysis of relevant clinical
trials.
The INT0116 study, by performing an immunohis
tochemical evaluation of 148 patients and FISH in 258
of the 556 patients, failed to identify the prognostic
[32]
value of HER2 expression and/or amplification .
Among the patients with HER2 amplification (n =
28), there was no survival benefit with the use of
adjuvant chemoradiotherapy (HR = 1.44; 95%CI:
0.44-4.75). In patients without HER2 amplification
(n = 230), adjuvant chemoradiotherapy resulted in
a significant increase in overall survival (HR = 1.58;
95%CI: 1.17-2.14), which was also demonstrated in
the general population. In view of the small patient
sample, the absence of a benefit from adjuvant
treatment based on 5-fluorouracil concurrent with
radiotherapy in patients with HER2 amplification should
be interpreted with caution.
The evaluation of the HER2 status in the MAGIC
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Histological type and adjuvant treatment

Despite the recognized existence of distinct histological
subtypes in gastric adenocarcinoma, with different risk
factors and carcinogenesis, there is no individualized
adjuvant therapy approach according to histological
type.
The updates to the INT0116 study suggested,
in the subgroup analysis, the absence of a benefit
of adjuvant chemoradiotherapy in patients with the
[10]
Laurén diffuse-type . However, the interaction test
did not show statistical significance.
The ARTIST trial demonstrated similar findings in a
recent update, which revealed the absence of a benefit
of chemoradiotherapy in patients with Laurén diffuse[17]
type , which was also the case in a subgroup analysis.
These findings, together with the INT0116 study, allow
for the development of a hypothesis that patients with
Laurén diffuse-type histology have little to no benefit
from adjuvant chemoradiotherapy. However, given the
known statistic limitations of the subgroup analysis, it
cannot be generalized to clinical practice.
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[37,38]

An ongoing phase Ⅱ /Ⅲ study (clinicaltrials.gov
NCT01717924) is evaluating therapeutic strategies in
patients with signet ring cell gastric adenocarcinoma.
The patients will be randomized to perioperative
treatment (3 cycles of ECF before and after surgical
treatment) or to primary surgical treatment followed
by 6 cycles of adjuvant ECF. This study may help
clarify the best treatment approach for this subgroup
of patients with gastric cancer.

Disease stage and adjuvant treatment

To date, there are no randomized studies that support
the adjuvant treatment of gastric cancer directed
for each stage of the disease. Through the lessons
learned from breast and colon cancers, each stage of
disease is expected to derive different benefits from
adjuvant therapy. Based on the subgroup analysis of
relevant clinical trials, greater disease stages may have
lower benefits from adjuvant therapy, which is not
[13,23]
statistically significant
.
Ongoing clinical trials are trying to propose a stagespecific directed therapy. A phase Ⅲ study evaluating
only stage IB gastric cancer patients randomized
patients to adjuvant capecitabine vs observation
(clinical trials.gov NCT01917552). Three randomized
clinical trials are currently underway to evaluate
adjuvant therapy only in patients with stage Ⅲ disease
(clinicaltrials.gov NCT01618474, NCT01935778,
NCT00182611). Adjuvant intraperitoneal chemotherapy
with mitomycin C has been investigated together with
systemic chemotherapy in a phase Ⅲ study in serosapositive disease (clinical trials.gov NCT02205008).

POTENTIAL BIOMARKERS
Gene amplification is the most common genetic
[35]
alteration in gastric cancer . Most of these targetable
driver mutations involve human receptor tyrosine
kinases. Clinical studies evaluating the prognostic
role of these overexpressed receptors and the use of
tyrosine kinases inhibitors have been conducted in
recent years. While these studies have been performed
for advanced disease, the receptors are potential
therapeutic targets in the adjuvant setting.
Fibroblast growth factor receptor (FGFR) is a
[35,36]
transmembrane receptor tyrosine kinase family
,
which is represented by four members (FGFR1-4)
that are involved in cell signaling by interacting with
fibroblast growth factors (FGFs). The activation of
FGFRs by FGFs leads to the autophosphorylation and
activation of several downstream signaling pathways,
including mitogen-activated protein kinase and
phosphoinositide 3-kinase/akt/mTOR/p70S6kinase,
[35]
which are crucial effectors in oncogenic signaling .
Studies have demonstrated FGFR2 amplification in 4%
to 6% of gastric cancer patients, and it seems to be
a prognostic factor in gastric cancer because patients
harboring this genetic alteration have a poor survival
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[39]

rate
. FGFR2 inhibitors, such as ponatinib ,
[40]
[41]
dovatinib
and AZD4547 , have activity against
FGFR2-amplified cell lines in vitro. A randomized phase
Ⅱ trial comparing AZD4547 to paclitaxel as a secondline treatment of advanced gastric cancer harboring
FGFR2 polysomy or amplification is currently underway
(clinicaltrials.gov NCT01457846).
The mesenchymal-epithelial transition (MET)
receptor is also a transmembrane receptor tyrosine
kinase that belongs to the hepatocyte growth factor
[35]
receptor family . It is estimated that 2% to 4% of
[41-43]
gastric cancer patients have MET-amplification
,
[42]
which seems to confer poor prognosis . In a report of
four gastric cancer patients with advanced disease and
MET-amplification, two responded to crizotinib, but the
[42]
response had a limited duration . Also disappointing
was the use of foretinib in MET-amplified gastric
cancer patients; none of the 69 patients treated with
[43]
foretinib responded to this tyrosine kinase inhibitor .
One promising strategy for targeting MET is through
monoclonal antibodies that bind to the MET receptor or
to the circulating ligands for MET, such as hepatocyte
growth factor. Onartuzumab, a MET antibody, is
currently being tested with mFOLFOX6 in advanced
gastric cancer patients who are HER2-negative
and MET-positive based on immunohistochemistry
(clinicaltrials.gov NCT01662869).
Epithelial growth factor receptor (EGFR) is a
member of the HER receptor family that is over
expressed in a variable proportion of patients with
[44-47]
gastric cancer
, but gene amplification was found
[44,47]
in only a small proportion of patients (2%)
. The
strategy of inhibition of the EGFR pathway through both
monoclonal antibodies and tyrosine kinase inhibitors in
gastric cancer has been frustrating. Randomized trials
[48]
[49]
[50]
using cetuximab , panitumumab , nimotuzumab
[51]
and erlotinib
in an unselected population of patients
showed no clinical benefit. However, an evaluation in an
enriched population may reveal new data.

PERSPECTIVES
The recent molecular characterization, including
the identification of driver mutations in malignant
neoplasms over the last decades and the resulting
significant therapeutic impact, may contribute to
modifying the adjuvant treatment of gastric cancer in
the coming years. Monoclonal antibodies and tyrosinekinase inhibitors are currently limited to advanced
disease and are not used in adjuvant therapies,
except for imatinib in GIST and trastuzumab in breast
cancer. The recent incorporation of trastuzumab in the
treatment of HER2-positive patients with advanced
gastric cancer is currently being evaluated in the
adjuvant treatment of early disease (clinicaltrials.
gov NCT01130337, NCT01748773). Other antiHER2 drugs, such as pertuzumab, which has recently
been incorporated into the treatment for breast
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cancer, are being investigated in advanced gastric
cancer (clinicaltrials.gov NCT01774786) and, if
they demonstrate a beneficial effect, they may be
investigated in adjuvant treatment.
Currently, the association of systemic and surgical
treatment has been incorporated into clinical practice,
but the existence of distinct therapeutic options
raises the question of which one is the best and
when they should be used. The strategy of adjuvant
chemotherapy has been rarely investigated in western
countries and merits reproduction of the studies
conducted in eastern countries, where this therapeutic
modality has been evaluated more extensively.
Studies comparing the three most frequently
adopted treatment strategies (adjuvant chemoradio
therapy, perioperative chemotherapy and adjuvant
chemotherapy) are currently underway and will bring
interesting updates in the next few years (clinicaltrials.
gov NCT00407186, NCT01534546, NCT01761461,
NCT01989858, NCT01516944, NCT00591045,
NCT01665274, and NCT01640782).
In recent years, the chemotherapy regimen used
in the INT0116 study has been criticized because
bolus infusion of 5-FU is in disuse due to its greater
toxicity compared to infusional 5-FU or capecitabine.
When adjuvant chemoradiotherapy is performed,
the recommendation is to replace bolus 5-FU with
infusional regimens or with capecitabine or to follow
the therapeutic regimen adopted in the ARTIST
study, which includes the combination of cisplatin and
capecitabine concurrent with radiotherapy. Studies that
are currently underway are investigating the increased
efficacy of chemoradiotherapy when, potentially,
more effective regimens are used (clinicaltrials.gov
NCT00052910).

to obtain the benefits already achieved in treating
breast and colon cancer, for which there is a greater
therapeutic individualization of adjuvant treatment
with distinct benefits of adjuvant treatment according
to tumor specificities. Therefore, randomized clinical
trials in gastric cancer that consider the heterogeneity
of gastric adenocarcinoma are needed.
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MINIREVIEWS

Antiviral therapies for hepatitis B virus-related
hepatocellular carcinoma
Yuan-Qing Zhang, Jin-Sheng Guo
inhibit the replication of HBV, reduce serum viral load
and accelerate hepatitis B e antigen serum conversion.
Timely initiation of antiviral treatment is not only
essential for preventing the incidence of HCC in chronic
hepatitis B patients, but also important for reducing
HBV reactivation, improving liver function, reducing
or delaying HCC recurrence, and prolonging overall
survival of HBV-related HCC patients after curative and
palliative therapies. The selection of antiviral drugs,
monitoring of indicators such as HBV DNA and hepatitis
B surface antigen, and timely rescue treatment when
necessary, are essential in antiviral therapies for HBVrelated HCC.

Yuan-Qing Zhang, Jin-Sheng Guo, Division of Digestive
Diseases, Department of Internal Medicine, Zhong Shan Hospital,
Shanghai Medical College, Fu Dan University, Shanghai 200032,
China
Author contributions: Zhang YQ and Guo JS contributed
equally to this paper.
Supported by National Fund of Nature Science of China, No.
30570825, No. 81070340 and No. 91129705.
Conflict-of-interest: The authors declare that they have no
conflicts of interest.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Jin-sheng Guo, MD, Division of Digestive
Diseases, Department of Internal Medicine, Zhong Shan Hospital,
Shanghai Medical College, Fu Dan University, 180 Feng Lin
Road, Shanghai 200032,
China. guo.jinsheng@zs-hospital.sh.cn
Telephone: +86-21-64041990
Fax: +86-21-64038472
Received: September 6, 2014
Peer-review started: September 7, 2014
First decision: October 14, 2014
Revised: November 15, 2014
Accepted: January 30, 2015
Article in press: January 30, 2015
Published online: April 7, 2015

Key words: Chronic hepatitis B; Hepatocellular carcinoma;
Antiviral therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review provides an overview of recent
studies and practice guidelines on antiviral treatments
for hepatitis B virus (HBV)-related hepatocellular
carcinoma (HCC) and emphasizes their significance.
HBV infection promotes HCC development by inducing
liver fibrogenesis, genetic and epigenetic alterations,
and the expression of active viral-coded proteins.
Timely initiation of antiviral treatment is not only
essential for preventing the incidence of HCC in chronic
hepatitis B patients, but also important for reducing
HBV reactivation, improving liver function, reducing
or delaying HCC recurrence, and prolonging overall
survival of HBV-related HCC patients after curative and
palliative therapies.

Abstract
Chronic hepatitis B virus (HBV) infection is a critical
risk factor for the carcinogenesis and progression of
hepatocellular carcinoma (HCC). It promotes HCC
development by inducing liver fibrogenesis, genetic
and epigenetic alterations, and the expression of active
viral-coded proteins. Effective antiviral treatments
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oncogenes, and the inactivation of tumor suppressor
genes, leading to dysregulation of cell growth,
differentiation and apoptosis. HBV insertion, which
is as frequent as 70%, may occur in genes encoding
for proteins that are important in the control of cell
signaling, proliferation, and viability (e.g., telomerase).
With repeated hepatocellular regeneration, the X,
pre-S and S genes of HBV may increasingly integrate
into host DNA, resulting in increased expression of
intracellular HBV-encoded proteins. The viral proteins
such as hepatitis B virus X protein may sensitize the
host to chemical carcinogens or alter cellular oncogenes
such as c-myc, and transactivate a number of cellular
promoters by acting on cis-acting regulatory elements.
The alteration of host gene expression associated with
oncogenesis of HCC in CHB may also be mediated
by epigenetic changes, which include aberrant
DNA methylation, histone modifications, chromatin
remodeling, transcriptional control, and the differential
[2,5,6]
expression of noncoding RNAs
.
In patients with HBV infection, the risk factors for
HCC include progression to cirrhosis, longer duration
of HBV infection, higher serum viral load, males with
advanced age, ethnic groups native to regions of
East Asia and sub-Saharan Africa, the virus genotype
(genotype A in African population or genotype C in
Asian population), co-infection with hepatitis C, D,
or human immunodeficiency viruses, and a family
history of liver cancer. Cirrhosis is the most important
independent risk factor for HCC. Up to 70%-90% of
[1,3]
primary liver cancers occur in patients with cirrhosis .

INTRODUCTION
Liver cancer is the fifth most common cancer in
men (523000 cases/year, accounting for 7.9% of all
cancers) and the seventh most common cancer in
women (226000 cases/year, accounting for 6.5% of all
cancers) worldwide. Hepatocellular carcinoma (HCC) is
the most common form of liver cancer. Approximately
90% of HCC cases are associated with a known risk
factor. According to statistics, approximately 5% of the
world’s population (i.e., 350-400 million people) has
chronic hepatitis B virus (HBV) infection, 75% of them
are Asian, and approximately 60% of the HCC cases
in Asia are associated with chronic HBV infection. The
relative risk of HCC development is 100-fold for those
who are infected with HBV vs those who are not.
The risk is even higher for those with HBV infection
and cirrhosis. A longer duration of infection and an
increased degree of viremia also increase the rate of
HCC occurrence. The incidence of HCC in subjects
with chronic HBV infection in East Asian countries is
estimated to be 0.2 per 100 person years in inactive
carriers, 0.6% person-years in chronic hepatitis B
(CHB) patients without cirrhosis, and 3.7% person[1-3]
years in those with cirrhosis . Therefore, it is worth
focusing on antiviral therapy in patients with HBVrelated HCC. This has been clarified in the recently
published Chinese Expert consensus of antiviral
[4]
treatment for HBV-related hepatocellular carcinoma .
This review provides an overview of recent studies
on antiviral treatments for HBV-related HCC and
emphasizes their significance.

Antiviral treatment prevents the occurrence of HBVrelated HCC

HBV INFECTION IS AN IMPORTANT RISK
FACTOR FOR HCC

Effective antiviral treatment inhibits HBV replication,
reduces serum viral load and accelerates hepatitis
B e antigen (HBeAg) serum conversion, which may
therefore alleviate liver damage and reduce the
development of cirrhosis. At present, the nucleoside
and nucleotide analogs (NAs) and interferon (IFN)
are common clinically used antiviral drugs. NAs
can be structurally grouped into (1) L-nucleosides
which include lamivudine (LAM) and Telbivudine; (2)
acyclicnucleotide phosphonates which include adefovir
dipivoxil (ADV) and tenofovir disoproxil (TDF); and
(3) D-cyclopentanes, which include Entecavir (ETV).
This categorization reflects the drug’s pattern of
resistance. ETV and TDF are two NAs which have
been recommended as first-line anti-HBV drugs by
the updated consensus and recommendations on the
management of CHB due to their high efficacy and
[7-9]
high barrier to drug resistance .
The results of a meta-analysis showed that the
median cumulative incidence of HCC in CHB patients
treated with antiviral therapy for 3 and 5 years
was lower than that without treatment (1.5% vs
4.0%; 5.1% vs 12%, respectively). Antiviral therapy
significantly reduced the 3- and 5-year cumulative

Pathogenic mechanism of HBV-related HCC

In the liver of CHB patients, the immune reaction in
response to persistent HBV infection may lead to longterm inflammation and injury, followed by hepatocyte
regeneration, fibrogenesis and scar formation. The
prolonged fibrogenic response is accompanied by
regional hypoxia, angiogenesis and the distortion of
tissue architecture, ultimately resulting in irreversible
structural alterations in the liver and decompensated
cirrhosis. During this process, HBV DNA consistently
replicates and is integrated into the host genome,
adding to the coexistence of metabolic disorders,
inflammatory responses and oxidative injuries, which
induce genetic instability and an imbalance of cell
growth and apoptotic tolerance signals. These are all
biologic driving forces for HCC development in CHB
[2]
patients .
HBV DNA may integrate into host hepatocellular DNA
and induce genetic alterations such as chromosomal
instability, and modify host gene expression. It may
also cause random genetic and chromosomal damage,
chromosomal rearrangements, the activation of cellular
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[15]

incidence of HCC by 2.8% (95%CI: 0.5-5.1; P =
0.0162) and 7.1% (95%CI: 4.1-10.2; P < 0.0001),
[10]
respectively . Whereas in another meta-analysis
which included 8 randomized controlled trials (RCTs),
8 prospective cohort studies and 19 case-control
studies, the prospective cohorts and case-control
[11]
series showed opposing results . Although sensitivity
analyses showed that antiviral therapy reduced the
risk of HCC among patients with cirrhosis (RR = 0.74;
95%CI: 0.57-0.96), the strength of the evidence does
not allow for extrapolation to clinical practice as the
research design plays an essential role in the overall
assessment.
Long-term studies on CHB patients at various
stages, including asymptomatic patients, those without
and with cirrhosis, showed that effective LAM and
ADV treatments consistently reduced the incidence of
HCC. In contrast, the development of drug resistance
by HBV mutation, for example YMDD mutation due to
alternations on the P region of HBV DNA and mutations
on enhancer Ⅱ/basal core promoter/precore (EnhII/
BCP/PC), has been proven to increase HCC risk.
However, it is noteworthy that on-therapy virologic
remission did not completely halt the incidence of HCC,
which still developed in some CHB patients within 30
mo after the start of treatment. This phenomenon was
considered to be associated with the early integration
of HBV into the host genome, and the patients had
already developed cirrhosis, which is an independent
[12]
risk factor for HCC .
Long-term follow-up studies of peg-IFN-α therapy
showed inconsistent results. The beneficial effect was
observed mainly in CHB patients with preexisting
cirrhosis. Some studies also suggested that HCC
incidence was lower in patients with sustained
virological response (SVR) than in both non-responders
[12]
and those without treatment . A retrospective cohort
study indicated that combination therapy with IFN-α
and ribavirin significantly reduced the risk of HCC (HR
= 0.76, 95%CI: 0.59-0.97), liver-related mortality
(HR = 0.47, 95%CI: 0.37-0.6) and all-cause mortality
(HR = 0.42, 95%CI: 0.34-0.52) in HCV-HBV dually[13]
infected patients .
A retrospective review based on two prospective
surveillance cohorts showed that the survival rate
of patients who started antiviral therapy in the
surveillance period was dramatically higher than those
without any history of antiviral therapy, or those who
initiated therapy after the diagnosis of HCC. The 5-year
survival rates were 23.9% and 57.8%, respectively (HR
[14]
= 0.472, 95%CI: 0.25-0.89, P = 0.0191) .

Association for the Study of Liver Diseases (AASLD) ,
the Clinic Liver Cancer staging system classifies
HCC patients into very early (single HCC ≤ 2 cm,
performance status (PS) 0, Child-Pugh A, without
portal hypertension), early (single HCC ≤ 5 cm or up
to three nodules < 3 cm, PS 0, Child-Pugh A or B),
intermediate (single or multifocal HCC > 5 cm, PS 0 to
2, Child-Pugh A or B), advanced (with symptoms and/
or vascular invasion or extrahepatic spread, PS 1 to 2,
Child-Pugh A or B) and end-stage (PS 3 to 4, ChildPugh C) according to their liver function, tumor status
and PS. Patients at different stages are managed by
corresponding treatments.
Both surgical resection and liver transplantation
(LT) are curative treatments for HCC. Other treatment
options include: (1) local ablation, e.g., radiofrequency
ablation (RFA), percutaneous ethanol injection
(PEI), microwave ablation and cryoablation; (2)
transcatheter arterial chemoembolization (TACE); (3)
radiation therapy, e.g., three-dimensional conformal
radiotherapy (3D-CRT), intensity-modulated radiation
therapy and stereotactic radiotherapy; (4) radioembolization; (5) systemic chemotherapy; (6)
molecularly targeted therapies; (7) traditional Chinese
medicine; (8) biotherapy; and (9) symptomatic
supportive treatment. Of these, PEI and RFA are highly
effective and may even be curative for patients with
[15-18]
small HCC
.
HCC patients at very early and early stages should
be considered for potentially curative options such
as surgical resection and RFA/PEI. The early-stage
patients are also recommended for LT whenever
possible. A favorable prognosis can usually be achieved
by these treatments. HCC patients at intermediate
stages may benefit from TACE, which has been
shown to induce extensive tumor necrosis in more
than 50% of patients. Studies on the effects of TACE
in combination with molecular-targeting agents such
as sorafenib, which has been shown to inhibit tumor
proliferation and angiogenesis, are underway. There
is no effective therapy for HCC patients at advanced
stages. Several agents have been compared to
sorafenib which is unequivocally effective in improving
survival. The median overall survival of sorafenibtreated patients was 10.7 mo vs 7.9 mo in those
treated with placebo (P < 0.001). Patients with endstage HCC have a poor prognosis and may only receive
[15-17]
symptomatic supportive treatment
.
The guideline on the diagnosis and treatment
[18]
of primary liver cancer of China
indicates that
surgical resection and LT are the first choice for the
treatment of HCC if applicable. Local ablation may
be an alternative therapy in patients with early-stage
HCC, and may be used as part of palliative treatment
in some situations. TACE is recommended for HCC
patients who can not receive surgery. Modern precise
radiotherapy provides a treatment option for local
tumors that can not be excised by surgery. It is also
used as a palliative treatment for distant metastasis.

EFFECTS OF ANTIVIRAL TREATMENT ON
THE PROGNOSIS OF HBV-RELATED HCC
PATIENTS
staging and treatment of HCC

As recommended by the guideline of the American
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Systemic treatment including molecular targeted
drugs and systemic chemotherapy are used in patients
with advanced HCC. Multi-disciplinary comprehensive
treatment has been recommended in HCC patients,
especially those at intermediate and advanced stages.

and prolonged OS

Antiviral treatments and surgery: In a study
on HBV-related HCC patients with HBV-DNA level
less than 2000 IU/mL, HBeAg positive, detectable
preoperative HBV-DNA level, high Ishak inflammatory
score, preoperative TACE, longer operating time,
and blood transfusion were identified as independent
risk factors for HBV reactivation after HCC surgery.
Prophylactic antiviral therapy was found to be a
protective factor. The rate of HBV reactivation in the
preoperative HBV-DNA negative group was lower than
that in the HBV-DNA positive group (16.7% vs 29.4%,
[20]
P < 0.001) .
A two-stage longitudinal study showed that high
4
viral load (≥ 10 copies/mL) significantly predicted
unfavorable OS and relapse-free survival (RFS) after
hepatectomy for HCC, whereas antiviral treatment
significantly improved both types of survival. The RCTs
on postoperative antiviral treatment with LAM, ADV
or ETV showed that anti-viral treatment significantly
decreased HCC recurrence and reduced HCC-related
death (HR = 0.48; 95%CI: 0.32-0.70, and HR = 0.26;
95%CI: 0.14-0.50, respectively). Antiviral treatment
also significantly decreased early recurrence (HR =
0.41; 95%CI: 0.27-0.62) and improved liver function
at 6 mo after surgery when compared with the controls
(P < 0.001). The treated patients with normalized
liver function had a higher 2-year RFS rate than those
[23]
without improvement (P = 0.003) .
With regard to anti-viral treatment with IFN, a
recent randomized, observation-controlled, phase Ⅲ
trial which enrolled HBV-related HCC patients with
curative resection suggested that adjuvant IFN-α-2b
treatment only temporarily inhibited viral replication
without a prominent effect on reducing HCC recurrence
or mortality. At a median follow-up period of 63.8 mo,
57.5% of patients experienced tumor recurrence, and
31.3% were deceased. The cumulative 5-year RFS
and OS rates of the intent-to-treat cohort were 44.2%
and 73.9%, respectively. The median RFS of HBVrelated HCC patients in the treatment group and the
control group were 42.4 and 49.1 mo, respectively
[24]
(P = 0.828) . Meta-analyses also suggested that
there was little evidence of benefit for adjuvant IFN
therapy in reducing the recurrence rate or prolonging
OS in patients with hepatitis B virus-related HCC after
curative therapy. Further study is needed due to lack
[25,26]
of stratified assessment for SVR
.

HBV reactivation is an important risk factor that impacts
on the prognosis of HBV-related HCC after conventional
therapy

HBV reactivation is defined as either a greater than
10-fold increase in serum HBV-DNA load when
compared with the baseline level in HBV carriers,
or the reappearance of hepatitis B surface antigen
(HBsAg) or serum HBV-DNA level greater than 200
IU/mL in baseline HBsAg-negative patients. HBV
reactivation is a frequent complication of systemic
chemotherapy, especially in patients with detectable
serum HBV DNA before chemotherapy, and those
who have received intensive chemotherapy. Impaired
host immunity is considered to allow active HBV
replication to occur, since it can also occur after the
use of other immunosuppressive therapies. The clinical
consequences of HBV reactivation include provoking
active hepatitis, thereby causing massive hepatic
[19]
necrosis, liver failure, and even death .
A variety of metabolic and endocrine responses
induced by surgery and anesthesia may result in an
extensive immunosuppressive status in the immediate
postoperative period. It has been reported that the
incidence of HBV reactivation after liver resection is
28% in HBV infected patients. In patients with HBVrelated HCC, the occurrence of HBV reactivation after
partial hepatectomy may reach 19.1% within one year
even in those with low preoperative viral load (HBV
DNA < 2000 IU/mL). The incidence of postoperative
hepatitis and mortality due to liver failure in HBV
reactivated patients is significantly higher than those
without HBV reactivation (76.3% vs 2.0%, P < 0.001,
and 11.8% vs 6.4%, P = 0.002, respectively). The
3-year disease-free survival (DFS) and OS rates after
resection were significantly lower in patients with HBV
reactivation than those without reactivation (34.1% vs
46.0%, P = 0.009; and 51.6% vs 67.2%, P < 0.001,
[20]
respectively) . During a median follow-up period
of 29.4 mo, 23.1% and 16.6% of HBV-related HCC
patients with LT treatment experienced HBV relapse
or HCC recurrence, respectively. It was also observed
that HBV relapse was closely associated with HCC
recurrence (P = 0.004), which led to an unfavorable
[21]
OS .
Previous studies have indicated that anti-HBV
therapies inhibit HBV replication, reduce serum HBV
load, improve liver function, and render the patients
more tolerant of conventional treatments for HCC.
The treatments also reduce the incidence and severity
of potentially life-threatening HBV reactivation. Early
loss of HBV-DNA has been correlated with a better
prognosis, delayed and reduced recurrence of HCC,
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Antiviral treatments and TACE: Based on a recent
study of HBsAg positive HCC patients who underwent
hepatectomy or TACE, HBV reactivation rates in the
antiviral treatment group were 0% and 1.5%, and
the rates of liver function deterioration were 2.4%
and 1.5%, respectively. Whereas in the non-antiviraltreated control group, the rates of HBV reactivation
were 15.7% and 17.5%, and the rates of liver function
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deterioration were 4.1% and 8.1%, respectively. For
TACE treatment in HBV-related HCC patients, the
absence of antiviral treatment was a risk factor for
HBV reactivation (OR = 0.083). The occurrence of HBV
reactivation, baseline alanine aminotransferase (ALT)
and alpha-fetoprotein levels were closely associated
with the exacerbation of liver function after TACE (OR
= 3.550, 1.031 and 2.832, respectively), indicating
that antiviral treatment reduced the risk of HBV
reactivation and protected the patients against liver
[27]
failure, especially in patients undergoing TACE .

combination of NAs and Hepatitis B immune globulin
(HBIG) is considered to be a standard care against
HBV recurrence after LT. A systemic review showed
that HBV recurrence in patients undergoing HBIG and
ETV or TDF combination therapy was similar (1.5% vs
0%, P > 0.05), and was significantly lower than that
in patients undergoing combination therapy with HBIG
and LAM (1.0% vs 6.1%, P < 0.001). There were
no significant differences between ETV/TDF monoprophylaxis after discontinuation of HBIG and the
combination of HBIG plus ETV or TDF (3.9% vs 1.0%,
P > 0.05), or the combination of HBIG plus LAM (3.9%
[29]
vs 6.1%, P > 0.05) .
Long-term LAM mono-therapy has a much higher
rate of viral resistance due to YMDD mutations, which
are 24% at year 1, and may reach up to 70% at
year 5. Therefore, close monitoring and timely rescue
therapies are necessary. ETV and TDF are potent antiHBV NAs with high barriers to drug resistance, thus are
recommended worldwide as first-line mono-therapies
for antiviral treatments, especially when long-term
antiviral treatment is required. The cumulative HCC
incidence at 5 years was 3.7% for the ETV and 13.7%
for the control groups, respectively (P < 0.001).
Cox proportional hazard regression analysis, after
adjustment for the number of known HCC risk factors,
showed that patients in the ETV group had a lower
risk of HCC than those in the control group (HR =
0.37, 95%CI: 0.15-0.91; P = 0.03). Further analysis
suggested that the treatment effect was greater in
patients with a high risk of HCC (the risk scores were
based on age, gender, cirrhosis status, levels of ALT,
HBeAg, baseline HBV DNA, albumin, and bilirubin).
In sub-analyses, the incidence of HCC at year 5 was
lower in ETV-treated than non-rescue LAM treated
[30]
cirrhosis patients (P = 0.043) .
A study of antiviral therapy naive patients with HBVrelated advanced HCC has reported treatment outcomes
during the follow-up period of 3, 6 and 12 mo, including
virological, biochemical and serologic responses and the
appearance of antiviral resistance which were similar
in the LAM and ETV groups (all P > 0.05). The median
OS in the LAM group was 9.6 mo, lower than that in the
ETV group (13.6 mo), but not significantly different (P
= 0.493). Thus, LAM might still be an option for antiviral
treatment in HBV-related advanced HCC when the
[31]
anticipated treatment time is short .
For hepatitis-B-related HCC patients with LAM
resistance, a recent study suggested that the antiviral
efficacy of LAM plus ADV combination therapy was
comparable in HCC and non-HCC CHB patients. The
virological response rates at months 12, 24, 36 and 48
were 33.3%, 58.3%, 50% and 33.3%, respectively,
whereas the biochemical response rates were 55.6%,
58.3%, 70.0% and 58.3%, respectively. Therefore,
LAM plus ADV combination therapy may be a rescue
treatment for LAM-resistant HBV-related HCC
[32]
patients .

Antiviral treatments and radiotherapy: A retro
spective study showed that the cumulative rate of HBV
reactivation in patients who underwent 3D-CRT was
significantly greater in patients without LAM therapy
than in those with LAM therapy (21.8% vs 0%, P
= 0.048) or the control group without any specific
treatment (e.g., 3D-CRT or LAM) (21.8% vs 2.3%,
P = 0.047). Prophylactic antiviral therapy should be
considered as 3D-CRT may induce HBV reactivation in
[28]
patients with HBV-related HCC .

Selection of antiviral drugs for patients with HBV-related
HCC

The Chinese Expert consensus of antiviral treatment
for HBV-related hepatocellular carcinoma has indicated
that antiviral therapy is an important secondary
precaution for preventing the incidence of HBV-related
[4]
HCC in CHB patients . Indicators such as HBV DNA
and HBsAg should be monitored in HBV-related HCC
patients under comprehensive treatments for HCC, and
NAs should be initiated as soon as possible if needed.
The treatment should be individualized and the
concrete regimen of NAs should refer to the guideline
for CHB. The patients who are treated with TACE,
radiotherapy or chemotherapy should be screened for
HBsAg routinely. NAs should be administered before
HCC treatments in those who are HBsAg positive, even
if they have negative HBV DNA and a normal ALT level.
The antiviral drugs should be continued for 6 mo after
chemotherapy. Long-term antiviral treatment should
be considered once a positive conversion of HBV DNA
has occurred. For HBV DNA-negative patients who
undergo surgery or ablation, clinicians must be vigilant
for HBV reactivation. If HBV DNA is detectable during
the monitoring period and remains positive after
an interval of 2 wk, long-term antiviral treatment is
recommended. Patients with detectable HBV DNA who
undergo LT should start the antiviral treatments 1 to 3
mo before surgery.
In patients with decompensated cirrhosis who
undergo LT, the aim of antiviral therapies is to lower
the risk of HBV re-infection, and delay the deterioration
of cirrhosis and its complications. A substantial
improvement in liver function achieved by antiviral
treatment in some patients may even result in their
withdrawal from the transplantation list. Currently, the
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CONCLUSION
Chronic infection with HBV is the main cause of HCC
and is associated with an unfavorable prognosis. Many
studies have demonstrated that timely initiation of
antiviral treatment is not only essential for preventing
the incidence of HCC in chronic hepatitis B patients,
but also important for reducing HBV reactivation,
improving liver function, reducing or delaying HCC
recurrence, and prolonging overall survival of HBVrelated HCC patients after curative and palliative
therapies. ETV and TDF with high efficacy and a high
barrier to drug resistance are recommended as firstline anti-HBV drugs. Close monitoring is essential
during antiviral treatment and rescue therapy should
be administered as soon as possible once drug
resistance occurs.
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Abstract
AIM: to evaluate the expression of different insulinlike growth factor (IGF)-1 mRNA isoforms and IGF-1
receptor (IGF-1R) mRNA in hepatitis C virus (HCV)infected livers.
METHODS: Thirty-four liver biopsy specimens from
chronic hepatitis C (CH-C) patients were obtained
before anti-viral therapy. Inflammatory activity (grading)
and advancement of fibrosis (staging) were evaluated
using a modified point scale of METAVIR. The samples
were analyzed using quantitative real-time PCR
technique. From fragments of liver biopsies and control
liver that were divided and ground in liquid nitrogen,
RNA was isolated using RNeasy Fibrous Tissue Mini Kit
according to the manufacturer’s instruction. Expression
levels of IGF-1 mRNA isoforms (IGF-1A, IGF-1B, IGF1C, P1, and P2) and IGF-1R mRNA were determined
through normalization of copy numbers in samples as
related to reference genes: glyceraldehyde-3-phosphate
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dehydrogenase and hydroxymethylbilane synthase.
Results on liver expression of the IGF-1 mRNA isoforms
and IGF-1R transcript were compared to histological
alterations in liver biopsies and with selected clinical
data in the patients. Statistical analysis was performed
using Statistica PL v. 9 software.

Kasprzak A, Adamek A, Przybyszewska W, Pyda P, Szmeja J,
Seraszek-Jaros A, Lanzafame A, Surdacka A, Mozer-Lisewska
I, Koczorowska M. insulin-like growth factor-1 mRNA
isoforms and insulin-like growth factor-1 receptor mRNA
expression in chronic hepatitis C. World J Gastroenterol 2015;
21(13): 3867-3875 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/3867.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3867

RESULTS: The study showed differences in quantitative
expression of IGF-1 mRNA variants in HCV-infected
livers, as compared to the control. Higher relative
expression of total IGF-1 mRNA and of IGF-1 mRNAs
isoforms (P1, A, and C) in HCV-infected livers as
compared to the control were detected. Within both
groups, expression of the IGF-1A mRNA isoform
significantly prevailed over expressions of B and C
isoforms. Expression of P1 mRNA was higher than
that of P2 only in CH-C. Very high positive correlations
were detected between reciprocal expressions of IGF-1
mRNA isoforms P1 and P2 (r = 0.876). Expression of
P1 and P2 mRNA correlated with IGF-1A mRNA (r =
0.891; r = 0.821, respectively), with IGF-1B mRNA (r =
0.854; r = 0.813, respectively), and with IGF-1C mRNA
(r = 0.839; r = 0.741, respectively). Expression of IGF1A mRNA significantly correlated with isoform B and C
mRNA (r = 0.956; r = 0.869, respectively), and B with
C isoforms (r = 0.868) (P < 0.05 in all cases). Lower
expression of IGF-1A and B transcripts was noted in the
more advanced liver grading (G2) as compared to G1.
Multiple negative correlations were detected between
expression of various IGF-1 transcripts and clinical data
(e.g. , alpha fetoprotein, HCV RNA, steatosis, grading,
and staging). Expression of IGF-1R mRNA manifested
positive correlation with grading and HCV-RNA.

INTRODUCTION
Hepatitis C virus (HCV) is the major causative agent
of hepatocellular carcinoma (HCC), mainly through
the indirect pathways of chronic inflammation, cell
[1,2]
death, and proliferation . The function of the insulinlike growth factor (IGF) system in the promotion of
cell growth and neoplastic transformation has been
[3,4]
previously described
. The IGF ligands (IGF-1
and -2) bind to the receptors, which include: IGF-1
receptor (IGF-1R), IGF-2R, insulin receptor, and hybrid
[3]
receptors (IGF-1R/insulin receptor) . The involvement
of IGF receptors in the maintenance of the transformed
[5-9]
hepatocyte phenotype was also described . Most
studies documented an increase in IGF-1R expression
[5,9,10]
from preneoplastic lesions to developed HCC
.
Other studies found no significant difference in the
expression of IGF-1R mRNA between HCC and a
[8]
control . Similarly, an increase in expression of IGF-1R
[11]
could not be noted in cultured human hepatocytes .
In a few studies on patients with liver cirrhosis and
chronic hepatitis C (CH-C), the amounts of IGF-1R
transcript were found to increase as compared to the
[12,13]
normal liver
. A more thorough recognition of the
role played by IGF system in hepatic carcinogenesis is
[3,9,14]
thought to improve HCC therapy
.
The six exons of IGF-1 are alternatively spliced
into multiple transcripts, encoding specific circulating
and tissue-specific isoforms of the IGF-1 peptide. At
the 5’end of the gene, different promoters (P1 and
P2), in combination with alternative transcription start
sites and differential splicing, generate the mutually[15-17]
exclusive class 1 and class 2 IGF-1 isoforms
.
At the 3’end of the gene, alternative splicing gives
rise to at least three subsets of RNA transcripts,
each encoding three distinct C-terminal portions of
[15,18,19]
the unique E-peptide, as well as the 3’-UTR
.
Exon 3 encodes parts of the signal peptide and the
mature peptide common to all isoforms, while exon
4 encodes the rest of the mature peptide and the
proximal part of the E domain. The composition of
nucleotides in exons 5 and 6 determines the formation
of isoforms A (Ea), B (Eb), and C (Ec) within classes 1
[20]
and 2 . The biochemical mechanism which controls
use of IGF-1 promoters 1 or 2 in alternate splicing
[16,21-23]
remains poorly recognized
. Studies on human
liver RNA have demonstrated that IGF-1 transcript
undergoes alternate splicing that contains exons 3
and 4, as well as 49 bp of exon 5 and exon 6 (exon

CONCLUSION: Differences in quantitative expression
of IGF-1 mRNA isoforms in HCV-infected livers, as
compared to the control, suggest that HCV may induce
alteration of IGF-1 splicing profile.
Key words: chronic hepatitis C; insulin-like growth
factor-1 receptor; insulin-like growth factor-1 mRNA
isoforms; quantitative polymerase chain reaction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: hepatitis C virus (HCV) may induce alteration
of insulin-like growth factor (IGF)-1 splicing profile.
A quantitative polymerase chain reaction analysis
confirmed higher relative expression of total IGF-1
mRNA and of IGF-1 mRNAs isoforms P1, A, and C in
HCV-infected livers as compared to the control. An
increase in inflammatory activity (grading) of HCVinfected livers was linked to decreased IGF-1 mRNA
expression, an altered profile of mRNA isoforms,
and to an increase in IGF-1R mRNA expression.
Decreased expression level of IGF-1 mRNA isoforms
and an increased liver expression of IGF-1R mRNA
were associated with indicators of liver damage (e.g. ,
grading, staging, steatosis, and liver serum enzyme
activity), and may be of prognostic significance.
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[24]

4-5-6) . The role of IGF-1 alternate splicing has
[25-28]
been best recognized in skeletal muscular tissue
[29,30]
and nervous tissue
. A differential profile of
IGF-1 mRNA isoforms was demonstrated in different
[31-34]
tumors
. It remains unknown as to whether HCV
and its oncogenic proteins (C, NS3, and NS5A) in vivo
may induce alterations in the profile of hepatic IGF-1
[35]
gene expression .
This study aimed to evaluate the expression of
various IGF-1 mRNA isoforms (P1, P2, 1A, 1B, and 1C)
and IGF-1R mRNA in chronically HCV-infected livers.
Herein we examined if IGF-1 alternative splicing is
associated with the degree of liver damage (grading
and staging) caused by HCV virus. Results on liver
expression of the IGF-1 mRNA isoforms and IGF-1R
transcript were compared to histological alterations
in liver biopsies and with selected clinical data in the
patients. Data concerning changes in IGF-1 alternative
splicing in CH-C have not been published up to now.
The relationship between liver expression of mRNA
IGF-1 isoforms and progression of CH-C to HCC is
unclear.

for elevated aminotransferase activity. Said patient
proved to be HCV-negative (absence of specific
antibodies and of HCV RNA). The remaining control
material also originated from HCV- and HBV-negative
patients. Age and sex of the patients were known.
The control material was obtained from the Chair and
Department of General Surgery, Gastroenterological
Oncology and Plastic Surgery, Poznan University of
Medical Sciences in Poznan.

Tissue material

Liver biopsy was done in all cases as a routine procedure
before antiviral therapy. Basing on USG tests and
alpha fetoprotein (AFP) levels, none of the patients
had neoplastic growth (HCC). Written informed
consent was obtained from every patient before liver
biopsy and approval for the study was granted by the
institution’s ethical committee (No. 22/09). The excised
liver fragment (HCV-infected and control) was divided,
cutting off its terminal 0.5 cm fragment, which was
®
immersed in RNA Stabilization Solution (RNAlater ,
Applied Biosystems) at -80 ℃ until use. The remaining
part of the fragments obtained from patients were
fixed in a buffered 10% solution of formalin and
embedded in paraffin. About 5 µm-thick preparations
were stained with hematoxylin and eosin and then
silver impregnated using standard techniques.
Inflammatory activity (grading) and advancement
of fibrosis (staging) were evaluated using a modified
[36]
point scale of METAVIR . This score is composed of a
two-letter and two-number scoring system: histological
activity (grading: G0 - no activity, G1 - mild activity,
G2 - moderate activity, G3 - severe activity) and
fibrosis (staging: S0 - no fibrosis, S1 - portal fibrosis
without septa, S2 - portal fibrosis with rare septa, S3 numerous septa without cirrhosis, S4 - cirrhosis). Fatty
degeneration of the liver was evaluated using a point
scale, in which grade 0 corresponded to an absence of
fatty degeneration, while grades 1 and 2 corresponded
to < 30% and ≥ 30%-70% hepatocytes showing traits
of fatty degeneration, respectively.

MATERIALS AND METHODS
Patients

The examined group consisted of 34 patients (age:
18-63 years; 18 men and 16 women) with CH-C
who were diagnosed and treated in the Department
of Infectious Diseases, Poznan University of Medical
Sciences in Poznan from 2010 to 2012. Patients were
referred to an anti-viral treatment and not previously
treated. Infections with other hepatotropic viruses
(HBV, HCMV, or EBV) or other reasons of liver damage
were excluded (e.g., alcohol abuse, autoimmune
hepatitis, NASH, drugs, or history of anti-cancer
therapy). Patients with diabetes mellitus, kidney failure
or any hormones disturbances were not included in
the group. In the study, we used basic clinical data
on HCV-infected patients, as well as other results
involving biochemical tests on peripheral blood, results
of ELISA tests (glucose, insulin), and histopathological
examination of liver biopsies. Presence of HCV-specific
antibodies was tested using chemiluminescence and
ARCHITECT Anti-HCV kits (ABBOTT, Wiesbaden,
Germany) in ARCHITECT and 2000 analyzers
(ABBOTT). Infection with HCV was confirmed by
estimating serum HCV-RNA via the application of
GeneProof HEPATITIS C VIRUS HCV tests (GeneProof
a.s., Brno, Czech Republic) and manifesting sensitivity
of 50 IU/mL. In all patients, HCV genotype was
estimated (VERSANT HCV GENOTYPE 2.0 ASSAY,
LiPA).
Negative tissue control (n = 7) (patient age: 35-72
years; 4 men, 3 women) involved liver fragments
with no morphological traits of organ pathology that
were perioperatively sampled from the vicinity of the
dissected focal lesion in the liver and a single liver
biopsy taken from a patient to diagnose the reasons
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Technique of quantitative real-time PCR

RNA was isolated using RNeasy Fibrous Tissue
Mini Kit (QIAGEN), according to the manufacturer’
s instructions, from fragments of liver biopsies and
control liver that were divided and ground in liquid
nitrogen. In the course of the procedure, traces of
DNA contamination were eliminated using DNases.
Total RNA was dissolved in RNase-free water. Quality
of RNA preparations was consecutively checked using
electrophoresis in an agar-formaldehyde gel. RNA
content was quantitated by spectrophotometry. Every
RNA sample was subjected to additional digestion
with DNase using RNase-Free DNase Set (QIAGEN)
in order to avoid contamination with genomic DNA.
Subsequently, 1 μg RNA from every sample was
subjected to reverse transcription using QuantiTect
Reverse Transcription Kit (QIAGEN) and cDNA was
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of all results with the normal distribution of Gauss was
verified by using the Shapiro-Wilk test. Parameters
of descriptive statistics were subsequently calculated
(arithmetic mean, standard deviation, median value,
and minimum and maximum value). Data related to
quantitative gene expression of IGF-1 mRNA isoforms,
IGF-1R mRNA were compared to data for normal liver
(negative control) using Mann-Whitney’s test (a nonparametric test for unlinked variables for two groups).
In cases of linked variables, the Wilcoxon test was used.
For comparing more than two groups, Kruskal-Wallis
and multiple comparison Dunn tests were employed. For
comparison of the percentage shares of IGF-1 mRNA
isoforms, the test of differences between two structural
indices was employed. Pearson’s correlation and
Spearman’s rank correlation were used to correlate
values of variables. Effect of age was also analyzed
to determine any correlation between IGF-1 mRNA
isoforms, and IGF-1R transcript, and selected clinical
data. The results were thought to be statistically
significant at P < 0.05. Statistical analysis was
performed using Statistica PL v. 9 software (Statsoft,
Inc., Tulsa, OK, United States).

%IGF-1P2 (Ⅱ)
%IGF-1P1 (Ⅰ)

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

Control

CH-C

Figure 1 Shares (%) of studied insulin-like growth factor-1 mRNA isoforms
of class 1 (Ⅰ) and class 2 (Ⅱ) (depending upon employed promoter P1
or P2) as related to the total mRNA for both insulin-like growth factor-1
promoters (100%) in chronic hepatitis C patients and in the control. IGF:
Insulin-like growth factor; CH-C: Chronic hepatitis C.

obtained. Analysis of gene expression was performed
using primers specific for individual mRNA IGF-1
[34]
isoforms (as previously described)
and selected
reference genes: GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) and HMBS (hydroxymethylbilane
[37]
synthase) . The primer sequences for IGF-1R
were: forward 5’-GGGAATGGAGTGCTGTATG-3’,
reverse 5’-CACAGAAGCTTCGTTGAGAA-3’, GAPDH
forward 5’-AAGGTCGGAGTCAACGGATTT-3’, reverse
5’-ACCAGAGTTAAAAGCAGCCCTG-3’, HMBS forward
5’-TGCAACGGCGGAAGAAAA-3’, and reverse
5’-ACGAGGCTTTCAATGTTGCC-3’. The reactions were
performed in a final volume of 10 μl. Each sample
contained 15 ng/μl cDNA and a mixture of reagents
forming the SYBR Green PCR master mix (Applied
Biosystems, United Kingdom), with each primer pair
at a concentration of 0.25 mmol/L. The reaction was
conducted using an automated fluorimeter (Rotor-Gene
6000, Corbett Research). The PCR program was as
follows: (1) preliminary denaturation, 95 ℃, 10 min;
(2) denaturation, 95 ℃, 10-15 s; (3) primer annealing,
53-67 ℃, 15-35 s; and (4) elongation, 72 ℃, 15-40 s.
The number of cycles was 40-50. The initial quantity
of the product was calculated in relation to the
standard curve. Presence of an appropriate product
was evaluated by determination of the melting point
for a specific PCR product. All samples were amplified
in duplicate or triplicate and, in cases in which the
results varied by more than 15%, the reactions were
repeated. Expression levels of IGF-1 mRNA isoforms
(IGF-1A, IGF-1B, IGF-1C, P1, and P2), and IGF-1R
mRNA were determined through normalization of copy
numbers in samples as related to reference genes
(housekeeping genes). In the normalization, reference
genes were accepted to include liver-specific GAPDH
[37]
and HMBS genes, according to literature data .

RESULTS
Expression of mRNA class 1 (I) and 2 (II) as related to
the used promoter P1 or P2

Both among the HCV-infected patients and in the
control, transcription of IGF-1 from the first promoter
(P1) (class 1) prevailed. In the CH-C group, the shares
of transcripts from class 1 (from P1) (76.4%) and
class 2 (from P2) (23.6%) were similar to those in the
control (62.7% and 37.3%, respectively) (P > 0.05)
(Figure 1).

Expression of mRNA isoforms: IGF-1A, IGF-1B, and IGF1C - shares in percentages

In the CH-C group, expression of the IGF-1A
(A) splicing form of mRNA prevailed (92% of all
transcripts). Similarly, in the control group, the highest
expression was manifested by the A isoform, followed
by B and C (Figure 2). Expression of the A isoform
was significantly higher in the CH-C group than in the
control (92% vs 85%), while expression of isoform B
was lower than in the control (5.2% vs 12.9%). No
significant differences could be demonstrated between
the two compared groups in shares of expressed P1
and P2 transcripts (Figure 3).

Quantitative analysis of IGF-1 mRNA isoforms in the
CH-C and control groups

Detailed analysis of the relative expression manifested
by each IGF-1 mRNA isoform, normalized against
reference genes (GAPDH and HMBS), demonstrated
a significantly higher expression of IGF-1A and IGF1C mRNA isoforms, of P1 transcripts (class 1), and of
total IGF-1 mRNA in the CH-C group as compared to

Statistical analysis

At the first stage of statistical analysis, the consistency
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%IGF-1A
%IGF-1B
%IGF-1C
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100%
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Control
CH-C

b
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60%
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30%

80%
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10%
75%

Control
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Figure 2 Shares (%) of splicing mRNA isoforms for insulin-like growth
factor-1 (1A, 1B, 1C) as related to the total amount of mRNA for all three
insulin-like growth factor-1 isoforms (100%) in chronic hepatitis C patients
and in the control. IGF: Insulin-like growth factor; CH-C: Chronic hepatitis C.

%IGF1A

%IGF1B

%IGF1C

%IGF1P1 (Ⅰ)

%IGF1P2 (Ⅱ)

Figure 3 Comparison of shares (%) in expression of insulin-like growth
factor-1 mRNA isoforms in patients chronically infected with hepatitis C
virus and in the control. bP < 0.01 vs control.

Table 1 Quantitative expression of insulin-like growth factor-1 mRNA isoforms, total mRNA insulin-like growth factor-1, and
insulin-like growth factor-1R mRNA (mean ± SD) normalized in relation to housekeeping genes in chronic hepatitis C and in
control organ
mRNA
class 1 (P1)
class 2 (P2)
IGF-1A
IGF-1B
IGF-1C
Total IGF-1
IGF-1R

Control
(n = 7)

CH-C
(n = 34)

P value

0.19 ± 0.21
0.08 ± 0.07
1.30 ± 1.31
0.18 ± 0.18
0.04 ± 0.05
1.52 ± 1.52
0.26 ± 0.18

0.45 ± 0.45
0.15 ± 0.17
5.28 ± 9.94
0.28 ± 0.40
0.21 ± 0.57
5.77 ± 10.85
0.14 ± 0.04

P = 0.025
P = 0.164
P = 0.009
P = 0.486
P = 0.031
P = 0.014
P = 0.016

P value

CH-C
Women (n = 16)

Men (n = 18)

0.63 ± 0.59
0.20 ± 0.15
7.88 ± 13.83
0.35 ± 0.45
0.35 ± 0.82
8.58 ± 15.09
0.14 ± 0.05

0.28 ± 0.17
0.11 ± 0.18
2.97 ± 3.32
0.22 ± 0.35
0.08 ± 0.06
3.26 ± 3.70
0.14 ± 0.04

P = 0.003
P = 0.006
P = 0.027
P = 0.042
P = 0.046
P = 0.027
P = 0.295

IGF-1: Insulin-like growth factor 1; CH-C: Chronic hepatitis C.

Table 2 Tissue expression of insulin-like growth factor-1 mRNA isoforms and insulin-like growth factor-1R mRNA (mean ± SD) as
related to grading and staging in hepatitis C virus-infected livers
mRNA
class 1 (P1)
class 2 (P2)
IGF-1A
IGF-1B
IGF-1C
Total IGF-1
IGF-1R

1

1

Grading 1 (n = 15)

Grading 2 (n = 16)

P value

Staging 1 (n = 21)

Staging 2 (n = 8)

P value

0.63 ± 0.61
0.25 ± 0.22
8.67 ± 14.34
0.44 ± 0.55
0.36 ± 0.84
9.47 ± 15.66
0.12 ± 0.04

0.33 ± 0.20
0.09 ± 0.06
2.42 ± 1.45
0.15 ± 0.10
0.08 ± 0.06
2.65 ± 1.58
0.16 ± 0.03

P = 0.037
P = 0.009
P = 0.008
P = 0.012
P = 0.093
P = 0.006
P = 0.025

0.50 ± 0.55
0.19 ± 0.20
6.55 ± 12.47
0.34 ± 0.49
0.27 ± 0.72
7.16 ± 13.61
0.14 ± 0.04

0.41 ± 0.23
0.11 ± 0.07
3.01 ± 1.77
0.18 ± 0.12
0.09 ± 0.07
3.29 ± 1.91
0.16 ± 0.04

P = 0.905
P = 0.549
P = 0.943
P = 0.720
P = 0.582
P = 0.830
P = 0.198

1

Parameters evaluated in a semi-quantitative scale (see Material and Methods). IGF-1: Insulin-like growth factor 1.

significant differences could be determined between
the expression of all IGF-1 mRNA isoforms and the
different stages of fibrosis (P > 0.05 in all the cases)
(Table 2).

the control. A significantly higher expression of total
IGF-1 and all isoforms and classes of IGF-1 mRNA was
detected in women as compared to men (Table 1).

Analysis of IGF-1 mRNA isoforms in HCV-infected livers
as related to activity of inflammation (grading) and of
liver fibrosis (staging)

Expression of IGF-1R mRNA

In the CH-C group, expression of IGF-1R mRNA was
significantly lower than in the control. No sex-related
differences were detected in the expression of the
IGF-1R transcript (Table 1). Expression of IGF-1R
mRNA was higher in livers with higher grading (G2) as

A liver with more intense inflammatory lesions (grading
2, G2) contained a lower expression of all IGF-1
isoforms as compared to their expression in a liver
with G1, with the exception of the IGF-1C isoform. No
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Table 3 Values of Spearman’s coefficient for correlation between expression of insulin-like growth factor-1, insulin-like growth
factor-1R mRNAs, and clinical data in hepatitis C virus-infected patients

Age (yr)
BMI
Grading
Staging
Steatosis (%)
ALT (U/L)
AST (U/L)
AFP (ng/mL)
HCV RNA (IU/mL)
Total protein (g/dL)
Albumins (g/dL)
Gamma globulins (g/dL)
Blood platelets (G/L)
Cholesterol (mg/dL)
GGTP (U/L)
Blood glucose (mg/dL)
HOMA-IR
Insulin (µU/mL)

Class 1 (P1)

Class 2 (P2)

IGF-1A

IGF-1B

IGF-1C

Total IGF-1

IGF-1R

-0.5451
-0.5271
-0.4311
-0.223
-0.4151
-0.5381
-0.4341
-0.291
-0.330
0.302
0.293
-0.061
0.273
0.3861
-0.384
-0.083
-0.067
-0.020

-0.6441
-0.4521
-0.5691
-0.3461
-0.5711
-0.6161
-0.5691
-0.3901
-0.3881
0.251
0.3811
-0.164
0.3721
0.286
-0.6031
-0.226
-0.157
-0.082

-0.5821
-0.4681
-0.4461
-0.182
-0.4121
-0.5401
-0.3781
-0.168
-0.3571
0.324
0.303
0.039
0.235
0.4091
-0.284
-0.190
-0.237
-0.145

-0.6541
-0.4141
-0.4301
-0.187
-0.4081
-0.5771
-0.4001
-0.271
-0.244
0.3751
0.3491
0.045
0.265
0.4051
-0.399
-0.112
-0.140
-0.079

-0.5321
-0.4891
-0.2851
-0.160
-0.4541
-0.5331
-0.3421
-0.240
-0.096
0.3661
0.222
0.174
0.138
0.372
-0.367
-0.084
-0.184
-0.125

-0.5961
-0.4681
-0.4571
-0.190
-0.4221
-0.5501
-0.3921
-0.180
-0.3451
0.319
0.295
0.044
0.232
0.4041
-0.307
-0.201
-0.234
-0.135

0.3721
0.060
0.4561
0.264
0.125
0.181
0.212
0.311
0.4031
0.141
0.123
0.138
-0.099
0.048
0.330
0.152
-0.019
-0.045

1

The numbers indicate values of r coefficient for which the P < 0.05. IGF-1: Insulin-like growth factor 1; HCV: Hepatitis C virus; AFP: Alpha fetoprotein.

compared to livers with G1 (Table 2).

in patients with HCV infection. In livers with CH-C,
additional significantly weak negative correlations
were detected between expression of IGF-1R mRNA
and quantities of mRNAs for isoforms of IGF-1A (r =
-0.397), IGF-1B mRNAs (r = -0.419), and for total
expression of IGF-1 mRNA (r = -0.397) (P < 0.05 in
all cases).
In control livers, we confirmed very high positive
Spearman’s correlation between reciprocal expression
of all IGF-1 mRNA isoforms (data not shown). No
significant relationships were detected between
expression of IGF-1 mRNA isoforms and IGF-1R mRNA
in control livers (data not shown).

Expression of various transcripts of IGF-1 and IGF-1R
vs the clinical data

Isoforms of IGF-1 mRNA: Expression of total IGF-1
mRNA and of all mRNA isoforms manifested a very
strong negative correlation with patient age and BMI
value. Expression of all isoforms also demonstrated
negative correlations with liver steatosis. Highly
negative correlations were detected with activity of
ALT, and slightly less pronounced ones (though still
negative) with activity of AST. Expression of mRNA
isoforms A, B, P1, and P2 showed negative correlations
with liver grading. Very poor correlation was detected
between liver fibrosis and expression of P2 mRNA.
For expression of P2 mRNA, a relatively poor negative
correlation was documented, with AFP concentration
and HCV viral load. Similarly low were the negative
correlations between HCV viral load and expression of
IGF-1A mRNA and total IGF-1 mRNA in HCV-infected
liver (Table 3).

DISCUSSION
Studies on expression of various IGF-1 mRNA
isoforms have been performed for the first time on
livers with CH-C. Our results point to the prevalent
expression of mRNA from P1 promoter of IGF-1,
both on the control liver and in liver with chronic HCV
infection. This confirms the involvement of P1 in the
production of 60%-65% and of P2 in the production
of approximately 25% of IGF-1 transcripts, which was
[17,22]
originally demonstrated in rat liver
. The percentage
shares of the remaining IGF-1 mRNA isoforms (A,
B, and C) in the control and HCV-infected liver also
demonstrated the prevalence of mRNA isoform A
overexpression of mRNAs of the remaining isoforms.
In the literature data, there are no references to such
results. In studies on human papilloma virus-positive
and -negative tissues of uterine cervix carcinoma, a
significant prevalence was demonstrated of IGF-1B
share over remaining isoforms in tissues with uterine
cervix carcinoma as compared to the remaining stages
of carcinogenesis, suggesting that this form of the
transcript may lead to the formation of the peptide Eb

Transcripts of IGF-1R: Expression of IGF-1R mRNA
manifested poor positive correlations with age of HCVinfected patients. Moreover, positive correlations were
detected between tissue expression of IGF-1R mRNA,
grading, and HCV-RNA (Table 3).

Reciprocal correlations between expressions of IGF-1
mRNA isoforms and IGF-1R mRNA

Very high positive Spearman’s correlations were
detected between reciprocal expressions of IGF-1
mRNA isoforms P1 and P2 (r = 0.876), P1 and A (r =
0.891), P1 and B (r = 0.854), P1 and C (r = 0.839);
P2 and A (r = 0.821), P2 and B (r = 0.813), P2 and
C (r = 0.741), A and B (r = 0.956), A and C (r =
0.869), and B and C (r = 0.868) (P < 0.05 in all cases)
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[33]

with strongly mitogenic properties .
Analysis of the relative values of expression
manifested by various IGF-1 mRNA isoforms in the livers
of the two examined groups confirmed the quantitative
prevalence of isoform A over the remaining variants of
IGF-1 transcripts. Prevalence of expression for IGF-1A
[38]
over IGF-1B was also documented by Ohtsuki et al
in such organs as the uterus, ovaries, liver, and kidneys
in mice. The authors accentuated organ-specific control
of transcription manifested by the gene in the course
of development. The prevalence (as high as tenfold)
of IGF-1A over IGF-1B mRNA transcripts, both in in
vivo conditions (human liver) and in culture (hepatoma
cells, macrophage-like cells, and fibroblasts) using RTPCR technique was also demonstrated by Nagaoka’s
[39]
team . The dominant expression of IGF-1A transcripts
among other transcripts in the liver itself has been
[16,40]
described by other authors
.
A detailed quantitative analysis confirmed the
higher expression of mRNAs for A and C isoforms (and
of total IGF-1 mRNA) in our HCV infected patients
as compared to the control. Expression of all studied
IGF-1 transcripts has also been significantly higher
in women as compared to men with HCV infection.
[33]
Koczorowska et al
demonstrated a quantitatively
higher expression of total IGF-1 mRNA in the
precancerous stages of the uterine cervix, as well as
the activity of both gene promoters at the stage of
[31]
intraepithelial neoplasia. Brokaw et al
demonstrated
a significant relationship between higher expression of
IGF-1A isoform expression and progression of ovarian
carcinoma. Nevertheless, the role of IGF-1 isoform
A remains unclear. It has been argued that peptide
[41]
Ea arising from it may exert mitogenic effects
and
[42]
inhibit growth of neoplastic cells .
The quantitative prevalence of expression mani
fested by IGF-1 isoforms A and C in HCV-infected livers,
as compared to the healthy organ, may point to the
influence of HCV on alterations in the splicing profile of
the gene in humans. Our other observations suggest
the influence of mainly non-structural proteins (NS3
and NS5A) on an increase of IGF-1 protein expression
[35]
in HCV-infected livers
and on the augmentation of
IGF-1 P1 and P2 mRNA expression mRNA (unpublished
data). Another explanation may involve a compensatory
increase in the production of IGF-1 mRNA (particularly
that of the IGF-1A isoform) under the effect of locally
acting growth factors, proinflammatory cytokines,
and an increased regeneration of the organ in CH-C.
An increased production of two principal IGF-1
transcripts in rabbit skeletal muscle [i.e., muscle
L.IGF-1 (resembling isoform A in the liver) and of
mRNA mechano-growth factor (MGF, isoform IGF1B in rabbits; a homologue of IGF-1C in humans)]
was detected under muscle stretching and electrical
[43]
stimulation . Mechanisms of differential IGF-1 mRNA
[44,45]
stability were also described
, including the effects
of various RNA-binding proteins (e.g., Hu and hnRNP
[46]
families) on this process . In the patients analyzed
in this study, hepatic expression of IGF-1 mRNA
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isoforms has been significantly lower upon higher
activity of inflammation. The relationships have not
been as spectacular as those related to fibrosis. We
may have examined an insufficient number of patients
with more advanced staging (3 patients with staging
3, one with staging 4). Studies have also documented
a negative relationship between expression of all
IGF-1 mRNA isoforms, steatosis, and ALT activity. The
results indicate a coexistence of the more pronounced
inflammatory/necrotic lesions in the liver and a lower
hepatic production of IGF-1 mRNA isoforms. Since
the literature data contains no references to the role
of IGF-1 mRNA isoforms in the progression of HCVrelated hepatic diseases, the results seem to be
pioneering. The other few reports on the subject mainly
[31-34]
concern human tumors
. In the case of hepatoma
and HCV-associated HCC, expression of IGF-1 mRNA
was studied, but with no references to specific
[8,13,47]
[47]
isoforms
. Su et al , using Northern blotting,
demonstrated numerous IGF-1 transcripts of various
sizes in hepatoma cells and in lines of other neoplastic
cells (HepG2, Huh-7, PLC/PRF/5, and Hep3B). Each
fragment of neoplastic tissue showed a lower expression
of IGF-1 mRNA as compared to control tissue. Using
the quantitative technique of real-time RT-PCR (similarly
[8]
to this study), Tovar et al demonstrated a decrease
in IGF-1 mRNA expression at the early stages of HCV
infection as compared to control, but with no significant
differences between preliminary and advanced stages
[13]
of HCC in patients. Stefano et al , using the RT-PCR
technique, demonstrated a comparable quantity of
IGF-1 mRNA in patients with CH-C and in the control.
Another study on cultured rat hepatocytes, also
using the RT-PCR technique, demonstrated a 50-fold
increase in the expression of IGF-1B mRNA isoform
(a homologue of human isoform C) in the cells of
obese animals as compared to the hepatocytes of lean
[48]
[32]
individuals . Armakolas et al , examining alternative
splicing of IGF-1 in prostate carcinoma, demonstrated
overexpression of IGF-1C (MGF) in the cells, thereby
suggesting the role of the IGF-1 isoform in the
stimulation of cell proliferation.
Expression of IGF-1R transcript proved to be lower
in our HCV-infected livers than that in the control, and
was accompanied by an increase in at least a portion of
studied IGF-1 transcripts in the liver. It is known from
earlier studies that, even if normal liver represents an
organ with the highest production of IGF-1, it contains
[10]
almost undetectable levels of IGF-1R mRNA .
Moreover, marked expression of the receptor used
to be noted mainly in Kupffer, vascular endothelial,
[49,50]
and stellate cells, but not in hepatocytes
. In this
study, expression of IGF-1R mRNA in the CH-C group
has manifested positive correlation with grading.
Therefore, it seems that local production of IGF1R mRNA does not increase until HCV-associated
hepatic lesions become pronounced, which was noted
to be accompanied by a reduced production of total
IGF-1 mRNA (and of certain isoforms). A lowered
expression of IGF-1, coexisting with an increased
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production of IGF-1R in uterine carcinoma, was also
[33]
described . In studies on more advanced stages of
liver carcinogenesis, an increase in IGF-1R expression
was already detected in preneoplastic focal lesions
in the liver, in HCC itself, and in cell lines of human
[5,10]
hepatoma
. No such increase was detected in
[11]
[6]
human hepatocyte cultures . Studies by Price et al
on the rat model demonstrated a higher expression of
IGF-1R mRNA in the control liver as compared to HCC,
and it was only the cooperation of two proteins [IGF-1
and hepatocyte growth factor-scatter factor (HGFSF)] that stimulated mitogenesis of hepatocytes in
the animals. In patients with liver cirrhosis and CH-C,
increased amounts of IGF-1R transcript were detected
[12,13]
[8]
as compared to normal liver
. Tovar et al failed to
detect a significant difference in the expression of IGF1R mRNA in hepatocellular carcinoma as compared to
a control in human HCC.
Differences in quantitative expression of IGF-1
mRNA isoforms in HCV-infected livers, as compared to
the control, suggest that HCV may induce alteration of
the IGF-1 splicing profile. An increase in the grading
of HCV-infected livers was linked to decreased IGF-1
mRNA expression, an altered profile of mRNA isoforms,
and to an increase in IGF-1R mRNA expression. The
demonstration of increased tissue expression of IGF1R mRNA and the decreased expression level of IGF-1
mRNA isoforms, accentuated in line with increasing
liver damage, may be of a prognostic significance.
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METHODS: Lectin microarray analysis was conducted
on CSC-like fractions of the human pancreatic cancer
cell line Panc1 by establishing anti-cancer drug-resistant
cells. Changes in glycan structure of CSC-like cells were
also investigated in sphere-forming cells as well as in
CSC fractions obtained from overexpression of CD24
and CD44.
RESULTS: Several types of fucosylation were in
creased under these conditions, and the expression
of fucosylation regulatory genes such as fucosyltrans
ferases, GDP-fucose synthetic enzymes, and GDP-fucose
transporters were dramatically enhanced in CSC-like
cells. These changes were significant in gemcitabineresistant cells and sphere cells of a human pancreatic
cancer cell line, Panc1. However, downregulation of
cellular fucosylation by knockdown of the GDP-fucose
transporter did not alter gemcitabine resistance,
indicating that increased cellular fucosylation is a result
of CSC-like transformation.
CONCLUSION: Fucosylation might be a biomarker of
CSC-like cells in pancreatic cancer.
Key words: Anti-cancer drug resistance; Cancer stem
cells; Fucosylation; Glycosylation; Pancreatic cancer;
Sphere formation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Fucosylation is one of the most important
glycosylation events involved in cancer and infla
mmation. In the present study, we investigated
oligosaccharide modifications in pancreatic cancer
cancer stem cell (CSC)-like cells. Using several models of

Abstract
AIM: To evaluate/isolate cancer stem cells (CSCs) from
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CSC-like cells, we found that fucosylation is a common
type of glycosylation change in pancreatic cancer
CSC-like cells. CSCs are known to be preferentially
resistant to many current therapies, including various
chemotherapeutic agents and radiation treatment.
Our present study suggests that the identification of
fucosylated glycoproteins derived from pancreatic
cancer cells could lead to novel biomarker development
for anticancer drug resistance.

greater spheroid formation ability, and resistance
[8]
to 5-fluorouracil (5-FU) treatment . Therefore, it
appears that sialylation is a characteristic glycan
modification for CSC-like cells of hepatoma cells. The
biologic functions of oligosaccharides, however, differ in
various cancer types. For example, although increased
N-glycan branching by N-acetylglucosaminyltransferase
V plays a pivotal role in cancer metastasis and high
expression is associated with poor prognosis in some
[9-11]
cancers
, it is a favorable prognosis marker in other
[12]
cancers . Thus, characteristic glycan structures for
CSC-like cells could differ among various cancer types.
In the present study, we performed lectin mic
roarray analysis on CSC-like fractions of the human
pancreatic cancer cell line Panc1 by establishing anticancer drug-resistant cells in order to examine the
characteristic glycan structures of CSC-like cells in
pancreatic cancers. Changes in glycan structure
of CSC-like cells were also investigated in sphereforming cells as well as in CSC fractions obtained
from overexpression of CD24 and CD44, which are
conventional CSC markers for pancreatic cancer cells.

Terao N, Takamatsu S, Minehira T, Sobajima T, Nakayama K,
Kamada Y, Miyoshi E. Fucosylation is a common glycosylation
type in pancreatic cancer stem cell-like phenotypes. World J
Gastroenterol 2015; 21(13): 3876-3887 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i13/3876.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i13.3876

INTRODUCTION
Increasing evidence indicates that many tumors
are composed of significant functionally and mor
phologically heterogeneous cells. Tumor initiation
and selected growth are driven by a small subset
of cancer stem cells (CSCs) or tumor-initiating cells
that give rise to a large population of differentiated
[1,2]
progeny, and comprise the bulk of tumors . Several
lines of research indicate that CSCs are preferentially
resistant to many current therapies, including various
[3,4]
chemotherapeutic agents and radiation treatment .
Therapeutic strategies that effectively target CSCs
could significantly impact patient survival. Recent
progress in CSC research includes advances in
isolation methods, markers, and biologic functions
of CSCs. CSCs exhibit the following general biologic
characteristics: slow and asymmetric growth, anticancer drug resistance, increased tumorigenicity in
immunodeficient mice, and sphere formation.
Pancreatic cancer is the fourth leading cause of
cancer-related mortality, with an overall five-year
survival rate of only 1%-4%, and a median survival
[5,6]
period of 4-6 mo . It is usually diagnosed at a late
stage with metastasis and is resistant to chemotherapy
and radiotherapy. CSCs of pancreatic cancer were
reported to appear at the chronic pancreatitis stage,
and the detection of CSCs at this stage can help
[7]
overcome pancreatic cancer completely .
Glycans are branched oligosaccharide moieties that
often become attached to proteins and lipids, and are
then structurally and functionally modified. Because
glycan structures differ among cell types, glycans
can considered as the characteristic face of the cell.
Recently, we reported that sialylated glycans are useful
[8]
markers for CSC-like cells in hepatoma cell lines .
CSC-like fractions, isolated using a combination of
CD133 antibody and Sambucus sieboldiana agglutinin
lectin, showed higher tumorigenicity in athymic mice,

WJG|www.wjgnet.com

MATERIALS AND METHODS
Cell culture

Pancreatic cancer cell lines, Panc1, MIA PaCa-2,
PSN-1, Capan-1, and BxPC-3 were obtained from the
American Type Culture Collection (ATCC, Manassas,
VA, United States). A pancreatic cancer cell line,
PK59 was purchased from RIKEN BioResource Center
(Tsukuba, Japan). All cell lines except Capan-1 cells
were cultured in RPMI-1640 (Sigma-Aldrich, St. Louis,
MO, United States) with 10% fetal bovine serum (FBS),
100 units/mL penicillin, and 100 μg/mL streptomycin
at 37 ℃ under 5% CO2 in humidified air. Capan-1 cell
line was cultivated with Iscove’s Modified Dulbecco’s
Medium (Gibco of Thermo Fisher Scientific, Waltham,
MA, United States) supplemented with 20% FBS
and the same antibiotics. To establish gemcitabineresistant Panc1 cells, the cells were treated stepwise with 1-200 ng/mL gemcitabine (Sigma-Aldrich)
for 5 mo, and the resulting gemcitabine-resistant
Panc1 cells were named Panc1-RG. Parental Panc1
cells were also cultured for the same period without
gemcitabine, and designated as Panc1-P. In the case
of short-term gemcitabine treatment in five pancreatic
cancer cell lines (PK59, MIA PaCa-2, PSN-1, Capan-1,
and BxPC-3), the cells were incubated with IC50
gemcitabine (in the case of PK59, 1 μg/mL) for 2 d.

Lectin microarray

Total patterns of oligosaccharide structures in
Panc1-P and Panc1-RG cells were investigated
using evanescent-field fluorescence-assisted lectin
microarray. Forty-five kinds of lectin were immobilized
on a glass slide in triplicate. This procedure has been
[13]
previously described in detail by Kuno et al .
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RNA extraction and quantitative real-time reverse
transcription PCR

Table 1 Primer and shRNA sequences for the genes examined
in the present study
Genes

Analysis

5'-Sequence-3'

FUT1

RT-PCR

FUT2

RT-PCR

FUT3

RT-PCR

FUT4

RT-PCR

FUT8

RT-PCR

GMDS

RT-PCR

FX

RT-PCR

SLC35C1

RT-PCR

HNF4α

RT-PCR

IL-6

RT-PCR

RPL4

RT-PCR

FUT1
Negative control
SLC35C1
Negative control

shRNA
shRNA
shRNA
shRNA

F: AGACTTTGCCCTGCTCACAC
R: TGAAGTTGGCCAGGTAGACAG
F: CAGATGCCTTTCTCCTTTCC
R: ACTCCCACATGGCTTGAATC
F: CTGGATCTGGTTCAACTTGG
R: CGGTAGGACATGGTGAGATTG
F: GGGTTTGGATGAACTTCGAG
R: AGCCATAAGGCACAAAGACG
F: ATCCTGATGCCTCTGCAAAC
R: GGGTTGGTGAGCATAAATGG
F: TGGAGGCTATGTGGTTGATG
R: CAAATTCCCGGACACTATGG
F: ACACGTCATCCATCTTGCTG
R: AGGACGTTGTCGTTCATGTG
F: GGTGTGGCCTTCTACAATGTG
R: ATGATGATACCGCAGGTGAG
F: CATCTTCTTTGACCCAGATGC
R: CGTTGATGTAGTCCTCCAAGC
F: ATGCAATAACCACCCCTGAC
R: GCGCAGAATGAGATGAGTTG
F: GACTTAACACACGAGGAGATGC
R: GCATGCTGTGCACATTTAGG
GGTAATCAGATGGGACAGTAT
GGAATCTCATTCGATGCATAC
CUACUUAUAGACCCAAUCATT
UCUUAAUCGCGUAUAAGGCTT

Total RNA was extracted from cells using the ReliaPrep
RNA Cell Miniprep System (Promega Corp., Madison,
WI, United States). The RNA concentration was
determined spectrophotometrically, and samples were
then stored at -80 ℃ until use. RNA samples (500 ng)
were reverse-transcribed into complementary DNA
(cDNA) using SuperScript Ⅲ reverse transcriptase
with oligo(dT), dNTPs, and RNaseOUT (Invitrogen of
Thermo Fisher Scientific). The cDNA was then diluted
five-fold and specific PCR product amplification was
performed with SYBR Premix Ex TaqⅡ (TAKARA Bio,
Shiga, Japan). Primers were used at 625 nmol/L each
in a 20-μL reaction volume. The cycle parameters
were: denaturation at 95 ℃ for 2 min, and 40
cycles composed of 15-s denaturation at 95 ℃, 10-s
annealing at 59 ℃, and 25-s polymerization at 72 ℃.
Total RNA from each sample was analyzed in triplicate
for each target RNA in separate wells. Quantitative
real-time reverse transcription PCR (qRT-PCR) was
performed on a Mx3000P Real-Time QPCR System
(Agilent, Santa Clara, CA, United States). Primer
sequences used in this study are provided in Table
1. Expression levels of the genes of interest were
normalized to ribosomal protein L4 and calculated
ΔΔ
[14]
based on the CT method . The results are
expressed relative to those of Panc1-P as control.

Lectin blotting and Western blotting

Cells were harvested from culture dishes in PBS. After
precipitation by centrifugation at 400 × g for 5 min at
4 ℃, cells were suspended in TNE buffer [10 mmol/L
Tris-HCl (pH 7.8), 1% NP40, 0.15 mol/L NaCl, 1 mmol/
L EDTA] containing a protease inhibitor cocktail (Roche,
Basel, Switzerland), and then placed on ice for 30 min
to allow for solubilization. Samples were centrifuged
at 20000 × g for 15 min at 4 ℃, and supernatants
were collected. Cell lysates were quantitated using
a bicinchoninic acid protein assay kit (Thermo Fisher
Scientific). Ten micrograms of total cellular protein
were subjected to 10% SDS-polyacrylamide gel
electrophoresis under reducing conditions, and then
transferred to a nitrocellulose membrane (Millipore,
Billerica, MA, United States). After blocking with PBS
containing 3% bovine serum albumin overnight at
4 ℃, the membrane was incubated with biotinylated
Aleuria aurantia lectin (AAL; J-Oil Mills, Tokyo, Japan)
or Aspergillus oryzae lectin (AOL; unbiotinylated
[Tokyo Chemical Industry, Tokyo, Japan], biotinylated
with the Biotin Labeling Kit-NH2, [DOJINDO Molecular
Technologies, Kumamoto, Japan]). The membrane
was washed with Tris-buffered saline containing 0.05%
Tween 20 (pH 7.4) and incubated with diluted avidinperoxidase conjugates (ABC kit, Vector Laboratories,
Burlingame, CA, United States). Signals were detected
using RX-U X-ray film (Fujifilm, Tokyo, Japan) with
Immobilon Western Chemiluminescent HRP Substrate
(Millipore) according to the manufacturer’s protocol.
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Sphere formation assay

Panc1 and PSN-1 cells were seeded on 10 cm culture
dishes (AGC Techno Glass, Tokyo, Japan) and cultured
in serum-free medium consisting of DMEM⁄F-12
medium (Invitrogen) supplemented with 20 ng/mL
epidermal growth factor and 20 ng/mL basic fibroblast
growth factor (Peprotech, Rocky Hill, NJ, United
States), B27 (Invitrogen), 5 μg/mL insulin, and 2.75
μg/mL transferrin (Sigma-Aldrich). Sphere cells were
passaged every 3 d. Sphere cells cultured for 6 d were
collected and analyzed. Sphere cell-forming ability was
calculated with the BZ Analyzer Ⅱ software equipped
with fluorescence microscope (KEYENCE Corporation,
5
Osaka, Japan). Briefly, 5 × 10 pancreatic cancer cells
were seeded in 60 mm culture dishes and after 3 d
culture, the area of the formed sphere colonies were
estimated in each cell line.

Flow cytometry

Cells were harvested with PBS containing 0.5 mmol/L
EDTA and fixed with Cytofix/Cytoperm solution
(BD Biosciences, Franklin Lakes, NJ, United States)
for 20 min on ice. The cells were incubated with
fluorescein isothiocyanate-labeled AAL, Pholiota
squarrosa lectin (PhoSL, J-Oil Mills), or Ulex europaeus
agglutinin Ⅰ (UEA-l, J-Oil Mills) for lectin flow
cytometry analyses. To investigate the expression
of CSC markers, Panc1 cells were incubated with
allophycocyanin-conjugated anti-human CD24 (Miltenyi
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Biotec GmbH, Germany) and phycoerythrin-conjugated
anti-human CD44 (BD Biosciences) in PBS containing
0.1% bovine serum albumin for 20 min on ice. Isotypematched mouse IgG (BD Biosciences) was used as
a control. Cells were washed three times with PBS,
and flow cytometric analysis was performed using a
FACSCalibur flow cytometer operated with CellQuestPro
software version 5.2, (BD Biosciences). Ten thousand
events were acquired in each sample. For FACS cell
6
sorting, 5-10 × 10 living cells were stained with antihuman CD24 and CD44 antibodies, and then sorted
using FACSAria Ⅱ (BD Biosciences). Doublet cells were
eliminated using FSC-A/FSC-H and SSC-A/SSC-H.
Dead cells were also excluded by gating staining with
7-amino-actinomycin D (BD Biosciences).

collected and interleukin (IL)-6 levels were quantified
using Enzyme-linked immunosorbent assay system
(SRL Inc., Tokyo, Japan). The IL-6 concentrations
were normalized to cell number at the time of
collection.

Statistical analysis

Statistical analysis was conducted using JMP Pro 10.0
software (SAS Institute Inc., Cary, NC). The results
are expressed as mean ± SD. Groups of data were
compared by the Wilcoxon test for non-parametric data.
Differences were considered statistically significant for
P < 0.05.

RESULTS

RNA interference

Gemcitabine-resistant Panc1-RG cells are enriched with
CSC-like cells

For FUT1 knockdown, an expression vector carrying
small hairpin RNA (shRNA) against human FUT1 was
purchased from Qiagen (Venlo, Limburg, Netherlands),
and transfected into Panc1-RG cells with NEON
Transfection System (Invitrogen). At 24 h, the medium
was changed to complete medium with Hygromycin B
(Invitrogen) at 500 μg/mL for selection. To knock down
the GDP-fucose transporter gene, Panc1-RG cells were
transfected with shRNA against SLC35C1 via retroviral
introduction. Small interfering oligonucleotides specific
for SLC35C1 were designed using an online design tool
(Takara Bio). The oligonucleotides were annealed and
then ligated into the BamHI/ClaI sites of the pSINsihU6 DNA vector (Takara Bio). Retroviral supernatant
was obtained by transfection into human embryonic
kidney 293T cells, using a Retrovirus Packaging Kit
Ampho (Takara Bio) according to the manufacturer’s
instructions. Panc1-RG cells were infected with the
viral supernatant, and the cells were then selected
with 5 μg/mL puromycin for 2-3 wk to obtain stable
transfectant cells.

By exposing Panc1 cells stepwise to increasing
gemcitabine concentrations over 5 mo, we established
gemcitabine-resistant Panc1 cells, (Panc1-RG). Panc1RG cells were 37.5-fold more resistant to gemcitabine
treatment compared with Panc1-P cells [Figure 1A;
25% inhibitory concentration (IC25) values: 80 and
3000 ng/mL for Panc1-P and Panc1-RG, respectively].
Next, we performed flow cytometry analysis to
investigate whether CSC markers for pancreatic cancer
are increased on the Panc1-RG cell surface. In general,
CD24 and CD44 are often used as cell surface markers
of pancreatic CSC fractions. As expected, Panc1-RG
+
cells exhibited an increased population of CD24 /
+
CD44 cells (98.30%) compared with Panc1-P cells
(56.40%; Figure 1B). These results indicate that CSClike cells are enriched in Panc1-RG cells following longterm gemcitabine treatment.

Identification of characteristic glycan structure in
Panc1-RG cells

To determine glycan structures unique to Panc1RG cells, lectin microarray analysis was performed
(Figure 2A). Panc1-P and Panc1-RG cells exhibited
several differences in lectin binding; in particular,
three fucosylated glycan-recognizing lectins (UEA-I,
AAL, AOL) showed substantially higher intensities in
Panc1-RG than in Panc1-P cells. UEA-I specifically
recognizes α1,2-fucosylation, AAL recognizes all
types of fucosylation such as α1,2, α1,3/α1,4 and
α1,6 linkages, and AOL recognizes α1,2- and α1,6[15]
fucosylation . Lectin blot analyses using AAL or AOL
also revealed increased cellular fucosylation in Panc1RG cells (Figure 2B). Furthermore, flow cytometric
analysis showed increased cell surface expression of
fucosylated proteins recognized by UEA-I and AAL
lectins, but not PhoSL lectin, which recognizes α1,6[16]
fucosylated glycans . These results indicate an
increase in α1,2- and α1,3-/α1,4-fucosylation, but not
in α1,6-fucosylation, in Panc1-RG cells (Figure 2C).
To investigate the role of various regulatory

Cell survival assay

Cell growth was assessed by the WST-8 assay
(2-[2-methoxy-4-nitrophenyl]-3-[4-nitrophenyl]-5-[2,4disulfophenyl]-2H-tetrazolium, monosodium salt; Nacalai
Tesque, Kyoto, Japan) following the manufacturer’s
protocol. Briefly, 10 μL of WST-8 reagent was added
to the cells in each well and incubated at 37 ℃ for 3 h.
After incubation, sample absorbance was determined
using an iMark Microplate Reader (Bio-Rad, Tokyo,
Japan) at 450 nm.

Enzyme-linked immunosorbent assay for interleukin-6

Panc1 cells [Panc1-P, Panc1-RG, monolayer cells
(same as Panc1-P), and sphere cells] were seeded at
5
a density of 2.4 × 10 cells/60 mm culture dish, and
cultivated in RPMI-1640 supplemented with 10% FBS,
100 units/mL penicillin, and 100 μg/mL streptomycin
or in sphere conditioned medium (described in sphere
formation assay). After 48 h, the supernatants were
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factors in the increased fucosylation, we compared
the mRNA expression levels of GDP-mannose-4,6dehydratase, FX, GDP-fucose transporter (GDP-Fuc
Tr), fucosyltransferase (FUT) 1, FUT2, FUT3, FUT4, and
FUT8 between Panc1-P and Panc1-RG cells by real-time
RT-PCR analysis (Figure 2D). FUT1, FUT2, FUT3, FUT4,
FX, and GDP-Fuc Tr expression levels in Panc1-RG cells
were significantly higher than those in Panc1-P cells
(Ps < 0.05). These results corroborate the results of
lectin blot analysis and lectin flow cytometry, as FUT1
and FUT3 catalyze the formation of α1,2 and α1,3/α1,4
linkages, respectively. Moreover, FX and GDP-Fuc Tr
increase the amount of GDP-Fuc substrate in the Golgi
apparatus.
We established Panc1-RG cells for long-term
gemcitabine treatment and this cell line contained
more CSC like cells than Panc1-P. However, Hermann
[17]
et al showed short-term gemcitabine treatment also
works in CSC-like cells concentration. Therefore, we
analyzed the fucosylation status in other cell lines such
as PK59, MIA PaCa-2, PSN-1, Capan-1, and BxPC-3,
which were treated with gemcitabine for a short time.
Expectedly, we found that short-term gemcitabine
treatment also caused concentration of CSC-like
cells and enhanced fucosylation in mutliple cell lines.
Representative results in PK59 cells are shown in
Figure 2E and F.

fraction (Figure 3D). These results indicate increased
fucosylation in cancer stem-like phenotype cells.
Panc1-RG cells contained more CSC like cells than
parental Panc1-P cells (Figure 1B). This observation
suggests that Panc1-RG forms more sphere colonies
than Panc1-P. To clarify this possibility in Panc1-RG,
we performed sphere-forming assay using Panc1-P
and Panc1-RG cells. We found sphere formation was
significantly increased in Panc1-RG compared with in
Panc1-P (P < 0.01) (Figure 3E).
Next, we investigated whether or not sphere
formation enhances cellular fucosylation in other
pancreatic cancer cell lines (PK59, MIA PaCa-2, PSN-1,
Capan-1, and BxPC-3). Among these cell lines, sphere
formation was observed only in PSN-1 cells, and
we confirmed fucosylation was increased in sphere
formation of PSN-1 cells (Figure 3F).

Fucosylation does not directly contribute to gemcitabine
resistance
[21]

Previously, Cordel et al
reported that FUT1 is
associated with 5-FU resistance in rat colon cancer
cells. To examine whether or not α1,2-fucosylation by
FUT1 is involved in gemcitabine resistance in Panc1
cells, shRNA against FUT1 was transfected into Panc1RG cells and stable transfectants were selected with
hygromycin B. The shFUT1 transfectants exhibited an
approximately 30% decrease in FUT1 mRNA expression
compared with the shRNA-negative control (Figure
4A). α1,2-fucosylation levels were lower in shFUT1transfected Panc1-RG cells, as evidenced by AOL lectin
blot as well as UEA-I flow cytometry (Figure 4B and
C). However, there was no change in gemcitabine
resistance among these cells (Figure 4D). Next, to
investigate whether total cellular fucosylation is directly
involved in gemcitabine resistance, GDP-Fuc Tr, a key
regulator of cellular fucosylation, was knocked down
[22]
in Panc1-RG cells . The shRNA transfectants showed
significantly decreased GDP-Fuc Tr mRNA expression
compared to negative control (P < 0.05) (Figure 5A).
Cellular fucosylation also decreased dramatically in
shRNA transfectant cells, as evidenced by lectin blot
analyses using AAL or AOL lectins (Figure 5B). However,
decreased fucosylation had no effect on gemcitabine
sensitivity (Figure 5C). In other words, cellular
fucosylation does not directly contribute to gemcitabine
resistance in Panc1 cells; increased fucosylation is
merely a marker for CSC-like cells in pancreatic cancer.

Sphere-forming cells and CD24high/CD44high cancer stemlike cells from Panc1-P showed high expression of
fucosylated glycans

Because numerous studies demonstrated that the
formation of spheres in serum-free medium is one of
[17,18]
the characteristics of CSCs
, Panc1-P cells were
cultured under stem cell-selective conditions. After 6 d,
Panc1 cells aggregated into floating spheroid clusters
(Figure 3A). To examine CD24 and CD44 expression
in sphere and monolayer cells, we performed flow
+
+
cytometry analysis. A larger CD24 /CD44 population
was observed in sphere cells (97.13%) compared
with monolayer cells (54.93%). Subsequently, we
performed western blot analysis using AAL or AOL
lectins to examine whether fucosylated glycans were
increased in sphere cells. Increased binding to both
lectins was observed in sphere cells as compared
with monolayer cells (Figure 3C). Furthermore, the
expression pattern of fucosylation regulatory genes
in sphere cells was similar to that seen in Panc1-RG
cells (data not shown). It is already known that CSC
markers for pancreatic cancer, such as CD24 and
[19,20]
CD44, regulate cellular behavior
. To evaluate
the relationship between the extent of fucosylation
and CD24 and CD44 expression, we further studied
high
high
cellular fucosylation in the CD24 /CD44
fraction,
low
low
and compared this with the CD24 /CD44 fraction.
The region of each fraction is indicated in the Figure 3B
high
high
“monolayer”. The CD24 /CD44
fraction exhibited
low
low
higher cellular fucosylation than the CD24 /CD44
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Panc1-RG cells secreted higher levels of IL-6, compared
to Panc1-P cells

In this study, we found that fucosylation was increased
under several CSC-like cell transformation conditions.
Some bioactive substances are related to the
increased fucosylation in CSC-like cells. Previously, we
reported that IL-6 treatment of human hepatoma cell
lines increased fucosylation with a marked increase in
[23]
fucosylation regulatory genes . Therefore, we also
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Figure 3 Fucosylation is enhanced in cancer stem cell-like cells fractions of pancreatic cancer cells. A: Phase-contrast images of monolayer (left panel) and
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investigated the IL-6 production between Panc1-P
and Panc1-RG cells in this study. Expression of IL-6
mRNA was significantly higher in Panc1-RG than that
in Panc1-P (P < 0.05) (Figure 6A). The concentration
of IL-6 in conditioned media from Panc1-RG cultures
was also substantially higher than that from Panc1-P

WJG|www.wjgnet.com

(Figure 6B). In addition, the concentration of IL-6 in
conditioned media from sphere Panc1-P cells was also
higher than those from monolayer Panc1-P cells (Figure
6C). These results indicate that both anti-cancer
drug resistance and sphere formation enhanced IL-6
production in Panc1-P cells.
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Figure 7 Overview of the relationship between fucosylation and three types of cancer stem cell-like cells. Cancer stem cells (CSCs) are a limited fraction
of cancer cells, which show asymmetric and slow growth, anti-cancer drug resistance, and sphere formation. CSC-like cells are differentiated from and have similar
biologic characteristics of CSCs. Fucosylation is common type of glycosylation in the CSC-like phenotype of pancreatic cancer under various conditions.

cells, were condensed during long-term exposure to
gemcitabine. Induced pluripotent cells and embryonic
stem cells have been shown to exhibit increased α1[24]
2-fucosylation and decreased α1-6-fucosylation .
Although α1-6-fucosylation was unchanged in Panc1RG cells compared with Panc1-P cells, FUT8 knockdown
in Panc1-RG cells decreased α1-6-fucosylation,
accompanied by a slight enhancement in gemcitabine
resistance (data not shown).
Next, we investigated whether other types of
fucosylation are directly involved in gemcitabine
resistance. Downregulation of α1-2-fucosylation
in Panc1-RG cells using shFUT1 RNA did not alter
gemcitabine resistance. This result is inconsistent with
the observation that FUT1 is involved in 5-FU resistance
[21]
in rat colon cancer cell lines . This might be due to

DISCUSSION
In this study, we found that fucosylation is a common
glycosylation marker for three cancer stem cell-like
phenotypes: gemcitabine-resistant cells, spherehigh
high
forming cells, and CD24 /CD44
CSC fractions.
Specifically, gemcitabine-resistant cells and sphereforming cells exhibited very similar fucosylation
patterns. In our present study, the fucosylation patterns
varied, likely dependent on the differing conditions of
cells in culture. The protein expression patterns were
also different in each condition. Although α1-2- and α13/1-4-fucosylation increased, α1-6-fucosylation did not
change upon downregulation of FUT8 expression and
upregulation of FX and GDP-Fuc Tr genes. These results
suggest that CSC-like cells, similar to sphere-forming
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Therefore, the identification of fucosylated glycoproteins derived from pancreatic
cancer cells could lead to novel biomarker development for anticancer drug
resistance. Overall, the experiments were well done and properly interpreted.

differences between cancer cell lines and/or anti-cancer
agents. Our insufficient FUT1 knockdown efficiency,
in spite of repeated attempts, might have caused the
discrepancy in gemcitabine resistance. Therefore, we
focused on GDP-Fuc Tr, the most important regulatory
[22]
factor for all types of fucosylation .
GDP-Fuc Tr was reduced to approximately 1/4 of
its original expression level; this resulted in a dramatic
decrease in total cellular fucosylation, but no change in
gemcitabine resistance. This indicates that fucosylation
does not directly contribute to gemcitabine resistance,
and might be merely a marker for pancreatic cancer
CSC-like cells. The molecular mechanisms underlying
increased fucosylation in Panc1-RG cells remain
[25]
unknown. Recently, Lauc et al
reported that
hepatocyte nuclear factor (HNF)1α and its downstream
molecule HNF4α are master transcription factors
controlling cellular fucosylation. High HNF4α mRNA
expression was observed in Panc1-RG cells compared
with Panc1-P cells (data not shown). IL-6 production
in pancreatic cancer has been associated with cancer
aggressiveness and poor prognosis in patients with
[26,27]
pancreatic cancer
. We previously reported that
treatment of human hepatoma cell lines with IL-6
caused a marked increase in fucosylation regulatory
[23]
genes . Interestingly, secreted IL-6 levels as well as
IL-6 mRNA levels were significantly higher in Panc1RG cells than in Panc1-P cells. These results strongly
suggest that long-term stimulation with high-dose
IL-6 induces increasing fucosylation in Panc1-RG
[28]
cells. Yamada et al
showed that IL-6 is involved
in resistance to anticancer drugs. These findings
suggest that IL-6 plays pivotal and independent roles
in increased cellular fucosylation and gemcitabine
resistance. Taken together, increased cellular
fucosylation is a common glycan change in three CSClike phenotypes in pancreatic cancer (Figure 7), and
the identification of fucosylated glycoproteins derived
from pancreatic cancer cells could lead to novel
biomarker development for anticancer drug resistance.
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AIM: To explore the effect of in vitro porcine esophageal
variceal pressure on complete ligation degree for
polycyclic ligators.
METHODS: An in vitro model of experimental porcine
venous vessels was used to test various venous
pressures. Three treatment groups were designated
according to the preset pressure range: P1 = 25-30
cmH2O; P2 = 35-40 cmH2O; P3 = 45-50 cmH2O. The
effect of pressure on ligation was assessed and
compared among the groups.
RESULTS: Complete ligation was achieved at a rate of
56.25% (18/32) in group P1, 37.5% (12/32) in group
2
P2, and 33.33% (11/33) in group P3 (χ = 3.6126; P =
0.0573).
CONCLUSION: Higher variceal pressures impair the
ligation completion rate. Therefore, measuring variceal
pressure may help predict the effect of endoscopic
ligation and guide treatment choice.
Key words: Endoscopic variceal ligation; Mold of animal;
Variceal pressure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study aims to explore the factors
influencing rebleeding after endoscopic variceal ligation,
and provide the theoretic basis for prevention and
reduction of rebleeding after the procedure.
Li ZQ, LingHu EQ, Hu M, Li WM, Huang QY, Zhao YW.
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INTRODUCTION
An increase in esophageal variceal pressure is a key
factor leading to vascular rupture bleeding. Therefore,
the measurement of esophageal variceal pressure is
of great significance to evaluate and predict the risk
of hemorrhage. Our previous in vitro preliminary work
utilizing experimental ligation has shown that the
ligation degree significantly differs among groups with
[1,2]
various diameters of esophageal varices , though
these experiments lacked evaluation of vascular
pressure effects on the polycyclic ligator. Therefore, the
aim of the present follow-up study was to explore the
factors influencing rebleeding after endoscopic variceal
ligation (EVL), in order to provide a theoretic basis for
prevention and reduction of post-procedure rebleeding.

Figure 1 Measuring venous pressure.

MATERIALS AND METHODS
Instrumentation and equipment

General surgical instruments were used in the
procedures, including multi-band-ligators (Boston
Scientific Corporation, Marlborough, MA, United
States), glass column burettes, three-way stopcocks,
and sodium chloride methylene blue solution. An
Olympus GIF-Q260 gastroscope (Olympus Corporation,
Tokyo, Japan) with a main engine and aspirator was
also used.

Figure 2 Established submucosal tunnel.

different pressures.

In vitro ligation model of pig esophageal varices and
judgment of the effect

A Speedband Super 7 multiple band ligator was
mounted on an Olympus upper endoscope aimed at
a varicose vein with continuous negative pressure
[3]
suction (0.03-0.05 MPa) . When the endoscopic view
was completely blue, the bands were released at the
handle, the negative pressure suction was stopped,
and a rubber band was firmly ligated on the lesion
[4]
base . After cutting off the esophageal mucosa
after band ligation, the submucosal ligated varix was
stripped, and the effect of endoscopic variceal ligation
was observed: complete ligation (100%) the ligation
effect is reliable and complete, and bands do not easily
fall off; partial or incomplete ligation (50%) indicates
that the ligation effect is not reliable, and bands
can fall off early; no ligation (0%) indicates that the
ligation failed, and esophageal varices were not ligated
(Figure 3).

Constructing venous pressure model from in vitro
porcine vein vessels

The piglets were sacrificed, and exploratory
laparotomy was performed to select the inferior vena
cava, portal vein, and superior mesenteric vein as
[2]
previously described . Three pressure groups were
included in the in vitro study: group P1: 25-30 cm H2O;
group P2: 35-40 cm H2O; and group P3: 45-50 cmH2O.
The “0” point of the liquid level in the glass burette
was calibrated before each reading (Figure 1).

Making the in vitro porcine esophageal varices model

The piglet was sacrificed, the chest cavity was
opened, and a section the esophagus (40 cm long)
was removed and divided into three segments. The
esophageal inner membrane was inverted, and a
blunt dissection of the submucosal soft tissue was
performed with hemostatic forceps, forming the
porcine esophageal submucosal tunnel (Figure 2).
Hemostatic forceps were used to pull one end of a
porcine vein through the esophageal submucosal
tunnel, creating the model of esophageal varices with
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Statistical analysis

SPSS 13.0 software (SPSS Inc., Chicago, IL, United
States) was used for data management and statistical
2
analysis. Using the linear trend χ test, P < 0.05 was
considered as statistically significant.
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Figure 3 In vitro ligation model of pig esophageal varices and judgment of the effect. A: Ligation model; B: Complete ligation (100%); C: Partial ligation (≤
50%); D: No ligation (0%).

kPa), gastroesophageal varices are prone to rupture
and hemorrhage. Currently, endoscopic sclerotherapy
and ligation are the primary methods for treating
variceal bleeding, which can be effective for emergency
hemostasis and occlusion of varicose veins, though
some patients still exhibit recurrent bleeding. Portal
pressure and hepatic venous pressure gradient do
not correlate well and do not accurately predict
[11,12]
variceal bleeding
. Whether intravariceal pressure
influences the effect of variceal ligation and correlates
with the other suggested endoscopic predictors is not
clearly known.
The purpose of the current study was to explore
the hemostatic effect after EVL in an effort to reduce
the incidence of rebleeding and improve the outcome
from esophageal varices rupture or hemorrhage.
Rebleeding after EVL may occur because the variceal
surface of band ligation is not strong, which can easily
lead to band dropping off early. Strict control of EVL
indications and contraindications will help to reduce
the incidence of postoperative bleeding. Moreover,
gastroesophageal varices are significantly related with
portal pressure; the higher the portal pressure, the
[13]
more serious the esophageal gastric varices , and
increased portal pressure is a necessary prerequisite
for esophageal variceal bleeding. A highly significant
positive correlation was seen between variceal
pressure and bleeding, indicating that patients with
higher pressures bled more often. Intravariceal
pressure was the most important variable in predicting
[14,15]
variceal bleeding
.

RESULTS
A total of 97 in vitro models of esophageal varices
were included in the study. For group P1, complete
ligation was achieved 56.25% (18/32), whereas 6.25%
(2/32) showed incomplete ligation and 37.50% (12/32)
showed no ligation. In group P2, 37.50% (12/32)
showed complete ligation, 12.50% (4/32) showed
incomplete ligation, and 50.00% (16/32) showed no
ligation. In group P3, complete ligation was achieved
in 33.33% (11/33), incomplete ligation was observed
in 3.03% (1/33), and 63.64% (21/33) showed no
ligation. Univariate analysis revealed that variceal
pressure is an interference factor in predicting the
2
degree of ligation (χ = 3.6126, P = 0.0573).

DISCUSSION
Interest in esophageal variceal manometry has been
[5]
increasing in recent years . This study indicates that
variceal pressure, rather than hepatic venous pressure
gradient, may more directly predict the risk of
bleeding, as measuring esophageal variceal pressure
is particularly important for determining the effect of
[6-9]
[10]
bleeding prevention and treatment . Nevens et al
reported that variceal pressure is the most important
predicting index of bleeding.
Normal portal vein pressure is 13-24 cmH 2O
(1.27-2.35 kPa), when portal hypertension occurs,
the pressure can increase to 30-50 cmH2O (2.94-4.90
kPa). When the pressure exceeds 25 cmH2O (2.45
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The experiments in the current study demonstrate
that venous pressure parameter variation in the model
[16]
is similar to that in humans . We found that when the
variceal pressure is within range of 25-30 cmH2O, the
rate of complete ligation is the highest, whereas the
efficacy is reduced with increasing pressures. Although
the results did not achieve statistical significance,
the marginal P value (P = 0.0573) indicates that
venous pressure might be an interference factor in
predicting the degree of complete ligation. Additional
studies with larger sample sizes are needed to further
confirm these findings. Therefore, the search for
the mechanisms of variceal rupture and the factors
[17-29]
influencing variceal bleeding continues
. In other
words, there are other variables influencing variceal
bleeding, such as the thickness of the variceal wall;
the wall tension increases disproportionate to the rise
[30]
in pressure in blood vessels . This is because a rise
in the pressure causes an increase in the radius and
[31]
a decrease in the wall thickness . Thus, measuring
variceal pressure is expected to be helpful in correctly
predicting the effect of variceal ligation; however,
investigation of other variables influencing the effect of
EVL should continue.
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ORIGINAL ARTICLE
Basic Study

Caffeic acid phenethyl ester inhibits liver fibrosis in rats
Mei Li, Xiu-Fang Wang, Juan-Juan Shi, Ya-Ping Li, Ning Yang, Song Zhai, Shuang-Suo Dang
were randomly assigned to seven experimental groups:
a normal group (n = 10), a vehicle group (n = 10),
a model group (n = 15), a vitamin E group (n = 10),
and three CAPE groups (CAPE 3, 6 and 12 mg/kg, n
= 10, respectively). Liver fibrosis was induced in rats
by injecting CCl4 subcutaneously, feeding with high
fat forage, and administering 30% alcohol orally for
10 wk. Concurrently, CAPE (3, 6 and 12 mg/kg) was
intraperitoneally administered daily for 10 wk. After
that, serum total bilirubin (TBil), aminotransferase
(ALT) and aspartate aminotransferase (AST) levels
were measured to assess hepatotoxicity. To investigate
antioxidant activity of CAPE, malondialdehyde
(MDA), glutathione (GSH) levels, catalase (CAT) and
superoxide dismutase (SOD) activities in liver tissue
were determined. Moreover, the effect of CAPE on
α-smooth muscle actin (α-SMA), a characteristic
hallmark of activated hepatic stellate cells (HSCs),
and NF-E2-related factor 2 (Nrf2), a key transcription
factor for antioxidant systems, was investigated by
immunohistochemistry.
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RESULTS: Compared to the model group, intrape
ritoneal administration of CAPE decreased TBil, ALT, and
AST levels in liver fibrosis rats (P < 0.05), while serum
TBil was decreased by CAPE in a dose-dependent
manner. In addition, the liver hydroxyproline contents in
both the 6 and 12 mg/kg CAPE groups were markedly
lower than that in the model group (P < 0.05 and P <
0.001, respectively). CAPE markedly decreased MDA
levels and, in turn, increased GSH levels, as well as
CAT and SOD activities in liver fibrosis rats compared to
the model group (P < 0.05). Moreover, CAPE effectively
inhibited α-SMA expression while increasing Nrf2
expression compared to the model group (P < 0.01).

Abstract

CONCLUSION: The protective effects of CAPE against
liver fibrosis may be due to its ability to suppress the
activation of HSCs by inhibiting oxidative stress.

AIM: To investigate the hepatoprotective effects and
antioxidant activity of caffeic acid phenethyl ester
(CAPE) in rats with liver fibrosis.

Key words: Caffeic acid phenethyl ester; Liver fibrosis;
Oxidative stress; NF-E2-related factor 2; α-smooth

METHODS: A total of 75 male Sprague-Dawley rats
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muscle actin

protection against electrophile-mediated HSC toxicity
[20]
during liver fibrosis . All of these factors have led
us to propose the following hypothesis: CAPE is more
effective in inhibiting liver fibrosis and oxidative stress
by activating Nrf2 expression compared to the effects
of vitamin E (vit E), which is one of the well-known
antioxidant agents.

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

Core tip: It has been demonstrated that caffeic acid
phenethyl ester (CAPE) has several biological and
pharmacological properties. The aim of this study was
to evaluate the hepatoprotective effects and antioxidant
activity of CAPE in rats with liver fibrosis, as well as the
underlying mechanism.

MATERIALS AND METHODS
Chemicals

CAPE was obtained from Yuancheng Technology Co.
(Wuhan, China; purity 98%). Vit E was obtained from
Sigma Chemical Co. (St. Louis, MO). Serum total
bilirubin (TBil), alanine aminotransferase (ALT), and
aspartate aminotransferase (AST) were measured
with an auto chemistry analyzer (Hitachi Co., Japan).
Antibodies against α-smooth muscle actin (α-SMA) and
Nrf2 were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA). Malondialdehyde (MDA), superoxide
dismutase (SOD), catalase (CAT), glutathione (GSH)
and hydroxyproline detection kits, CCl4, olive oil, and
alcohol were also obtained from commercial sources.

Li M, Wang XF, Shi JJ, Li YP, Yang N, Zhai S, Dang SS.
Caffeic acid phenethyl ester inhibits liver fibrosis in rats. World
J Gastroenterol 2015; 21(13): 3893-3903 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i13/3893.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i13.3893

INTRODUCTION
Caffeic acid phenethyl ester (CAPE), a flavonoidlike compound, is one of the major components of
honeybee propolis. Honeybee propolis possesses a
highly complex and variable chemical composition, and
[1,2]
approximately 300 components have been identified .
CAPE has been widely accepted as a hepatoprotective
folk medicine for many years. Its protective effects
are attributed to its cytoprotective, anti-oxidant, antiproliferative, and anti-inflammatory effects, and it
has been shown to inhibit both lipoxygenase activity
[3-9]
and lipid peroxidation
. CAPE can also inhibit
phorbol ester-induced H2O2 production and tumor
[10,11]
promotion
, and it was reported that many CAPE
activities were related to transcription factor inhibition
[10,12-14]
of nuclear factor-kappa B (NF-κB)
.
Liver fibrosis results from chronic damage to
the liver in conjunction with the accumulation of
extracellular matrix proteins, which is a characteristic
[15]
of many chronic liver diseases . Oxidative stress
can cause excessive damage to hepatocytes through
lipid peroxidation and protein alkylation. In addition,
oxidative stress can liberate mediators and assist in
the activation of hepatic stellate cells (HSCs), which
are the predominant fibrogenic cell type producing
[16,17]
collagen type Ⅰ in the liver
. Therefore, oxidative
stress has been recognized as a fundamental factor
in the pathological process of liver fibrosis. NF-E2related factor 2 (Nrf2) is a key transcription factor that
regulates the induction of genes encoding antioxidant
proteins and phase 2 detoxifying enzymes, which
is involved in drug metabolism, detoxification and
[18,19]
antioxidant defenses
. In nuclear protein extracts
from normal and activated HSCs, Nrf1 and Nrf2
proteins were identified as part of the NAD(P)H quinine
oxidoreductase 1 antioxidant response element (ARE)
DNA/protein complex. Concomitant activation of the
ARE defense and enhanced cell proliferation may confer

WJG|www.wjgnet.com

Animals and treatment

Seventy-five male Sprague-Dawley rats (254.50 ±
16.22 g) were obtained from Xi’an Jiaotong University
Medical College. The rats were reared in a controlled
environment at 21 ± 2 ℃ and 50% ± 5% relatively
humidity under a 12-h dark/light cycle and were
acclimatized for at least 1 wk prior to use. The
experimental procedures were performed according
to the animal care guidelines of the National Institutes
of Health and performed under the Xi’an Jiaotong
University Guidelines for Animal Experimentation.
The rats were randomly assigned to seven
experimental groups as follows: a normal group
that was given water and a standard chow diet ad
libitum (n = 10); a vehicle group that was treated by
intraperitoneal injection of 10% alcohol (vehicle for
CAPE) and subcutaneous injection of olive oil (vehicle
for CCl4; n = 10); a model group (10% alcohol via
the intraperitoneal route, once a day; n = 15); a vit
E group (vit E dissolved in olive oil was administered
intraperitoneally at 10 mg/kg, once daily; n = 10);
and three CAPE groups (CAPE dissolved in 10%
alcohol was administered intraperitoneally at 3, 6 or
12 mg/kg, once daily, respectively; n = 10). Except for
the normal and vehicle groups, the other groups were
injected with CCl4 dissolved in 40% v/v olive oil at 1
mg/kg body weight (2 mg/kg for the first time) twice
a week via the subcutaneous route, fed rich-fat forage,
and given alcohol (30%) orally for 10 wk.
At the conclusion of the experiment, all rats were
fasted for 12 h before sacrifice. Liver, kidneys and
spleen were removed and weighed, and blood was
collected for serum isolation. Liver tissue samples (0.5
g) were homogenized (1:10, w/v) in ice-cold normal
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saline (NS). Homogenates were centrifuged at 5000
rpm for 10 min to remove debris. The supernatants,
including the cytosolic fraction, were obtained and
used for the analyses of select parameters. Protein
concentrations of supernatants were measured by the
[21]
Coomassie brilliant blue method .

Briefly, CAT activity was defined as the enzyme
concentration required to decompose 1 μmol H2O2
within 1 min. This reaction was initiated by addition of 1.0
mL of freshly prepared 20 mmol H2O2. The rate of H2O2
decomposition was measured spectrophotometrically at
240 nm for 1 min. To measure SOD activity, xanthine
and xanthine oxidase were used to generate superoxide
radicals that react with 2-(4-iodophenyl)-3-(4nitrophenol)-5-phenyl tetrazolium chloride to form a red
formazan dye. Absorbance was then measured at 550
nm. CAT and SOD activities are expressed as UI/mg
protein.

Determination of TBil, ALT and AST in serum

Serum TBil, ALT and AST levels were measured to
assess hepatotoxicity. Briefly, blood samples were kept
overnight in a 4 ℃ refrigerator before centrifugation at
3000 g for 10 min. Afterwards, serum samples were
stored in a -80 ℃ freezer before analysis. TBil, ALT
and AST in serum were evaluated by an autoanalyzer
(Hitachi-7170, Hitachi, Japan).

Histological examination

Fresh liver tissues that had been trimmed to a
thickness of 3 mm were placed in plastic cassettes
and immersed in neutral buffered formalin for 24 h.
Fixed tissues were processed routinely, embedded in
paraffin, sectioned, deparaffinized, and rehydrated
using standard techniques. The extent of CCl4-induced
necrosis was evaluated by assessing the morphological
changes in liver sections stained with hematoxylineosin (HE) and van Gieson (VG). Fibrosis was scored
[26]
semi-quantitatively as described by Zhang et al .
Accordingly, 0 was accepted as normal liver; 1, as
thickened perivenular collagen and thin collagen septa;
2, as thin septa with incomplete bridging between
portal regions; 3, as thin septa and extensive bridging;
and 4, as thickened septa with complete bridging of
portal regions and nodular appearance.

Determination of liver hydroxyproline

Liver samples were frozen at -20 ℃ before analysis.
Hepatic collagen content was evaluated by hydro
xyproline (Hyp) quantification according to the method
[22]
described and validated by Edwards and O’Brien with
some modifications. Briefly, liver tissues (75 to 100
mg) were homogenized in 1 mL of phosphate-buffered
saline and hydrolyzed in 6 mol/L HCl overnight at
120 ℃. Next, 5 μL of hydrolysates was mixed with 5 μL
of citrate acetate buffer, and then 100 μL of chloramine
T solution was added. After 20 min of incubation at
room temperature, 100 mL of Ehrlich’s solution was
added. The mixture was incubated for 15 min at 65 ℃,
and absorbance was read at 550 nm. Recovery of
known standard amounts was performed using similar
liver samples to provide quantification. The hepatic
hydroxyproline content is expressed as g/g wet liver
weight.

Immunohistochemistry

Immunohistochemistry for α-SMA was performed to
identify HSC activation. Nrf2 expression in liver tissue
was confirmed by immunohistochemistry, and the
density of positive cells was measured with Image-Pro
plus 6.0 software. Integrated optical density of positive
staining of α-SMA and Nrf2 in each photograph was
measured, and the average of all photographs in each
[27]
group was calculated .
Immunohistochemical staining was performed
on formalin-fixed paraffin-embedded liver sections
(thickness, 5 mm). Following dehydration through
xylene and a graded series of alcohol, the sections
were washed with phosphate buffered saline (PBS;
pH 7.4) and treated with 0.3% H2O2 for 20 min to
block endogenous peroxidase activity. Tissue antigen
retrieval was then accomplished by microwave heating
for 2 min. After three washes with PBS, 10% goat nonimmune serum was applied to liver sections for 30 min
to prevent non-specific antibody binding. The sections
were incubated with a primary mouse antibody (α-SMA
or Nrf2, 1:100) in a humidified chamber at 37 ℃ for 3
h. A biotinylated secondary antibody and streptavidin
peroxidase complex (ZSGB-BIO, Histostain-Plus
Kit, Cat No: 85-9043) were consecutively applied at
37 ℃ for 15 min each, and three PBS washes were
performed between applications. Antibody binding

Determination of lipid peroxidation and GSH levels

Hepatic lipid peroxidation levels were determined
by measuring MDA (a thiobarbituric acid reactive
[23]
substance) levels . Briefly, 10% hepatic homogenate
samples were mixed with a thiobarbituric acid
(TBA) reagent consisting of 0.375% TBA and 15%
trichloroacetic acid in 0.25 mol/L hydrochloric acid. The
reaction mixtures were placed in a boiling water bath
for 40 min and then centrifuged at 4000 g for 5 min.
Supernatant absorbance was measured at 535 nm.
Results are expressed as nmol/mg protein. Hepatic
GSH level was estimated by a colorimetric method
[24]
using 5,5’-dithio bis-(2-nitrobenzoic acid) (DTNB) .
Samples were mixed with sodium phosphate buffer
and DTNB. The mixture was incubated for 5 min at
room temperature. Absorbance was measured at 405
nm. GSH content was determined from a standard
curve generated with known concentrations of GSH.
Results are expressed as μmol/mg protein.

Determination of antioxidant enzymes

CAT and SOD assays were performed according to the
[25]
manufacturer’s instructions as previously described .
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The GraphPad.prism version 5.0 software package was
used for statistical analysis. Results of measurement
data are expressed as mean ± SD and tested by
analysis of variance followed by the Tukey-Kramer
test. Results of ranked data were statistically analyzed
by the nonparametric Kruskal-Wallis H test followed by
the Wilcoxon test for paired comparisons. Differences
were considered significant if the P-value was less than
0.05.
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The biochemical results of analyses are presented
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significantly higher in the model group compared
to the normal group (P < 0.01). Intraperitoneal
administration of CAPE significantly reduced (P < 0.05)
TBil, ALT, and AST levels in liver fibrosis rats when
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d

0

3

6

12

CAPE (mg/kg)

Liver hydroxyproline

Vi

tE

(m

g/

kg
)1

od
el
M

e
icl
Ve
h

rm

al

0

No

CAPE (mg/kg)

counter-stained with Mayer’s hematoxylin and rinsed
with tap water, and the slides were mounted and
observed under a light microscope.
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Figure 2 Liver hydroxyproline contents in the groups. Bars and error
bars represent mean ± SD. t = 4.959-10.38, bP < 0.01 vs normal group; t =
3.090-5.148, cP < 0.05, dP < 0.01 vs model group, respectively. CAPE: Caffeic
acid phenethyl ester; Vit E: Vitamin E; Hyp: Hydroxyproline.
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As demonstrated in Figure 2, liver hydroxyproline
content in the model group was 1.5 times higher than
that in the normal group, and the liver hydroxyproline
contents in both the 6 and 12 mg/kg CAPE groups
were significantly lower than that in the model group (P
< 0.05 and P < 0.001, respectively).

Figure 1 Effects of caffeic acid phenethyl ester on serum TBil (A), ALT
(B), and AST (C) levels in rats. Bars and error bars represent mean ± SD, t
= 2.741-10.5, aP < 0.05, bP < 0.01 vs normal group, respectively; t = 2.9-7.371,
c
P < 0.05, dP < 0.01 vs model group, respectively; t = 3.225-5.229, eP < 0.05, fP
< 0.01 vs CAPE (12 mg/kg) group, respectively. CAPE: Caffeic acid phenethyl
ester; Vit E: Vitamin E.

Tissue levels of MDA and GSH

was visualized by color development using 3, 3
diaminobenzidine/H2O2. Finally, the sections were
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Figure 3 Tissue levels of malondialdehyde (A) and glutathione (B) in the
groups. Bars and error bars represent mean ± SD. t = 2.767-9.292, aP < 0.05,
b
P < 0.01 vs normal group, respectively; t = 2.721-9.551, cP < 0.05, dP < 0.01 vs
normal group, respectively; t = 5.154-6.903, eP < 0.05, fP < 0.01 vs CAPE (12
mg/kg) group, respectively. CAPE: Caffeic acid phenethyl ester; Vit E: Vitamin E;
MDA: Malondialdehyde; GSH: Glutathione.

Figure 4 Superoxide dismutase and catalase activities in liver tissue. Bars
and error bars mean ± SD. t = 4.552-11.06, bP < 0.01 vs normal group; t =
2.876-8.689, cP < 0.05, dP < 0.01 vs model group, respectively; t = 3.393-7.503,
f
P < 0.01 vs CAPE (12 mg/kg) group, respectively; t = 3.969-4.997, gP < 0.05,
h
P < 0.01 vs vit E group, respectively. CAPE: Caffeic acid phenethyl ester; Vit E:
Vitamin E; SOD: Superoxide; CAT: Catalase.

xidation, MDA levels (an indicator of oxidative damage
and one of the principal products of lipid peroxidation)
were monitored. GSH is an important part of the nonenzymatic antioxidant system and is known to play
an important role in liver injury; therefore, GSH levels
were also determined in this study. The results of MDA
and GSH are shown in Figure 3. In the CAPE (6 and 12
mg/kg) treated rats, the MDA levels were significantly
lower, and the levels of GSH were significantly higher
than those in the model group. Moreover, MDA and
GSH concentrations in groups treated with 12 mg/kg
CAPE were not significantly different from those in the
normal group.

forage. CCl4, alcohol and rich-fat forage administration
significantly depleted antioxidant enzyme (CAT and
SOD) activities, whereas CAPE (6 and 12 mg/kg)
treatment significantly protected against the depletion
of CAT and SOD, and the effects of treatment with 12
mg/kg CAPE were more obvious compared to 10 mg/
kg vit E.

Pathological changes

Histopathological changes in all of the groups are
shown in Figures 5 and 6 (HE and VG staining). In
microscopic examinations of the samples, liver sections
in the normal and vehicle groups showed normal
parenchymal cells, portal system, and blood sinusoids
(no histopathological changes). Administration of CCl4,
alcohol and rich-fat forage induced severe alterations
in liver histopathology. The model group liver sections
showed peri-portal apoptosis, lymphocytic infiltration,

Antioxidant enzymes activities

As shown in Figure 4, in a similar manner to GSH, CAT
and SOD activities were significantly decreased in liver
fibrosis rats induced with CCl4, alcohol and rich-fat
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Figure 5 HE staining. All sections were stained with hematoxylin and eosin (× 100). A: Liver sections of the normal group did not show histopathological changes;
B: Liver sections of the model group showed liver tissue structural disorder, apoptotic cells, lymphocytic infiltration and typical pseudo-lobule; C: Liver sections of the
vitamin E group showed steatosis, edema and swelling of hepatocytes, but no typical pseudo-lobule can be observed; D: Liver sections of the caffeic acid phenethyl
ester (12 mg/kg) group showed spotty necrosis, steatosis, and blood sinusoids with mild congestion. The results of the other groups are not shown here.
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Figure 6 Van Gieson staining. All sections were stained with van Gieson (× 100). A: Liver sections of the normal group did not show fibroplasia; B: Liver sections of
the model group showed thick bundles of proliferous collagenous fibers stained with eosin and typical pseudo-lobule; C: Liver sections of the vitamin E group showed
a small amount of collagenous fibers; D: Liver sections of the caffeic acid phenethyl ester (12 mg/kg) group showed a small amount of fibroplasia, which was less than
that in the vitamin E group. The results of other groups are not shown here.
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Table 1 Degree of liver fibrosis in the groups (n = 6 for each
group)
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H = 46.12. Model group vs normal group, χ 2 = 9.778, P < 0.05; Vitamin E (Vit
E) group vs model group, χ 2 = 8.899, P < 0.05; Caffeic acid phenethyl ester
(CAPE; 12 mg/kg) vs model group, χ 2 = 9.209, P < 0.05. The results were
statistically analyzed by the nonparametric Kruskal-Wallis H test followed
by Wilcoxon test for paired comparisons.
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Figure 7 α-smooth muscle actin expression level in liver tissue. Bars
and error bars represent mean ± SD. t = 6.557-14.487, aP < 0.05, bP < 0.01
vs normal group, respectively; t = 3.784-7.913, cP < 0.05, dP < 0.01 vs model
group, respectively; t = 3.284-5.718, fP < 0.01 vs CAPE (12 mg/kg) group,
respectively; t = 4.129, gP < 0.05 vs vit E group, respectively. CAPE: Caffeic
acid phenethyl ester; Vit E: Vitamin E; α-SMA: α-smooth muscle actin.

dilated central veins, thick bundles of proliferous
collagenous fibers stained with eosin and typical
pseudo-lobule. The liver did not show significant
improvement in either the 3 or 6 mg/kg CAPE group,
whereas the 12 mg/kg group had similar recovery as
in the vit E positive control group. However, steatosis,
edema and swelling of hepatocytes (cobble stone
appearance), spotty necrosis and a small amount of
collagenous fibers still could be observed in the CAPE
(12 mg/kg) and Vit E groups. The degree of liver
fibrosis in the groups is shown in Table 1.

that alcohol-induced liver injury was associated with
formation of the l-hydroxyl ethyl radical and lipid
[28]
radicals . Oxidative stress also plays an important
role in high-fat forage induced liver injury. Free
radicals attack and covalently bind to microsomal
lipids and proteins, leading to lipid peroxidation and
initiating secondary biochemical processes, which
are the ultimate cause for unfolding the pathological
consequences of CCl4.
In the current study, CCl4, alcohol and highfat forage resulted in prominent hepatotoxicity as
evidenced by the increases in serum TBil, ALT and AST
levels and histopathology (HE and VG staining), and
CAPE at all the three doses reduced TBil, ALT and AST
levels in blood in a dose-dependent manner, indicating
reduced hepatocellular damage. Histopathological
observations also substantiated biochemical data of the
study. CAPE treatment at 6 and 12 mg/kg resulted in
the improvement in liver histoarchitecture and better
recovery than that in the Vit E treated positive group.
Exogenous and endogenous protective agents
with antioxidant properties demonstrated some
protective effects against hepatotoxicity induced
by various etiological factors. CAPE exhibits a
number of beneficial effects against various types of
degenerative diseases in humans, largely because the
major components of CAPE have potent antioxidant
[29,30]
activities
. GSH is a low molecular weight thiol
antioxidant and a co-substrate for a variety of
antioxidants and anti-xenobiotic enzymes of phase Ⅱ
pathway of the CYP450 cycle. It has been reported
that the covalent binding of most toxicants to hepatic
protein occurs only after depletion of GSH, and the

α -SMA expression

In the model group, immunohistochemistry localized
the α-SMA protein predominantly to the fibrous septa,
inflamed area and portal area, and we observed a
significantly higher (P < 0.001) expression level than
in the normal group (Figure 7). CAPE treatment could
down-regulate the α-SMA expression in liver tissue.
The expression level of α-SMA in the 12 mg/kg CAPE
group was significantly lower than those in the model
group and the vit E group (Figure 8).

Nrf2 expression

As shown in Figures 9 and 10, it was observed that
Nrf2-positive cells detected by immunohistochemistry
in liver tissue were increased in the model group
compared to the normal group, and the expression
levels of Nrf2 were increased in the 6 and 12 mg/kg
CAPE groups compared with the model group. In
addition, expression level of Nrf2 in the 12 mg/kg dose
group was highest (P < 0.05) in all the groups.

DISCUSSION
CCl4 induced hepatotoxicity derives from the reductive
dehalogenation of CCl4 that is catalyzed by CYP450
in the endoplasmic reticulum of liver cells to generate
+
unstable trichloromethyl (CCl3 ) and trichloromethyl
peroxyl (CCl3O2 ) radicals. Similarly, it was reported
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Figure 8 α-smooth muscle actin expression in liver tissue (immunohistochemistry, × 400). The α-smooth muscle actin (α-SMA) expression level in liver tissue
was confirmed by immunohistochemistry (× 400). A: Liver sections of the normal group showed a small amount of α-SMA-positive cells only present in vascular wall;
B: Liver sections of the model group showed that the α-SMA protein was predominantly present in the fibrous septa, inflamed area and portal area; C: Liver sections
of the vitamin E group showed that α-SMA-positive cells were distributed in fibroplasia and inflamed area, but the number of positive cells was less than that in the
model group; D: Liver sections of the CAPE (12 mg/kg) group showed that α-SMA-positive cells were sparse, located in inflamed area. The results of the other groups
are not shown here.

peroxides or reactive oxygen species, which results in
decreased activities of these enzymes in CCl4 toxicity.
Thus, antioxidant enzymes also play an important role
in the detoxification of xenobiotics, catalyzing their
[32]
conjugation with reduced GSH . Finally, it has been
reported that antioxidants and flavonoids can act as
inhibitors of LPO by scavenging peroxy radicals derived
from polyunsaturated fatty acids and interrupt the
[33]
chain reactions . Therefore, LPO was monitored by
measuring MDA - an end product of LPO in membrane
[34]
components of cells .
In the present study, the model group showed
significantly decreased GSH levels, CAT and SOD
activities, and increased MDA levels compared with the
normal group, indicating increased oxidative stress due
to free-radical induced liver damage. CAPE treatment
significantly reduced the elevated MDA levels and also
increased tissue GSH levels, CAT and SOD activities.
These results suggest that suppression of oxidative
stress by CAPE in rats is an important aspect of the
hepatoprotective effect of CAPE against hepatocytoxicity
induced with CCl4, alcohol and rich-fat forage.
Transcription factor Nrf2 is activated in response
to electrophiles and reactive oxygen species. During
oxidative stress, Nrf2 is released from sequestration
[35]
in the cytoplasm and translocates to the nucleus . It
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Figure 9 NF-E2-related factor 2 expression level in liver tissue. Bars
and error bars represent mean ± SD. t = 6.412-14.54, aP < 0.05, bP < 0.01
vs normal group, respectively; t = 3.936-8.126, cP < 0.05, dP < 0.01 vs model
group, respectively; t = 4.190-5.627, eP < 0.05, fP < 0.01 vs CAPE (12 mg/kg)
group, respectively; t = 3.252, gP < 0.05 vs vit E group, respectively. CAPE:
Caffeic acid phenethyl ester; Vit E: Vitamin E; Nrf2: NF-E2-related factor 2.

severity of hepatic necrosis is related to the degree of
[31]
covalent binding . In addition, antioxidant enzymes
such as CAT and SOD are easily inactivated by lipid
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Figure 10 NF-E2-related factor 2 expression in liver tissue (immunohistochemistry). The NF-E2-related factor 2 (Nrf2) expression in liver tissue was confirmed
by immunohistochemistry (× 400). A: Liver sections of the normal group showed a small amount of Nrf2-positive cells only present in the cytoplasm; B: Liver sections
of the model group showed only a few Nrf2-positive cells present in the fibrous septa and inflamed area; C: Liver sections of the vitamin E group showed that Nrf2positive cells were distributed in fibroplasia and inflamed area, but the number of positive cells was more than that in the model group; D: Liver sections of the caffeic
acid phenethyl ester (12 mg/kg) group showed that Nrf2-positive cells were located mainly in fibrosis and inflamed area and were strongly stained. The results of the
other groups are not shown here.

has been demonstrated that Nrf2 is a key transcription
factor for both the inducible and constitutive expression
of phase Ⅱ enzymes. Previous research has shown
that Nrf2 knockout mice are more susceptible to
acetaminophen-induced hepatocellular injury and that
Nrf2 may also be important in protecting against liver
[36]
fibrosis . In liver fibrosis, HSCs serve as the major
source of extracellular matrices in liver fibrosis. During
the activation process, HSCs undergo phenotypic
changes in cellular morphology to a myofibroblast[12]
like cell type with expression of α-SMA . In the
current study, immunohistochemistry results showed
that treatment with CAPE at 6 mg/kg and 12 mg/kg
significantly activated Nrf2, and inhibited α-SMA.
These data indicate that CAPE may be able to protect
liver cells from oxidative stress induced damage and
inhibit activation of HSCs through up-regulated Nrf2
expression.
It should be considered that the protective effect
of CAPE against hepatotoxicity might not be solely
dependent on the antioxidant effect of CAPE, which
may exert its hepatoprotective effect by other
means. For example, it was shown that CCl4 induces
liver cell apoptosis by cytochrome C release and
caspase 3 activation, and causes hepatoxicity by
increasing mRNA expression of NF-κB dependent

WJG|www.wjgnet.com

cyclooxygenase-2 and iNOS. Alternatively, CAPE shows
an anti-inflammatory action as lipoxygenase and
[37,38]
cyclooxygenase inhibitor
. Furthermore, CAPE is a
2+
potent mitochondrial protective agent that blocks Ca induced cytochrome release and is a potent suppressor
of pro-inflammatory cytokines by reducing caspase 1
[39]
activation and depressing NF-κB .
In conclusion, CAPE exhibits significant partial
protection against hepatotoxicity as evidenced from
the reversal of various biochemical indices and
histopathology, which were altered due to CCl4, alcohol
and high-fat forage induced toxicity. The protective
effects against liver damage could be due to the
antioxidant effect of CAPE. However, the protective
effect of CAPE may not always be associated with its
antioxidant effects. Owing to the hepatoprotective
potential, CAPE has clinical importance and could be
used to develop a safe hepatoprotective medicine.
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Abstract
AIM: To evaluate interferon-λ3 (IFNL3 ) polymorphisms
in response-guided pegylated interferon-α plus
ribavirin (Peg-IFNα/RBV) therapy for genotype 2 (G2)
chronic hepatitis C.
METHODS: Between January 2006 and June 2012,
a total of 180 patients with chronic infections of G2
hepatitis C virus (HCV) were treated with responseguided Peg-IFNα/RBV therapy. The treatment duration
was 24 wk for patients who achieved rapid virologic
response (RVR), and 36 or 48 wk for patients who did
not. Then, the impact of the IFNL3 single nucleotide
polymorphism genotype (TT/non-TT at rs8099917) on
treatment outcomes was evaluated in the 180 patients,
and between patients infected with either HCV subgenotype 2a or 2b.
RESULTS: Of the 180 patients evaluated, 111 achieved
RVR, while the remaining 69 patients did not. In RVR
patients, the sustained virologic response (SVR) rate
was 96.4%, and the IFNL3 genotype did not influence
the SVR rate (96.6% vs 95.8% in IFNL3 genotype TT
vs non-TT). However, in non-RVR patients, the SVR
rate decreased to 72.5% (P < 0.0001), and this rate
was significantly different between the IFNL3 genotype
TT and non-TT groups (80.0% vs 42.9%, P = 0.0146).
Multivariate regression analysis in non-RVR patients
identified the IFNL3 genotype TT as the only baseline-
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significant factor associated with SVR (OR = 5.39,
95%CI: 1.29-22.62; P = 0.0189). In analysis according
to HCV sub-genotype, no significant difference in the
SVR rate was found between HCV sub-genotypes 2a
and 2b.

Key words: Hepatitis C virus genotype 2; Interferon-λ3
single nucleotide polymorphism; Pegylated-interferon
plus ribavirin response-guided therapy; Rapid virologic
response; Sustained virologic response

gene on Peg-IFNα/RBV combination therapy for HCV
[7-9]
genotype 1
has been firmly established. However,
it remains controversial whether the IFNL3 genotype
is useful in predicting virologic responses to peg-IFNα/
[10-13]
RBV therapy in HCV G2 patients
.
Previously, we demonstrated the value of responseguided therapy for HCV G2 patients who were treated
for 24 wk with Peg-IFNα/RBV combination therapy
if they achieved RVR, and for 36 or 48 wk if they did
[6]
not achieve RVR . In the present study, we assessed
the impact of IFNL3 SNP (rs8099917) genotypes on
virologic responses and outcomes of HCV G2 (subtype
of G2a or G2b) patients who received response-guided
Peg-IFNα/RBV combination therapy.

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

MATERIALS AND METHODS

Core tip: Interferon-λ3 (IFNL3 ) single nucleotide
polymorphisms (SNPs), such as rs8099917 and
rs12979860, affect the virologic responses of chronically
hepatitis C virus genotype 1-infected patients to responseguided pegylated interferon-α plus ribavirin therapy.
However, the significance of these SNPs in therapy for
hepatitis C virus genotype 2 (G2)-infected patients is
unclear. We show that rs8099917 significantly influences
sustained virologic response (SVR) achievement only
in patients who do not attain rapid virologic response.
Therefore, IFNL3 SNP genotyping is valuable for predicting
SVR only in non-rapid virologic response patients,
irrespective of the G2 subtype, even when therapy is
extended up to 48 wk.

Between January 2006 and June 2012, 180 chronically
HCV G2-infected patients were treated with responseguided Peg-IFNα/RBV combination therapy at the
Jikei University Katsushika Medical Center, the Jikei
University Kashiwa Hospital, and the Shinmatsudo
Central General Hospital. The treatment duration was
24 wk for patients who achieved RVR (RVR group) and
36 or 48 wk for patients who did not (non-RVR group).
Patients received weekly subcutaneous injections of
Peg-IFNα-2b (PegIntron; MSD K.K.; Tokyo, Japan) at
a dose of 1.5 μg/kg, plus RBV (Rebetol; MSD K.K.) at
a dose of 600-1000 mg/d according to body weight (<
60 kg: 600 mg/d; 60-80 kg: 800 mg/d; and > 80 kg:
1000 mg/d). Doses of Peg-IFNα-2b and/or RBV were
appropriately adjusted if side effects were observed.
All the patients studied satisfied the following
inclusion criteria: (1) serum HCV RNA levels ≥
10000 copies/mL (Amplicor HCV Monitor Test,
version 2.0; Roche Diagnostics, Basel, Switzerland;
quantification limit: 50 IU/mL) or ≥ 5 log10 IU/mL
(COBAS AmpliPrep/COBAS TaqMan HCV Test; Roche
Diagnostics; quantification limit: 1.2 log10 IU/mL); (2)
3
white blood cell counts ≥ 2000/mm ; (3) neutrophil
3
counts ≥ 1500/mm ; (4) hemoglobin levels ≥ 11 g/dL;
3
(5) platelet counts ≥ 60000/mm ; and (6) serotype
2 or genotype 2a or 2b (G2a or G2b) determined
by serologic and conventional PCR-based methods,
[14,15]
as reported previously
. Patients were excluded
from this study if they were positive for hepatitis B
surface antigen or anti-human immunodeficiency
virus antibody, consumed > 20 g of alcohol/d, had
psychiatric disorders or hepatocellular carcinoma, or
were diagnosed with other liver diseases. Patients with
established liver cirrhosis that was easily diagnosed
by image inspection or for whom laboratory tests did
not indicate the need for liver biopsy (e.g., low platelet
count or prolonged prothrombin time) were not in
cluded in the present study. One hundred and sixtyfive patients (91.7%) were treatment-naïve and the
remaining 15 had previously been treated with 24-wk

CONCLUSION: In response-guided Peg-IFNα/RBV
combination therapy for chronically HCV G2-infected
patients, the impact of the IFNL3 genotype on SVR
was limited to non-RVR patients.

Patients

Ishiguro H, Abe H, Seki N, Sugita T, Aida Y, Itagaki M, Sutoh
S, Shimada N, Furihata T, Tsubota A, Aizawa Y. Interferon-λ3
polymorphisms in pegylated-interferon-a plus ribavirin therapy
for genotype-2 chronic hepatitis C. World J Gastroenterol 2015;
21(13): 3904-3911 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/3904.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3904

INTRODUCTION
Hepatitis C virus (HCV) genotype 2 (G2) is the
second-most frequent HCV genotype and accounts
for approximately 30% of chronic HCV infections
[1,2]
in Japan . However, the prevalence of HCV G2 is
decreasing due to successful treatment with standard
24-wk regimens of pegylated interferon-α plus riba
virin (Peg-IFNα/RBV) combination therapy; with >
80% of patients achieving sustained virologic response
[3,4]
(SVR) . However, a fraction of patients who do not
achieve a rapid virologic response (RVR) may remain
uncured, even when therapy is extended for 36 or 48
[5,6]
wk .
The impact of single nucleotide polymorphisms
(SNPs) near the interferon-λ3 (IFNL3)/interleukin-28B
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Peg-IFNα/RBV combination therapy.
This study complied with the standards of the
Declaration of Helsinki (revised edition 2008) and
current ethical guidelines, and was approved by the
human ethics review committees of each institution.
Written informed consent was obtained from all
patients.

marginal, respectively. To determine which factors were
associated with SVR, variables that were significant
or marginal in univariate analyses were analyzed
by multiple logistic regression analysis. All statistical
analyses were performed using Statistica for Windows
version 6 (StatSoft; Tulsa, OK, United States).

RESULTS

Histology, HCV sub-genotyping, and detection of HCV
RNA

Treatment responses

Of the 180 patients evaluated, 111 (61.7%) achieved
RVR and received a 24-wk treatment course (RVR
group). The remaining 69/180 (38.3%) patients
failed to achieve RVR and the treatment duration was
extended to 36 or 48 wk (non-RVR group; Figure 1).
HCV G2a was more frequently detected in the RVR
group than in the non-RVR group (P = 0.0005; Table 1).
With respect to the HCV sub-genotype, 69/98 (70.4%)
G2a patients had RVR, whereas only 23/57 (40.4%)
G2b patients had RVR. The baseline level of HCV RNA
was significantly lower in the RVR group than in the
non-RVR group (P < 0.0001). Serum albumin levels
were significantly higher in the RVR group than in the
non-RVR group (P = 0.0029). Multivariate analysis
identified the baseline levels of HCV RNA and serum
albumin as significant factors associated with RVR (OR
= 4.40, 95%CI: 2.25-8.63, P < 0.0001; and OR =
0.13, 95%CI: 0.04-0.42, P = 0.0006; respectively).
However, no difference was observed in the distribution
of IFNL3 SNP genotypes between the RVR and nonRVR groups (Figure 1 and Table 1). The percentages of
TT genotype patients were 78.4% (87/111) vs 79.7%
(55/69) in the RVR and non-RVR groups, respectively.

Liver biopsies and HCV G2 sub-genotyping were
performed in 152/180 and 159/180 patients, res
pectively. Histologic grades of liver fibrosis were
classified as F1-F4, according to the METAVIR scoring
[16]
system . HCV G2 sub-genotyping was performed by
[14]
the conventional PCR-based method . HCV serotypes
[15]
were determined by enzyme-linked immune assay .
The presence or absence of serum HCV RNA was
evaluated after 4 wk of therapy, at the end of therapy,
and at 24 wk after the completion of therapy. Serum
HCV RNA levels were evaluated with the qualitative
Amplicor HCV Monitor Test between January 2006 and
November 2007, and the COBAS AmpliPrep/COBAS
TaqMan HCV test was used thereafter. To evaluate
potential discrepancies due to the use of different
tests, 21 samples that were originally analyzed using
the Amplicor HCV Monitor Test were re-tested with
the COBAS AmpliPrep/COBAS TaqMan HCV test, using
serum stocks stored at -30 ℃. Patients in whom serum
HCV RNA levels were undetectable with the COBAS
AmpliPrep/COBAS TaqMan HCV test at 4 wk after
initiating therapy were designated as RVR patients,
while the remaining patients were designated as
non-RVR patients. The end point in this study was
SVR (undetectable serum HCV RNA at 24 wk posttreatment).

SVR in RVR patients

Of the 111 RVR patients, 107 (96.4%) achieved SVR
with the 24-wk treatment. Regarding the IFNL3 SNP
genotype, 84/87 (96.6%) TT patients and 23/24
(95.8%) non-TT patients achieved SVR (Figure 2A). As
for HCV G2 subtype, 66/69 (95.7%) patients with G2a
and 23/23 (100%) patients with G2b achieved SVR.
There were also no significant differences in other
variables between patients with SVR and non-SVR.
Although only four patients failed to achieve SVR, no
characteristics distinguishing them from SVR patients
were identified. All four of the non-SVR patients (1
male and 3 female; age: 34-65 years) were treatmentnaïve and completed treatment as scheduled. They
had a mild degree of liver fibrosis and baseline HCV
RNA levels of 5.0 log IU/mL to 6.5 log IU/mL.

Analysis of SNPs near IFNL3

Genomic DNA was extracted and isolated from whole
blood using a MagNA Pure LC Instrument and the
DNA Isolation Kit (Roche Diagnostics). Alleles of the
rs8099917 SNP near IFNL3 were determined using
TaqMan SNP genotyping assays (Applied Biosystems
of Thermo Fisher Scientific, Waltham, MA, United
[9]
States), as described previously . The rs8099917
genotypes were classified into TT (major homozygous
genotype) and non-TT genotypes (heterozygous
genotype TG or minor homozygous genotype GG). The
rs8099917 genotype of all patients was determined
at the Research Center for Medical Science at the Jikei
University School of Medicine.

SVR in non-RVR patients

Statistical analysis

Of the 69 non-RVR patients, 50 (72.5%) achieved
SVR with the extended treatment to 36 or 48 wk. The
SVR rate in the non-RVR group was significantly lower
than in the RVR group (72.5% vs 96.4%, P < 0.0001).
Thirty-eight patients (55.1%) received a 48-wk
treatment course and 31/69 (44.9%) received a

The Mann-Whitney U-test was used to analyze
differences in continuous variables. Fisher’s exact tests
were used to analyze differences in categorical data.
All tests of significance were two-tailed. P < 0.05 and
< 0.1 were considered statistically significant and
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HCV genotype 2 patients enrolled and treated with PEG-IFNα-2b
and ribavirin combination therapy
(n = 180)

HCV-RNA undetectable at 4 wk of treatment (rapid
virological response)
(n = 111)

IFNL3 SNP genotype

HCV-RNA detectable at 4 wk of treatment after the start
of therapy (non-rapid virological response)
(n = 69)

TT (n = 87)
TG or GG (n = 24)

IFNL3 SNP genotype

TT (n = 55)
TG or GG (n = 14)

36 to 48-wk treatment course

24-wk treatment course

Figure 1 Study flow chart. PEG-IFNα: Pegylated interferon-α; HCV: Hepatitis C virus; SNP: Single nucleotide polymorphism.

A

B

RVR patients

was the only baseline factor that significantly related
to SVR in univariate analysis (P = 0.0146). Among the
other baseline factors, aspartate aminotransferase was
marginal (P = 0.0751). The histologic stage of fibrosis
and HCV G2 sub-genotypes were not significant
factors for SVR. In multiple logistic regression analysis,
only the IFNL3 TT genotype was identified as an
independent factor that was significantly associated
with SVR (OR = 5.87, 95%CI: 1.62-21.22; P = 0.0058;
Table 2).
Among the on-treatment factors, adherence to RBV
was significantly higher in non-SVR patients than in
SVR patients (P = 0.0457) and adherence to Peg-IFN
was only marginally higher in non-SVR than in SVR
patients (P = 0.0936), indicating that these adherence
factors did not influence SVR. The duration of PegIFNα/RBV combination therapy (36 wk or 48 wk) did
not affect the outcome of treatment (Table 2).

non-RVR patients

P = 0.6517

100%

96.6%
(84/87)

95.8%
(23/24)

P = 0.0058
100% 80.0%
(44/55)
80%

60%

SVR rate

SVR rate

80%

40%
20%
0%

42.9%
(6/14)

60%
40%
20%

TT

TG or GG

IFNL3 SNP genotype

0%

TT

TG or GG

IFNL3 SNP genotype

Figure 2 Sustained virologic response rates according to interferon-λ3
single nucleotide polymorphism genotype. A: Rapid virologic response
(RVR); and B: Non-RVR patient groups. SVR: Sustained virologic response;
SNP: Single nucleotide polymorphism; IFNL3: Interferon-λ3.

SVR rates according to RVR, G2 subtype, and IFNL3
SNPs

36-wk treatment course. SVR rates were higher in the
36-week treatment patient group than in the 48-wk
group (80.6% vs 65.8%), but the difference was not
significant. Regarding the IFNL3 SNP genotype, 44/55
(80.0%) patients with the TT genotype and 6/14
(42.9%) patients with the non-TT genotype achieved
SVR (P = 0.0058; Figure 2B). Among patients with the
IFNL3 TT genotype, the SVR rates were significantly
different between RVR and non-RVR patient groups
(96.6% vs 80.0%; P = 0.0033; Figure 2A and B).
Similarly, among patients with non-TT genotypes, the
SVR rates were significantly different between RVR
and non-RVR patient groups (95.8% vs 42.9%, P =
0.0009). In HCV G2 sub-genotype patients, 21/29
(72.4%) patients with G2a and 24/34 (70.6%)
patients with G2b achieved SVR.

The SVR rates were not statistically different between
patients with HCV G2a and G2b in either the IFNL3
genotype TT patient group (90.7% vs 88.6%) or
the non-TT group (82.6% vs 61.5%). The remaining
21 patients (11.7%) were not found to have G2a or
G2b. Twenty of 21 patients achieved SVR and the
remaining patient (who did not achieve RVR) showed
relapse. In the RVR patient group, the SVR rates in
HCV G2a patients were comparable to those observed
with HCV G2b patients, regardless of the IFNL3
genotype (Figure 3A).
Among non-RVR patients, the SVR rate in HCV G2b
patients with the IFNL3 TT genotype was significantly
higher than in those with the non-TT genotype (81.5%
vs 28.6%, P = 0.0231; Figure 3B). The SVR rate in
G2a patients with the TT genotype was higher than in
those with the non-TT genotype (78.3% vs 50.0%),
though the difference was not statistically significant.

Factors contributing to SVR in non-RVR patients

In the non-RVR patient group, the IFNL3 TT genotype
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Table 1 Analysis of factors affecting rapid virologic response to pegylated interferon-α plus ribavirin combination therapy in
patients infected with hepatitis C virus genotype 2
RVR

RVR vs non-RVR (1: non-RVR/2: RVR)

non-RVR

Univariate
analysis

P value
Baseline factors
Demographic data
Number of patients
Gender (1:male/2:female)
Age (yr)
Body weight (kg)
Body mass index (kg/m2)
Histological fibrosis of liver (F0/1/2/3/4/ND )1
(F0-3/F4)
Prior interferon and ribavirin treatment response
Naïve/Relapse/Non response
Laboratory data
Genetic variation at rs8099917 (TT/TG or GG)
HCV-RNA (log10IU/mL)

111
54/57
60 (18-76)
59.4 (35.6-90.9)
23.4 (17.1-31.2)
5/45/18/13/13/17
81/13

69
31/38
60 (18-80)
56.0 (37.0-104)
22.8 (15.2-34.8)
2/24/9/6/17/11
41/17

101/10/0

64/3/2

87/24
5.5 (5.0-7.0)

55/14
6.4 (5.0-7.3)

Multivariate analysis
OR

95%CI

P value

0.8705
0.9623
0.5154
0.9645
0.0202
0.8577
0.9800
< 0.0001

4.40

0.13

HCV Genotype (2a/2b/2a + 2b/ND)
White blood cells (/μL)
Hemoglobin (g/dL)
Platelets (× 104/μL)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Gamma-glutamyl-transpeptitase (IU/L)
Albumin (g/dL)

69/23/2/17
4800 (2400-10300)
14.1(9.5-18.2)
17.1 (4.8-34.1)
48 (16-317)
57 (10-361)
43 (7-719)
4.1 (3.2-5.0)

29/34/2/4
4700 (2000-10200)
13.8 (9.3-16.9)
16.6 (5.5-34.1)
48 (13-455)
56 (9-356)
48 (9-331)
4.0 (2.9-4.8)

0.0005
0.5170
0.1899
0.7993
0.6753
0.9699
0.7526
0.0029

Fasting total cholesterol (mg/dL)
Fasting low density lipoprotein-cholesterol (mg/dL)
Fasting plasma glucose (mg/dL)
Homeostasis model assessment-Insulin Resistance
Alpha-fetoprotein (ng/mL)

170 (118-265)
99 (45-158)
99 (76-221)
1.59 (0.56-10.83)
4.7 (1.6-193.6)

173 (106-270)
103 (40-181)
100 (76-320)
1.38 (0.79-6.88)
5.0 (1.0-130)

0.8155
0.4186
0.2002
0.4722
0.4101

2.24-8.63
< 0.0001
(per 1.0 log10IU/mL)

0.04-0.42
(per 1.0 g/dL)

0.0006

1

Classified by METAVIR score. Data are expressed as number of patients or median (range); ND: Not done; HCV: Hepatitis C virus; RVR: Rapid virologic
response.

A

B

RVR patients

non-RVR patients

P = 0.0231

100%

17/17
50/52
16/17
(96.2%) (94.1%) (100%)

6/6
(100%)

100%
80%
SVR rate

SVR rate

80%
60%
40%
20%

IFNL3 SNP genotype
HCV genotype

0%

22/27
(81.5%)

18/23
(78.3%)
3/6
(50.0%)

60%

2/7
(28.6%)

40%
20%

TT

TG or GG

2a

TT

0%

TG or GG

TT

TG or GG

TT

2a

2b

TG or GG
2b

Figure 3 Sustained virologic response rates according to interferon-λ3 single nucleotide polymorphism genotype and hepatitis C virus sub-genotype.
A: Rapid virologic response (RVR); and B: Non-RVR patient groups. HCV: Hepatitis C virus; RVR: Rapid virologic response; SNP: Single nucleotide polymorphism;
IFNL3: Interferon-λ3.
[7-9]

combination therapy . However, more potent anti
viral treatments, including direct-acting antiviral agents
(DAAs), would attenuate the value of IFNL3 SNPs
as a predictor of treatment outcome, because they
could markedly improve the SVR rate. In countries/

DISCUSSION
IFNL3 SNPs, such as rs8099917 and rs12979860,
have a strong impact on virologic responses in chro
nically HCV G1-infected patients to Peg-IFNα/RBV
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Table 2 Analysis of factors affecting sustained virologic response in non-rapid virologic response hepatitis C virus genotype 2
patients treated with 36 or 48-wk pegylated interferon-α plus ribavirin combination therapy
SVR

non-SVR

SVR vs non-SVR (1: non-SVR/2: SVR)
Univaritate
analysis

P value
Baseline factors
Demographic data
Number of patients
Gender (1:male/2:female)
Age (yr)
Body weight (kg)
Body mass index (kg/m2)
Histological fibrosis of liver (F0/1/2/3/4/ND)1
(F0-3/F4)
Prior interferon and ribavirin treatment response
Naïve/Relapse/Non response
Laboratory data
Genetic variation at rs8099917 (TG or GG/TT)
HCV-RNA (Log10IU/mL)
HCV Genotype (2a/2b/2a + 2b/ND)
White blood cells (/μL)
Hemoglobin (g/dL)
Platelets (× 104/μL)
Aspartate aminotransferase (IU/L)
Alanine aminotransferase (IU/L)
Gamma-glutamyl-transpeptitase (IU/L)
Albumin (g/dL)
Fasting total cholesterol (mg/dL)
Fasting low density lipoprotein-cholesterol (mg/dL)
Fasting plasma glucose (mg/dL)
Homeostasis model assessment-Insulin Resistance
Alpha-fetoprotein (ng/mL)
On-treatment factors
Treatment
Adherence of Peg-IFN (%)2
Adherence of RBV (%)2
Duration of treatment (wk)

50
20/30
60.5 (18-80)
55.0 (37.0-101.0)
22.8 (15.2-32.8)
1/18/6/6/10/9
31/10

19
11/8
53 (39-73)
64.0 (44.0-104.0)
22.8 (18.8-34.8)
1/6/3/0/7/2
10/7

95%CI

P value

5.87 (1; TG or
GG/ 2; TT)

1.62-21.22

0.0059

0.2050

18/0/1

0.8933

6/44

8/11

0.0146

6.3 (5.0-7.3)
21/24/2/3
4700 (2800-7800)
13.8 (11.0-16.9)
16.6 (6.0-34.1)
54 (15-455)
59 (12-356)
49 (9-292)
4.0 (2.9-4.8)
172 (108-256)
102 (54-177)
98.5 (76-320)
1.36 (0.78-6.78)
5.0 (1.0-96.0)

6.4 (5.0-7.2)
8/10/0/1
5550 (2000-10200)
13.75 (11.0-16.8)
16.55 (6.1-29.7)
32 (13-264)
36.5 (9-231)
47 (11-331)
3.9 (3.1-4.7)
178 (106-270)
110 (40-181)
103.5 (93-158)
1.44 (1.19-5.39)
5.0 (2.0-130)

0.6064
0.8156
0.3001
0.9279
0.9834
0.0751
0.1866
0.9237
0.5738
0.6894
0.9647
0.1554
0.3151
0.8593

91.4 (66.0-104.6)
86.1 (86.1-94.4)
48 (36-48)

OR

0.2873
0.2341
0.1563
0.2426

46/3/1

77.1 (62.5-100.0)
75.0 (56.8-100.0)
37 (36-48)

Multivaritate analysis

0.0936
0.0457
0.1449

1

Classified by METAVIR score; 2Calculated on the basis of 48-wk treatment. Note: Data are expressed as number of patients or median (range); ND: Not
done; SVR: Sustained virologic response; HCV: Hepatitis C virus; Peg-IFN: Pegylated interferon; RBV: Ribavirin.

areas where DAAs are not available, Peg-IFNα/RBV
combination therapy is still the standard of care for
HCV G2 patients. Therefore, IFNL3 SNPs still have
[10-13]
prognostic value in such settings
.
In a previous study from Japan, IFNL3 SNPs were
found to be an independent predictive factor for SVR
(but not RVR) in patients infected with HCV subtype
[11]
G2b, but not G2a . However, the study analysis
included both RVR patients and non-RVR patients
in whom the treatment duration was limited to 24
wk and not extended to 36 or 48 wk. Another study
conducted in the United States showed that the IFNL3
rs12979860 genotype was associated with SVR to
24-wk Peg-IFNα/RBV combination therapy in HCV-2/3
[12]
patients who did not achieve RVR . Our findings
were in partial concordance with these results; the
IFNL3 SNP significantly influenced the achievement
of SVR in patients who did not attain RVR, but did
not affect SVR in RVR patients. Therefore, IFNL3 SNP
genotyping is valuable for predicting SVR only in nonRVR patients, irrespective of G2 subtype, even if Peg-
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IFNα/RBV combination therapy is extended to 36 or 48
wk. Conversely, neither IFNL3 SNPs nor G2 subtypes
are associated with SVR in RVR patients. However, the
relatively small number of patients in our study may
limit the conclusions that can be drawn, and these
results should be verified in a larger study cohort.
The SVR rate for HCV G2 patients in our study was
[17,18]
similar to those reported in previous studies
. As
the SVR rate was very high (96.4%) in patients who
achieved RVR and were treated with standard 24-wk
Peg-IFNα/RBV combination therapy, the treatment
period of 24 wk is sufficient and could be abbreviated
without reducing the SVR rate. Conversely, the SVR
rates following 24-wk Peg-IFNα/RBV combination
therapy were reported to be fairly low in non-RVR
[6,19]
patients
, and response-guided extension to
36 or 48 wk has been used to improve treatment
[5,6,20]
[6]
efficacy
. However, our previous study and
the present study reveal that there are no distinct
differences in the SVR rates of non-RVR patients who
receive either 36 or 48 wk of therapy, and that the
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Innovations and breakthroughs

SVR rate is significantly lower in non-RVR patients
(treated for 36 wk or 48 wk) than in RVR patients
(treated for 24 wk). These findings suggest that there
are limitations to prolonged treatment duration in nonRVR patients. Specifically, this study highlights the low
SVR rates in non-RVR patients with unfavorable IFNL3
genotypes.
In the near future, DAA-based combination therapy
will be used worldwide as the first-line therapy for
treating chronic HCV G2 infection because extremely
high SVR rates can be attained with shorter treatment
[21-23]
durations and without distinctive side effects
.
In many countries/areas, however, Peg-IFNα/RBV
combination therapy will still be the standard of care
before DAAs are approved and available. Until then,
response-guided therapy based on RVR to Peg-IFNα/
RBV combination therapy is useful in yielding high
SVR rates for RVR patients and reducing economic
and physical burdens by prematurely discontinuing
unnecessary treatment for non-RVR patients. Alter
natively, to make a decision to continue treatment in
non-RVR patients, IFNL3 genotyping may be valuable in
predicting the probability of achieving SVR.
In conclusion, neither the IFNL3 SNP genotype nor
the G2 subtype influenced the probability of achieving
SVR in RVR patients treated with response-guided
Peg-IFNα/RBV combination therapy. However, the SVR
rate in non-RVR patients was higher in those with the
IFNL3 TT genotype compared to those with the non-TT
genotype, irrespective of G2 subtype, even if therapy
was extended to 36 or 48 wk, indicating that the IFNL3
SNP has a significant impact only on the achievement
of SVR in non-RVR patients.

This work aims at emphasizing the role of IFNL3 SNPs in HCV G2 patients
who received Peg-IFNα/RBV combination therapy. In non-RVR patients, the
evaluation of the IFNL3 SNPs still holds significance to establish the therapeutic
schedule.

Applications

In patients with IFNL3 non-TT genotypes and non-RVR, clinicians should not
extend treatment with combination therapy. The relevance of this approach is
cost-effective at the time of DAA therapy.

Terminology

IFNL3, located 8 kb upstream of the interleukin-28B gene, is a cytokine that
plays a role in HCV clearance.

Peer-review

The authors describe associations of IFNL3 genotypes with Peg-IFNα/RBV
treatment outcome in HCV G2 patients who do not achieve RVR. The data are
interesting, in that a role for IFNL3 genotype in treatment outcome for HCV
G2 patients is demonstrated only in patients not achieving RVR. These data
contribute to the IFNL3 literature and thus merit reporting.
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Abstract
AIM: To evaluate the predictors of 10-year survival of
patients with hepatitis C recurrence.
METHODS: Data from 358 patients transplanted
between 1989 and 2010 in two Italian transplant
centers and with evidence of hepatitis C recurrence
2
were analyzed. A χ , Fisher’s exact test and Kruskal
Wallis’ test were used for categorical and continuous
variables, respectively. Survival analysis was performed
at 10 years after transplant using the Kaplan-Meier
method, and a log-rank test was used to compare
groups. A p level less than 0.05 was considered
significant for all tests. Multivariate analysis of the
predictive role of different variables on 10-year survival
was performed by a stepwise Cox logistic regression.
RESULTS: The ten-year survival of the entire popu
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lation was 61.2%. Five groups of patients were
identified according to the virological response or lack
of a response to antiviral treatment and, among those
who were not treated, according to the clinical status
(mild hepatitis C recurrence, “too sick to be treated”
and patients with comorbidities contraindicating the
treatment). While the 10-year survival of treated
and untreated patients was not different (59.1% vs
64.7%, p = 0.192), patients with a sustained virological
response had a higher 10-year survival rate than both
the “non-responders” (84.7% vs 39.8%, p < 0.0001)
and too sick to be treated (84.7% vs 0%, p < 0.0001).
Sustained virological responders had a survival rate
comparable to patients untreated with mild recurrence
(84.7% vs 89.3%). A sustained virological response
and young donor age were independent predictors of
10-year survival.

liver transplantation (LT) in Europe and in the United
[1]
States . The lack of an effective prophylaxis makes
the recurrence of the graft virtually universal and
chronic hepatitis is found at liver biopsy in the vast
[2]
majority of cases within one year after LT . Recurrent
liver disease is much more aggressive after a LT with
respect to the pre-LT period, as progression to cirrhosis
[2-4]
at 5 years occurs in 10%-50% of the recipients . The
efficacy of antiviral therapy with interferon-α (IFN-α),
either pegylated (Peg) or not, and ribavirin (RBV)
is lower in comparison to non-transplant patients.
Moreover, significant concerns remain about potential
serious adverse events in the post-LT period, including
[5,6]
the risk of rejection . Notably, indications for antiviral
therapy have changed over the years. In the past,
when only non-pegylated interferon was available
and the data regarding its efficacy were very limited,
antiviral therapy was started when there was evidence
of disease progression (increasing fibrosis) at repeated
[7]
liver biopsies . More recently, after the introduction
of pegylated interferon, antiviral therapy was initiated
at an earlier stage, when active hepatitis was found
[7]
at first year liver biopsy . Although widely accepted
guidelines for antiviral therapy in a LT setting do not
[6]
exist , in every day practice, the vast majority of
patients with HCV-recurrence experience at least one
attempt of antiviral therapy. This purposeful approach
is likely to become increasingly adopted by currently
practicing clinicians according to the availability of
shorter and better tolerated antiviral regimens.
By transposing the clinical end points of the
antiviral treatment in the immunocompetent patient,
[8-10]
published studies
have focused their attention on
the identification of predictors of a virological response
in the post-LT phase. However, very interesting
[7,11-16]
studies
attempted to go deeper into the problem
and to understand whether antiviral treatment could
really change the long-term survival of recipients
[14]
with HCV-recurrence. In particular, Bizollon et al
[15]
and Picciotto et al
reported the positive role of a
sustained virological response (SVR) achievement in
[16]
the post-LT period while Veldt et al
demonstrated
that antiviral treatment itself was able to improve
overall graft survival of treated patients in respect to
the untreated.
In this complex context, direct acting antivirals
(DAAs) represent a new era in HCV infection consi
dering the excellent virological response rates. Triple
regimens including PegIFN/RBV combined with first
generation NS3/4A protease inhibitors (PIs) boceprevir
(BOC) and telaprevir (TVR) were proposed, with an
increased virological response rate but also with a high
rate of adverse events. The second and third wave
DAAs comprise new NS3/4A PIs, NS5A inhibitors,
and nucleotide and non-nucleotide NS5B polymerase[17]
inhibitors . Among the latter, studies on the treatment
[18,19]
of HCV recurrence are producing excellent results
.
Nevertheless, the broad availability of these potent

CONCLUSION: Sustained virological response signi
ficantly increased long-term survival. Awaiting the
interferon-free regimen global availability, antiviral
treatment might be questionable in selected subjects
with mild hepatitis C recurrence.
Key words: Hepatitis C; Liver transplantation; hepatitis
C virus recurrence; Antiviral treatment; Ten-year
survival
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The recurrence of hepatitis C virus (HCV)
infection after liver transplantation is still a great clinical
challenge. Currently, the treatment opportunities
are growing with the development of new antivirals;
however, in several countries, their availability will not
be immediate. The decision to start treatment for HCV
recurrence might be difficult in some cases, and the
data on the long-term impact are extremely useful in
this setting. This study reports the results of 10-year
survival analysis on an Italian cohort of liver transplant
cases focusing on the differences in outcomes, not only
between the treated and not-treated subjects but also
in specific subgroups of patients with mild recurrence
and those considered too sick to be treated.
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INTRODUCTION
End stage liver disease (ESLD) due to hepatitis C
virus (HCV) infection is the leading indication for
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database.
Full descriptive statistical analysis was carried out
on all evaluated parameters. Data are expressed as
the mean ± SD or as median and range, where more
appropriate and as indicated. Confidence intervals (CI)
are presented whenever appropriate. The significance
of differences between variables was calculated with
2
nonparametric tests. A χ /Fisher’s exact test was used
for categorical variables. A Kruskal Wallis’ test was
used for continuous variables.
Survival analysis was performed at 10 years after
LT using the Kaplan-Meier method, and a log-rank test
was used to compare groups. A p level less than 0.05
was considered significant for all tests. Multivariate
analysis of the predictive role of different variables
on 10-year survival was performed by stepwise Cox
logistic regression (variables were entered if p <
®
0.1 and were removed if p > 0.05). SPSS software
version 17.0 (MJ Norusis, Chicago, United States) was
used to perform all statistics.

Table 1 Study population characteristics n (%)
n
Gender (M/F)
Age at LT (yr, mean ± SD)
Donor age (yr, mean ± SD)
HCV Genotype
1
2
3
4
Immunosuppression
Cyclosporine
Tacrolimus
Other regimens
Antiviral therapy after LT
Treated
Untreated

358
281 (78.5)/77 (21.5)
52 ± 9
53 ± 17
212 (59.2)
48 (13.4)
57 (15.9)
41 (11.5)
269 (75.1)
83 (23.2)
6 (1.7)
150 (41.9)
208 (58.1)

HCV: Hepatitis C virus; LT: Liver transplantation.

antiviral agents will raise important cost issues,
especially, but not only, in developing countries. Thus,
the careful identification of predictive factors of longterm overall efficacy is currently required.
In this study, we analyzed the clinical records of
transplanted patients with HCV-recurrence followed
up by two major Italian Tertiary Hospitals. The aim of
this study was to evaluate the determinants of 10-year
survival for patients with HCV recurrence and the
differences between treated and untreated patients.

RESULTS
The 10-year cumulative survival of all patients
included in the study was 61.2% (Figure 1A). In the
post-LT period, 150 patients (41.9%) were treated
with antiviral therapy while 208 were not. Treated
and untreated patients had a similar mean age
(52 ± 8 years vs 52 ± 9 years, p = NS) and were
also comparable for gender, donor age and viral
genotype. Regarding the type of immunosuppression,
cyclosporine was administered more frequently among
untreated patients (Table 2).
Sixty-three of 150 treated patients (42%) achieved
a SVR.
NR patients had to reduce more frequently the
dosage of antiviral therapy in comparison to patients
achieving a SVR (72.4% vs 38.1%), neutron/
thrombocytopenia being the main cause of a decrease
in both the NR and SVR groups (74.6% vs 83.3%,
respectively).
In the intention to treat analysis, the 10-year
cumulative survival of treated and untreated patients
was not significantly different (59.1% vs 64.7%, p
= 0.192; Figure 1B). However, when analyzing the
survival functions (Figure 1B), it can be noticed that
curves were somehow irregular, especially those
representing the survival of untreated patients.
This latter curve clearly shows a rapid slope in its
first section because some patients were deceased
quite early after LT. Indeed, we stratified the study
population according to the type of response to
antiviral therapy (SVR vs NR) and, for patients who
were not treated, according to their clinical status.
Thus, we identified 5 different groups of patients:
Group A: patients receiving antiviral therapy who
achieved a SVR (n = 63); Group B: patients receiving
antiviral therapy who were NR (n = 87); Group C:
patients untreated with mild recurrence (n = 73);

MATERIALS AND METHODS
The study population comprised 358 LT patients with
established HCV-recurrence followed at the Hepatology
Outpatient Clinic of Semeiotica Medica Unit, S. OrsolaMalpighi Hospital, University of Bologna, Italy and at
the Department of Hepatology and Gastroenterology,
Niguarda Hospital, Milan, Italy.
Patients were transplanted between January 1989
and December 2010, and most (73.5%) were at the
Liver Transplant Centre in Milan. Study population
characteristics are shown in Table 1.
HCV-recurrence after LT was defined in all cases
by the positivity (> 50 IU/ml) of serum HCV-RNA and
histological evidence of hepatitis at liver biopsy. Liver
biopsies were evaluated by experienced pathologists
[20]
using Ishak’s scoring system .
For patients who underwent antiviral therapy,
treatment consisted of IFN-α (either Peg- or not) in
association with RBV in all cases with an intended
duration of 48 wk of treatment. The type of virological
response to treatment was established as a SVR or
non-response (NR). SVR was defined as undetectable
serum HCV-RNA 24 wk after discontinuation of
treatment. The NR group included all non-SVR patients.

Statistical analysis

All sample data were encoded by a physician trained
in statistics and data were included in a dedicated
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Figure 1 Kaplan-Meyer survival analysis of the entire population (A) and the treated and untreated patients (B).

100

Table 2 Characteristics of treated and untreated patients n (%)
Untreated

χ 2/Mann Whitney-U

150
120/30
52 ± 8

208
161/47
52 ± 9

P = NS
P = NS

53 ± 17

53 ± 17

P = NS

80
Cumulative survival (%)

n
Gender (M/F)
Age at LT
(yr, mean ± SD)
Donor age
(yr, mean ± SD)
HCV genotype
1
2
3
4
Immunosuppression
Cyclosporine
Tacrolimus
Other regimens

Treated

P = NS
97 (64.7)
16 (10.7)
25 (16.6)
12 (8.0)

115 (55.3)
35 (16.8)
35 (16.8)
23 (11.1)

102 (68.0)
46 (30.7)
2 (1.3)

165 (79.3)
39 (18.8)
4 (1.9)

60

40

Group B (n = 87)
20

P = 0.011

Group C (n = 73)
Group D (n = 35)
Group E (n = 100)

0
0

12

24

36

48

  60

  72

84

96

108 120

t /mo
At risk

HCV: Hepatitis C virus; NS: Not significant.

Group D: patients too sick to be treated (n = 35);
Group E: patients with clinically relevant comorbidities
that contraindicated antiviral therapy (n = 100).
Patients were considered to have a mild recurrence
(group C) in the case of a mild transaminase increase
(alanine amino transferase < 3x the upper normal
limit) and mild fibrosis (Ishak stage < 3) at the first
post-LT liver biopsy performed within three years after
LT. By definition, these subjects did not show graft
malfunction or early complications after LT.
Patients were included in the too sick to be treated
group when they were not suitable for antiviral
treatment because of graft malfunction and/or early
complications after LT.
Patients achieving a SVR showed the best survival
time (mean 73 ± 35 mo, median 70, range: 13-120
mo), followed by subjects with mild recurrence (mean:
71 ± 37 mo, median 64, range: 7-120 mo), patients
who were NR (mean 57 ± 34 mo, median 52, range:
4-120 mo), patients not treated for comorbidities

WJG|www.wjgnet.com

Group A (n = 63)
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Figure 2 Kaplan-Meyer survival analysis by groups. Group A: patients
receiving antiviral therapy who achieved a SVR; Group B: patients receiving
antiviral therapy who were NR; Group C: patients untreated with mild
recurrence; Group D: patients too sick to be treated; Group E: patients with
clinically relevant comorbidities that contraindicated antiviral therapy. SVR:
Sustained virological response; NR: Non-response.

(mean 48 ± 32 mo, median 36, range: 4-120 mo)
and finally, as expected, patients too sick to be treated
(mean 4 ± 3 mo, median 2, range: 0-11 mo).
The survival curves of the five groups are reported
in Figure 2. Patients who achieved a SVR (group A)
had a significantly higher 10-year survival than the
NR group (group B; 84.7% vs 39.8%, respectively, p
< 0.0001). Conversely, SVR patients (group A) had
a 10-year survival rate comparable to that observed

3915

April 7, 2015|Volume 21|Issue 13|

Gitto S et al . HCV recurrence after liver transplantation
Table 3 Characteristics of patients divided by groups
Group
n
Gender (M/F)
Age at LT (yr, mean ± SD)
Donor age (yr, mean ± SD)
HCV genotype
1
2
3
4
Immunosuppression
Cyclosporine
Tacrolimus
Other regimens
Time between treatment start and LT
[mo, median (min-max)]
Treatment Length [mo, median (min-max)]

χ 2/Kruskall Wallis

A

B

C

D

E

SVR

NR

Mild recurrence

Too sick

Comorbidity

63
47/16
52 ± 8
49 ± 17

87
73/14
52 ± 9
56 ± 15

73
63/10
53 ± 8
48 ± 17

35
20/15
52 ± 9
59 ± 15

100
78/22
51 ± 9
55 ± 17

37
7
9
8
48
14
1

60
6
13
5
55
31
1

45
9
6
7
54
16
3

16
3
5
1
24
10
1

44
13
14
10
83
13
4

20 (1-148)

16 (1-117)

P = NS

11 (1-61)

6 (1-63)

P = 0.010

P = 0.007
P = NS
P = 0.001
P = NS

P = NS

SVR: Sustained virological response; NR: Non-response; HCV: Hepatitis C virus; NS: Not significant; LT: Liver transplantation.

Table 4 Causes of death
Group
n
No. of deaths at 10 yr after LT, n (%)
Liver related, n (%)
HCV recurrence
HCC
Primary non function
Other liver-related
Non liver-related, n (%)
Cardiac
Renal
Cancer
Infection
Vascular
Other comorbidity

A

B

C

D

E

SVR

NR

Mild recurrence

Too sick

Comorbidity

63
7 (11.1)
2 (28.6)
1
1
0
0
5 (71.4)
1
0
0
0
0
4

87
35 (40.2)
22 (62.9)
17
4
0
1
13 (37.1)
0
2
1
6
0
4

73
6 (8.2)
3 (50)
2
1
0
0
3 (50)
0
0
0
1
1
1

35
35 (100)
11 (31.4)
3
1
6
1
24 (68.6)
0
0
3
10
0
11

100
20 (20)
10 (50)
1
8
0
1
10 (50)
0
0
6
3
0
1

SVR: Sustained virological response; HCC: Hepatocellular carcinoma; NR: Non-response; LT: Liver transplantation.

in untreated patients with mild recurrence (group
C; 84.7% vs 89.3%, respectively, p = 0.639). As
expected, patients with the worst prognosis were
those included in group D (too sick to be treated).
The most relevant clinical features of the five
proposed groups are reported in Table 3.
The groups were comparable for mean age at
the time of LT and HCV-genotype. Patients who
obtained a SVR (group A) and those who were not
treated because of mild recurrence (group C) had a
significantly younger donor age when compared to
patients who were not treated because they were too
sick (group D). In keeping with the available literature
showing that cyclosporine may favor a response to
[21]
anti-viral therapy , our patients achieving a SVR were
more frequently on cyclosporine (76.19%) than those
who did not achieve a SVR (63.21%) although there
was no statistically significant difference. As expected,
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our SVR patients (group A) were treated longer than
patients who were NR (group B).
Going deeper into the analysis of patients with
a mild recurrence (group C), we further identified
a subgroup of 44 patients with mild recurrence and
without any relevant comorbidity. Indeed, the results
in terms of 10-year survival of this subgroup were the
best among the considered groups (95.1%).

Causes of death

Main causes of death are reported in Table 4. Among
the 63 patients who achieved a SVR (group A), 7
(11.1%) died within 10 years after LT, but only 2
(28.6%) died because of a liver-related cause. Among
the 87 NR patients (group B), 35 (40.2%) died within
10 years after LT and, notably, 22 (62.9%) for a liverrelated cause, which was mainly HCV-recurrence
(17/22, 77.3%). Of the 73 patients with a mild
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recurrence (group C), only 6 (8.2%) died within 10
years after LT, but only 3 (50.0%) for liver-related
reasons, with 2 of these 3 (66.7%) dying because of
HCV-recurrence. All 35 patients who were not treated
because they were too sick to be treated (group D)
died within 1 year after LT, with the main causes not
being liver-related (24/35, 68.6%) and but linked to
infections (10/24, 41.7%). Finally, of the 100 patients
with relevant comorbidities (group E), 20 (20%) died
within 10 years after LT, with half dying because of
liver-related causes (10/20, 50%), mainly because of
hepatocellular carcinoma recurrence (8/10, 80%).

untreated patients, which has never been thoroughly
investigated.
Our data indicate that the treatment itself was
not associated with a better long-term outcome. In
fact, we showed that treated and untreated patients
had a comparable 10-year survival rate. However, the
untreated group comprised a very inhomogeneous
population. In particular, the reason for the choice
not to start antiviral therapy could also be related to
conditions different from a mild disease all having
a distinct impact on survival, such as a too severe
hepatic condition, a comorbidity (of varying severity)
or the lack of compliance.
It should be acknowledged that the design of the
[7]
study from Berenguer et al was more appropriate
as the results emerged from the comparison with a
population of matched controls. Indeed, we analyzed
a heterogeneous group of untreated patients, which
comprised three different subgroups: (1) patients
with mild HCV recurrence; (2) patients too sick to
be treated; and (3) patients with comorbidities.
Interestingly, untreated patients with mild HCV
recurrence showed a 10-year survival rate that was
comparable to treated patients achieving a SVR (89.3%
vs 84.7%, respectively). Notably, patients included
in the mild recurrence subgroup had no clinically
relevant comorbidities nor graft malfunction and/or
complications after LT. In fact, these conditions a priori
can affect long-term survival.
Our data confirm that a SVR is an independent
predictor of 10-year survival as only two SVR patients
of 63 died of an HCV-related cause in the follow-up
period. Together with achieving a SVR, our study once
again confirms the impact of donor age on the severity
of HCV-recurrence, the response to antiviral therapy
and survival. In fact, it has been largely reported that
older donor age negatively affects the progression of
[23-27]
fibrosis in transplanted patients
.
Regarding the treatment of HCV recurrence, it
is important to consider the oncoming availability
of DAAs. Currently, several reports on first wave
PI treatment in the post-LT period are available.
Recent studies reporting data on the efficacy and
[28,29]
safety of BOC/TVR and PegIFN/RBV
showed
encouraging efficacy results but also a complex side
effects profile including infections, hematological and
dermatological toxicity, renal failure, diabetes, drugdrug interactions with immunosuppressants and
severe forms of plasma-cell hepatitis with occasional
[28-32]
fatal outcomes
. The data on triple BOC/TVR based
regimens are of great importance considering that
the second/third wave DAA cost issue will continue
to produce controversy for a certain amount of time
in the future. Sofosbuvir, a pan-genotypic inhibitor
of polymerase activity, is reported to have a good
virological outcome and favorable safety profile when
[33]
[18,19,34]
associated with Daclatasvir
or PegIFN ± RBV
,
and also in the treatment of severe HCV recurrence.

Multivariate analysis

All the following variables were tested in a univariate
analysis: gender, HCV genotype (1 and 4 vs others),
type of immunosuppression (cyclosporine vs
tacrolimus), donor age (< 53 years vs ≥ 53 years),
recipient age (< 52 years vs ≥ 52 years), treatment
vs no-treatment and SVR vs NR. The cut-off values
of 53 years and 52 years were chosen as the means
of both donor and recipient ages, respectively. Only
having a SVR and a younger donor age showed a
prognostic value (p < 0.1) in the univariate analysis.
In the multivariate analysis, a SVR and donor age <
53 years were confirmed to be independent predictors
of 10-year survival (OR = 4.05, 95%CI: 1.81-9.05, p
= 0.001 and OR = 3.05, 95%CI: 1.47-6.30, p = 0.001,
respectively).

DISCUSSION
Because LT is agreed to be a life-saving therapy for
end-stage liver disease, HCV has become one of its
leading indications. Re-infection of the graft is virtually
universal and HCV recurrence after LT is a “new
disease” whose clinical, virological and immunological
characteristics are determined by complex, and almost
unknown, interactions between patient, graft and the
virus. However, it is well known that fibrosis progression
is accelerated in HCV recurrence compared with
the pre-LT period and a small proportion of patients
(approximately 5%) show a fast and aggressive
[22]
disease after LT . In this context, it can be very
complex to decide whether and when it is appropriate
to treat the HCV recurrence.
[7]
Berenguer et al compared 89 treated patients
with 75 matched untreated controls and, among the
treated cases, patients who achieved a SVR with
subjects who did not. The authors first demonstrated
that all the main measures of outcome (mortality,
development of cirrhosis and decompensation) were
worse for untreated patients compared to patients
who were treated and for NR compared to SVR.
Our study confirms the findings of Berenguer et
[7]
al regarding the positive role of SVR. Moreover, it
offers an additional analysis focused on the long-term
outcome of the broad and heterogeneous population of

WJG|www.wjgnet.com

3917

April 7, 2015|Volume 21|Issue 13|

Gitto S et al . HCV recurrence after liver transplantation
The main limitation of our study is the retrospective
design. Nonetheless, this approach is a feasible one
to analyze the long-term outcomes of transplanted
patients. The most important issue emerging from
our data is that the antiviral treatment should be
undertaken in patients with moderate-severe disease
because of the high risk of progression to recurrent
cirrhosis, decompensation and death in the time of a
[2,3]
few years . Evidence has emerged from our study
and many others that clearly indicate that achievement
of a SVR may avoid this unfortunate course. On
the other hand, our data suggest that patients with
mild HCV recurrence have a very favorable longterm outcome even if untreated. Interestingly, a
prospective randomized trial conducted in Italy con
firms, at least partially, the observations emerging
[35]
from our retrospective cohort . Notably, it appears
mandatory to have, in the first three years after LT, a
correct histological classification for patients with HCV
recurrence.
Our results can be useful in the complex decisionmaking process regarding whether and when to
start antiviral treatment in LT recipients with HCV
recurrence. This is even more important today with
the availability of new DAAs, whose inappropriate use
can dramatically increase costs, adverse event rates,
drug-drug interactions and the risk of a virological
resistance outbreak. Finally, the results from our cohort
reveal that a certain rate of mortality in post-LT HCV
recurrence concerns patients with comorbidities that
are often considered as contraindications to antiviral
treatment. Along with the availability of antiviral agents
with a low-toxicity profile, the limitations related to
the patients’ eligibility for the treatment are expected
to be reassessed. Furthermore, according to recent
compassionate program derived results, the antiviral
treatment will become increasingly applicable in the so
[18]
called too sick to be treated population . However,
in those cases in whom a severe HCV recurrence
is diagnosed, due to the latter’s rapidly progressive
nature, the treatment should be started as soon as
possible.
Thus, more information from predictive analyses
are necessary at this moment because data focused
on the long-term effectiveness of antiviral therapy
would help with a more feasible guidelines conception,
correct clinical approach and rational cost-effectiveness
treatment management in the LT population.
In conclusion, awaiting the consolidation of new
interferon-free regimens, we suggest that, in carefully
selected patients with predictors of long-term favorable
outcomes, antiviral treatment might be delayed. Most
likely, the development of interferon-free regimens will
completely change the approach to HCV in both preand post-LT settings. Nevertheless, studies focusing
on the mechanisms and factors leading to a mild HCV
recurrence will still be extremely useful.
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Background

End stage liver disease due to hepatitis C is a leading indication for liver
transplantation, however, infection recurrence is virtually universal. Accepted
guidelines on the best timing for starting antiviral treatment do not exist.
New direct antivirals represent a new era in hepatitis C virus (HCV) infection
considering both the excellent virological response rates and the problems
related to side effects and costs. In this complex context, the correct
identification of predictive factors of long-term overall efficacy is required.

Research frontiers

It has already been demonstrated that to treat LT patients with hepatitis C
recurrence with antiviral therapy leads to a better survival rate, decreasing
the probability to develop cirrhosis and decompensation. Moreover, among
treated patients, a sustained virological response (SVR) is a strong predictor of
a good outcome. On the other hand, among the positive predictors of survival
in transplanted subjects, young donor age is certainly the most consolidated
predictor. Few data are available on predictors of long-term survival and
outcomes of untreated patients.

Innovations and breakthroughs

This study firstly included a large number of patients evaluated with a ten-year
analysis. In addition, this study did not only consider treated patients but also
analyzed the outcomes of subjects who, for different reasons, did not receive
antiviral therapy.

Applications

The most important conclusion emerging from our results is that antiviral
treatment should be given to patients with moderate or severe recurrence
because of the high risk of progression to recurrent cirrhosis, decompensation
and death in a few years. Authors’ data also showed that patients with mild
recurrence have a good long-term outcome even if untreated. These results
may be helpful in the decision-making process regarding whether and when to
start antiviral therapy.

Terminology

Hepatitis C recurrence after liver transplantation was defined by positivity of
serum HCV-RNA (> 50 IU/ml) and histological evidence of hepatitis at liver
biopsy. A SVR was defined as undetectable serum HCV-RNA 24 wk after
discontinuation of antiviral treatment.

Peer-review

The paper is interesting and has a surprising result. To identify a transplanted
patient group who will fare even better without treatment than those with a
sustained virological response is an important finding and helps to sharpen the
discussion about treatment resources with the advent of efficient but expensive
direct-acting antivirals.

REFERENCES
1

2

3

4

5

3918

Watt K, Veldt B, Charlton M. A practical guide to the management
of HCV infection following liver transplantation. Am J
Transplant 2009; 9: 1707-1713 [PMID: 19538491 DOI: 10.1111/
j.1600-6143.2009.02702.x]
Gane EJ, Portmann BC, Naoumov NV, Smith HM, Underhill
JA, Donaldson PT, Maertens G, Williams R. Long-term outcome
of hepatitis C infection after liver transplantation. N Engl J
Med 1996; 334: 815-820 [PMID: 8596547 DOI: 10.1056/
NEJM199603283341302]
Berenguer M, Ferrell L, Watson J, Prieto M, Kim M, Rayón M,
Córdoba J, Herola A, Ascher N, Mir J, Berenguer J, Wright TL.
HCV-related fibrosis progression following liver transplantation:
increase in recent years. J Hepatol 2000; 32: 673-684 [PMID:
10782918 DOI: 10.1016/S0168-8278(00)80231-7]
Guillouche P, Féray C. Systematic review: anti-viral therapy of
recurrent hepatitis C after liver transplantation. Aliment Pharmacol
Ther 2011; 33: 163-174 [PMID: 21083593 DOI: 10.1111/
j.1365-2036.2010.04505.x]
Mukherjee S, Sorrell MF. Controversies in liver transplantation
for hepatitis C. Gastroenterology 2008; 134: 1777-1788 [PMID:

April 7, 2015|Volume 21|Issue 13|

Gitto S et al . HCV recurrence after liver transplantation

6

7

8

9

10

11

12

13

14

15

16

17

18

18471554 DOI: 10.1053/j.gastro.2008.02.035]
Gurusamy KS, Tsochatzis E, Xirouchakis E, Burroughs AK,
Davidson BR. Antiviral therapy for recurrent liver graft infection with
hepatitis C virus. Cochrane Database Syst Rev 2010; (1): CD006803
[PMID: 20091608 DOI: 10.1002/14651858.CD006803.pub3]
Berenguer M, Palau A, Aguilera V, Rayón JM, Juan FS, Prieto M.
Clinical benefits of antiviral therapy in patients with recurrent hepatitis
C following liver transplantation. Am J Transplant 2008; 8: 679-687
[PMID: 18294165 DOI: 10.1111/j.1600-6143.2007.02126.x]
Angelico M, Petrolati A, Lionetti R, Lenci I, Burra P, Donato
MF, Merli M, Strazzabosco M, Tisone G. A randomized study
on Peg-interferon alfa-2a with or without ribavirin in liver
transplant recipients with recurrent hepatitis C. J Hepatol 2007; 46:
1009-1017 [PMID: 17328985 DOI: 10.1016/j.jhep.2006.12.017]
Chalasani N, Manzarbeitia C, Ferenci P, Vogel W, Fontana RJ,
Voigt M, Riely C, Martin P, Teperman L, Jiao J, Lopez-Talavera
JC. Peginterferon alfa-2a for hepatitis C after liver transplantation:
two randomized, controlled trials. Hepatology 2005; 41: 289-298
[PMID: 15660392 DOI: 10.1002/hep.20560]
Cescon M, Grazi GL, Cucchetti A, Vetrone G, Ravaioli M,
Ercolani G, Morelli MC, Piscaglia F, Tamè M, Pinna AD.
Predictors of sustained virological response after antiviral
treatment for hepatitis C recurrence following liver transplantation.
Liver Transpl 2009; 15: 782-789 [PMID: 19562715 DOI: 10.1002/
lt.21760]
Carrión JA, Navasa M, García-Retortillo M, García-Pagan JC,
Crespo G, Bruguera M, Bosch J, Forns X. Efficacy of antiviral
therapy on hepatitis C recurrence after liver transplantation:
a randomized controlled study. Gastroenterology 2007; 132:
1746-1756 [PMID: 17484872 DOI: 10.1053/j.gastro.2007.03.041]
Roche B, Sebagh M, Canfora ML, Antonini T, Roque-Afonso
AM, Delvart V, Saliba F, Duclos-Vallee JC, Castaing D, Samuel
D. Hepatitis C virus therapy in liver transplant recipients: response
predictors, effect on fibrosis progression, and importance of the
initial stage of fibrosis. Liver Transpl 2008; 14: 1766-1777 [PMID:
19025933 DOI: 10.1002/lt.21635]
Belli LS, Burroughs AK, Burra P, Alberti AB, Samonakis D, Cammà
C, De Carlis L, Minola E, Quaglia A, Zavaglia C, Vangeli M, Patch
D, Dhillon A, Cillo U, Guido M, Fagiuoli S, Giacomoni A, Slim
OA, Airoldi A, Boninsegna S, Davidson BR, Rolles K, Pinzello G.
Liver transplantation for HCV cirrhosis: improved survival in recent
years and increased severity of recurrent disease in female recipients:
results of a long term retrospective study. Liver Transpl 2007; 13:
733-740 [PMID: 17370330 DOI: 10.1002/lt.21093]
Bizollon T, Pradat P, Mabrut JY, Chevallier M, Adham M,
Radenne S, Souquet JC, Ducerf C, Baulieux J, Zoulim F, Trepo C.
Benefit of sustained virological response to combination therapy
on graft survival of liver transplanted patients with recurrent
chronic hepatitis C. Am J Transplant 2005; 5: 1909-1913 [PMID:
15996238 DOI: 10.1111/j.1600-6143.2005.00976.x]
Picciotto FP, Tritto G, Lanza AG, Addario L, De Luca M, Di
Costanzo GG, Lampasi F, Tartaglione MT, Marsilia GM, Calise
F, Cuomo O, Ascione A. Sustained virological response to
antiviral therapy reduces mortality in HCV reinfection after liver
transplantation. J Hepatol 2007; 46: 459-465 [PMID: 17196700
DOI: 10.1016/j.jhep.2006.10.017]
Veldt BJ, Poterucha JJ, Watt KD, Wiesner RH, Hay JE, Kremers
WK, Rosen CB, Heimbach JK, Charlton MR. Impact of pegylated
interferon and ribavirin treatment on graft survival in liver
transplant patients with recurrent hepatitis C infection. Am J
Transplant 2008; 8: 2426-2433 [PMID: 18727694 DOI: 10.1111/
j.1600-6143.2008.02362.x]
Schinazi R, Halfon P, Marcellin P, Asselah T. HCV direct-acting
antiviral agents: the best interferon-free combinations. Liver
Int 2014; 34 Suppl 1: 69-78 [PMID: 24373081 DOI: 10.1111/
liv.12423]
Afdhal N, Everson G, Calleja JL, McCaughan G, Symonds
WT, Denning J, McHutchinson JG, Arterbum S, Charlton M,
Reddy R, Asselah T, Gane E, Forns X. Sofosbuvir and ribavirin
for the treatment of chronic HCV with cirrhosis and portal

WJG|www.wjgnet.com

19

20

21

22
23
24

25

26

27
28

29

30

31

32

33

3919

hypertension with and without decompensation: early virologic
response and safety. J Hepatol 2014; 60: S28 [DOI: 10.1016/
S0168-8278(14)60070-2]
Samuel D, Charlton M, Gane E, Brown R, Curry M, Kwo P,
Fontana R, Gilroy R, Teperman L, Muir AJ, McHutchison JG,
Symonds WT, Denning J, McNair L, Arterburn S, Terrault N, Forns
X, Manns M. P1232 Sofosbuvir and ribavirin for the treatment of
recurrent hepatitis c infection after liver transplantation: results of
a prospective, multicenter study. J Hepatol 2014; 60: S499 [DOI:
10.1016/S0168-8278(14)61392-1]
Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F,
Denk H, Desmet V, Korb G, MacSween RN. Histological grading
and staging of chronic hepatitis. J Hepatol 1995; 22: 696-699
[PMID: 7560864 DOI: 10.1016/0168-8278(95)80226-6]
Rendina M, Castellaneta NM, Fagiuoli S, Ponziani F, Vigano R,
Iemmolo RM, Donato MF, Toniutto PL, Pasulo L, Morelli MC,
Burra P, Miglioresi L, Giannelli V, Di Paolo D, Di Leo A. Acute
and chronic rejection during interferon therapy in HCV recurrent
transplant patients: results from AISF-RECOLT-C group. J Hepatol
2011; 54: S230 [DOI: 10.1016/S0168-8278(11)60565-5]
Crespo G, Mariño Z, Navasa M, Forns X. Viral hepatitis in liver
transplantation. Gastroenterology 2012; 142: 1373-1383.e1 [PMID:
22537446 DOI: 10.1053/j.gastro.2012.02.011]
Terrault NA, Berenguer M. Treating hepatitis C infection in liver
transplant recipients. Liver Transpl 2006; 12: 1192-1204 [PMID:
16868944 DOI: 10.1002/lt.20865]
Rayhill SC, Wu YM, Katz DA, Voigt MD, Labrecque DR,
Kirby PA, Mitros FA, Kalil RS, Miller RA, Stolpen AH, Schmidt
WN. Older donor livers show early severe histological activity,
fibrosis, and graft failure after liver transplantation for hepatitis
C. Transplantation 2007; 84: 331-339 [PMID: 17700157 DOI:
10.1097/01.tp.0000270313.31328.63]
Lake JR, Shorr JS, Steffen BJ, Chu AH, Gordon RD, Wiesner
RH. Differential effects of donor age in liver transplant recipients
infected with hepatitis B, hepatitis C and without viral hepatitis.
Am J Transplant 2005; 5: 549-557 [PMID: 15707410 DOI:
10.1111/j.1600-6143.2005.00741.x]
Aguilera V, Ponce M, Berenguer M, Moreno R, Rayón JM,
Sanjuán F, Prieto M, Mir J. [Old donors in liver transplantation for
chronic hepatitis C]. Rev Esp Enferm Dig 2007; 99: 581-587 [PMID:
18052661]
Alter HJ. HCV natural history: the retrospective and prospective
in perspective. J Hepatol 2005; 43: 550-552 [PMID: 16099527
DOI: 10.1016/j.jhep.2005.07.002]
Pungpapong S, Aqel BA, Koning L, Murphy JL, Henry TM,
Ryland KL, Yataco ML, Satyanarayana R, Rosser BG, Vargas HE,
Charlton MR, Keaveny AP. Multicenter experience using telaprevir
or boceprevir with peginterferon and ribavirin to treat hepatitis
C genotype 1 after liver transplantation. Liver Transpl 2013; 19:
690-700 [PMID: 23696372 DOI: 10.1002/lt.23669]
Coilly A, Roche B, Dumortier J, Leroy V, Botta-Fridlund D,
Radenne S, Pageaux GP, Si-Ahmed SN, Guillaud O, Antonini TM,
Haïm-Boukobza S, Roque-Afonso AM, Samuel D, Duclos-Vallée
JC. Safety and efficacy of protease inhibitors to treat hepatitis C
after liver transplantation: a multicenter experience. J Hepatol 2014;
60: 78-86 [PMID: 23994384 DOI: 10.1016/j.jhep.2013.08.018]
Tischer S, Fontana RJ. Drug-drug interactions with oral antiHCV agents and idiosyncratic hepatotoxicity in the liver transplant
setting. J Hepatol 2014; 60: 872-884 [PMID: 24280292 DOI:
10.1016/j.jhep.2013.11.013]
Ikegami T, Yoshizumi T, Shirabe K, Maehara Y. Frequent plasma
cell hepatitis during telaprevir-based triple therapy for hepatitis C
after liver transplantation. J Hepatol 2014; 60: 894-896 [PMID:
24316026 DOI: 10.1016/j.jhep.2013.10.037]
Coilly A, Sebagh M, Duclos-Vallée JC. Reply to: “Frequent plasma
cell hepatitis during telaprevir-based triple therapy for hepatitis C
after liver transplantation”. J Hepatol 2014; 60: 896-897 [PMID:
24316027 DOI: 10.1016/j.jhep.2013.11.032]
Fontana RJ, Hughes EA, Bifano M, Appelman H, Dimitrova D,
Hindes R, Symonds WT. Sofosbuvir and daclatasvir combination

April 7, 2015|Volume 21|Issue 13|

Gitto S et al . HCV recurrence after liver transplantation

34

therapy in a liver transplant recipient with severe recurrent
cholestatic hepatitis C. Am J Transplant 2013; 13: 1601-1605
[PMID: 23593993 DOI: 10.1111/ajt.12209]
Kim B, Trivedi A, Thung SN, Grewal P. Case report of successful
treatment of fibrosing cholestatic hepatitis C with sofosbuvir and
ribavirin after liver transplantation. Semin Liver Dis 2014; 34:
108-112 [PMID: 24782264 DOI: 10.1055/s-0034-1371084]

35

Belli LS, Volpes R, Graziadei I, Fagiuoli S, Starkel P, Burra P,
Alberti AB, Gridelli B, Vogel W, Pasulo L, De Martin E, Guido M,
De Carlis L, Lerut J, Cillo U, Burroughs AK, Pinzello G. Antiviral
therapy and fibrosis progression in patients with mild-moderate
hepatitis C recurrence after liver transplantation. A randomized
controlled study. Dig Liver Dis 2012; 44: 603-609 [PMID:
22424641 DOI: 10.1016/j.dld.2012.01.017]
P- Reviewer: Kanda T, Wong T, Wursthorn K S- Editor: Ma YJ
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

3920

April 7, 2015|Volume 21|Issue 13|

World J Gastroenterol 2015 April 7; 21(13): 3921-3927
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i13.3921

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL
??????????????
ARTICLE
Retrospective Cohort Study

Clinical and computed tomography findings of appendiceal
diverticulitis vs acute appendicitis
Daisuke Ito, Kenji Miki, Shimizu Seiichiro, Shojiro Hata, Kaoru Kobayashi, Masanori Teruya, Michio Kaminishi
our institution from January 2007 to September 2012.
Patient demographics, clinical features, pathological
findings, and surgical outcomes were analyzed. We
also compared preoperative CT images of 25 patients
with appendiceal diverticulitis with those of 25 patients
with acute appendicitis.

Daisuke Ito, Kenji Miki, Shojiro Hata, Kaoru Kobayashi,
Masanori Teruya, Michio Kaminishi, Department of Gastro
intestinal Surgery, Showa General Hospital, Tokyo 187-8510,
Japan
Shimizu Seiichiro, Department of Pathology, Showa General
Hospital, Tokyo 187-8510, Japan
Author contributions: Ito D, Miki K, Hata S and Kobayashi K
research concept and design, collection and assembly of data;
Seiichiro S collection and analysis of data; Teruya M critical
review of the manuscript; Kaminishi M final approval of the
manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Daisuke Ito, MD, Department of Gas
trointestinal Surgery, Showa General Hospital, 8-1-1 Hanakoganei,
Kodaira, Tokyo 187-8510, Japan. itoudaisuke5995@yahoo.co.jp
Telephone: +81-42-4620052
Fax: +81-42-4647912
Received: June 29, 2014
Peer-review started: June 30, 2014
First decision: July 21, 2014
Revised: September 11, 2014
Accepted: October 20, 2014
Article in press: October 21, 2014
Published online: April 7, 2015

RESULTS: Among 451 patients, 44 (9.7%) were
diagnosed to have appendiceal diverticulitis and 398
(86.9%) to have acute appendicitis. Patients with
appendiceal diverticulitis were older (59 vs 37 years, P
< 0.001) and had a longer duration of the illness (4.0
d vs 1.0 d, P < 0.001). Perforation rates in patients
with appendiceal diverticulitis were higher (68% vs
27%, P < 0.001). The appendix could be visualized
in only 13 patients (52%) among the appendiceal
diverticulitis cases, but in all acute appendicitis cases.
CT findings suggestive of appendiceal diverticulitis
included the absence of fluid collection in the appendix
(84% vs 12%, P < 0.001), absence of appendicolith
(92% vs 52%, P = 0.005), and formation of abscess
(68% vs 16%, P < 0.001). Appendiceal diverticula
were identified in 6 patients (24%).

Abstract

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

CONCLUSION: Among patients who had undergone
appendectomy, 9.7% had appendiceal diverticulitis.
Patients with appendiceal diverticulitis had different
clinical features and CT findings from patients with
acute appendicitis.
Key words: Appendiceal diverticulitis; Acute appendicitis;
Computed tomography; Appendectomy; Diverticulosis

AIM: To study the clinical features and computed
tomography (CT) findings of appendiceal diverticulitis
vs acute appendicitis.

Core tip: To study the clinical features and computed
tomography (CT) findings of appendiceal diverticulitis,
we retrospectively reviewed 451 patients who had
undergone appendectomy in our institution. Among 451
patients, 44 (9.7%) were diagnosed with appendiceal

METHODS: We retrospectively reviewed the records
of 451 patients who had undergone appendectomy in
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diverticulitis. Patients with appendiceal diverticulitis were
older and had a longer duration of illness. Perforation
rates in patients with appendiceal diverticulitis
were higher. CT findings suggestive of appendiceal
diverticulitis included the absence of a fluid collection
in the appendix, absence of an appendicolith (92% vs
52%, P = 0.004), and abscess formation. These findings
make it possible to clinically differentiate appendiceal
diverticulitis from acute appendicitis.

underwent appendectomy and to evaluate the clinical
features and CT findings of appendiceal diverticulitis.

MATERIALS AND METHODS
In this study, we included 451 patients who had
undergone appendectomy in our institution from
January 2007 to September 2012. We retrospectively
reviewed clinical records and re-examined the
histopathological specimens to analyze the patients’
pathological findings, clinical characteristics, laboratory
findings, operative findings, operative procedures, and
postoperative course.
In addition to our review of the pathology reports,
the pathologist initially prepared and thoroughly
examined the specimens microscopically to detect
diverticula. Appendiceal diverticulitis was diagnosed as
inflammation of one of the diverticula, with no or slight
[11]
inflammation of the appendiceal wall .
In order to assess the feasibility of making a
preoperative CT diagnosis, we compared preoperative
CT findings of 25 patients pathologically diagnosed
with appendiceal diverticulitis with those of 25
randomly selected patients diagnosed with acute
appendicitis. For the retrospective data analysis,
patient identification was blocked, and a research
identification number was given to each patient.

Ito D, Miki K, Seiichiro S, Hata S, Kobayashi K, Teruya M,
Kaminishi M. Clinical and computed tomography findings
of appendiceal diverticulitis vs acute appendicitis. World J
Gastroenterol 2015; 21(13): 3921-3927 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i13/3921.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i13.3921

INTRODUCTION
Diverticula are small, bulging pouches within the bowel
wall that typically form within the large intestine,
including the appendix. Appendiceal diverticula are
[1]
relatively rare . Appendiceal diverticulitis is the result
of inflammation of the appendiceal diverticulum.
[2]
This disease was first described by Kelynack in
1893. The incidence of diverticulitis of the appendix in
[3]
[4]
Europe and the United States is 0.2% and 1.7%,
respectively. Appendiceal diverticulitis is considered
a relatively rare disease, and has most often been
[5]
reported in case reports .
Acute appendicitis occurs when the appendiceal
lumen is obstructed, leading to fluid accumulation,
luminal distention, inflammation, and ultimately
perforation. Distension of the appendiceal lumen
[6]
causes dull, periumbilical abdominal pain .
Since right lower quadrant pain is the main clinical
symptom of both acute appendicitis and appendiceal
diverticulitis, appendiceal diverticulitis has been
commonly dismissed as a variant of acute appendicitis.
Therefore, preoperative diagnosis has been rarely
made, and pathologists may fail to differentiate between
acute appendicitis and appendiceal diverticulitis.
Several studies have investigated the preoperative
diagnosis of appendiceal diverticulitis by identifying
inflammation in the appendiceal diverticula using
[7]
[8]
ultrasonography or CT . Recently, two retrospective
[9]
[10]
studies were reported from Japan and Korea .
These studies considered appendiceal diverticulitis
as a separate clinical entity apart from typical
acute appendicitis. We retrospectively reviewed the
pathological specimens and clinical charts of patients
undergoing appendectomy with a preoperative
diagnosis of acute appendicitis. We carefully examined
the resected specimens in order to distinguish
appendiceal diverticulitis from acute appendicitis.
The aim of this study was to clarify the incidence
of appendiceal diverticulitis among patients who

WJG|www.wjgnet.com

Statistical analysis

Statistical analysis was performed for the comparison of
cases of appendiceal diverticulitis to acute appendicitis
using the Wilcoxon signed-rank test and Fisher’s exact
test. All statistical analyses were performed with JMP
5.0.1J, and all P values that were two-sided at a value
of < 0.05 were considered statistically significant.

RESULTS
Among 451 patients who underwent appendectomy,
44 (9.7%) were pathologically diagnosed to have
appendiceal diverticulitis, while 392 (86.9%), were
confirmed to have acute appendicitis. No patients were
diagnosed with appendiceal diverticulitis preoperatively.
The preoperative clinical characteristics of both app
endiceal diverticulitis and acute appendicitis are
summarized in Table 1. Operative findings, operative
procedures, and postoperative courses of the patients
are summarized in Table 2.
Patients with appendiceal diverticulitis were older
than those with acute appendicitis (59 vs 37 years, P
< 0.001). Patients with appendiceal diverticulitis had
lower white blood cell (WBC) count (13100 vs 14000
WBC/μL, P = 0.02) and higher C-reactive protein
(CRP) level than patients with acute appendicitis
(13.6 vs 6.8 mg/dL, P < 0.001). The median duration
of preoperative symptoms (right lower quadrant
abdominal pain and/or abdominal distension) was 4.0
d in the diverticulitis group and 1.0 d in the appendicitis
group (P < 0.001). There was no significant difference
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Table 1 Comparison of the clinical features between appendiceal diverticulitis and acute appendicitis
Appendiceal diverticulitis (n = 44)

Variable
Age (yr)
Duration of symptoms (d)
Preoperative CRP (mg/dL)
Preoperative WBC (/μL)
Sex (male/total)
Comorbidity (yes/total)

Acute appendicitis (n = 398)

Median

Range

Median

Range

P value

59
4.0
13.6
13100
Number
32
26

17-89
10-30
0.5-29.7
3580-20000
Rate
72%
60%

35
1.0
6.8
14000
Number
223
278

7-87
0-20
0.1-37.2
2071-30100
Rate
56%
70%

< 0.0012
< 0.0012
< 0.0012
0.022
0.061
0.201

1

Fisher's exact test; 2Wilcoxon signed-rank test.

Table 2 Comparison of intra- and post-operative factor between appendiceal diverticulitis and acute appendicitis
Appendiceal diverticulitis (n = 44)

Variable
Operating times (min)
Inoperative blood loss (mL)
Postoperative hospital stay (d)
Ileocecal resection (yes/total)
Skin incision (pararectal incision/total)
Formation of localized abscess (yes/total)
Perforation (yes/total)
Postoperative wound infection (yes/total)
Postoperative ileus (yes/total)

Acute appendicitis (n =398)

Median

Range

Median

Range

P value

77
60
8
Number
6
35
26
32
7
3

33-165
10-970
4-38
Rate
13%
79%
60%
72%
15%
8%

55
20
5
Number
10
143
60
123
32
16

15-172
10-650
2-48
Rate
2%
36%
15%
31%
8%
4%

< 0.0012
< 0.0012
< 0.0012
0.0081
0.121
< 0.0011
< 0.0011
0.121
0.301

1

Fisher's exact test; 2Wilcoxon signed-rank test.

Table 3 Comparison of intra- and post-operative factor between perforated appendiceal diverticulitis and perforated acute appendicitis
Perforated appendiceal diverticulitis (n = 30)

Variable
Operating times (min)
Inoperative blood loss (mL)
Postoperative hospital stay (d)
Ileocecal resection (yes/total)
Skin incision (pararectal incision/total)
Formation of localized abscess (yes/total)
Postoperative wound infection (yes/total)
Postoperative ileus (yes/total)

Perforated acute appendicitis (n = 111)

Median

Range

Median

Range

P value

65
60
9
Number
4
27
22
5
3

45-165
10-970
5-38
Rate
13%
89%
72%
17%
11%

67
40
9
Number
7
82
39
19
12

25-172
10-650
3-48
Rate
6%
74%
35%
17%
11%

0.982
0.052
0.772
0.201
0.111
< 0.0011
0.961
0.921

1

Fisher's exact test; 2Wilcoxon signed-rank test.

in the ratio of comorbidities between the two groups.
All patients were treated with open appendectomy.
The rate of perforation was significantly higher in the
diverticulitis group than in the appendicitis group.
Thirty-two patients (72%) in the diverticulitis group
and 123 patients (31%) in the appendicitis group
had perforated appendices. The number of patients
with localized abscess was significantly higher in the
diverticulitis group than the appendicitis group (60%
vs 15%, P < 0.001). The median operative time was
longer in the diverticulitis group (77 min vs 55 min, P
< 0.001), and the average amount of operative blood
loss was higher in the diverticulitis group than the
appendicitis group (60 mL vs 20 mL, P < 0.001).
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In the diverticulitis group, pathologic findings
showed that all diverticula were of the false type,
lacking a proper muscle layer. Multiple diverticula were
found in 55% patients.
The differences in clinical characteristics between
the patients with perforated appendiceal diverticulitis
and perforated acute appendicitis are summarized in
Table 3. In patients with perforations, mean blood loss
and the ratio of localized abscess were significantly
higher in the diverticulitis group than in the appendicitis
group. However, the mean duration of postoperative
hospital stay, postoperative morbidity rates, and
mortality rates were not significantly different between
the two groups.
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Figure 1 Representative computed tomography images of appendiceal diverticulitis. An oblique coronal reformation of a contrast-enhanced CT (5-mm thick)
(arrow) showing localized periappendiceal abscess. However, the appendix itself is not visualized clearly.

Figure 2 Computed tomography scan showing appendiceal diverticulitis. An oblique coronal reformation of contrast-enhanced CT scan (5-mm thick) showing
an inflamed diverticulum (arrow) and stranded surrounding fat. The inflamed diverticulum is visualized as a small, round cyst with an enhancing wall attached to the
distal segment of the appendix. However, this patient’s appendix was not filled with fluid or enlarged.

The preoperative CT of patients with acute app
endicitis showed several typical findings such as
enlarged appendixes, appendiceal wall thickening and
enhancement, and periappendiceal fat stranding (Figures
1 and 2). On the other hand, in the appendiceal diver
ticulitis group, the appendixes could not be clearly
visualized on preoperative CT scans. In some cases,
it was difficult to identify the appendix, even though a
large abscess cavity was visible (Figure 3).
CT findings of appendiceal diverticulitis and acute
appendicitis are described in Table 4. The appendix
was detected in only 13 of 25 scans (52%) in the
appendiceal diverticulitis group but was detected in
all scans (100%) in the acute appendicitis group.
Only 16% of the scans in the appendiceal diverticulitis
group showed fluid in the appendix lumen compared
to 88% of the scans in the acute appendicitis group.
An appendicolith was visualized in 5 of 25 scans
(20%) in the appendiceal diverticulitis group and 13
of 25 scans (52%) in the acute appendicitis group.
Localized abscess was visualized in 17 scans (68%)
with appendiceal diverticulitis, whereas an abscess
was identified in only 4 (16%) scans of patients with
acute appendicitis. The number of scans showing
appendiceal diameter, appendiceal wall thickening,
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periappendiceal fat stranding, and appendiceal or
abscess wall enhancements were not significantly
different between the two groups. Appendiceal
diverticula were identified in 6 (24%) of the 25 scans
in the appendiceal diverticulitis group.

DISCUSSION
The three major findings of this study are as follows:
First, among patients who underwent appendectomy, the
incidence of appendiceal diverticulitis was 9.7%, which is
much higher than that previously reported. Second, our
results revealed several clinical characteristics that may
assist in the diagnosis of appendiceal diverticulitis, such
as older age, longer duration of symptoms, higher rate
of perforation, and higher incidence of localized abscess.
These findings are consistent with previous reports.
Third, several CT findings suggestive of appendiceal
diverticulitis were recognized with a comparison of
preoperative CT scans of acute appendicitis with those of
appendiceal diverticulitis.
Most appendiceal diverticula were false diverticula,
formed by herniation of the mucosa and submucosa
through a defect in the muscular layer. This is similar
to the anatomical derangement seen in diverticula
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Figure 3 Representative computed tomography scan showing acute appendicitis. An oblique coronal reformation of contrast-enhanced computed tomography
scan (5-mm thick) (arrow) is showing an enlarged appendix with fluid collection in the appendiceal lumen and appendicolith.

Table 4 Results of the retrospective computed tomography review
Appendiceal diverticulitis (n = 25)

Variable
Appendiceal diameter (mm)
Appendiceal wall thickening (mm)
Visualized appendix (yes/total)
Fluid collection in the appendix lumen (yes/total)
Formation of localized abscess (yes/total)
Periappendiceal fat stranding(yes/total)
Appendiceal or abscess wall enhancement (yes /total)
Apendicolith (yes/total)
Visualized appendiceal diverticulum (yes /total)

Acute appendicitis (n = 25)

Median

Range

Median

Range

13.2
3.1
Number
13
4
17
16
10
2
6

4.3-23.4
1.6-5.3
Rate
52%
16%
68%
66%
58%
8%
24%

12.4
3.7
Number
25
22
4
11
9
12
0

8.1-18.9
2.0-6.2
Rate
100%
88%
16%
44%
41%
48%
0%

P value
0.252
0.772
< 0.0011
< 0.0011
< 0.0011
0.171
0.271
0.00471
0.0251

1

Fisher's exact test; 2Wilcoxon signed-rank test.

of the colon. Since the incidence of appendiceal
diverticulitis among patients undergoing appendectomy
[1]
has been reported to vary from 0.004% to 2.1% ,
appendiceal diverticulitis has been considered very
rare. However, in our study, appendiceal diverticulitis
was found to be a relatively common condition. We
believe that the higher incidence in our study is due
to the careful resection and pathological processing of
the resected appendixes, allowing visualization of the
inflamed diverticula. Inflammation of the appendiceal
wall is usually very slight in patients with appendiceal
diverticulitis in contrast to the intense inflammation
observed in patients with acute appendicitis. If only
slight inflammation of the appendiceal wall was noted
even if the area around the appendix had abscess,
we suspected appendiceal diverticulitis and carefully
manipulated the specimens, processing multiple thin
sections to detect the diverticulum. Usually, appendiceal
diverticulitis is diagnosed only when the diverticulum is
clearly visualized on a pathologic section. We speculate
that appendiceal diverticulitis is overlooked and
frequently misdiagnosed as acute appendicitis because
the resected tissue is not adequately examined for
diverticula. It is very important for both pathologists
and surgeons to consider the possibility of appendiceal
diverticulitis and to examine the specimen carefully.
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Second, several studies have reported that the clinical
features of appendiceal diverticulitis are different from
[10,11]
those of acute appendicitis
, and that appendiceal
diverticulitis should be classified as a separate and
unique diagnostic entity. Indeed, when one considers
the mechanisms of onset of both diseases, we may gain
insight into the differences in clinical characteristics.
Acute appendicitis occurs when the appendix
[6,12]
lumen is obstructed
. Appendiceal obstruction may
be caused by fecaliths, calculi, lymphoid hyperplasia,
infectious processes, and benign or malignant tumors.
The appendix subsequently becomes filled with mucus
and swells, increasing pressure within the lumen and
[13]
causing dull central or periumbilical abdominal pain .
Finally, the appendix becomes ischemic and necrotic,
resulting in perforation. Well-localized pain occurs later
when inflammation spreads to the adjacent parietal
peritoneum.
On the other hand, appendiceal diverticulitis
[14]
usually occurs in acquired diverticula , which contain
only the mucosal and submucosal layers without
a muscular layer. Because of these anatomical
characteristics, diverticula can be easily perforated.
Since only slight inflammation may be noted initially,
symptoms such as dull central or periumbilical
abdominal pain may be very slight. The development
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of localized abscess without well-localized pain
occurs after several days, prolonging the duration of
preoperative symptoms and increasing the rates of
perforation and of intraperitoneal abscess in patients
with appendiceal diverticulitis. The WBC level was
decreased and the CRP level was increased in patients
with appendiceal diverticulitis compared to those
with acute appendicitis, suggesting that patients with
appendiceal diverticulitis had a longer duration of
inﬂammation at admission. These characteristics have
[10]
also been reported by Yamana et al . Compared
to acute appendicitis, appendiceal diverticula occur
[11]
mostly in older patients . Appendiceal diverticulitis is
often associated with localized abscess formation and
perforation, often making surgery more difficult with
increased surgical time and intraoperative blood loss
compared to appendicitis surgery. The clinical features
of appendiceal diverticulitis in our study are quite
similar to those in previous reports, providing further
evidence that the incidence of appendiceal diverticulitis
is higher than previously reported.
[15]
Third, Lee et al
reported CT findings for 20
patients with appendiceal diverticulitis and commented
on the diagnostic potential of CT in differentiating
appendiceal diverticulitis from typical acute appendicitis.
In 80% of patients with inflamed diverticula, CT
revealed a round, cystic pouch with wall enhancement.
An appendicolith was rarely present in patients with
appendiceal diverticulitis compared to patients with
[16]
acute appendicitis. Osada et al
reviewed the CT
images of seven patients with pathologically diagnosed
appendiceal diverticulitis. On CT scans, a total of 8
inflamed diverticula were observed as small fluidfilled luminal structures with thick, enhanced walls,
or as solid, enhanced masses protruding from the
appendix. Previous studies regarding the CT findings
of appendiceal diverticulitis focused specifically on
visualizing the inflamed diverticula. In this study, we
compared the differences in CT findings between
patients with acute appendicitis and those with
appendiceal diverticulitis. In almost half of the cases
with diverticulitis, the appendix was not visualized.
We noted inflamed diverticula in only 24% of scans of
patients with appendiceal diverticulitis. Fluid collection
in the appendix was observed in 88% of patients with
acute appendicitis, while seen in only 16% of patients
with appendiceal diverticulitis. Therefore, while it
is difficult to visualize the inflamed diverticula, CT
findings showing an absence of a fluid level, absence
of appendicolith, and the presence of localized abscess
formation may indicate a possible inflamed appendiceal
diverticulum.
Most of the patients who underwent appendectomy
were diagnosed as either acute appendicitis or ap
pendiceal diverticulitis. In patients presenting with
possible appendicitis, but with atypical clinical features
and the above-noted CT findings, a diagnosis of
appendiceal diverticulitis should be considered. If CT
shows that the appendix is not swollen, even though
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a localized abscess is noted around the appendix, this
should be considered an indirect sign of appendiceal
diverticulitis.
This study has several limitations, because it was
a retrospective study. there may be a selection bias
between the groups who performed CT scans and who
did not.
To confirm the exact incidence of appendiceal
diverticulitis and differeneces of CT findings between
acute appendicitis and appendiceal diverticulitis, a
prospective evaluation is necessary.
Despite these limitations, we believe that app
endiceal diverticulitis can be diagnosed preoperatively
with a combination of clinical features and suggestive
findings on CT. If we are able to diagnose appendiceal
diverticulitis accurately, we will be able to further
investigate whether conservative antibiotic therapy or
surgery is desirable for appendiceal diverticultis in the
future.
In conclusion, the incidence of appendiceal div
erticulitis was 9.7% in patients who underwent
appendectomy. The CT findings and clinical features of
patients with appendiceal diverticulitis were different
from those of patients with acute appendicitis,
suggesting it is possible to differentiate appendiceal
diverticulitis from acute appendicitis on this basis.

COMMENTS
COMMENTS
Background

Appendiceal diverticulitis is considered a relatively rare disease, and is usually
the subject of case reports. Since right lower quadrant pain is the main clinical
symptom of both acute appendicitis and appendiceal diverticulitis, appendiceal
diverticulitis has been commonly dismissed as a variant of acute appendicitis.
Therefore, a preoperative diagnosis is rarely made, and pathologists may fail to
differentiate between acute appendicitis and appendiceal diverticulitis. However,
recent studies have considered appendiceal diverticulitis as a separate clinical
entity apart from typical acute appendicitis.

Research frontiers

With regard to appendiceal diverticulitis, the current research hotspot is how to
distinguish appendiceal diverticulitis from acute appendicitis and to accurately
determine the incidence of appendiceal diverticulitis.

Innovations and breakthroughs

Appendiceal diverticulitis has been considered very rare. Previous reports
have found that the incidence of appendiceal diverticulitis among patients
undergoing appendectomy has been from 0.004%-2.1%, However, in this study
of 451 patients who underwent appendectomy, 44 (9.7%) were pathologically
diagnosed with appendiceal diverticulitis. The authors’ believe that the
higher incidence in our study is due to the careful resection and pathological
processing of the resected appendixes, allowing visualization of the inflamed
diverticula. Moreover, the patients with appendiceal diverticulitis in this study
had the same clinical features as in previous studies, even though the incidence
of appendiceal diverticulitis was much higher in this study. This similar clinical
presentation is further evidence suggesting a higher incidence of appendiceal
diverticulitis. Computed tomography findings suggestive of appendiceal
diverticulitis included the absence of a fluid collection in the appendix, absence
of an appendicolith (92% vs 52%, P = 0.004), and abscess formation.

Applications

The study results suggest that it may be possible to clinically differentiate
appendiceal diverticulitis from acute appendicitis.

Terminology

Diverticula are small bulging pouches within the bowel wall that typically form
within the large intestine, including the appendix. Appendiceal diverticula are
relatively rare. Appendiceal diverticulitis is the result of inflammation of the
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appendiceal diverticulum.
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This interesting study is focused on the clinical, pathological, and radiological
features of appendiceal diverticulitis, an uncommon, but more common than
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AIM: To determine the cutoff values and to compare
the diagnostic role of alpha-fetoprotein (AFP) and
prothrombin induced by vitamin K absence-Ⅱ (PIVKAⅡ) in chronic hepatitis B (CHB).
METHODS: A total of 1255 patients with CHB,
including 157 patients with hepatocellular carcinoma
(HCC), 879 with non-cirrhotic CHB and 219 with
cirrhosis without HCC, were retrospectively enrolled.
The areas under the receiver operating characteristic
(AUROC) curves of PIVKA-Ⅱ, AFP and their combination
were calculated and compared.
RESULTS: The optimal cutoff values for PIVKA-Ⅱ and
AFP were 40 mAU/mL and 10 ng/mL, respectively, for
the differentiation of HCC from nonmalignant CHB.
The sensitivity and specificity were 73.9% and 89.7%,
respectively, for PIVKA-Ⅱ and 67.5% and 90.3% for
AFP, respectively. The AUROC curves of both PIVKAⅡ and AFP were not significantly different (0.854 vs
0.853, P = 0.965) for the differentiation of HCC from
nonmalignant CHB, whereas the AUROC of PIVKAⅡ was significantly better than that of AFP in patients
with cirrhosis (0.870 vs 0.812, P = 0.042). When
PIVKA- Ⅱ and AFP were combined, the diagnostic
power improved significantly compared to either AFP
or PIVKA-Ⅱ alone for the differentiation of HCC from
nonmalignant CHB (P < 0.05), especially when cirrhosis
was present (P < 0.05).
CONCLUSION: Serum PIVKA- Ⅱ might be a better
tumor marker than AFP, and its combination with AFP
may enhance the early detection of HCC in patients
with CHB.
Key words: Hepatitis B virus; Hepatocellular carcinoma;
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Alpha-fetoprotein; Prothrombin induced by vitamin K
absence-Ⅱ

and specificity have been reported to be 65% to
[8]
80% and 90% to 93%, respectively . However, the
interpretation is not only highly operator-dependent
but is also insufficiently sensitive in the patients who
are obese or who have underlying liver cirrhosis (LC).
Additionally, the combined use of AFP and US not only
increases the detection rates but also increases the
[8]
false-positive rates . Therefore, reliable biomarkers to
complement the pitfalls of US are needed, especially in
patients with cirrhotic patients.
Prothrombin induced by vitamin K absence-Ⅱ (PIVKAⅡ) is an abnormal prothrombin protein that is elevated
in HCC. The overall sensitivity and specificity of serum
PIVKA-Ⅱ in the detection of HCC has been reported to
[15]
be 48%-62% and 81%-98%, respectively . Unlike
AFP, the serum levels of PIVKA-Ⅱ are not elevated in
patients with chronic liver disease such as exacerbations
of chronic hepatitis and cirrhosis. That PIVKA-Ⅱ is more
specific that AFP represents a highly specific feature of
[16,17]
this protein
.
To date, many studies have been conducted to
determine the role of PIVKA-Ⅱ in patients with HCC,
but most included only small numbers of patients
or patients with heterogeneous etiologies, with a
predominance of individuals with hepatitis C virus
[15,18-23]
(HCV) infection
. Considering that the clinical
features and mechanisms of hepatocarcinogenesis
[24-26]
vary according to the etiologies
, the roles of
PIVKA-Ⅱ in hepatitis B virus (HBV)-associated HCC
might be different from those of HCV-related HCC.
To the best of our knowledge, there have been
few reports that have evaluated the role of PIVKA-Ⅱ
in HBV-associated HCC. Therefore, additional studies
are warranted to determine the role of PIVKA-Ⅱ in
the diagnosis of HBV-associated HCC. The aim of this
study was to compare the diagnostic role of PIVKA and
AFP and to determine the best cutoff values of both
tumor markers in patients with chronic hepatitis B
(CHB).

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

Core tip: Hepatocellular carcinoma (HCC) surveillance
is crucial for patients with chronic hepatitis B (CHB).
There have been few studies that have compared the
levels of prothrombin induced by vitamin K absence-Ⅱ
(PIVKA-Ⅱ) and AFP in hepatitis B virus-associated HCC.
Serum PIVKA-Ⅱ, at a level of 40 mAU/mL, is a useful
tumor marker to distinguish patients with HCC from
those with nonmalignant CHB, especially liver cirrhosis
(LC). A combination of AFP and PIVKA- Ⅱ could
enhance early detection of HCC in patients with CHB.
Therefore, serum PIVKA-Ⅱ levels should be measured
in combination with serum AFP levels during the followup of patients with CHB and particularly those with LC.
Seo SI, Kim HS, Kim WJ, Shin WG, Kim DJ, Kim KH,
Jang MK, Lee JH, Kim JS, Kim HY, Kim DJ, Lee MS, Park
CK. Diagnostic value of PIVKA-Ⅱ and alpha-fetoprotein in
hepatitis B virus-associated hepatocellular carcinoma. World J
Gastroenterol 2015; 21(13): 3928-3935 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i13/3928.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i13.3928

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the
most common cancers and is the leading cause
of cancer-related deaths worldwide. HCC appears
[1-4]
to be increasing in incidence
and still has a
dismal prognosis in spite of recent advancements in
therapeutic intervention because of its diagnosis at
advanced stages. Previous studies have reported the
benefits of HCC surveillance on survival thanks to the
[5-7]
detection of HCC at earlier stages
. Thus, many
guidelines recommend HCC surveillance for at-risk
[8-10]
populations
.
Of the known biomarkers, alpha-fetoprotein (AFP)
has been the most widely used as a tumor marker
for diagnosis and surveillance of HCC. The sensitivity
and specificity of AFP, however, have been reported
to vary from 39% to 64% and from 76% to 91%,
[11-13]
respectively
. Furthermore, AFP levels may be
elevated in a number of nonspecific conditions in
patients with cirrhosis or when cases of chronic
[14]
hepatitis are exacerbated .
Due to such limitations, ultrasonography (US) alone
without concurrent detection of AFP levels has been
recommended for the surveillance of HCC, according
to the representative guidelines in the United States
[8,10]
and Europe
. US is the primary surveillance tool
that is used in patients with chronic liver diseases that
can detect the development of HCC. The sensitivity
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MATERIALS AND METHODS
Patients and study design

A total of 1255 patients with CHB were retrospectively
included at Hallym University Medical Center, Seoul,
Korea, from January 2005 to December 2012. All
patients who enrolled in this study demonstrated
positivity for hepatitis B surface antigen for at least 6
mo.
Demographic and clinical information was collected
from the medical records of the subjects. LC was
diagnosed by histology and/or ultrasonographic/CT
imaging features and was supplemented by clinically
relevant portal hypertension (e.g., esophageal and/or
gastric varices, ascites, splenomegaly with a platelet
3
count of < 100000/mm ) or hepatic encephalopathy.
All patients with HCC were newly diagnosed, and
the diagnosis of HCC was based on liver histology
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or appropriate imaging characteristics as defined by
[8]
accepted guidelines . The HCC stage was determined
according to the TNM staging system by the Liver
[27]
Cancer Study Group of Japan . Early stage HCC was
defined as a single tumor nodule < 3 cm in diameter
with no evidence of vascular invasion or metastasis.
All patients were divided into three groups: (1)
non-cirrhotic CHB (G1); (2) cirrhosis without HCC (G2);
and (3) HCC (G3). In the non-HCC groups, laboratory
tests were performed on the most recent clinic visit,
and the following parameters were assessed: albumin,
total bilirubin, alanine aminotransferase (ALT),
international normalized ratio of prothrombin time,
model for end-stage liver disease score, and the levels
of AFP and PIVKA-Ⅱ. The same laboratory data were
obtained at the time of diagnosis of HCC in the HCC
group.
The exclusion criteria were as follows: the patients
who (1) were positive for other markers of hepatitis
such as hepatitis C virus or human immunodeficiency
virus; (2) were heavy alcoholics (more than 80 g
of ethanol daily); and (3) were taking warfarin or
antibiotics that might influence the metabolism of
vitamin K.
This study was approved by the Investigation and
Ethics Committee for Human Research at Hallym
University Medical Center, Seoul, Korea.

RESULTS
Comparison of the clinical features between the HCC
and non-HCC groups

A total of 1255 patients were divided into three
subgroups: (1) non-cirrhotic CHB (G1, n = 879); (2)
cirrhosis without HCC (G2, n = 219); and (3) HCC
(G3, n =157). The median levels (range) of both
PIVKA-Ⅱ and AFP were significantly higher in the
HCC group compared to the non-cirrhotic CHB group
and the cirrhosis without HCC group [PIVKA-Ⅱ; 202
(10-2000) mAU/mL vs 23 (6-162) mAU/mL vs 19
(4-312) mAU/mL, AFP; 55.9 (0.6-121000.0) ng/mL
vs 2.5 (0.6-602.8) ng/mL vs 3.3 (0.6-233.6) ng/mL,
P < 0.001]. Additionally, patients in the HCC group
(G3) showed advanced liver dysfunction compared
with patients in the non-HCC group (G1 and G2). The
characteristics of these patients are summarized in
Table 1.
Ninety-two (10.5%), 21 (9.6%), and 116 (73.9%)
patients in G1, G2, and G3, respectively, had PIVKAⅡ values above 40 mAU/mL, which was previously
reported as the upper limit of normal. Elevated
AFP (current clinical cutoff level, > 20 ng/mL,) was
observed in 40 (4.6%), 22 (10.0%), and 94 (61.0%)
patients of G1, G2, and G3, respectively. Of the
patients with HCC, 26 patients (16.6%) had an AFP
level < 20 ng/mL and a PIVKA-Ⅱ level < 40 mAU/mL,
37 (23.6%) had isolated PIVKA-Ⅱ elevation, and 15
(9.6%) had isolated AFP elevation.

Assay of serum levels of AFP and PIVKA-Ⅱ

The serum AFP concentrations were determined with
a commercially available electrochemiluminescence
immunoassay kit (Elecsys AFP immunoassay, Roche,
Mannheim, Germany). The serum PIVKA-Ⅱ level was
measured by a revised enzyme immunoassay (Eitest
PIVKA-II; Eisai, Tokyo, Japan).

Diagnostic values for PIVKA-Ⅱ and AFP in the
differentiation of HCC from nonmalignant CHB

To determine the optimal cutoff values in the
differentiation of HCC (G3) from nonmalignant CHB
(G1 and G2), ROC curves were drawn (Figure 1).
The best cutoff values for PIVKA-Ⅱ and AFP were 40
mAU/mL and 10 ng/mL, respectively. The sensitivity
and specificity at these cutoff values were 73.9% and
89.7%, respectively, for PIVKA-Ⅱ and 67.5% and
90.3%, respectively, for AFP.
The AUROC curves of PIVKA-Ⅱ and AFP were not
significantly different for the differentiation of HCC
from nonmalignant CHB (0.854 vs 0.853, P = 0.965).
After the combined levels of PIVKA-Ⅱ and AFP were
considered, a significant improvement was observed
in the diagnostic power compared with either PIVKA-Ⅱ
or AFP alone (AUROC = 0.898; vs PIVKA-Ⅱ, P < 0.001;
vs AFP, P = 0.03, respectively). The combination
of these tumor markers yielded a sensitivity and
specificity of 75.2% and 95.4%, respectively.
We compared the baseline characteristics of all
of the patients according to the cutoff levels that we
calculated from the ROC curve. A comparison of these
baseline characteristics is represented in Table 2.
The optimal cutoff values of PIVKA-II and AFP for
the differentiation of HCC (G3) from LC (G2) were 40
mAU/mL and 25 ng/mL, respectively (Figure 2). These

Statistical analysis

A one-way analysis of variance (ANOVA) test was
2
used for continuous variables and a χ test was
used for categorical variables in order to compare
variables between the three groups. Four groups were
2
compared with Kruskal-Wallis tests and a χ test.
Log transformation was used for the AFP and PIVKAⅡ values to account for the large range of values
among the groups for both markers. We used a new
variable, the combination of AFP and PIVKA-Ⅱ levels
(logAFP + 4.6*logPIVKA-Ⅱ), which was conceived in
[15]
a previous study . To find the optimal cutoff value of
AFP and PIVKA-Ⅱ in the diagnosis of HCC, the receiver
operating characteristic (ROC) curves were plotted
using all possible cutoff values for each assay. The
areas under the ROC (AUROC) curves of PIVKA-Ⅱ,
AFP and the combination of the two were calculated
and compared. Youden’s index was calculated as an
index of sensitivity and specificity. A P value < 0.05
was considered significant. Statistical analyses were
performed using SPSS, version 16 and Medcalc,
version 12.3.
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Table 1 Baseline characteristics of the study population (n = 1255)
Non-cirrhotic CHB (n = 879)
Age (yr)
Gender (M:F)
AFP (ng/mL)
PIVKA-II (mAU/mL)
INR
Albumin (g/dL)
Total bilirubin (mg/dL)
ALT (IU/L)
MELD score
TNM stage n (%)
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Early HCC n (%)

Cirrhosis without HCC (n = 219)

45 (17-97)
549:330
2.5 (0.6-602.8)
23 (6-162)
1.00 (0.84-3.24)
4.5 (2.3-5.3)
0.7 (0.2-19.2)
26.5 (2-3112)
7.1
NA

54 (26-92)
151:68
3.3 (0.6-233.6)
19 (4-312)
1.11 (0.92-2.38)
4.2 (0.5-5.2)
0.9 (0.2-18.9)
31 (8-886)
10.1
NA

NA

HCC (n = 157)

P value

57 (34-89)
124:33
55.9 (0.6-121000.0)
202 (10-2000)
1.12 (0.79-8.93)
3.6 (2.0-5.2)
1.0 (0.3-14.7)
39 (6-1155)
9.9

0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.1220
0.0001

22 (14.0)
58 (36.9)
32 (20.4)
45 (28.7)
46 (29.3)

NA

1.0

1.0

0.8

0.8

0.6

0.6

Sensitivity

Sensitivity

Data are expressed as number or median (range). CHB: Chronic hepatitis B; HCC: Hepatocellular carcinoma; M: Male; F: Female; AFP: Alpha-fetoprotein;
PIVKA-Ⅱ: Prothrombin induced by vitamin K absence-Ⅱ; INR: International normalized ratio; ALT: Alanine aminotransferase; MELD: Model for endstage liver disease; TNM: Tumor-nodes-metastasis; NA: Not applicable.
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AUROC
PIVKA = 0.854
AFP = 0.853
Combine = 0.898

0.2

0.0

0.0
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PIVKA = 0.870
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Combine = 0.902
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Figure 1 Receiver operating characteristic curves comparing prothrombin
induced by vitamin K absence-Ⅱ, alpha-fetoprotein and a combination
of alpha-fetoprotein and prothrombin induced by vitamin K absence-Ⅱ
in patients with hepatocellular carcinoma vs those with nonmalignant
chronic hepatitis B. The AUROC curves for PIVKA-Ⅱ, AFP, and Combination
are indicated in the inset. P = 0.965 for AFP vs PIVKA-Ⅱ, P < 0.001 for
combination vs PIVKA-Ⅱ and P = 0.037 for combination vs AFP. PIVKA-Ⅱ:
Prothrombin induced by vitamin K absence-Ⅱ; HCC: Hepatocellular carcinoma;
AFP: Alpha-fetoprotein.

0.0

0.2

0.4
0.6
1-Specificty

0.8

1.0

Figure 2 Receiver operating characteristic curves comparing prothrombin
induced by vitamin K absence-Ⅱ, alpha-fetoprotein and a combination of
alpha-fetoprotein and prothrombin induced by vitamin K absence-Ⅱ in
patients with hepatocellular carcinoma vs those with liver cirrhosis. The
AUROC curves for PIVKA-Ⅱ, AFP, and Combination are indicated in the inset.
P = 0.042 for AFP vs PIVKA-Ⅱ, P = 0.001 for combination vs PIVKA-Ⅱ and P
< 0.001 for combination vs AFP. PIVKA-Ⅱ: Prothrombin induced by vitamin K
absence-Ⅱ; HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein.

tumor markers yielded a sensitivity and specificity of
75.2% and 92.7%, respectively.
After an analysis of the diagnostic power of PIVKAⅡ and AFP for the differentiation of early HCC from
LC, the AUROC curve of PIVKA-Ⅱ tended to be better
than that of AFP (AUROC = 0.752 vs 0.712, P = 0.512).
Additionally, the combination of these two markers
demonstrated a significant improvement in the
diagnostic power compared with each marker alone
(Combination vs PIVKA-Ⅱ, P = 0.033; Combination vs
AFP, P = 0.019, respectively).

values gave a sensitivity and specificity of 73.9% and
90.4%, respectively, for PIVKA-Ⅱ and 58.6% and
92.7%, respectively, for AFP. Interestingly, the AUROC
curve indicated a better sensitivity and specificity for
PIVKA-Ⅱ than for AFP in the differentiation of HCC
from LC (0.870 vs 0.812, P = 0.042). When PIVKAⅡ and AFP were combined, the diagnostic power was
significantly enhanced compared with that of either
marker alone (AUROC = 0.902; vs PIVKA-Ⅱ, P =
0.001; vs AFP, P < 0.001). The combination of these
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Table 2 Comparision of baseline characteristics according to cutoff values of prothrombin induced by vitamin K absence-Ⅱ (40
mAU/mL) and AFP (10 ng/mL)
PIVKA-Ⅱ < 40 AFP < 10
Number
Age (yr)
Gender (M:F)
INR
Albumin (g/dL)
TB (mg/dL)
ALT (IU/L)
MELD score
LC, n (%)
HCC, n (%)

PIVKA-Ⅱ ≥ 40 AFP < 10

918
47.9 (17-97)
578:340
1.0 (0.8-3.2)
4.5 (0.5-5.3)
0.7 (0.2-18.9)
25.4 (2-803)
7.4
188 (20.5)
21 (2.3)

125
48.4 (18-83)
97:28
1.0 (0.8-2.3)
2.9 (0.6-9.6)
0.7 (0.2-19.2)
30.1 (5-1664)
8.2
42 (33.6)
30 (24)

PIVKA-Ⅱ < 40 AFP < 10
108
51.4 (23-92)
67:41
1.1 (0.9-2.1)
3.8 (2-5.2)
1.1 (0.2-17.3)
50 (9-1531)
9.9
50 (46.3)
20 (18.5)

PIVKA-Ⅱ ≥ 40 AFP ≥10
104
55 (25-88)
82:22
1.13 (0.7-8.9)
3.5 (1.7-4.9)
1.1 (0.3-14.7)
43.4 (9-3112)
10.5
89 (85.6)
86 (82.7)

P value
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

Data are expressed as number or median (range). PIVKA-Ⅱ: Prothrombin induced by vitamin K absence-Ⅱ; AFP: Alpha-fetoprotein; M: Male; F: Female;
INR: International normalized ratio; TB: Total bilirubin; ALT: Alanine aminotransferase; MELD: Model for end-stage liver disease; LC: Liver cirrhosis;
HCC: Hepatocellular carcinoma.

Specificity

PPV

NPV

89.7%
90.4%

50.7%
84.7%

96.0%
82.8%

98.8%
96.8%

87.4%
82.8%

94.2%
76.0%

99.2%
97.3%

90.7%
93.6%

94.0%
75.5%

99.4%
97.3%

92.2%
93.3%

93.6%
74.2%

90.3%
82.6%

50.0%
73.6%

95.1%
78.0%

PIVKA-Ⅱ alone, AFP alone, and the combination
of both markers in the differentiation of HCC from
nonmalignant CHB at the various cutoff values based
on our study and on previously published studies: 10,
[11-13,15,23,28,29]
20, 200, 400 ng/mL for AFP
and 40, 100,
[15,20,21,30]
125, 150 mAU/mL for PIVKA-Ⅱ
. PIVKA-Ⅱ
values > 40 mAU/mL had better sensitivity, specificity,
positive predictive value, and negative predictive value
than PIVKA-Ⅱ values of 100, 125 and 150 mAU/mL
that were accepted in other studies. In addition,
PIVKA-Ⅱ values > 40 mAU/mL demonstrated a better
diagnostic performance than AFP, regardless of the
cutoff value that was chosen.
When the two markers were combined, the
sensitivity increased from 73.9% for PIVKA-Ⅱ alone
and 67.5% for AFP alone to 75.2%; similarly, the
specificity also increased from 89.7% for PIVKAⅡ alone and 90.3% for AFP alone to 95.4% in the
differentiation of patients with HCC from those without
HCC.

94.4%
90.0%

60.3%
81.0%

94.3%
75.8%

DISCUSSION

99.3%
99.1%

87.7%
96.6%

91.6%
68.5%

99.7%
100.0%

94.0%
100.0%

90.9%
66.6%

95.4%
92.7%

69.8%
88.1%

96.4%
83.9%

Table 3 Sensitivity and specificity of alpha-fetoprotein
and prothrombin induced by vitamin K absence-Ⅱ in
differentiating hepatocellular carcinoma from nonmalignant
chronic hepatitis B
Sensitivity
PIVKA-Ⅱ (mAU/mL)
> 40
HCC vs CHB
73.9%
HCC vs LC
73.9%
> 100
HCC vs CHB
57.3%
HCC vs LC
57.3%
> 125
HCC vs CHB
56.1%
HCC vs LC
56.1%
> 150
HCC vs CHB
52.9%
HCC vs LC
52.9%
AFP (ng/mL)
> 10
HCC vs CHB
67.5%
HCC vs LC
67.5%
> 20
HCC vs CHB
59.9%
HCC vs LC
59.9%
> 200
HCC vs CHB
36.3%
HCC vs LC
36.3%
> 400
HCC vs CHB
29.9%
HCC vs LC
29.9%
Combination1
HCC vs CHB
75.2%
HCC vs LC
75.2%

PIVKA-Ⅱ is an abnormal prothrombin molecule,
known as des-gamma-carboxy prothrombin, which
is generated as a result of an acquired defect in the
posttranslational carboxylation of the prothrombin
precursor in malignant cells. Since the first report
[31]
by Liebman et al
in 1984, many studies have
demonstrated the usefulness of PIVKA-Ⅱ for the
[17-22,31-33]
diagnosis of HCC
. Earlier studies showed that
[30,34]
PIVKA-Ⅱ had a low sensitivity compared with AFP
.
However, after the introduction of a revised enzyme
immunoassay kit, more recent studies revealed that
PIVKA-Ⅱ is comparable or more sensitive than AFP for
the differentiation of HCC from nonmalignant chronic
liver disease; moreover, most studies have shown that
[15,17-22,32,33]
PIVKA-II is more specific than AFP
.
Most studies that have been concerned with the
role of PIVKA-Ⅱ were conducted in Japan and in
Western countries where the etiology of liver disease

1

Combination obtained from variable logAFP + 4.61logPIVKA-Ⅱ. PPV:
Positive predictive value; NPV: Negative predictive value; PIVKA-Ⅱ:
Prothrombin induced by vitamin K absence-Ⅱ; HCC: Hepatocellular
carcinoma; CHB: Chronic hepatitis B; LC: Liver cirrhosis; AFP: Alphafetoprotein.

Diagnostic performance of PIVKA-Ⅱ and AFP in order
to distinguish patients with HCC from those with CHB or
LC
Table 3 shows the sensitivity and specificity of
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varied greatly, primarily associated with HCV infection.
Therefore, we focused on the role of PIVKA-Ⅱ in HBVrelated HCC after a consideration of the differences
in hepatocarcinogenesis and in the clinical features
between HBV-related HCC and HCV-related HCC.
Actually, HBV-related HCC typically presents more
frequently as an aggressive tumor compared with
HCV-related HCC, and the levels of AFP are higher in
[24-26]
HBV-related HCC than in HCV-related HCC
.
In this study, we showed that PIVKA-Ⅱ is more
accurate than AFP in the ability to distinguish patients
with HCC from those with nonmalignant CHB. The
sensitivity and specificity at the cutoff values which
were identified by the ROC curve were 73.9% and
89.7%, respectively, for PIVKA-Ⅱ and 67.5% and
90.3%, respectively, for AFP. Although the AUROC
curves of PIVKA-Ⅱ and AFP showed a similar
diagnostic efficacy for the differentiation of HCC from
nonmalignant CHB, when the analysis was limited to
patients with cirrhosis, the AUROC curve indicated a
significantly better sensitivity and specificity for PIVKAⅡ than for AFP for differentiation of HCC from LC;
this was also the case for the differentiation of early
HCC from LC. These data are in contrast to those of
previous studies that showed that the sensitivity of
PIVKA-Ⅱ was inferior to AFP in the detection of small
[33,34]
HCC
, and this result suggests that PIVKA-Ⅱ is a
more reliable tumor marker than AFP for the detection
of early HCC in patients with CHB.
This difference might be due to the difference in
the etiology of liver diseases of the patients. Previous
studies have included patients with heterogeneous
etiologies of liver diseases (mainly HCV infection or
alcohol) and were case-controlled studies that were
conducted in relatively small numbers of selected
patients of the population. In contrast, our study
included patients with only HBV as an etiology of liver
disease and nearly all patients with CHB who visited
our institute. Therefore, our study represents a real
clinical situation, and indeed, advanced liver diseases
such as LC or HCC account for approximately 30%
in this study. This is in accordance with the disease
progression that occurs as part of the natural history
of CHB. To our knowledge, our study is the first largescale study that has demonstrated the diagnostic role
of PIVKA-Ⅱ in HBV-associated HCC.
The ROC curve identified the optimal cutoff value
of PIVKA-Ⅱ as 40 mAU/mL for the differentiation
of patients with HCC from those with nonmalignant
CHB in our study. This value is comparable with the
result of a Japanese study, but is lower than that of a
previous American study. It is possible that the cutoff
value of PIVKA-Ⅱ may vary among different ethnic
groups. Indeed, American patients typically have
PIVKA-Ⅱ values up to 63 mAU/mL, whereas studies
in Japan have used 40 mAU/mL as the upper limit of
[15,18-22]
normal
.
We found that the optimal cutoff value for the level
of AFP for the diagnosis of HCC was 10 ng/mL. This
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result was substantially lower than the current clinical
cutoff level (20 ng/mL), but was in accordance with
the results of recent studies with cutoff values of 10.9
[15,23]
ng/mL and 11 ng/mL
. In addition, the optimal
cutoff value of AFP for the differentiation of HCC from
LC was 25 ng/mL. These results are in agreement
with those of previous prospective studies that have
[11]
included patients with LC .
Because AFP and PIVKA-Ⅱ levels do not correlate
in patients with HCC and are complementary tumor
markers, it would be reasonable to determine that
using both markers might improve the accuracy
of a diagnosis of HCC. Indeed, a few studies have
demonstrated an increased sensitivity and specificity
[35-37]
when these tumor markers are combined
. We
also demonstrated that the combination of these
two markers showed a significant improvement
with respect to the diagnostic power compared with
each marker alone for the differentiation of HCC
from nonmalignant CHB, especially in patients with
cirrhosis. Clinically, this is very important because US
is the primary surveillance tool for LC, but this method
is not sensitive enough to detect HCC in many patients
with cirrhosis. Although AFP is no longer considered in
surveillance tests for HCC in American and European
practice guidelines, our study suggests that the
combination of AFP and PIVKA-Ⅱ could enhance the
diagnostic accuracy. A prospective study of patients
with LC is warranted to further validate the utility of
this combination for the detection of early HCC.
Our results are interesting, but there are some
potential limitations to our study. First, this is a singlecenter study with a retrospective design. Second, the
number of patients with HCC (n = 157) is relatively
small compared to those with nonmalignant CHB (n
= 1098); nonetheless, it reflects the natural course
of CHB progression. Finally, our study cannot be
generalized to patients with liver diseases that are not
caused by HBV or to patients who are not Asian.
In conclusion, serum PIVKA-Ⅱ, at the level of
40 mAU/mL, is a useful tumor marker to distinguish
patients with HCC from those with nonmalignant CHB,
especially LC. A combination of AFP and PIVKA-Ⅱ
could enhance the early detection of HCC in patients
with CHB. Therefore, the measurement of the serum
levels of PIVKA-Ⅱ should be applied in combination
with the measurement of the AFP levels in the followup of patients with CHB, particularly those with LC.
Further large-scale prospective studies are needed to
verify the utility of PIVKA-Ⅱ for the detection of early
HCC.
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Alpha-fetoprotein (AFP) has been most widely used as a tumor marker for the
diagnosis and surveillance of HCC; however, the sensitivities and specificities
that have been reported have been varied. Prothrombin induced by vitamin
K absence-Ⅱ (PIVKA-Ⅱ) can be more specific than AFP, and therefore,
additional studies are needed in order to determine the role of PIVKA-Ⅱ in the
diagnosis of hepatitis B virus-associated HCC.
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authors compared the diagnostic roles of PIVKA-Ⅱ and AFP and determined
the best cutoff value of both tumor markers in patients with chronic hepatitis B
(CHB).
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The study results suggest that serum PIVKA-Ⅱ levels might be a useful tumor
marker to distinguish patients with HCC from those with nonmalignant CHB,
especially liver cirrhosis. The combination of AFP and PIVKA-Ⅱ may also
enhance the early detection of HCC in patients with CHB.
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PIVKA-II is an abnormal prothrombin molecule, known as des-gamma-carboxy
prothrombin, which is generated as a result of an acquired defect in the
posttranslational carboxylation of the prothrombin precursor in malignant cells.
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and innovative nature of the research is acceptable because the other similar
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AIM: To investigate the eradication rate and histological
changes after Helicobacter pylori (H. pylori ) eradication
treatment following subtotal gastrectomy for gastric
cancer.
METHODS: A total of 610 patients with H. pylori
infection who had undergone surgery for either early
or advanced gastric adenocarcinoma between May
2004 and December 2010 were retrospectively studied.
A total of 584 patients with proven H. pylori infection
after surgery for gastric cancer were enrolled in this
study. Patients received a seven day standard triple
regimen as first-line therapy and a 10 d bismuthcontaining quadruple regimen as second-line therapy
in cases of eradication failure. The patients underwent
an esophagogastroduodenoscopy (EGD) between six
and 12 mo after surgery, followed by annual EGDs. A
further EGD was conducted 12 mo after confirming the
result of the eradication and the histological changes.
A gastric biopsy specimen for histological examination
and Campylobacter -like organism testing was obtained
from the lesser and greater curvature of the corpus
of the remnant stomach. Histological changes in the
gastric mucosa were assessed using the updated
Sydney system before eradication therapy and at
follow-up after 12 mo.
RESULTS: Eradication rates with the first-line and
second-line therapies were 78.4% (458/584) and 90%
(36/40), respectively, by intention-to-treat analysis and
85.3% (458/530) and 92.3% (36/39), respectively, by
per-protocol analysis. The univariate and multivariate
analyses revealed that Billroth Ⅱ surgery was an
independent factor predictive of eradication success
in the eradication success group (OR = 1.53, 95%CI:
1.41-1.65, P = 0.021). The atrophy and intestinal
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metaplasia (IM) scores 12 mo after eradication were
significantly lower in the eradication success group than
in the eradication failure group (0.25 ± 0.04 vs 0.47 ±
0.12, P = 0.023; 0.27 ± 0.04 vs 0.51 ± 0.12, P = 0.015,
respectively). The atrophy and IM scores 12 mo after
successful eradication were significantly lower in the
Billroth Ⅱ group than in the Billroth I group (0.13 ± 0.09
vs 0.31 ± 0.12, P = 0.029; 0.32 ± 0.24 vs 0.37 ± 0.13,
P = 0.034, respectively).

Key words: Helicobacter pylori ; Eradication; Atrophy;
Intestinal metaplasia; Esophagogastroduodenoscopy;
Gastrectomy

after eradication but intestinal metaplasia (IM) cannot
be improved in patients who have not undergone
[6,7]
[8]
surgery . Onoda et al reported significant changes
in glandular atrophy after eradication in the remnant
[9]
stomach. However, Matsukura et al determined
no significant improvements in glandular atrophy or
[10]
IM. Cho et al
reported that H. pylori eradication
following subtotal gastrectomy significantly reduced
both glandular atrophy and IM scores, 36 mo after
eradication.
In this retrospective study, we investigated whether
H. pylori eradication resulted in histological improvement
in patients who underwent a subtotal gastrectomy
for gastric cancer. We also compared the H. pylori
eradication rates in patients who underwent subtotal
gastrectomy with the recently reported eradication rates
in a group that did not undergo surgery.

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

MATERIALS AND METHODS

Core tip: This is the first study to investigate the
eradication rate and histological changes after
Helicobacter pylori (H. pylori ) eradication treatment
in patients following subtotal gastrectomy for gastric
cancer. The patients with H. pylori infection who had
undergone a subtotal gastrectomy for gastric cancer
had a similar eradication rate to patients with an intact
stomach. H. pylori eradication in gastric cancer patients
following subtotal gastrectomy resulted in histological
improvement, especially in the Billroth Ⅱ group.

A total of 610 patients with H. pylori infection who
had undergone surgery for either early or advanced
gastric adenocarcinoma at Seoul National University
Bundang Hospital between May 2004 and December
2010 were retrospectively studied. The patients
underwent either open or laparoscopically-assisted
distal gastrectomy and either Billroth Ⅰ (gastroduod
enostomy) or Ⅱ (gastrojejunostomy) surgery was
used for reconstruction. The exclusion criteria were
as follows: (1) age below 18 years; (2) previous H.
pylori eradication before diagnosis of malignancy; (3)
previous gastric surgery or endoscopic resection for
gastric cancer; (4) severe concurrent disease (hepatic,
renal, respiratory or cardiovascular); (5) pregnancy;
(6) palliative therapy; and (7) any condition probably
associated with poor compliance (e.g., alcoholism or
drug addiction).
All patients gave written informed consent and
the study was performed according to the directions
of the Declaration of Helsinki. The study protocol was
approved by the Ethics Committee at Seoul National
University Bundang Hospital (Institutional Review
Board number: B-1306/206-109).

CONCLUSION: Patients with H. pylori following
subtotal gastrectomy had a similar eradication rate to
patients with an intact stomach. H. pylori eradication is
recommended after subtotal gastrectomy.

Study population

Hwang JJ, Lee DH, Kang KK, Lee AR, Yoon H, Shin CM, Park
YS, Kim N. Eradication rate and histological changes after
Helicobacter pylori eradication treatment in gastric cancer
patients following subtotal gastrectomy. World J Gastroenterol
2015; 21(13): 3936-3943 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i13/3936.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3936

INTRODUCTION
Helicobacter pylori (H. pylori) infection is a leading
[1,2]
cause of gastric cancer
and H. pylori eradication
therapy is thought to convey beneficial effects in
preventing metachronous cancer after endoscopic
[3]
resection of early gastric cancer . As H. pylori infection
remains a risk factor for malignancy after subtotal
gastrectomy, several guidelines recommend H. pylori
eradication therapy in patients who have undergone
[4,5]
surgery for gastric cancer .
Several guidelines recommend H. pylori eradication
[4,5]
in patients following surgery for gastric cancer
but its
beneficial effects have not been established. In general,
glandular atrophy from H. pylori infection is reversible

WJG|www.wjgnet.com

H. pylori infection and histological evaluation

The patients underwent an esophagogastroduode
noscopy (EGD) between six and 12 mo after surgery,
followed by annual EGDs. Of the 610 patients who
were offered eradication therapy, all consented to
the treatment. A further EGD was conducted 12
mo after confirming the result of the eradication
and the histological changes. H. pylori infection and
eradication failure were defined on the basis of at
least one of the following three tests: first, a positive
13
13
C-urea breath test ( C-UBT); second, histological
evidence of H. pylori by modified Giemsa staining
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in the lesser and greater curvature of the corpus of
the remnant stomach; and third, a positive rapid
urease test (CLOtest; Delta West, Bentley, Australia)
in gastric mucosa biopsy samples from the lesser
and greater curvatures of the corpus of the remnant
stomach. An endoscopic specialist performed the
biopsies and described the endoscopic findings (Dong
Ho, Lee). A gastric biopsy specimen for histological
examination and Campylobacter-like organism
testing was obtained from the lesser and greater
curvature of the corpus of the remnant stomach and
immediately fixed in formalin. The tumor location
was determined with reference to the Japanese
[11]
Classification of Gastric Cancer . The degree of
atrophy and IM, polymorphonuclear neutrophil activity
and mononuclear cell count were graded according to
the updated Sydney system (0 = none, 1 = mild, 2 =
[12]
moderate and 3 = marked) .

RESULTS
Characteristics of patients

A schematic diagram of the study is provided in Figure
1. Of the 610 patients, 26 were excluded from the
study because of previous H. pylori eradication before
diagnosis of malignancy (nine patients), endoscopic
submucosal dissection before surgery (nine patients),
palliative surgery (four patients), liver cirrhosis (three
patients) and chronic renal failure (one patient). A
total of 584 patients underwent first-line eradication
treatment. Forty-four were lost to follow-up and
10 had low treatment compliance. Eradication was
13
surveyed using a C-UBT in all the patients after
treatment but histological changes were surveyed in
only 326 patients after 12 mo. The remaining 204
patients were not examined for histological changes
after eradication because they were lost to followup. Finally, 326 patients had histological changes of
their gastric mucosa analyzed after eradication of
H. pylori. Of these, 290 patients in whom H. pylori
was successfully eradicated with first-line therapy
were assigned to the eradication success group and
36 patients in whom first-line therapy failed were
assigned to the eradication failure group. In patients in
the eradication failure group, second-line therapy was
used to eradicate H. pylori infection. However, this was
not successful in most patients because of either poor
compliance or adverse events. The mean ages of the
eradication success and failure groups were 56.7 ±
10.4 and 56.9 ± 10.7 years (P = 0.124), respectively.
The enrolled patients’ baseline demographic and
clinical characteristics are provided in Table 1. The
eradication rate of patients who underwent Billroth
Ⅱ surgery (96.7%, 89/92) was significantly higher
than that of patients who underwent Billroth Ⅰ surgery
in the eradication success group (85.8%, 201/234,
P = 0.012). There were no statistically significant
differences in gender distribution, smoking status,
alcohol use, underlying disease, early gastric cancer/
advanced gastric cancer or tumor location between the
two groups (P > 0.05).

H. pylori eradication regimen

All the patients received seven day standard triple
therapy [amoxicillin 1000 mg twice a day (b.i.d.),
clarithromycin 500 mg b.i.d. and esomeprazole 20
mg b.i.d.] as first-line therapy. Patients who failed
to respond to first-line therapy received a 10 d
bismuth-containing quadruple regimen [tripotassium
dicitratobismuthate 300 mg four times a day (q.i.d.),
tetracycline 500 mg q.i.d., metronidazole 500 mg
three times a day and esomeprazole 20 mg b.i.d.] as
13
second-line therapy, with a subsequent C-UBT for
evaluation of eradication. Patients who took < 85% of
the prescribed medication were considered to have low
compliance.

Statistical analysis

H. pylori eradication rates were determined using
intention-to-treat (ITT) and per-protocol (PP) analyses.
ITT analysis compared treatment groups, including all
the patients as originally allocated. PP analysis compared
treatment groups, including only those patients who
completed the treatment as originally allocated. The
mean ± SD was calculated for quantitative variables.
The Student’s t test was used to evaluate continuous
2
variables and the χ test and Fisher’s exact test were
used to assess non-continuous variables. Additionally,
univariate and multivariate analyses were conducted
to assess the effects of factors on the eradication rate.
Updated Sydney system scores were compared using
the Wilcoxon signed-rank test and Mann-Whitney U
test for unpaired data. All of the statistical analyses
were performed using Predictive Analytics Software
(PASW) version 20.0 for Windows (SPSS Inc., IBM,
Chicago, IL, United States). A P value of less than
0.05 was defined as carrying statistical significance.
The statistical methods of this study were reviewed
by Medical Research Collaborating Center at Seoul
National University Bundang Hospital.
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H. pylori eradication rates of first- and second-line
therapy

Table 2 shows the rates of eradication of H. pylori
infection according to the ITT and PP analyses. The
eradication rates of first-line therapy by ITT and PP
analyses were 78.4% (95%CI: 74.9-81.6%) and
85.3% (95%CI: 82.1-88.1%), respectively. Forty of
the 72 patients who failed first-line therapy underwent
second-line treatment and their eradication rates by
ITT and PP analyses were 90% (95%CI: 77.0-96.0%)
and 92.3% (95%CI: 79.7-97.4%), respectively.

Clinical factors influencing H. pylori eradication

To evaluate the clinical factors influencing the efficacy
of H. pylori eradication, univariate analyses were

3938

April 7, 2015|Volume 21|Issue 13|

Hwang JJ et al . Gastric cancer and H. pylori infection
Assessed for eligibility
(n = 610)
Exclusion criteria (n = 26)
Previous ESD (n = 9)
Previous eradication (n = 9)
Palliative operation (n = 4)
Liver cirrhosis (n = 3)
Chronic renal failure (n = 1)

Enrollment (n = 584)

1st line therapy (n = 584)
Loss to follow up (n = 44)
Low compliance (n = 10)
Eradication success (n = 458)
Eradication failure (n = 72)

Loss to follow up
(n = 32)
2nd line therapy (n = 40)
Loss to follow up (n = 1)

Loss to follow up
(n = 168)

Eradication success (n = 36)
Eradication failure (n = 3)
Loss to follow up (n = 3)

1st-line Eradication success group
(n = 290)

After 1 yr
EGD f/u

1st-line Eradication failure
group (n = 36)

Figure 1 Schematic diagram of the study. ESD: Endoscopic submucosal dissection.

performed, which are listed in Table 1. The eradication
rate of patients who underwent Billroth Ⅱ surgery
was significantly higher than that of patients who
underwent Billroth Ⅰ surgery (P = 0.012). The other
factors did not affect the eradication response. The
multivariate analysis revealed that Billroth Ⅱ surgery
(OR = 1.53, 95%CI: 1.41-1.65, P = 0.021) was an
independent factor predictive of eradication success in
the eradication success group (Table 3).

the baseline after eradication in the eradication failure
group (0.51 ± 0.12 vs 0.56 ± 0.14, P = 0.226). The
IM scores after eradication were significantly lower in
the eradication success group than in the eradication
failure group (0.27 ± 0.04 vs 0.51 ± 0.12, P = 0.015).
Activity and chronic inflammation scores decreased
in all the groups. In metachronous cancer patients (n
= 7), the atrophy and IM scores were lower than the
baseline after eradication but the differences were not
statistically significant (P > 0.05; Table 5).

Sequential histological changes after eradication

Sequential histological changes according to
reconstructive surgery method

Table 4 shows the histological changes of the gastric
mucosa according to eradication. Histological changes
were compared before and after eradication and scored
according to the updated Sydney system. The atrophy
scores were significantly lower than the baseline after
eradication in the eradication success group (0.25
± 0.04 vs 0.46 ± 0.04, P < 0.001). The atrophy
scores were not significantly different compared to
the baseline after eradication in the eradication failure
group (0.47 ± 0.12 vs 0.50 ± 0.11, P = 0.698). The
atrophy scores after eradication were significantly
lower in the eradication success group than in the
eradication failure group (0.25 ± 0.04 vs 0.47 ± 0.12,
P = 0.023). The IM scores were significantly lower than
the baseline after eradication in the eradication success
group (0.27 ± 0.04 vs 0.41 ± 0.05, P < 0.001). The
IM scores were not significantly different compared to
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Table 6 shows the histological changes of the gastric
mucosa according to reconstructive surgery method
after successful eradication. Thirty-six eradication
failure patients were excluded to analyze the histo
logical changes of the gastric mucosa after successful
eradication between the Billroth Ⅰ and Billroth Ⅱ
groups. The atrophy scores were significantly lower
than the baseline after successful eradication in the
Billroth Ⅱ group (0.13 ± 0.09 vs 0.53 ± 0.19, P <
0.001). The atrophy scores were not significantly
different compared to the baseline after successful
eradication in the Billroth Ⅰ group (0.31 ± 0.12 vs 0.33
± 0.10, P = 0.831). The atrophy scores after successful
eradication were significantly lower in the Billroth Ⅱ
group than in the Billroth I group (0.13 ± 0.09 vs 0.31
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Table 2 H. pylori eradication rates of first- and second-line
therapy

Table 1 Baseline demographic and clinical characteristics of
patients and univariate analysis of clinical factors influencing
the eradication rate n (%)

First-line therapy

Age
Gender
Male
Female
Smoking
Non-smoker
Smoker
Alcohol
Non-drinker
Drinker
Underlying disease
Hypertension
Diabetes mellitus
EGC/AGC
EGC
AGC
Tumor location
Lower (Antrum)
Middle (Body)
Surgery
Billroth-Ⅰ
Billroth-Ⅱ

Eradication
success
(n = 290)

Eradication
failure
(n = 36)

56.7 ± 10.4

56.9 ± 10.7

183 (63.1)
107 (36.9)

19 (52.7)
17 (47.3)

228 (78.6)
62 (21.4)

29 (80.5)
7 (19.5)

224 (77.2)
66 (22.8)

23 (63.8)
13 (36.2)

65 (22.4)
24 (8.2)

6 (16.6)
4 (11.1)

P value Univariate
analysis
0.124
0.229

0.789

29 (80.5)
7 (19.5)

147 (50.6)
143 (49.3)

17 (47.2)
19 (52.7)

201 (69.4)
89 (30.6)

0.127
0.233

78.4 (458/584)
74.9-81.6

90 (36/40)
77.0-96.0

0.027

85.3 (458/530)
82.1-88.1

92.3 (36/39)
79.7-97.4

0.034

0.792

0.219

Table 3 Multivariate analysis for the clinical factors related to
the eradication success in the eradication success group
0.431
0.531
0.451

0.437
0.539
0.463

0.695

0.707

0.012

0.016

Billroth-Ⅱ vs Billroth-Ⅰ
Male vs female
Smoking (+) vs (-)
Alcohol (+) vs (-)

Odds ratio

95%CI

P value

1.53
1.01
1.07
0.98

1.41-1.65
0.87-1.15
0.89-1.25
0.94-1.08

0.021
0.125
0.163
0.187

CI: Confidence interval.

33 (91.7)
3 (8.3)

atrophy or IM scores after eradication in the remnant
[9]
stomach , whereas another study showed significant
improvements in glandular atrophy compared with
[8]
normal mucosa . Second, it is unknown whether the
eradication rate differs between patients who have
undergone and those who have not undergone gastric
surgery and whether the eradication rate in patients
[20]
after surgery decreases, as in the current study ,
because histological improvement was significantly
[8,9]
higher in the eradicated group .
In this study, we evaluated histological changes,
particularly glandular atrophy and IM, and the
eradication rate of H. pylori infection in patients who
underwent a subtotal gastrectomy for gastric cancer.
Our data indicated that only the eradication success
group had significantly improved glandular atrophy
and IM scores 12 mo after treatment, suggesting
the importance of H. pylori eradication rate. The
eradication rate in patients who underwent Billroth Ⅱ
surgery was significantly higher than that of patients
who underwent Billroth Ⅰ surgery. The multivariate
analysis revealed that Billroth Ⅱ surgery was an
independent factor predictive of eradication success
in the eradication success group. The atrophy and
IM scores were significantly lower than the baseline
after eradication in the eradication success group.
The atrophy and IM scores after eradication were
significantly lower in the eradication success group
than in the eradication failure group. Moreover,
the atrophy and IM scores were significantly lower
than the baseline after successful eradication in the
Billroth Ⅱ group. These results suggest that H. pylori
eradication would result in histological improvement
in patients who underwent surgery for gastric cancer,

EGC: Early gastric cancer; AGC: Advanced gastric cancer; CI: Confidence
interval.

± 0.12, P = 0.029). The IM scores were significantly
lower than the baseline after successful eradication in
the Billroth Ⅱ group (0.32 ± 0.24 vs 0.67 ± 0.21, P <
0.001). The IM scores were not significantly different
compared to the baseline after successful eradication
in the Billroth Ⅰ group (0.37 ± 0.13 vs 0.39 ± 0.13, P
= 0.572). The IM scores after successful eradication
were significantly lower in the Billroth Ⅱ group than in
the Billroth Ⅰ group (0.32 ± 0.24 vs 0.37 ± 0.13, P =
0.034). Activity and chronic inflammation scores were
decreased in all the groups.

DISCUSSION
Anatomical and physiological changes after surgery
are inevitable and may affect the H. pylori eradication
rate and histological findings. The effects on H. pylori
eradication of bacterial overgrowth due to low acidity,
impairment of absorption as a result of intestinal
hurry, changes in blood flow and bile reflux caused
by interruption of the pyloric sphincter are well[13-19]
known
. However, some questions remain about
the effects of H. pylori eradication therapy after gastric
surgery.
First, it is uncertain whether differences in his
tological improvements between patients undergoing
and patients not undergoing gastric surgery are
associated with H. pylori eradication therapy. One study
reported no significant changes in either glandular

WJG|www.wjgnet.com

P value

ITT: Intention-to-treat; PP: Per-protocol; CI: Confidence interval.
0.213

217 (74.8)
73 (25.2)

ITT analysis
%, Eradication(ratio)
95%CI
PP analysis
%, Eradication(ratio)
95%CI

Second-line
therapy
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Table 4 Histological changes of gastric mucosa according to eradication
Eradication success (n = 290)
Atrophy
IM
Neutrophil count
Mononuclear cells

Eradication failure (n = 36)

P value

Baseline

12 mo

P value

Baseline

12 mo

P value

0.46 ± 0.04
0.41 ± 0.05
2.12 ± 0.04
2.10 ± 0.03

0.25 ± 0.04
0.27 ± 0.04
0.40 ± 0.04
1.45 ± 0.03

< 0.001
< 0.001
< 0.001
< 0.001

0.50 ± 0.11
0.56 ± 0.14
2.08 ± 0.12
2.08 ± 0.08

0.47 ± 0.12
0.51 ± 0.12
1.11 ± 0.18
1.64 ± 0.11

0.698
0.226
< 0.001
0.004

0.023
0.015
< 0.001
0.085

0 = none, 1 = mild, 2 = moderate, and 3 = marked. IM: Intestinal metaplasia.

influences eradication and histological changes.
Previous studies have shown that the H. pylori infection
rate was significantly lower in Billroth Ⅱ patients than
BillrothⅠdue to the role of bile reflux which interferes
with H. pylori colonization. If H. pylori is still left after
Billroth Ⅱ surgery, the gastric carcinogenesis process
is promoted because of the synergistic effect of bile
[24-26]
reflux and H. pylori infection
. Therefore, H. pylori
eradication should be strongly recommended following
subtotal gastrectomy, especially in the Billroth Ⅱ group.
Metachronous cancer developed in seven patients
in this study and all of these were patients in which H.
pylori eradication had been successful. The atrophy
and IM scores were lower than the baseline after
eradication but the differences were not statistically
significant. However, the atrophy and IM scores in
this group were higher than the mean for all the
patients and increased after eradication. These results
indirectly indicate that H. pylori eradication alone does
not ensure prevention of metachronous cancer after
surgery.
This study had several limitations. First, due to
its retrospective nature at a single center, only two
thirds of the patient population underwent histological
examination after eradication and only 40 of the 72
patients who failed first-line treatment went on to
second-line eradication. Second, the follow-up time to
evaluate the changes in atrophy and IM was relatively
short.
Although our study was limited by its retrospective
nature, we enrolled a large number of patients and
evaluated the eradication rate of second-line treatment
and histological changes according to eradication and
reconstructive surgery method. The patients with H.
pylori infection who underwent subtotal gastrectomy
for gastric cancer had a similar eradication rate when
compared with the patients with an intact stomach.
The eradication success group showed histological
improvement in glandular atrophy and IM. After
successful eradication, the Billroth Ⅱ group showed
a significant decrease in atrophy and IM scores over
the Billroth Ⅰ group. Therefore, H. pylori eradication is
needed for these patients and more active treatment
is required in the Billroth Ⅱ group. Our study may
support the recommendation that H. pylori should
be treated even after gastrectomy for gastric cancer,
especially after Billroth Ⅱ reconstruction.

Table 5 Comparison of histological changes of gastric mucosa
in metachronous cancer patients (n = 7)

Atrophy
Intestinal metaplasia
Neutrophil count
Mononuclear cell

Baseline

12 mo

P value

1.29 ± 0.42
1.34 ± 0.41
2.00 ± 0.22
2.00 ± 0.31

0.71 ± 0.36
1.00 ± 0.38
0.86 ± 0.34
1.85 ± 0.20

0.436
0.457
0.071
0.289

0 = none, 1 = mild, 2 = moderate, and 3 = marked.

especially Billroth Ⅱ surgery.
At least 50% of the Korean population has a H.
pylori infection and its eradication rate with standard
triple therapy is reported to be between 72.5% and
[21]
83.7% . A 14 d bismuth-containing quadruple
therapy as the second-line treatment resulted in an
[22]
eradication rate of 82.6%-93.6% in Korea . After
surgery, the efficacy of eradication therapy varies from
[9,23]
70% to 90%
. In our results, the eradication rates
of the seven day standard triple therapy as first-line
therapy and the 10 d bismuth-containing quadruple
therapy as second-line therapy were 78.4% and 90%,
respectively, using ITT analysis and 85.3% and 92.3%,
respectively, using PP analysis. Our data suggest
a slightly higher result than previous studies. As
histological improvement was seen only in the H. pylori
[8,10]
negative group, the eradication rate is important
.
In our results, there were also significant histological
improvements in the eradication success group.
Therefore, H. pylori eradication following subtotal
gastrectomy might lead to histological improvement.
Billroth Ⅱ surgery has been reported to result in
[24]
a higher reflux rate than Billroth Ⅰ surgery
and bile
reflux plays a role in the eradication of H. pylori after
[25]
subtotal gastrectomy. Rino et al
reported that the
overall rate of H. pylori infection was 37.1%: 39.6% in
BillrothⅠreconstruction, 0% in Billroth Ⅱ reconstruction
and 55.6% in pylorus-preserving gastrectomy. We
hypothesized that the reconstructive surgery method
would influence eradication and histological changes.
In our study, atrophy and IM scores were significantly
lower than the baseline after successful eradication in
the Billroth Ⅱ group. The atrophy and IM scores after
successful eradication were also significantly lower
in the Billroth Ⅱ group than in the Billroth Ⅰ group,
suggesting that the reconstructive surgery method
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Table 6 Histological changes of gastric mucosa according to reconstruction surgery after successful eradication
Billroth-Ⅰ (n = 201)
Atrophy
IM
Neutrophil count
Mononuclear cells

Billroth-Ⅱ (n = 89)

P value

Baseline

12 mo

P value

Baseline

12 mo

P value

0.33 ± 0.10
0.39 ± 0.13
2.24 ± 0.10
2.21 ± 0.10

0.31 ± 0.12
0.37 ± 0.13
0.21 ± 0.08
1.33 ± 0.12

0.831
0.572
< 0.001
0.831

0.53 ± 0.19
0.67 ± 0.21
2.33 ± 0.16
1.93 ± 0.19

0.13 ± 0.09
0.32 ± 0.24
0.33 ± 0.16
1.47 ± 0.09

< 0.001
< 0.001
< 0.001
0.540

0.029
0.034
< 0.001
0.085

0 = none, 1 = mild, 2 = moderate, and 3 = marked. IM: Intestinal metaplasia.
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METHODS: From January 2005 to May 2013, 49 patients
who underwent surgical operation and 24 patients
who underwent ESD for papillary adenocarcinomatype EGC were enrolled to identify clinicopathological
characteristics and predictive factors of LN metastasis
and to evaluate the outcomes of ESD for papillary
adenocarcinoma-type EGC.
RESULTS: Most papillary adenocarcinoma-type EGCs
were located in the lower third of the stomach and
had an elevated macroscopic shape. The overall
prevalence of LN metastasis was 18.3% (9/49). The
presence of lymphovascular invasion was found to be
a predictor of LN metastasis (P = 0.016). According
to current indication criteria of ESD, 6 and 11 of the
49 patients had absolute and expanded indications
for ESD, respectively. Two patients (11.8%) with
expanded indication for ESD had LN metastasis. Of the
24 patients who underwent ESD, 13 (54%) achieved
out-of-ESD indication, with 9 of those 13 patients
undergoing surgical operation due to non-curative
resection.
CONCLUSION: The use of ESD should be carefully
considered for papillary adenocarcinoma-type EGC with
suspected ESD indication after pre-treatment work-up
because of the higher frequency of LN metastasis and
additional surgeries.
Key words: Gastric cancer; Papillary adenocarcinoma;
Endoscopic submucosal dissection; Metastasis; Lymph
node
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract
AIM: To identify the clinicopathological predictors of
lymph node (LN) metastasis and evaluate the outcomes
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Core tip: Papillary adenocarcinoma-type early gastric
cancers (EGCs) are classified as differentiated-
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type adenocarcinoma and, therefore, treated with
endoscopic submucosal dissection (ESD) according to
the same indication criteria as other differentiated-type
adenocarcinoma, such as tubular adenocarcinoma.
However, the rate of lymph node metastasis under the
current ESD indication criteria was somewhat high, and
more than half of the patients who underwent ESD as
a primary treatment for papillary carcinoma-type EGC
ultimately achieved out-of-ESD indication. Therefore,
the use of ESD should be more carefully considered for
papillary adenocarcinoma-type EGCs with suspected
ESD indication after pre-treatment work-up.

involvement, as well as a lower overall 5-year survival
rate compared with non-papillary gastric carcinomas
[7,9]
such as tubular adenocarcinoma .
Given the more aggressive features of papillary
adenocarcinoma, an inevitable question is whether
papillary and tubular adenocarcinomas should be
treated according to the same ESD indication criteria.
It is doubtful that the same ESD indication criteria
can be rationally applied to gastric carcinomas with
or without considerable papillary adenocarcinoma
[10-12]
components
. To date, many studies have reported
on the safety and outcomes of ESD for differentiated[1-4]
type adenocarcinoma of the stomach
. However,
the number of papillary adenocarcinomas included in
these studies was small. To our knowledge, studies
investigating the safety and outcomes of ESD for
papillary adenocarcinoma-type EGC alone have not
been conducted. Therefore, this study aimed to
investigate the clinicopathological predictors of LN
metastasis and evaluate the outcomes of ESD in
papillary adenocarcinoma-type EGCs.

Lee HJ, Kim GH, Park DY, Lee BE, Jeon HK, Jhi JH, Song
GA. Is endoscopic submucosal dissection safe for papillary
adenocarcinoma of the stomach? World J Gastroenterol 2015;
21(13): 3944-3952 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/3944.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3944

INTRODUCTION

MATERIALS AND METHODS

Recent developments in endoscopic submucosal
dissection (ESD) have enabled en bloc resection of
early gastric cancer (EGC) with a negligible risk of
lymph node (LN) metastasis irrespective of tumor size
or the presence of submucosal fibrosis. ESD has many
advantages compared with surgical treatments, such
as more accurate histological diagnosis, minimally
invasive procedure, high curative resection rate,
and low local recurrence rate. Therefore, ESD is
widely accepted as a standard treatment strategy for
[1-4]
EGC . The indications of ESD for EGC have been
[1,4]
gradually expanded . ESD of absolute and expanded
indications is recognized as a safe treatment modality
for EGC based on recent studies of the long-term
[2,4,5]
outcomes of ESD
.
The World Health Organization classification of
gastric carcinomas recognized four main histological
patterns based on the predominant histological
pattern of the carcinoma, which often co-exists with
less dominant elements of other histological patterns:
tubular, papillary, mucinous, and poorly cohesive
[6]
(including signet ring cell type) . Among these
entities, papillary adenocarcinoma is a rare histologic
variant of gastric adenocarcinoma that is characterized
histologically by epithelial projections scaffolded by a
[7]
central fibrovascular core . Its biological behavior and
prognostic significance is still unclear because of its
rarity. Currently, papillary adenocarcinoma is classified
into differentiated-type adenocarcinoma (based on
[8]
the Japanese classification of gastric carcinoma) and
[6]
intestinal type (based on the Lauren classification) .
However, papillary adenocarcinoma has been reported
to have a higher rate of liver metastasis and LN

WJG|www.wjgnet.com

Study population

From January 2005 to May 2013, a total of 1,510
patients underwent surgical operation or endoscopic
resection for EGC at the Pusan National University
Hospital. Of these 1510 patients, 64 were histologically
diagnosed with papillary adenocarcinoma-type
EGC (Figure 1). All patients underwent abdominal
computed tomography (CT) to determine the presence
of LN or distant metastases before ESD. Endoscopic
ultrasonography was also performed as needed in
order to rule out submucosal invasion. We divided the
64 patients into 2 groups: group 1 consisted of 49
patients who underwent surgical operation for papillary
adenocarcinoma-type EGC and group 2 consisted of 24
patients who underwent ESD as a primary treatment
for papillary adenocarcinoma-type EGC. Group 1
patients were enrolled to identify clinicopathological
characteristics and predictive factors of LN metastasis
in papillary adenocarcinoma-type EGC. Group 2
patients were enrolled to evaluate the outcomes
of ESD for papillary adenocarcinoma-type EGC. All
patients provided written informed consent before ESD
or surgical operation. The study protocol was reviewed
and approved by the Institutional Review Board of the
Pusan National University Hospital.

Surgical procedures

Laparoscopy-assisted or open gastrectomy was
performed with lymphadenectomy, resection, and
reconstruction. In laparoscopy-assisted gastrectomy,
a laparoscope and trocars were inserted through
small incisions in the abdominal wall under general
anesthesia. The decision of range for surgical operation
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Patients who were diagnosed with EGC from
January 2005 to May 2013 in PNUH
(n = 1510)

Patients with papillary component > 50%
(n = 64)

Group 1

Group 2
1

Patients treated with surgical operation
(n = 49)

Patients treated with ESD
(n = 24)

Figure 1 Flowcharts showing the patients enrolled in this study. 1Nine patients: additional gastrectomy after endoscopic submucosal dissection. EGC: Early
gastric cancer; ESD: Endoscopic submucosal dissection.

Histopathological evaluation

was based on the degree of cancer progression,
histopathological diagnosis of the biopsy specimen,
tumor location, and risk of LN metastasis, morbidity,
and mortality. In cases with proximal tumor location,
near-total or total gastrectomy was done with BillrothⅠ or Billroth-Ⅱ and Roux-en-Y reconstruction methods.
Subtotal gastrectomy was done for tumors located in
the middle third or lower third of the stomach. D1 or
D2 lymphadenectomies were performed on a case-bycase basis.

The macroscopic shapes of lesions were categorized
as either protruding (Ⅰ), non-protruding and nonexcavated (Ⅱ), or excavated (Ⅲ). Type Ⅱ lesions were
subclassified as slightly elevated (Ⅱa), flat (Ⅱb), or
slightly depressed (Ⅱc). Lesions were classified into 3
groups: elevated (Ⅰ and Ⅱa), flat (Ⅱb), and depressed
(Ⅱc and Ⅲ) types. Resected specimens were fixed in a
10% formalin solution and serially sectioned at 2-mm
intervals to assess tumor involvement in the lateral
and vertical margins. Tumor size, depth of invasion,
presence of ulceration, lymphovascular invasion (LVI),
and LN metastasis were evaluated microscopically.
The tumors were classified histopathologically
according to the Japanese classification of gastric
[8]
carcinoma . Papillary adenocarcinoma was defined as
a tumor in which more than 50% of the tumor area
contained papillary structures composed of epithelial
projections scaffolded by a central fibrovascular core.
Histological types were classified as pure papillary
(PP) and mixed papillary (MP) types. The MP type
was subclassified as MP type with differentiated
component (well and moderately differentiated tubular
adenocarcinoma) and MP type with undifferentiated
component (poorly differentiated adenocarcinoma
and signet-ring cell carcinoma). The depth of mucosal
invasion was classified as m1 (confined to the epithelial
layer), m2 (invasion of the lamina propria), and m3
(invasion of the muscularis mucosa). The depth of
submucosal invasion was classified as sm1 (submucosal
invasion of ≤ 500 μm from the muscularis mucosa)
and sm2 (submucosal invasion of > 500 μm from the
muscularis mucosa).
In ESD cases, en bloc resection was defined as
resection in a single piece as opposed to piecemeal
resection (in multiple segments). Resection was
regarded to be curative when en bloc resection

ESD procedures

ESD procedures were performed by two experienced
endoscopists (GH Kim and GA Song) using a singlechannel endoscope (GIF-H260 or GIF-Q260; Olympus
Co., Ltd., Tokyo, Japan). ESD was performed under
conscious sedation with cardiorespiratory monitoring.
For sedation, 5-10 mg of midazolam and 25 mg of
meperidine were administered intravenously; propofol
was administered as needed during the procedure.
First, argon plasma coagulation was used to mark
the borders of the lesion, which had been identified
by conventional endoscopy or chromoendoscopy
with the application of an indigo carmine solution.
After marking, a saline solution (0.9% saline with a
small amount of epinephrine and indigo carmine) was
injected submucosally around the lesion to lift it off the
muscular layer. Next, a circumferential mucosal incision
was made around the marking dots with an IT knife
(Olympus) and/or Flex knife (Olympus). The lesion was
completely removed by submucosal dissection with
these knives. If necessary, the submucosal injection
was repeated and endoscopic hemostasis was achieved.
A high-frequency electrosurgical current generator
(Erbotom VIO 300D; ERBE, Tübingen, Germany) was
used during marking, mucosal incision, submucosal
dissection, and hemostasis.
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49
66 (48-80)

curative resection such as those with LVI, a positive
vertical margin, or deep submucosal invasion, surgical
operation was first recommended to all patients for
curative resection. However, for patients who refused
surgical operation, follow-up endoscopy with biopsies
and abdominal CT were conducted 1-2 mo and 4-6 mo
after ESD.

35 (71)
14 (29)

Statistical analysis

Table 1 Clinicopathological characteristics of patients who
underwent surgical operation for papillary adenocarcinomatype early gastric cancers n (%)
Characteristic
No. of patients
Median age, yr (range)
Gender
Male
Female
Location
Upper third
Middle third
Lower third
Macroscopic shape
Elevated
Flat
Depressed
Ulceration
Histologic type
PP type
MP with diff.
MP with undiff.
Median size, mm (range)
≤ 30
> 30
Depth of invasion
Mucosa (m1:m2:m3)
Submucosa (sm1:sm2)
Lymphovascular invasion
Lymph node metastasis

Variables were expressed as median (range) values
2
and simple proportions. Fisher’s exact test or χ test
was used to identify predictive factors of LN metastasis
in papillary adenocarcinoma-type EGCs. Statistical
calculations were performed using SPSS version
18.0 for Windows software (SPSS Inc., Chicago, IL,
United States). A P value of < 0.05 was considered
statistically significant.

5 (10)
2 (4)
42 (86)
36 (73)
0 (0)
13 (27)
12 (24)
28 (57)
14 (29)
7 (14)
30 (9-105)
24 (49)
25 (51)

RESULTS
Clinicopathological characteristics of patients with
papillary adenocarcinoma-type EGC

Clinicopathological characteristics of the 49 patients
who underwent surgical operation for papillary
adenocarcinoma-type EGC are summarized in Table
1. Of the 49 patients, 35 were male and 14 were
female, with a median age of 66 years (range:
48-80 years). Forty patients underwent primary
surgical operation, with the remaining 9 undergoing
an additional surgical operation for non-curative
resection after ESD. Laparoscopy-assisted gastrectomy
with D1 lymphadenectomy was performed in 9
patients, laparoscopy-assisted gastrectomy with
D2 lymphadenectomy in 17 patients, and open
gastrectomy with D2 lymphadenectomy in 23 patients.
Most papillary adenocarcinomas (86%) were located
in the lower third of the stomach. Macroscopically,
elevated shape was more frequent than depressed
shape (73% vs 27%). Regarding histological type,
28 patients (57%) had PP type and 21 patients
(43%) had MP type. Median tumor size was 30 mm
(range: 9-105 mm). Fourteen patients (29%) had
mucosal cancer, and the other 35 patients (71%)
had submucosal cancer. The frequencies of LVI and
LN metastasis were 31% (15/49) and 18% (9/49),
respectively.

14 (0:0:14) (29)
35 (8:27) (71)
15 (31)
9 (18)

PP type: Pure papillary type; MP with diff.: Mixed papillary type with
differentiated component; MP with undiff.: Mixed papillary type with
undifferentiated component.

was achieved with tumor-free lateral and vertical
margins, with histopathological examinations revealing
differentiated-type adenocarcinoma, submucosal
invasion of ≤ 500 μm from the muscularis mucosa,
and the absence of LVI. Resection was regarded to
be non-curative if the above criteria were not met
despite complete endoscopic removal of the lesion.
For surgical operation, curative resection was defined
as the compete removal of macroscopic tumor tissue
and tumor-free resection margin on histological
examination.

Follow-up

All patients who were treated with ESD underwent
post-procedural chest and abdominal radiography and
second-look endoscopy on the following day to detect
any perforation or bleeding. Proton pump inhibitors
and sucralfate were administered to relieve pain,
prevent procedure-related bleeding, and promote ulcer
healing. Patients without serious symptoms or adverse
events were permitted to start food intake the day
after the procedure and were discharged within 3-4 d.
In cases of curative resection, follow-up endoscopy
was conducted 6 mo after ESD and annually thereafter.
Abdominal CT, chest radiography, and laboratory
measurements of tumor markers were performed 6
mo after ESD and annually thereafter. In cases of non-
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Predictive factors of LN metastasis in papillary
adenocarcinoma-type EGCs

Clinicopathological characteristics of patients with
LN metastasis are described in Table 2. Location,
macroscopic shape, ulceration, histological type, and
tumor size were not associated with LN metastasis
(Table 3). The incidence of LN metastases was higher
in submucosal cancers than in mucosal cancers;
however, this difference did not reach statistical
significance [22.9% (8/35) vs 7.1% (1/14), P = 0.195].
LVI was the only clinicopathological factor significantly
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Table 2 Clinicopathological characteristics of patients with lymph node metastasis
Patient Gender/
No.
age
1
2
3
4
5
6
7
8
9

F/63
M/58
F/75
F/71
M/67
M/64
M/58
M/68
F/63

Tumor
location
Lower third
Lower third
Lower third
Lower third
Lower third
Lower third
Lower third
Lower third
Lower third

Macroscopic Ulceration Histologic type
type
Ⅱa
Ⅱa
Ⅰ + Ⅱa
Ⅱc
Ⅰ
Ⅱc
Ⅱc + Ⅲ
Ⅱa + Ⅱb
Ⅱa

+
+
+
-

Tumor size
(mm)

Depth of
invasion

Lymphovascular
invasion

Pre-treatment
ESD indication

Primary
treatment

35
48
105
25
23
35
55
27
30

sm2
m3
sm2
sm2
sm2
sm2
sm2
sm2
sm1

+
+
+
+
+
+

Out
In (expanded)
Out
Out
Out
Out
Out
Out
In (expanded)

Op
Op
Op
Op
Op
Op
Op
Op
ESD

PP
MP + diff.
MP + undiff.
PP
MP + undiff.
PP
MP + undiff.
PP
MP + diff.

PP type: Pure papillary type; MP + diff.: Mixed papillary type with differentiated component; MP + undiff.: Mixed papillary type with undifferentiated
component; ESD: Endoscopic submucosal dissection; Out: Out-of-ESD indication; In: In ESD indication; Op: Operation.

indication because of tumor size, ulceration, or deep
submucosal invasion.
Among the 17 patients with EGC indicated for
ESD, 2 patients (11.8%) had LN metastasis. One
patient had intramucosal cancer (m3) of histological
MP type (with differentiated component) 48 mm in
size without ulceration, and the other patient had a
submucosal cancer (sm1) of histological MP type (with
differentiated component) 30 mm in size with LVI.

Table 3 Predictive factors of lymph node metastasis in
papillary adenocarcinoma-type early gastric cancers n (%)
Factors

Lymph node metastasis

Location
Upper third
Middle third
Lower third
Macroscopic type
Elevated
Depressed
Ulceration
Absent
Present
Histologic type
PP type
MP with diff.
MP with undiff.
Tumor size
≤ 30 mm
> 30 mm
Depth of invasion
Mucosa
Submucosa
Lymphovascular invasion
Absent
Present

Present
(n = 9)

Absent
(n = 40)

0 (0)
0 (0)
9 (21.4)

5 (100)
2 (100)
33 (78.6)

6 (16.7)
3 (23.1)

30 (83.3)
10 (76.9)

6 (16.2)
3 (25.0)

31 (83.8)
9 (75.0)

4 (14.3)
2 (16.7)
3 (33.3)

24 (85.7)
10 (83.3)
6 (66.7)

3 (12.5)
6 (24.0)

21 (87.5)
19 (76.0)

1 (7.1)
8 (22.9)

13 (92.9)
27 (77.1)

3 (8.6)
6 (42.9)

32 (91.4)
8 (57.1)

P value

0.712

0.683

Outcomes of patients who underwent ESD for papillary
adenocarcinoma-type EGC

0.498

During the study period, 24 patients with papillary
adenocarcinoma-type EGC underwent ESD as a
primary treatment (Figure 2). The clinicopathological
characteristics of these 24 patients are summarized
in Table 5. In the pre-treatment work-up, 10 patients
had absolute indication for ESD and 14 patients had
expanded indication for ESD. In all cases, en bloc
resection was obtained without treatment-related
adverse events. In the final histopathology, 13
patients (54%) had out-of-ESD indication; 9 patients
had LVI or deep submucosal invasion, 3 patients had
intramucosal cancer > 30 mm in size with ulceration,
and 1 patient had sm1 cancer > 30 mm in size (Table
6). Of these patients, 9 underwent additional surgical
operation because of non-curative resection, and the
other 4 patients were followed-up without operation.
Recurrence was not observed during the median
follow-up period of 19 mo (range: 6-51 mo) in the 15
patients who only underwent ESD.

0.470

0.253

0.195

0.016

PP type: Pure papillary type; MP + diff.: Mixed papillary type with
differentiated component; MP + undiff.: Mixed papillary type with
undifferentiated component.

associated with LN metastasis (P = 0.016).

Application of current criteria of ESD

Table 4 shows the prevalence of LN metastasis in 49
patients with papillary adenocarcinoma-type EGC
according to the current indication criteria of ESD.
Among the 49 patients, 6 had absolute indication for
ESD (intramucosal cancer ≤ 20 mm in size without
ulceration) and 11 had expanded indication for ESD
(4 patients, intramucosal cancer > 20 mm in size
without ulceration; 2 patients, intramucosal cancer ≤
30 mm with ulceration; and 5 patients, sm1 cancer
≤ 30 mm). The other 32 patients were in out-of-ESD
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DISCUSSION
In the present study, the overall incidence of LN
metastasis in the 49 patients who underwent surgery
for papillary adenocarcinoma-type EGC was 18.3%. Of
the 17 patients who met the current indication criteria
of ESD (6 patients, absolute indication; 11 patients,
expanded indication), 2 patients with expanded
indication of ESD had LN metastasis. Therefore, the
rate of LN metastasis in patients with EGC indicated
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Table 4 Lymph node metastasis in papillary adenocarcinoma-type early gastric cancers according to the current endoscopic
submucosal dissection indication criteria n (%)
Mucosal cancer (n = 14)
Ulcer (-) (n = 10)
> 20 mm
(n = 6)
(n = 4)
0 (0)
1 (25)

≤ 20 mm

Lymph node metastasis

Ulcer (+) (n = 4)
> 30 mm
(n = 2)
(n = 2)
0 (0)
0 (0)

≤ 30 mm

Submucosal cancer (n = 35)
sm1 (n = 8)
> 30 mm
(n = 5)
(n = 3)
1 (20)
0 (0)

≤ 30 mm

sm2 (n = 27)
Any size
(n = 27)
7 (26)

ESD for papillary adenocarcinoma
from January 2005 to May 2013
(n = 24)

In-ESD indication in the ESD specimen
and regular follow-up
(n = 11)

Out-of-ESD indication in the ESD specimen
(n = 13)

Non-curative resection
(n = 9)

Complete resection but out-of-ESD indication
(n = 4)

Surgical operation
(n = 9)

Follow-up without operation
(n = 4)

Figure 2 Outcomes of patients who underwent endoscopic submucosal dissection for papillary adenocarcinoma-type early gastric cancer. ESD:
endoscopic submucosal dissection.

for ESD was somewhat high (11.8%). Furthermore,
of the 24 patients who underwent ESD as a primary
treatment for papillary carcinoma-type EGC, more than
half (13 patients) achieved an out-of-ESD indication.
Among the 13 patients in out-of-ESD indication, 9
underwent surgical operation because of LVI or deep
submucosal invasion.
Papillary adenocarcinoma accounts for appro
ximately 6%-11% of gastric carcinomas and 1%
[7,9,13,14]
of EGCs
. There have been few reports on
the clinicopathological characteristics of papillary
[7,9]
adenocarcinoma because of its rarity
. Papillary
adenocarcinomas tend to occur in older patients and
have a proximal tumor location, elevated shape in
the early stage, frequent liver metastasis, higher rate
of LN involvement, and lower overall 5-year survival
rate compared with non-papillary gastric carcinomas.
In the present study, the frequency of papillary
adenocarcinoma-type EGC was 4.2% (64/1510). Most
papillary adenocarcinoma-type EGCs had an elevated
shape (73%) and were located in the lower third of the
stomach (86%).
Despite the more aggressive features of papillary
adenocarcinoma, it is currently classified as a diff
erentiated-type adenocarcinoma and, therefore, papillary
adenocarcinoma-type and tubular adenocarcinomatype EGCs have been treated according to the same
ESD indication criteria. Many recent studies have
reported a high curative resection rate (84%-95%) and
excellent long-term outcomes (a 5-year survival rate of

Table 5 Clinicopathological characteristics of patients who
underwent endoscopic submucosal dissection for papillary
adenocarcinoma-type early gastric cancer n (%)
Characteristic
No. of patients
Median age, yr (range)
Gender
Male
Female
Location
Upper third
Middle third
Lower third
Macroscopic shape
Elevated
Flat
Depressed
Ulceration
Histologic type
PP type
MP with diff.
MP with undiff.
Median size, mm (range)
≤ 30
> 30
Depth of invasion
Mucosa (m1:m2:m3)
Submucosa (sm1:sm2)
Lymphovascular invasion
Lymph node metastasis

24
68 (56-80)
19 (79)
5 (21)
4 (17)
0 (0)
20 (83)
23 (96)
1 (4)
0 (0)
5 (21)
13 (54)
9 (38)
2 (8)
22 (6-59)
18 (75)
6 (25)
14 (0:4:10) (58)
10 (4:6) (42)
5 (21)
1 (4)

PP type: Pure papillary type; MP with diff.: Mixed papillary type with
differentiated component; MP with undiff.: Mixed papillary type with
undifferentiated component.
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Table 6 Clinicopathologic characteristics of patients in out-of-endoscopic submucosal dissection indication
Patient No.
1
2
3
4
5
6
7
8
9
10
11
12
13

Gender/age Ulceration Histologic type
M/74
M/80
M/68
M/66
M/56
M/78
M/74
M/56
F/63
F/71
M/65
M/66
F/73

+
+
+
+
-

PP
MP + undiff.
PP
PP
PP
MP + diff.
PP
PP
MP + diff.
MP + diff.
PP
MP + diff.
MP + undiff.

Tumor size
(mm)

Pre-treatment
ESD indication

Depth of
invasion

LVI

Additional
surgery

Follow-up
period (mo)

Recurrence

18
18
18
13
32
34
59
24
30
32
22
24
31

Absolute
Absolute
Absolute
Absolute
Expanded
Expanded
Expanded
Expanded
Expanded
Expanded
Expanded
Expanded
Expanded

m3
sm2
sm2
sm2
m2
m3
m3
sm1
sm1
sm1
sm2
sm2
sm2

+
+
+
+
+
-

Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
No
Yes
Yes
Yes

3
7
18
20
34
3
26
3
51
41
8
26
24

No
No
No
No
No
No
No
No
No
No
No
No
No

ESD: Endoscopic submucosal dissection; LVI: Lymphovascular invasion; PP type: Pure papillary type; MP + diff.: Mixed papillary type with differentiated
component; MP + undiff.: Mixed papillary type with undifferentiated component.

92%-100%) for ESD in EGC based on the absolute
[1-4,11]
and expanded indications
. However, the number
of patients with papillary adenocarcinoma included in
these studies was small. Therefore, it is possible that
the safety risks of ESD for papillary adenocarcinomatype EGC have been overlooked.
Known predictive factors of LN metastasis in EGC
include tumor size, histological type, depth of invasion,
[15]
and LVI . The overall incidence of LN metastasis in
EGC is known to exceed 10% (2%-5% for mucosal
cancer vs > 20% for submucosal cancer; 0.4% for
differentiated-type intramucosal cancer vs 4.2%-7.3%
[5,15,16]
for undifferentiated-type intramucosal cancer)
.
In the present study, LVI was a predictive factor of
LN metastasis in papillary adenocarcinoma-type EGC.
The incidence of LN metastasis was 7.1% in mucosal
cancer and 22.9% in submucosal cancer. Therefore,
the rate of LN metastasis in papillary adenocarcinoma
type-EGCs was higher in the present study than in
previous reports.
The criteria of surgical operation after non-curative
endoscopic resection of EGC have yet to be clearly
defined. To date, the criteria of surgical operation
after ESD for EGC include positive lateral or vertical
margins, deep submucosal invasion (> 500 μm), LVI, or
[10,11,17,18]
undifferentiated-type histology
. The frequency
of surgical operation after ESD is 2.1%-14.6%,
[19,20]
according to previous reports
. The rate of surgical
operation for papillary adenocarcinoma-type EGC
because of LVI or deep submucosal invasion was higher
(37.5%) in our study than in previous reports. It is
impossible to directly compare our results with those of
previous studies because of the relatively small number
of patients and the exclusion of other carcinoma types
in our study. However, papillary adenocarcinomatype EGCs tended to have a higher frequency of LN
metastasis and additional surgical operation after ESD
in the present study compared with other differentiated-
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type EGCs in the previous reports, even for tumors that
[5,15,16,19,20]
met the current indication criteria of ESD
.
Our study demonstrated that ESD for papillary
adenocarcinoma-type EGC should be approached
more carefully because of the higher frequency of LN
metastasis, LVI, and deep invasion. To our knowledge,
this is the first study to demonstrate the outcomes of
ESD for papillary adenocarcinoma-type EGC alone.
However, our study has some limitations. Firstly,
potential selection biases may have been present
because of the retrospective nature of the study.
Treatment options were selected on a case-by-case
basis according to clinical judgment and patient factors.
Secondly, our study had a relatively small number of
patients and a short follow-up period. Further large-scale
prospective studies with longer follow-up periods are
needed to clarify the clinicopathological characteristics
and outcomes of ESD in papillary adenocarcinoma-type
EGC. Lastly, because a tumor’s histopathological type
is typically defined as the predominant type in cases
with mixed histopathological components, we defined
papillary adenocarcinoma as a tumor in which more than
50% of the tumor area contained papillary structure.
However, it is possible that other histopathological
components of papillary adenocarcinomas could
confer different clinicopathological characteristics and
ESD outcomes. Further investigation is required to
determine the contribution of papillary and non-papillary
components of EGC to clinicopathological characteristics
and ESD outcomes.
In conclusion, papillary adenocarcinoma-type EGCs
are classified as differentiated-type carcinoma and,
therefore, treated with ESD according to the same
indication criteria as other differentiated-type carcinomas
such as tubular adenocarcinoma. However, our study
demonstrated that the rate of LN metastasis under
the current ESD indication criteria was somewhat
high (11.8%). In addition, more than half of the
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patients who underwent ESD as a primary treatment
for papillary carcinoma-type EGC ultimately achieved
out-of-ESD indication. Therefore, the use of ESD
should be more carefully considered for papillary
adenocarcinoma-type EGCs with suspected ESD
indication after pre-treatment work-up compared with
other differentiated-type adenocarcinomas because of
their higher frequency of LN metastasis and additional
surgical operation.

4
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AIM: To identify the factors that differentiate acute
hepatitis B (AHB) from chronic hepatitis B with acute
exacerbation (CHB-AE).
METHODS: From 2004 to 2013, a total of 82 patients
(male n = 52, 63.4%; female n = 30, 36.6%) with
clinical features of acute hepatitis with immunoglobulin
M antibodies to the hepatitis B core antigen (IgM antiHBc) were retrospectively enrolled and divided into
two groups; AHB (n = 53) and CHB-AE (n = 29). The
AHB group was defined as patients without a history
of hepatitis B virus (HBV) infection before the episode
and with loss of hepatitis B surface antigen within 6
mo after onset of acute hepatitis. Biochemical and
virological profiles and the sample/cutoff (S/CO) ratio
of IgM anti-HBc were compared to determine the
differential diagnostic factors.
RESULTS: The multivariate analysis demonstrated
that, the S/CO ratio of IgM anti-HBc and HBV DNA
levels were meaningful factors. The S/CO ratio of IgM
anti-HBc was significantly higher in the AHB group,
while the HBV DNA level was significantly higher in
the CHB-AE group. The optimal cutoff values of IgM
anti-HBc and HBV DNA levels for differentiating the
two conditions were 8 S/CO ratio and 5.5 log10 IU/mL,
respectively. The sensitivity and specificity were 96.2%
and 89.7% for the S/CO ratio of IgM anti-HBc and
81.1% and 72.4% for HBV DNA levels, respectively.
The area under receiver operating characteristic curves
of both the S/CO ratio of IgM anti-HBc and HBV DNA
levels were not significantly different (0.933 vs 0.844, P
= 0.105). When combining IgM anti-HBc and HBV DNA,
the diagnostic power significantly improved compared
to HBV DNA alone (P = 0.0056). The combination of
these factors yielded a sensitivity and specificity of
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98.1% and 86.2%, respectively.

core antigen (IgM anti-HBc) has been considered as
[6-8]
a valuable diagnostic marker of AHB
. However,
20%-27.5% of CHB-AE patients have an IgM anti-HBc
positive result with the fully automated, quantitative
analysis method, and these patients could be
[9]
misclassified as AHB . For this reason, the cut-off
index value of IgM anti-HBc was suggested to be set at
a higher level for the differentiation of AHB and CHB[10]
AE in Taiwanese patients . Some authors suggested
measuring IgM anti-HBc by semi-quantitative assays as
a meaningful serological marker to monitor the disease
activity of CHB and also to reflect the host’s active
[11-13]
immune response
.
In Korea, the prevalence of HBV infection is estimated
[14]
to be 3.7% , it is not rare to encounter CHBAE patients with positive IgM anti-HBc. This study
determined the optimal sample/cutoff (S/CO) ratio
of IgM anti-HBc by chemiluminescent immunoassay
which is recently available semi-quantitative assay that
can identify characteristics to discriminate AHB from
IgM anti-HBc positive CHB-AE.

CONCLUSION: The combination of the S/CO ratio of
IgM anti-HBc and HBV DNA levels was a useful tool
for differentiating AHB from CHB-AE in patients with
positive IgM anti-HBc.
Key words: Acute hepatitis; Differential diagnosis;
Chronic hepatitis; Hepatitis B virus
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Distinguishing between acute hepatitis B (AHB)
and chronic hepatitis B with acute exacerbation (CHBAE) is important because of the different prognosis
and treatment strategy. However, distinguishing AHB
and CHB-AE is difficult due to their similar clinical
features and serologic profiles, especially in patients
with IgM anti-HBc positivity. This is the first study to
differentiate between AHB and CHB-AE in a distinct
group of subjects with positive IgM anti-HBc. The
quantitative determination of IgM anti-HBc was useful
for differentiating AHB from CHB-AE in patients IgM
anti-HBc positive. The combination of serum IgM antiHBc ≥ 8 S/CO ratio with HBV-DNA levels < 5.5 log10
IU/mL could effectively distinguish AHB from CHB-AE.

MATERIALS AND METHODS
Patients and study design

A total of 82 patients with positive result for IgM antiHBc upon clinical presentation of acute hepatitis or
AE in CHB were retrospectively analyzed at Hallym
University Medical Center, Seoul, Korea, from
December 2004 to December 2013. All patients were
divided into two groups according to their clinical
diagnosis, AHB and CHB-AE.
The AHB group was defined patients with the
clinical signs or symptoms suggestive of acute
hepatitis without a history of HBV infection prior to
this episode and with the loss of hepatitis B surface
antigen (HBsAg) within 6 mo after onset of acute
hepatitis. AE was defined as serum elevation of alanine
aminotransferase (ALT) levels more than 10 times the
upper limit of normal. Identified CHB patients with AE
and positive IgM anti-HBc were recruited as the control
group. Patients with other viral infections (hepatitis
A virus, hepatitis C virus, human immunodeficiency
virus and hepatitis D virus) or other concomitant liver
diseases (alcoholic liver disease and autoimmune
liver disease) or a recent history of hepatotoxic drugs
including herbal medications or HCC were excluded.
The biochemical and virological profiles were
compared between the AHB and CHB-AE groups.
Then, the parameters with the greatest differences
were selected to assess the diagnostic power for
differentiating between AHB and CHB-AE. This
study was approved by the Investigation and Ethics
Committee for Human Research at the Hallym
University Medical Center, Seoul, Korea.

Park JW, Kwak KM, Kim SE, Jang MK, Kim DJ, Lee MS, Kim
HS, Park CK. Differentiation of acute and chronic hepatitis B
in IgM anti-HBc positive patients. World J Gastroenterol 2015;
21(13): 3953-3959 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/3953.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3953

INTRODUCTION
Chronic Hepatitis B virus (CHB) infection has been
an important global health problem. Cirrhosis related
complications and/or hepatocellular carcinoma (HCC)
are found in 25%-40% of the patients with CHB
[1]
infection . Thus antiviral therapy is indicated for
patients with CHB with acute exacerbation (CHB-AE).
When adults with an intact immune system become
infected with hepatitis B virus (HBV), they usually
[2]
recover without antiviral therapy , and the risk of
developing a CHB infection after acute hepatitis B
[3]
(AHB) is less than 5% in adults . Nonetheless, AHB
is worthy of our attention due to recent public health
[4]
management, such as HBV outbreak . Considering
the different prognoses, treatment strategies, and
prevention and public health management strategies
for these conditions, correct diagnoses are extremely
important. However, it is difficult due to the similar
[2,5]
clinical features and serologic profiles
. Little is
known about designing a simple assay to distinguish
between these conditions.
Immunoglobulin M antibody to the hepatitis B
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Serum assay methodology

Routine biochemical tests were performed using
standard laboratory procedures. HBsAg, antibody
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Table 1 Comparison clinical features between acute hepatitis B and chronic hepatitis B with acute exacerbation
Variables
Age (yr)1
Sex (male, %)
WBC (× 103/mL)1
Hb (g/dL)1
Platelet (× 103/mL)1
ALT (IU/L)1
Total bilirubin (mg/dL)1
Albumin (g/dL)1
INR1
HBeAg positivity (+, %)2
HBeAg titer (S/CO)1
IgM anti-HBc titer (S/CO)1
HBV DNA (log10 IU/mL)1

Total (n = 82)

AHB (n = 53)

CHB-AE (n = 29)

P value

41.9 ± 12.7
52 (63.4%)
6.0 ± 1.9
14.0 ± 1.7
212.1 ± 84.3
1864.2 ± 1397.2
6.2 ± 5.6
3.5 ± 0.5
1.4 ± 0.9
53 (64.6%)
133.5 ± 261.5
16.4 ± 10.7
5.3 ± 1.8

40.2 ± 13.4
30 (56.6%)
6.1 ± 2.1
13.9 ± 1.8
232.8 ± 85.9
2273.2 ± 1373.1
7.0 ± 4.6
3.6 ± 0.5
1.5 ± 1.1
31 (60.8%)
49.2 ± 60.9
22.3 ± 7.1
4.5 ± 1.6

45.0 ± 11.0
22 (75.9%)
5.9 ± 1.6
14.2 ± 1.7
174.3 ± 67.4
1116.8 ± 1118.3
4.7 ± 7.0
3.4 ± 0.5
1.3 ± 0.5
22 (75.9%)
415.7 ± 367.8
6.0 ± 6.9
6.7 ± 1.4

0.023
0.098
0.808
0.782
0.001
< 0.001
< 0.001
0.151
0.861
0.226
0.001
< 0.001
< 0.001

1

Mean ± SD; 2HBeAg was not checked in two patients of AHB group. AHB: Acute hepatitis B; CHB-AE: Chronic hepatitis B with acute exacerbation; WBC:
White blood cell; Hb: Hemoglobin; ALT: Alanine aminotransferase; INR: International normalized ratio; HBeAg: hepatitis B e antigen; IgM anti-HBc:
Immunoglobulin M antibody to hepatitis B core antigen; S/CO: Sample/cutoff value; HBV: Hepatitis B virus.

to HBsAg (anti-HBs), hepatitis B e antigen (HBeAg),
and antibody to HBeAg (anti-HBe) were measured
using a microparticle enzyme immunoassay (Abbott
Laboratories, North Chicago, IL, United States). Serum
HBV DNA levels were measured by the VERANT 3.0
assay (Bayer Healthcare, Tarrytown, NY, United States;
lower limit of detection 2000 copies/mL) or COBAS
TaqMan PCR assay (Roche, Branchburg, NJ, United
States; lower limit of detection 60 copies/mL). IgM
anti-HBc was performed using the chemiluminescent
immunoassay on the Abbott Architect (Abbot GmbH,
Wiesbaden Delkenheim, Germany). There is a direct
relationship between the amount of IgM anti-HBc in
the sample and chemiluminescent reaction measured
as relative light units. The presence or absence of IgM
anti-HBc in the sample is determined by comparing the
chemiluminescent signal in the reaction to the cutoff
signal determined from a previous manufacturer’s IgM
anti-HBc calibration. According to the product reference,
positivity was defined by an S/CO ratio ≥ 1, and an
S/CO ratio between 0.5 and 0.999 was categorized as a
“gray zone”. In this study, all patients had an S/CO ratio
for IgM anti-HBc ≥ 1.

were calculated and compared. The Mann-Whitney
2
U-test, χ test and multiple logistic regression analysis
were performed with SPSS version 16 (IBM corporation,
New York, United States). STATA version 11 (StataCorp,
Texas, United States) was used to evaluate if the
combination of identified factors could be better than
[15,16]
either of these factors alone
.

RESULTS
Comparison of clinical features between AHB and CHBAE groups

A total 82 patients were enrolled and divided into
two groups: AHB (n = 53, 64.6%) and CHB-AE (n
= 29, 35.4%). The baseline characteristics of both
groups are shown in Table 1. Compared to patients
in the CHB-AE group, AHB patients had more
severe necroinflammation of the liver, which was
characterized by higher levels of serum bilirubin and
ALT. The S/CO ratio of IgM anti-HBc were significantly
higher in AHB group, while the HBV DNA level was
significantly higher in the CHB-AE group. The HBeAg
status was measured in 80 patients (51 patients in
the AHB group; 29 patients in the CHB-AE group).
Although the proportion of HBeAg positive patients
was not significantly different between the two groups,
the HBeAg titers, as reflected by the S/CO ratio, were
significantly higher in the CHB-AE group than in the
AHB group (415.7 ± 367.8 vs 49.2 ± 60.9, P = 0.001).
The alpha fetoprotein (AFP) test was performed in only
54 patients (Thirty-two patients in the AHB group; 22
patients in the CHB-AE group). The CHB-AE group had
higher AFP than the AHB group (133.5 ± 395.7 vs 6.7
± 6.3, P < 0.001).

Statistical analysis

The Mann-Whitney U-test for continuous variables
2
and χ test for categorical variables were used for
the analyses as appropriate. HBV DNA levels were
logarithmically transformed for analysis. Multiple logistic
regression analysis was used to identify the independent
factors that were significantly associated with AHB.
Candidate variables with a P-value of less than 0.05 on
a univariate analysis were entered into the regression
analysis. A P-value of less than 0.05 was considered
significant. The Youden’s index was calculated as an
index of sensitivity and specificity. To determine the
optimal cutoff value of the variables differentiating AHB
from CHB-AE, the receiver operating characteristic (ROC)
curves were plotted using all possible cutoff values. The
area under ROC (AUROC) curves of identified factors
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Independent predictor for differentiating between AHB
and CHB-AE

A multivariate logistic regression analysis was
performed to determine the independent predictors for
the discrimination of AHB from CHB-AE using variables
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1.0

Table 2 Multivariate analysis for predicting acute hepatitis B

Age (yr)
Platelet (× 103/mL)
Total bilirubin (mg/dL)
ALT (IU/L)
HBV DNA (log10 IU/mL)
IgM anti-HBc titer (S/CO)

RR

95%CI

P value

0.957
1.001
1.071
1.001
0.323
1.293

0.895-1.023
0.988-1.014
0.927-1.237
1.000-1.001
0.135-0.773
1.125-1.486

0.197
0.934
0.350
0.055
0.011
< 0.001

0.8

Sensitivity

Variables

AHB: Acute hepatitis B; RR: Relative risk; ALT: Alanine aminotransferase;
HBV: Hepatitis B virus; IgM anti-HBc: Immunoglobulin M antibody to
hepatitis B core antigen; S/CO: Sample/cutoff value.

0.0
0.0

0.8

Sensitivity

0.4

AUROC
HBcAb = 0.933
HBV DNA = 0.844

0.2

0.2

0.4
0.6
1-Specificity

0.8

0.2

0.4
0.6
1-Specificity

0.8

1.0

level was better than either of these markers alone,
we created a new variable combining the IgM anti-HBc
S/CO ratio and HBV-DNA level (0.2303*IgM anti-HBc
- 1.0694*logHBV-DNA), which was made by a logistic
[15]
regression using the "lroc" function in STATA . The
AUROC curve of the combination is shown in Figure
2. The AUROC curves of the combination and HBVDNA were significantly different for the differentiation
of AHB from CHB-AE (combination; 0.960 vs HBV
DNA; 0.844, P = 0.0056). There was no significant
difference between the combination and IgM antiHBc (combination; 0.960 vs IgM anti-HBc; 0.933, P
= 0.22). When combining the IgM anti-HBc and HBV
DNA factors, there was a significant improvement in
the diagnostic power compared to HBV DNA alone.
The combination of these factors yielded a sensitivity
and specificity of 98.11% and 86.2%, respectively.

1.0

Figure 1 Receiver operating characteristic curves of sample/cutoff ratio
of I immunoglobulin M antibodies to the hepatitis B core antigen and
hepatitis B virus DNA levels. The area under receiver operating characteristic
(AUROC) of IgM anti-HBc and hepatitis B virus DNA levels for diagnosing
acute hepatitis B (AHB) were 0.933 (95%CI: 0.869-0.998, P < 0.001) and 0.844
(95%CI: 0.757-0.931, P < 0.001), respectively.

that were significant in the univariate analyses. With
the multivariate analysis, high IgM anti-HBc titers
and low serum HBV DNA levels were identified as
independent prediction factors for AHB (Table 2).

Diagnostic values for IgM anti-HBc and HBV DNA for the
differentiation of AHB from CHB-AE

Diagnostic performance of IgM anti HBc and HBV DNA
for differentiating AHB from CHB-AE

To determine the optimal cutoff values for the
differentiation of AHB from CHB-AE, ROC curves were
plotted (Figure 1). Figure 1 shows that the AUROC
of IgM anti-HBc and hepatitis B virus DNA levels for
diagnosing AHB were 0.933 (95%CI: 0.869-0.998, P
< 0.001) and 0.844 ( 95%CI: 0.757-0.931, P < 0.001),
respectively. The best cutoff values for IgM antiHBc and HBV DNA were 8 S/CO and 5.5 log10 IU/mL,
respectively. The sensitivity and specificity at these
cutoff values were 96.2% and 89.7% for IgM anti-HBc
and 81.1% and 72.4% for HBV DNA, respectively. The
AUROC curves of IgM anti-HBc and HBV DNA were not
significantly different for differentiating AHB from CHBAE (0.933 vs 0.844, P = 0.105). To determine if the
combination of IgM anti-HBc S/CO ratio and HBV-DNA

WJG|www.wjgnet.com

HBcAb = 0.933
HBV DNA = 0.844
Combination = 0.960

Figure 2 Receiver operating characteristic curves comparing immuno
globulin M antibodies to the hepatitis B core antigen, hepatitis B virus
DNA and a combination of immunoglobulin M antibodies to the hepatitis
B core antigen and hepatitis B virus DNA in patients with acute hepatitis
B vs those with chronic hepatitis B with acute exacerbation. The area
under receiver operating characteristic (AUROC) curves for IgM anti-HBc, HBVDNA and combination are indicated in the inset. P = 0.0056 for HBV DNA vs
combination, P = 0.22 for combination vs immunoglobulin M antibodies to the
hepatitis B core antigen (IgM anti-HBc).

0.6

0.4

AUROC

0.2

1.0

0.0
0.0

0.6

Table 3 shows the sensitivity and specificity of IgM
anti-HBc alone, HBV-DNA alone and the combination
of both factors in differentiating AHB from CHB-AE
at various cutoff values. The S/CO ratio of IgM antiHBc ≥ 8 had better sensitivity, specificity, positive
predictive value, and negative predictive values than
the other values 7 and 9. Furthermore, the S/CO
ratio of IgM anti-HBc ≥ 8 had a better diagnostic
performance than HBV-DNA, regardless of the cutoff
value chosen.
When the two factors were combined, the sensitivity
and specificity increased from 81.1% and 72.4% for
HBV-DNA alone to 98.1% and 86.2%, respectively,
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higher S/CO HBeAg ratios than the AHB group (380.8
vs 34.2 S/CO, P = 0.001). A high S/CO IgM anti-HBc
ratio, low HBV DNA level and HBeAg titer in the AHB
group suggests a more robust immune response. This
finding is underpinned by the previous data, the HBcAg
effectively activates antigen presenting cells, leading
to a strong proliferative T-cell response and triggering
the humoral immune response for the production of
IgM and IgG anti-HBc. Consequently, the cellular and
humoral immune systems suppress HBV replications
[20]
and clear HBsAg .
The level of AFP was higher in the CHB-AE group
than the AHB group (24.9 ng/mL vs 5.0 ng/mL, P
< 0.001). AFP, a tumor marker for HCC diagnosis
and surveillance, can be elevated in a number of
nonspecific conditions in patients with cirrhosis or
[21,22]
hepatitis
. Increased serum AFP levels in patients
with non-malignant liver disease was suggested to
be associated with ongoing liver cell regeneration
[23,24]
in response to liver injury
. Other possible
mechanisms include viral derepression of the genome
controlling AFP synthesis or an acute-phase reaction
[25]
to liver injury . However, these mechanisms cannot
sufficiently explain why the AFP levels of the CHBAE group are higher than the AHB group. In CHB-AE,
the additive hepatic necrosis in pre-existent altered
hepatocyte architecture, such as fibrosis, cirrhosis
or liver cell dysplasia, may lead to more severe
parenchymal damage leading to greater stimulation
and regeneration than with AHB. Further study is
necessary to answer this question.
In this study, we defined AHB using the clinical
criteria and taking the patient’s history into account.
It is very challenging to correctly classify AHB and
the first presentation of CHB-AE patients in the
clinical settings. Therefore, the classification of
patients according to our strict criteria might be the
best practical approach to determine chronicity. A
small percentage of CHB patients may have been
classified as AHB in our study. Considering the natural
course of CHB, the possibility of HBsAg loss within 6
months after CHB-AE would be extremely rare and
the differences in IgM anti-HBc titer and serum HBV
DNA levels between the two groups would decrease
if a subset of the CHB-AE patients had indeed been
misallocated into the AHB group. Nevertheless, the IgM
anti-HBc titers and serum HBV DNA levels remained
significant factors for the differentiation of AHB from
CHB-AE with a multivariate analysis. This suggests
that IgM anti-HBc titers and serum HBV DNA levels are
indeed discriminating factors between AHB and CHBAE, although there is a limitation in the classification of
chronicity based on the patient’s medical history.
This is the first study to differentiate between AHB
and CHB-AE in a distinct group of subjects with positive
IgM anti-HBc. There are some limitations. First, it was
retrospectively designed, and some patients were
misclassified as mentioned above. Second, the number

Table 3 Diagnostic performance of laboratory tests for acute
hepatitis B
Sensitivity
IgM anti-HBc (S/Co)
≥7
≥8
≥9
HBV DNA (log10 IU/mL)
<5
< 5.5
<6
Combination1

Specificity

PPV

NPV

98.1
96.2
94.3

82.8
89.7
86.2

91.2
94.4
92.6

96.0
92.9
89.3

56.6
81.1
83.0
98.1

86.2
72.4
65.5
86.2

88.2
84.3
81.5
92.7

52.1
67.7
67.9
92.6

1

Combination obtained from variable 0.2303*IgM anti-HBc-1.0694*Log
HBV-DNA. The values are expressed in percent. PPV: Positive predictive
value; NPV: Negative predictive value; IgM anti-HBc: Immunoglobulin
M antibody to hepatitis B core antigen; S/CO: Sample to the cutoff value;
HBV: Hepatitis B virus.

but when comparing IgM anti-HBc, only the sensitivity
increased from 96.2% to 98.1%.

DISCUSSION
In Korea, it is not rare to encounter HBV infected
patients with clinical and biochemical features
resembling acute hepatitis. Historical information of
chronicity or recent HBV exposure would facilitate
the differential diagnosis between AHB and CHB-AE.
However, this information is not always provided.
Discriminating between the two conditions is difficult,
especially in patients who are IgM anti-HBc positive.
In this study, an IgM anti-HBc ≥ 8 S/CO ratio
and an HBV-DNA level < 5.5 log10 IU/mL aided the
differentiation of AHB from CHB-AE in IgM anti-HBc
positive patients. The sensitivity and specificity at these
cutoff values were 96.2% and 89.7% for IgM antiHBc, 81.1% and 72.4% for HBV DNA, respectively.
These results are consistent with the data from
previous studies comparing AHB and CHB-AE patients.
AHB patients demonstrate a high titer of IgM anti-HBc
[17-19]
and a low level of HBV DNA
. However, our study
recruited only IgM anti-HBc positive CHB-AE patients
as a control, unlike previous studies. This prevented
the misclassification of the patient groups and
enhanced the discrimination between the two groups.
Furthermore, the AUROC curves of the combination
of the S/CO ratio of IgM anti-HBc and HBV-DNA
level was better than each factor alone, a significant
difference was shown only with the AUROC curve of
the combination and HBV-DNA level alone. In addition
[17]
to these factors, Han et al
suggested that the S/
CO ratio of HBeAg could be a diagnostic parameter
for distinguishing AHB from CHB-AE. In the present
study, similar results were observed between the
two groups. Although the proportion of patients with
positive HBeAg in the two groups were not significantly
different (60.8% vs 75.9%), the HBeAg positive
patients from the CHB-AE group had significantly
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3

of patients with CHB-AE (n = 29) was relatively small
compared to the patients with AHB (n = 53). Finally,
the IgM anti-HBc assay by Abbot Architect is actually
a semi-quantitative method, but it is accommodated
for the quantitation in this study, and it is unknown
whether the formula for IgM anti-HBc S/CO by the
Abbot Architect is useful with other commercial IgM
anti-HBc kits. Nevertheless, the distinct difference
of IgM anti-HBc titers between the two groups was
[10,19]
similar to previous studies
.
In conclusion, the quantitative determination
of IgM anti-HBc could be a useful, simple tool for
differentiating AHB from CHB-AE in IgM anti-HBc
positive patients. The combination of a serum IgM
anti-HBc ≥ 8 S/CO ratio with an HBV-DNA level < 5.5
log10 IU/mL can effectively distinguish AHB from CHBAE.
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8
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Distinguishing between acute hepatitis B (AHB) and chronic hepatitis B with
acute exacerbation (CHB-AE) is extremely important because of the patients’
different prognoses and treatment strategies as well as different prevention and
public health management strategies.
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Research frontiers

Immunoglobulin M antibody to hepatitis B core antigen (IgM anti-HBc) is a
valuable diagnostic marker of AHB. However, 20%-27.5% of CHB-AE patients
are IgM anti-HBc positive according to the fully automated, quantitative analysis
method. Thus, these patients could be misclassified as AHB. In this study, the
authors demonstrated that the combination of the IgM anti-HBc sample/cutoff
(S/CO) value and hepatitis B virus (HBV) DNA level had a good sensitivity and
specificity when distinguishing AHB and CHB-AE in patients positive for IgM
anti-HBc.
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Recent reports comparing AHB and CHB-AE patients indicated that a high titer
of IgM anti-HBc and a low level of HBV DNA were the characteristics of AHB
patients. However, our study recruited only IgM anti-HBc positive CHB-AE
patients as a control, unlike previous studies. Furthermore, the authors created
formula to prove that the combination of IgM anti-HBc and HBV DNA levels is a
better diagnostic parameter than either of them alone.
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Applications

By providing a cutoff value of IgM anti-HBc S/CO values and HBV DNA levels,
this study may help physicians differentiate between AHB and CHB-AE in
patients who are positive for IgM anti-HBc.
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Terminology

HBV infection is one of the causes responsible for acute or chronic hepatitis.
Chronic hepatitis is inflammation of the liver that lasts more than six months.
IgM anti-HBc is the first antibody observed in the serum of patients with AHB.
Therefore, it has been considered to be a diagnostic marker.
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The authors compared different cutoff values of the S/CO ratio of IgM anti-HBc
and HBV-DNA, and concluded that the S/CO ratio of IgM anti-HBc ≥ 8 with an
HBV-DNA level < 5.5 log10 IU/mL can discriminate AHB and CHB-AE. Although
this manuscript presents a retrospectively study, the statistical analysis is good.
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Abstract
AIM: To examine the methylation levels of inter
leukin-1 receptor-associated kinase 3 (IRAK3 ) and
GLOXD1 and their potential clinical applications in
hepatocellular carcinoma (HCC).
METHODS: mRNA expression and promoter methy
lation of IRAK3 and GLOXD1 in HCC cells were analyzed
by reverse transcription-polymerase chain reaction (RTPCR) and methylation-specific PCR (MSP), respectively.
Using pyrosequencing results, we further established
a quantitative MSP (Q-MSP) system for the evaluation
of IRAK3 and GLOXD1 methylation in 29 normal
controls and 160 paired HCC tissues and their adjacent
nontumor tissues. We also calculated Kaplan-Meier
survival curves to determine the applications of gene
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methylation in the prognosis of HCC.

us to design better strategies for disease detection or
[2]
prognosis prediction .
Aberrant changes in DNA methylation patterns,
which alter gene expression and subsequently drive
malignant transformation, are recognized as a co
[3]
mmon event during carcinogenesis and are also
[4,5]
found during the development of HCC . Identification
of these events not only allows for a detailed under
standing of the hepatocarcinogenesis but also provides
potential clinical applications in the diagnosis or
[6]
prognosis of HCC . Recently, technical advances in
array systems have led to the development of higherresolution genome-wide methods for DNA methylation
[7]
analysis, such as Infinium assay . It has also been
[8-17]
successfully used in the study of HCC
. By using
array-based platforms, researchers can simultaneously
profile the DNA methylation of a large number of genes
or the entire genome. Furthermore, by validating the
results from the high-throughput screening approach,
researchers can effectively discover more novel genes
that may have potential applications in clinical practice.
[18]
In our recent study , we found several aberrantly
methylated genes in HCC by using the Infinium
HumanMethylation27 BeadChip and then verified 34
genes by methylation-specific PCR (MSP). Of these
genes, we further showed that frequent methylation
of homeobox A9 (HOXA9) in HCC tissues and plasma
samples from patients could be a helpful biomarker to
assist in HCC detection. However, several novel genes in
our array data were not further validated by quantitative
MSP (QMSP), such as interleukin-1 receptor-associated
kinase 3 (IRAK3) and 4-hydroxyphenylpyruvate
dioxygenase-like (HPDL, also known as GLOXD1).
IRAK3 plays an important role in alcohol-induced liver
[19]
injury , and HPDL is an important enzyme in the
[20]
catabolic pathway of tyrosine in the liver . Moreover,
there are no quantitative data about the methylation
levels of IRAK3 and GLOXD1 in HCC. In this study, we
aimed to examine the methylation levels of IRAK3 and
GLOXD1 in HCC by QMSP and to further test whether
these two genes have potential clinical applications in
the diagnosis or prognosis of HCC.

RESULTS: IRAK3 and GLOXD1 expression was partially
restored in several HCC cell lines after treatment with
5-aza-2′-deoxycytidine (DNA methyltransferase inhibitor;
5DAC). A partial decrease in the methylated band
was also observed in the HCC cell lines after 5DAC
treatment. Using GLOXD1 as an example, we found a
significant correlation between the data obtained from
the methylation array and from pyrosequencing. The
methylation frequency of IRAK3 and GLOXD1 in HCC
tissues was 46.9% and 63.8%, respectively. Methylation
of IRAK3 was statistically associated with tumor stage.
Moreover, HCC patients with IRAK3 methylation had a
trend toward poor 3-year disease-free survival (p < 0.05).
CONCLUSION: IRAK3 and GLOXD1 were frequently
methylated in HCC tissues compared to normal
controls and nontumor tissues. IRAK3 methylation was
associated with tumor stage and poor prognosis of
patients. These data suggest that IRAK3 methylation is
a novel prognostic marker in HCC.
Key words: IRAK3 ; GLOXD1 ; hepatocellular carcinoma;
DNA methylation biomarker; Quantitative methylationspecific polymerase chain reaction; Pyrosequencing
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The methylation biomarker is relatively stable
in tissue samples and body fluids, suggesting that it is
a good tool for the detection, diagnosis, prognosis, and
even therapy of hepatocellular carcinoma (HCC). Our
study not only demonstrated frequent methylation of
interleukin-1 receptor-associated kinase 3 (IRAK3 ) and
GLOXD1 in HCC but also found that IRAK3 methylation
was positively associated with poor 3-year diseasefree survival of patients. This indicates that IRAK3
methylation could be used as a potential biomarker for
prediction of prognosis in HCC.
Kuo CC, Shih YL, Su HY, Yan MD, Hsieh CB, Liu CY,
Huang WT, Yu MH, Lin YW. Methylation of IRAK3 is a
novel prognostic marker in hepatocellular carcinoma. World J
Gastroenterol 2015; 21(13): 3960-3969 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i13/3960.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i13.3960

MATERIALS AND METHODS
Cell lines and samples for methylation analysis

A normal liver cell line (THLE-3) and 6 HCC cell lines
(HepG2, SK-HEP1, TONG, Mahlavu, PLC/PRF/5, and
HuH6) were used in this study. THLE-3, HepG2, and SKHEP1 cells were purchased from American Type Culture
Collection. TONG, Mahlavu, PLC/PRF/5, and HuH6
cells were provided by Professor K.H. Lin (ChuangGung University, Taiwan). For 5-aza-2′-deoxycytidine
(5DAC) treatment, HCC cells were prepared as
previously described and harvested directly for reverse
transcription-polymerase chain reaction (RT-PCR) and
[18]
MSP . THLE-3, 3 HCC cell lines (PLC/PRF/5, HepG2,

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
[1]
common causes of cancer deaths in the world . HCC
is a serious disease because it is difficult to detect in
its early stages; this leads to a very poor prognosis
and high mortality. It is believed that studying the
molecular mechanisms of HCC development can help
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Table 1 Primer and probe sequences for reverse-transcription polymerase chain reaction, methylation-specific polymerase chain
reaction, pyrosequencing, and quantitative methylation-specific polymerase chain reaction
Primer

Sequence (5'→3')

RT-PCR
IRAK3-Forward
IRAK3-Reverse
GLOXD1-Forward
GLOXD1-Reverse
Pyrosequencing
GLOXD1-Forward
GLOXD1-Reverse
Universal primer
Sequencing primer
MSP/Q-MSP
IRAK3-Forward
IRAK3-Reverse
IRAK3-Probe
GLOXD1-Forward
GLOXD1-Reverse
GLOXD1-Probe

Amplicon (bp)

ATGCAGTGTAAGAAGCATTGGA
GCAGGTAGTGAATGGCTTTGG
CCCTTCCTACCCGGCTTCA
TGGAACCAGCGCAAAAGTGT

247

GAAGGGAGGTTTAGTGTTTAAGGA
AGCTGGACATCACCTCCCACAACGCCACCCCAACCAAAAACA
AGCTGGACATCACCTCCCACAACG-Biotin
AGGTTTAGTGTTTAAGGAT

242

AGGAGATCGTTTAGTCGTGGGGTAC
ACCTCTACGATAAAAACGAAACTACCG
CTACCGAAACAAACAAAATA
AGGATGTGATTAGGCGTGAGGTTC
AAAAAAACGAAACCCGTAACTCCG
FAM-CGCTACTCTTTCCCC

110

122

122

Allele-specific primer sequences for MSP and Q-MSP are the same. RT-PCR: Reverse transcription-polymerase chain reaction; MSP: Methylation-specific
polymerase chain reaction; Q-MSP: Quantitative MSP.

and HuH6), and 7 types of pooled tissues (each type
was independently pooled with an equal amount of
DNA from 5 tissues) were used as the samples for
methylation analysis by pyrosequencing. The primer
sequences of RT-PCR and MSP are summarized in
Table 1.

Table 2 Clinicopathological characteristics of hepatocellular
carcinoma patients
Characteristic
Age, yr
Mean ± SD
Gender
Female
Male
Hepatitis
HBV-positive
HCV-positive
Double-negative
Cirrhosis
No
Yes
Unknown
Tumor size, cm
≤3
>3
Nodule
Solitary
Multiple
AFP level, ng/mL
≤ 10
> 10
Unknown
Stage

Cases
59 ± 14

94
66

Patients

The Taiwan Liver Cancer Network (TLCN) is funded by
the National Science Council to provide researchers
in Taiwan with primary liver cancer tissues and their
associated clinical information. With the approval by
the TLCN User Committee and the Institutional Review
Board of the Tri-Service General Hospital (TSGH), 29
normal parts of liver hemangiomas (as normal controls)
and a total of 160 HCC tissues and their paired adjacent
nontumor tissues were used in this study. Among these
samples, 40 HCC tissues and their paired adjacent
nontumor tissues were obtained from TSGH; the others
were obtained from TLCN. These specimens were
obtained during surgery, frozen immediately in liquid
nitrogen and preserved at -80 ℃ until DNA extraction.
The diagnosis of HCC samples was confirmed by
histology. The clinicopathological characteristics of the
patients are summarized in Table 2.

68
62
30
77
80
3
52
108
98
62
45
113
2
60
46
47
7

Ⅰ
Ⅱ
Ⅲ
Ⅳ

Invasion
No
Yes
Recurrence
No
Yes
Unknown
Survival
No
Yes
Unknown

Sodium bisulfite treatment, pyrosequencing, and Q-MSP

Genomic DNA from tissue samples was extracted
and prepared for sodium bisulfite treatment and
[21]
methylation analysis as previously described .
Pyrosequencing for the methylation levels of 11
CpG sites in a GLOXD1 promoter was carried out
using PCR and sequencing primers, as previously
[22]
described . The primers for pyrosequencing were
designed with PyroMark Assay Design 2.0 software
(Qiagen, Hilden, Germany) to amplify and sequence
bisulfite-treated DNA. PCR was carried out in a 20

85
75
58
36
66
71
27
62

HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein.
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IRAK3
GLOXD1

HuH6 + 5DAC

HuH6

HepG2 + 5DAC

HepG2

SK-HEP1 + 5DAC

SK-HEP1

PLC5 + 5DAC

PLC5

Mahlavu+5DAC

Mahlavu

TONG + 5DAC

TONG

THLE-3

Negative

1/10 positive

B

Normal control

GAPDH

IRAK3
GLOXD1
COL2A

Figure 1 Gene expression and methylation analyses of IRAK3 and GLOXD1. A: Gene expression levels of IRAK3, GLOXD1, and GAPDH (an internal reference
gene) were analyzed by RT-PCR in normal controls, THLE-3 cells, 6 HCC cell lines, and HCC cell lines treated with 5DAC; B: Methylation status of IRAK3, GLOXD1,
and COL2A (an internal reference gene) was analyzed by MS-PCR with methylated primers in normal controls, THLE-3 cells, 6 HCC cell lines, and HCC cell lines
treated with 5DAC. Positive and negative are peripheral blood lymphocyte (PBL) DNA in vitro treated with or without CpG methyltransferase (M.SssI). 1/5 positive and
1/10 positive indicate 1:5 and 1:10 dilution of the positive control.

Statistical analysis

μl reaction mix containing 1 μl bisulfite-converted
DNA, 2 × RBC SensiZyme HotStart Taq Mastermix
(RBC Bioscience Corp., Taipei, Taiwan), and primers
using the following program: 95 ℃ for 15 min, then
49 cycles of 95 ℃ for 30 s, 62 ℃ for 30 s and 72 ℃ for
30 s, with a final extension at 72 ℃ for 10 min. The
biotinylated PCR product was purified by binding to
streptavidin-sepharose beads, washed, and denatured.
The sequencing primer was then added to the PCR
products, and pyrosequencing was performed using
the PyroMark Q24 system (Qiagen). Q-MSP was
performed in the TaqMan probe system using the
LightCycler 480 system (Roche Applied Science,
Mannheim, Germany) and prepared as previously
[18]
described . The COL2A gene was used as an internal
reference by amplifying non-CpG sequences. Results
with cycle threshold values (Cq values) of COL2A
> 38 were defined as detection failures. The DNA
methylation level was determined as a methylation
index using the following formula: 100 × 2 [(Cq
[23]
of COL2A) - (Cq of target genes)] . Each set of
amplifications included a positive control, a negative
control, and a non-template control. The primer and
probe sequences of pyrosequencing and Q-MSP are
summarized in Table 1.

WJG|www.wjgnet.com

The prism software (version 4.03; Graphpad Software
Inc, La Jolla, CA) was used for statistical analyses. The
unpaired t-test and paired t-test were used to determine
the difference of the methylation index between tissues
2
with different disease status. Fisher’s exact test, χ
2
test, and χ test for trend were used to evaluate the
association between gene methylation and clinical
parameters. Pearson correlation was used to compare
the consistency of different techniques. Receiver
operating characteristic (ROC) curves were generated to
determine the optimal cut-off point of gene methylation
for discriminating tumors and normal controls. KaplanMeier curves were used to estimate survival fraction
of patients for 3 years after treatment. Log-rank tests
were used to compare the survival of patients with or
without gene methylation.

RESULTS
Correlation between gene expression and promoter
methylation of IRAK3 and GLOXD1 in cell lines

To confirm the results from the methylation array, we
first analyzed the correlation between gene expression
and promoter methylation of IRAK3 and GLOXD1 in cell
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47%

46%

42% 39% 40%

53%

52%

42%

48%

42% 46%

ESA GTGA TA TGTCGTGATGTCGGAGAGTATGTCAGTCAGTC GTA TT CGTA GTGATCGA TGTCGATAGTGTGGAGGTGGAGTATGTCG AGTGATCA GT TCGTTG

Figure 2 Map of the GLOXD1 promoter region and representative methylation pattern determined by pyrosequencing. A: The 15 CpG sites within the
GLOXD1 promoter (-500/+276) were addressed using different techniques. Two black circles indicate the 2 CpG sites recognized by probes of the methylation array
chip, respectively. Eleven gray circles indicate the 11 CpG sites addressed by pyrosequencing and the 6 CpG sites that MSP/Q-MSP primer set covered (5 CpG
sites for allele-specific, one CpG site for probe); B: Methylation level of 11 CpG sites addressed by pyrosequencing in THLE-3 cells, Mahlavu cells, and Mahlavu
cells treated with 5DAC; C: Pearson correlation was analyzed between the average β value of two array probes and average methylation levels of the 11 CpG sites
assessed by pyrosequencing in samples for methylation array, including 4 cell lines and 7 types of liver tissues.

lines by RT-PCR and MSP (Figure 1). Expression analysis
showed that IRAK3 and GLOXD1 were expressed in
normal control and THLE-3 cells but down-regulated
in several HCC cell lines (Figure 1A). In addition, the
expression of IRAK3 and GLOXD1 was partially restored
after treatment with 5DAC (a DNA methyltransferase
inhibitor). Methylation analysis revealed that IRAK3 and
GLOXD1 methylation was detected mainly in HCC cell
lines, and a partial decrease in the methylated band
was also observed in the HCC cell lines after 5DAC
treatment (Figure 1B). These results implied that IRAK3
and GLOXD1 were down-regulated in HCC cell lines
through promoter methylation.

with MSP, a partial decrease in the methylation level
of the GLOXD1 promoter was observed in Mahlavu
cells after 5DAC treatment (39%-53%). Furthermore,
the average β value for different array probes was
significantly correlated to the average methylation
level of the 11 CpG sites in the samples used in the
methylation array (r = 0.9747, Figure 2C). In addition,
GLOXD1 methylation was much lower in THLE-3 cells,
the pooled normal controls, and each type of pooled
nontumor tissues compared to HCC cell lines and all
types of pooled tumor tissues. Finally, we designed a
primer and probe set based on the CpG methylation
results of pyrosequencing to carry out Q-MSP analysis
in larger clinical samples.

Verification of gene methylation in cell lines and pooled
samples by pyrosequencing

Methylation analysis of IRAK3 and GLOXD1 in HCC
tissues by Q-MSP

We then confirmed the methylation levels of IRAK3
and GLOXD1 in cell lines and pooled samples by
pyrosequencing (Figure 2; GLOXD1 as an example).
Methylation levels of 11 CpG sites in GLOXD1 promoter
that is close to the two probe sites on array were
examined (Figure 2A). It revealed that the GLOXD1
methylation level was 3%-10% in THLE-3 cells and
49%-66% in Mahlavu cells (Figure 2B). Consistent

WJG|www.wjgnet.com

To examine the methylation levels of IRAK3 and
GLOXD1 in HCC, we analyzed 29 normal controls,
160 paired HCC tissues, and their adjacent nontumor
tissues using Q-MSP (Figure 3). Promoter methylation
of IRAK3 and GLOXD1 was both significantly increased
in HCC tissues compared to normal controls and
nontumor tissues (Figure 3A). Furthermore, to find
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Figure 3 Methylation levels and receiver operating characteristic curve analysis of IRAK3 and GLOXD1 in liver tissues. A: Gene methylation was determined
in 29 normal controls (NC) and 160 paired hepatocellular carcinoma (HCC) tissues and their adjacent notumor tissues (NT) by quantitative methylation-specific
polymerase chain reaction. The results are represented as the difference in the methylation index. The black lines indicate the mean of the methylation index. (NC vs
HCC, unpaired t-test; NT vs HCC, paired t-test); B: The area under the receiver operating characteristic curve (AUC) for each gene was calculated to discriminate 29
normal individuals and 160 HCC cases.

Table 3 Methylation frequency of IRAK3 and GLOXD1 in liver tissues
Symbol
IRAK3
GLOXD1

M-Index

1

P value2

No. of methylated cases/total

cut-off value

Normal controls

Nontumor tissues

HCC tissues

8.90
0.60

1/29 (3.4%)
2/29 (6.9%)

23/160 (14.4%)
4/160 (2.5%)

102/160 (63.8%)
75/160 (46.9%)

< 0.0001
< 0.0001

1

Methylation-Index: the best cut-off value to discriminate 29 normal controls and 160 hepatocellular carcinoma (HCC) tissues; 2χ 2 test for trend.

a best cut-off value for defining methylated cases,
ROC curve analysis of each gene was performed to
discriminate normal controls and HCC tissues (Figure
3B). As summarized in Table 3, IRAK3 and GLOXD1
methylated cases were mainly present in HCC tissues
(102/160, 63.8%; 75/160, 46.9%) compared to
normal controls (1/29, 3.4%; 2/29, 6.9%).

between GLOXD1 methylation and clinicopathological
parameters. As shown in Figure 4, HCC patients with
IRAK3 methylation was found to have a trend toward
poor 3-year disease-free survival (p = 0.0386, logrank test) but not in patients with or without GLOXD1
methylation.

Association between clinicopathologic parameters and
gene methylation

DISCUSSION
Recently, several high-resolution methods for genomewide methylation analysis have been used in the study
of HCC, such as methylated CpG island amplification
microarray, bacterial artificial chromosome array-based
methylated CpG island amplification, GlodenGate assay,
[8-17]
and Infinium assay
. These results provide evidence
that HCC tumors with specific DNA methylation patterns

To evaluate the association of gene methylation with
clinicopathological characteristics, we analyzed a total
of 160 HCC patients (Table 4 and Figure 4). As shown
in Table 4, there was a statistically significant correlation
between IRAK3 methylation and tumor stage (p
= 0.03), but no significant association was shown
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Figure 4 Correlation analyses between gene methylation and the survival of hepatocellular carcinoma patients. A: Survival was analyzed using KaplanMeier curves. The plots were made according to the patients with IRAK3 and GLOXD1 methylation and 3-year overall survival in 98 hepatocellular carcinoma (HCC)
patients, respectively; B: Kaplan-Meier survival curves were made according to the cases with GLOXD1 and IRAK3 methylation and 3-year disease-free survival in 57
HCC patients (p = 0.0386, log-rank test, UM, unmethylated cases vs M, methylated cases).
[19,25]

associated with risk factors or progression of HCC have
important clinical applications. In our recent study, we
also used the Infinium HumanMethylation27 BeadChip
to analyze DNA methylation signatures of HCC and
found 1968 genes that were hypermethylated in nontumor tissue and/or tumor tissue with different viral
etiologies. Among 34 genes selected for verification, we
further identified that methylation of the HOXA9 gene
could be a helpful biomarker to assist in HCC detection.
In this study, we further identified that two novel genes,
IRAK3 and GLOXD1, were frequently methylated
in HCC. However, both of these two genes were
undetectable in plasma. Moreover, IRAK3 methylation
was statistically associated with tumor stage and poor
3-year disease-free survival of HCC patients.
IRAK3 encodes a member of the interleukin-1
receptor-associated kinase protein family that is
an essential component of the Toll/IL-R immune
signal transduction pathways. This gene is primarily
expressed in monocytes and macrophages, and it is
also detected in various adult human tissues including
[24]
the liver . It has been known that IRAK3 functions
as a negative regulator in Toll-like receptor signaling
and plays an important role in alcohol-induced liver

WJG|www.wjgnet.com

injury
. In this study, we demonstrated that IRAK3
was mainly methylated in HCC, and its methylation
was positively associated with tumor stage and poor
3-year disease-free survival of patients. Furthermore,
the inverse correlation between IRAK3 expression
and methylation status in HCC cell lines was also
observed. Overall, our study indicates that IRAK3
methylation is associated with tumor stage and poor
prognosis of patients and also implies that IRAK3
might play an important role in the development of
HCC. Confirmation of this hypothesis requires further
investigation.
GLOXD1 (the official gene symbol is HPDL) encodes a
protein that may function like 4-hydroxyphenylpyruvate
dioxygenase. Although the function of GLOXD1 is
still unclear, 4-hydroxyphenylpyruvate dioxygenase
is known as an important enzyme in the catabolic
pathway of tyrosine in the liver, and defects in this
gene will cause diseases such as tyrosinemia type
[20]
3 . Till now, there are no data regarding the GLOXD1
methylation in any cancer, even in HCC. We showed
that GLOXD1 expression was down-regulated in
HCC cell lines, which was inversely correlated with
its methylation status, and GLOXD1 was frequently
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Table 4 Association between gene methylation and clinicopathological characteristics of 160 hepatocellular carcinoma patients
Methylation status
Characteristic
Cases
Age, yr
≤ 59
> 59
Gender
Female
Male
Hepatitis
HBV-positive
HCV-positive
Double-negative
Cirrhosis
No
Yes
Unknown
Tumor size, cm
≤3
>3
Nodule
Solitary
Multiple
AFP level, ng/mL
≤ 10
> 10
Unknown
Stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Invasion
No
Yes
Recurrence
No
Yes
Unknown
Survival
No
Yes
Unknown

IRAK3 , M-Index

P value

GLOXD1 , M-Index

P value

≤ 8.90

> 8.90

≤ 0.60

> 0.60

58

102

85

75

27
31

47
55

1.00

45
40

29
46

0.08

25
33

41
61

0.74

39
46

27
48

0.26

21
23
14

47
39
16

0.32

38
28
19

30
34
11

0.22

33
23
2

44
57
1

0.07

46
38
1

31
42
2

0.15

16
42

36
66

0.38

25
60

27
48

0.40

37
21

61
41

0.74

53
32

45
30

0.87

14
42
2

31
71
0

0.58

20
65
0

25
48
2

0.16

22
23
13
0

38
23
34
7

0.03

28
26
27
4

32
20
20
3

0.66

30
28

55
47

0.87

39
46

46
29

0.06

22
10
26

36
25
41

0.38

34
19
32

24
16
35

0.83

25
7
26

46
20
36

0.47

38
18
29

33
9
33

0.26

HBV: Hepatitis B virus; HCV: Hepatitis C virus; AFP: Alpha-fetoprotein.

these results, our data indicate that this quantitative
methylation analysis workflow is an efficient and
economical approach to verify initially and validate
further the data from high-throughput screening.
In summary, our data demonstrated that IRAK3
and GLOXD1 were frequently methylated in HCC
tissues. Furthermore, IRAK3 methylation was sta
tistically associated with tumor stage and a poor
3-year disease-free survival rate of HCC patients. This
indicated that detection of IRAK3 methylation would
be helpful in the prediction of patients’ survival as well
as the follow-up of patients. Taken together, these
findings reveal that methylation of IRAK3 and GLOXD1
has a potential clinical application.

methylated in HCC tissues. All these results suggest
that GLOXD1 expression might be down-regulated in
HCC through the promoter methylation. However, the
role of GLOXD1 in the development of HCC requires
further investigation.
In this study, we used pyrosequencing to verify
the actual methylation pattern of CpG sites within
the promoter of the target genes, similar to previous
studies. Then, we used the results of pyrosequencing to
design a Q-MSP system for validation in a large clinical
cohort. Therefore, we easily determined the methylation
frequency of the target genes in 349 tissue samples,
including 29 normal controls and 160 HCC tissues and
their paired adjacent nontumor tissues. According to
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AIM: To investigate transarterial chemoembolization
(TACE) with hepatic infusion of oxaliplatin and
5-fluorouracil and Lipiodol chemoembolization in large
hepatocellular carcinoma (HCC).
METHODS: In this retrospective study, 132 patients
with unresectable HCCs larger than 10 cm were treated
with hepatic infusion of oxaliplatin and 5-fluorouracil
followed by Lipiodol chemoembolization. The primary
endpoint was overall survival (OS). Sixteen-week
disease-control rate, time to progression (TTP), and
major complications were also studied. Univariate
and multivariate analyses were performed to identify
prognostic factors affecting OS and TTP.
RESULTS: A total of 319 procedures were performed
in the 132 patients. Eleven (8.3%) patients received
radical resection following TACE treatment (median
time to initial TACE 4.3 ± 2.3 mo). The median OS and
TTP were 10.3 and 3.0 mo respectively, with a 50.0%
16-wk disease-control rate. Major complications were
encountered in 6.0% (8/132) of patients following
TACE and included serious jaundice in 1.5% (2/132)
patients, aleukia in 1.5% (2/132), and hepatic failure
in 3.0% (4/132). One patient died within one month
due to serious hepatic failure and severe sepsis after
receiving the second TACE. The risk factor associated
with TTP was baseline alpha-fetoprotein level, and
vascular invasion was an independent factor related to
OS.
CONCLUSION: Hepatic infusion of oxaliplatin and
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5-fluorouracil followed by lipiodolized-chemoembolization
is a safe and promising treatment for patients with HCCs
larger than 10 cm in diameter.

heterogeneity for treatment modalities and for patients
with different tumor stage or Child-Pugh classification
of HCC may explain why some randomized, controlled
trials of TACE failed to demonstrate prolonged survival
[6]
in the patients .
Currently, the most widely used TACE modalities for
unresectable HCC are conventional TACE, drug-eluting
[7]
TACE beads (DB-TACE), and radioembolization . There
is increasing evidence supporting the safety and efficacy
of DB-TACE, especially doxorubicin-eluting beads,
and radioembolization, including iodine-131-labeled
[8-11]
Lipiodol or microspheres containing yttrium-90
.
However, conventional TACE remains the standard firstline choice. In addition, oxaliplatin shows promising
efficiency and safety profiles in the treatment of
[12,13]
HCC
. Thus, we evaluated the efficacy and safety
of hepatic infusion of oxaliplatin in combination with
Lipiodol embolization in patients with HCC.
Tumor size, especially a large tumor size, influ
[14,15]
ences survival following TACE
. The difficulties
related to treating a larger tumor include inadequate
embolization of the tumor blood supply and major
embolization-related complications, such as tumor
lysis syndrome, tumor rupture, and hemolytic uremic
syndrome. Several studies show that a tumor size
larger than 10 cm is associated with poor prognosis
[14-16]
following TACE
. However, one limitation of past
studies was the relatively small number of patients
with HCCs larger than 10 cm. Therefore, the safety and
efficacy of TACE could not be analyzed. We performed
this study to evaluate safety and efficiency of the
protocol with local regional infusion of oxaliplatin and
5-fluorouracil (FU) followed with chemoembolization
to treat large HCCs (≥ 10 cm), which is generally not
considered as a good indication for TACE, because of
[17]
the lack of complete tumor eradication .

Key words: Hepatic infusion; Large hepatocellular
carcinoma; Oxaliplatin; Transarterial chemoembolization;
5-fluorouracil
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Treatment of large unresectable hepatocellular
carcinomas (HCCs) with diameters exceeding 10 cm
is clinically challenging due to the low response rate
and high rate of major complications. In this study, the
safety and efficacy of a transarterial chemoembolization
modality that included a combination of oxaliplatin and
5-fluorourcil infusion followed by embolization with a
mixture of mitomycin and Lipiodol was tested in patients
with large HCCs. The results indicate that this modality
is a promising treatment for certain patients with large
HCCs.
Li JH, Xie XY, Zhang L, Le F, Ge NL, Li LX, Gan YH, Chen Y,
Zhang JB, Xue TC, Chen RX, Xia JL, Zhang BH, Ye SL, Wang
YH, Ren ZG. Oxaliplatin and 5-fluorouracil hepatic infusion
with lipiodolized chemoembolization in large hepatocellular
carcinoma. World J Gastroenterol 2015; 21(13): 3970-3977
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i13/3970.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i13.3970

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
[1]
common cancer worldwide based on incidence .
Although patients at high risk of developing HCC can
be monitored, only a small portion (20%-30%) of
patients are eligible for curative treatments, such as
resection, liver transplantation, and local ablation.
Others may only receive palliative treatments,
[2]
including transarterial chemoembolization (TACE) .
TACE is the main treatment option for unresectable
[2]
HCC and is used in 58% of recurrent patients , and
achieves partial responses in 15%-55% of patients
with HCC who are not candidates for curative
[3]
treatments . Also, according to a recent prospective
cohort study, TACE is safe and effective for elderly
[4]
patients ≥ 75 years of age . However, not all patients
with unresectable HCC derive similar benefits from
TACE. A systematic review in the Cochrane database
showed that TACE or transarterial embolization (TAE)
did not significantly increase survival for unresectable
HCCs, particularly those with poor compensate
[5]
liver function . This may due in part to tumor
heterogeneity, tumor burden, liver function, and
the general condition of the individual patient. The
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MATERIALS AND METHODS
Patients

This study was conducted in accordance with the
principles of the Declaration of Helsinki and approved
by the institutional review board. All patients provided
written informed consent for the treatment procedure.
This retrospective study review included 597
patients who were diagnosed with large HCCs (single
nodule ≥ 10 cm or the largest nodule ≥ 10 cm for
multiple nodules) and were consecutively treated with
TACE at the Liver Cancer Institute, Zhongshan Hospital,
Fudan University, from January 2008 to December
2012. Diagnosis was based on either histologic
[18,19]
confirmation or non-invasive AASLD criteria
. The
main inclusion criteria were the following: (1) patients
received the defined TACE procedure in accordance
with the treatment protocol described below; (2) liver
function was maintained with Child-Pugh A or B; (3)
performance was ECOG 0 to 2; (4) renal function was
normal; and (5) there was adequate bone marrow
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function with a peripheral white blood cell count > 3.0
9
6
× 10 /L and platelet count > 50 × 10 /L. The patients
were excluded in the cases of arterial-venous shunting
identified by arterial angiography and lost follow-up
after the first session of TACE. Thus, 132 patients
were included in the study. Among these patients, 103
patients had well-documented follow-up imaging data
[CT or magnetic resonance imaging (mri)] to evaluate
the objective response.

measuring the longest diameter and using Response
[20]
Evaluation Criteria in Solid Tumor (RECIST) .
TTP was calculated from the date of TACE to the
date of radiologic disease progression or the last date
on which imaging showed stable disease; data for
patients who died were censored. The 16w-DCR was
defined as the percentage of patients with complete
response, partial response, or stable disease lasting
until 16 wk after treatment. The best tumor response
according to RECIST was evaluated. AFP response
was also evaluated. AFP levels were measured before
and after the first TACE (4 ± 2 wk), and the change
in AFP levels was calculated. Patients were separated
into three groups based on the change in serum AFP
from that at baseline: > 25% AFP decline, > 25% AFP
increase, and < 25% change in either direction. An
AFP decrease > 25% was defined as an AFP response,
whereas the other two were defined as a lack of AFP
response. OS was measured from the first TACE
treatment until death from any cause or until the last
date of follow up. Data were censored for patients who
remained alive at the end of the study.
Major complications were evaluated after treatment,
defined as life-threatening events and events with
medical importance requiring inpatient hospitalization or
prolongation of existing hospitalization within 30 d after
TACE. Criteria specific for the diagnosis of post-TACE
syndrome include pain, fever, nausea, and vomiting.

Hepatic infusion and chemoembolization procedure

Angiography and chemoembolization were performed
according to the standard operating protocol of the
hospital. Briefly, a 5 F RH catheter was inserted
into the common hepatic artery using the Seldinger
method. Hepatic angiography was performed to
evaluate the tumor-feeding artery. Doses of 100-150
mg oxaliplatin and 1000 mg 5-FU were diluted with 5%
dextrose and normal saline, respectively, and slowly
infused via the common hepatic artery. The catheter
was selected and inserted into the arterial branch as
close as possible to the tumor. The chemoembolization
was performed with 10 mg mitomycin C mixed with
10-30 ml Lipiodol, which was slowly injected into
tumor vessels. Gelatin-sponge particles were used in
some of the patients (n = 50; 37.88%) with significant
hypervascularization. The procedure was repeated
with an interval of approximately 6 wk until complete
necrosis of the tumor was shown with enhanced CT or
MRI, tumor shrinkage was achieved and thus eligible
for surgical resection, or treatment failure due to
tumor progression. However, the procedure would be
postponed or terminated in the case of impaired liver
function or bone marrow function.

Statistical analysis

Continuous variances are indicated as mean ±
standard deviation. TTP and OS were analyzed by
the Kaplan-Meier method, and survival curves were
compared with the log-rank test. Multivariate analysis
was performed with the Cox proportional hazards
model. All analyses were performed with SPSS version
19.0 (IBM Corp., Armonk, NY, United States). A P < 0.05
was defined as statistically significant.

Follow-up

Patients received follow-up CT or MRI evaluation of
tumor response and tumor markers [alpha-fetoprotein
(AFP), carcinoembryonic antigen, and carbohydrate
antigen 19-9] and routine biochemical and blood tests
approximately one month after completing the first
session of TACE. If a tumor showed enhancement
by CT or MRI indicating viable tumor tissue, a repeat
procedure was conducted with an interval of six weeks.
This repeat procedure was postponed if impaired liver
function had not recovered to an acceptable level
compared to baseline. Patients received follow-up
examinations for AFP, CT, or MRI every two or three
months after the termination of TACE, while complete
tumor necrosis was indicated by absence of artery
enhancement by CT or MRI.

RESULTS
Baseline characteristics of patients

Detailed characteristics for the 132 patients are shown
in Table 1. The median age was 53 ± 12.7 year (range:
20-83 year), and the female to male ratio was 1:11.
Almost all patients (97.7%) had chronic HBV disease.
Among these, there were 50 patients with HBV DNA
4
> 10 copies/ml, but none of them were positive for
HCV antibodies. The performance status was ECOG 0
for most patients. The majority of patients had intact
liver function, with 97.7% of patients recorded as
Child-Pugh A. The mean tumor diameter was 11.5
± 2.2 cm (range: 10-20 cm), and 110 patients had
a solitary lesion. Vascular invasion was detected in
56.8% of patients and included the portal and hepatic
veins. Extrahepatic metastases were found in 30.3%
of patients, affecting the lymph nodes in 34 patients,

Tumor response and survival assessments

The primary endpoint was overall survival (OS) after
the first TACE procedure. Other endpoints included
16-wk disease-control rate (16w-DCR) and time to
progression (TTP). Target lesions were evaluated by
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Table 2 Univariate and multivariate analysis of predictors of
tumor progression of all 132 patients

Table 1 Baseline characteristics of all 132 patients n (%)
Baseline characteristics
Age, yr
> 65
≤ 65
Gender
Male
Female
CLIP score
0 or 1
2
3
4
BCLC
A
B
C
D
ECOG Performance Status
0
1
2
AFP, ng/mL (mean ± SD)
< 20
20-400
> 400
Tumor nodules
Solitary
Multiple
Vascular invasion
With
Without
Extrahepatic metastasis
With
Without
Child-Pugh stage
A
B
HBV infection1
Yes
No
HBV DNA level > 104 copies/mL
HCV antibody
Positive
Negative
Cirrhosis
With
Without

Value
Characteristic
Age (≤ 65 yr >)
Gender
Clip score
BCLC (B, C)
ECOG (0, 1, 2)
Cirrhosis
Solitary or multiple nodules
Vascular invasion
Extrahepatic spread
AFP-pre
< 20 ng/mL
20-400 ng/mL
> 400 ng/mL
HBV DNA > 104 copies/mL
Gelatin-sponge application

20 (15.2)
112 (84.8)
121 (91.7)
11 (8.3)
0 (0)
38 (28.8)
47 (35.6)
47 (35.6)
0 (0)
53 (40.2)
79 (59.8)
0 (0)

Univariate Multivariate HR
0.84
0.88
0.05
0.02
0.59
0.79
0.50
0.01
0.04
0.02

95%CI

0.30
0.26

0.75 0.44-1.29
0.73 0.42-1.27

0.05
0.04
0.50

0.55 0.30-0.99
1.23 0.67-2.28

0.66
0.26

AFP-pre: Alpha-fetoprotein at baseline; BCLC: Barcelona Clinic Liver
Cancer; CI: Confidence interval; ECOG: Eastern Cooperative Group; HBV:
Hepatitis B virus; HR: Hazard ratio.

87 (65.9)
35 (26.5)
10 (7.6)
15038.8 ± 22661.5
27 (20.5)
23 (17.4)
82 (62.1)

Table 3 Univariate and multivariate analysis of predictors of
survival of all 132 patients

110 (83.3)
22 (16.7)

Characteristic
Age (≤ 65 yr >)

75 (56.8)
57 (43.2)

Gender
Clip score
BCLC (B, C)
ECOG (0, 1, 2)
Cirrhosis
Solitary or multiple nodules
Vascular invasion
Extrahepatic spread
AFP-pre
< 20 ng/mL
20-400 ng/mL
> 400 ng/mL
HBV DNA > 104 copies/mL
Gelatin-sponge application

40 (30.3)
92 (69.7)
129 (97.7)
3 (2.3)
129 (97.7)
3 (2.3)
50 (37.9)
0
132 (100)

Univariate Multivariate HR
0.53
0.46
0.29
0.03
0.57
0.73
0.74
0.00
0.04
0.02

95%CI

0.00
0.34

2.36 1.41-2.94
1.27 0.78-2.10

0.09
0.19
0.22

0.71 0.43-1.20
1.41 0.81-2.49

0.21
0.47

AFP-pre: Alpha-fetoprotein at baseline; BCLC: Barcelona Clinic Liver
Cancer; CI: Confidence interval; ECOG: Eastern Cooperative Group; HBV:
Hepatitis B virus; HR: Hazard ratio.

124 (93.9)
8 (6.1)

1

Patients with chronic hepatitis B history, HBsAg, or anti-HBcAg-positive.
AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; ECOG:
Eastern Cooperative Group; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; SD: Standard deviation.

5%, respectively. Among those who received TACE
only, the median OS was 9.4 ± 1.4 mo (range: 1.0-45.7
mo), and the one-, two-, and three-year OS rates
were 44, 14, and 6%, respectively. The median OS
of those with BCLC stage B or BCLC stage C HCC was
14.2 and 7.4 mo, respectively.
Four potential prognostic variables were identified
by univariate analysis (Table 2). The Clip score and
BCLC staging of large HCCs were determined by
baseline AFP, the presence of ascites, and extrahepatic
metastasis. Thus the Clip score and BCLC staging
were excluded from multivariate analysis. Only one
factor significantly increased the hazard of reduced
OS: the presence of vascular invasion before the TACE
procedure (Table 3).
TTP was 3.00 ± 0.45 mo (95%CI: 2.11-3.89) in all

the lungs in 4 patients, and bone in 2 patients.

Survival

The median follow-up period was 12.0 mo (range:
1.0-48.0 mo). There were 98 deaths recorded by
April of 2013. Among them, 83/98 (84.7%) patients
died of tumor progression, 14/98 (14.3%) died of
uncontrollable gastrointestinal bleeding, and 1/98
(1.0%) died of lung infection with subsequent
respiratory failure. The median OS of all 132 patients
was 10.3 ± 1.2 mo (range: 1.0-45.7) (Figure 1). The
one-, two-, and three-year OS rates were 48, 15, and
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Figure 1 Overall survival curves. A: The Kaplan-Meier overall survival curve for all 132 patients in this study; B: The factor that significantly influenced survival was
revealed by multivariate analysis. P value stratified log-rank test; Hazard ratio was obtained with the Cox model; TACE: Transarterial chemoembolization.

Table 4 Tumor responses after treatment of 103 patients

1.0

All 132 patients

Probability progression

n (%)

Parameter

Censored
0.8

16-wk disease-control rate
Best response
Complete response
Partial response
Stable disease
Progressive disease
AFP response rate (decrease > 25%)
No AFP response rate
Change < 25%
Increase > 25%

0.6
0.4
0.2

50%
0 (0.0)
22 (21.4)
58 (56.3)
23 (22.3)
39 (37.9)
64 (62.1)
39 (37.9)
25 (24.3)

0.0
0

10

20

30

AFP: Alpha-fetoprotein.

40

st

Time since the 1 TACE (mo)

Around one month after the first TACE, 64.5% patients
showed a decrease in AFP value, but the defined AFP
response was achieved in 37.9% of patients (Table 4).
The median OS of those with or without tumor
response was 21.7 ± 3.1 and 9.4 ± 0.8 mo,
respectively (P = 0.000). The median OS of those with
or without an AFP response was 17.7 ± 1.6 and 10.2
± 1.6 mo, respectively (P = 0.14). The difference was
not statistically significant.

Figure 2 Time to progression curve. The Kaplan-Meier time to progression
curve for all 132 patients in this study. TACE: Transarterial chemoembolization.

132 patients, and 3.00 ± 0.22 mo (95%CI: 2.57-3.43)
in the 121 patients who received TACE only (Figure 2).
Further analyses focused specifically on the 121 patients
who received TACE only. Univariate analysis identified
five potential factors related to TTP. Multivariate analysis
revealed the AFP values at baseline were associated
with TTP (Table 2).

Safety

Among the 319 TACE procedures in 132 patients, only
one patient died within the 30-d period following the
procedure.
Post-TACE syndrome was the most common
treatment-related adverse event, but was usually
reversible and some patients received pain relievers
or antipyretics. Increased enzyme levels were also
common after TACE, but most cases were reversible
and needed no specific treatment.
Major complications were encountered in 6.0%
(8/132) of patients, including jaundice (n = 2), grade
3/4 liver dysfunction (n = 4; 1 patient died of hepatic
failure and sepsis), and grade 3/4 aleukia (n = 2).
One of the four patients who developed hepatic failure
th
died on the 28 d after the second TACE, resulting in a
procedure-related mortality rate of 0.76%.

Tumor objective response

Three hundred and nineteen sessions of TACE were
performed in 132 patients with a mean of 2.4 sessions
per patient (range: 1-8). Among the 132 patients, 11
(8.3%) received a secondary radical resection due to
successful shrinking of the tumor. The median interval
between the first TACE and resection was 4.3 ± 2.3
mo (range: 1.0-7.2 mo).
Excluding 29 patients who had no following-up
image data and five patients who already received
surgical resection within 16 wk after the first TACE, the
16w-DCR was 50.0% in the 98 patients. And among all
103 patients with well-documented follow-up imaging
data (CT or MRI), partial response was achieved in
21.4%, while no complete response was observed.
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[18]

lacks vascular invasion of extrahepatic spread .
However, in a phase Ⅲ trial of sorafenib in the Asia[31]
Pacific , patients with HCC and vascular invasion or
extrahepatic spread showed a similar median TTP (2.7
mo) and shorter median OS (5.6 mo) compared to
the present study. These findings support the efficacy
of our TACE protocol. Moreover, sorafenib does not
[32]
induce tumor shrinkage , and our TACE protocol
achieved cytoreduction in some patients. Radical
resection was performed in 8.3% of patients following
TACE. Thus, patients with BCLC-C HCC, including those
with vascular invasion or extrahepatic spread, might
also benefit from TACE if liver function and the general
condition of the patient are intact. In fact, clinical
practice guidelines proposed by some Asian countries
noted that TACE was frequently performed in patients
[33,34]
with minimal portal invasion
.
AFP status was associated with TTP in patients
with large HCCs. Previous studies demonstrated that
a change in AFP during treatment might serve as a
[35,36]
predictor of clinical outcome in advanced HCC
.
However, the specific amount of change varied among
studies. In our study, no significant associations were
found between AFP response and survival proportion.
Changes in other biochemical or hematologic results,
such as total bilirubin and alanine aminotransferase,
were also analyzed, but no links to treatment outcome
were found.
Extrahepatic spread is not an independent predictor
in our study. Intrahepatic tumor progression or liver
failure was the main causes of death from HCC, rather
than metastasis. In fact, two-thirds of patients with HCC
die without metastasis. Thus, it is necessary to control
[37]
intrahepatic tumors with loco-regional therapies .
Other factors that have been associated with
outcome from TACE were also analyzed in our study.
However, no significant relationships were found for
ECOG score, HBV DNA copy number, or ascites. These
may be due to differences in the patient population of
each study.
Our study had several limitations. It was a retro
spective study from a single institution. A multicenter,
prospective study is desirable to validate our results.
Combined TACE and sorafenib is also a promising strategy
for patients with advanced HCC. In addition, most patients
were Child-Pugh A, which may have led to more favorable
outcomes as compared to the general population. Finally,
ECOG status remains a highly subjective measurement
with clinical variability.
In conclusion, TACE with hepatic infusion of oxa
liplatin and 5-FU and Lipiodol embolization may be
considered as a safe and promising treatment for
patients with HCCs larger than 10 cm. Although
systemic chemotherapy is usually recommended for
advanced-stage patients, certain TACE regimens may
be considered as adjuvant or sole therapies in a select
group of patients.

DISCUSSION
The survival benefit of TACE has been explored in
several randomized, controlled trials and metaanalyses, which are generally considered to be
[21]
robust . However, an optimal regimen has not yet
been defined for conventional TACE, particularly for
target lesions that are larger than 10 cm. These large
HCCs cannot be completely embolized, and a high risk
of complications accompanies the TACE procedure due
to necrosis of the large tumor.
We tested the safety of a TACE protocol in patients
with large HCCs that included a combination of
oxaliplatin and 5-FU infusion followed by embolization
with a mixture of mitomycin and Lipiodol. The toxicities
of similar chemotherapeutic schedules have been
shown to be tolerable during TACE of liver lesions
[22,23]
in patients with advanced colorectal cancer
[24,25]
or intrahepatic cholangiocarcinoma
. Similarly,
our study shows that the TACE protocol is safe and
tolerable for patients with large HCCs. The most
common adverse effects included tolerable postembolism syndrome and temporarily elevated total
bilirubin and alanine aminotransferase, which are
generally reversible. Decreased platelet count and
albumin were also common changes after therapy, but
most grade 3/4 reductions were restricted to those
who had low baseline values. One patient died of
hepatic failure accompanied by suspicious infectious
shock, giving a 0.75% 30-d mortality rate, which is
[26,27]
acceptable as compared with other studies
.
Considering the heavy tumor burden of the
patients in our study, in which 59.8% belonged to
BCLC-C, 56.8% had vascular invasion, and 30.3%
had extrahepatic metastasis, the efficacy of the TACE
protocol was acceptable to a certain extent. One
recent study showed the median survival time was
6.6 months in patients with HCC lesions > 7 cm that
were treated with TAE or TACE based on doxorubicin
or cisplatin. These patients with large HCC lesions
had double the risk of death and 60% reduction in
median survival compared with those with tumors ≤
[28]
7 cm . In addition, similar overall (5.2 mo) and twoyear (19.2%) survival data were reported previously
in a study that recruited HCC patients with vascular
[29]
invasion . In that study, cisplatin and doxorubicin
were used as chemoembolization drugs. Although one
study focused on patients with BCLC-C HCC showed
that DB-TACE achieved a better median OS (13.3 mo,
[30]
95%CI: 10.0-19.8) , most patients in that study
were classified as BCLC-C based on ECOG score,
rather than vascular invasion or metastasis.
Although vascular invasion was found to be a
risk factor associated with OS, it may not be an
absolute contraindication to conventional TACE.
Based on the most recent EASL-EORTC guidelines,
TACE is recommended for those with BCLC-B, which
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Background

The prognosis of hepatocellular carcinoma (HCC) is poor due, and only a small
portion (20%-30%) of patients are eligible for curative treatments, such as
resection, liver transplantation, and local ablation. Patients with unresectable
HCC are typically treated with transarterial chemoembolization (TACE) or
systemic therapy, and the long-term survival is far more unsatisfactory.
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TACE is the most widely used standard treatment for unresectable HCC.
However, treatment of large HCCs (> 10 cm in diameter) with TACE is clinically
challenging due to the low response rate and high rate of major complications.

10

Treatment of large unresectable HCCs is clinically challenging, thus we tested
the safety and efficacy of a certain TACE modality that included a combination
of oxaliplatin and 5-fluorourcil infusion followed by embolization with a mixture
of mitomycin and Lipiodol for these patients. The results show that this modality
is a promising treatment for certain patients with large HCCs.

11

Research frontiers

Innovations and breakthroughs

Applications

TACE with hepatic infusion of oxaliplatin and 5-fluorouracil and Lipiodol
embolization may be a safe and promising treatment for patients with HCCs
larger than 10 cm in diameter. Although systemic chemotherapy is usually
recommended for advanced-stage patients, certain TACE regimens may be
considered as adjuvant or sole therapies in a select group of patients.

12

Terminology

Chemoembolization is a local regional therapy for unresectable HCC
based on the principle of exposure of the HCC to a high concentration of
chemotherapeutic agents via tumor feeding artery infusion followed by
embolization of this artery, and the therapeutic benefit is achieved due to tumor
necrosis.

13

Peer-review

There are many studies assessing the role of TACE for unresected HCC.
However, this study focuses on HCC with a size larger than 10 cm. This
subgroup of HCC is not common in Western countries and would be less in
China due to the early diagnosis via regular screening. Thus the data provided
by the manuscript is valuable.
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patients were referred to our department for ERCP.
We excluded 15 patients with previous Billroth Ⅱ
gastrectomy, Roux-en-Y anastomosis, duodenal stenosis,
or duodenal papilla tumor. Among 1059 patients who
underwent ERCP, there were 163 patients with difficult
bile duct cannulation. Pancreatic guidewire or pancreatic
duct plastic stent assistance allowed for successful ERCP
completion in 94 patients. We retrospectively analyzed
clinical data from 69 failed patients (36 transpancreatic
septotomies and 33 needle-knife sphincterotomies).
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RESULTS: Of the 69 patients who underwent precut
papillotomy, common bile duct cannulation was suc
cessfully achieved in 67. The success rates in the TS
and needle knife sphincterotomy (NKS) groups were
97.2% (35/36) and 96.9% (32/33), respectively,
which were not significantly different (P > 0.05).
Complications occurred in 11 cases, including acute
pancreatitis (n = 6), bleeding (n = 2), and cholangitis
(n = 3). The total frequency of complications in the TS
group was lower than that in the NKS group (8.3% vs
24.2%, P < 0.05).
CONCLUSION: Pancreatic guidewire or pancreatic
duct plastic stent assistance improves the success
rate of selective bile duct cannulation in ERCP. TS and
NKS markedly improve the success rate of selective
bile duct cannulation in ERCP. TS precut is safer as
compared with NKS.
Key words: Cholangiopancreatography; Endoscopic
retrograde; Transpancreatic septotomy; Needle-knife
precut; Complication

Abstract

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

AIM: To evaluate the technique of transpancreatic
septotomy (TS) for cannulating inaccessible common bile
ducts in endoscopic retrograde cholangiopancreatography
(ERCP).

Core tip: In this study, we describe that pancreatic
guidewire or pancreatic duct plastic stent assistance
improves the success rate of selective bile duct cannulation
in endoscopic retrograde cholangiopancreatography

METHODS: Between May 2012 and April 2013, 1074
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(ERCP). Transpancreatic septotomy (TS) and needle knife
sphincterotomy (NKS) markedly improve the success rate
of selective bile duct cannulation in ERCP. TS precut is
safer and effective than NKS.
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Endoscopic transpancreatic septotomy as a precutting technique
for difficult bile duct cannulation. World J Gastroenterol 2015;
21(13): 3978-3982 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/3978.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3978

Septum

Figure 1 Septum between the pancreatic duct and common bile duct.

INTRODUCTION

assistance of a pancreatic guidewire or plastic stent, 94
of the 163 patients had successful ERCP procedures.
Of the other 69 patients with failed cannulation,
36 underwent TS (referred to as TS group) and 33
had NKS (referred to as NKS group). The TS group
included 19 males and 17 females, and they ranged
in age from 17 to 89 years, with an average of 59.5
years. The NKS group included 16 males sand 15
females, and they ranged in age from 17 to 85 years,
with an average of 57.9 years. There was no significant
statistical difference in etiology distribution or duodenal
papilla morphology between the two groups (Tables 1
and 2).

Endoscopic retrograde cholangiopancreatography
(ERCP) is an important technique in the diagnosis
and treatment of biliary and pancreatic diseases.
Successful bile duct cannulation in ERCP is key to
follow-up treatment. Biliary cannulation rates during
[1,2]
ERCP exceed 90% in most large centers worldwide .
However, selective bile duct cannulation in ERCP is
difficult to perform in patients with small duodenal
papilla, papilla opening sclerosis, papilla looseness,
peripapillary diverticulum or a history of Billroth Ⅱ
gastrectomy. Although a variety of catheters and
guidewires are used to guide the knife, the failure
[3]
rate of bile duct cannulation ranges from 5%-20% .
Prolonged or repeated attempts at cannulation in
these patients increase the risk of ERCP related
[2,4]
complications .
Pancreatic guidewire or stent placement can im
prove the success rate of bile duct cannulation during
[5,6]
ERCP . Endoscopic needle-knife precut papillotomy
can also significantly increase ERCP cannulation success
[7]
rate, but the complication rate is 6%-20% . A thin
septum between the pancreatic duct and the common
[8]
bile duct has been reported (Figure 1) ; therefore, we
hypothesized that difficult bile duct cannulation and
repeated insertion into the pancreatic duct may be due
to bile duct blockage by the septum in some cases.
In the present study, a bow knife was used to cut the
septum through the pancreatic duct toward the bile
duct. Transpancreatic septotomy (TS) was compared
with needle-knife sphincterotomy (NKS) during the
same period to explore its clinical value.

Apparatus

Side-view duodenoscope (Olympus TJF-260), needle
knife and bow knife (Boston or COOK), and highfrequency surgical unit (ERBE CC80) were used.

Operation methods

A duodenoscope was inserted into the duodenal
papilla. A catheter was then inserted via the papilla. In
the case of failing to enter the bile duct but repeated
(more three times) insertion of the catheter into the
pancreatic duct, a pancreatic guidewire or plastic stent
was placed, and bile duct cannulation was attempted
again. In cases of failed bile duct cannulation, the
following procedures were carried out randomly: (1)
TS: If the guidewire repeatedly entered the pancreatic
duct but failed to enter the bile duct, the guidewire
was left in the pancreatic duct. A bow knife was then
inserted into the pancreatic duct to make a small
incision (< 5 mm) into the papilla toward the bile duct.
The transpancreatic septum was cut, and the bile duct
cannulation was then performed again (Figure 2). All
patients underwent pancreatic stenting after TS; and
(2) conventional NKS: A needle knife was inserted
upward into the papilla opening or into the papilla uplift
about 5-10 mm above the papilla opening. Electrical
excision and electrocoagulation were then applied from
the top down to cut the mucous membrane and papilla
ampulla sphincter layer by layer in the 11-12 o’clock
direction. All patients underwent pancreatic stenting

MATERIALS AND METHODS
Clinical data

From May 2012 to April 2013, 1074 patients were
referred to our department for ERCP. Fifteen patients
with a history of Billroth Ⅱ gastrectomy, Roux-en-Y
anastomosis, duodenal stenosis, or duodenal papilla
tumor were excluded, and ERCP was performed in
1059 patients. Among these, 163 patients experienced
difficult bile duct cannulation in ERCP. With the
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bile duct cannulation during ERCP, 94 completed
ERCP successfully with the assistance of a pancreatic
guidewire or plastic stent. The total success rate was
93.4% (990/1059). Of the remaining 69 patients, 67
underwent successful bile duct cannulation after precut
papillotomy, with a success rate of 97.1%. Therefore,
the total success rate of bile duct cannulation was
99.8% (1057/1059). The total success rate was 97.2%
(35/36) in the TS group, and one unsuccessful case
was managed by percutaneous transhepatic cholangial
drainage. The total success rate was 96.9% (32/33) in
the NKS group, and one unsuccessful case was treated
by surgical intervention. The total success rates were
not statistically different between the two groups (P >
0.05).

Table 1 Distribution of etiology in the transpancreatic
septotomy and needle-knife sphincterotomy groups (case
number)
Etiology

TS

NKS

Total

Benign
Common bile duct stones
Cystic dilatation of the common bile duct
Cholangitis
SOD
Others
Malignant
Cholangiocarcinoma
Pancreatic cancer
Duodenal papilla tumor
Gallbladder carcinoma

22
9
1
4
5
3
14
4
4
2
4

21
8
1
6
4
2
12
3
5
1
3

43
17
2
10
9
5
26
7
9
3
7

SOD: Sphincter of Oddi dysfunction; TS: Transpancreatic septotomy; NKS:
Needle-knife sphincterotomy.

Postoperative complications

after NKS.

Complications occurred in 11 out of the 69 precut
cases, including AP (n = 6), bleeding (n = 2), and
cholangitis (n = 3). Two cases of AP and one case of
cholangitis occurred in the TS group, and four cases of
AP, two cases of bleeding and two cases of cholangitis
occurred in the NKS group. The total complication rate
was significantly lower in the TS group than in the NKS
group (8.3% vs 24.2%, P < 0.05). The patients with
AP were fasted and given anti-inflammatory treatment
and inhibition of pancreatic secretion, and recovery
was achieved one week later. Intravenous hemostatic
agents were administrated for patients with bleeding,
which was stopped 2 d later. Patients with cholangitis
recovered one week after anti-inflammatory treatment.

Diagnostic criteria for post-ERCP complications

Follow-up

Table 2 Duodenal papilla morphology in the transpancreatic
septotomy and needle-knife sphincterotomy groups (case
number)
Papilla morphology

TS

NKS

Small papilla
Sclerosis of papilla opening
Looseness of papilla
Peripapillary diverticulum
Normal papilla

5
6
11
7
7

6
4
9
8
6

TS: Transpancreatic septotomy; NKS: Needle-knife sphincterotomy.

The 69 patients in the TS and NKS groups were
followed for four months. No recurrence of bile duct
stones was seen, and SOD was relieved in both
groups. One patient with cholangitis in the NKS group
relapsed. One patient with cholangiocarcinoma in the
TS group died of liver failure by tumor invasion. One
patient with pancreatic cancer in the NKS group died
of tumor cachexia.

ERCP complications included: (1) acute pancreatitis
(AP): at 24 h after ERCP, the serum amylase value
exceeded 3 times the upper limit of normal and
was accompanied by persistent abdominal pain; (2)
infection: The patient had right upper quadrant pain
accompanied by fever > 38.5 ℃, as well as a white
9
blood cell count > 10 × 10 /L without infectious lesions
within 24 h after ERCP; (3) gastrointestinal bleeding:
The patient had vomiting or black stools after ERCP
[9]
or hemoglobin < 95% of normal level within 24 h ;
and (4) perforation: Subcutaneous emphysema,
retroperitoneal air, or subphrenic free air was detected
after ERCP.

DISCUSSION
Endoscopy plays an increasingly important role in
treating biliary and pancreatic diseases. Successful
deep bile duct cannulation in ERCP is key to followup treatment of biliary diseases. However, the failure
[3]
rate of bile duct cannulation is as high as 5%-20% .
At present, the most common methods to manage
difficult bile duct cannulation include placement of a
pancreatic guidewire or plastic stent, NKS, and TS. In
this study, the success rate of bile duct cannulation
increased to 93.4% by placement of a pancreatic
guidewire or plastic stent, which is supposed to relieve
the blockage of the pancreatic duct opening and
facilitate the insertion of the second guidewire into the
[10]
bile duct . However, we believe that the guidewire or

Statistical analysis

The cannulation success rate and complications were
2
compared by χ tests using SPSS 15.0. A P-value < 0.05
was considered statistically significant.

RESULTS
Bile duct cannulation success rate

A total of 1059 patients underwent ERCP, and 896
patients achieved successful bile duct cannulation.
Of the other 163 patients who experienced difficult

WJG|www.wjgnet.com

3980

April 7, 2015|Volume 21|Issue 13|

Miao L et al . Endoscopic transpancreatic septotomy for cannulation

A

B

C

D

Figure 2 Transpancreatic septotomy procedure. A guidewire enters the pancreatic duct (A); the septum is cut from the pancreatic duct to the bile duct (B); the
catheter is inserted toward the bile duct (C); and the guidewire enters the bile duct (D).
[12]

TS was first reported by Goff . In clinical practice,
it is easy to insert the guidewire into the pancreatic
duct but difficult to insert it into the bile duct. If the
guidewire repeatedly enters the pancreatic duct but is
unable to access the bile duct, a bow knife is used to
make a 5-mm incision along the guidewire from the
pancreatic duct at the 11-12 o’clock direction. After
removing the bow knife, and the catheter is re-inserted
into the bile duct along the upper left of the guidewire.
This method has the advantages of a small incision;
manageable direction; and a low incidence of bleeding,
perforation, and infection. Goff reported an overall
success rate up to 97.5% in his long-term study of 51
[13]
[14]
patients . Weber et al
performed transpancreatic
precut sphincterotomy for cannulating inaccessible
common bile ducts in 108 patients. The success rate
of selective bile duct cannulation was 95.4%, and
the incidence of complications reached 11.1%. They
suggested that the technique could be applied to the
unsuccessful cases of conventional EST or needle[8]
knife precutting. Catalano et al compared TS with
standard precut papillotomy in a randomized study
and found that the former resulted in a higher success
rate of bile duct cannulation and a lower incidence
of complications; pancreatitis occurred in 3.4% and
[15]
11.8% of cases, respectively. Kahaleh et al reported
an overall success rate of 85% and a complication rate
of 12% for 116 TS cases. In the present study, both
TS and NKS had high success rates, which is similar
to those reported in the literature. The results indicate

stent also changes the axis direction of the bile duct
and straightens it.
Precut papillotomy is a complementary technique
for conventional ERCP and endoscopic sphincterotomy
(EST) that improves the success rate of ERCP and
[11]
increases the success rate of papillotomy to 97% .
Needle-knife precut papillotomy is another commonly
applied precut technique that has a high success rate
of cannulation, as well as a high rate of complications
(6%-20%), including perforation, bleeding, pan
[7]
creatitis, and cholangitis . Endoscopy researchers
have been trying other precut techniques and hope to
find a technique with a high success rate of cannulation
and a low complication rate. Pancreatic duct cannu
lation has a relatively high success rate in clinical
practice, but deep bile duct cannulation is relatively
difficult, especially in patients with small papilla,
peripapillary diverticulum, malposition of the papilla, or
a history of Billroth Ⅱ gastrectomy. We hypothesized
that difficult bile duct cannulation may be related to
duct blockage by the ampulla septum in cases where
the guidewire repeatedly enters the pancreatic duct.
The septum is located between the pancreatic duct and
[8]
the common bile duct . Therefore, we investigated TS
in this study. Both NKS and TS resulted in high success
rates, which were 96.9% and 97.2%, respectively,
which were not significantly different between the
two groups. However, the incidence of complications
was significantly lower for TS than for NKS (8.3% vs
24.2%, P < 0.05).
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that both techniques can improve bile duct surgery
success rate, but TS is safer because of its lower
complication rate. Of course, both techniques must be
performed by skilled ERCP surgeons.
In summary, pancreatic guidewire or plastic stent
assistance improves the success rate of selective bile
duct cannulation in ERCP. TS and NKS further improve
the success rate; however, TS is safer than NKS.

3
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COMMENTS
COMMENTS
5

Background

Pre-cut techniques, with the most commonly described being needle knife
sphincterotomy (NKS), have been used to facilitate biliary access in failed
standard biliary cannulation. Transpancreatic septotomy (TS) is a new pre-cut
technique with limited outcome data.

6

Research frontiers

Precut papillotomy is a complementary technique for endoscopic sphinc
terotomy that improves the success rate of endoscopic retrograde cho
langiopancreatography (ERCP) and increases the success rate of papillotomy.
Endoscopy researchers have been trying other precut techniques and hope to
find a technique with a high success rate of cannulation and a low complication
rate.
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Innovations and breakthroughs

In the present study, TS has the advantages of a small incision; manageable
direction; and a low incidence of bleeding, perforation, and infection.

9

In clinical practice, it is easy to insert the guidewire into the pancreatic duct
but difficult to insert it into the bile duct. If the guidewire repeatedly enters the
pancreatic duct but is unable to access the bile duct, TS is a good choice.

10

Transpancreatic septotomy is defined as a controlled incision into the common
bile duct to achieve selective biliary cannulation. During ERCP, TS and NKS
further improve the success rate; however, TS is safer than NKS.
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Applications

Terminology

Peer-review
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In this manuscript the authors report their experience in the treatment of 163
patients with difficult bile duct cannulation who underwent a second attempt by
either transpancreatic septotomy or needle knife sphincterotomy. Fortunately,
they have two comparable groups of patients subjected to each of both
procedures, the results are interesting and conclusions are correctly derived
from these results.

13
14
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Decreased STAT4 indicates poor prognosis and enhanced
cell proliferation in hepatocellular carcinoma
Gang Wang, Jia-Hui Chen, Yong Qiang, Dong-Zhi Wang, Zhong Chen
in 90 HCC patients was examined via Western blot
and immunohistochemical analyses. The correlation
between STAT4 expression and the clinicopathological
characteristics of the patients was analyzed. The
level of STAT4 expression in the HCC liver tissues was
significantly lower than that in the non-HCC liver tissues
and correlated with tumor size, histological grade of
HCC and serum hepatitis b surface antigen level in
HCC patients. The data were statistically analyzed
using SPSS. Furthermore, siRNA oligos targeting STAT4
were employed to investigate the influence of STAT4
RNA interference on HCC cell physiology. Based on
Cell Counting Kit-8 and flow cytometric assays, we
found that depletion of STAT4 expression significantly
enhanced the proliferation of L02 cells.
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RESULTS: STAT4 protein expression was significantly
lower in HCC tissues than in normal liver tissues.
Immunohistochemistry followed by statistical analysis
revealed that the expression of STAT4 negatively
correlated with Ki67 expression (r = 0.851; P < 0.05)
and positively correlated with maximal tumor size (P <
0.05), HBV (P = 0.012) and histological grade (P < 0.05).
Kaplan-Meier analysis revealed significant differences
in the survival curves between HCC patients expressing
low and high levels of STAT4 and Ki67 (P < 0.05). Based
on a multivariate Cox proportional hazard model, STAT4
expression was an independent prognostic indicator
for HCC patients who underwent curative resection. In
vitro , following the release of L02 cell lines from serum
starvation, the expression of STAT4 was downregulated,
and transfection of L02 cells with siRNA targeting STAT4
inhibited cell proliferation.

Abstract
AIM: To investigate the role of signal transduction and
activation of transcription 4 (STAT4) in the development
and progression of human hepatocellular carcinoma
(HCC).

CONCLUSION: Our data indicate that STAT4 may
inhibit HCC development by modulating HCC cell
proliferation.

METHODS: Recent genetic investigations have iden
tified that a genetic variant of STAT4 is associated with
hepatitis b virus (HBV)-related HCC. The level of STAT4
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therapeutic targets in cancer drug discovery. However,
much remains unclear with respect to the expression
[14]
profiles and roles of STATs in HCC development .
Studies have indicated that several members of
the STAT family play crucial roles in the pathology of
liver diseases. STAT1 has been demonstrated to play a
key role in antiviral defense, inflammation, and injury
[15-18]
in the liver of STAT1 knockout mice
, and STAT1
[19]
negatively regulates HCC cell proliferation . STAT2deficient mice exhibit an increased susceptibility to
viral infections, and the loss of a type I IFN autocrine/
paracrine loop indicates that STAT2 performs an
[20]
antiviral defense function in the liver . STAT3, which is
activated by a variety of extracellular signals, has been
shown to play key roles in the acute phase response,
protection against liver injury, the promotion of liver
regeneration, glucose homeostasis, and hepatic lipid
[14]
metabolism . STAT5 is primarily activated by growth
hormone, which regulates the expression of a wide
range of hepatic genes, including cytochrome P450,
glutathione S-transferase, sulfotransferase enzyme,
the growth hormone receptor, serine protease inhibi
tor Sp12.1, insulin-growth factorⅠ, and hepatocyte
[21,22]
growth factor
, which suggests that STAT5 re
[23,24]
. STAT6, which is
gulates HCC cell proliferation
primarily activated by interleukin (IL)-12, IL-4, and
[6]
IL-13, plays an important role in Th2 differentiation .
The study of STAT4 in liver diseases, compared with
other members of the STAT family, is limited. STAT4
was primarily regarded as a transducer of IL-12
signaling, affecting a broad range of immune cell
[25,26]
physiology
. A very recent study by Jiang and
colleagues reported that STAT4 might prevent HBV[27]
related hepatocarcinogenesis . However, the precise
involvement of STAT4 in HCC development remains
unclear.
Our study aimed to investigate the possible
involvement of STAT4 in HCC pathology and to evaluate
the prognostic value of STAT4 expression for HCC
development. We found that STAT4 was significantly
downregulated in HCC specimens compared with
adjacent nontumorous specimens. Furthermore, we
showed that the expression of STAT4 correlated with
HBV, the maximal tumor size, the histological grade and
Ki67 expression. These findings provide novel insight
into the mechanisms underlying HCC development.

Core tip: In this study, we assessed the role of signal
transduction and activation of transcription 4 in
hepatocellular carcinoma (HCC) and discussed the
possible function of this protein in the development of
HCC.
Wang G, Chen JH, Qiang Y, Wang DZ, Chen Z. Decreased
STAT4 indicates poor prognosis and enhanced cell proliferation
in hepatocellular carcinoma. World J Gastroenterol 2015;
21(13): 3983-3993 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/3983.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3983

INTRODUCTION
hepatocellular carcinoma (HCC) is among the most
common cancers and is the third most common cause
[1]
of cancer mortality worldwide . Worldwide, more than
600000 new HCC cases are diagnosed annually, among
[2]
which about 55% are in China . Although intensive
efforts have been made by clinical practitioners and
basic researchers to identify prognostic markers
of and therapeutic targets for HCC, the molecular
mechanisms underlying HCC progression remain
[3,4]
largely elusive . Moreover, effective treatments for
HCC are essentially absent. This deficiency emphasizes
the urgency to develop new diagnostic and therapeutic
[5]
strategies for HCC .
Signal transducers and activators of transcription
(STATs) are members of a well-conserved family of
transcription factors that play integral roles in various
[6,7]
cellular processes . STATs are latent cytoplasmic
proteins that are promptly activated by tyrosine
phosphorylation by receptor-associated JAK (Janus)
kinases in response to cytokine or growth factor
exposure. The resulting functional STATs are capable
of entering the nucleus, where they directly bind to
DNA and activate the transcription of a variety of
[8,9]
target genes . Generally, STAT proteins regulate
cytokine-mediated cell proliferation by modulating the
expression of crucial cell cycle regulators, such as cyclin
[6]
D1, p21 and p27 . In addition to cell cycle regulation,
STATs modulate various other cellular processes, such
as apoptosis, differentiation and migration, via the
transcription of various target genes, including Bcl-2
family members, cytokines, matrix metalloproteinases
and miRNAs. Accordingly, dysregulated STAT proteins
are closely associated with the pathogenesis of human
cancers. The hyperactivation of STAT signaling has been
widely documented in various cancer types, including
ovarian cancer, breast cancer, brain tumors, gastric
[10-13]
cancer and colon cancer
. Consistent with these
findings, STATs have been considered as promising
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MATERIALS AND METHODS
Patients and tissue samples

Paired samples of tumor and adjacent nontumor
tissues were obtained from 90 HCC patients who
underwent curative surgery at the Affiliated Cancer
Hospital of Nantong University. After surgical removal,
a portion of the paired tissue samples was snapfrozen in liquid nitrogen and then maintained at
-80 ℃ until use for protein extraction, and another
portion of the paired tissue samples was immediately
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fixed in formalin and embedded in wax for immuno
histochemistry.
The inclusion criteria for all patients in this study
were: (1) HCC diagnosis as confirmed by experienced
pathologists based on histological examination of HEstained biopsy sections; (2) no anticancer treatment
before surgery; (3) curative resection, defined as the
macroscopically complete removal of the tumor and
histologically demonstrated tumor-free margins; and
(4) the availability of complete clinicopathologic and
follow-up data. Informed consent was obtained from
each patient, and the study protocols were approved
by the Institutional Review Board of the Affiliated
Cancer Hospital of Nantong University. The patients
included 57 males and 33 females with a mean age
of 47.3 years (range: 21-75 years). The primary
clinicopathological characteristics of the subjects were
recorded. The differentiated tumors were histologically
classified as grade Ⅰ-Ⅱ (n = 49) or grade Ⅲ-Ⅳ (n =
41). The follow-up duration ranged from 1 to 96 mo.

confirmed by another investigator (J.Y.X.) using a
multihead microscope, and a consensus was achieved.

Cell culture and cell cycle analysis

One normal hepatocyte cell line (L02) and 3 HCC
cell lines (HepG2, HuH7, and Hep1) were obtained
from the Institute of Cell Biology of the Chinese
Academy of Sciences and were cultured in RPMI 1640
and Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS),
100 U/mL penicillin, and 100 μg/mL streptomycin (all
media were from Invitrogen, Carlsbad, CA, United
States) in 5% - at 37 ℃.
Two human STAT4 siRNA expression vectors and
pSilencer siRNA were constructed. The siRNA sequences
targeting the nucleotide residues AAATCCGGCATCT
GCTAGCTC and AATTGGATGAACAGTTGGGGC were
termed siRNA-1 and -2, respectively. L02 cells were
seeded the day before transfection using DMEM con
taining 10% FBS lacking antibiotics. Transfection was
performed using the transfection reagent Lipofectamine
2000 (Invitrogen) according to the manufacturer’s
protocol. The cells were incubated in pSilencer vectorLipofectamine 2000 complexes for 4-6 h at 37 ℃, and
FBS was added to the DMEM to a final concentration of
10%. The cells were used for subsequent experiments
at 48 h after transfection.

Immunohistochemistry

Tissues were formalin-fixed and paraffin-embedded
for immunohistochemical analysis. The sections
were dewaxed in xylene and rehydrated in graded
ethanol solutions. Then, the sections were processed
in 10 mmol/L citrate buffer (pH 6.0) and heated in
a microwave at high power (750 W) in 10 mm for
three cycles of 5 min each for antigen retrieval. Then,
endogenous peroxidase activity was blocked by soaking
the sections in 0.3% hydrogen peroxide for 15 min
after cooling at room temperature for 1 h. Goat serum
was applied for 15 min to block nonspecific reactivity.
The sections were incubated overnight at 4 ℃ in a
rabbit anti-human STAT4 polyclonal antibody (diluted
1:100; Santa Cruz Biotechnology), and an anti-Ki-67
mouse monoclonal antibody (diluted 1:100; clone
7B11; Zymed Laboratories, San Francisco, CA, United
States). Negative control samples were processed
in parallel using a nonspecific immunoglobulin IgG
(Sigma Chemical Co, St. Louis, MO) at the same
concentration as the primary antibody. All sections
were processed using the peroxidase-antiperoxidase
method (Dako, Hamburg, Germany). After rinsing
in water, the sections were counterstained with
hematoxylin, dehydrated, and coverslipped. All of the
immunostained sections were evaluated in a blinded
manner with respect to the clinical and pathological
characteristics of the patients. For the assessment
of STAT4 expression, five high-power fields for each
specimen were randomly selected, and nuclear
(cytoplasmic) staining was examined. More than 500
cells were counted to determine the LI (labeling index)
which represented the percentage of immunostained
cells relative to the total number of cells. In half of
the samples, the staining was repeated twice to avoid
possible technical errors, but similar results were
obtained for these samples. The results obtained were
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Western blot analysis

Tissue and cellular protein samples were promptly
homogenized in homogenization buffer containing 1
mol/L Tris HCl pH7.5, 1% Triton X-100, 1% Nonidet
p-40 (NP-40), 10% sodium dodecyl sulfate (SDS),
0.5% sodium deoxycholate, 0.5 mol/L EDTA, 10 μg/ml
leupeptin, 10 μg/ml aprotinin, and 1 m mol/L PMSF,
followed by centrifugation at 10000 ×g for 30 min to
collect the supernatants. The protein concentrations
were determined via a Bio-Rad protein assay (Bio-Rad,
Hercules, CA, United States). The total cellular protein
extracts were separated via SDS-polyacrylamide gel
electrophoresis and transferred to a nitrocellulose
membrane. The membranes were blocked with
5% nonfat dry milk in PBS for approximately 2 h at
room temperature and then incubated in antibodies
against STAT4 (1:1000; Santa Cruz Biotechnology)
and GAPDH (1:1000; Sigma) in PBS containing 5%
milk for approximately 1 h at room temperature. The
membranes were washed three times in PBS buffer,
followed by incubation in the appropriate horseradish
peroxidase-conjugated secondary antibodies (1:500;
Santa Cruz Biotechnology). Specific protein bands in
the membranes were visualized using an enhanced
chemiluminescence reagent (NEN, Boston, MA). Three
independent experiments were performed.

Cell proliferation assay and cell cycle analysis

Cell proliferation was determined via a Cell Counting
Kit-8 (CCK)-8 assay according to the manufacturer’s
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Figure 1 Expression of signal transducer and activator of transcription 4 in human hepatocellular carcinoma tissues. A, B: Expression of STAT4 in eight
representative matched samples of HCC tissue (T) and adjacent noncancerous liver tissues (N) via Western blot and SigmaPlot. STAT4: Signal transducer and
activator of transcription 4; HCC: Hepatocellular carcinoma.

instructions. In brief, cells which were transfected with
4
siRNA were seeded at a density of 2 × 10 cells/well in
a 96-well cell culture dish (Corning, Corning, NY, United
States) in 100 μL of culture medium and incubated
overnight. CCK-8 (Dojindo, Kumamoto, Japan) reagents
were added to a subset of the wells, and the cells were
incubated for 2 h at 37 ℃. The absorbance was recorded
using an automated plate reader. Each experiment
was performed in triplicate and repeated at least three
times.
For cell cycle analysis, the cells were fixed in 70%
ethanol for 1 h at 4 ℃ and then incubated in 1 mg/mL
RNase A for 30 min at 37 ℃. Subsequently, the cells
were stained with propidium iodide (PI; 50 μg/mL)
(Becton-Dickinson, San Jose, CA, United States) in
PBS containing 0.5% Tween-20, followed by flow
cytometry using a Becton-Dickinson FACScan and Cell
Quest acquisition and analysis software. Gating was
applied to exclude cell debris, cell doublets, and cell
clumps.

RESULTS
STAT4 expression in tumor and adjacent nontumor
tissues from hcc patients

To determine the role of STAT4 in HCC development,
we first investigated the expression profile of STAT4 in
HCC and non-tumorous tissues via Western blot and
immunohistochemical analyses. Western blot analysis
of eight paired tumor and adjacent non-tumorous
tissues confirmed that STAT4 expression was lower in
tumor tissues than in adjacent non-tumorous tissues
(Figure 1). Immunohistochemical analysis indicated
that STAT4 expression was low or undetectable in most
tumorous tissues and was highly expressed in most
adjacent nontumor tissues (Figure 2). In addition, the
proliferation index of Ki67 was used as a control to
indicate the tumorous and non-tumorous tissues.

Correlation between STAT4 expression and the
clinicopathological characteristics

Next, we analyzed the relationship between STAT4
expression and the clinicopathological characteristics of
HCC patients. To this end, the patients were stratified
into those exhibiting high and low STAT4 expression
according to the immunostaining intensity score (high
> 0.53, low ≤ 0.53; 0.53 was the mean proportion
of STAT4-expressing cells) The clinicopathological
and demographic characteristics of the HCC patients
are listed in Table 1. Statistical analysis indicated
that STAT4 expression significantly correlated with
histological grade, HBV infection and the tumor size
(P < 0.05) but not to other characteristics, including
gender, age, metastasis, the tumor count, the
serum AFP level, cirrhosis, and vascular invasion.
Furthermore, the patients were stratified into those
exhibiting high and low Ki67 expression depending

Statistical analysis

Statistical analysis was performed using the SPSS
software package. The association between STAT4
expression and the clinicopathological characteristics
2
was analyzed using the χ test. The relationship
between the STAT4 and Ki-67 expression levels was
evaluated using the Spearman rank correlation test
because the data were not normally distributed.
Survival analysis was performed using the KaplanMeier method, and the difference in the survival
rates was assessed using the generalized log-rank
test. Multivariate analysis was performed using Cox
proportional hazard models. The data were expressed
as the means ± SE, and P < 0.05 was considered to
be significant.
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Figure 2 Immunohistochemical analysis of signal transducer and activator of transcription 4 and Ki67 expression in hepatocellular carcinoma and adjacent
noncancerous liver tissues. Paraffin-embedded tissue sections were stained with antibodies against STAT4 and Ki67 and counterstained with hematoxylin. High expression
of STAT4 (E, F) and Ki67 (C, D) was detected in the HCC tissues. Low expression of STAT4 (A, B) and high expression of Ki67 (G, H) were detected in adjacent noncancerous
liver tissues (SP × 400) based on immunohistochemistry. STAT4: Signal transducer and activator of transcription 4; HCC: Hepatocellular carcinoma.

Table 1 Clinicopathological features of hepatocellular carcinoma in relation to the Stat4/Ki67 expression pattern in 90 patients
Clinicopathological features

Total

Stat4

Ki67

Low < 0.53 High > 0.53
Age (yr)
< 45
≥ 45
Gender
Male
Female
Serum AFP level (ng/mL)
< 25
≥ 25
Liver cirrhosis
No
Yes
No. of tumor nodes
Single
Multiple
HBV
Negative
Positive
Maximal tumor size (cm)
< 4.5
≥ 4.5
Tumor metastasis
No
Yes
Microvascular invasion
No
Yes
Histological grade
Ⅰ-Ⅱ
Ⅲ-Ⅳ

Ki67 expression
Low
High

P value

n = 40

n = 50

33
57

13
27

20
30

0.463

57
33

26
14

31
19

34
56

19
21

26
64

χ 2 value

Low < 0.48 High > 0.48

P value

χ 2 value

n = 49

n = 41

0.538

17
32

16
25

0.671

0.180

0.769

0.086

31
18

26
15

0.988

0.000

15
35

0.089

2.895

18
31

16
25

0.823

0.050

13
27

13
37

0.499

0.457

13
36

13
28

0.589

0.291

51
39

24
16

27
23

0.568

0.326

29
20

22
19

0.598

0.278

43
47

25
15

18
32

0.0121

6.255

27
22

16
25

0.128

2.313

40
50

30
10

9
41

0.0001

29.403

31
18

8
33

0.0001

17.402

77
13

36
4

41
9

0.283

1.151

42
7

35
6

0.963

0.002

66
24

30
10

36
14

0.749

0.102

36
13

30
11

0.975

0.001

49
41

36
4

13
37

0.0001

36.699

35
14

14
27

0.000

12.510

49
41

33
7

16
34

0.0001

22.849

1

The P value was considered signiﬁcant. Statistical analyses were carried out using pearson χ 2 test. HBV: Hepatitis B virus.
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Figure 3 Relationship between signal transducer and activator of transcription 4 expression and the Ki67 proliferation index in hepatocellular carcinoma.
A: Scatterplot of STAT4 expression vs Ki-67 expression; the regression line indicates a correlation based on the Spearman correlation coefficient; B: Kaplan-Meier
survival curves of 90 HCC patients stratified into low and high STAT4 expression show a highly significant difference between these groups (P < 0.05, log-rank test
using SPSS). STAT4: Signal transducer and activator of transcription 4; HCC: Hepatocellular carcinoma.

on the expression score for Ki67. We found that Ki67
expression significantly correlated with histological
grade and tumor size (P < 0.05) but not with the other
characteristics. Very importantly, there was a negative
correlation between STAT4 and Ki67 expression (R =
0.85; Figure 3A). These findings suggested that STAT4
downregulation might contribute to HCC progression.

was initially determined via Western blot analysis.
L02 cells displayed the highest expression of STAT4
of all of the cell lines examined (Figure 4A). Given
that STAT4 expression negatively correlated with
histological grade and Ki67 expression in the HCC
specimens, we hypothesized that STAT4 might play
an inhibitory role in the proliferation of HCC cells.
Thus, we analyzed whether the expression of STAT4
was altered in HCC cells during various proliferation
statuses using a serum-starvation and refeeding
experiment. After serum depletion for 72 h, HepG2
cells were arrested at the G1 phase (Figure 4B). Then,
after serum refeeding, the cells progressively entered
the S phase. Accordingly, we detected the progressive
accumulation of cyclin D1 in HepG2 cells after serum
refeeding, whereas the expression level of STAT4
decreased (Figure 4C). These data demonstrated that
the expression of STAT4 was associated with HCC cell
proliferation.

Prognostic significance of STAT4 expression to HCC
prognosis

The above data indicated that STAT4 downregulation
might commonly occur in HCC specimens, indicating
the potential value of STAT4 expression for predicting
the prognosis of HCC. Therefore, we analyzed
whether the STAT4 expression level was indicative
of HCC prognosis. Survival analysis was restricted
to 90 cases for which complete follow-up data and
STAT4 expression scores were available. Kaplan-Meier
analysis of the overall survival of these HCC patients
demonstrated that the patients displaying low STAT4
expression exhibited significantly worse overall survival
than those displaying high STAT4 expression (P <
0.05; Figure 3B). Multivariate analysis using a Cox
proportional hazard model showed that STAT4 was an
independent prognostic indicator of the overall survival
of HCC patients (P < 0.05; Table 2). As shown in Table 3,
STAT4 was an independent prognostic indicator based
on a multivariate Cox proportional hazard model.
These findings convincingly demonstrated that STAT4
may serve as a valuable prognostic marker for HCC
prognosis.

Effects of altered STAT4 expression on cell growth and
the cell cycle in human L02 cell lines

To further examine the functional role of STAT4 in
HCC proliferation, STAT4-siRNA oligos were employed
to silence STAT4 expression in L02 cells. After
transfection with two different STAT4-targeting siRNAs,
L02 cells were subjected to Western blot analysis to
determine the interference efficiency of each siRNA
oligo. As shown in Figure 5A, STAT4 was significantly
decreased after transfection with the STAT4-siRNAs. In
addition, the expression level of cyclin D1 was elevated
after STAT4 depletion, implying that STAT4 negatively
regulates the expression of cyclin D1 in L02 cells.
Next, we analyzed the impact of STAT4 depletion
on the proliferation of L02 cells. Flow cytometry was
performed to determine the cell cycle distribution of
L02 cells at 72 h after mock transfection or transfection

STAT4 was downregulated in HCC cell lines and was
associated with the proliferation status of HCC cells

Next, HCC cell lines and L02 hepatocytes were
employed to analyze the role of STAT4 in HCC cell
physiology. The expression of STAT4 in these cell lines

WJG|www.wjgnet.com

3988

April 7, 2015|Volume 21|Issue 13|

Wang G et al . STAT4 affects HCC prognosis and proliferation
Table 2 Survival status and clinicopathological parameters in 90 hepatocellular carcinoma speciments
Parameters

Total

Age (yr)
< 45
≥ 45
Gender
Male
Female
Serum AFP level (ug/mL)
< 25
≥ 25
Cirrhosis
No
Yes
No. of tumor nodes
Single
Multiple
HBV
Negative
Positive
Maximal tumor size (cm)
< 4.5
≥ 4.5
Tumor metastasis
No
Yes
Microvascular invasion
No
Yes
Histological grade
Ⅰ-Ⅱ
Ⅲ-Ⅳ

Stat4 expression
Low
High
Ki67 expression
Low
High

P value

Survival Status

χ 2 value

Dead

Alive

n = 43

n = 47

33
57

16
27

17
30

0.919

0.010

57
33

26
17

31
16

0.589

0.292

34
56

15
28

19
28

0.588

0.293

26
64

13
30

13
34

0.788

0.072

51
39

23
20

28
19

0.561

0.339

43
47

14
29

29
18

0.006

7.644

39
51

7
36

32
15

< 0.051

24.543

77
13

36
7

41
6

0.636

0.224

66
24

31
12

35
12

0.799

0.065

49
41

14
29

35
12

< 0.051

15.902

40
50

6
37

34
13

< 0.051

31.003

49
41

10
33

39
8

< 0.051

32.293

1

The P value was considered signiﬁcant. Statistical analyses were performed using Pearson χ 2 test. HBV: Hepatitis B virus.

higher proportion of cells in the S phase (29.09%
and 31.46%) than the control cells (20.29% and
20.28%), whereas the percentage of cells in the G1
phase (64.64% and 63.13%) after transfection with
STAT4 siRNA-1 and 2 was significantly lower than that
in the control cells (73.96% and 73.39%) (Figure 5B).
Moreover, the impact of STAT4 depletion on HepG2
cell proliferation was determined using the CCK-8
assay. As shown in Figure 5C, the STAT4-depleted
cells exhibited enhanced cell growth compared to
the mock transfected and control siRNA-transfected
cells. These data suggested that the downregulation
of STAT4 might be associated with enhanced HCC cell
proliferation.

Table 3 Contribution of various potential prognostic factors
to survival by Cox regression analysis in hepatocellular
carcinoma specimens
Parameters
Age (yr)
Gender
Serum AFP Level (ng/mL)
Cirrhosis
Tumor numbers
HBV
Maximal tumor size (cm)
Tumor metastasis
Microvascular Invasion
Histological grade
STAT4 expression
Ki67 expression

RR

95%CI

P value

0.156
1.629
0.885
2.066
1.166
0.742
0.448
1.732
0.874
0.343
0.411
0.454

0.060-0.405
0.843-3.147
0.476-1.647
0.934-4.572
0.595-2.288
0.546-1.013
0.460-0.951
0.644-4.658
0.430-1.778
0.599-0.817
0.222-0.758
0.193-1.065

0.069
0.147
0.701
0.073
0.654
0.057
0.014
0.277
0.710
0.0231
< 0.0011
0.0041

DISCUSSION

1

The P value was considered signiﬁcant. Statistical analyses were
performed using Long-rank test. HBV: Hepatitis B virus.

HCC prognosis remains unsatisfactory because of
its high recurrence and metastasis rates, despite
significant improvements in surveillance and clinical
[28]
treatment strategies . The efficacy of traditional

with control or STAT-targeted siRNA. As predicted,
the STAT4-depleted L02 cells consisted of a markedly
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Figure 4 Western blot analysis of signal transducer and activator of transcription 4 protein expression in hepatocellular carcinoma cells compared to
normal hepatocyte (L02) cells. A: GAPDH was used as a loading control. Each experiment was repeated at least 3 times; B: Expression of STAT4 and cell cyclerelated molecules in proliferating HCC cells. HepG2 cells were synchronized via serum starvation for 72 h. Upon serum refeeding, cell lysates were prepared and
analyzed via Western blot using antibodies directed against STAT4 and cyclin D1. GAPDH was used as a control for protein load and integrity. S: serum starvation;
R: serum refeeding; C: Flow cytometric quantification of the cell cycle status in HepG2 cells. The cells were synchronized at G1 via serum starvation for 72 h; then,
progression into the cell cycle was induced by adding medium containing 10% FBS for the indicated period (R4 h, R8 h, R12 h, or R24 h). STAT4: Signal transducer
and activator of transcription 4; HCC: Hepatocellular carcinoma.

therapeutic methods, such as chemotherapy and
surgical operation, remains limited. Therefore, it is
critical to identify patients exhibiting poor prognosis
for timely intervention and to develop novel targeted
therapeutic strategies. Our current study showed that
the decreased expression of STAT4 was significantly
associated with a poor prognosis among HCC patients,
which is partially attributed to uncontrolled HCC cell
proliferation. Thus, our findings may promote the
development of novel therapeutic strategies for HCC

WJG|www.wjgnet.com

patients based on STAT4.
The STAT family members were originally
identified as cytokine-related signaling factors and
have emerged as promising molecular targets for
[29]
cancer therapy . Among these proteins, STAT4 plays
a critical role in the regulation of diverse biological
actions, including anti-viral defense, the induction
[24,30]
of cell death and growth arrest
. In the present
study, we detected significantly lower levels of STAT4
expression in HCC tissues. Furthermore, we found that
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Figure 5 Signal transducer and activator of transcription 4 knockdown inhibited cell proliferation and the effects of altered signal transducer and activator
of transcription 4 expression on the cell cycle status of L02 cells. A: Western blot analysis revealed that treatment with STAT4-siRNA markedly decreased the
STAT4 and cyclin D1 levels at 48 h after siRNA transfection in L02 cells compared to transfection with negative control siRNA and mock transfection; B: siSTAT4-1 and
-2 were used to knockdown STAT4 in HepG2 cells, resulting in the delay of the G1-S transition and significant arrest in the G1 phase after these cells were released
from starvation. The data are presented as the mean ± SD of three experiments; C: A CCK-8 assay showed that STAT4 knockdown inhibited cell proliferation. CCK-8
reagents were added to the medium for 2 h. The absorbance was measured at each indicated time point (0, 1, 2, and 3 d). Each value was derived from three
independent experiments. STAT4: Signal transducer and activator of transcription 4; HCC: Hepatocellular carcinoma.
[32]

the level of STAT4 in HCC tissues positively correlated
with the degree of HCC differentiation and the serum
hepatitis B surface antigen levels in HCC patients. It
is well known that HBV infection is a risk factor for the
development of HCC, contributing to the progression
of HCC. Hence, our data suggest that STAT4 may
serve as a negative regulator of HCC development and
progression. Importantly, recent reports found that
genetic alteration of STAT4 was a key risk factor for
HBV-related HCC, which is consistent with our data
showing that STAT4 downregulation was associated
[27]
with HBV infection in HCC specimens . However,
another recent study reported that the mRNA level
of STAT4 was not correlated with HBV infection in
[31]
HCC patients . Given that, STAT4 may be regulated
at both the transcriptional and posttranscriptional
levels. However, the detailed relevance of STAT4 to
HBV-related hepatocarcinogenesis remains virtually
unknown and requires clarification in future studies.
We showed that the expression of STAT4 correlated
with the histological degree of HCC and the prognosis
of HCC patients. Therefore, STAT4 may serve as an
effective biomarker to evaluate the prognosis of HCC
in Chinese patients. However, ubiquitous activation
of JAK/STAT pathways is detected in human HCC
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tissues . This discrepancy may be due to the different
genetic backgrounds and the various pathologic factors
that contribute to the development of HCC. Although
chronic viral hepatitis is the predominant factor for
the development of HCC in the Chinese population,
hyperlipidemia-related and alcoholic liver diseases
are crucial for the development of HCC in Western
countries. Indeed, the level of STAT4 expression varies
for different types of cancers, and even for the same
type of cancer in different genetic backgrounds and
in patients from different geographic regions. We are
interested in further investigating how these factors
modulate STAT4 expression and activation, thereby
contributing to the development and progression of
HCC.
As a crucial member of the STAT family, STAT4 was
widely considered to be primarily expressed in immune
cells, including T helper cells, natural T killer cells,
dendritic cells and macrophages, to mediate IL-12dependent signaling. However, the function of STAT4
in non-immune cells remains poorly understood. We
and other groups recently revealed a role of STAT4 in
HCC development. In this regard, it was unexpectedly
found that STAT4 was highly expressed in normal liver
cells and was dramatically downregulated in HCC cells.
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In addition, the low expression of STAT4 was verified
in HCC cell lines and was found to be associated with
the proliferation of HCC cells. Therefore, STAT4 in
hepatocytes may exert a suppressive effect on the
development of HCC tumors. Aside from HCC, STAT4
has been reported to be expressed in breast cancer
cells and to play an important role in the regulation
[33]
of breast cancer physiology . Moreover, varying
degrees of STAT4 activation have been detected in
[34]
both prostate cancer and normal prostate tissues .
Evidence has also indicated that STAT4 might be
expressed in several other cancer types, including
[10,35]
gastric cancer and ovarian cancer
. These findings
may provide novel insight into the role of STAT4 in
the pathogenesis of various human cancers. However,
a majority of recent studies inferred that the role of
STAT4 in the prevention of liver disease was related to
[31,36,37]
inflammatory pathways
. Therefore, it remains
unclear to what extent an inflammation-independent
role of STAT4 may contribute to HCC prevention.
Further investigation should be performed to resolve
this intriguing issue.
In summary, our findings suggest that STAT4 re
presents a novel and promising therapeutic target
and prognostic biomarker for HCC. Our data may be
of important clinical value for estimating prognosis
and for determining the treatment of HCC patients.
Technological development may lead to new
treatments based on STAT4 that improve the therapies
against HCC.
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Abstract
AIM: To evaluate the impact of reporting bowel
preparation using Boston Bowel Preparation Scale
(BBPS) in clinical practice.
METHODS: The study was a prospective observational
cohort study which enrolled subjects reporting for
screening colonoscopy. All subjects received a gallon
of polyethylene glycol as bowel preparation regimen.
After colonoscopy the endoscopists determined quality
of bowel preparation using BBPS. Segmental scores
were combined to calculate composite BBPS. Site and
size of the polyps detected was recorded. Pathology
reports were reviewed to determine advanced adenoma
detection rates (AADR). Segmental AADR’s were
calculated and categorized based on the segmental
BBPS to determine the differential impact of bowel prep
on AADR.
RESULTS: Three hundred and sixty subjects were
enrolled in the study with a mean age of 59.2 years,
36.3% males and 63.8% females. Four subjects with
incomplete colonoscopy due BBPS of 0 in any segment
were excluded. Based on composite BBPS subjects
were divided into 3 groups; Group-0 (poor bowel prep,
BBPS 0-3) n = 26 (7.3%), Group-1 (Suboptimal bowel
prep, BBPS 4-6) n = 121 (34%) and Group-2 (Adequate
bowel prep, BBPS 7-9) n = 209 (58.7%). AADR showed
a linear trend through Group-1 to 3; with an AADR
of 3.8%, 14.8% and 16.7% respectively. Also seen
was a linear increasing trend in segmental AADR with
improvement in segmental BBPS. There was statistical
significant difference between AADR among Group
0 and 2 (3.8% vs 16.7%, p < 0.05), Group 1 and 2
(14.8% vs 16.7%, p < 0.05) and Group 0 and 1 (3.8%
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vs 14.8%, p < 0.05). χ 2 method was used to compute
p value for determining statistical significance.

[6-8]

CRC . Bowel preparation is an important factor that
determines the yield of colonoscopy and suboptimal
[9]
preparation is associated with missed lesions . Bowel
preparation should be tolerable, effective without
[10-12]
any side effects or changes in colonic mucosa
.
Unfortunately, most of the currently available bowel
[11-13]
preparations have some limitations
.
Colonoscopies with suboptimal bowel prep quality
are likely to have higher rates of missed lesions and
there is a dire need for uniform and more efficient
reporting of bowel preparation during colonoscopies.
Interventions to increase bowel preparation quality
utilizing visual aids (cartoons and photographs),
simplified written materials and in-person and
telephone counseling have resulted in mixed findings,
[14,15]
but show promise in certain populations
.
The Boston Bowel Preparation Score (BBPS)
score was developed by Boston Medical Centre
section of gastroenterology to provide a standardized
score to rate the quality of bowel preparation
during colonoscopy which can be used for clinical
practice, quality assurance and outcome research in
[16]
colonoscopy . Three segments of colon are given a
rating based on its cleanliness and the three section
[16]
scores are added together for a BBPS score . The
scale is valid and demonstrates good inter and intra[16]
rater reliability .
The efficiency of colonoscopy as a CRC screening
method depends on the quality of bowel preparation.
The interpretation of colonoscopy results depends on
looking at the bowel preparation in addition to other
findings. It is common for endoscopists to use the
subjective systems of reporting bowel preparation
which have high inter-observer variability. This study
was designed to evaluate the impact of reporting
bowel preparation using Boston Bowel Preparation
Scale in clinical practice.

CONCLUSION: Segmental AADRs correlate with
segmental BBPS. It is thus valuable to report segmental
BBPS in colonoscopy reports in clinical practice.
Key words: Colorectal cancer screening; Adenomas;
Polyps; Boston Bowel Preparation Score
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Bowel preparation quality determines the yield
of colonoscopy. Most endoscopists continue to use the
subjective systems of reporting bowel preparation.
Boston Bowel Preparation Score (BBPS) helps to
understand segment-specific risks for missed pathology
based on the degree of bowel cleanliness. Our study
showed that segmental Advanced Adenoma detection
rate correlate with segmental BBPS. Segmental
reporting will help in careful examination during repeat
colonoscopy of segments with poor or sub-optimal BBPS
on previous colonoscopy, in determining appropriate
surveillance interval and the procedure for surveillance
and in determining appropriate interventions to improve
bowel preparation for colonoscopy in future.
Jain D, Momeni M, Krishnaiah M, Anand S, Singhal S.
Importance of reporting segmental bowel preparation scores
during colonoscopy in clinical practice. World J Gastroenterol
2015; 21(13): 3994-3999 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i13/3994.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.3994

INTRODUCTION
Colorectal cancer is the third most common cancer
and the third leading cause of cancer related death in
[1]
the United States . It has been postulated that with
increase in colorectal screening rates, risk reduction
and availability of newer chemotherapeutic agents
will likely reduce the colorectal cancer mortality rates
[2]
in the United States by 50% by 2020 . Five year
survival rates for colorectal cancer survival can be
highly dependent upon stage of cancer at diagnosis,
and can range from 90% for cancers detected at the
localized stage; 70% for regional; to 10% for people
[3,4]
with metastatic cancer .
Multiple risk reduction, prevention and early
detection strategies have led to declining rates in
[5]
colorectal cancer (CRC) incidence and mortality .
Colonoscopy is the only test which can target
prevention through the detection and removal of
adenomatous polyps. Removal of polyps during
colonoscopy has been shown to have predominantly
indirect, but convincing evidence in prevention of
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MATERIALS AND METHODS
Study objective

To determine advanced adenoma detection rate (AADR)
in relation to segmental and composite BBPS’s during
colonoscopy.

Study design

The study was a prospective observational cohort
study conducted at an urban teaching hospital. The
study was approved by the Institutional Review Board.

Inclusion/exclusion criteria

Consecutive patients presenting for average risk
screening colonoscopy were enrolled in the study.
Subjects having colonoscopy for evaluation of
symptoms and personal history of colon cancer,
inflammatory bowel disease or colon surgery for any
reason were excluded. Patients who were unable to
comply with the preparation instructions were excluded.
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Bowel preparation

20.00%

All subjects received clear liquid diet the day before
colonoscopy and a gallon of polyethylene glycol as
bowel preparation the evening prior to colonoscopy.

14.80%

AADR

15.00%

Study method

Study was an observational study and no intervention
or deviation from standard practice protocols for
patients were done for the study purposes. All subjects
were asked questions to determine that they met
inclusion and exclusion criteria for participation in
study. All study participants, or their legal guardian,
provided informed verbal consent prior to study
enrolment. All colonoscopies were performed by
either board certified gastroenterology physicians or
gastroenterology fellows under direct supervision of
the board certified gastroenterology physicians. Before
enrolling patients into the study all endoscopists
involved were in serviced on boston bowel preparation
score and scoring cards were made available in each
endoscopy suite. BBPS was categorized as described
[16]
by Lai et al : 0: Unprepared colon segment with
mucosa not seen due to solid stool that cannot be
cleared; 1: Portion of mucosa of the colon segment
seen, but other areas of the colon segment not well
seen due to staining, residual stool and/or opaque
liquid; 2: minor amount of residual staining, small
fragments of stool and/or opaque liquid, but mucosa
of colon segment seen well; and 3: Entire mucosa of
colon segment seen well with no residual staining,
small fragments of stool or opaque liquid.
For the purpose of study, the colon was divided into
three segments- Right (R) (Caecum and Ascending
Colon), Transverse (T) (Hepatic Flexure, Transverse
Colon and Splenic flexure) and Left (L) (Descending
colon, Sigmoid colon and Rectum). A research
associate was present during each procedure to
record the BBPS reported by the endoscopist in each
segment during the procedure (R-0/1/2/3, T-0/1/2/3,
L-0/1/2/3). Segmental scores were combined to
calculate the composite BBPS. Based on Composite
BBPS, subjects were divided into three groups: Group
0- Composite BBPS 0-3, Poor bowel preparation;
Group 1- Composite BBPS 4-6, Sub-optimal bowel
preparation; and Group 2 - Composite BBPS 7-9,
adequate bowel preparation.
As per national guidelines all procedures had a
minimal withdrawal time of 6 minutes. Also the site,
size and number of polyps were recorded during the
procedure. High definition endoscopes were used for
the colonoscopy of all enrolled subjects. Pathology
report of each polyp was followed to determine
segmental and combined AADR. The advanced
adenoma bridges benign and malignant states and
may be the most valid neoplastic surrogate marker for
[17]
present and future colorectal cancer risk . Advanced
adenoma was defined as 3 or more adenomatous
polyps, polyps greater than or equal to 10 mm or
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AADR vs bowel prep quality
16.70%

10.00%
3.80%

5.00%

0.00%

Group-1
(BBPS 0-3)

Group-2
(BBPS 4-6)

Group-3
(BBPS 7-9)

Bowel prep quality

Figure 1 Advanced adenoma detection rates across different groups based
on composite Boston Bowel Preparation Score. AADR: Advanced adenoma
detection rates.

histologically having high-grade dysplasia or significant
villous components.

Endpoint

To determine the association between AADR and
quality of bowel preparation by using segmental and
composite BBPS during colonoscopy.

Statistical analysis

Microsoft Excel software for Windows version 2010 was
2
used. Cross tables with χ test were used to compare
differences among groups.

RESULTS
The statistical review of the study was done by one
of the authors with biomedical research experience.
Three hundred and sixty subjects were enrolled in the
study. Mean age was 59.2 years, gender distribution
was 36.3% males and 63.8% females. Four subjects
with incomplete colonoscopy due BBPS of 0 in any
segment were excluded. Based on composite BBPS
subjects were divided into 3 groups; Group 0: n = 26
(7.3%), Group 1: n = 121 (34%) and Group 3: n =
209 (58.7%). AADR showed a linear trend through
Group-0 to 2; with an AADR of 3.8%, 14.8% and
16.7% respectively (Figure 1).
Also seen was a linear increasing trend in segmental
AADR with improvement in segmental BBPS (1 to 3);
with an AADR of 3%, 6.8% and 8.1% for R-1, R-2,
R-3 respectively; 0%, 4.4% and 7.4% for T-1, T-2, T-3
respectively; and 0%, 10% and 11.5% for L-1, L-2, L-3
respectively (Figure 2). There was statistical significant
difference between AADR among Group 0 and 2 (3.8%
vs 16.7%, P < 0.05), Group 1 and 2 (14.8% vs 16.7%,
P < 0.05) and Group 0 and 1 (3.8% vs 14.8%, P <
0.05).

DISCUSSION
The bowel preparation process before a colonoscopy
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A

9%

AADR vs bowel prep quality in right colon

have recommended inclusion of assessment of the
quality of bowel preparation in each colonoscopy
[19]
report . Terms such as excellent, good, fair, and
poor were considered appropriate but the committee
emphasized that the terms lack standardized
[19]
definitions . There are several other issues which
are unclear such as whether the bowel preparation
quality should be documented based on findings upon
insertion of the colonoscope, or during withdrawal.
Impact of cleansing maneuvers such as washing and
suctioning of fluid is not accounted when using this
[16]
terminology . While former is an assessment of
colonic preparation, and the latter is an assessment
of the likelihood for missed lesions, a more clinically
[16]
relevant measure, hence the distinction is important .
Furthermore, the variation of bowel preparation in
different segments of colon is also not accounted.
Insufficient mucosal visualization during colonoscopy
[18,20]
can result in lesions being missed
. Poor bowel
preparation may also result in difficult progression, an
increase risk of complications, prolonged procedure
duration and an increase in the amount of sedatives and
[21]
analgetics required . Poor bowel preparation is also
a frequent cause for incomplete procedures, resulting
[21]
in the need for a repeat colonoscopy . It has been
suggested that the fact that colonoscopic surveillance
does not prevent right-sided cancers is caused by the
often worse quality of cleansing of the right side of the
[22]
colon .
Because of these consequences, the quality of bowel
[23]
preparation needs to be assessed and documented .
Suboptimal bowel preparation rates during colonoscopy
rd
[24]
can be as high as 1/3 of total colonoscopies .
Therefore, knowledge of its risk factors can be very
important. A model based on risk factors, such as
male gender, inpatient status, and older age, correctly
predicted inadequate bowel preparation in only 60% of
[25]
patients .
In an effort to improve colonoscopy outcome, it
is essential to report the quality of bowel preparation
accurately. Most gastroenterologist continue to
use the subjective systems of reporting bowel
preparation. Many endoscopist find it difficult to report
the bowel preparation quality accurately because
of inter-segmental variation. BBPS score allows
gastroenterologist to report the quality of bowel
preparation for each colon segment in an objective
manner. BBPS is sensitive to differences in bowel prep
quality within different segments of colon, and therefore
helps to identify segment-specific risks for missed
pathology. It helps in identifying the potential colon
segments which require more detailed examination
in repeat colonoscopy. Total and individual segment
BBPS scores have demonstrated strong inter- and intrarater reliability over the full range of possible segment
[16]
scores . The BBPS is simple to learn and practice
and can be seen as a useful tool in standardizing the
reporting of bowel prep quality.

8.10%

8%

6.80%

7%

AADR

6%
5%
4%
3%

3%

2%
1%
0%

R1

R2

R3

Right colon segment with bowel prep quality

B

8%

AADR vs bowel prep quality in transverse colon
7.40%

7%
6%
4.40%

AADR

5%
4%
3%
2%
1%
0%

0%
T1

T2

T3

Transverse colon segment with bowel prep quality

C 12%

AADR vs bowel prep quality in left colon
11.10%

10%

10.50%

AADR

8%
6%
4%
2%
0%

0%
L1

L2

L3

Left colon segment with bowel prep quality

Figure 2 Advanced Adenoma detection rate across three segments (A, B,
C) of colon and variation with segmental Boston Bowel Preparation Score
1-3. AADR: Advanced adenoma detection rate; R: Right; T: Transverse; L: Left.

is directed towards cleaning the colon of the faecal
material for better visualisation of colonic mucosa and
detection of abnormalities especially polyps present
in the colon. Optimal bowel cleansing is pre-requisite
for successful colonoscopy, indirectly having impact
on both the performance and the effectiveness of
the colonoscopy. Colonoscopies with suboptimal
bowel preparation have significant adenoma miss
rates, suggesting that suboptimal bowel preparation
substantially decreases efficiency of colonoscopy as
[9]
a CRC screening tool .The incidence of inadequate
bowel preparation for colonoscopy has been reported
[18]
to be as high as 25% . The American Society for
Gastrointestinal Endoscopy and American College of
Gastroenterology Taskforce on Quality in Endoscopy
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Applications

Our study showed that segmental AADR correlate
with segmental BBPS. Also, AADR shows linear
increasing trend with composite BBPS. It is thus
valuable to report segmental BBPS in colonoscopy
reports in clinical practice. Segmental BBPS can also
aid gastroenterologists in deciding the surveillance
method for colorectal screening. Patients with
suboptimal scores only on the left side can have
surveillance using a flexible sigmoidoscopy rather than
having a complete colonoscopy. Similarly patients
with suboptimal preparation on the right or transverse
colon need to have complete colonoscopy. Reporting
segmental bowel preparation will also help us identify
patient related factors which are associated with
suboptimal preparation on one particular segment
and hence study interventions that can improve bowel
preparation on that segment.
In conclusion, the BBPS is a valid and reliable
scoring system for assessing adequacy of bowel
preparation during colonoscopy regardless of degree of
cleanliness. Documentation of BBPS in all colonoscopy
reports will help in: (1) careful examination during
repeat colonoscopy of segments which had poor
or sub-optimal BBPS on previous colonoscopy; (2)
determining appropriate surveillance interval and the
procedure for surveillance (flexible sigmoidoscopy
vs colonoscopy); (3) determining appropriate inter
ventions to improve bowel preparation for colonoscopy
in future; and (4) quality improvement research
in colonoscopy when we need to control for bowel
preparation quality.
This practice will help in better documentation of
the colonoscopy results in relation to the quality of
bowel preparation and will be helpful in planning the
appropriate course of future intervention for every
subject.

Composite and segmental reporting of bowel preparation during colonoscopy
will be helpful in following ways: (1) careful examination during repeat
colonoscopy of segments which had poor or sub-optimal BBPS on previous
colonoscopy; (2) determining appropriate surveillance interval and the
procedure for surveillance (flexible sigmoidoscopy vs colonoscopy); (3)
determining appropriate interventions to improve bowel preparation for
colonoscopy in future; and (4) quality improvement research in colonoscopy
when we need to control for bowel preparation quality.

Terminology

Advanced adenoma was defined as presence of 3 or more adenomatous
polyps, polyps greater than or equal to 1 cm or having high-grade dysplasia or
significant villous components. Advanced adenoma detection rate - percentage
of patients who have one or more advanced adenoma detected. BBPS - Boston
Bowel Preparation Score, a validated tool to report quality of bowel preparation

Peer-review

This article focused on an interesting issue: the standardization of preparation
colonoscopy evaluation. The results are intuitive, the paper is well-written and
easy to understand. The number of patients studied is good.
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Rectal tone and compliance affected in patients with fecal
incontinence after fistulotomy
Richard Alexander Awad, Santiago Camacho, Francisco Flores, Evelyn Altamirano, Mario Antonio García
METHODS: Eleven patients with FIAF were compared
with 11 patients with idiopathic fecal incontinence and
with 11 asymptomatic healthy subjects (HS). All of the
study participants underwent anorectal manometry and
a barostat study (rectal sensitivity, tone, compliance
and capacity). The mean time since surgery was 28 ±
26 mo. The postoperative continence score was 14 ±
2.5 (95%CI: 12.4-15.5, St Mark’s fecal incontinence
grading system).
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RESULTS: Compared with the HS, the FIAF patients
showed increased rectal tone (42.63 ± 27.69 vs 103.5
± 51.13, P = 0.002) and less rectal compliance (4.95
± 3.43 vs 11.77 ± 6.9, P = 0.009). No significant differences were found between the FIAF patients and
the HS with respect to the rectal capacity; thresholds
for the non-noxious stimuli of first sensation, gas sensation and urge-to-defecate sensation or the noxious
stimulus of pain; anal resting pressure or squeeze
pressure; or the frequency or percentage of relaxation
of the rectoanal inhibitory reflex. No significant differences were found between the FIAF patients and the
patients with idiopathic fecal incontinence.
CONCLUSION: In patients with FIAF, normal motor
anal sphincter function and rectal sensitivity are preserved, but rectal tone and compliance are impaired.
The results suggest that FIAF is not due to alterations
in rectal sensitivity and that the rectum is more involved than the anal sphincters in the genesis of FIAF.
Key words: Fecal incontinence; Anorectal surgery;
Fistulotomy; Visceral sensitivity; Barostat
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Abstract

Core tip: Fistula and anorectal abscess are common,
and 40% of such abscesses result in fistulas. Posto
perative fecal incontinence (FI) is frequent. It has

AIM: To investigate the anal sphincter and rectal
factors that may be involved in fecal incontinence that
develops following fistulotomy (FIAF).

WJG|www.wjgnet.com

4000

April 7, 2015|Volume 21|Issue 13|

Awad RA et al . Fecal incontinence after fistulotomy

been reported that rectal distensibility and thresholds
for sensations decrease after hemorrhoidopexy, and
that the perception of rectal distension is not always
reduced in FI. In our patients with FI after fistulotomy
(FIAF), anal sphincter function and rectal sensitivity are
preserved, but rectal tone and compliance are impaired.
The results suggest that FIAF is not due to alterations
in rectal sensitivity and that the rectum is more involved
than the anal sphincters in the genesis of FIAF.

(FIAF).

MATERIALS AND METHODS
Subjects

The work was conducted at the Experimental Medicine
and Motility Unit in the Mexico City General Hospital.
The Ethical and Research board approved the protocol,
and signed informed consent was obtained from all
the subjects. The study was performed in accordance
with the Declaration of Helsinki and its subsequent
revisions. The epidemiological and clinical data
obtained for all of the outpatients presenting with FIAF
during a 12-mo period at our motility tertiary unit
were saved in a file. The inclusion criteria were being
older than 18, having FI for a minimum of 6 mo after
anorectal surgery, and giving consent for the study.
The exclusion criteria were previous non-anorectal and
anorectal surgery, idiopathic or postpartum FI, pelvic
radiation, treatments affecting the smooth muscles
during the precedent month, a state of pregnancy
or nursing, any concomitant disease, and psychiatric
alterations. Eleven patients who suffered from anal
fistulae (mean age 45 ± 8, range 34-67 years) were
enrolled in the study. One patient presented with
chronic anal pain. Demographic data and etiology
of fistula are shown in Table 1. The laboratory test
parameters (chemistry panel, coproparasitoscopic
studies, and amoeba assessment) performed on
all of the patients was normal. None of the patients
had presented with FI before anorectal surgery. The
severity of FI after anorectal surgery was graded
using the St. Mark’s fecal incontinence grading system
(minimum score = 0 = perfect continence; maximum
[15]
score = 24 = totally incontinent) .
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INTRODUCTION
Fecal incontinence (FI) results in poor quality of
[1]
[2]
life . FI can appear spontaneously (idiopathic) ,
secondary to systemic diseases or traumatic events,
[3]
as a result of congenital alteration , or after pelvic
radiation or anorectal surgery. Fistula in ano is a
[4]
common proctological disease . Anorectal abscess
[5]
is very frequent in adults . About 40% of such
[5]
abscesses result in fistulas . Fistulas are usually
treated surgically; postoperative anal incontinence
is common, and the recurrence rate is high for
complex fistulas. Of the various possible surgical
approaches, fistulotomy is the treatment of choice,
although all of the surgical treatments are associated
[6]
with success rates ranging from 30%-80% . The
reported incidence of postsurgical incontinence varies
[7-9]
according to the procedure performed : 20% for
fistulotomy, 11.6% for fistulotomy with end-to-end
primary sphincteroplasty, 20.3% for fistulotomy
treating intersphincteric fistula, 13% for complex
fistulae undergoing sphincter division, 12% for the
cutting seton fistulotomy, and 6% for the ligation of
the intersphincteric fistula tract procedure. It has been
reported that FI can present as a late complication of
[10]
[11]
anal fissures
or other anorectal procedures . It
has also been demonstrated that rectal distensibility
and the volume thresholds for sensations decrease
[12]
after stapled hemorrhoidopexy , and the perception
[13]
of rectal distension is not always reduced in FI .
The lack of a universal and effective treatment for
FI highlights the need to investigate the underlying
mechanisms and develop new therapeutic targets.
These mechanisms can be assessed by an electronic
[14]
barostat, measuring the visceral afferent sensation ,
and by anorectal manometry, measuring motor
function in patients with FI after anorectal surgery.
This work intended to recognize the rectal and
anal sphincter factors that might contribute to the
development of fecal incontinence after fistulotomy
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Controls

The controls were 11 patients with idiopathic FI (mean
age 48 ± 17, range 17-71 years) and healthy subjects
(HS) who voluntarily agreed to participate in the
study as controls. None of the healthy controls was a
proctologic patient. Due to ethical restrictions against
the performance of manometry and barostat procedures
on the same group of volunteers, a different group of
subjects was utilized as controls for the manometry
(n = 11, mean age 22 ± 2 years, 10 females) and
barostat (n = 10, mean age 25 ± 7 years, three
females) procedures. However, all patients underwent
clinical history, laboratory test, recto-sigmoidoscopy
(Welch Allyn 32823 sigmoidoscope, Skaneateles
Falls, NY, United States), anorectal manometry (MMS,
AN Enschede, The Netherlands) and barostat rectal
sensitivity studies (Distender Ⅱ; G. J. Electronics,
Toronto, Canada).

Study and distension protocol

The methodology that we use regularly in our
laboratory to evaluate visceral sensation has already
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tests and the recto-sigmoidoscopy were normal in all
patients.

Table 1 Demographic data and etiology of fistula
Case
1
2
3
4
5
6
7
8
9
10
11

Age

Gender

Etiology

Type

38
34
67
50
39
45
42
47
48
47
41

Male
Male
Female
Male
Male
Female
Female
Female
Male
Male
Female

Idiopathic (perianal abscess)
Idiopathic (perianal abscess)
Idiopathic (perianal abscess)
Idiopathic (abscess)
Idiopathic (abscess)
Idiopathic (abscess)
Iatrogenic (miotomy)
Iatrogenic (surgery)
Idiopathic (abscess)
Idiopathic (inter-sphincteric abscess)
Idiopathic (inter-sphincteric abscess)

Simple
Simple
Simple
Complex
Simple
Complex
Simple
Simple
Simple
Complex
Complex

Rectal tone, compliance and capacity

As shown in Table 2, there was no difference in the
IOP between FIAF patients (8.7 ± 1 mmHg; 95%CI:
7.7-9.6), idiopathic FI patients (7.9 ± 10 mmHg;
95%CI: 7.8-8; P = 0.10) and the HS (9.6 ± 2 mmHg;
95%CI: 8.3-10.8; P = 0.28). The rectal bag volume
was lower in the FIAF patients compared with the HS
(P = 0.002), indicating an increased smooth muscle
tone in the rectum of the FIAF patients (Table 2).
Rectal bag volume in the FIAF patients compared with
the idiopathic FI patients was not different (P = 0.12;
Table 2).
The FIAF patients showed less rectal compliance (mL
per mmHg; P = 0.009; Table 2) than the HS. There
was no significant difference in the rectal capacity
[18]
(balloon volume at the maximum imposed pressure )
of the FIAF patients compared with the HS (P = 0.73;
Table 2).

[14]

been published in detail elsewhere . In brief, we
[14]
have reported
that rectal visceral sensitivity is
evaluated with an electronic barostat that is a tool that
keeps a constant pressure in an air-filled bag through
a feedback mechanism. This cylindrical ultra-thin
polyethylene bag (Mui Scientific, Ontario, Canada) has
infinite compliance and reaches 600 mL. The individual
operating pressure (IOP) is defined as the minimum
pressure required to overcome passive resistance
[16]
to bag inflation .To obtain muscle tone, the bag is
inflated to the IOP, and the volume recorded over a
[14]
[16,17]
15-min period. We
and others investigators
have also reported that the barostat using the
ascending method of limits procedure performs rectal
distension for one minute, with increase of 4 mmHg
each time and separated by periods of a minute,
in which the bag pressure returns to the IOP. The
distensions continue until the subject reports pain,
press the panic button or reach a pressure of 48
mmHg.

Sensory thresholds to rectal distension

As shown in Table 2, the FIAF patients reported their
first sensations and noxious stimulus of pain at levels
that were not significantly different from the idiopathic
FI patients and HS.

Anorectal manometry

There was no significant difference in the anal resting
or squeeze pressures or the frequency or percentage
of relaxation of the spontaneous rectoanal inhibitory
reflex (RAIR) of the FIAF patients and the idiopathic FI
patients and the HS (Table 2).

Statistical analysis

DISCUSSION

The outcome measures were the anorectal manometry
and barostat results in patients with FIAF compared
with that of the idiopathic FI and HS. A 95%CI was
analyzed for all of the variables and used when was
appropriate. The results are expressed as means ±
SD. P < 0.05 and Student’s two‑tailed t tests were
utilized. The statistical analyses were performed using
2000 GraphPad Software (San Diego, CA, United
States).

FI is generally considered to be primarily related to the
[19,20]
dysfunction of the anal sphincters
. Interestingly,
the present study demonstrated that in patients
with FIAF, the function of the internal anal sphincter
is preserved. Normal sphincter function in FI was
[21]
reported by Siproudhis et al
who found that onethird of their subjects who suffered from FI had anal
manometry values within the normal range. This
finding was more recently supported by Burgell et
[22]
al , who reported that only one-third of 160 male
patients with FI demonstrated sphincter dysfunction.
In our study, the anal squeeze pressure of the FIAF
patients was not significantly different than that of
the idiopathic FI patients and the HS. This finding is in
[19]
contrast with that of Bharucha et al , who reported
lower anal squeeze pressures in women with idiopathic
FI compared with healthy controls. The etiology of this
incontinence may explain this discrepancy. However,
the fact that our study included both men and women
may be significant because squeeze pressure has
been reported to be higher on average in men than

RESULTS
Subjects

The mean body mass indices of the FIAF patients (29
2
2
± 3 kg/m ), the idiopathic FI patients (27 ± 3 kg/m )
2
and the HS (26 ± 5 kg/m ) in the barostat group were
similar and not significant. The average time for the
FIAF patients since surgery was over two years (28 ±
26 mo; 95%CI: 10.8-45.3). All of the patients suffered
FI. The mean postoperative continence score was 14
± 2.5 (95%CI: 12.4-15.5) based on St Mark’s faecal
incontinence grading system. The results of laboratory

WJG|www.wjgnet.com

4002

April 7, 2015|Volume 21|Issue 13|

Awad RA et al . Fecal incontinence after fistulotomy
Table 2 Physiological data
Fecal incontinence
after Fistulotomy

Idiopathic fecal
incontinence

Healthy subjects

(n = 11)

(n = 11)

(n = 11)

8.7 ± 1.6
42.6 ± 27.7a
5 ± 3.4a
314.7 ± 76.1
15.8 ± 3.1
22 ± 3
28.1 ± 6.6
36.8 ± 7.2

7.9 ± 0.1a
63.6 ± 34.1a
8.1 ± 4.3
332.6 ± 97.1
16.6 ± 4.2
20.5 ± 3.6
30.5 ± 10.9
34.1 ± 8.4

41.7 ± 24.3
94.1 ± 88.8
1.9 ± 2.8
66.3 ± 20.5
18.4 ± 6.7

44.2 ± 18.2
109.9 ± 88.9a
1.5 ± 1.5
63.4 ± 16.7
22.3 ± 6.5

Barostat
IOP (mmHg)
Tone (bag volume, mL)
Compliance (v/p)
Rectal capacity (mL)
First sensation (mmHg)
Gas sensation (mmHg)
Urge defecate (mmHg)
Pain sensation (mmHg)
Anorectal manometry data
Anal resting pressure (mmHg)
Anal squeeze pressure (mmHg)
Spontaneous RAIR frequency (#)
Induced RAIR relaxation (%)
Induced RAIR duration (s)

P value
FIAF vs IFI

FIAF vs HS

IFI vs HS

9.6 ± 2.1
103.5 ± 51.1
11.8 ± 6.9
302.9 ± 82.3
14.1 ± 5
18 ± 6
22.5 ± 7.2
35.9 ± 8.8

0.106
0.129
0.075
0.636
0.627
0.381
0.600
0.480

0.282
0.002
0.009
0.735
0.336
0.107
0.107
0.818

0.012
0.047
0.151
0.460
0.220
0.292
0.069
0.656

34.9 ± 22.9
43.2 ± 24.9
1.4 ± 1.6
74.4 ± 31.6
19.8 ± 5.9

0.791
0.680
0.641
0.721
0.186

0.506
0.082
0.583
0.483
0.610

0.306
0.026
0.893
0.319
0.367

a

P < 0.05 vs healthy subjects. All data represent the mean ± SD. FIAF: Fecal incontinence after Fistulotomy; IFI: Idiopathic fecal incontinence; HS: Healthy
subjects; RAIR: Rectoanal inhibitory reflex; IOP: Individual operating pressure.

[23]

in women . In addition, our data partially agree
[24]
with Lindsey et al
who reported that the maximum
squeeze pressure was normal in 52% of 93 patients
with FI after anal surgery.
In the current study, there was no difference in the
RAIR parameters of the FIAF patients, the idiopathic
FI patients and the HS. This finding is inconsistent
with a recent study that reported differences in RAIR
[25]
parameters between incontinent and normal cohorts
as well as with another study that reported a reduced
frequency of RAIR in patients with idiopathic FI
[26]
compared with normal controls .
Different methods and etiology of incontinence
could explain this disagreement. The presence of RAIR
may exclude neuropathy as a factor related to FIAF.
It is therefore necessary to identify other potential
participants in the continence mechanism, such as the
rectum.
In the present study, the FIAF patients and the
idiopathic FI patients demonstrated higher rectal tone
than the HS. This finding is inconsistent with that of
[26]
Worsøe et al , who reported that in patients with
idiopathic FI, the rectal tone during fasting is similar
to that of HS. Since we used a barostat technique
[26]
and Worsøe et al
used rectal distensibility in 12
patients, differences in the methodology and etiology
of incontinence may account for the different results.
Compared with the HS, the FIAF patients demon
strated lower rectal compliance (distensibility). This
[12]
finding is consistent with that of Corsetti et al ,
who reported that rectal distensibility decreases after
[27]
a stapled hemorrhoidopexy, and Krol et al , who
reported that a different form of rectal damage from
prostate radiotherapy can also lead to reduced rectal
distensibility. Considering that fecal continence requires
[28]
the relaxation of the rectal wall , post-surgery rectal
wall stiffness may explain the observed alteration in
the tone and rectal distensibility. Related to this fact
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is a report that increased rectal wall stiffness after
radiotherapy alters the rectal distensibility, most likely
[27]
by fibrosis .
Furthermore, patients with FI and sphincter defects
[20]
have been reported to have a reduced rectal capacity .
Our results do not agree with this report; our patients
with FIAF and idiopathic FI demonstrated rectal
capacities similar to those of the HS. Thus, not all FIAF
patients present with a reduced rectal capacity after
surgery. Our data are consistent with a report that
only 25% of women with idiopathic FI have a reduced
[29]
rectal capacity .
The thresholds for the first, gas and urge-todefecate sensations as well as the noxious stimulus of
pain sensation were similar in FIAF patients, idiopathic
FI patients and the HS. Our results differ from those
[22]
of Burgell et al , who reported that one-sixth of
incontinent men have rectal hyposensitivity, Bharucha
[29]
et al , who demonstrated rectal hypersensitivity
[30]
in women with idiopathic FI, and Chan et al , who
reported that approximately 50 percent of their patients
with urge FI demonstrated rectal hypersensitivity.
Because we utilized a barostat technique while others
typically evaluated sensory threshold volume during
balloon distension performed with a hand-held syringe,
the etiology of incontinence through differences in
methodology may account for these discrepancies.
However, it should be noted that in a preliminary
report, we have described rectal hyposensitivity in
[31]
patients with FI after sphincterotomy , and we have
also described rectal hyposensitivity in subjects with
complete spinal cord injury with neurogenic bowel
[14]
dysfunction . Interestingly, irradiation for prostate
cancer that reduced rectal distensibility did not affect
[27]
the thresholds of rectal sensation . Therefore, based
on these findings, we can infer that FI appearing after
fistulotomy is not due to alterations in rectal sensitivity.
We recognize that the small number of subjects
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incontinence. Because fecal incontinence greatly affects the QOL of the
patients, this study is important for the therapeutic strategy of the patients. The
study is well-organized and the manuscript is well-written.

limits the power of this work and that a small study is
at risk to a type-Ⅱ error. Nevertheless, it is reported
that in such cases, power is properly indicated by
[32]
CI , which we used in this work. Another limitation
could be that we did not perform rectal sensitivity
studies before surgery. However, due to the large
[33]
number of colorectal surgical procedures performed ,
it is not reasonable to perform barostat procedures on
all of these patients before surgery. Because only a
small percentage of patients develop incontinence after
[8]
surgery , a comparison of data from FIAF patients
with idiopathic FI patients and with HS constitutes
a more reliable assessment of physiological and
structural changes.
In summary, the finding that internal anal sphincter
function is preserved in FIAF patients but rectal tone
and compliance is impaired compared with HS suggests
that the rectum is more involved than the internal anal
sphincter in the genesis of FIAF. Furthermore, based
on these results, we can infer that FI that appears after
fistulotomy is not due to alterations in rectal sensitivity.
Therefore, surgeons should be careful to preserve
the rectal anatomy and neural networks as much as
possible when performing anorectal surgery.
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Abstract
AIM: To determine the association between rapid
viral response and IL28B , IL28RA , IL10RB and MxA
polymorphisms in the Chinese Han population.
METHODS: The study cohort consisted of 238 chronic
hepatitis C patients treated with interferon (IFN)-α-2b
and ribavirin. Six single nucleotide polymorphisms were
genotyped using the ABI TaqMan allelic discrimination
assay. Biochemical indices were measured at baseline.
Serum hepatitis C virus (HCV) RNA was detected at
weeks 0, 4, 12 and 24 of therapy.
RESULTS: Only IL28B rs12980275 was associated with
treatment response in the Chinese Han population.
Patients carrying AG/GG genotypes had a reduced rapid
viral response compared with patients carrying the AA
genotype (additive model: adjusted OR = 0.43, 95%CI:
0.24-0.75). It took less time for patients with the AA
genotype to achieve a viral load < 500 copies/mL (logrank test, P = 0.004). In addition, the protective effect
of genotype AA was independent of baseline viral load.
HCV genotype, and baseline white blood cell count,
α-fetoprotein and viral load might also help predict
treatment response. The area under the receiveroperating characteristic curve was 0.726.
CONCLUSION: IL28B rs12980275 AA genotype is a
strong predictor of positive response to IFN therapy in
Chinese Han patients with hepatitis C.
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PKR, and it is then involved in the immune response
[8]
pathways . IL10RB and IL28RA gene polymorphisms
can predict the natural outcomes of HCV infection in
[9]
the Chinese population . According to our previous
meta-analysis, MxA gene polymorphisms may also
be associated with virological response to IFN in the
[10]
Chinese population .
Given that the cost of PEG-IFN treatment is
higher than non-PEG-IFN treatment, many patients
in Chinese primary hospitals cannot afford PEGIFN treatment. As a result, non-PEG IFN-α is more
commonly used in the treatment of chronic hepatitis
C. The previous GWASs were based on observations in
Australian, European, African-American and Japanese,
but not Chinese populations. Therefore, we aimed
to establish pre-treatment predictors for response to
non-PEG IFN-α/RBV in Chinese patients to help guide
clinical decisions and improve cost-effectiveness. We
investigated HCV kinetics during non-PEG IFN-α/RBV
therapy, clarified the association of IL28B, IL10RB,
IL28RA and MxA gene polymorphisms with RVR to
non-PEG IFN-α-2b/RBV therapy, and determined the
predictors of RVR in CHC.

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

Core tip: The association between IL28B rs12980275
and viral response to pegylated-interferon (IFN) plus
ribavirin treatment has been observed in Japanese
patients, but rarely in Chinese patients. Because
pegylated-IFN is more expensive, non-pegylated
instead of pegylated IFN-α is more commonly used
for chronic hepatitis C treatment in Chinese primary
hospitals. Therefore, the role of IFN-λ-related genes in
the response to non-pegylated IFN-α treatment should
be established to help guide clinical decisions and
improve cost-effectiveness.
Zhang YY, Chen HB, Xu Y, Huang P, Wang J, Zhang Y, Yu
RB, Su J. Interferon-λ-related genes and therapeutic response
in Chinese hepatitis C patients. World J Gastroenterol 2015;
21(13): 4006-4013 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/4006.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.4006

MATERIALS AND METHODS
Patient cohort

INTRODUCTION

Two hundred and fifty-six patients with CHC from
Jurong Peoples’ Hospital, China were enrolled in this
study, fulfilling the following criteria: (1) treatment
naïve; (2) positive for HCV antibody (anti-HCV) and
HCV RNA for > 6 mo; and (3) without hepatitis B virus
(HBV) or HIV co-infection, or other liver diseases.
All patients were treated for 48 wk with nonPEG IFN-α-2b/RBV and treatment was discontinued
[11]
according to standard guidelines . Blood samples
for biochemical analysis, SNP determination, and HCV
genotyping were collected prior to antiviral therapy.
HCV-RNA viral load was determined at weeks 0, 4, 12
and 24 of therapy.
Ethical approval was obtained from the participating
hospital and the study was carried out in accordance
with the guidelines of the International Conference on
[12]
Harmonization for Good Clinical Practice . All patients
gave signed informed consent for DNA genotyping
before enrollment.

Hepatitis C virus (HCV) poses a serious global health
problem due to its adverse clinical outcomes, such
as cirrhosis and hepatocellular carcinoma. The
estimated prevalence of HCV is 1%-1.9% in the
general population of Mainland China, with 75%-80%
[1,2]
of those chronically infected . The treatment for
chronic hepatitis C (CHC) consists of interferon (IFN)
plus ribavirin (RBV) and protease inhibitors such
as telaprevir and boceprevir. Sustained virological
response (SVR), which refers to a negative HCV-RNA
test 6 mo after cessation of therapy, is defined as a
positive treatment response. Rapid viral response
(RVR; negative HCV-RNA test 4 wk after treatment)
is thought to be a powerful on-treatment predictor of
[3,4]
SVR . Patients who achieve RVR are more likely to
achieve SVR. The treatment response likely depends
on a complex host-virus interaction. Many studies have
suggested a range of factors that are associated with
RVR and SVR, including HCV genotype, viral load, liver
function, and host immune status.
The influence of host gene polymorphisms has
drawn attention in recent years. Genome-wide as
sociation studies (GWASs) have demonstrated that
polymorphisms near the IL28B gene, which codes for
IFN-λ3, affect the response of CHC to pegylated (PEG)[5-7]
IFN-α/RBV therapy
. IFN-λ acts through binding
to IL28RA and IL10RB genes, which subsequently
activates the Janus kinase-signal transducer and
activator of transcription pathway to up- or downregulate hundreds of genes, such as MxA, OAS1 and

WJG|www.wjgnet.com

Viral testing

Serum hepatitis B surface antigen and anti-HCV were
measured using an ELISA (Beijing Wantai Biological
Pharmacy Engineering Co. Ltd., Beijing, China).
Serum HCV RNA and HCV genotype were determined
by reverse-transcriptase polymerase chain reaction
[13,14]
(TaKaRa Biotechnology, Dalian, China)
.

SNP genotyping

IL28B rs12980275, IL28RA rs10903035 and rs11249006,
MxA rs2071430 and rs17000900, and IL10RB rs2834167
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Table 1 Primer and probe of SNPs

Table 2 Baseline characteristics of participants n (%)

SNPs

Variables

rs10903035

rs11249006

rs2834167

rs2071430

rs17000900

rs12980275

Primer and probe (5’-3’)
Forward primer
Reverse primer
Probe-FAM
Probe-HEX
Forward primer
Reverse primer
Probe-FAM
Probe-HEX
Forward primer
Reverse primer
Probe-FAM
Probe-HEX
Forward primer
Reverse primer
Probe-FAM
Probe-HEX
Forward primer
Reverse primer
Probe-FAM
Probe-HEX
Forward primer
Reverse primer
Probe-FAM
Probe-HEX

TTGCCACCCTTGACCTCAG
GAGGTTTTGTTTAGAGGGATCCAC
TAGCAAACCACTCCTT
TTAGCAAATCACTCCTT
AACTGGAAGGGAGAATGGGACT
GTAACATGGCAGGAATCGGACT
CCACAACAGTCAACCA
CACAACGGTCAACCA
TACCACCTCCCGAAAATGTCA
GGTGCGTTCCTGCCAATAGT
TTCCCTTTGGCAAAAG
TTCCCTTCGGCAAAA
CCGAGAACCTGCGTCTCC
CGCGAAGAAATGAAACTCACAGAC
CGTTTCTGCGCCCG
CGTTTCTGCTCCCG
CCGAGAACCTGCGTCTCC
CGCGAAGAAATGAAACTCACAGAC
CAAGTGCTGCAGGTG
CAAGTGCTGAAGGTG
TGAGGTGCTGAGAGAAGTCAAATT
CGCTACCCCGGCAAATATT
CTAGAAACGGACGTGTC
CTAGAAACAGACGTGTCT

Age (yr)
≤ 50
> 50
Sex
Male
Female
HCV genotype
1a/1b
3
Mixed
ALT (U/L)
≤ 40
(40-80]
> 80
ALB (g/L)
[40-55]
< 40
WBC (× 109/L)
[4-10]
<4
> 10
PLT (× 109/L)
[100-300]
< 100
AFP (ng/mL)
≤7
>7
HGB (g/L)
[110-150]
< 110
> 150
Baseline RNA (lg, IU/mL)

were chosen for genotyping. These SNPs are possibly
associated with treatment or natural clearance of
[5-7,9,10]
HCV
. Genomic DNA was isolated from peripheral
blood mononuclear cells using protease K digestion
and phenol-chloroform purification according to a
[15]
standard protocol . Genotyping was performed
using the ABI TaqMan allelic discrimination assay on
the ABI 7900HT sequence Detection System (Applied
[16]
Biosystems, San Diego, CA, United States) . The
primers used for genotyping are listed in Table 1.

NRVR
(n = 105)

51 (38.35)
82 (61.65)

40 (38.10)
65 (61.90)

0.968

41 (30.83)
92 (69.17)

21 (20.00)
84 (80.00)

0.059

93 (69.92)
14 (10.53)
26 (19.55)

70 (66.67)
5 (4.76)
30 (28.57)

0.102

64 (48.12)
38 (28.57)
30 (22.56)

28 (26.67)
42 (40.00)
35 (33.33)

0.003

99 (74.44)
33 (24.81)

82 (78.10)
23 (21.90)

0.577

75 (56.39)
57 (42.86)
1 (0.75)

73 (69.52)
31 (29.52)
1 (0.95)

0.035
0.985

90 (67.67)
41 (30.83)

68 (64.76)
37 (35.24)

0.522

95 (71.43)
19 (14.29)

68 (64.76)
30 (28.57)

0.016

99 (74.44)
13 (9.77)
21 (15.79)
6.02 ± 0.97

89 (84.76)
8 (7.62)
8 (7.62)
6.19 ± 0.74

0.116
0.138

ALB: Albumin; HGB: Hemoglobin; PLT: Platelet; RVR: Rapid viral response;
HCV: Hepatitis C virus; ALT: Alanine aminotransferase; WBC: White blood
cell; AFP: α-fetoprotein.

RESULTS

Statistical analysis

The baseline characteristics of the 256 enrolled patients
are described in Table 2. Four patients withdrew
because of intolerable side effects and 14 were lost to
follow-up. A total of 238 patients were screened for
analysis. After 4 wk of treatment, 133 patients achieved
RVR (55.88%). Treatment response was not related to
patient age, sex, or HCV genotype (P > 0.05). Among
the tested biochemical indices, levels of ALT, WBCs and
AFP differed between the RVR and non-RVR groups.
Patients with high ALT/AFP and low WBC levels at
baseline were more likely to achieve a worse treatment
response.

The statistical methods were reviewed by Zhao
Yang, Department of Epidemiology and Biostatistics,
School of Public Health, Nanjing Medical University.
The distribution of patient characteristics and clinical
features at baseline between the RVR and non-RVR
2
groups were analyzed by χ test. The association of
genotypes with RVR were estimated by odds ratio
(OR) and 95%CI using univariate and multivariate
logistic regression analysis, with adjustment for sex,
HCV genotype, HCV-RNA viral load at baseline, alanine
aminotransferase (ALT), white blood cell (WBC)
count, and α-fetoprotein (AFP). Receiver-operating
characteristic (ROC) curves and areas under the
curve (AUC) were calculated for the predictive model.
Statistical significance between the genotypes and
the time of first virus inhibition rates were analyzed
[17]
using Kaplan-Meier curves and the log-rank test .
All statistical analyses were carried out using Stata
version 10.0, and P < 0.05 in a two-sided test was
considered statistically significant.

WJG|www.wjgnet.com

P value

RVR
(n = 133)

Association of polymorphisms of IFN-λ -related genes
with RVR

To examine the effects of IL28B rs12980275, IL28RA
rs10903035 and rs11249006, MxA rs2071430 and
rs17000900, and IL10RB rs2834167 on RVR, each
SNP was analyzed in four genetic models (co-dominant,
dominant, recessive, and additive). The results for

4008

April 7, 2015|Volume 21|Issue 13|

Zhang YY et al . Interferon-λ-related genes and hepatitis C
Table 3 Interferon-λ-related genes polymorphisms and rapid viral response n (%)
Genotype
rs11249006
AA
AG
GG
Dominant
Recessive
Additive
rs12980275
AA
AG
GG
Dominant
Recessive
Additive
rs2834167
AA
AG
GG
Dominant
Recessive
Additive
rs10903035
AA
AG
GG
Dominant
Recessive
Additive
rs2071430
GG
GT
TT
Dominant
Recessive
Additive
rs17000900
AA
AG
GG
Dominant
Recessive
Additive

RVR

NRVR

n = 133
51 (38.35)
62 (46.62)
20 (15.04)

n = 105
49 (46.67)
49 (46.67)
7 (6.67)

n = 133
118 (88.72)
8 (6.02)
7 (5.26)

n = 105
70 (66.67)
28 (26.67)
7 (6.67)

n = 133
37 (27.82)
79 (59.40)
17 (12.78)

n = 105
28 (26.67)
62 (59.05)
15 (14.29)

n = 133
43 (32.33)
56 (42.11)
34 (32.28)

n = 105
27 (25.71)
48 (45.71)
30 (28.57)

n = 127
63 (49.61)
49 (38.58)
15 (11.81)

n = 96
49 (51.04)
40 (41.67)
7 (7.29)

n = 130
97 (74.62)
29 (22.31)
4 (3.08)

n = 99
69 (69.70)
27 (27.27)
3 (3.03)

Crude OR (95%CI)

Adjusted OR (95%CI)

1
1.22 (0.71-2.09)
2.75 (1.07-7.07)
1.41 (0.84-2.36)
2.48 (1.01-6.11)
1.47 (0.99-2.19)

1
0.86 (0.45-1.63)
2.33 (0.84-6.48)
1.06 (0.58-1.94)
2.52 (0.96-6.64)
1.27 (0.82-1.98)

1
0.17 (0.07-0.39)
0.59 (0.20-1.76)
0.25 (0.13-0.50)
0.78 (0.26-2.29)
0.46 (0.28-0.76)

1
0.11 (0.04-0.30)
0.54 (0.17-1.74)
0.19 (0.09-0.43)
0.82 (0.26-2.56)
0.43 (0.24-0.75)

1
0.96 (0.53-1.74)
0.86 (0.37-2.01)
0.94 (0.53-1.68)
0.88 (0.42-1.86)
0.93 (0.62-1.41)

1
0.90 (0.45-1.78)
0.66 (0.23-1.88)
0.85 (0.44-1.66)
0.71 (0.28-1.83)
0.83 (0.51-1.36)

1
0.73 (0.40-1.36)
0.71 (0.36-1.42)
0.72 (0.41-1.28)
0.86 (0.48-1.53)
0.84 (0.60-1.19)

1
0.68 (0.34-1.37)
0.91 (0.41-2.02)
0.76 (0.40-1.44)
1.14 (0.58-2.25)
0.94 (0.63-1.40)

1
0.95 (0.54-1.67)
1.67 (0.63-4.40)
1.14 (0.68-1.91)
1.78 (0.70-4.54)
1.15 (0.77-1.72)

1
0.94 (0.50-1.80)
2.13 (0.66-6.85)
1.26 (0.70-2.28)
2.28 (0.73-7.08)
1.21 (0.76-1.94)

1
0.76 (0.42-1.40)
0.95 (0.21-4.38)
0.83 (0.46-1.47)
1.05 (0.23-4.82)
0.84 (0.51-1.38)

1
0.79 (0.39-1.61)
0.68 (0.13-3.70)
0.83 (0.43-1.62)
0.77 (0.14-4.16)
0.80 (0.45-1.42)

Logistic regression analyses adjusted for sex, ALT, WBC, AFP, HCV genotype and baseline viral load. RVR: Rapid viral response.

all six SNPs are shown in Table 3. P values of all the
adjusted factors were < 0.2 in the univariate analysis.
Statistical significance in any model was considered to
show a potential relationship with treatment response.
As shown in Table 4, the distribution of two SNPs
appeared to be associated with different treatment
responses. In the co-dominant genetic model, mutant
G allele of IL-28RA rs11249006 increased RVR (crude
OR = 2.75, 95% CI: 1.07-7.07). However, there was
no significant difference after adjusting for multiple
variables (adjusted OR = 2.33, 95%CI: 0.84-6.48).
Mutant G allele of IL28B rs12980275 was associated
with decreased RVR in the co-dominant, dominant,
and additive models. The adjusted OR was 0.11
(95%CI: 0.04-0.30), 0.19 (95%CI: 0.09-0.43),
and 0.43 (95%CI: 0.24-0.75), respectively. The
association of IL28B rs12980275 with RVR to IFN-α2b/RBV therapy was still significant after Bonferroni
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correction. The results of genetic analyses suggested
that IL28B rs12980275 is an indicator of response to
IFN therapy.

Predictive factors for RVR

Stepwise regression analysis showed that IL28B
rs12980275, WBC count, AFP level, HCV genotype,
and HCV-RNA viral load at baseline were independent
predictors of RVR (Table 5). In addition, the ROC of
these variables covered an AUC of 0.726 (Figure 1).
The probability of RVR can be predicted using the
following formula: log odds (RVR) = 4.13 + 0.67 ×
WBC (abnormal vs normal) - 0.98 × AFP (abnormal
vs normal) -0.39 × HCV-genotype1-0.46 × log (base
viral load) - 1.05 × rs12980275AG/GG.
The predictive value of IL28B rs12980275 was
further analyzed in stratified analyses. The treatment
response in patients with HCV genotype AA was not
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Table 4 Polymorphisms of IL28RA /IL28B and rapid viral response n (%)
Genotype

RVR (n = 133)

NRVR (n = 105)

Crude OR (95%CI)

51 (38.35)
62 (46.62)
20 (15.04)

49 (46.67)
49 (46.67)
7 (6.67)

1
1.22 (0.71-2.09)
2.75 (1.07-7.07)
1.41 (0.84-2.36)
2.48 (1.01-6.11)
1.47 (0.99-2.19)

0.048
0.036
0.197
0.049
0.055

1
0.86 (0.45-1.63)
2.33 (0.84-6.48)
1.06 (0.58-1.94)
2.52 (0.96-6.64)
1.27 (0.82-1.98)

0.637
0.104
0.852
0.061
0.282

118 (88.72)
8 (6.02)
7 (5.26)

70 (66.67)
28 (26.67)
7 (6.67)

1
0.17 (0.07-0.39)
0.59 (0.20-1.76)
0.25 (0.13-0.50)
0.78 (0.26-2.29)
0.46 (0.28-0.76)

< 0.001
0.347
< 0.001
0.648
0.002

1
0.11 (0.04-0.30)
0.54 (0.17-1.74)
0.19 (0.09-0.43)
0.82 (0.26-2.56)
0.43 (0.24-0.75)

< 0.001
0.301
< 0.001
0.736
0.003

rs11249006
AA
AG
GG
Dominant
Recessive
Additive
rs12980275
AA
AG
GG
Dominant
Recessive
Additive

P value

Adjusted OR (95%CI)

P value

Table 5 Results of multivariate stepwise regression analysis
on rapid viral response
Variable

Coef

OR (95%CI)

P value

rs12980275
WBC-group
AFP-group
HCV genotype
Baseline RNA(lg)

-1.05
0.67
-0.98
-0.39
-0.46

0.35 (0.20-0.62)
1.94 (1.08-3.50)
0.38 (0.19-0.76)
0.67 (0.48-0.96)
0.63 (0.44-0.91)

< 0.001
0.027
0.006
0.014
0.027

A

9.00

Baseline HCV RNA (lg IU/mL)

Logistic regression analyses adjusted for sex, HCV genotype, baseline levels of ALT, WBC, AFP, and viral loads. RVR: Rapid viral response.
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Coef: Coefficient of variation. WBC-group: WBC was divided into three
groups. 1: 4 × 109-1010/L; 2: < 4 × 109/L; 3: > 1010/L. AFP-group: AFP was
divided into two groups. 1: ≤ 7 ng/mL; 2: > 7 ng/mL. RVR: Rapid viral
response; HCV: Hepatitis C virus.
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Figure 2 Stratified analysis of baseline hepatitis C virus-RNA viral load
and rapid viral response. A: Box plots of baseline hepatitis C virus (HCV)-RNA
levels on RVR for rs12980275 AA group. Mean log HCV-RNA viral load was 6.28
± 0.75 lg(copies/mL) and 6.10 ± 0.95 lg(copies/mL) for the non-RVR and RVR
groups, respectively (t = 1.47, P = 0.143); B: Box plots for rs12980275 AG/GG
group. Mean log HCV-RNA viral load was 5.97 ± 0.67 lg(copies/mL) and 5.37
± 1.01 lg(copies/mL), respectively (t = 2.44, P = 0.018). The error bars indicate
standard deviations. RVR: Rapid viral response.

Figure 1 Prediction of rapid viral response. Receiver-operating characteristic
(ROC) curve for prediction of RVR using all significant variables. areas under the
curve (AUC) was 0.726. RVR: Rapid viral response.

affected by baseline HCV-RNA viral load. The mean
HCV-RNA viral load (log value ± SD) in the non-RVR
and RVR groups was 6.28 ± 0.75 lg(copies/mL) and
6.10 ± 0.95 lg(copies/mL), respectively (Figure 2A; P
= 0.143). For patients carrying mutant G allele, lower
baseline viral load was favored for RVR. The mean
viral load in the non-RVR and RVR groups was 5.97
± 0.67 lg(copies/mL) and 5.37 ± 1.01 lg(copies/mL),
respectively (Figure 2B; P = 0.018).
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RVR

Effect of IL28B rs12980275 on time of initial virus
inhibition

The Kaplan-Meier method and log-rank test were
conducted to examine the association of IL28B
rs12980275 (dominant model) with the time of initial
virus inhibition (time of reaching HCV-RNA viral load
< 500 copies/mL after therapy) in CHC patients.
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Figure 3 Kaplan-Meier plots of viral persistence rate by IL28B rs12980275
(log-rank P = 0.0041).

Figure 3 shows that the median time of initial inhibition
response was 2 mo (95%CI: 1.72-2.28) for the
rs12980275 AA group and 2 mo (95%CI: 1.36-2.64)
for the AG/GG group. Although similar, the difference
was significant (log-rank test, P = 0.004). Also the
viral inhibition trends indicated that the inhibition rates
were achieved faster in the AA group than in the AG/
GG group.
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Viral kinetics during therapy

Patients carrying the IL28B rs12980275 AA genotype
achieved a greater reduction in HCV-RNA viral load at
1 mo (B-1), 3 mo (B-3) and 6 mo (B-6) than those
carrying the AG/GG genotype (B-1: 6.18 ± 0.87 vs
5.77 ± 0.82 log IU/mL, P = 0.003; B-3: 6.18 ± 0.90
vs 5.79 ± 0.80 log IU/mL, P = 0.01; B-6: 6.27 ± 0.86
vs 5.89 ± 0.79 log IU/mL, P = 0.021), respectively
(Figure 4A). Considering the confounding effect of
baseline HCV-RNA levels, patients were further divided
5
into four groups (baseline HCV RNA < 10 IU/mL,
5
6
6
7
7
10 -10 IU/mL, 10 -10 IU/mL, and ≥ 10 IU/mL).
IL28B rs12980275 AA carriers dropped to a similar
viral load at 1 mo regardless of the baseline HCV-RNA
levels (F = 2.11, P = 0.1) (Figure 4B). Meanwhile, the
viral kinetics in the non-AA group were associated with
baseline HCV-RNA levels (F = 17.64, P < 0.001). Viral
load declined faster in patients with lower baseline
level of virus (Figure 4C). The results of viral kinetics
were consistent with the stratified analyses (Figure 2).

Mean HCV RNA (lg IU/mL)

C

8

rs12980275 AG/GG
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Figure 4 Viral kinetics during therapy. Mean log hepatitis C virus (HCV)-RNA
levels at baseline, 1 mo, 3 mo and 6 mo. A: Stratified by IL28B rs12980275
(AA vs AG/GG); B: Stratified by baseline HCV-RNA levels (< 105 IU/mL, 105-106
IU/mL, 106-107 IU/mL, ≥ 107 IU/mL) in rs12980275 AA group; C: Stratified by
baseline HCV-RNA levels in rs12980275 AG/GG group.

The change in viral load seemed to vary in different
rs12980275 genotypes (Figure 4). Unlike AG/GG
genotypes, the protective effect of the AA genotype was
not affected by baseline viral load. These results suggest
that the AA genotype is a strong predictor of HCV
treatment. The biological reason might be interpreted
by another study of HBV infection. Serum IL28B level is
higher in patients with the AA genotype and may reduce
[20]
HBV viral load and liver inflammation . However, the
current study did not reveal a significant association
between treatment response and polymorphisms in the
selected downstream genes of IL28B.

DISCUSSION
GWAS studies have identified IL28B rs12980275 as a
strong SNP associated with HCV treatment in various
[5-7,18]
populations
. Consistent with those studies, we
also found that rs12980275 AA was a strong positive
response predictor of non-PEG IFN-α/RBV treatment
in the Chinese Han population. In addition, patients
carrying the AA genotype were likely to achieve
faster virological suppression compared with those
carrying non-AA loci. The earliest difference among
[19]
IL28B rs12979860 genotypes can occur at week 2 .
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The study is innovative in nature. The original study conducted on large groups
of patients is very valuable.

Our results suggest that IL28B rs12980275 is the
most important single predictor of RVR by the Random
Forest Model (data not shown). In addition, including
other viral and host factors, such as baseline viral load,
HCV genotype, WBC count and AFP level, improved
the accuracy of the predictive model (Figure 1). The
predictive model in our study was similar to that in
[21]
another Japanese study .
After 1 mo of treatment, 55.88% of the patients
achieved RVR. Since 256 patients (92.02%) were
infected with HCV genotype 1, this low rate of
efficacy was understandable. The response rates to
IFN therapy are usually higher among patients with
HCV genotype 2/3, ranging from 75% to 94%, while
patients with HCV genotype 1/4 have poorer response
[22,23]
rates of about 50%
. The fact that HCV genotype
1 was the major strain in Jurong was consistent with a
[24]
previous study .
In conclusion, our findings imply that the genetic
variants of IL28B rs12980275 may play an important
role in determining the response to non-PEG IFN-α2b/RBV in the Chinese Han population.
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Abstract
AIM: To investigate the accuracy of the strain
histogram endoscopic ultrasound (EUS)-based method
for the diagnostic differentiation of patients with
pancreatic masses.
METHODS: In a prospective single center study, 149
patients were analyzed, 105 with pancreatic masses
and 44 controls. Elastography images were recorded
using commercially available ultrasound equipment in
combination with EUS linear probes. Strain histograms
(SHs) were calculated by machine integrated software
in regions of interest and mean values of the strain
histograms were expressed as Mode 1 (over the mass)
and Mode 2 (over an adjacent part of pancreatic tissue,
representing the reference area). The ratio between
Mode 2 and Mode 1 was calculated later, representing
a new variable, the strain histogram ratio. After the
final diagnosis was established, two groups of patients
were formed: a pancreatic cancer group with positive
cytology achieved by fine needle aspiration puncture
or histology after surgery (58 patients), and a massforming pancreatitis group with negative cytology and
follow-up after 3 and 6 mo (47 patients). All statistical
analyses were conducted in SPSS 14.0 (SPSS Inc.,
Chicago, IL, United States).
RESULTS: Results were obtained with software for
strain histograms with reversed hue scale (0 represents
the hardest tissue structure and 255 the softest). Based
on the receiver operating characteristics (ROC) curve
coordinates, the cut-off point for Mode 1 was set at the
value of 86. Values under the cut-off point indicated
the presence of pancreatic malignancy. Mode 1 reached
100% sensitivity and 45% specificity with overall
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accuracy of 66% (95%CI: 61%-66%) in detection of
pancreatic malignant tumors among the patients with
pancreatic masses. The positive and negative predictive
values were 54% and 100%, respectively. The cut-off
for the new calculated variable, the SH ratio, was set at
the value 1.153 based on the ROC curve coordinates.
Values equal or above the cut-off value were indicative
of pancreatic malignancy. The SH ratio reached 98%
sensitivity, 50% specificity and an overall accuracy of
69% (95%CI: 63%-70%). The positive and negative
predictive values were 92% and 100%, respectively.

the elastic properties in comparison with surrounding
tissues. Elasticity imaging and measurement provide a
[6]
significant adjunct to current imaging methods . The
elastic properties of tissue are assessed by comparing
color images superimposed over B mode scans before
and after compression, yielding the local index of
[7]
tissue elasticity . This method was implemented and
used in endosonography with the goal of differentiating
tissue changes without risks related to FNA.
Modules for qualitative EUS elastography were
incorporated into the first generation of commercially
available ultrasound platforms in combination with
adequate EUS probes. Tissue stiffness analysis for
pancreatic masses using a three-point scoring system
[8,9]
was developed by Giovannini et al
and refined
later to a five-point system, reaching better results
with higher accuracy. A similar four-point system
[10]
was proposed by Iglesias-Garcia . The method
demonstrated promising results in the evaluation
[9,10]
of pancreatic masses
, although poor accuracy
[11]
was reported in one study
and the differentiation
of chronic pancreatitis from hard tumors was not
[12]
satisfactory in another .
Second-generation EUS elastography instruments
allowed quantitative analysis of tissue stiffness using
the strain ratio, numerically expressed elasticity in the
target area relative to a reference soft tissue area.
Several investigations have shown high but variable
sensitivity and specificity of the strain ratio with a wide
span of cut-off values delineating inflammatory form
[13-18]
malignant pancreatic masses
.
A quantitative technique based on artificial neural
network processing of EUS elastography digitalized
[19]
videos was first applied by Săftoiu et al , obtaining
average value of the hue histograms with a special
computer program. Published results have shown very
[19-21]
good sensitivity with satisfactory accuracy
.
Some ultrasound platforms of the latest generation
have integrated software for strain (hue) histogram
measurement, automatically calculating the graph in
real time.
The aim of this study was to evaluate the diagnostic
value of the strain histogram in the patients with
pancreatic masses and to determine the cut-off value
between pancreatic malignancy and focal pancreatitis
using software integrated into the commercially
available ultrasound platforms.
As the next step we intend to calculate a new
variable, the strain histogram ratio, by analogy to the
strain ratio, calculating the ratio between the SH over
an adjacent part of pancreatic tissue outside the mass
and the SH over the mass.

CONCLUSION: SH showed high sensitivity in pancreatic
malignant tumor detection but disappointingly low
specificity. Slight improvements in specificity and
accuracy were achieved using the SH ratio.
Key words: Endoscopic ultrasound; Pancreatic cancer;
Pancreatic mass; Elastography; Histogram; Pancreatic
tumor; Mass-forming pancreatitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: endoscopic ultrasound quantitative elasto
graphy strain histograms (SHs) are a recently developed
method for non-invasive differentiation of pancreatic
masses. In a prospective single center study, 105
patients with pancreatic masses and 44 controls were
evaluated. For SH measurements, Hitachi software
was used and applied for the first time in a clinical
study as far as we know. We determined the accuracy
of the method and a cut-off value between malignant
pancreatic tumors and mass-forming pancreatitis. A
new variable, the SH ratio, is calculated in an attempt
to improve the sensitivity, specificity and accuracy of
the method.
Opačić D, Rustemović N, Kalauz M, Markoš P, Ostojić Z,
Majerović M, Ledinsky I, Višnjić A, Krznarić J, Opačić M.
Endoscopic ultrasound elastography strain histograms in
the evaluation of patients with pancreatic masses. World J
Gastroenterol 2015; 21(13): 4014-4019 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i13/4014.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i13.4014

INTRODUCTION
Despite numerous imaging techniques, differential
diagnosis of focal pancreatic masses is still a diagnostic
problem in a significant number of patients.
In this setting, endoscopic ultrasound-guided
fine needle aspiration biopsy (EUS-FNA) has high
accuracy and traditionally represents the gold
[1-3]
diagnostic standard , but it is not without risks and
[4,5]
complications .
Multiple pathological processes including cancer
can induce alterations of tissue stiffness, changing

WJG|www.wjgnet.com

MATERIALS AND METHODS
The investigation was organized as a prospective
single center study from January 2011 to March 2013
in the gastroenterology department of the University
Hospital Centre Zagreb, an academic center. The
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Figure 1 Strain histogram of a malignant pancreatic tumor.

Figure 2 Normal strain histogram values of the pancreas.

study was approved by the hospital ethics committee.
Written informed consent for participation in the
study was obtained from all patients included in the
study. Two experienced EUS examiners performed
all endosonographic procedures and elastography
measurements. Elastography images were recorded
using Pentax FG-38 UX and EG-3870 UTK EUS linear
probes in combination with Hitachi 8500 and Hitachi
Avius ultrasound machines.
The inclusion criteria were: patients of both sexes
over 18 years of age with solid pancreatic masses
diagnosed with imaging techniques who accepted
participation in the study. The exclusion criteria were:
tumors with cystic or liquid components. In total 149
patients were included in the data analysis, 105 with
pancreatic masses and 44 controls. Strain histograms
were calculated automatically by integrated software
in regions of interest manually selected by the
endosonographer and expressed as the mean values
(Mode 1 over the mass, and Mode 2 over an adjacent
part of homogenous pancreatic tissue representing
a reference area) (Figure 1). In the control group,
two neighboring areas of pancreatic tissue were
selected for histogram measurements (Figure 2).
Three measurements were performed on the new
elastography Figure recorded during the examination,
and the average values of Mode 1 and Mode 2 for
all three measurements were used for the statistical
analysis.
The new variable, the strain histogram ratio, was
calculated later by dividing the value of Mode 2 with
the value of Mode 1 for each patient.
After the elastography measurements FNA was
performed (Echotip, Cook Endoscopy) in all patients
with pancreatic masses except in patients with lesions
smaller than 3 cm without extrapancreatic or vascular
invasion but with strong suspicion of malignancy. In
these patients, histology was obtained after surgery.
In the patients with negative cytology, follow-up FNA
was performed after 3 mo and if necessary after
6 mo. Finally, the patients with pancreatic masses

were divided into two groups according to cytology/
histology and clinical course after a follow-up period of
six months. The first group represents patients with
verified pancreatic malignancy and the second group
represents patients with mass-forming pancreatitis.
All statistical analyses were conducted in SPSS 14.0
(SPSS Inc., Chicago, IL, United States).
The diagnostic validity analysis included receiver
operating characteristics (ROC) curve analysis, with
specific values for the area under the curve, the
significance of the area, and confidence intervals.
Sensitivity (SS), specificity (SP), positive and ne
gative predictive values, and positive and negative
likelihood ratios are also expressed in the analysis.
The calculation of the overall accuracy (ACC) of the
prediction was based on previous parameters. The
cut-off point for measurement the calculation of which
is based on the coordinates of the ROC curve is also
presented in the analysis. The positive likelihood ratio
is calculated as sensitivity/1 - specificity. The negative
likelihood ratio is calculated as 1- specificity/sensitivity.
The overall accuracy is calculated as the sum of the
positive and negative predictive values.
Statistical significance is set to p < 0.05, with all
confidence intervals expressed at the 95% level.
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RESULTS
The median age of the examined group of patients was
63 years (interquartile range: 54-70 years), of whom
76 were female.
Analyzing the sample according to cytology or
histology after surgery and a follow-up period, 58/149
(39%) were finally considered to have pancreatic
malignant tumors (53 with pancreatic carcinomas,
2 with neuroendocrine malignant tumors, 3 with
metastatic carcinomas), 47/149 (31.5%) were
classified as patients with pseudotumoral inflammatory
masses, and 44/149 (29.5%) patients were control
subjects without any clinical or endosonographic
evidence of pancreatic disease.
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Table 1 Analysis of the diagnostic validity of the Mode 1 histogram measure in the
differentiation of pancreatic masses
Malignant pancreatic tumor
Mode 1
Indicative < 86

No

True positive
58/58
False negative
0/58
Sensitivity
100% (93%-100%)

False positive
50/91
True negative
41/91
Specificity
45% (41%-45%)

Positive predictive value
54% (50%-54%)
Negative predictive value
100% (90%-100%)

100

100

80

80

60

60

Sensitivity

Sensitivity

Non indicative ≥ 86

Yes

40
20
0

40
20

0

20

40
60
100-Specificity

80

0

100

0

20

40
60
100-Specificity

80

100

Figure 3 Coordinates of the receiver operating characteristics curve for
the strain histogram variable (Mode 1).

Figure 4 Receiver operating characteristics curve for the Mode 2/Mode 1
variable.

The mass lesion diameter was 31.7 mm; SD =
13.2 mm. Focal lesions were most frequently located
in the head of the pancreas (51.5%), less frequently
in the body (39.5%), whereas only 9% of them were
located in the pancreatic tail.
The Mode 1 variable representing the average
strain histogram measure achieved the following
diagnostic validity parameters: AUC = 0.815; p <
0.001; 95%CI: 0.749-0.881.
Based on the ROC curve coordinates in Figure 3,
the cut-off point for Mode 1 was set at 86. Considering
the direction of the variable, values under the cut-off
point indicate the presence of malignancy.
Consequently, using this cut-off point, all tumors
were correctly identified as such, but as many as
55% of the non-malignant pancreatic masses were
incorrectly identified as malignant (Table 1). Using this
cut-off value, the overall accuracy achieved with the
Mode 1 measure was 66% (95%CI: 61%-66%).
According to the ROC curve coordinates in Figure
4, the cut-off point for the Mode 2/Mode 1 ratio was
set at 1.153. We determined the significance of the
diagnostic validity for the new measure derived from
the Mode 2/Mode 1 ratio (AUC = 0.843; p < 0.001;
95%CI: 0.782-0.903). All values above the determined
cut-off point were classified as malignant. The variable
therefore achieves high sensitivity where only 2%
of patients having a malignant tumor would not be
recognized, but as much as 50% of patients would be

incorrectly classified as having a malignant tumor. The
overall accuracy achieved with the Mode2/Mode 1 ratio
is 69% (95%CI: 63%-70%) (Table 2).
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DISCUSSION
The strain ratio and strain histogram quantitative
elastography methods are based on different
[22]
principles , as mentioned previously, and that is
the reason why we did not compare the sensitivity,
specificity and accuracy obtained in our study with the
results of published quantitative elastography studies
using the strain ratio.
In the three published studies where strain
histograms were used as the quantitative elastography
method, post-processing software analysis of the
elastography video was performed, and the average
value of the strain histogram was calculated by
a special computer program. A cut-off value was
computed initially to distinguish malignant pancreatic
masses from pseudotumoral or normal pancreatic
[19-21]
tissue
.
Hue histograms were calculated within manually
selected regions of interest (ROIs) using a qualitative
elastography image. The x-axis in a hue histogram
represents tissue elasticity expressed numerically, and
the y-axis represents the number of pixels in the ROI.
The mean histogram value corresponds to the global
hardness of the lesion expressed on a scale from 0
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Table 2 Analysis of the diagnostic validity of the new combined histogram measure (Mode2/
Mode1) in classifying malignancies
Malignant pancreatic tumor
Mode 2/Mode 1
Indicative ≥ 1.153
Non indicative < 1.153

Yes

No

True positive
57/58
False negative
1/58
Sensitivity
98% (91%-100%)

False positive
46/91
True negative
45/91
Specificity
50% (45%-50%)

Positive predictive value
92% (87%-92%)
Negative predictive value
100% (96%-100%)

and Mode2/Mode1 = 2.31. Both values suggesting
a malignant tumor confirmed by surgery). Slight
improvements in specificity and overall accuracy were
achieved using the new variable, the Mode2/Mode 1
ratio (Figure 5. Patient with Mode 1 = 102 suggesting
inflammatory mass and Mode2/Mode1 = 1.35
suggesting malignant mass. Malignancy was confirmed
by EUS-FNA).
Explanations for the significant difference in
specificity and accuracy achieved in our study in
comparison with the results of previous studies using
strain histograms as the measurement method could
be just speculative at the moment. More studies on
Hitachi ultrasound machines with integrated software
are needed, comparing whether other analyses
possible with the data processing method of Săftoiu et
[19-21]
al
on the same group of patients.

Figure 5 Inconclusive histogram measurement results comparing the
strain histogram and the strain histogram ratio.
[21]

(softest) to 255 (hardest) .
In these studies, based on a cut-off of 175
sensitivity reached 91.4%, 84.8% and 93.4%, the
specificity was 87.9%, 76.2% and 66.0%, with overall
[19-21]
accuracy of 89.7%, 81.5% and 85.4%
. Data from
[21]
the latest study were analyzed in extended neural
network analysis with automatic differentiation of
benign from malignant lesions, and it achieved better
sensitivity and overall accuracy (SS = 87.59%, SP =
[23]
82.4%, ACC = 91.4%) .
Our investigation represents quantitative elasto
graphy analysis with strain histograms of pancreatic
masses using commercially available integrated
ultrasound machine software for the first time. This
software also uses a scale from 0 to 255, but the
scale is reversed with 0 representing the hardest
tissue structure and 255 the softest. The results were
obtained as an average value of measurements from
the three Figures selected by the endosonographer.
It is possible to compare the cut-off value from the
previous studies with the cut-off value computed in
our study. Expressed in the same way, the mean value
[19-21]
from the previous studies
becomes 80, which is
very close to 86, the value from our study.
The Mode 1 histogram measured over the tumor in
our study showed high sensitivity in cancer detection,
but also disappointingly low specificity, with modest
overall accuracy (Figure 1: Patient with Mode 1 = 51,
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PERFACT procedure: A new concept to treat highly complex
anal fistula
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and subsequently allowing the wound to heal by
secondary intention. Along with this, all the tracts are
curetted and it is ensured that they remain empty
and clean in the postoperative period until they heal
completely. The latter step also facilitates the closure
of the internal opening by preventing collected fluid in
the tracts from entering the internal opening and thus
not letting it close. Objective incontinence scoring was
done preoperatively and 3 mo after the operation.
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RESULTS: Fifty-one patients with complex fistula-inano were prospectively enrolled. The median followup was 9 mo (5-14 mo). The mean age was 42.7 ±
11.3 years. Male:female ratio was 43:8. Fistula was
recurrent in 76.5% (39/51), horseshoe in 50.1%
(26/51), had multiple tracts in 52.9% (27/51), had an
associated abscess in 41.2% (21/51), was anterior in
33.3% (17/51), the internal opening was not found
in 15.7% (8/51) and 9.8% (5/51) of fistulas had a
supralevator extension. Seven patients were excluded
(5 lost to follow up, 2 with tuberculosis leading to/
associated with fistula-in-ano). The success rate was
79.5% (35/44) and the recurrence rate was 20.5%
(9/44). Out of these recurrences, three underwent
reoperation (2 PERFACT procedure, 1 fistulotomy)
and all three were successful. Thus, the overall
success rate was 86.4%. The only complication was
a non-healing tract in 9.1% (4/44) of patients. There
was no significant change in objective incontinence
scores three months after the operation. The pain
was minimal, with all patients resuming their normal
activities within 72 h of the operation.

Abstract
AIM: To check the efficacy of the PERFACT procedure
in highly complex fistula-in-ano.
METHODS: The PERFACT procedure (proximal
superficial cauterization, emptying regularly fistula
tracts and curettage of tracts) entails two steps:
superficial cauterization of mucosa at and around the
internal opening and keeping all the tracts clean. The
principle is to permanently close the internal opening
by granulation tissue. This is achieved by superficial
electrocauterization at and around the internal opening

WJG|www.wjgnet.com

CONCLUSION: The PERFACT procedure is a new
effective method for complex fistula-in-ano, effective
even in fistula associated with abscess, supralevator
fistula-in-ano and where the internal opening is nonlocalizable.
Key words: Anal fistula; Fistula-in-ano; Incontinence;
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Recurrent; PERFACT; Procedure; Abscess; Supralevator

wound clean and the tracts empty in the postoperative
period.

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

MATERIALS AND METHODS

Core tip: T h e P E R FA C T p ro c e d u re i s a s i m p l e ,
economical and novel method to cure complex fistulain-ano. It is associated with little pain, low morbidity
and minimal risk of incontinence as both the anal
sphincters are completely preserved. It is quite
effective in complex fistula cases where other methods
do not have a high success rate, like in horseshoe
fistula, fistula with multiple tracts, recurrent fistula
and fistula with supralevator extension. The PERFACT
procedure is also quite successful in cases where the
internal opening cannot be localized and in patients
presenting with perianal/ischiorectal abscess where
it can be done as a definitive procedure at the initial
presentation.

Patients with complex fistula-in-ano were enrolled in
a prospective study over a period of one and a half
years. The institutional ethics committee reviewed and
approved the study. Informed written consent was
taken from every patient.

Inclusion criteria

All types of complex fistula-in-ano including: (1)
fistula associated with multiple tracts; (2) horse shoe
fistulas; (3) recurrent fistulas; (4) anterior fistula
in females; (5) fistula with long tracts (any tract
length > 10 cm); (6) fistula with supralevator blind
extension (not with high rectal opening); (7) fistula
where internal opening cannot be localized; and (8)
fistula associated with abscess/pus collections. It was
used as a first line definitive procedure in patients
with anal fistulas presenting with ischiorectal or
perianal abscess.

Garg P, Garg M. PERFACT procedure: A new concept to
treat highly complex anal fistula. World J Gastroenterol 2015;
21(13): 4020-4029 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/4020.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.4020

Exclusion criteria

(1) Simple low fistula; and (2) fistula with supralevator
rectal opening (on MRI and/or examination on the
operating table).
Vaizey objective incontinence scoring was done
[11]
preoperatively and at 3 mo after the operation . On a
scale of 0-24, a score 0 implied perfect continence and
a score of 24 meant total incontinence.
A pre-operative MRI scan was done in every
case to accurately map all the fistula tracts (Figure
1). A schematic diagram consisting of coronal and
transverse sections (Figure 1) was made based on the
MRI.
The PERFACT procedure had three steps (Figure
2): (1) proximal superficial cauterization: the area
around the internal opening was freshened and deepithelized by electrocautery (Figure 3) and the
wound was encouraged to heal by secondary intention
(granulation tissue). This usually closed the internal
opening in about 10-12 d; (2) curettage of tracts: all
the tracts were thoroughly curetted and debrided of
their lining with a curette; and (3) emptying regularly
fistula tracts: the curetted tracts were kept clean and
empty of any serous fluid so as to ensure that the
tracts healed (closed) by granulation tissue. Keeping
all the tracts clean until they healed completely was a
challenging task and the most demanding step of the
procedure. It took 4-8 wk (occasionally even longer)
for all the tracts to heal fully. Until that time, regular
cleaning of the tracts was done.
To ensure proper cleaning of the tracts, the following
steps (one or multiple depending upon the requirement
and fistula characteristics) could be done in a patient:
(1) multiple holes were made along the straight or the

INTRODUCTION
There is no satisfactory treatment of complex fistulain-ano to date. A fistula-in-ano is termed “complex”
when the track crosses > 30%-50% of the external
sphincter (high-transsphincteric, suprasphincteric and
extrasphincteric), is anterior in a female, is recurrent,
has multiple tracks, or the patient has preexisting
[1-4]
incontinence, local irradiation or Crohn’s disease . In
spite of several new procedures, such as anal fistula
[5,6]
[7]
plug , ligation of intersphincteric fistula tract (LIFT) ,
[8]
video assisted anal fistula treatment (VAAFT) , laser[9]
[10]
FiLaC and the OTSC proctology procedure
tried in
the last decade, the challenge of successfully treating
complex anal fistula remains intact. The two main
issues in managing such fistulas are to minimize
the recurrence rate and prevent any deterioration in
continence levels.
Proximal superficial cauterization, emptying
regularly fistula tracts and curettage of tracts (PERFACT
procedure) is a novel concept in the management of
complex fistula-in-ano. In this procedure, the fistula
healing entails two components closure of the internal
opening and healing of the tract/tracts. The aim is
to use body’s natural healing tissue (granulation
tissue) to close the internal opening. This is done
by electrocauterizing the internal opening and the
area around it in the anal canal. The tract/tracts
are thoroughly curetted and the infected tract lining
(epithelium) of the tracts is taken out. To ensure
proper healing, it is important to keep the anal canal
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Coronal section

Axial section

Schematic diagram

Figure 1 Preoperative magnetic resonance imaging of the perianal region and its schematic diagram showing a recurrent horseshoe abscess and fistula
from 2 to 10 o’clock position in a 29-year-old female patient. There was no external opening and the internal opening was at the posterior midline. Arrows in the
upper pictures show the position of the horseshoe abscess.
Perfact procedure

Proximal
superficial
cauterization

P

+

A

And

C

Curettage of

T

Tracts

Steps to facilitate proper cleaning of tracts postoperatively (as needed)
E

Emptying

R

Regularly of

F

Fistula tracts

1. Multiple holes are made along tract
2. Widening of external opening
3.Insertion of loose setons or tube to prevent premature closure of the holes

Figure 2 PERFACT procedure - an overview.

the operation (Figures 4, 5, 6, 7 and 8).

horseshoe tract (Figures 4, 5, 6, 7 and 8) in such a way
that the farthest corner of the tract could be cleaned
with ease; (2) the external opening was widened and
the scarred puckered skin (if present) was excised. The
aim was to make the opening bigger than 1 cm × 1 cm
(Figure 3). This facilitated cleaning of the tracts for a
longer duration; and (3) loose seton or tube were put
in the tracts to prevent the premature closure of the
external opening. These were removed 10-12 d after
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Intraoperative

A saddle block (spinal anesthesia) or a short general
anesthesia was given. The patient was positioned in a
lithotomy or a prone jack-knife position. The internal
opening was localized. This was facilitated by injecting
saline, povidine iodine or hydrogen peroxide through
the external opening.
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Widened
external
opening

External
opening

Proximal
superficial
cauterization
Postoperative

Preoperative

Figure 3 Management of a 45-year-old male patient by PERFACT procedure. He had a recurrent transsphincteric fistula with external opening at 2 o’clock and
internal opening at 6 o’clock posterior midline. Shows proximal superficial cauterization and widening of the external opening. Horizontal arrows show the external
opening - preoperative in the left picture and postoperative in the right. The vertical arrow in the right picture shows the position of proximal superficial cauterization.

Position of holes in horseshoe abscess

15 d post-operative

Final photo after the operation

6 mo post-operative

Figure 4 Management of a 29-year-old female patient by PERFACT procedure. She had a horseshoe abscess and fistula from 2 to 10 o’clock. There was no
external opening and the internal opening was at the posterior midline. The right bottom picture shows complete healing of the fistula (MRI and diagram of this patient
shown in Figure 2).

Proximal superficial cauterization (Figure 3) was
carried out with electrocautery around the internal
opening, cauterizing only the mucosa and superficial
part of the internal sphincter. The crypt glands,
the internal opening and the tissue around it were
cauterized. This usually resulted in an oval area,
approximately 1 cm (wide) and 2 cm (long), with the
internal opening at the center of the wound (Figure 3).
After cauterization, the wound was left as such and no
attempt was made to close the internal opening with
any suture, stapler, glue or plug.
After this, the tracts were curetted in accordance
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with the MRI diagram and the tract lining was scraped
out as much as possible with a blunt curette. While
doing so, a finger was kept in the rectum so as to
ensure that the curette did not accidentally perforate
the rectum.
The patient was discharged on the operation day
(if done under short general anesthesia) or the first
postoperative day (if done under saddle or spinal
anesthesia). He/she could resume all his/her normal
activities on the same day. The patient was encouraged
to walk briskly for 5 km every day. This helped to keep
the tracts empty.
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Axial section

Coronal section

Immediate post operation

Axial section

Coronal section

1 mo post
operation

6 mo post
operation

Figure 5 Management of a 22-year-old male patient by PERFACT procedure. He had a double horseshoe intersphincteric abscess and fistula. External opening
is at 11 o’clock and the internal opening was not traceable intraoperatively. Electrocauterization was done at both anterior and posterior midline. The left upper picture
shows the MRI and the right bottom picture was taken after the final cure (posterior horseshoe abscess shown by green color was at a higher level). Arrows in the
upper left pictures show the position of the horseshoe abscess and tracts.

Postoperative cleaning aimed at healing two areas:
the cauterized wound in the anal canal (around the
internal opening) and the curetted tracts. The former
was pivotal as the closure of the internal opening
depended upon it and generally took about 10-12 d
to heal. The latter was also needed for the complete
closure of the fistula and took a variable time (4-8
wk) depending on the fistula characteristics (number,
length and complexity of the tracts) and the patient
co-morbidities (diabetes, anemia, hypoproteinemia
etc.).
The cleaning process entailed cleaning the cau
terized wound in the anal canal and regular cleaning
and emptying of the curetted tracts. The former was

WJG|www.wjgnet.com

done by gentle rubbing of the wound by doing a per
rectal finger insertion. The latter was done by a cotton
swab mounted on an artery forceps. No povidine
iodine, hydrogen peroxide or any liquid was injected in
to the tract during the cleaning process as this would
have prevented the internal opening from closing.
The cleaning was done by a trained nurse, a medical
attendant or a relative. In our setting, teaching a
relative was an economical and preferred option.
The cleaning process was done four times a day. For
the first 10 d, the patient was called to the outpatient
clinic for supervised cleaning once or twice a day
depending upon the complexity of the fistula. After this,
the patient could do the cleaning process at home.
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Pre-operative

Coronal section

1 mo post operation

Axial section

Immediate post-operative

5 mo post operation

Figure 6 Management of a 36-year-old male patient by PERFACT procedure. He had a supralevator extension at 3 o’clock. External opening is at 3 o’clock and
internal opening at 6 o’clock posterior midline. The left upper picture shows the MRI (arrows show the supralevator extension) and the right bottom picture was taken
after the patient was fully cured.

Pre-operative
Coronal section

Immediate post operative

Axial section

Immediate post operative

3 mo post operation

Figure 7 Management of a 55-year-old female patient by PERFACT procedure. She had a large anterior abscess and a fistula. External opening is at 11 o’clock
and internal opening at 12 o’clock anterior midline. The left upper picture shows the MRI and the right bottom picture is taken after the final cure.
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Axial section

Immediate
post operation

Pre-operative
Coronal section

6 mo post
operation

Figure 8 Management of a 38-year-old male patient by PERFACT procedure. He had a total of eight external openings and tracts (including a horseshoe one).
The left upper picture shows the MRI and the right bottom picture is taken after the final cure. Arrows in the upper left picture show the position of the multiple tracts
and the upper middle picture shows the multiple external openings.

The significant cut off point was set at P < 0.05.

lost to follow-up, 2 had biopsy proven mycobacterium
tuberculosis). The fistula and all the associated tracts
healed completely in 79.5% (35/44) of patients and
there was recurrence of symptoms in 20.5% (9/44) of
patients. Out of these, three underwent reoperation (two
PERFACT procedure, one fistulotomy) and all three were
successful (Table 2). The subgroup analysis showed
that although the presence of multiple tracts and an
abscess reduced the cure rate, it was not statistically
significant (Fisher exact test P > 0.05) (Table 2). The
only complication was a non-healing tract in 9.1% (4/44)
of patients. There was no significant change in objective
incontinence scores after the operation. The pain
was minimal, with all patients resuming their normal
activities within 72 h of the operation.

RESULTS

DISCUSSION

Fifty-one patients with complex fistula-in-ano were
prospectively enrolled. The median follow-up was 9
mo (5-14 mo). The mean age was 42.7 ± 11.3 years.
Male:female ratio was 43:8. The fistula characteristics
were recurrent in 76.5% (39/51), horseshoe in 50.1%
(26/51), multiple tracts in 52.9% (27/51), associated
abscess in 41.2% (21/51) and anterior fistula in 33.3%
(17/51). The internal opening could not be definitely
traced intraoperatively in 15.7% (8/51) and there was
associated supralevator extension in 9.8% (5/51) (Table
1). Seven patients were excluded from the analysis (5

The PERFACT procedure is a novel concept to treat
complex fistula-in-ano. It is simple to perform and
easy to reproduce. The results (initial 79.5%, overall
86%) are quite impressive considering that all these
patients had highly complicated fistula-in-ano (Table 1).
The concept behind the PERFACT procedure was
very simple. It aimed to close the internal opening
by proximal superficial cauterization in the anal canal
(Figure 3). In the postoperative period, it was ensured
that the wound healed by secondary intention so that
the internal opening was sealed by granulation tissue.

Table 1 Fistula characteristics n (%)
Fistula characteristics

n = 51

Recurrent
Multiple tracts
Horseshoe fistula
Associated/presented with an abscess
Anterior tract
Internal opening not found
Supralevator extension (blind)

39 (76.5)
27 (52.9)
26 (50.1)
21 (41.2)
17 (33.3)
8 (15.7)
5 (9.8)

Statistical analysis

Comparison of categorical variables was performed by

χ 2 analysis or Fisher’s exact test where appropriate.
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Table 2 Results - subgroups and overall n (%)
Parameter
Recurrent
Multiple tracts
Horseshoe fistula
Associated/presented with abscess
Anterior tract
Internal opening not found
Supralevator extension (blind)
Overall

Recurrent
Non-recurrent (primary)
Multiple tracts
Single tract
Horseshoe
Non-horseshoe
Abscess
No abscess
Anterior
Non-anterior

After 1 procedure
After 2nd procedure in 3 patients

The second step was curettage of the tracts. This
ensured that the infected epithelium was removed
and the freshened raw wound in the tracts led to
the generation of the granulation tissue which would
facilitate the closure of the tracts. However, the
serous discharge of the granulation tissue needed
to be thoroughly cleaned/removed from the tracts
as otherwise the stagnant discharge would become
infected, leading to a collection. The latter would not
only lead to the rapid re-epithelialization of the tracts
but would also flow into internal opening, preventing
its closure.
The postoperative management was quite signifi
cant. It had two components: to keep the cauterized
anal wound clean and to keep the tracts clean and
empty. Any inadequacy in this care was detrimental to
the final outcome.
The cauterization of the internal opening had been
tried earlier without much success. The reason for the
success of the same step in the PERFACT procedure
needs explanation. Undoubtedly, the internal opening is
the prime culprit in a fistula-in-ano by allowing ingress
of the bacteria from the anal canal into the fistula
tracts. However, once the tracts are formed and are
lined by the infected epithelium, then it is a mutually
propagating situation. The patent internal opening
keeps the tracts infected and the infected collection in
the tracts keep the internal opening patent. Therefore,
an isolated attempt to close the internal opening would
fail until it is accompanied by the meticulous cleaning,
emptying and healing of all the associated tracts. This
perhaps explains the rigorous need for regular tract
cleaning in the postoperative period.
The concept behind this procedure was undoubtedly
simple but to achieve good results in complex anal
fistulas, it required detailed analysis of the MRI
scan, careful planning and mapping of the tracts
(preoperatively), meticulous curettage and cleaning
of all the tracts (intraoperatively), and disciplined
postoperative care (postoperatively). The main benefit
of this procedure was minimal morbidity and the least
risk of incontinence. The morbidity was minimal as
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Number (n = 44)

Healed

33
11
21
23
21
23
18
26
15
29
8
4
44
44

26 (78.8)
9 (81.8)
15 (71.4)
20 (86.9)
16 (76.2)
19 (82.6)
13 (72.2)
22 (84.6)
13 (86.6)
22 (75.8)
7 (87.5)
3 (75)
35 (79.5)
38 (86.4)

P value (Fisher’s exact test)
0.2 (Not sig.)
0.16 (Not sig.)
0.17 (Not sig.)
0.17 (Not sig.)
0.18 (Not sig.)

no extensive tissue cutting was done. Apart from a
small superficial wound in the anal canal, the external
opening was widened (Figure 3) or a few holes were
made in the perianal region (to drain accessory tracts)
(Figures 4, 5, 6, 7 and 8). The anal wound was usually
small and low as the internal opening was located
mostly at the dentate line (Figure 3). So, the resultant
wound was usually about 2 cm long and 1 cm wide.
Due to the small wound and little pain, the patients
were able to resume all their normal daily activities
from the first postoperative day. The patients were
encouraged to walk briskly for 4-5 kilometers from
the first postoperative day as it facilitated keeping the
tracts empty. Second major advantage was that as the
external sphincter was completely spared, the negative
impact on incontinence was minimal.
The procedure worked quite well in all types
of complex fistula: fistula associated with multiple
tracts, horse shoe fistulas, recurrent fistulas, anterior
fistula in females, fistula with long tracts, fistula
with supralevator blind extension (not with high
rectal opening), fistula associated with abscess/pus
collections and fistula where no definite internal
opening could be localized intraoperatively (Figures 4, 5,
6, 7 and 8).
The PERFACT procedure was quite effective in
horseshoe fistula and fistula with multiple tracts.
About half of the fistula (50.1%) in our series had a
horseshoe fistula and the cure rate was 76.2% (16/21)
(Table 2) (Figures 4 and 5). In fact, one of the patients
presented with a double horseshoe intersphincteric
abscess which encircled the rectum circumferentially.
This patient was also cured by this procedure (Figure
5). About 53% of patients had multiple tracts and the
success rate in this subgroup was 71.4% (15/21). One
of the patients had eight external openings and he
underwent this procedure successfully (Figure 8).
In fistula with an associated abscess, the abscess
was drained and the PERFACT procedure was carried
out as described. There was no need to make a large
incision as the setons and regular cleaning of the
cavity in the postoperative period ensured that there
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was no recollection and good healing ensued. In our
series, 41.2% patients presented with an abscess or
had an associated significant abscess (Table 1). The
PERFACT procedure was done as the definitive first
line procedure and the cure rate was 72% (Table 2;
Figures 4, 5 and 7).
The PERFACT procedure was effective in fistula
cases where no definite internal opening could be
localized intraoperatively. Failure to identify the internal
opening during the operation perhaps happens because
of the temporary closure of the internal opening due
to debris or the oblique course of the collapsible tract
through the sphincters. As in the literature, this can
[8]
happen in up to 15-20% of cases . In our series, this
happened in 15.7% (8/44) of cases (Table 1). This
procedure worked quite successfully in 87.5% (7/8)
of such cases in our series (Figure 5) (Table 2). As the
MRI was done preoperatively in every case, it helped
to localize the tracts in the majority of cases and gave
a reasonable idea of where the tract was coursing
towards the rectum. This information along with the
intraoperative examination findings (induration of the
sphincter complex in the region of internal opening)
helped to determine the possible site of the internal
opening. At that place, the superficial cauterization
was done. In two patients, the MRI picture created
doubt that the tracts could be going both anteriorly
and posteriorly and hence superficial cauterization was
done at both places (Figure 5). Superficial cauterization
was a safe step to do. Although it created a wound,
it was not associated with any risk of incontinence as
the wound was quite superficial. Therefore, in case of
confusion/doubt, superficial cauterization can be done
at two places.
This procedure was also effective in fistula with
supralevator extension (blind). The procedure
was carried out as described. The position of the
supralevator tract was carefully assessed on MRI and
intraoperatively this tract was carefully curetted while
keeping a finger in the rectum (to avoid injuring the
rectal wall). During the postoperative dressings, the
supralevator tract was regularly cleaned for at least
2-3 wk (or as needed). While doing so, a finger was
inserted in the rectum to avoid any injury. In our
series, it was effective in providing cure in 75% of
patients (3/4) with supralevator extension (Figure 6).
With careful postoperative management, most of
the fistulas healed between 4-10 wk. In 9 (20.5%)
patients, the procedure failed. The internal opening
did not close and one or multiple tracts failed to heal.
The likely reason was inability to regularly clean all the
tracts postoperatively, leading to a collection in one of
the tracts. This perhaps prevented the tracts as well
as the internal opening from healing. Four (9%) of the
patients had persistent serous/watery discharge for a
prolonged period (10-16 wk). This happened in cases
with long fistula tracts. The cauterized wound in the
anal canal and the internal opening healed quite well in
these cases, leading to the cessation of pus formation.
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However, the serous drainage was perhaps due to the
re-epithelialization of the outer portion of the tract.
We did gentle curettage of the tract in the office under
topical anesthesia (lidocaine gel) and it helped to close
the recalcitrant tract. However, multiple curettings
were needed in two cases.
There are certain patients in whom the internal
opening is enlarged/widened due to previous surgical
interventions (like tightening setons). In these patients,
proximal superficial cauterization fails or takes much
longer to heal. In this subgroup, an advancement flap
plus the intensified mechanical cleaning of the fistula
tract could be a better option.
The PERFACT procedure adds a potentially useful
treatment option to our armamentarium against
complex fistula-in-ano. It complements the mucosal
advancement flap, anal fistula plug, OTSC proctology,
LIFT, VAAFT and glue procedures. The PERFACT
procedure is simple and associated with lower morbidity
and minimal risk of incontinence. Compared to a
mucosal advancement flap, the PERFACT procedure
is technically less demanding. Unlike an anal fistula
[9,10]
plug, laser-FiLaC and OTSC proctology procedure
,
the PERFACT procedure can be done as a definitive
procedure in fistula patients presenting with an acute
abscess or collection. Unlike other existing procedures,
the PERFACT procedure can be done in patients where
the internal opening cannot be definitely localized.
Lastly, unlike fistulotomy and cutting tightening setons,
the PERFACT procedure is associated with a minimal
risk of incontinence.
The PERFACT procedure has certain distinct
advantages. It is associated with the least risk of
incontinence, morbidity is minimal, pain is not much
and the patient is able to resume normal activities
within 1-2 d of the operation. It has a high success
rate in all types of complex fistula-in-ano, including
horseshoe fistula, recurrent fistula and fistula with
multiple tracts. It is effective in highly complicated
cases where the other procedures do not work well,
such as fistula with supralevator extension, fistula with
associated abscess and fistulas where the internal
opening cannot be localized. Moreover, the PERFACT
procedure can be done as the first line definitive
procedure in fistulas presenting with an anorectal or
ischiorectal abscess (rather than doing an incision
and drainage initially and a definitive procedure
later). Another advantage of this procedure is its cost
effectiveness. No expensive equipment/gadget is
required, operation duration is 15-30 min and hospital
stay is only 12-24 h (can be done as a day care
procedure). As there is minimal incision/cutting, there
is very little scarring and distortion of the anatomy.
Last but not the least, this procedure is quite simple to
do and reproduce.
The procedure has its limitations. The PERFACT
procedure is not effective in cases where a suprale
vator tract has a high rectal opening. It is also not
indicated in low fistula where there is no sphincter
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emptying regularly fistula tracts and curettage of tracts. In proximal superficial
cauterization, proximal implies that only the lower part of the anal canal is
cauterized (as the internal opening is usually located at the dentate line) and
superficial implies that only the mucosa and few medial fibers of the internal
sphincter are cauterized, leaving the majority of the internal sphincter and
complete external sphincter intact.

involvement. Secondly, meticulous postoperative care
is required, especially for the first two weeks. Although
most of the patients are back to their normal routine
the first day after the operation, they need to come
for twice daily follow-up for at least ten days. Active
participation/cooperation is needed from a relative/
acquaintance. In our country, teaching a relative
(spouse in the majority of cases) was an economically
viable and acceptable option. Thirdly, the problem
of prolonged serous discharge adds to the morbidity
in few patients. Lastly, the long term follow-up (> 3
years) results are awaited.
To conclude, the PERFACT procedure is a simple
novel method to treat complex and highly complex anal
fistula. This includes fistula-in-ano with multiple tracts,
horse shoe fistulas, recurrent fistulas, anterior fistula
in females, supralevator fistula, fistula where internal
opening cannot be localized and as a first line definitive
procedure in patients with fistula-in-ano presenting with
ischiorectal or perianal abscess. However, long term
multicenter trials are needed with larger numbers of
patients to substantiate these findings.
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Abstract
AIM: To determine the value of computed tomographic
angiography (CTA) for diagnosis and therapeutic
planning in lower gastrointestinal (GI) bleeding.
METHODS: Sixty-three consecutive patients with
acute lower GI bleeding underwent CTA before
endovascular or surgical treatment. CTA was used to
determine whether the lower GI bleeding was suitable
for endovascular treatment, surgical resection, or
conservative treatment in each patient. Treatment
planning with CTA was compared with actual treatment
decisions or endovascular or surgical treatment that
had been carried out in each patient based on CTA
findings.
RESULTS: 64-row CTA detected active extravasation of
contrast material in 57 patients and six patients had no
demonstrable active bleeding, resulting in an accuracy
of 90.5% in the detection of acute GI bleeding (57 of
63). In three of the six patients with no demonstrable
active bleeding, active lower GI bleeding recurred
within one week after CTA, and angiography revealed
acute bleeding. The overall location-based accuracy,
sensitivity, specificity, positive predictive value (PPV)
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and negative predictive value (NPV) for the detection of
GI bleeding by 64-row CTA were 98.8% (249 of 252),
95.0% (57 of 60), 100% (192 of 192), 100% (57 of
57), and 98.5% (192 of 195), respectively. Treatment
planning was correctly established on the basis of
64-row CTA with an accuracy, sensitivity, specificity,
PPV and NPV of 98.4% (248 of 252), 93.3% (56 of 60),
100% (192 of 192), 100% (56 of 56), and 97.5% (192
of 196), respectively, in a location-based evaluation.

optimal treatment. However, there is considerable
controversy regarding the best modality for the initial
diagnosis of acute lower GI bleeding.
The current literature suggests that colonoscopy
is usually preferred, but the procedure in most cases
is technically difficult due to fresh blood or feces;
moreover, it is more often a diagnostic rather than a
[4,5]
therapeutic modality . Over the past few decades,
mesenteric angiography and embolization of the
bleeding vessels have slowly been accepted as an
integral part in the management of patients with
[6-10]
acute lower GI hemorrhage
. However, these
procedures are more invasive and require a longer
time to perform compared with investigations such as
computed tomography (CT). Moreover, colonoscopy
and angiography can be relatively inaccessible
outside of normal working hours, particularly in some
countries or regions due to lack of trained personnel or
infrastructure.
Recently, helical computerized tomography has
increasingly been used to compare the sensitivity
and specificity of computed tomography angiography
(CTA) to digital subtraction angiography (DSA)
as screening tools for the detection of acute GI
[11-15]
bleeding
. However, the use of CTA in the diagnosis
and preoperative planning of acute GI bleeding has
received little attention. Therefore, the purpose of the
present study was to determine the clinical value of
64-row CTA in the diagnosis and therapeutic planning
of patients with acute lower GI bleeding compared
with conventional angiography.

CONCLUSION: 64-row CTA is safe and effective
in making decisions regarding treatment, without
performing digital subtraction angiography or surgery,
in the majority of patients with lower GI bleeding.
Key words: Gastrointestinal bleeding; Digital subtraction
angiography; Surgical resection; Computed tomography
angiography; Embolization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The best modality for the initial diagnosis of
acute lower gastrointestinal bleeding (GI) bleeding
is controversial. We determined the clinical value of
computed tomography angiography (CTA) for diagnosis
and therapeutic planning in patients with lower GI
bleeding. Sixty-three consecutive patients with acute
lower GI bleeding underwent CTA before endovascular
or surgical treatment. We found a high overall
location-based accuracy, sensitivity, and specificity
for the diagnosis and therapeutic planning of acute
GI bleeding. We suggest that 64-row CTA is safe and
effective in diagnosis and therapeutic planning, without
performing digital subtraction angiography or surgery,
in patients with lower GI bleeding.

MATERIALS AND METHODS
Study design

The institutional review board approved the study
protocol, and patients or qualifying family members
provided informed consent before participation. From
June 2010 to June 2014, 63 consecutive patients
with suspected acute lower GI bleeding detected by
CTA underwent interventional embolization, surgical
resection or conservative treatment. DSA or surgery,
regarded as the gold standard, was performed after
CTA to confirm the diagnosis of lower GI bleeding.
The patients included 37 men and 26 women aged
18-89 years (median age, 66 years). Acute GI bleeding
was defined as hematemesis, melena, or hematochezia
that occurred 24 h prior to CTA. Massive bleeding was
considered to have occurred if either of the following
two criteria was met: the patients required transfusion
of at least 4 units of blood during a 24-h period in
the hospital, or they were hemodynamically unstable
(hypotension with systolic blood pressure < 90 mmHg).
The causes of lower GI tract bleeding (n = 63) were
stress ulceration (n = 7), diverticulum (n = 18), trauma
(n = 26), arteriovenous malformation (AVM, n = 4),
angiodysplasia (n = 1), stromal tumor of the GI tract
(n = 1), Crohn’s disease (n = 3), colon cancer (n = 1),
nonspecific colitis (n = 1), and unknown (n = 1).

Ren JZ, Zhang MF, Rong AM, Fang XJ, Zhang K, Huang
GH, Chen PF, Wang ZY, Duan XH, Han XW, Liu YJ. Lower
gastrointestinal bleeding: Role of 64-row computed tomographic
angiography in diagnosis and therapeutic planning. World J
Gastroenterol 2015; 21(13): 4030-4037 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i13/4030.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i13.4030

INTRODUCTION
Lower gastrointestinal (GI) bleeding, defined as a
bleeding source below the ligament of Treitz in the
duodenum, is responsible for approximately 20% of
[1]
all GI bleeding . Although up to 90% of acute lower
GI hemorrhage stops spontaneously without any in
tervention, a small proportion of these patients will ex
perience exsanguinating hemorrhage and will require
[2,3]
invasive procedures to control the bleeding . Lower
GI bleeding is a common surgical or interventional
emergency requiring immediate diagnosis to determine
the site and cause of bleeding in order to provide
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Image acquisition

Table 1 Summary of 64-row computed tomographic
angiography findings according to anatomic location

All CTA examinations were performed using a 64-row
CT scanner (LightSpeed VCT or Discovery CT750 HD,
GE Healthcare, United States). The smart preset scan
technique was used for enhancement CTA with the
following parameters: 0.625 mm × 64 slice, 120 kVp,
100-600 mA, 1.375:1 helical pitch, and an acquisition
time of 30.6 s. The standard dosage for enhancement
CTA was 0.7 mL/kg body weight in addition to 40
mL normal sodium, and the contrast material was
administered using a power injector at a rate of 4
mL/s through a 22-gauge needle into the antecubital
vein. When the concentration of contrast medium
in the ascending aorta was 100 HU, the CT scanner
automatically scanned from the diaphragmatic dome
to the pubic symphysis and collected images. The
acquired image data sets were then transferred to
a workstation (GE AW4.3 or GE AW4.3, GE Medical,
United States), where 3D image reconstruction,
including oblique, coronal and sagittal maximumintensity projection (MIP), multiplanar reconstruction
(MPR), and three-dimensional volume-rendered
(VR) images of the GI tract and abdominal vascular
structures, were performed with a 732 × 732 matrix.
With arterial phase 64-row CT, the following
two features were considered diagnostic of lower
GI bleeding: (1) the presence of contrast material
extravasation in the bowel lumen; and (2) extravasated
contrast material with an attenuation level greater than
90 HU.

Location

Acute lower GI bleeding
absent (n = 192)

True-positive False-negative True-negative False-positive
findings
findings
findings
findings
Jejunum
Ileum
Colon
Rectum
Total (n = 252)

15
29
12
1
57

1
2
0
0
3

47
32
51
62
192

0
0
0
0
0

1

According to the results of conventional angiography or surgery. Data are
the numbers of anatomic locations. GI: Gastrointestinal.

treatment were made by consensus by the attending
surgeon and interventional radiologists. There were
four treatment options: (1) embolization with coils or
glue; (2) surgery; (3) unsuccessful attempt to place
coils or surgical resection, no further therapy; and
(4) conservative treatment. Treatment methods and
treatment criteria based on CTA are shown in Table 1.
In our hospital, surgical resection is considered
first-line treatment for lower GI bleeding. Surgical
resection was considered when lower GI bleeding was
confirmed by CTA and associated with diverticular
disease, angiodysplasia or AVM, malignancy or
bowel ischemia. In patients with massive bleeding,
endovascular embolization was often needed to stop
bleeding with subsequent radical surgical resection of
the lesions.
Patients were considered for endovascular embo
lization when lower GI bleeding was confirmed by CTA
and associated with stress ulceration or trauma.
Patients were considered suitable for conservative
treatment when they had no lower GI bleeding on
CTA, had lower GI bleeding that was too difficult for
endovascular treatment or surgical resection, or when
the treatment had been unsuccessful.

Image review

Three observers were blinded to all clinical, DSA and
surgical data. They independently analyzed all CTA
datasets on an offline workstation from multiple onscreen viewing angles. The source images, MIPs,
MPR, and VR were presented on-screen, thus allowing
adjustment of the appropriate threshold of the window
width and level. In the presence of interobserver
discrepancies in the detection of lower GI bleeding, a
consensus or a majority decision was obtained. Two
radiologists (K.Z. and G.H.H.) with 7 and 2 years of
experience of abdominal CT, respectively, analyzed
the CT images. Final decisions regarding the CT
findings were made by consensus. In 56 patients,
both observers independently reached the same
interpretation. In the remaining seven patients, a
decision was reached by consensus.
For this assessment, the location of lower GI
bleeding was recorded in the following anatomic
locations: jejunum, ileum, ascending colon, transverse
colon, descending colon, and rectum. The locations
of active bleeding were individually recorded by two
authors.

Statistical analysis

The categorical demographic and basic characteristic
variables, expressed as numbers and percentages,
2
were compared using the χ test. Continuous variables
were expressed as mean ± SD and compared using an
unpaired t test, if normally distributed. The calculation
of sensitivity, specificity, accuracy, PPV and NPV for the
detection of acute lower GI bleeding with 64-row CTA
was performed on the basis of a per location analysis
in relation to results at angiography or surgery. For
the purposes of statistical analysis, a true-positive
finding was defined as depiction on 64-row CTA of
the presence of contrast material extravasation when
the results of angiography were positive for active
bleeding. A false-positive finding was defined as
depiction on 64-row CTA of the presence of active
bleeding that was not detected at angiography. A
true-negative finding was defined as the lack of
identification of a bleeding focus on 64-row CTA

Treatment planning with 64-row CTA

After diagnostic CTA, treatment decisions regarding
interventional embolization with coil and/or gelatin
sponge or glue, surgical resection or conservative
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A

B

C

D

Figure 1 Images from a 36-year-old woman with a history of abdominal trauma (hemoglobin, 7.1 g/dL; hematocrit, 24.5%). A: 64-row computed tomography
angiogram in arterial phase showed a focus of extravasation in the ileum (arrow); B: Active bleeding site was found on conventional angiography; C, D: Postembolization angiography confirmed complete occlusion of the active gastrointestinal bleeding with coils (arrow).

strable active extravasation of contrast material.
During 64-row CTA, contrast material extravasation
was identified in the jejunum in 17 patients, in the
ileum in 33 patients, in the colon in 12 patients, and
in the rectum in one patient. Of these 57 patients with
contrast material extravasation depicted on 64-row
CTA, findings at angiography or surgery confirmed
acute GI bleeding in all 57 patients. In three patients,
angiography revealed acute duodenal bleeding that
was not detected on 64-row CTA (false-negative
64-row CTA findings). Thus, the overall patient-based
accuracy of 64-row CTA in the detection of acute GI
bleeding was 90.5% (57 of 63). In 57 patients in
whom 64-row CTA depicted extravasation of contrast
material, the mean attenuation level was 276 HU
(attenuation range, 115-378 HU).
We evaluated 252 anatomic locations in 63 patients
for the presence or absence of acute GI bleeding
(Table 1). The overall location-based accuracy,
sensitivity, specificity, PPV and NPV for the detection
of GI bleeding by 64-row CTA were 98.8% (249 of
252), 95.0% (57 of 60), 100% (192 of 192), 100%
(57 of 57), and 98.5% (192 of 195), respectively. Of
the 252 locations evaluated, 57 had evidence of acute
GI bleeding on both 64-row CTA and angiography or
surgery (true-positive CTA findings) (Figure 1). In
three cases without evidence of acute GI bleeding on
64-row CTA, findings were positive at angiography
(false-negative findings).
64-row CTA had an accuracy of 100% for localization

images when the results of angiography were negative
for active bleeding. A false-negative finding was
defined as depiction on 64-row CTA of the absence of
active bleeding despite detection of active bleeding at
angiography. The diagnostic performance parameters
of CTA for the diagnosis of lower GI bleeding compared
with those of DSA or surgery (that is, accuracy,
sensitivity, specificity, PPV and NPV) were expressed as
percentages.
A good correlation from the prospective 64-row
CTA protocol was defined as treatment planning by
radiologists or surgeons based on CTA that correlated
with the actual treatment decision or treatment
performed by the interventional radiologists or surgeon
based on CTA. A deviation from the protocol was
defined as treatment planning by the radiologists or
surgeon based on CTA that was changed or differed
from the actual treatment decision or procedures
performed by the interventional radiologists or surgeon
based on DSA. On the basis of this dichotomization,
accuracy, sensitivity, specificity, PPV and NPV were also
calculated. Statistical analyses were performed using
SPSS (version 13.0, SPSS Inc., Chicago, IL, United
States).

RESULTS
Diagnostic performance of CTA

64-row CTA detected active extravasation of contrast
material in 57 patients and six patients had no demon
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A

B

C

D

Figure 2 Images from a 64-year-old man with acute ileal bleeding (hemoglobin, 7.4 g/dL; hematocrit, 23.7%). A, B: Axial and coronal computed tomography
angiograms in arterial phase showed a focus of active extravasation (arrow) at the distal ileum; C: Superior mesenteric angiography prior to surgical resection
confirmed the active extravasation (arrow); D: Emergency surgery was required 2 d after bleeding, and the resected specimen confirmed a diverticulum (arrow) at the
distal ileum.

conservative treatment. In three of 6 patients who
received conservative treatment, active lower
GI bleeding recurred within one week after CTA
examination, and angiography revealed acute lower
GI bleeding that was not detected on 64-row CTA
(false-negative findings). Embolization was performed
in three patients. In one patient with colon cancer,
surgical resection could not be performed due to
massive bleeding and endovascular embolization was
carried out (false-negative finding). Treatment planning
was correctly established on the basis of 64-row CTA
with an accuracy, sensitivity, specificity, PPV and NPV
of 98.4% (248 of 252), 93.3% (56 of 60), 100% (192
of 192), 100% (56 of 56), and 97.5% (192 of 196),
respectively, in a location-based evaluation (Table 3).

Table 2 Assessment of treatment planning with computed
tomographic angiography and actual treatment performed
based on computed tomographic angiography in patients with
lower gastrointestinal bleeding
Treatment method
Endovascular
treatment
Surgical resection
Conservative treatment

Treatment planning by
CTA

Actual treatment
performed

32

36

25
6

24
3

CTA: Computed tomographic angiography.

of acute GI bleeding. The site of contrast material
extravasation on 64-row CTA images corresponded
exactly with the angiographically or surgically depicted
site of bleeding in all patients in whom a focus of
bleeding was detected on 64-row CTA.

DISCUSSION
Lower GI bleeding may involve the small bowel,
colon, and rectum, and carries a mortality rate of
[16]
3.6% . Lower GI bleeding is less common than
upper GI bleeding and accounts for approximately
[17,18]
30% of all GI bleeding
. Lower GI bleeding tends
[19]
to affect more elderly patients than young patients .
Common causes of lower GI bleeding are diverticular
disease, angiodysplasia, neoplasms, colitis, and benign
[16,17,20]
anorectal lesions
.
Many diagnostic approaches are available to detect
and locate the source of lower GI bleeding, each with

Treatment planning following 64-row CTA

When actual treatment decisions were compared
with treatment performed based on DSA or surgery,
a good correlation with the prospective CTA protocol
was obtained in all patients (Table 2, Figure 2). Of the
63 patients with acute lower GI bleeding on 64-row
CTA, treatment planning in 32 patients consisted of
coils and/or gelatin sponge or glue, 25 patients were
managed with surgical resection, and the remaining
6 patients with no acute lower GI bleeding received
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anatomy facilitates rapid catheterization of the source
mesenteric trunk, directs subselective mesenteric
catheterization, and obviates the need for aortography.
Evaluation with CTA may also demonstrate the etiology
of the bleed or additional unsuspected pathology that
may require deviation from customary management.
Conversely, when active hemorrhage is excluded by
CTA, temporarily deferring angiography and continuing
supportive care appears safe with no adverse events
directly attributable to angiographic deferment in our
series. This may prevent unnecessary invasive tests or
mobilization of the surgical or interventional radiology
team. Therefore, we propose that CTA should be
adopted in the clinic as the first-line examination for
the evaluation of acute lower GI bleeding.
This prospective study was based on our
hypothesis that CTA could replace DSA or surgery as
a reliable diagnostic and pretreatment planning tool
for patients with lower GI bleeding. The results of
our study indicated that arterial phase 64-row CTA is
highly accurate for both detection and localization of
acute massive lower GI bleeding. For the detection
of acute GI bleeding, 64-row CTA had a sensitivity of
95.0% and a specificity of 100%, and for treatment
planning, 64-row CTA had a sensitivity of 93.3% and
a specificity of 100%. Although there were three falsenegative diagnoses, we found that 64-row CTA not
only accurately identified the presence of lower GI
bleeding, but also demonstrated a good correlation
with DSA or surgery in treatment planning for lower
GI bleeding. It appears that treatment planning on the
basis of CTA, before DSA or surgery, is a feasible and
effective option for patients with lower GI bleeding.
Although there have been many reports in the
literature assessing the validity of CTA as a diagnostic
[11-15]
technique for the detection of lower GI bleeding
,
few have evaluated the clinical implications of a
protocol that uses CTA instead of DSA or surgery as
a diagnostic and pretreatment planning tool. If CTA
is to serve as a non-invasive replacement for DSA
or surgery in pretreatment planning, it must provide
precise visualization of the location of the lower GI
bleeding and its surrounding structures. In addition,
it is essential to identify the cause of bleeding and
the bleeding artery before performing endovascular
treatment or surgical resection. A combination of the
patient’s history and CTA results showed that the cause
of bleeding in most patients was clearly known prior to
surgical or interventional management. For instance,
four patients with AVM, one with angiodysplasia, one
with stromal tumor of the GI tract, two with Crohn’s
disease, one with colon cancer, and 16 with diverticular
bleed were treated surgically without angiographic or
endoscopic intervention.
The overall sensitivity and specificity of CTA in the
detection of GI hemorrhage in our series was 95% and
100%, respectively. These values are similar to the
[12]
recently published data by Yoon et al
(sensitivity,
[12]
90.9%; specificity, 99%). Yoon et al
demonstrated

Table 3 Summary of actual treatment performed according
to anatomic location
Location

Endovascular or surgical
treatment (n = 60)

Conservative treatment
(n = 192)

True-positive False-negative True-negative False-positive
findings
findings
findings
findings
Jejunum
Ileum
Colon
Rectum
Total (n = 252)

15
29
11
1
56

1
2
1
0
4

47
32
51
62
192

0
0
0
0
0

[17]

its own advantages and weaknesses . Although
endoscopy is considered to be the first-line diagnostic
modality for lower GI bleeding, endoscopy often fails to
depict the exact focus of bleeding when excessive blood
[21]
or clots impair visualization . Capsular endoscopy is
a relatively new method for establishing the cause of
small bowel bleeding, but is not useful in an urgent
[22]
situation . Although colonoscopy is frequently used
in lower GI bleeding, its value in the diagnosis of
massive bleeding remains controversial, and appears
to be most efficacious only when massive bleeding
[23]
has stopped, allowing time for a bowel preparation .
Radionuclide imaging is noninvasive, simple to
perform, sensitive, and has the ability to carry out
delayed scans up to 24 h after radioisotope injection to
detect re-bleeding, but it is a time-consuming method
[24]
with a high false localization rate of up to 22% .
Catheter-directed angiography is considered accurate
in the diagnosis of acute GI bleeding, and may be
employed advantageously for immediate therapeutic
[25]
transcatheter embolization . However, it is an
invasive procedure, and negative results are common
in patients with a stable hemodynamic status, slower
GI bleeding or no active bleeding present at the time
[26]
of contrast material administration . Therefore, fast
and accurate detection, and localization of the bleeding
source are crucial for effective hemostatic treatment in
patients with rapid acute massive lower GI bleeding.
Recent technical advances in CT have led to
the increased use of CTA as a first-line modality
in the detection and localization of GI bleeding,
[27-30]
particularly within the lower GI tract
. 64-row
CTA allows thinner collimation, faster scanning times,
greater anatomic coverage and better multi-planar
reformatted (MPR) images, which have greatly
expanded the diagnostic role of CTA for various
pathologic processes. CTA provides several distinct
advantages over nuclear scintigraphy and catheter
angiography: CTA is readily available at all times
and has been shown to detect rates of bleeding
greater than the threshold of first-order selective
[11-15]
mesenteric angiography
. When positive, 64-row
CTA provides precise anatomic localization of the
bleeding site as well as an exquisite map of the
mesenteric vasculature. Preoperative knowledge of
the bleeding site and the patient’s mesenteric vascular
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clinical value of CTA for diagnosis and therapeutic planning in patients with
lower GI bleeding.

that arterial phase CTA performed well in patients
with massive GI hemorrhage in their prospective
series of 26 patients. These authors found that the
results of their study indicated that arterial-phase
64-row CTA is highly accurate for both the detection
(sensitivity of 90.9% and specificity of 99%) and
localization (accuracy of 100%) of acute massive GI
bleeding as compared with angiograms performed in
all patients with GI bleeding. In addition, 64-row CTA
had an accuracy of 100% for localization of acute GI
bleeding. The site of contrast material extravasation
on 64-row CTA scans corresponded to the site of
bleeding identified on angiograms or surgical resection
in patients with acute GI bleeding. This agreement
is of particular importance in the performance of
angiography and subsequent embolization procedures
in critically ill patients with acute massive lower GI
[12]
bleeding .
The present study had some limitations. Firstly, this
was a single-center study, and the patient population
was relatively small. The small sample prevents us
from generalizing the results. Secondly, the risks of
CTA scanning are minor and arise from exposure of
the patient to ionizing radiation and the administration
of intravenous contrast material. Thirdly, CT artifacts
can obscure contrast material extravasation in the
bowel lumen which may be misdiagnosed as acute GI
bleeding. Lastly, intermittent GI hemorrhage, even in
cases of massive bleeding, is not uncommon, and CTA
may fail to depict any abnormalities during periods
[12]
of quiescence . This phenomenon of intermittent
hemorrhage may account for the false-negative CT
angiograms reported in this study. Therefore, repeated
CTA or catheter angiography is often necessary before
a bleeding source is definitively localized. In addition,
there was a lack of a true gold standard for comparison
in three negative CTA cases, as most were successfully
observed without additional intervention and the exact
site of hemorrhage was never determined.
In conclusion, our findings suggest that 64-row CTA
could act as an accurate first-line screening method
for the detection and localization of acute lower GI
bleeding sites. The procedure is safe and effective
for making decisions regarding treatment, without
performing DSA or surgery, in the majority of patients
with lower GI bleeding.

Innovations and breakthroughs

CTA was used as a diagnostic and preoperative planning tool in patients with
lower GI bleeding. The results of 64-row CTA were compared with those of DSA
and surgical resection. This is the first study to determine the value of CTA for
diagnosis and therapeutic planning in lower GI bleeding.

Applications

64-row CTA could act as an accurate first-line screening method for the
detection and localization of acute lower GI bleeding sites. The procedure was
safe and effective for making decisions regarding treatment, without performing
DSA or surgery, in the majority of patients with lower GI bleeding.

Terminology

GI bleeding, defined as a bleeding source below the ligament of Treitz in the
duodenum, is responsible for approximately 20% of all GI bleeding.

Peer-review

The authors present a nonrandomized prospective trial evaluating the value of
CTA for diagnosis and therapeutic planning in lower GI bleeding. The results
reveal a high overall location-based accuracy, sensitivity, specificity, and positive
and negative predictive values for the diagnosis and therapeutic planning in
patients with acute GI bleeding by 64-row CTA. These results suggest 64-row
CTA is safe and effective in making decisions regarding treatment on the basis
of CTA, without performing DSA or surgery, in the majority of patients with
lower GI bleeding and could act as an accurate first-line screening method for
detection and localization of acute lower GI bleeding sites.
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operators and keywords, which included “alcoholic
liver diseases”, “osteoporosis”, or “bone fractures”. The
prevalence of any fractures or osteoporosis, and bone
mineral density (BMD) were extracted and analyzed
using risk ratios and standardized mean difference
(SMD). A random effects model was applied.
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RESULTS: In total, 15 studies were identified and
analyzed. Overall, ALD demonstrated a RR of 1.944
(95%CI: 1.354-2.791) for the development of bone
fractures. However, ALD showed a RR of 0.849 (95%CI:
0.523-1.380) for the development of osteoporosis.
BMD was not significantly different between the ALD
and control groups, although there was a trend toward
lower BMD in patients with ALD (SMD in femur-BMD:
-0.172, 95%CI: -0.453-0.110; SMD in spine-BMD:
-0.169, 95%CI: -0.476-0.138). Sensitivity analyses
showed consistent results.
CONCLUSION: Current publications indicate significant
associations between bone fractures and ALD,
independent of BMD or the presence of osteoporosis.
Key words: Alcoholic liver diseases; Bone fractures;
Osteoporosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Excessive alcohol consumption is a wellestablished risk factor for osteoporosis and bone
fractures. However, light amounts of alcohol ingestion
is known to be associated with higher bone mineral
density (BMD) and low fracture rates. This study
evaluated the current evidence regarding osteoporosis
and bone fractures in alcoholic liver disease (ALD). In
this meta-analysis, there was significant associations
between bone fractures and ALD, independent of
BMD or the presence of osteoporosis. Although the

Abstract
AIM: To evaluate the association between alcoholic
liver disease (ALD) and bone fractures or osteoporosis.
METHODS: Non-randomized studies were identified
from databases (PubMed, EMBASE, and the Cochrane
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Selection criteria

mechanism of bone fractures in ALD is not totally
understood, further research utilizing a homogenous
population and controlling for confounding risk factors
for fractures could elucidate the mechanism.

Due to a lack of randomized-controlled studies relevant
to this topic, we included case-control or cohort studies
meeting all of the following criteria: (1) designed to
evaluate ALD in the target or control group; and (2)
included at least one outcome (prevalence of any
bone fractures, prevalence of osteoporosis, or BMD)
that enabled comparisons of osteodystrophy between
patients with ALD and the control group. The exclusion
criteria were as follows: (1) incomplete data; (2)
review article; or (3) abstract only (study not published
as full-text article).

Bang CS, Shin IS, Lee SW, Kim JB, Baik GH, Suk KT, Yoon JH,
Kim YS, Kim DJ. Osteoporosis and bone fractures in alcoholic
liver disease: A meta-analysis. World J Gastroenterol 2015;
21(13): 4038-4047 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/4038.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.4038

Selection of relevant studies

Two of the authors (C.S.B. and G.H.B.) independently
evaluated the eligibility of all studies retrieved from
the databases based on the predetermined selection
criteria. The abstracts of all identified studies were
reviewed to exclude irrelevant articles. Full-text
reviews were performed to determine whether the
inclusion criteria were satisfied by the remaining
studies. Disagreements between the two evaluators
were resolved by discussion or by consultation with a
third author (D.J.K.).

INTRODUCTION
Chronic excessive alcohol consumption is a wellestablished risk factor for low bone density and
[1]
bone fractures . This is included in the fracture risk
assessment tool (FRAX), which estimates the 10-year
probability of bone fractures combined with other
clinical risk factors and the bone mineral density
[2,3]
(BMD) of the femoral neck . It is assumed that the
decreases in bone mass and strength resulting from
heavy alcohol use are due to an imbalance between
[4]
bone formation and resorption . However, ingestion
of light or moderate amounts of alcohol is known to
be associated with higher BMD and decreased fracture
[5-15]
rates
, although conflicting results exist because
of inconsistent standards of classification of light,
[13,16]
moderate, or heavy alcohol consumption
.
Osteoporosis and bone fractures are frequently
overlooked complications in patients with chronic
[17]
liver disease that could result in serious outcomes .
However, the exact prevalence or mechanism of
osteodystrophy in patients with alcoholic liver disease
(ALD), the deleterious outcome of chronic alcohol
abuse, have not been described. The aim of this study
was to evaluate the association between ALD and bone
fractures or osteoporosis.

Assessment of methodological quality

The methodological quality of the enrolled studies
[18,19]
was assessed using the Newcastle-Ottawa Scale
.
This tool is categorized into three parameters: the
selection of the study population, the comparability of
the groups, and the ascertainment of the exposure or
outcome. Each parameter consists of subcategorized
questions: selection (n = 4), comparability (n = 1),
and exposure or outcome (n = 3). Stars awarded
for each item serve as a quick visual assessment for
the methodological quality of the studies. A study
can be awarded a maximum of nine stars, indicating
[18,19]
the highest quality
. The included studies were
classified as high-quality (≥ 7 stars) or low-quality
(< 7 stars). Sensitivity analyses were performed
according to the criteria described above.

MATERIALS AND METHODS

Main and modifier-based analyses

Literature search

We investigated the relationship between ALD and
bone fractures or osteoporosis using adjusted risk
ratios (RRs) and standardized mean difference (SMD).
The prevalence of any fractures or osteoporosis
assessed by radiologic examinations and BMD
assessed by dual-energy X-ray absorptiometry (DXA)
or dual-photon absorptiometry (DPA) were extracted
and analyzed. Osteoporosis was defined as a value for
BMD that was 2.5 standard deviations or more below
[20]
the reference range . We also performed sensitivity
analyses based on methodological quality (high or
low), the area measured to determine BMD (femoral
neck or spine), the type of control group (normal,
healthy control or chronic liver diseases other than

MEDLINE (through PubMed), EMBASE, and the
Cochrane Central Register of Controlled Trials (CENTRAL)
in the Cochrane Library were searched using common
keywords related to ALD, osteoporosis, and bone
fractures (from inception to April 2014). Medical Subject
Headings (MeSH) terminology was used because all 3
databases permit searching using MeSH terminology.
The keywords used included “alcoholic liver diseases”,
“osteoporosis”, or “bone fractures” using Boolean
operators. Only publications on human subjects were
searched, and the bibliographies of relevant articles
were also reviewed to identify additional studies. The
language of publication was not restricted.
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Records identified through
database searching (n = 332)
Pubmed (n = 136)
Cochrane library (n = 2)
Embase (n = 194)

Additional records
identified through hand
searching (n = 7)

Records after duplicates removed (n = 199)

Records screened (n = 199)
Records excluded (n = 143)
Full-text articles assessed for eligibility (n = 56)

Full-text articles excluded, with reasons
(n = 41)
Review article (n = 20)
Incomplete data (n = 20)
BMD of Z -score which cannot be
combined with T-score (n = 1)

Studies included in qualitative synthesis (n = 15)

Studies included in quantitative synthesis
(meta-analysis) (n = 15)

Figure 1 Flow diagram for identification of relevant studies.

ALD), and the effect size, excluding outliers whenever
possible. Both a cumulative analysis and a one-studyremoved analysis were also performed.

lower BMD than the control group. Heterogeneity was
2
tested using the I test, which measures the percentage
[29]
2
of total variation across studies . I was calculated as
2
follows: I (%) = 100 × (Q-df)/Q, where Q is Cochrane’
s heterogeneity statistic and df means the degree of
2
freedom. Negative values for I were set to zero, and an
2
I value over 50% was considered to be of substantial
[30]
heterogeneity (range of 0-100%) . Pooled RRs with
95%CIs were calculated using a random effects model
and the method of DerSimonian and Laird because
[31]
of methodological heterogeneity . These results
2
were confirmed again by the I test. A fixed effects
model using the inverse variance-weighted (Woolf’s)
method was used in the sensitivity analyses, including
cumulative and one-study-removed analyses, based on
the assumption of a common effect size shared by the
[32,33]
subgroup studies
. Significance was set at P = 0.05 in
both models. Publication bias was evaluated using Begg’
s funnel plot, Egger’s test of the intercept, Duval and
Tweedie’s trim and fill, and Begg and Mazumdar’s rank
[34-38]
correlation test
.

Unit of analysis

For the present evaluation, the independent study
was the primary unit of analysis. Thus, for the
studies that had multiple control groups (reported
[21-25]
multiple outcomes)
or multiple BMD measured
[23,26]
at the femoral neck or spine simultaneously
, an
approach with a shifting unit of analysis was used for
the determination of an independent estimate of the
[27]
effect . In these studies, the biggest effect sizes of
the control groups or the BMD were used.

Statistical analysis

Comprehensive meta-analysis software (version
2.2.064, Borenstein M, Hedges L, Higgins J and
Rothstein H. Englewood, NJ: Biostat; United States) was
used for this meta-analysis. We calculated the RRs with
95%CIs using 2 × 2 tables from the original articles
whenever possible to reveal the relationship between
ALD and bone fractures or osteoporosis. To compare
the BMD directly between patients with ALD and the
control groups, the SMD was also used as another
effect size calculation. SMD is the difference in mean
value between groups divided by the SD among the
populations. Therefore, even if the actual scales for BMD
are different across the articles, individual data can be
combined. SMD was calculated as follows: SMD = (M1 M2) / pooled SD, where M1 is the mean BMD in the ALD
[28]
group and M2 is the mean BMD in the control group .
A negative value of SMD means the ALD group has a
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RESULTS
Identification of relevant studies

Figure 1 shows a flow diagram of how relevant studies
were identified. A total of 339 articles was identified
by a search of 3 core databases and a manual search
of relevant bibliographies. In all, 140 duplicate studies
and an additional 143 studies were excluded during
the initial screening through a review of the titles and
abstracts. The full texts of the remaining 56 studies
were thoroughly reviewed. Among these studies, 41
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Statistics for each study
Study name

Risk ratio Lower limit Upper limit

Ninkovic 2000
Carey 2003
Diamond 1990
Wibaux 2011
González-Reimers 2011
Lindsell 1982

1.698
1.664
1.875
1.377
33.725
3.725
1.944

1.165
0.911
0.929
0.822
2.144
1.813
1.354

2.474
3.042
3.784
2.305
530.617
7.653
2.791

P value

2.757
1.656
1.755
1.215
2.502
3.580
3.605

0.006
0.098
0.079
0.224
0.012
0.000
0.000

Heterogeneity: χ = 9.462, df = 5 (P = 0.092); I = 47.157%
2

Risk ratio and 95%CI

Z value

2

0.1

Test for overall effect: Z = 3.605 (P < 0.001)

0.2

0.5
Control

1

2
5
10
Alcoholic liver diseases

Figure 2 Association between alcoholic liver diseases and bone fractures. The size of each square is proportional to the study’s weight. Diamond is the
summary estimate from the pooled studies with 95% CI. ALD: Alcoholic liver diseases;CI: Confidence interval (random effect model).

Association between ALD and bone fractures or
osteoporosis

were excluded from the final analysis. The reasons
for study exclusion during the final review were as
follows: review article (n = 20), incomplete data (n
= 20), or use of Z-score for BMD, which cannot be
combined with T-score (n = 1). The remaining 15 nonrandomized studies were included in the final analysis.

The overall association of ALD and bone fractures was
evaluated by a random effects model-based meta[39,41,42,44-46]
analysis of 6 studies
. Overall, ALD showed a
RR of 1.944 (95%CI: 1.354-2.791, P < 0.001) for the
development of bone fractures (Figure 2).
The relationship between ALD and osteoporosis
was assessed by a random effects model-based meta[23,26,43,45,47]
analysis of 5 studies
. ALD showed a RR
of 0.849 (95%CI: 0.523-1.380, P = 0.509) for the
development of osteoporosis (Figure 3).
To compare the BMD directly between patients with
ALD and the control groups, the authors performed
a random effects model-based meta-analysis of 7
[21,22,24,25,40,43,47]
studies
in which the BMD was measured
[21,22,24,25,40,41,43,45,47]
at the femoral neck and 9 studies
in
which the BMD was measured at the spine. BMD was
not significantly different between the ALD and control
groups, although there was a trend toward lower BMD
in patients with ALD (SMD in the femoral neck BMD:
-0.172, -0.453-0.110, P = 0.233; SMD in the spine
BMD: -0.169, -0.476-0.138, P = 0.282).

Characteristics of studies included in the final analysis

Within the 15 studies, we identified a total of 726
participants (313 patients with ALD vs 413 controls) in
the analysis of bone fractures, 470 participants (260
patients with ALD vs 210 controls) in the analysis
of osteoporosis, and 769 participants (391 patients
with ALD vs 378 controls) in the analysis of BMD. The
clinical characteristics of the enrolled studies are shown
in Table 1.
The enrolled studies were published between
1982 and 2011. Eight studies were conducted in
[21,25,39-44]
Europe
, whereas the remaining studies were
[22,23,45]
conducted in the United States (n = 3)
, Canada (n
[24]
[46]
[26]
= 1) , Australia (n = 1) , India (n = 1) , and Korea
[47]
(n = 1) . All 15 articles were written in English. The
study format of each study was as follows; cohort study
[21-26,39,40,42,45]
[41,43,44,46,47]
(10)
and case-control study (5)
.
Three studies included a normal healthy population as
[40,41,44]
the control group
, although the remaining studies
included patients with chronic liver diseases other than
[21-26,39,42,43,45-47]
alcoholic etiologies as the control groups
.
[22,25,26,42]
Among the included studies, 4 studies
had
ALD groups that consisted only of cirrhotic patients,
[44,47]
whereas 2 studies
included no alcoholic cirrhotic
[23,24,39,45,46]
patients, and in 5 studies
, the presence or
absence of cirrhosis was not specified.
As for the measurement of BMD, only 1 study
used DPA using Prodigy: DPX-NT /DPX-MD + (General
[22]
Electric, Milwaukee, WI) , and the remaining
[21,24,25,40,41,43,45,47]
studies
used DXA.
In terms of the methodological quality, the authors
classified the included studies as high-quality (≥ 7
[26,39,40,45-47]
stars) or low-quality (< 7 stars). Six studies
were classified as high-quality, whereas the remaining
[21-25,41-44]
9 studies
were classified into the low-quality
group (Table 2).
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Sensitivity meta-analysis

The cumulative meta-analysis of the enrolled studies
in the order of published year showed a decreasing
trend of RRs, but a consistent and statistically
significant increase in bone fractures. With regard to
osteoporosis, the cumulative meta-analysis of the
enrolled studies showed an increasing trend of RRs
that was consistently non-statistically significant.
For the measurement of BMD, cumulative metaanalyses of enrolled studies showed a decreasing
trend in SMD, although there was still no difference
in BMD vs the control group. The one-study-removed
meta-analyses of the enrolled studies also showed
consistent results.
[39,45,46]
In the sensitivity analyses of high-quality
and
[41,42,44]
low-quality
studies for bone fractures, consistent
results were noted (RR = 1.719, 95%CI: 1.285-2.299,
P < 0.001; RR = 2.058, 95%CI: 1.360-3.114, P =
0.001). Consistent results were also noted in the
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40 ALC, 48
Non-LC

49

90

39

All (39)

Overall
fractures

31

All (31)

All (67)

20

17

66

Unidentifiable

17

21

46

6

40

72

124

Vertebra

Overall
fractures

6

12

18

0

19

13

17

12

10

Control
fracture

Bone fractures
ALD Total
fracture ALD

51 ALC, 61
Non-LC

41 ALC, 30
Non-LC

All (17)

0

Predominantly
LC
Unidentifiable

Unidentifiable

Vertebra

Peripheral
bone

Unidentifiable

Unidentifiable

Rib or clavicle

Fracture site
0

LC in ALD

30 (normal
control)

60 (other
CLD)

43 (LC-HCV)

46 (viral CLD)

38 (normal
control)

69 (LC-HCV)

68 (HCV)

55 (HCV)

31 (other
CLD)

149 (normal
control)
75 (other
CLD)

Total control

16

9

4

12

5 (L), 4 (FN)

67

77

18

66

32

Total control

10

0

3

19

48 (viral LC)

28 (normal
control)

18 (normal
control)

68 (HCV)

15 (L), 5 (FN) 48 (other LC)

Control
osteoporosis

Osteoporosis
ALD
Total
osteoporosis ALD

Control BMD

T (L): -1.15 ± 1.18

3

T (L1-4): -1.51 ± 1.35,
T (FN): -1.31 ± 1.02
T (L1-4): -0.34 ± 1.46,
T (FN): -0.07 ± 1.45

T (LS): -1.17 ± 1.22,
T (FN): -1.24 ± 1.38

2

T (L): -0.56 ± 0.9

3

T (L1-4): -1.08 ± 1.35,
T (FN): -1.11 ± 1.07
T (L1-4): -0.83 ± 1.66,
T (FN): -0.56 ± 1.49

2
T (LS): -0.5 ± 0.86,
T (FN): -0.36 ± 1.34

T (L2-4): -1.17 ± 0.16, T (L2-4): 1.23 ± 0.25,
T (FN): 0.97 ± 0.18
T (FN): 0.98 ± 0.16
1
1
T (L): -1.2 ± 1.16,
T (L): -0.49 ± 0.89,
T (FN): -1.1 ± 1.28
T (FN): -0.5 ± 1.23

T (L2-4): 1.04 ± 0.14, T (L2-4): 1.131 ± 0.22,
T (FN): 0.844 ± 0.12 T (FN): 0.908 ± 0.15

T (L1-4): -0.94 ± 1.38, T (L1-4): -1.59 ± 1.6,
T (FN): -1.49 ± 1.15 T (FN): -1.66 ± 1.27
T (L1-4): -0.87 ± 1.61 T (L1-4): -1.43 ± 1.68

ALD BMD

Measured only in 23 patients for each group; 2Measured in 117 patients with ALD and 24 patients in control group; 3Measured in 85 patients with ALD and 28 patients in control group. LC: Liver cirrhosis; ALD: Alcoholic liver
disease; BMD: Bone mineral density; CLD: Chronic liver disease; Other CLD: CLD of etiology other than alcohol; L: Lumbar spine, FN: Femoral neck bone; Other LC: Liver cirrhosis of etiology other than alcohol; HCV: Chronic
hepatitis C.

1

Population characteristics

149 CLD (72 ALD, 77 non-alcoholic
CLD), 149 normal controls
Diamond et al[46]
115 CLD (M: 72, F: 43),
113 Controls (M: 52, F: 61)
Bonkovsky et al[23]
133 CLD (M: 70, F: 63,
Mean age: 47 ± 1.1)
Ninkovic et al[39]
37 CLD (6 ALD, 31 other CLD)
(M: 20, F: 17, Mean age: 51.3,
range: 32-65)
Ninkovic et al[21]
243 CLD (M: 128, F: 115,
Mean age: 51.1 ± 10.9)
Carey et al[45]
207 CLD (66 ALD, 73 HCV + ALD,
68 HCV) (M: 131, F: 76, Mean age:
51, range: 32-68)
Kim et al[47]
18 ALD (Mean age: 50.2 ± 9.5),
18 normal controls
(Mean age: 51.2 ± 14)
Sokhi et al[22]
104 CLD (M: 54, F: 50,
Mean age: 54.4 ± 12.9)
Alvisa-Negrín
77 ALD (M: 68, F: 9, Mean age:
et al[43]
50.43 ± 10.81), 28 normal controls
(M: 25, F: 3, Mean age: 49.83 ± 9.24)
González-Reimers 124 ALD (Mean age: 50.5 ± 11.23),
et al[40]
38 Controls
(Mean age: 48.47 ± 11.08)
Mitchell et al[24]
117 CLD (M: 74, F: 43,
Mean age: 50.4 ± 10.5)
Mahmoudi et al[25]
109 CLD (M: 72, mean age: 55.3 ±
11.4, F: 37, mean age: 65.2 ± 11)
Wibaux et al[42]
99 CLD (M: 79, F: 20,
mean age: 55 ± 8)
Choudhary et al[26]
115 LC (M: 107, F: 8,
mean age: 49 ± 5.5)
González-Reimers 90 ALD (Mean age: 50.14 ± 10.49),
et al[41]
30 normal controls
(Mean age: 50.11 ± 10.4)

Lindsell et al[44]

Ref.

Table 1 Clinical data of included studies
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Statistics for each study
Study name

Risk ratio Lower limit Upper limit

Carey 2003
Bonkovsky 1990
Choudhary 2011
Kim 2003
Alvisa-Negrín 2009

0.651
0.500
1.146
1.333
7.064
0.849

0.344
0.202
0.570
0.347
2.425
0.523

1.232
1.240
2.303
5.127
117.532
1.380

P value

-1.319
-1.496
0.383
0.419
1.363
-0.660

0.187
0.135
0.701
0.675
0.173
0.509

Heterogeneity: χ = 5.281, df = 4 (P = 0.26); I = 24.261%
2

Risk ratio and 95%CI

Z value

2

0.1 0.2
0.5    1
2
5
10
Control
Alcoholic liver diseases

Test for overall effect: Z = -0.66 (P = 0.509)

Figure 3 Association between alcoholic liver diseases and osteoporosis. The size of each square is proportional to the study’s weight. Diamond is the summary
estimate from the pooled studies with 95%CI. ALD: Alcoholic liver diseases; CI: Confidence interval (Random effect model).

Currently, DXA is recommended for the measure
[48]
ment or monitoring of BMD . A T-score measured by
DPA, a different tool for the measurement of BMD, could
result in significant bias. Thus, an analysis excluding
[22]
the study
that utilized DPA for the measurement
of BMD was performed. The sensitivity analysis for
BMD excluding the study that measured BMD by DPA
demonstrated results consistent with the full analysis
(SMD in femoral neck BMD: -0.157, -0.357-0.043, P =
0.123; SMD in spine BMD: -0.073, -0.234-0.088, P =
0.375).

Table 2 Methodological quality of included studies measured
by Newcastle-Ottawa scale
Study

Selection Comparability

Lindsell et al[44]
Diamond et al[46]
Bonkovsky et al[23]
Ninkovic et al[39]
Ninkovic et al[21]
Carey et al[45]
Kim et al[47]
Sokhi et al[22]
Alvisa-Negrín et al[43]
González-Reimers et al[40]
Mitchell et al[24]
Mahmoudi et al[25]
Wibaux et al[42]
Choudhary et al[26]
González-Reimers et al[41]

2
3
3
4
3
3
3
3
3
3
3
3
3
3
3

1

1
2
1
1

2
1

Exposure or Total
outcome
3
3
2
3
3
3
3
3
2
3
3
3
3
3
2

5
7
5
7
6
7
8
6
6
7
6
6
6
8
6

Analysis of publication bias

A funnel plot for the enrolled studies was asymmetrical.
Egger’s regression test revealed that the intercept was
2.442 [95%CI: -0.282-5.167, t-value: 2.489, df: 4, P =
0.034 (1-tailed) and P = 0.068 (2-tailed)]. A trim and fill
analysis showed that 1 study was missed or trimmed.
The rank correlation test showed a Kendall’s tau of 0.800
with a continuity correction [P = 0.012 (1-tailed) and P
= 0.024 (2-tailed)].
A funnel plot for the enrolled studies of the analysis
of the association between ALD and osteoporosis
is also asymmetrical. However, Egger’s regression
test revealed that the intercept was 1.644 [95%CI:
-2.081-5.368, t-value: 1.405, df: 3, P = 0.127 (1-tailed)
and P = 0.255 (2-tailed)]. A trim and fill analysis
showed that 2 studies were missed or trimmed. The
rank correlation test showed a Kendall’s tau of 0.300
with a continuity correction [P = 0.231 (1-tailed) and P
= 0.462 (2-tailed)].
In the evaluation of the BMD measured at the
femoral neck between the ALD and control groups,
the resulting funnel plot was of a symmetrical shape.
Egger’s regression test revealed that the intercept was
-3.701 [95%CI: -12.537-5.135, t-value: 1.076, df: 5,
P = 0.165 (1-tailed) and P = 0.331 (2-tailed)]. A trim
and fill analysis showed that no study was missed or
trimmed. The rank correlation test showed a Kendall’
s tau of -0.19 with a continuity correction [P = 0.274
(1-tailed) and P = 0.548 (2-tailed)].
In the evaluation of the BMD measured at the
spine between the ALD and control groups, the funnel
plot showed a symmetrical shape. Egger’s regression
test revealed that the intercept was -6.231 [95%CI:

sensitivity analysis of osteoporosis in both the high[26,45,47]
[23,43]
quality
and low-quality
studies (RR = 0.885,
95%CI: 0.568-1.381, P = 0.592; RR = 0.642, 95%CI:
0.271-1.523, P = 0.315).
When analyzing the included studies by the
characteristics of the control, the association between
ALD and bone fractures was statistically significant
both in studies utilizing the normal healthy population
[41,44]
as the control arm
(RR = 7.379, 95%CI:
1.001-54.391, P < 0.05) and studies with CLD (etiology
[39,42,45,46]
other than alcohol) serving as the control arm
(RR = 1.629, 95%CI: 1.265-2.099, P < 0.001).
In the analysis of the association between ALD and
[41]
bone fractures, the outlier
was noted to have an
effect size of 33.725 (RR) (Figure 2). After excluding
[41]
this outlier in the analysis of the association between
ALD and bone fractures, the result was unchanged
and was statistically significant (RR = 1.811, 95%CI:
1.370-2.395, P < 0.001).
For the association between ALD and osteoporosis,
[43,47]
studies using a normal, healthy control-arm
showed a RR = 1.908 (95%CI: 0.498-7.300, P =
0.346), and studies with CLD (etiology other than
[23,26,45]
alcohol) as a control arm
showed a RR = 0.751
(95%CI: 0.474-1.188, P = 0.221), which did not differ
from the general analysis (Figure 3).
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-12.759-0.296, t-value: 2.257, df: 7, P = 0.029
(1-tailed) and P = 0.059 (2-tailed)]. A trim and fill
analysis showed that no study was missed or trimmed.
The rank correlation test showed a Kendall’s tau of
-0.25 with a continuity correction [P = 0.174 (1-tailed)
and P = 0.348 (2-tailed)].
Overall, publication bias was detected in the
analysis of bone fractures and osteoporosis. However,
there was no evidence of publication bias in the
analysis of BMD.

effect size (vs ALD). Moreover, CLD is a complex
and vague terminology that cannot include specific
populations. ALD may include alcoholic fatty liver,
alcoholic hepatitis, and liver cirrhosis of alcoholic
origin. Despite the anticipated problems described
above, the main analysis and the sensitivity analyses
divided by control-group (normal population vs CLD)
showed consistent results regarding bone fractures,
osteoporosis, and BMD. The proportion of liver cirrhosis
in ALD was unidentifiable in most of the enrolled
studies. Future studies using homogenous populations
are needed to determine the applicability of these
results to the subpopulations of ALD or CLD.
Another modifier was the quality of the enrolled
studies. The included studies were classified as being
either in the high-quality (≥ 7 stars) or the low-quality
group (< 7 stars). This standard was decided by the
authors. The average number of stars awarded in 15
studies was 6.4 (Table 2). Of note, 8 studies were
awarded zero stars in the section of comparability.
Despite the pitfalls of methodological quality, the
sensitivity analyses divided by study quality showed
consistent results. High-quality studies are needed for
the wide application of these results.
During the main and sensitivity analyses, a
[41]
significant outlier
was observed. In the analysis
of the association between ALD and bone fractures,
the effect size of the outlier (RR = 33.725) was more
than 10 times the adjusted effect size (RR = 1.944)
(Figure 2). The analysis excluding the outlier showed
consistent results. The reason for the large effect size
of the outlier is postulated to be a methodological
problem. In this study, the presence of fracture was
[41]
recorded by anamnesis and chest X-ray film . This
inaccurate methodology could overestimate the rate
of bone fractures. Moreover, the quality measured by
NOS was low (6 stars) in this study.
In terms of the main mechanism behind the
pathophysiology of bone fractures and osteoporosis
in ALD, it is inferred that alcohol causes an imbalance
in bone remodeling with a predominant decrease in
[4,15,51]
bone formation
. Alcohol is known to cause direct
effects on the numbers and activity of osteoblasts and
[4]
osteoclasts . In addition to the direct effects of alcohol
on the osteoblasts and osteoclasts, many indirect
effects have also been reported. These indirect effects
are mainly linked to impaired nutrition, which leads
to weight loss, decreased fat and lean body mass,
and hormone alterations, which may change in bone
[4,15,51]
cell activity
. More recent studies indicated the
effects that alcohol have on bone mass may be due
to a suppression of the Wnt/DKK1 signaling pathway
[52,53]
through the stimulation of oxidative stress
. With
an accumulating body of evidence regarding the effects
alcohol has on the skeletal system, a more detailed
pathophysiology could be confirmed in the near future.
This study is the first meta-analysis examining
the association between ALD and bone fractures

DISCUSSION
In this meta-analysis, bone fracture was associated
with ALD, whereas osteoporosis was not associated
with ALD. This signifies that the fractures occurring
in patients with ALD could be BMD-independent
fractures. This result is consistent with the findings
[49]
of a previous meta-analysis by Kanis et al . This
study concluded that high intake of alcohol confers
a substantial risk for fractures and that this risk is
[49]
largely independent of BMD . However, there are
several considerations when interpreting the results
of these studies. The meta-analysis by John A. Kanis
[49]
et al aimed to quantify the fracture risk associated
with alcohol consumption in the normal population. As
demonstrated in previous studies, light to moderate
amounts of alcohol use decrease fracture rates and
increase bone density, which is contrary to the results
[5-15]
of heavy alcohol consumption
. This is known as
the threshold effect, indicating a J-shaped relationship
between alcohol consumption and fracture risk, which
[15]
was confirmed by another meta-analysis . However,
studies in the normal population have the problem
of spectrum bias. The proportion of heavy alcoholics
in the cohort dictates the threshold, and studies
with a low proportion of heavy alcohol users lack the
[49]
power required to examine this effect . Moreover,
these studies have the limitation of timing for alcohol
consumption measurement and self-reported alcohol
[15]
consumption, which could be inaccurate . Contrary
to the studies consisting of the normal population, our
study enrolled articles utilizing the ALD population.
Considering that ALD is the deleterious outcome
of chronic alcohol abuse, these limitations could be
minimized in our study.
In the present study, however, there was also
substantial methodological heterogeneity between
the enrolled studies, which had a potential effect on
the risk estimates. This phenomenon was evaluated
by sensitivity analyses for the confirmation of the
robustness of this meta-analysis. The most noticeable
modifier was the different populations used as
control groups among the enrolled studies. Previous
studies have suggested that metabolic bone disease
is prevalent in CLD, especially in cholestatic liver
[17,50]
disease
. Thus, studies with CLD as a control group
run the potential risk of reporting an underestimated
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Innovations and breakthroughs

or osteoporosis. The strength of this study is the
evaluation of 3 effect sizes. The main result was
confirmed, compared, and interpreted with regard to
the other effect sizes. Another strength of this analysis
is the selection of ALD for the study population. As
described above, biases from various standards
of alcohol consumption (light, moderate, heavy,
or binge drinking), inaccurate amounts of alcohol
consumption from self-reporting, and inconsistent
timing for the measurement of alcohol consumption
could be minimized. Potential modifiers were detected
whenever possible from the articles and evaluated
through the sensitivity analyses.
Despite its strengths, there are several limitations
within the present study. First, there was no conside
ration given to any potential confounders, which could
be influential to bone fractures and osteoporosis.
These include sex, age, menopausal status, bone
fracture history, family history of bone diseases or
fractures, smoking, medications such as corticosteroids
and body composition. However, most the important
confounder is assumed to be trauma, such as frequent
falls in patients with ALD. As noted in many studies,
this powerful but easily overlooked confounder should
be included via a thorough history in the studies
[4,15]
relevant to this topic
. Second, the NewcastleOttawa scale was used to assess the methodological
quality of the studies. This scale has been criticized for
[54]
its low agreement between authors and reviewers .
Alternative tools such as the risk of bias table by the
Cochrane group have been proposed as an alternative
approach. However, this particular tool has strength in
the evaluation of randomized studies, and poor inter[55]
rater agreement was also noted . Additional validated
and commonly used tools are needed.
In conclusion, current publications indicate a
significant association between bone fractures
and ALD, independent of BMD or the presence of
osteoporosis. Due to the qualitative and quantitative
heterogeneity among studies, further studies
utilizing homogenous populations and controlling for
confounding risk factors for fractures are needed to
elucidate the underlying mechanism of bone fractures
in ALD.

From the fifteen non-randomized studies, ALD demonstrated a RR =1.944
(95%CI: 1.354-2.791) for the development of bone fractures. However,
ALD showed a RR = 0.849 (95%CI: 0.523-1.380) for the development of
osteoporosis.

Applications

Current publications indicate significant associations between bone fractures
and ALD, independent of BMD or the presence of osteoporosis. Although the
mechanism of bone fractures in ALD is not totally understood, further research
utilizing a homogenous population and controlling for confounding risk factors
for fractures could elucidate the mechanism.

Terminology

ALD: Excessive alcohol consumption is associated with a spectrum of hepatic
manifestations, including alcoholic fatty liver, alcoholic hepatitis, and cirrhosis.
These diseases share the core cause of hepatic injury which is an excessive
alcohol consumption and generally refers to alcoholic liver disease.

Peer-review

The study addresses an interesting topic and merit. However, it has some
intrinsic methodological limitations which decrease its potential clinical impact.
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INTRODUCTION
In 1998, David Relman described features of a
number of poorly understood clinical syndromes
that strongly indicate a microbial etiology. His list
of chronic inflammatory diseases with possible
microbial etiologies included sarcoidosis, inflammatory
bowel disease, rheumatoid arthritis, systemic lupus
erythematosus, Wegener granulomatosis, diabetes
mellitus, primary biliary cirrhosis, tropical sprue and
[1]
Kawasaki disease . He noted that molecular methods
of microbial identification offer an alternative when
culture based microbial detection methods fail. His
prediction regarding the emerging importance of
molecular methods has proven correct since the
combination of molecular methods of microbial
detection and improvements in culture methods has
led to advances in the field of paratuberculosis.
Mycobacterium avium subsp. paratuberculosis
(MAP) is a bacterium that causes Johne’s disease, a
[2]
chronic diarrheal wasting disease in cattle and sub[3]
human primates and a chronic wasting disease
[2]
in sheep and goats . In Johne’s disease, it is well
documented that once an animal is infected with MAP,
the MAP bacterium grows and multiplies inside the
macrophages of the immune system. The organism is
[2]
excreted in the feces, and to a lesser extent in milk .
Outside the host animal, MAP multiplies poorly, but
can survive for extended periods in the environment
because of its resistance to heat, cold and the effect
[2]
of drying . This slow-growing bacterium affects
the ileum and causes diarrhea and cachexia. There
are anecdotal reports of Johne’s disease in which
prolonged administration of antibiotics resulted in
[4]
suppression but not cure of the disease .
The viable bacterium has been found in commercially
[5,6]
[6]
available pasteurized milk . Ellingson et al reported
that 2.7% of retail pasteurized milk samples purchased
in Wisconsin, Minnesota and California contained
viable MAP. Because of the presence of this organism
in the food supply, it would not be surprising if MAP
is widespread in the environment and the human
population. The first mass screening study for evidence
of MAP infection in humans was done in North India on
serum, blood and stool samples submitted from patients
with multiple medical conditions including diabetes,
liver disorders, anemia, thyroid, tuberculosis, typhoid,
abdominal disorders, inflammatory illness and ion
[7]
imbalance. Singh et al reported that 34% of 23196
serum samples had anti-MAP antibodies (a comparison
with normal subjects was not included). The same
study showed that 12.7% of 1246 blood samples from
normal healthy individuals had IS900 PCR evidence of
MAP in their blood and 8.4% of 3093 blood samples
from patients with the above listed medical conditions
had PCR evidence of MAP.
It has been suggested for years that there may

Abstract
A cohort of family members with various chronic
diseases including Crohn’s disease, asthma, complex
regional pain syndrome, hypothyroidism, type 1
diabetes mellitus, and lymphangiomatosis and/or
evidence of infection by Mycobacterium avium subsp.
paratuberculosis (MAP) are described in this series
of case reports. MAP was cultured from the blood
of three members affected by the first five diseases
and there was accompanying elevated anti-MAP IgG
in two members. The patient affected by the sixth
disease has a markedly elevated anti-MAP titer. The
two patients affected by the first four diseases have
been treated with a combination of anti-MAP antibiotics
and ultraviolet blood irradiation therapy with resolution
of the disease symptomatology and inability to
culture MAP in post treatment blood samples. These
case reports of patients with MAP infections provide
supportive evidence of a pathogenic role of MAP in
humans.
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Core tip: Five patients with multiple diseases of unknown
etiology were found to have evidence of infection by
Mycobacterium avium subsp. paratuberculosis (MAP)
including positive blood cultures (except in case 4). Two
of the cases (case 1 with Crohn’s disease and asthma
and case 2 with complex regional pain syndrome,
hypothyroidism and Raynaud’s phenomenon) have been
treated with a combination of anti-MAP antibiotics and
ultraviolet blood irradiation therapy with resolution of
the disease symptomatology and inability to culture MAP
in post treatment blood samples. These case reports of
patients with MAP infections provide supportive evidence
of a pathogenic role of MAP in humans.
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be an association between Crohn’s disease (CD)
and Johne’s disease. Dalziel first speculated in 1913
that chronic enteritis, now known as CD, might be
[8]
caused by MAP and Chiodini first reported the
culturing of mycobacteria from the intestinal tissues
[9]
of CD patients . For many years, the data were
[2,10,11]
conflicting
and the theory that MAP causes CD
[12-14]
remains controversial
. Later on, Hermon-Taylor
and others described a case of a boy with cervical
lymphadenitis caused by MAP who later developed
[15]
CD . Recent studies show an increase in the detection
[16]
and isolation of MAP in adult Crohn’s patients
and
[17]
in children with newly diagnosed CD
Meta-analyses
[18]
[19]
by Feller et al and Abubakar et al have concluded
that a majority of studies on the association of MAP
and CD show that most patients with CD have MAP
[20]
infection. In 2004, Naser et al
reported culturing
MAP from the blood of 50% of patients with CD and
this work was confirmed in four laboratories including
[21,22]
the Centers for Disease Control and Prevention
.
In addition, a large, randomized, double-blind,
placebo-controlled study from Australia showed a
significant but not lasting response of individuals
with CD who were treated with antibiotics against
[23]
MAP
Apparently unaware that antibiotics fail to
cure a majority of patients with Mycobacterium
[24]
avium complex infection (MAC) , the authors
incorrectly concluded that because they failed to cure
patients, CD could not be caused by mycobacterial
infection. This study and the conclusions of its
[25,26]
authors were significantly flawed
. The editorial
which accompanied the article acknowledged
that, “subtherapeutic doses of rifabutin (450 mg),
clarithromycin (750 mg) and clofazimine (50 mg) per
day were used, whereas the optimal dose of rifabutin,
clarithromycin and clofazimine for treatment of M
avium complex infections is 600 mg/d, 1000-2000
[27]
mg/d, and 100 mg/d, respectively” . A recent metaanalysis of antibiotic trials in CD conducted by Feller
and coworkers concludes that a substantial benefit was
evident in trials using nitroimidazoles, clofazimine and
ciprofloxacin and that a combination of clarithromycin
[28]
and rifamycin and ciprofloxacin should be studied .
Most research attention in inflammatory bowel
disease has focused on the genetics of CD rather than
the association of the disease with paratuberculosis
infection. However, these two areas of research
are probably complementary because the genetic
mutations, which have been described, may indicate
increased susceptibility to MAP infection. Also in cattle,
NOD2 mutations are associated with susceptibility to
[29]
MAP infection , and this same mutation has been
linked to patients with CD. A 2009 study from China
showed that patients with another mycobacterial
infection, leprosy, and patients with CD have higher
rates of the NOD2, TNFSF15 and IL12B mutations
[30,31]
than healthy controls
. A large meta-analysis
genome-wide association study concluded that there
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is considerable overlap between the susceptibility loci
[32]
for IBD and mycobacterial infection . In the only
simulated human-challenge trial, Israeli researchers
showed that fetal human small intestine explants in
mice with severe combined immunodeficiency and
then inoculated with MAP intraluminally, showed
invasion of the goblet cells, tissue damage and
[33]
inflammation .
In 2006, Dow postulated that MAP may be the
[34]
trigger for typeⅠdiabetes mellitus (T1DM) because of
the association of T1DM with mutations of the SLC11a1
[35]
gene . This gene encodes a membrane protein of the
lysozymes of monocytes and macrophages. Mutations
in this gene have been associated with susceptibility to
infectious diseases including tuberculosis and leprosy
and lead to a more hospitable host environment for
[36]
bacterial survival and replication . Subsequently,
Sechi and others reported an association of MAP and
[37-39]
[40]
T1DM
. Recently, Naser et al showed that there is
a high degree of homology between GAD65 and Hsp65
which supports a mycobacterial role in the immune
destruction of the beta cells of the pancreatic islets
through molecular mimicry.
Additional findings in T1DM also present in other
mycobacterial infections include elevated angiotensin
[41,42]
converting enzyme (ACE) levels
and elevated
[43]
vascular endothelial growth factor (VEGF) . VEGF
has been reported to be elevated in active pulmonary
tuberculosis and to decline following successful
[44]
treatment . Some 24.5% of patients with T1DM have
a positive Saccharomyces cerevisiae Antibody (ASCA)
test which is similar to the frequency of ASCA positivity
[45]
in Crohn’s disease . Consumption of milk is a risk
[46,47]
factor for the development of T1DM
.
Frau and others have also reported an association
[48]
of MAP and multiple sclerosis (MS) . Consumption of
[49]
milk is also a risk factor for the development of MS .
The following case reports demonstrate an
association of MAP with several of the above described
diseases as well as with two diseases which have not
yet been linked to MAP. In addition, the diseases which
were treated with anti-MAP therapy resolved.

Assays for evidence of MAP infection

Three assays were performed on EDTA blood samples
from each patient (Figure 1). The plasma was assayed
for antibodies to MAP by ELISA using culture filtrate
[50]
antigens of MAP strain UCF-4 as described .
Peripheral blood leukocytes were harvested and
used for DNA extraction followed by IS900 PCR as
[51]
described . The remainder of the leukocytes were
inoculated into BACTEC MGIT ParaTB medium with
supplements but without antibiotics and incubated
for 6 mo at 37 ℃. After incubation, the culture pellets
were harvested and subjected to DNA extraction,
[22]
followed by nested IS900 PCR as described .
Subcultures were done on all PCR-positive MGIT
cultures to attempt recovery of MAP in pure culture.
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EDTA blood
ELISA for antibodies to MAP
DNA extraction
+ IS900 PCR

PBL

MGIT tube + supplements
! no antibiotics!

x 6 mo. @ 37 ℃

DNA extraction:
yield = 50 mL

Harvest 1 mL
From tube bottom
27 mL for re-testing
store in freezer

st

23 mL for 1 PCR

nd

1 mL for 2 PCR

All samples with a positive nested IS900 PCR
Will be sent to a reference lab for sequencing

Figure 1 Schematic of sample processing and testing methods.

antibody solution were added per well and plates were
incubated at room temperature for 30 min. Plates were
washed as before and 100 µL of room temperature
3,3′,5,5′-tetramethylbenzidine were added per well.
Plates were incubated at room temperature for 10 min.
The reaction was stopped by adding 100 µL of 2 mol/L
sulfuric acid per well. Plates were read at 450 nm using
an iMark Microplate Reader (BioRad).

CASE REPORT
Case 1

At the Children’s Hospital of Wisconsin, Dr. Grzegorz
Telega began following a 9-year-old boy who was
diagnosed with CD in June 2004. He initially presented
in 2004 with persistent diarrhea, weight loss and
unexplained fever. His linear growth had slowed
considerably. Colonscopy and upper gastrointestinal
endoscopy showed multiple aphthous ulcers in the
colon, terminal ileum and stomach (Figure 2) and
biopsies obtained in the colon and gastric antrum
contained the granulomas of CD (Figure 3). His
erythrocyte sedimentation rate (ESR) and C reactive
protein (CRP) were increased.
MAP testing was performed on the patient’s blood.
The initial sample showed mildly elevated antibody
titers to one of the MAP antigens, p35, and after
several months of incubation, MAP was grown from the
patient’s blood. The second sample drawn more than
3 mo later showed greater elevations of antibodies to

Figure 2 Terminal ileum with multiple ulcers.

Assay for evidence of leprosy

One assay was performed to detect antibodies to M.
leprae based on phenolic glycolipid-1 antigen. The
assay was performed as described earlier for Para[52]
LP-01 based lipid-ELISA for Johne’s disease . Wells
were coated with 100 ng PGL-1 dissolved in isopropanol and dried. Plates were blocked for one hour
at room temperature with 100 µL 3% BSA (in PBS, pH
[52]
7.4). ELISA was then performed . One hundred µL of
subject serum diluted 1:20 in 10% FBS/PBS (pH 7.4)
was added to the wells and incubated for 30 min at
room temperature. Plates were washed three times with
PBS followed by adding secondary conjugated antibody
(sheep anti-human IgH-h+1 HRP conjugated antibody
diluted 1:2000 in 10% FBS/PBS). 100 µL of secondary
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Table 1 Summary of Mycobacterium avium subsp. Paratuberculosis antibody, PCR and culture results for cases 1 through 5

MAP Ab

MAP PCR
MAP culture
MAP Ab

MAP PCR
MAP culture

MAP Ab

MAP PCR
MAP culture
MAP Ab

MAP PCR
MAP culture
MAP Ab

MAP PCR
MAP culture

Case 1

Case 2

Case 3

Case 4

Case 5

5/11/04
p35-0.25
p36-0.16
5/11/04
negative
5/11/04
positive
8/18/04
p35-0.5
p36-0.3
8/18/04
negative
8/18/04
positive
Anti-MAP
therapy
started
8/19/04
9/20/04
p35-0.33
p36-0.22
9/20/04
negative
9/20/04
positive
7/9/07
negative

11/6/12
ELISA S/P
1.24
11/6/12
negative
11/6/12
negative
11/20/12
ELISA S/P
1.31
11/20/12
negative
11/20/12
positive
Anti-MAP
therapy
started
12/15/12
4/17/13
ELISA S/P
1.20
4/17/13
negative
4/17/13
negative
5/7/14
ELISA S/P
1.69
5/7/14
negative
5/7/14
negative

1/14/13
ELISA S/P
0.49
1/14/13
negative
1/14/13
negative

3/14/13
ELISA S/P
1.72
3/14/13
negative
3/14/13
negative
Month/yearpending

1/10/13
ELISA S/P
0.15
1/10/13
negative
1/10/13
positive

7/9/07
negative
7/9/07
negative
5/27/14
ELISA S/P
0.67
5/27/14
negative
5/27/14
negative

1/18/13
positive

Month/yearpending
Month/yearpending

MAP: Mycobacterium avium subsp. Paratuberculosis.

pain and frequency of diarrhea. At the time of the initial
diagnosis, the patient was 4 feet 8.75 inches or in the
th
th
95 percentile in stature and weighed 71.8 pounds (75
percentile). Prior to the onset of illness, his weight
th
had previously reached 80 pounds (90 percentile).
Initially, in August 2004, the patient received
azathioprine and steroids with concurrent antibiotic
therapy including clarithromycin and rifabutin, in low
[23]
doses similar to those used in the Australian trial .
Dr. Telega, the pediatric gastroenterologist, prescribed
the antibiotics and received consultative advice initially
from Dr. Hermon-Taylor and later additionally from
Drs. Chamberlin and Borody. The patient also took
daily probiotics, which were administered at mid-day.
After 7 d of antibiotic therapy, as predicted by Dr. John
Hermon-Taylor the patient developed a mild fever that
lasted for several days, which Dr. Hermon-Taylor had
previously observed in other patients and compared to
a Jarish Herxheimer reaction. Because of an elevated
ALT and AST, the azathioprine was discontinued in

100 mm

Figure 3 Biopsy from the colon showing a granuloma of Crohn’s disease.

both p35 and p36 antigens and also grew MAP (See
Table 1 for the summary of MAP testing in this and
the subsequent 4 cases). During the 3 mo between
the initial and second sample, the patient’s clinical
condition steadily worsened with increasing abdominal
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Legend:
Tuberculosis
Diabetes mellitus type 1
Hypothyroidism
Hyperthyroidism
Asthma
Crohn’s disease
Lymphangiomatosis
Complex regional pain syndrome
Rheumatoid arthritis
Chronic lymphocytic leukemia
002

003

004
Case 5

001

012 013
Case 3

011

010

009

008

014

015

016

005 007 006
Case 2
Case 1

Case 4

Figure 4 Family pedigree summarizing history of mycobacterial infection and other diseases of cases 1 through 5 and additional family members.

December 2004. The patient responded favorably to
the antibiotics for about 8 mo, but by June 2005, he
became symptomatic and relapsed (a finding similar to
that of the Australian trial). The period of relapse lasted
from June 2005 to March 2006 and during this time
he remained on low dose antibiotics. A colonoscopy on
January 11, 2006 showed multiple aphthous ulcers in
the colon and his weight on that day was 77.3 pounds
th
(35 kg). On January 13 a short course of prednisone
th
was initiated at a dose of 10 mg/d. On January 15 ,
the dose of prednisone was increased to 20 mg/d. By
th
February 11 , his weight was 90 pounds (41 kg).
In late 2005, in addition to receiving antibiotics,
over the course of a three-month period, the patient
received a total of 11 once weekly ultraviolet blood
irradiation (UVBI) treatments which were performed
by Dr. Mitchell Kurk at his office in Long Island, New
York. A similar UVBI device has been successfully
advanced through phase Ⅱ clinical trials at the FDA.
In addition to UVBI therapy, on advice from
experts, the doses of clarithromycin and rifabutin were
increased and ciprofloxacin was added to the regimen.
On January 13, 2006, the patient was started on
ciprofloxacin at a dose of 125 mg taken twice per day
(7 mg/kg per day) and two weeks later this dose was
increased to 250 mg taken twice per day (14 mg/kg
per day). On February 12, 2006, when the patient
weighed 90 pounds (41 kg) the dose of clarithromycin
was increased to 750 mg, 500 mg taken in the am
and 250 mg taken in the pm (18 mg/kg per day) and
the dose of rifabutin was increased to 450 mg taken
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150 mg in the am and 300 mg in the pm (11 mg/kg
per day). In May 2006, after the patient was in clinical
remission, clofazimine (an antibiotic with restricted use
in the United States which is used for the treatment
of leprosy and Mycobacterium avium complex) was
added at a dose of 50 mg taken once daily. The
clofazimine was obtained from a source in Australia.
The patient had a history of seasonal (triggered by
pollen) asthma beginning at age 3 years and the last
episode of asthma he has experienced was in April
2006.
These antibiotics have been used in many prior
studies to treat MAP in humans. The doses in this
patient were adjusted over time. He received over 4
years of continuous antibiotic therapy until January
2009. From January 2009, he was on cycled therapy
of rifabutin, ciprofloxacin and clarithromycin until May
2011. The patient has been in complete remission
since April 2006.
Since May 2011, he has received no medications
of any type and he has been without any signs or
symptoms of CD and is now 5 feet 10.5 inches and 185
pounds (84.1 kg). A follow-up blood culture for MAP
in July 2007 failed to recover MAP by culture or detect
MAP DNA by PCR and he tested negative for anti- MAP
antibody. Currently, he has a normal blood count and
is negative for inflammatory markers including ESR
and CRP. A colonoscopy and upper gastrointestinal
endoscopy in August, 2014 were normal. There are
many reports in the literature of patients with CD who
[28,53-55]
have responded favorably to antibiotic therapy
.
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Case 2

lymphocytosis and November 20, 2012 when her
antibody titer increased to 1.31 and the organism could
now be cultured while she no longer had monocytosis
and lymphocytosis. During this two week period she
developed generalized extreme hypersensitivity to
minor tactile stimuli. MAP experts were consulted and
appropriate antibiotics were prescribed.
Other diagnostic test results included elevated
cryoglobulins of 57 (normal 0-50 ug/mL) and ACE
[57-59]
level of 59 (normal 8-53 U/L). Cryoglobulins
and
[60,61]
ACE
are elevated in other mycobacterial infections
including tuberculosis and leprosy. Prior to the onset
of disease and the initiation of therapy, the patient
had persistent relative lymphocytosis and eosinophilia
which was present as early as 1997. Relative lym
[62]
phocytosis has been described in tuberculosis .
[63]
Neurologic findings are not uncommon in CD . In
addition, siblings of patients with CD are at much higher
[64]
risk of developing CD than the general population .
In mid December 2012, the patient was placed on
anti-MAP therapy and supplementary Vitamin A and
Vitamin D similar to that administered to her brother.
Her height and weight are 5 feet 9.5 inches and 150
pounds (68.2 kg), respectively and her antibiotic doses
were as follows: Clarithromycin 500 mg twice daily
(15 mg/kg per day), rifampin 300 mg twice daily (9
mg/kg per day), levofloxacin 500 mg per day (7 mg/
kg per day) and clofazimine 100 mg 3 times per week
(4 mg/kg per week). Four days after the initiation of
therapy she experienced a mild fever which lasted two
days. Dr. Stuart Weg performed 12 UVBI treatments
at weekly intervals for 3 mo from January through
early April 2013. Previously, Weg speculated that CRPS
is due to an infection caused by a cell wall deficient
[65]
bacterium .
Dr. David Haas of the University of Charleston
Chemistry Department, confirmed by gas chro
matography, mass spectroscopy, ultraviolet absorption
spectroscopy and infrared spectroscopy that the
clofazimine, which was imported from India, was not a
counterfeit drug.
Following the initiation of therapy, she developed
monocytosis and the relative lymphocytosis persisted.
Since that time, she has shown marked clinical im
provement including disappearance of the generalized
hypersensitivity, disappearance of the previously
grossly visible Raynaud’s phenomenon in her hands,
and improved ability to perform motor skills with a
reduction in reported pain. By the fall of 2014, she could
swim one mile or walk five miles per day. Although
her general condition has greatly improved including
absence of the generalized extreme hypersensitivity,
she still experiences episodes of migratory pain. With
treatment of leprosy, reversal reactions and prolonged
[66]
neuralgia have been observed .
Six weeks after beginning the anti-MAP therapy,
while still taking supplemental thyroxine, she began
experiencing palpitations and it was noted that her
TSH had dropped to the low normal range. On the

In early 2012, the sibling of case 1, a 23-year-old
female began experiencing symptoms initially thought
to be carpal tunnel syndrome and by August 2012,
developed Raynaud’s phenomenon in both hands.
She had a several year history of hypothyroidism and
was on thyroid hormone replacement. The symptoms
of neuralgia and paresthesia progressively advanced
and involved her bilateral hands, elbows, shoulders,
neck, legs and feet. By the time she was seen at the
Cleveland Clinic Neurological Center for Pain in late
November, the physician who examined her noted
Raynaud’s phenomenon in both hands and described
the purple color change and cold temperature as
profound.
Her workup included a normal EMG study,
normal CT scan of the brain, and normal values for
procalcitonin, ESR, CRP, IL-6, ASCA IgA and IgG,
rheumatoid factor, ANA, SS-A/RO, SS-B/LA, SCL, RNP,
SM, CCP, JO-1, Centromere antibodies, Anti-Hu TTGIgA, lyme serology, gliadin peptide IgA and IgG, antiendomysial IgA, serum MPA IgG, MPA IgA, MPA IgM,
MPA kappa, MPA lambda, MPA kappa/lambda ratio,
glutamic acid decarboxylase antibody and ganglioside
antibody studies. Because of a history of travel to
Guatamala 5 years prior to the onset of her illness, the
patient’s blood was tested for antibody to M. leprae.
The PGL-1 assay was negative. The initial diagnosis
at the Cleveland Clinic was hypersensitivity syndrome
and the patient was referred to the Cleveland Clinic
Neurological Center for Pain where she received the
diagnosis of thoracic outlet syndrome with probable
evolving complex regional pain syndrome (CRPS).
Recommendations for therapy included physical
therapy, muscle relaxants and gabapentin. Gabapentin
at the lowest recommended dose made her very dizzy
and therefore, she discontinued this medication. The
patient obtained multiple sessions of physical therapy
which were beneficial and engaged in gradually
increasing regular exercise including walking and
swimming as tolerated. In December 2012, she could
only walk 300 feet or tread water wearing a floatation
device for 5 min. The cause of this condition is
unknown.
Due to suspicion that CRPS could be a manifestation
of a MAP infection, blood samples were tested for
evidence of MAP infection; the first blood sample
was obtained November 6, 2012 and the second on
November 20, 2012. The results of the MAP ELISA
assays from both samples showed significantly
elevated titers, S/P values of 1.24 and 1.31
respectively, where the positive control serum was
from a veterinarian who had accidentally injected
himself with the MAP vaccine. The MAP PCR tests were
both negative. MAP was detected by culture from the
second blood sample. There was rapid progression
of clinical disease between November 6, 2012 when
her MAP antibody titer was 1.24 and the organism
could not be cultured while she had monocytosis and
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presumption that the palpitations indicated that her
thyroid function was recovering, in January 2013, she
stopped supplemental thyroxine, has not experienced
symptoms of hypothyroidism, and her TSH is now in
the normal range. A TSH from May 7, 2014 was 4.06
µIU/mL (reference range 0.350-5.55 µIU/mL). An ACE
level from May 7, 2014 was still elevated at 58 U/L
and a complete blood count from the same day was
normal except for mild monocytosis of 9.3 % (reference
range 0%-8%) and eosinophilia of 9.5% (reference
range 0%-4%). By October 14, 2014, a complete
blood count and differential were normal.
After four months of therapy (April 7, 2013), a
follow-up blood culture for MAP showed a minimally
decreased MAP ELISA S/P value of 1.2, the MAP PCR
test was negative and MAP could not be cultured from
this sample. A follow-up cryoglobulin study obtained
from April 17, 2013 was negative after 4 h and
positive after 72 h. In early January 2014, the patient
consulted Dr. Kuruvilla John who has since that time
followed her case.

ointment containing azelaic acid. In 2004, his blood
was found positive for antibodies to p35 and p36 MAP
antigens.
Because of the devastating nature of the diseases
in case 1 and case 2 and the poor record of efficacy,
standard therapies were eschewed. Institutional
review board (IRB) approval was not sought since the
law allows off label use of FDA approved drugs and
also allows the administration of UVBI in New York.
IRB approval is generally not required in the care of
individual patients. In cases 1 through 3, infectious
disease specialists were consulted and informed about
the elevated MAP ELISA antibody titers and/or positive
MAP cultures but declined to make recommendations
regarding therapy.
Additional family members were tested for evidence
of MAP infection as well. The mother of case 1 and
case 2 was negative for MAP by PCR on PBMC and
culture, and had an ELISA S/P of 0.08 (negative).
The brother of case 1 and case 2 had a negative
MAP PCR and negative culture and ELISA S/P of 0.59
(slightly elevated). The maternal grandfather of case
1 and case 2 had a negative MAP PCR on PBMCs and
negative culture and an ELISA S/P of 0.13 (negative).
The maternal grandmother (with hypothyroidism) of
case 1 and case 2 had a negative MAP PCR on PBMCs
and negative MAP culture and an ELISA S/P of 0.0
(negative).
The families of both parents of case 1 and case
2 have a history of susceptibility to mycobacterial
infection. Figure 4 which is a family pedigree sum
marizing the cases and the mycobacterial infection and
other disease history in other members.

Case 3

Since two siblings had evidence of MAP infections
and responded to anti-MAP therapy, other relatives
were tested. The paternal uncle of cases 1 and 2, who
has longstanding T1DM, is also infected with MAP. In
addition, the uncle was found to have elevated ASCA
IgA, a serologic marker, which is present in T1DM and
[45]
CD . The uncle’s MAP serum antibody S/P value was
0.49 (negative). The patient has declined treatment
for MAP.

Case 4

The nephew of the mother of cases 1 and 2 has
lymphangiomatosis, a disease of unknown etiology.
His blood showed a MAP ELISA antibody S/P value
of 1.72 (exceptionally high). His MAP PCR and MAP
culture results were negative. He had a very elevated
VEGF of 506 pg/mL (reference range of 31-86 pg/
mL), mild monocytosis of 992 (reference range of
200-950 cells/uL) and a normal neopterin test, ASCA
IgA and IgG, and ACE tests. The MAP ELISA study,
VEGF and monocytosis in this case suggest a possible
mycobacterial causation of lymphangiomatosis and
further study is indicated.

DISCUSSION
The presence of viable MAP in the blood of a majority
of CD patients is an important finding which has been
[20,22]
previously reported by Naser
. Some observers
ascribe this phenomenon to the “leaky bowel” resulting
[67]
from mucosal disruption in CD . In case 1, the
recovery of the viable organism in the setting of two
diseases and the failure to recover the viable organism
in the absence of these two diseases argues in favor of
a pathogenic role of MAP in these patients. Similarly,
in case 2, the recovery of the viable organism in the
setting of two other diseases and the failure to recover
the organism in the absence of these two other
diseases also argues in favor of a pathogenic role of
MAP. Furthermore, the recovery of the viable organism
in case 2 in which the patient suffered from CRPS
cannot be explained by the leaky bowel hypothesis
since this patient has not experienced bowel related
symptoms. In addition, a pathogenic role of MAP in the
human host is likely, considering the zoonotic capacity
of slow-growing mycobacteria and because this
organism is an obligate pathogen, i.e., one which does
[68]
not propagate in the environment .

Case 5

The father of cases 1 and 2 was tested for MAP
infection. After 6 mo of incubation, MAP was grown
from his blood. His MAP PCR on PBMCs was negative
and his MAP ELISA antibody S/P value was 0.15
(negative). He is healthy but suffered from seasonal
asthma (triggered by pollen) at age 12 years and
also while living in Germany from 1986 to 1989. In
addition, he has rosacea, which was diagnosed by
clinical signs and a skin biopsy showing non-caseating
granulomas. This condition is treated with a topical

WJG|www.wjgnet.com

4055

April 7, 2015|Volume 21|Issue 13|

Kuenstner JT et al . Diagnosis and treatment of paratuberculosis
[74]

A second possible interpretation of the findings in
these case reports is that the diseases were not caused
by MAP and went into remission spontaneously. In the
consideration of the probable events in case 1 and case
2, the percentage of patients who experience long term
remissions in CD, CRPS, hypothyroidism and Raynaud’s
[69]
[70]
[71]
[72]
phenomenon is 10% , 74% , 62% , and 64% ,
respectively. With the assumption that case 1 and
case 2 resolved spontaneously, the outcome follows
the likelihood function. The probability of spontaneous
resolution in case 1 is 0.10 and in case 2 is 0.30 (0.74 ×
0.62 × 0.64 = 0.30) and the probability of spontaneous
resolution in both patients is 0.10 × 0.30 or 0.03 which
is very unlikely. Controlled clinical trials of anti-MAP
therapy are necessary to determine whether these
case reports are reproducible. Clinical trials have been
designed and funding is being sought.
A third possible interpretation of the recovery of
MAP from the blood samples in case 1 and in case
2, is that the MAP organism is a contaminant from
specimen processing. This interpretation is unlikely
since in both cases there are increased antibodies
directed against MAP indicating a host response to the
organism. The presence of elevated serologic markers
which are associated with mycobacterial infection,
including CRP in case 1 and ACE in case 2, also weighs
against this possibility.
We believe that the profound long lasting remission
in case 1 resulted from anti-MAP therapy and is unlikely
due to steroid administration, since such remissions
rarely result from steroid administration alone. Based
on these anecdotal reports, three additional cases of
children with CD and MAP infection treated successfully
with combination anti-MAP antibiotics and UVBI
(personal communication), open label trials in CD,
and controlled trials in MAC infection, we recommend
the use of three antibiotics including clarithromycin,
rifampin and levofloxacin (at 15, 9 and 7, respectively,
mg/kg per day) for at least two years in combination
with periodic UVBI (if available). However, at this time,
the optimal antibiotic combination is unknown.
In cases 1 and 2, the rapid progression of the
disease accompanied by an increase in antibodies to
MAP antigens between the first two specimens may
mirror Johne’s disease in dairy cattle in which the
progression in the severity of disease and the degree
of mycobacterial colonization coincides with a switch
[73]
from the TH1 to TH2 type immune response .
The presence of the viable bacterium in the blood
of an apparently healthy host (case 5) is an interesting
finding. Apparently healthy individuals may have less
virulent forms of disease such as transient childhood
asthma or rosacea as noted in case 5. In addition, if
MAP-infected people are followed over a long enough
period of time, some may eventually develop one of
the diseases traditionally considered autoimmune.
It would not be surprising if there is a population
of individuals who are MAP-infected but never develop
disease. Mycobacterium tuberculosis, causes active
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disease in only 10% of infected humans . A similar
situation probably pertains to human paratuberculosis,
i.e., most MAP infected individuals may never develop
disease. Clinically normal cattle with known MAP
infection are common suggesting a parallel in the
[75]
human population .
Any theory of causation of the autoimmune
diseases must explain two consistent observations for
most of these diseases: (1) the north south gradient
in geographical distribution of the disease (in the
[76]
northern hemisphere) ; and (2) the predominant
female to male ratio in most of these diseases. The
first observation is concordant with the worldwide
[77]
distribution of Johne’s disease , the lower levels of
[78]
Vitamin D in the human host at northern latitudes ,
and the role of Vitamin D in the clinical course of
[79,80]
patients with CD and T1DM
. A possible explanation
for the second observation includes reduced host
immunity due to the effects of estradiol and/or
[81-83]
progesterone
. Future work may shed light on the
immunology of gender differences with these diseases.
Because of the known risk of disease progression in
CD from birth control medication, women who have
been diagnosed and treated for a MAP infection should
consider non-hormonal birth control methods.
The optimal hosts for MAP are ruminants; cattle,
sheep, and deer, in which, a higher burden of bacteria
are generally found than in humans. These animals
have a higher body temperature than humans ranging
from 100.4 to 102.8, 100.9 to 103.8 to 104 F, for cattle,
[84,85]
sheep and deer, respectively
. These differences in
body temperature suggests that the growth of MAP in
laboratory culture may be accelerated by raising the
incubation temperature to 104 F. Further investigation
of this issue is warranted.
If controlled trials of MAP related illnesses confirm
the findings of these case reports and the autoimmune
diseases can be cured, because the bacterium is
present in the food supply, will treated patients
redevelop disease on re-exposure to the organism?
The precautionary principle should apply and improved
food safety and public health measures are necessary
to limit human exposure to MAP. Until improved
measures are in place, treated and cured patients
should probably avoid known sources of MAP which
include pasteurized milk and milk products such as
yoghurt, cheese and ice cream and undercooked beef.
Open label trials of long-term antibiotic therapy in
CD have a significant relapse rate. Adjunctive therapy
such as UVBI combined with appropriate antibiotics
may be a way to improve therapeutic outcomes.
[86]
UVBI was developed by Knott . In his article on the
development of ultraviolet blood irradiation, he refers
to the work of European investigators who “believed
that most of the systemic reactions observed following
exposure of the skin to ultraviolet rays were due to
[86]
the influence of the rays upon the blood” . Knott
was most likely aware of the work of Finsen who
received the Nobel Prize in 1903, for his work showing
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the beneficial effects of ultraviolet treatments of the
skin in patients with lupus vulgaris, i.e., tuberculosis
[87]
of the skin . The Knott device was used for the
[88-90]
treatment of many infections
. and while exact
figures are unavailable, probably thousands of patients
were treated with this therapy throughout the United
[91,92]
States. Several studies
as well as three controlled
trials from Russia have shown beneficial effects in
[93-95]
the treatment of tuberculosis
. Because the Knott
hemo-irradiator predated the advent of the FDA, this
device was never FDA approved. However, in recent
years, UVBI was advanced successfully through
phase Ⅱ clinical trials for the treatment of hepatitis C
infection.
Various studies on UVBI that may explain the
benefit of this therapy include the following. Ultraviolet
light in the C region (UVC) inactivates bacterial
and viral pathogens, present in the blood, which is
irradiated. In the case of bacteria and DNA viruses,
UVC induces the formation of thymine-thymine
[96]
dimers, which prevents replication . In the case of
RNA viruses, UVC induces the formation of uracil-uracil
[97]
dimers which also prevents replication . Bacteria
including Mycobacterium tuberculosis have UV repair
mechanisms and normal lymphocytes also have UV
[98,99]
repair mechanisms
.
Because only 200 cc of blood in an average adult
(or 4% of the total 5.0 liter blood volume) is treated
during a single session, factors other than pathogen
inactivation are likely to explain the potential benefit.
Ultraviolet light shined on murine fibroblasts results
in the formation of hydrogen peroxide and hydroxyl
[100]
radicals which are also bactericidal and virucidal
.
Ultraviolet light in the A region and at higher doses
and exposure durations causes immune suppression,
but ultraviolet light in the B (UVB) region and UVC
[101-103]
have been shown to stimulate dendritic cells
.
Hemoglobin which has been irradiated with UVB and
[104]
UVC wavelengths exhibits fluorescence
and the
wavelength of light which is emitted, 365 nm, causes
the formation of DNA or RNA adducts in riboflavin and
other chromophores and these adducts are bactericidal
[105]
and virucidal . It is now known that in spite of long
term treatment of tuberculosis by antibiotics, there
[106,107]
are persisters, which are not killed by the drugs
.
Also Mycobacterium avium complex organisms can
resist the bactericidal activity of clarithromycin within
[108]
the phagosomes of macrophages
. Viable MAP
organisms which have survived the antibiotics by either
of these routes and which are within macrophages
[68]
may not survive ultraviolet irradiation . An in-vitro
study showed that monocytes which are irradiated
with UVB and then infected with Mycobacterium avium
intracellulare (MAI) organisms, efficiently inhibit the
[109]
intracellular replication of MAI . The authors in this
work speculated that the intracellular inhibition of MAI
replication in the UV treated macrophages may be due
to the induction of intracellular vitamin D production by
the UVB.
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Vitamin D has been shown to play an important
role in the host immune response to mycobacterial
[110]
infection
. Vitamins A and D have been shown to
[111]
inhibit the growth of MAP in vitro
. Vitamin D has
also been shown to reduce the proliferation of M.
[112]
tuberculosis in macrophages
. Activated dendritic
[113]
cells are known to produce Vitamin D
and Vitamin
D induces the intracellular production of cathelicidin,
[114]
which is an antimicrobial protein
. High levels of
Vitamin D have been correlated with a reduced risk of
developing multiple sclerosis, and Vitamin D intake is
inversely associated with rheumatoid arthritis (another
autoimmune condition) and the severity of this latter
[113]
disease also correlates with Vitamin D levels .
Finally, many types of cells including leukocytes and,
in particular, monocytes, exposed to ultraviolet light
secrete heat shock proteins and these proteins play an
[115-117]
important role in the response to infection
.
A small open label trial of UVBI in 4 patients with
severe Raynaud’s syndrome showed clinical improvement
that lasted for 3 mo in all of the patients and a reduction
of mycobacterial heat shock protein antibodies in one of
[118]
the patients .
These case reports support a pathogenic role of
MAP in humans. Large controlled trials are indicated
for many of the autoimmune diseases associated
with MAP infection including CD, T1DM, MS and CRPS
using anti-MAP therapy combined with UVBI (perhaps
[119]
substituting ethambutol for ciprofloxacin)
in one
arm and combination infliximab and azathioprine in
the control arm to determine whether properly dosed
anti-MAP therapy is more effective than currently
available therapies. RedHill Biopharma Ltd., Tel Aviv,
Israel, has initiated phase Ⅲ clinical trials in Europe
and North America to treat CD and MS using a
combination therapy of clarithromycin, rifabutin and
[120]
clofazimine . MAP prevalence studies are indicated in
lymphangiomatosis, ankylosing spondylitis, rheumatoid
arthritis, hypothyroidism, hyperthyroidism, adrenal
insufficiency, systemic sclerosis, Sjogren syndrome,
systemic lupus erythematosus, dermatomyositis,
psoriasis, sarcoidosis, celiac disease, rosacea, asthma,
fibromyalgia, amyotrophic lateral sclerosis, myasthenia
gravis, Parkinson’s disease and Alzheimer’s disease.
The results of therapeutic trials should be evaluated
with consideration of the success rate in treating
Mycobacterium avium complex infections, a mere
[27]
42%
and that the treatment of Mycobacterium
leprae is associated with an absolute relapse rate of 3%
and that relapses may occur more than 10 years after
[121]
multiple drug therapy has concluded .
Researchers who explore the role of MAP in the
autoimmune diseases should be aware that our
current diagnostic tests are crude. The ELISA for
46
serum antibodies to MAP was adapted from the
cattle assay which has a sensitivity of only 30% to
[122]
40% in cattle which are known to be MAP-infected .
The suboptimal sensitivity and the variation between
current serologic assays for MAP make the diagnosis
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allergy while the differential diagnosis in case 2 included multiple sclerosis.

of MAP infection difficult. However, in the presence
of otherwise unexplained autoimmune disease, the
occurrence of positive blood cultures for MAP should be
a significant finding.
Furthermore, pre-existing therapies for these
conditions may hinder culture recovery methods.
Many of the currently used immunomodulators
have demonstrated bacteriostatic effects on MAP in[123,124]
vitro
. When possible, MAP diagnostic testing
should be conducted on newly diagnosed patients prior
to instituting immunosuppressive therapies which can
inhibit the growth of MAP in cultures. While the blood
culture method of Naser has been a great advance
in the field of human paratuberculosis research, it is
positive in 55% of patients with inflammatory bowel
disease and in 22% of non-inflammatory bowel
[22]
disease patients , and therefore cannot by itself
serve as a discriminator for the presence or absence
of disease. Concurrent detection of antibodies directed
[50]
at MAP will probably be helpful in this regard . MAP
cultures should be performed in laboratories with
[125]
expertise. Parrish et al
failed to replicate the blood
culture study of Naser et al, but their method did not
include egg yolk in the medium (regarded by many as
vital for MAP growth) and the cultures were only held
for 18 wk (MAP cultures for humans are usually held
for at least 6 mo and up to one year).
The current MAP ELISA reacts to both host IgM and
IgG. Modifying the assay into its isotype components,
i.e., IgM and IgG, may permit a better determination
of whether the host response reflects active disease or
remote exposure. Further research is necessary in this
area.
Should MAP be proven to cause many of the auto
immune diseases, a potential role in carcinogenesis
should be explored. Helicobacter pylori is now recognized
as playing a major role in the pathogenesis of primary
[126]
gastric MALT lymphoma and gastric carcinoma . CD
patients are known to have increased risk of bowel
cancer and lymphoma. Whether this increased risk is
due to the immunosuppressive therapies used in this
disease or due to infection by MAP is unknown and
[127]
should be investigated further . In summary, much
more must be learned about this elusive and enigmatic
organism and about the human diseases with which it is
associated.

Laboratory diagnosis

Please summarize laboratory testing methods and major findings in one
sentence. Case 1 had anemia, elevated erythrocyte sedimentation rate,
CRP and WBC while case 2 had elevated angiotensin converting enzyme,
cryoglobulins, lymphocyte and eosinophil count and TSH and initially,
both patients had blood cultures positive for Mycobacterium avium subsp.
paratuberculosis (MAP).

Imaging diagnosis

Please summarize imaging methods and major findings in one sentence. Case
1 had multiple aphthous ulcers on upper gastrointestinal endoscopy and on
colonoscopy while case 2 had an unremarkable EMG study.

Pathological diagnosis

Please summarize pathological methods and major findings in one sentence.
Case 1 had granulomas in the gastric and colonic biopsies while case 2 had no
biopsies.

Treatment

Please summarize treatments and drugs used in one sentence. Both case 1
and case 2 received a combination of periodic ultraviolet blood irradiation (UVBI)
and antibiotics which included clarithromycin, rifampin and ciprofloxacin for at
least 2 years.

Related reports

Please provide other contents related to the case report to help readers better
understand the present case.

Term explanation

Please explain uncommon terms present in the case report. UVBI is ultraviolet
blood irradiation which consists of periodic irradiation of approximately 200 cc
of patient blood using ultraviolet light in the B and C regions.

Experiences and lessons

Please summarize experiences and lessons learnt from the case in one
sentence. Both CD and CRPS, when caused by MAP, resolve when the
organism is eradicated from the host.

Peer-review

Please summarize the strengths and weaknesses of the article based on the
reviewers’ comments so that readers can obtain objective knowledge from the
article. This study is anecdotal and it will be necessary to study large numbers
of patients in a controlled trial setting to determine whether these results are
reproducible.
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CASE REPORT

Urea cycle disorders: A case report of a successful
treatment with liver transplant and a literature review
Francesco Giuseppe Foschi, Maria Cristina Morelli, Sara Savini, Anna Chiara Dall’Aglio, Arianna Lanzi,
Matteo Cescon, Giorgio Ercolani, Alessandro Cucchetti, Antonio Daniele Pinna, Giuseppe Francesco Stefanini
usually dominant in the clinical pattern and the primary
manifestations affect the central nervous system.
Herein, we report the case of a 17-year-old girl who
was diagnosed with UCD at the age of 3. Despite a
controlled diet, she was hospitalized several times for
acute attacks with recurrent life risk. She came to our
attention for a hyperammonemic episode. We proposed
an orthotopic liver transplant (OLT) as a treatment; the
patient and her family were in complete agreement.
On February 28, 2007, she successfully received a
transplant. Following the surgery, she has remained
well, and she is currently leading a normal life. Usually
for UCDs diet plays the primary therapeutic role, while
OLT is often considered as a last resort. Our case
report and the recent literature data on the quality of
life and prognosis of traditionally treated patients vs
OLT patients, support OLT as a primary intervention
to prevent life-threatening acute episodes and chronic
mental impairment.
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Core tip: Urea cycle disorders (UCDs) include a variety
of genetic defects which lead to inefficient ureasynthesis with hyperammonemia. The liver is the
main site of urea cycle’s enzymatic activity. Diet has
traditionally been the primary therapy; orthotopic liver
transplantation (OLT) is often considered as a last
resort. This case report presents a 17-year-old girl
with UCD who was successfully treated with OLT. Her
recovery and a recent literature review support OLT
as a primary intervention for UCDs patients to prevent
life-threatening acute episodes and chronic mental
impairment, with an approximately 90% survival rate
and a better quality of life.

Abstract
The urea cycle is the final pathway for nitrogen
metabolism. Urea cycle disorders (UCDs) include a
variety of genetic defects, which lead to inefficient
urea synthesis. Elevated blood ammonium level is
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patients is usually difficult. The central nervous system
damage is at least in part reversible when ammonium
levels do not exceed 200-400 µg/dL. Nevertheless,
mild neurological damage in the presence of lower
[6,7]
ammonium levels cannot be completely ruled out .
The consequent neurological deterioration is inversely
proportional to the frequency of acute episodes and
to the ammonia levels. Additional disease-specific
symptoms are related to the particular metabolic
defect, which are often due to an excess or lack of
[8]
specific amino acids .
Herein, we discuss the case of a girl with UCD
caused by carbamyl phosphate synthetase (CPS Ⅰ)
deficit (Table 1) who underwent an orthotopic liver
transplantation (OLT) 14 years after her diagnosis.

Foschi FG, Morelli MC, Savini S, Dall’Aglio AC, Lanzi A,
Cescon M, Ercolani G, Cucchetti A, Pinna AD, Stefanini GF.
Urea cycle disorders: A case report of a successful treatment with
liver transplant and a literature review. World J Gastroenterol
2015; 21(13): 4063-4068 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i13/4063.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.4063

INTRODUCTION
The urea cycle is the final pathway for nitrogen
metabolism, which occurs primarily through amino
acid catabolism with urea production and subsequent
excretion (Figure 1). Urea cycle disorders (UCDs)
include a variety of genetic defects in ammonia
metabolism in which one of the urea-synthesis
passages is defective, leading to hyperammonemia.
The genetic defect can involve one of the enzymes
involved in the urea cycle or a transporting protein
related to the metabolic process. The liver is the most
important site of this enzymatic activity.
Although data from population studies are lacking,
the prevalence of this type of genetic defect is
[1]
approximately 1: 30.000-46.000 live births .
The cycle consists of the action of cytoplasmic
and mitochondrial enzymes and some transporting
proteins, leading to the production of urea molecules
from nitrogen atoms. The different metabolic
blocks determine the accumulation of nitrogen
and intermediate substances, with a variety of
corresponding clinical features.
The classification of urea cycle defects is sum
marized in Table 1.
In patients with normal hepatic function and
hyperammonemia, the diagnosis of UCD should be
considered after excluding other causes of elevated
blood ammonemia, such as medications (valproate
and chemotherapeutic agents), portosystemic shunt,
[2]
urea producing organisms and hyperalimentation .
The diagnosis of UCD is based on clinical, biochemical
[3,4]
and molecular data .
Elevated blood ammonium levels are usually
dominant in the clinical pattern and the main
[5]
manifestations affect the central nervous system .
The presentation of UCDs can be quite variable
ranging from agitation to coma in acute attacks
(common cause of neonatal exitus in these patients)
and different degrees of mental impairment chronically
(even with correct dietary intake).
Usually, patients with this type of metabolic
defect develop a tolerance to high ammonium levels.
Therefore, they can be completely asymptomatic
even with levels of approximately 200 µg/dL. These
episodes are not rare even in mild forms of UCD
because many factors (e.g., infections, fever, fasting,
surgery) can break down the metabolic equilibrium.
Moreover, the long-term compliance of these young
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CASE REPORT
A 17-year-old girl came to our attention in November
2007. She was diagnosed with a CPS Ⅰ defect in a
Pediatric Hospital when she was 3 years old after
evidence of lethargy attacks, sight disturbances and
growth retardation. Despite a strict dietary regimen,
the symptoms control was partial and recurrent acute
attacks developed. These attacks were characterized
by sudden somnolence, ataxia, coordination defects
and temporal cognition distortion (never completely
resolved). These often required hospitalization to
reduce the ammonia levels with parenteral therapy
infusion.
She came to our hospital for an acute attack with
lethargy and a blood ammonia concentration of 305
µg/dL. The episode was resolved with a 72-h infusion
of a parenteral complex containing sodium benzoate
and arginine. Her cerebral magnetic resonance
imaging results were normal.
Considering the constant risk of death and the
poor quality of life, even with otherwise normal liver
parameters, we proposed OLT as a treatment. The
patient and her family were in complete agreement.
After a complete work-up, the patient was admitted
to the Pediatric list of Bologna Liver Transplantation
Center and after two months she underwent OLT. The
post-operative course was free from complications
with rapid ammonia blood level normalization. After
a 7-d recovery period, she was discharged. Currently,
her clinical conditions are good; she leads a normal
life without dietary restrictions and is free from
lethargy episodes and hospital admissions, except for
immunosuppressive therapy and routine follow-up
visits at the Transplant Center.

DISCUSSION
The treatment for UCDs is a dietary intervention
[5]
consisting of severe protein restriction . Additionally,
citrullin and arginine supplementation (except in
cases of argininemia) and sodium benzoate and
sodium phenylacetate administration (useful to
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Table 1 Main causes of urea cycle defects
CPS I deficiency

OTC deficiency

ASS deficiency/citrin deficiency
(citrullinemia)

ASL deficiency
(argininosuccinic aciduria)
Arginase deficiency
(argininemia)
N-acetylglutamate synthetase
deficiency

Genetic defect of carbamoyl phosphate synthetase, inheritated as autosomal recessive mutation
Block of the first passage of nitrogen in urea cycle
Neonatal onset when there is a severe enzyme deficiency and adult onset when the effects of mutation are mild
X-linked disorder, the most common among UCDs
Mutation in ornithine transcarbamylase (second passage in urea cycle)
Clinical presentation very similar to CPS I deficiency
Citrullinemia type Ⅰ: autosomal recessive defect caused by a deficit of argininosuccinate synthetase, with consequent
very high citrulline levels in blood
Citrullinemia tipe Ⅱ: caused by a deficit of citrin, a mitochondrial carrier protein of glutamate and aspartate who
consequently fail to shuttle to and from the mitochondrion with increase of citrulline levels in blood
Autosomal recessive mutation
Loss of argininosuccinate lyase with accumulations in body fluids (also in cerebrospinal fluid)
Seems to lead to mental retardation in all the affected, even when dietary ammonium control is well performed
Arginase I defect
Peculiar manifestations such as paraplegia and intractable mental retardation
Very rare and clinically overlapped to CPS I deficiency

UCDs: Urea cycle disorders; CPS I: Carbamyl phosphate synthetase 1; ASL: Argininosuccinate lyase; OTC: Ornithine transcarbamylase.

excrete nitrogen excess) are often used to treat acute
hyperammonemia. Nocturnal enteral nutrition and
prompt recognition and treatment of intercurrent
[9]
illnesses are also necessary to prevent catabolism .
In cases of acute hyperammonemia attacks, the
treatment is based on ammonium removal by dialysis
or hemofiltration and on reversing the catabolic
[9]
state by caloric and arginine supplementation . This
strategy, in the actual daily life of teenage patients,
could be hindered by the difficulty in maintaining
dietary restrictions; daily monitoring helps to control
the trigger causes (infections, fasting and other
conditions often make the metabolic imbalance
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unpredictable) of hyperammonemia. In patients whose
symptoms cannot be controlled by diet, OLT is a
treatment option because the liver is the principal site
of urea cycle activity.
In absence of viral reinfection, tumor recurrence
and alcohol relapse (typically affecting patients
who underwent OLT for more frequent indications),
transplants in patients with metabolic disorders
(e.g., hemochromatosis, Wilson’s disease, familial
amyloidosis, cystic fibrosis) have significantly better
outcomes compared with primary liver diseases. The
5 year survival rate is nearly 90% with better results
[10]
when structural liver disease is absent . Moreover,
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the consequent metabolic correction is associated with
a considerably improved quality of life and elimination
of specific death risks.
After OLT, dietary restriction in our patient
was no longer needed. Consequently, the other
medications for amino acid supplementation and
urea excretion were discontinued with no further
encephalopathy episodes. Furthermore, our patient
has demonstrated increased intellectual performance
leading to maturation of personality and behavior
comparable with her peers; these improvements are
not to be generalized since other authors reported
cases of interrupted neurological deterioration without
[7,11,12]
significant intellectual improvements
. A possible
explanation could be the timing of OLT, which was
performed prior to the development of irreversible
brain damage.
The exact number of OLTs for patients with UCDs is
[12]
unknown; a United States survey in 1998 described
[1]
16 cases of OLTs for UCD patients. Kyoto University
refers to 13 patients who underwent liver transplant
for urea cycle defects, and a recent article describes 2
[13]
UCD patients who were subjected to OLT in China .
[11]
A European review
reported of 59 transplants with
a 93% survival after 3 years. Of these transplant
recipients, 6 patients had a CPS I deficit and all of the
patients were alive after the 3-year follow-up. In Italy,
[14]
the Sicilian transplant group
reported one case of a
living-donor liver transplant (LDLT) for OTC deficiency.
Recently, the United Network for Organ Sharing
(UNOS) described 293 patients who underwent liver
transplantation for UCDs and organic acidemias with a
5-year graft survival rate of 78% for children < 2 years
old at the time of transplant and 88% for children
≥ 2 years old at the time of transplant[15]. Finally,
[16]
Kasahara et al described 40 patients with UCDs who
underwent LDLT, in which the patient and graft survival
rate was 96.1% after 15 years.
Despite these good results, currently the univocally
accepted indications for OLT in patients with UCDs are
very severe disease with poor prognosis; progressive
liver disease with prospect of liver failure; severe
complications that cannot be avoided by other
interventions; or when diet is insufficient to maintain
[1,11]
normal ammonia blood levels
. A recent UNOS
review highlighted that eight children died while they
were waiting for transplantation, thus confirming the
lethal nature of this disease. The optimal timing for
transplantation remains an important question because
younger patients have a higher risk of graft loss due to
increased liver transplant complications. Recent expert
consensus conference guidelines recommend OLT
between 3 and 12 mo of age if the child weighs more
[17]
than 5 kg .
An important aspect highlighted by Hadzic and Vara
is that children with these rare conditions are followed
by specialists in metabolic units that often have no
direct contact with the transplant center. Considering
the positive results of transplantation for metabolic
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diseases, there should be closer contact between these
[18]
sectors .
Moreover, the periodic lack of compliance in these
children and adolescents, facing this long-term life
restriction, that can cause recurrent hyperammonemia
episodes is another factor favoring OLT.
Of course, all patients require an individual
evaluation for risk and benefit options. However, when
considering the significant improvements in transplant
techniques, the overall results and the positive and
generally better outcomes following OLT in patients
with metabolic defects compared to primary liver
diseases, we support the idea of liver transplant
as an option for every single patient. Furthermore,
liver transplant should no longer be a last resort.
In particular, we agree with some authors, such as
[19]
Meyburg et al , who have strongly promoted OLT as
the first and only definitive cure for UCDs given that
liver transplant is associated with the best survival rate
in the whole field of solid organ transplantation. OLT
should be performed as soon as possible to prevent
irreversible brain damage.
The OLT indications are not different for the different
UCDs types, except NAGS deficiency for whom the
definitive therapy is N-carbamyl-L-glutamate, a NAG
analogue that is taken up enterally and replaces NAG
[17]
for the activation of CPS1 . For all the other UCD
forms, liver transplantation should be considered in all
patients before irreversible neurological damage and/or
[17]
repeated crises occur .
In the literature, OLT has been reported for patients
with all UCD types, except NAGS deficiency. Wakiya
[20]
et al
described twelve children with OTC deficiency
who underwent living donor liver transplantation with
[21]
satisfactory outcomes. Kimura et al
reported two
cases of adult-onset type Ⅱ citrullinemia successfully
[22]
treated with OLT. Nagamani et al
report OLT as a
long-term correction for patients with ASL deficiency.
[23]
Silva et al
described two cases of children with
argininemia successfully treated with OLT. Morioka et
[1]
al reported 13 patients with UCDs who underwent
OLT at Kyoto University and reviewed 38 OLTs for
patients with UCDs reported in the worldwide English
literature of whom 28 patients had an OTC deficiency;
4 patients had a CPSI deficiency; 4 patients had
citrullinemia type Ⅰ; 27 patients had citrullinemia type
Ⅱ; 1 patient had an arginase deficiency.
Regarding our patient, in our opinion, the transplant
should have been performed long before she came to
our hospital, which would have prevented more than
10 years of mental impairment and life-threatening
episodes during her childhood. The improved quality
of life that OLT offers, despite the immunosuppressive
therapy, to these young people and the great benefit
for their social development should be taken into
account.
Therefore, our present experience, together with
the results obtained worldwide in patients with this
type of metabolic disease, supports OLT as soon as
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possible. The advantages for these children are an
approximate 90% survival rate with normal mental
development and a better quality of life.

6

COMMENTS
COMMENTS

7

Case characteristics

A 17-year-old girl diagnosed with urea cycle disorder (carbamyl phosphate
synthetase deficiency diagnosed when she was 3) presented with an acute
attack characterized by lethargy.

8

Clinical diagnosis

Drowsiness, ataxia, coordination defects and temporal cognition distortion.

Differential diagnosis

Urea cycle disorders (UCDs), other metabolic disorders, encephalitis, hepatic
encephalopathy, cerebral mass, drug intoxication.

9

Laboratory diagnosis

The patient’s blood ammonia concentration was 305 µg/dL; the liver function
tests were within the normal limits.

Imaging diagnosis

The cerebral magnetic resonance imaging results were normal.

10

No pathological investigations were performed.

11

Pathological diagnosis
Treatment

The acute episode was resolved with a 72-h infusion of a parenteral complex
containing sodium benzoate and arginine; shortly afterwards, after a complete
work-up, the patient underwent orthotopic liver transplantation.

12

Term explanation

The urea cycle is the primary nitrogen disposal pathway in humans. The cycle
requires the function of six enzymes to catalyze the conversion of ammonia and
bicarbonate into urea. Ammonia is toxic, but urea is relatively inert, is soluble in
water and is readily excreted by the kidney into the urine. The liver is the most
important site of this enzymatic activity. Urea cycle disorders are metabolic
inborn errors caused by a deficiency in one of the enzymes of the cycle.
Ammonia (and other toxic intermediates) accumulation leads to predominant
neurologic sequelae, ranging from mild cognitive deficits to deep coma and
death.

13
14
15

Experiences and lessons

This case report, together with the recent literature data, supports liver
transplantation as a primary intervention in patients with UCDs to prevent lifethreatening acute episodes and chronic mental impairment.

16

Peer-review

This case report focuses on the issue of liver transplantation for patients with
urea cycle disorders, which is relevant and not thoroughly discussed in the
transplant literature.

17
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CASE REPORT

Gastroenterology case report of mesalazine-induced
cardiopulmonary hypersensitivity
José Ferrusquía, Isabel Pérez-Martínez, Ricardo Gómez de la Torre, María Luisa Fernández-Almira,
Ruth de Francisco, Luis Rodrigo, Sabino Riestra
been widely used to treat patients with inflammatory
bowel disease. Accumulating evidence indicates
that mesalazine has a very low rate of adverse drug
reactions and is well tolerated by patients. However,
a few cases of pulmonary and cardiac disease related
to mesalazine have been reported in the past, though
infrequently, preventing clinicians from diagnosing the
conditions early. We describe the case of a 32-yearold man with ulcerative colitis who was admitted with
a two-month history of persistent fever following
mesalazine treatment initiated 14 mo earlier. At the
time of admission, mesalazine dose was increased
from 1.5 to 3.0 g/d, and antibiotic therapy was started
with no improvement. Three weeks after admission,
the patient developed dyspnea, non-productive cough,
and chest pain. Severe eosinophilia was detected in
laboratory tests, and a computed tomography scan
revealed interstitial infiltrates in both lungs, as well as
a large pericardial effusion. The bronchoalveolar lavage
reported a CD4/CD8 ratio of 0.5, and an increased
eosinophil count. Transbronchial biopsy examination
showed a severe eosinophilic infiltrate of the lung tissue.
Mesalazine-induced cardiopulmonary hypersensitivity
was suspected after excluding other possible etiologies.
Consequently, mesalazine treatment was suspended,
and corticosteroid therapy was initiated, resulting in
resolution of symptoms and radiologic abnormalities.
We conclude that mesalazine-induced pulmonary and
cardiac hypersensitivity should always be considered in
the differential diagnosis of unexplained cardiopulmonary
symptoms and radiographic abnormalities in patients
with inflammatory bowel disease.
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Abstract

Core tip: We report a case of lung and cardiac hyper
sensitivity caused by mesalazine therapy in a patient

Mesalazine is a 5-aminosalicylic acid derivative that has
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with ulcerative colitis. Despite a few previously
reported mesalazine-induced cardiac and pulmonary
hypersensitivity cases, both entities are extremely
infrequent making it difficult for the clinician to recognize
these conditions during their early stages. An early
diagnosis of these entities is extremely important, as the
treatment consists of mesalazine suspension, usually
resulting in a complete resolution of symptoms.

were normal. At the admission, mesalazine dose was
increased to 3 g/d. Blood, urine and stool samples
were collected for culture prior to a 10-d course of
intravenous antibiotic treatment with ciprofloxacin and
metronidazole. Nevertheless, the patient continued
to be febrile resulting in termination of the antibiotic
therapy. Cultures drawn at admission, as well as
serologic testing for human immunodeficiency virus,
were all negative. A rectosigmoidoscopy showed no
evidence of disease activity. A computed tomography
(CT) scan of the chest revealed the presence of
centrilobular pulmonary nodules in the left lower
lobe and lingula, as well as mediastinal and axillary
lymphadenopathy.
After a few days of hospitalization, a progressive
increase in the WBC and eosinophil counts were
detected in peripheral blood. Three weeks after
admission, a blood test showed a WBC count of 12.6
9
9
× 10 /L and a severe eosinophilia of 7.8 × 10 /L
(62.3%). Immunoglobulins (IgA, IgG and IgM) and
complement levels were normal. Rheumatoid factor,
anti-citrullinated peptide antibodies, and anti-nuclear
antibodies were all negative, while the anti-neutrophil
cytoplasmic antibody exhibited a positive cytoplasmic
staining pattern (titer, 1:160). During this time, our
patient developed clinical symptoms of dyspnea, a nonproductive cough, and thoracic pain. A second CT scan
was performed, revealing the presence of a patchy
ground glass opacification, centrilobular pulmonary
nodules extending to both inferior lobes, and a
33.6-mm pericardial effusion not previously present
(Figure 1A and B). An echocardiogram showed a large
pericardial effusion with no signs of hemodynamic
instability. Additionally, pulmonary function testing
revealed a marked decrease of 66.8% in the diffusion
capacity for carbon monoxide (DLCO). The tuberculin
skin test revealed no induration, and the QuantiFERON
TB-Gold test was also negative. Bronchoscopy findings
reported an inflammatory stenosis of the left principal
bronchia. The bronchoalveolar lavage (BAL) showed
an eosinophilia of 72.0%, with CD4 and CD8 counts of
29.0 and 56.0%, respectively (CD4/CD8 ratio: 0.52).
Transbronchial biopsy examination demonstrated the
presence of a dense eosinophilic infiltrate throughout
the interstitium, alveolar spaces, and capillaries,
consistent with eosinophilic pneumonia, but no
indication of necrosis or granulomas (Figure 2).
One month after admission, mesalazine-induced
eosinophilic pneumonia, pericardial effusion and severe
eosinophilia were suspected. Consequently, mesalazine
was withdrawn, and therapy with prednisone
was initiated. A few days after discontinuation of
mesalazine, our patient had a quick and significant
clinical improvement as indicated by normalization of
the hemoglobin level and eosinophil count. In addition,
a chest radiograph and a CT scan of the thorax
revealed a complete resolution of the mediastinal
and axillary lymphadenopathy, pericardial effusion,
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INTRODUCTION
Mesalazine, a 5-aminosalicylic acid derivative, is
a medication widely used in the management of
inflammatory bowel disease (IBD). The precise
mechanism of mesalazine action remains poorly
understood. However, it has been proposed that the
drug acts locally on the colonic mucosa reducing
inflammation through a variety of anti-inflammatory
processes. These processes include the inhibition of
proinflammatory cytokines (interleukin-1, -2, and
-8 and tumor necrosis factor-α), the induction of the
proliferator activated receptor-γ gene expression,
or mesalazine acting as a potent antioxidant and
[1]
free-radical scavenger . The use of sulfasalazine in
the treatment of IBD has been limited by the side
effects, most of them secondary to the sulfapyridine
[2]
component . On the other hand, the use of mesala
zine is usually well tolerated by patients, due to its
favorable safety profile. Due to a limited number of
cases of mesalazine-induced pulmonary disease and
pericardial effusion, it has been difficult for clinicians
to diagnose these diseases early. We describe the case
of a patient with ulcerative colitis (UC) who, due to
mesalazine treatment, simultaneously developed lung
disease, pericardial effusion, and severe eosinophilia.

CASE REPORT
A 32-year-old non-smoking man with a 16-mo history
of extensive UC treated with mesalazine (1.5 g/d)
since the initial UC diagnosis and azathioprine (150
mg/d) for the last 13 mo was admitted to the hospital
with a 2-mo history of asthenia, fever and night
sweats. Prior to the appearance of the symptoms,
UC was in clinical remission. Laboratory tests showed
microcytic hypochromic anemia, a normal WBC count,
and an increase in the erythrocyte sedimentation rate
(91.0 mm/h) and the C-reactive protein level (10.3
mg/dL). Both chest radiograph and electrocardiogram
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A

C

B

D

Figure 1 Radiograph of the chest and computed tomography scan before and after mesalazine suspension. A: Chest radiograph showing an enlarged cardiac
silhouette due to a cardiac effusion during mesalazine treatment; B: Computed tomography (CT) scan of the chest revealing cardiomegaly due to a large pericardial
effusion (maximum width of 33.6 mm) during mesalazine therapy; C: Normal chest radiograph after mesalazine withdrawal; D: CT scan of the chest showing a
complete resolution of the pericardial effusion after suspension of mesalazine.

A

B

Figure 2 Transbronchial biopsy of the left inferior pulmonary lobe. A: An eosinophilic infiltrate throughout the alveolar septa, alveolar spaces and capillaries (HE
stain, × 40); B: An eosinophilic infiltrate in the interior of capillaries (HE stain, × 100).

pulmonary nodules and infiltrates (Figure 1C and D).
Despite continuous reduction in the DLCO (73.5%) 6
mo after discontinuation of mesalazine, our patient
remained completely asymptomatic and capable of
conducting a fully active life.

embolism) should be taken into consideration.
Furthermore, lung infections, triggered or worsened
by the immunosuppressive medication, as well as
pulmonary adverse reactions induced by the drugs
used to treat the underlying disease, should also be
considered as the underlying cause of the pulmonary
[3]
symptoms in IBD patients .
The use of sulfasalazine has been related to
multiple adverse drug reactions (ADRs), hence,
mesalazine has become the first-line treatment for the
induction and maintenance of remission of mildly to
[2]
moderately active UC . Although mesalazine is usually
well tolerated by patients, some serious ADRs like

DISCUSSION
Clinicians treating patients with IBD exhibiting
pulmonary symptoms face multiple causes for the
onset of these symptoms. A respiratory involvement
as an extraintestinal manifestation of UC (serositis,
sarcoidosis, interstitial lung disease, or pulmonary
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hepatitis, blood dyscrasias, pancreatitis, and interstitial
[4]
nephritis have been reported . Mesalazine-induced
pulmonary side effects are rare, and its pathogenesis
is not well understood. Nevertheless, it is thought that
two mechanisms may be responsible for these side
effects: (1) a toxicity mechanism that could be dosedependent; and (2) an immunologic mechanism that
[5,6]
might be dose-independent .
Typical mesalazine-related side effects, which
include fatigue, non-productive cough, fever, dyspnea
[7]
and chest pain , usually appear after 1-6 mo of
treatment. In very rare cases, patients treated with
mesalazine exhibited side effects as early as a few days
[6]
or several years after the treatment . Laboratory tests
may reveal peripheral eosinophilia while pulmonary
nodules and an interstitial infiltrate with a ground glass
pattern are usually seen in the chest radiograph or
CT scan. If performed, the BAL frequently shows an
elevated count of eosinophils or lymphocytes, and a
reduction of the CD4/CD8 ratio. In addition, pulmonary
function tests usually demonstrate a reduced DLCO.
Histopathologic findings include interstitial lymphocytic
infiltrates, alveolar eosinophilic infiltrates, alveolar
[5]
fibrosis, and non-necrotizing granulomas .
Differentiating mesalazine-induced lung disease
from IBD-related pulmonary manifestation, as well
as establishing a diagnosis, is challenging. It is known
that mesalazine-induced lung disease usually affects
[8]
the lung parenchyma , whereas the IBD-related
pulmonary manifestations typically involve the upper
[9]
respiratory tract . If the diagnosis remains unclear, a
lung biopsy should be considered in order to exclude
other conditions. Preferably, the presence of eosinophilia
in peripheral blood, BAL, or lung tissue should be
used as indicators for diagnosing mesalazine-induced
lung disease. Otherwise, diagnosis should be based
on clinical presentation, exclusion of other causes of
lung disease, and a trial of drug discontinuation. One
case reported a complete resolution of the symptoms
[6]
after the reduction of the mesalazine dose . In
patients with severe respiratory symptoms or with
a lack of improvement after mesalazine withdrawal,
glucocorticoid therapy with prednisone (1 mg/kg per
day) should be considered. Reintroduction of mesalazine
is not usually recommended. Nonetheless, cases have
been reported where rechallenge did not produce
[10-12]
recurrence of pulmonary symptoms
.
Thirty-eight cases of mesalazine-induced pulmonary
disease were found in the literature. The principal
characteristics of those cases are summarized in Table
1. There were 18 men (46.2%) and 21 women (53.8%)
with a mean age of 42 years (range: 10-72 years) at the
onset of symptoms. Thirty-three of them were diagnosed
with UC (84.6%) and six had Crohn’s disease (15.4%).
Mesalazine dose at the onset of symptoms varied
from 750 mg to 4.8 g/d. The time between initiation
of mesalazine treatment and the onset of pulmonary
symptoms ranged from two days to 4-5 years. The most
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common symptoms were non-productive cough, fever
and dyspnea, which were present in 74.0%, 72.0%
and 64.0% of the patients, respectively. Eosinophilia in
peripheral blood was reported in 18 patients (46.0%),
and pulmonary infiltrates with an interstitial pattern
were the most frequent radiologic finding, appearing
in 73.0% of patients. Similarly, eosinophilic pneumonia
was the most common histologic finding, appearing in
41.0% of the biopsies. Mesalazine was suspended in
38 patients (97.4%), and 23 of them (60.5%) received
systemic glucocorticoids as part of the treatment.
Rechallenge was tried in seven patients, but recurrence
was only seen in four of them (57.1%).
Cardiac disease as an extraintestinal manifestation of
IBD is very rare. When it does occur, acute pericarditis
[13]
is the most frequent form of presentation , but
myocarditis, pericardial effusion, and cardiac tamponade
[14,15]
have also been described
. Conversely, most
cases of cardiac disease in patients with IBD are drug
induced and, even when its pathogenesis is unclear, the
consideration is that an idiosyncratic hypersensitivity
reaction and a drug-induced lupus-like syndrome
[16]
mechanism are related . Although most cases of
mesalazine-induced cardiac hypersensitivity in IBD
patients are not severe, life-threatening complications
[17]
have been reported . The treatment for the condition
consists of mesalazine suspension and administration
of non-steroidal anti-inflammatory drugs or corti
costeroids, taking into consideration that the former
[18]
may exacerbate the underlying IBD in some patients .
Table 2 summarizes the principal characteristics of
previously published cases of mesalazine-induced
cardiac hypersensitivity in patients with IBD.
[19]
The Naranjo algorithm scale
was used to assess
the probability of ADRs. The Naranjo algorithm scale is
a questionnaire designed to determine the likelihood
of whether ADRs are secondary to a drug rather than
the result of other factors. ADRs of ≥ 9 points were
considered to be definite, probable at 5-8 points, possible
at 1-4 points, and doubtful at 0 points. Our patient
scored 8 points, suggesting probable ADRs. However,
due to the presence of eosinophilia in the peripheral
blood, BAL and lung biopsy, the patient’s deteriorating
condition following mesalazine treatment followed
by a significant improvement after discontinuation of
mesalazine therapy, all strongly support our diagnosis,
especially since other causes of cardiopulmonary disease
were excluded. Azathioprine-induced pulmonary disease
[20]
has also been described , nevertheless, it is by far less
frequent and in this case it did not seem to contribute
to the patient’s symptoms as he was receiving this
medication at same dose for 13 mo prior to admission,
throughout his entire hospitalization, and after being
discharged. As clinical improvement was documented at
the time mesalazine was stopped, we conclude this to
be the cause.
Cardiopulmonary toxicity related to mesalazine is
extremely infrequent making it difficult for clinicians to
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Table 1 Summary of previously published cases of mesalazine-induced pulmonary hypersensitivity in patients with inflammatory bowel
disease
Ref.

Age
Disease
(yr)/sex

Daily dose Duration of Symptoms
1
therapy

EOS

RP

HF

CD4/CD8

BAL

DLCO Steroid Rechallenge
therapy /recurrence
53%

No

No

ND

Yes

No

Le Gros
et al[21]

54/F

UC

750 mg

5d

T, R

ND

I

ND

Ratio: 0.95

Welte
et al[22]
Reinoso
et al[3]
Lagler
et al[23]
Honeybourne
et al[24]
Declerck
et al[25]

67/M

UC

1 g IR

10 d

D, DC, R

ND

I

ND

ND

Mo: 63%
L: 35%
E: 1.5%
ND

64/F

UC

3.6 g

2 yr

T, D, DC

ND

I

ND

ND

ND

↓

No

No

66/M

UC

1.5 g

3.5 mo

D, DC

No

I

LP

ND

54%

Yes

No

30/F

UC

1.6 g

7 mo

Yes 16%

ND

EP

ND

ND

No

No

45/F

UC

3g

3 mo

T, D, DC,
CP
D

Mo: 30%
L: 67%
ND

No

I

ND

ND

ND

No

No

Muzzi
et al[10]

60/F

CD

2.4 g

ND

T, D, DC

No

I

ND

ND

No

Yes/No

Bitton
et al[26]
Sviri
et al[27]
Lázaro
et al[28]

32/F

UC

4g

9 mo

T, D, DC

Yes 8.9%

ND

Mo: 45%
L: 38%
E: 11%
Mo: 40%
L: 55%
E: 3%
ND

ND

Yes

No

49/M

CD

3g

3.5 mo

T, D, DC

No

I

LP/IF

ND

80%

Yes

Yes/Yes

60/M

UC

ND

4 wk

T, D, DC

Yes

I

IP

ND

67%

No

No

Pascual-Lledó
et al[29]
Sesin
et al[30]
Tanigawa
et al[31]

64/F

CD

3g

2 mo

D, DC, CP

No

I

NL

ND

L: 60%
E: 10%
Mo: 80%
L: 8%
E: 10%
ND

ND

No2

No

72/F

UC

1.6-2.4 g3

2 mo

No

ND4

ND

ND

ND

ND

No

No

35/F

UC

1.5 mg

40 d

T, D, CP,
PC
T, DC

Yes

I

EP

No

No

29/F

UC

3g

2d

D, CP

No

ND

ND

Mo: 44%
L: 49%
E: 7%
ND

ND

Guslandi
et al[32]
Facchini
et al[33]
Zamir
et al[34]
Saltzman
et al[35]
Haralambou
et al[36]
Sossai
et al[6]
Pérez
et al[37]
Foster
et al[5]

CD4: 44%
CD8: 34%
Ratio: 1.3
ND

ND

No

Yes/Yes

15/M

UC

2.8 g

4 mo

D, DC

No

A

ND

ND

ND

ND

Yes

No

23/F

UC

ND

6 wk

F, DC

Yes

ND

ND

ND

ND

ND

Yes

No

53/F

UC

ND

4 mo

T, DC, R

Yes 27%

A

EP

ND

E: 79%

ND

Yes

No

18/F

UC

2 mo

I

BO

ND

ND

ND

Yes

No

UC

3 mo

T, D, DC,
CP
D, DC

Yes 88%

70/F

1.6 g P.O. +
4 g (enema)
2.4 g

No

I

IP

Ratio: 0.39

ND

No

N/A5

50/M

UC

4g

2 mo

T, D, DC

ND

ND

EP

ND

Mo: 40%
L: 60%
ND

ND

Yes

No

44/M
30/F

CD
UC

2.4-4.8 g
4.8 g

15 mo
2 yr

No
No

A
A

IP/IF
IP/IF

ND
ND

N: 73%
N: 43%

ND
ND

Yes
No

No
No

29/F
30/M

UC
UC

3.6 g
2.25 g

8 mo
4 wk

T, D, DC
T, D, DC,
CP
T, D, DC
T, DC

No
Yes

A
ND

IP
EP

ND
ND

ND
ND

19%
ND

Yes
Yes

No
No

57/M

UC

ND

2 yr

10/F

UC

3.2 g

18/M

UC

28/F

Hakoda
et al[38]
Actis
et al[39]
Kohli
et al[40]
Katsenos
et al[41]
Price
et al[11]
Iannone
et al[42]
Cilloniz
et al[43]

CD4: 56%
CD8: 31%
Ratio: 1.80
LP/IF
ND

No

A

ND

ND

ND

↓

Yes

No

2 wk

T, D, DC,
CP
T, D, DC

Yes 12%

I

IP

ND

ND

ND

Yes

Yes/Yes

ND

1 yr

T, PC

Yes

I

ND

ND

ND

Yes

No

UC

1.2 g

4-5 yr

T, PC

Yes

B

ND

ND

Mo: 15%
L: 20%
E: 60%
N: 95%

ND

Yes

Yes/No6

32/F

UC

ND

4 mo

T, DC

No

I

ND

ND

ND

74%

Yes

No

14/M

CD

3g

8 mo

CP

No

I

IP

ND

Mo: 68%
L: 27%

93%

Yes

No
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Park
et al[44]

35/M

CD

4g

3 mo

T, DC

Yes 32%

I

EP

Shimizu
et al[45]
Sposato
et al[46]

50/F

UC

ND

4 wk

T, DC

ND

ND

ND

CD4: 54%
CD8: 41%
Ratio: 1.3
ND

42/M

UC

3.2 g

8d

T, CP

Yes 14%

I

ND

ND

57/F

UC

3 mo

T, D, DC

Yes

I

ND

17/M

UC

ND
(enemas)
4g

3 mo

D, DC, CP

Yes 23%

A

65/M

UC

4.8 g

2 wk

T, D, DC9

No

30/F

UC

1 g IR

19 d

PC

72/M

UC

ND

4 mo

32/M

UC

1.5-3 g3

14 mo

Lamsiah
et al[47]
Kevans
et al[48]
Abraham
et al[49]
Kim
et al[50]
Michy
et al[12]
Current case

L: 31%
E: 41%

ND

No

No

ND

No

No

ND

Yes7

No

ND

L: 58%
E: 20%
Mo: 13%
E: 47%
N: 34%
ND

ND

Yes

Yes/Yes8

ND

ND

ND

ND

Yes

No

I

LP/IF

ND

ND

ND

Yes

No

Yes 24%

I

EP

ND

ND

Yes

No

D

Yes

ND

EP

ND

ND

Yes

Yes/No10

T, D, DC,
CP

Yes 62%

I

EP

CD4: 29%
CD8: 56%
Ratio: 0.51

Mo: 73%
N: 19%
L: 23%
N: 28%
E: 14%
E: 72%

67%

Yes

No

1

Time under mesalazine treatment before symptoms appeared; 2Patient was on low-dose Deflazacort during all the course of the pulmonary disease;
Mesalazine dose was increased after patient was admitted; 4Bilateral pleural effusion was also noted; 5Patient improved after reducing mesalazine dose;
6
Rechallenge was intended with olsalazine 1.5 g/d, with no recurrence; 7Patient had no response to glucocorticoid therapy but showed improvement after
mesalazine withdrawal; 8After mesalazine removal a second rechallenge with sulfasalazine was intended with no recurrence of symptoms; 9Patient required
endotracheal intubation for severe respiratory insufficiency; 10No recurrence was noted after the reintroduction of mesalazine enemas. A: Alveolar pattern;
B: Bronchiectasis; BAL: Bronchoalveolar lavage; BO: Bronchiolitis obliterans; CD: Crohn’s disease; CP: Chest pain; CT: Corticoid therapy; D: Dyspnea; DC:
Dry cough; DLCO: Diffusion capacity for carbon monoxide; E: Eosinophils; EOS: Eosinophilia; EP: Eosinophilic pneumonia; F: Female; HF: Histopathologic
findings; I: Interstitial pattern; IF: Interstitial fibrosis; IP: Interstitial pneumonitis; IR: Intrarectal; L: Lymphocytes; LP: Lymphocytic pneumonitis; M: Male;
Mo: Monocytes; N: Neutrophils; N/A: Not applicable; NC: No change; ND: No data available; NL: Normal; PC: Productive cough; PE: Pleural effusion; R:
Rash; RP: Radiologic pattern; T: Fever; UC: Ulcerative colitis.
3

Table 2 Summary of previously published cases of mesalazine-induced cardiac hypersensitivity in patients with inflammatory bowel
disease
Ref.

Age (yr)/ Disease
sex

Vayre et al[51]
Ishikawa et al[16]
Doganay et al[52]
García-Morán et al[17]

53/M
17/M
21/M
39/M

CD
UC
UC
UC

Martín et al[53]
Cappell et al[15]

22/M
32/M

UC
UC

Bernal-Sprekelsen et al[54]
Freeman et al[55]
Sierra Ausín et al[56]

54/M
26/M
47/M

UC
UC
UC

Park et al[57]
Calafat et al[13]
Sonu et al[58]

26/M
37/M
37/F
20/F

UC
UC
UC
UC

Current case

32/M

UC

Daily dose

Duration of
therapy

Symptoms

Cardiac disease

Pharmacologic
treatment

Rechallenge
/recurrence

500 mg
1.5 g
2g
4 g P.O. + 2 g
(enemas)
3g
ND

8 yr
2 wk
10 d
2d

T, CP
T, CP
T, D
T, CP

AP, PE
AP, PE
AM
AM, AMI

Prednisolone
Prednisolone
Budesonide
Methylprednisolone

No
Yes/Yes
No
No

ND
10 yr

CP
T, CP, D

Corticosteroids
Prednisone

No
No

3 wk
3 wk
3 wk

T, CP
T, CP
T, CP

AM
Chronic
pericarditis, PT
AP, PE
AM
AP

ASA
Hydrocortisone
NSAIDs

Yes/Yes1
Yes/No2
No

1 mo
1 mo
2 wk
3 wk

T, CP
CP
CP
CP

AM, PE
AP, PE
AP, PE
AM, PT

ASA, prednisolone
ASA
Analgesics
Ibuprofen and
colchicine

Yes/Yes
No
No
Yes/Yes4

14 mo

T, CP, D

AP, PE

Prednisone

No

1.5 g
1.6 g
3 g P.O. + 1 g
(enemas)
2.4 g
1 g IR
3g
Sulfasalazine 2
g + mesalazine
(enemas)3
1.5-3 g5

1

After mesalazine suspension a rechallenge with mesalazine 500 mg IR was intended with recurrence of symptoms; 2After mesalazine suspension a
rechallenge with sulfasalazine was intended without recurrence of symptoms; 3Mesalazine dose was not specified; 4After both sulfasalazine and mesalazine
enemas were suspended, and low-dose balsalazide was initiated with recurrence of symptoms; 5Mesalazine dose was increased after patient was admitted.
AP: Acute pericarditis; AM: Acute myopericarditis; AMI: Acute mitral insufficiency; ASA: Acetylsalicylic acid; CD: Crohn’s disease; CP: Chest pain;
D: Dyspnea; F: Female; IR: Intrarectal; M: Male; ND: No data available; NSAIDs: Nonsteroidal anti-inflammatory drugs; PE: Pericardial effusion; PT:
Pericardial tamponade; T: Fever; UC: Ulcerative colitis.
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article highlights the importance of considering drug-induced pulmonary and
cardiac hypersensitivity in all inflammatory bowel disease patients who develop
unexplained lung or cardiac disease while receiving mesalazine treatment.

recognize and diagnose it in the regular practice. The
drug-induced pulmonary and cardiac hypersensitivity
should be considered in any IBD patient who
develops unexplained lung or cardiac disease while on
mesalazine. Early recognition of these ADRs may lead
to prompt cessation of the drug, most likely resulting in
a complete resolution of the symptoms and radiologic
abnormalities.
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CASE REPORT

Treatment of Crohn’s disease and familial Mediterranean
fever by leukopheresis: Single shot for two targets
Mahmut Yuksel, Fatih Saygili, Orhan Coskun, Nuretdin Suna, Mustafa Kaplan, Ufuk Baris Kuzu,
Zeki Mesut Yalin Kilic, Yasemin Ozderin Ozin, Ertugrul Kayacetin
about this clinical situation is limited with a few case
reports in the literature. The treatment of both diseases
depends on their individual therapies. However, it
is very hard to deal with this coexistence when CD
is refractory to standard therapies. Ongoing activity
of CD triggers the clinical attacks of FMF and the
symptoms like abdominal pain interfere with both
disease presentations which can cause problems
about diagnostic and therapeutic approach. The main
therapeutic agent for FMF is colchicine and diarrhea
is the most common side effect of this drug. This side
effect also causes problems about management of
these diseases when both of them are clinically active.
Here we report probably the first case in the literature
with coexisting CD and FMF who was successfully
treated by leukopheresis since he was refractory to
conventional therapies for CD.
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Core tip: Management of coexisting autoimmune
diseases is sometimes problematic because of resistance
to standard therapies. Coexistence of Crohn’s disease
and familial Mediterranean fever is a rare condition,
so the experience about their treatment is lacking. In
our report we are sharing our treatment experience
of a patient with this coexistence, where the case is
refractory to conservative therapies and apheresis was
applied as the last choice of treatment. This treatment
modality seems to be the first in the literature for these
diseases.

Abstract

Yuksel M, Saygili F, Coskun O, Suna N, Kaplan M, Kuzu UB,
Kilic ZMY, Ozin YO, Kayacetin E. Treatment of Crohn's disease
and familial Mediterranean fever by leukopheresis: Single shot

Coexistence of Crohn's disease (CD) and familial Medi
terranean fever (FMF) is a rare condition and knowledge
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thiopurines and biological agents.
Here we report the first case in the literature with
coexisting FMF and refractory CD successfully treated
by using GMA for both diseases.

CASE REPORT
INTRODUCTION

A 20-year-old male patient was admitted to our clinic
with complaints of abdominal pain, weight loss and
diarrhea more than 20 times a day. Diarrhea was not
bloody but contained mucus. The patient had a long
and confusing medical history. He had complaints of
chronic diarrhea when he was only 1-year-old. He
has received medical therapy against amebiasis in a
children's hospital. He had temporary improvement
but mainly had the same complaints for more than two
years. After an attack of bloody diarrhea and suspicion
of perforation he underwent left hemicolectomy when
he was 3-year-old. The pathological investigation
of hemicolectomy specimen revealed chronic active
colitis without any definitive diagnosis. The patient had
same complaints after the first postoperative month.
Mesalazine 50 mg/kg and prednisolon 2 mg/kg were
initiated. Under medical therapy to induce remission
he had flares of bloody diarrhea. The patient was
reported to be mainly steroid dependent up to 9
years old. When he was 9 under mesalazine therapy,
corticosteroids were initiated again to induce remission
but he had a generalized tonic clonic convulsion.
Cerebral evaluation by computed tomography (CT)
magnetic resonance imaging, single-photon emission
CT and as well as cerebrospinal fluid investigation
revealed no abnormality. An electroencephalogram was
consistent with pseudotumor cerebri. Corticosteroids
were withdrawn and valproate sodium was initiated.
After another flare of colitis azathiopurine was added
to mesalazine and valproate sodium treatment at the
age of 10. The patient showed growth retardation and
was still steroid dependent for colitis. When he was
10 as he had involvement of total residual colon and
distal ileitis, total colectomy + endorectal anastomosis
(straight) + end ileostomy + Hartman procedure was
performed. Pathological assessment showed transmural
involvement of chronic mononuclear inflammation
which suggests the diagnosis of CD. Under medical
therapy with mesalazine and azathiopurine the patient
complained of fever, arthralgia and pleuretic chest pain
after the first year of extended surgical operation. MEFV
gene mutation analysis was then performed and he was
found to have a homozygous M694V mutation. Familial
Mediterranean fever was diagnosed and colchicine
therapy was added to his treatment regimen. Despite
an effective dose of colchicine he had fever attacks, and
due to increase in stool number he had to discontinue
colchicine sometimes. While he was 15 years old, he
had perianal complaints which were diagnosed as
perianal involvement of CD. As he was resistant to all
therapies, adalimumab (ADA) 40 mg/2 weeks was

Crohn’s disease (CD) is a chronic inflammatory disorder
which can affect any part of the alimentary tract,
[1]
tending to attack in a transmural manner . Perianal
involvement, abscesses, strictures and fistula formation
are the different complications that can be faced during
the active stage of the disease. Evolving technology
and growing knowledge are bringing new therapeutic
modalities for this progressive and sometimes
problematic illness. However, no curable treatment
has been developed due to poorly understood disease
pathology. Induction and maintenance of remission
are the goal of therapy. Budesonid, 5-aminosalicylic
acid (5-ASA) derivatives, systemic steroids, thiopurines
and anti-tumor necrosis factor (anti-TNF) agents are
the main medications that are currently available and
effective for induction and maintenance of remission
all over the world. Surgical intervention is frequently
needed for patients with abscess, fistula and strictures
or those who are refractory to standard therapies.
However, surgical therapy is not often satisfactory as
we can use in ulcerative colitis.
During the active stage of CD, extravasation of
granulocytes and monocytes/macrophages and their
migration to the intestinal wall play a crucial role in
transmural inflammation as they are the main sources
[2]
of inflammatory cytokines, especially TNF . Depleting
activated granulocytes and inflammatory mononuclear
cells by using apheresis to induce remission is the
main goal for granulocyte and monocyte adsorptive
apheresis (GMA). GMA is an effective and safe
therapeutic option for patients with inflammatory bowel
[3]
diseases refractory to pharmacological therapy .
Familial Mediterranean fever (FMF) is the most
prevalent monogenic autoinflammatory disease,
affecting more than 100000 subjects worldwide,
mainly in the Mediterranean region. Despite novel
advances in genetic testing of mutations, the diagnosis
of FMF is still based on clinical criteria that include
symptoms such as abdominal and thoracic pain, family
[4]
history and response to treatment with colchicine .
Nevertheless, according to our recent knowledge the
finding of mutations in the MEFV gene is mandatory
for a definitive FMF diagnosis.
Coexistence of FMF and CD is a rare condition
although a limited number of publications suggest that
MEFV mutations are more frequent among CD patients
[5]
when compared to healthy controls . The treatment
for both diseases mainly consists of using colchicine
combined with 5-ASA derivatives, corticosteroids,
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10 cm

Figure 1 Perianal swelling and inflammation which reflect activity of
perianal Crohn's disease.
Figure 2 Computed tomography appearance of diffuse symmetric
thickening at the site of rectal anastomosis (arrows).

initiated. He had 9 cycles of ADA with dose modification
but remission induction could not be accomplished. ADA
therapy was discontinued and he was on mesalazine,
AZA and steroids when he was admitted to our clinic.
Physical examination revealed growth retardation,
dehydration, malnutrition and perianal swelling and
inflammation (Figure 1). Colonoscopy with biopsies
up to distal 30 cm revealed ileal and rectal ulcerations
and inflammation. Abdominal CT showed intestinal
thickening in distal ileal and anastomotic regions (Figure
2). CD activity index (CDAI) was calculated to be
397. He also had fever and chest pain attacks during
hospitalization. A total of 12 cycles of GMA by using
Cellsorba filters, twice weekly, were performed as the
patient still had medical therapy resistant luminal and
perianal CD with coexisting FMF which has not been
possible to be treated properly. The ileal and rectal
biopsy specimens showed findings of active CD without
any sign of amyloidosis. After 12 cycles of GMA, the
clinical symptoms and laboratory findings improved and
CDAI was found to be 139. The patient did not have
fever and chest pain attacks since GMA therapy. AZA
and mesalazine were continued to sustain remission.
The patient is still in remission after 3 mo of follow-up
and is still attack free in terms of FMF.

[7]

patient while disease was active despite IFX therapy .
[8]
In another case report form Japan, Fukunaga et al
also showed similar successful induction of remission
in an IFX refractory patient with additional weekly
GMA therapy. Further, intensive GMA involving two
sessions per week has been recently shown to be
more effective than conventional weekly GMA for
[9]
refractory IBD . In addition, GMA does not have any
high risk of serious adverse events. The use of GMA
in IBD has been increasing during the last decade and
new reports are emerging about efficacy and safety of
[10,11]
this procedure
.
In our case we have reported a patient with
refractory CD and coexisting FMF with fever and
pleural attacks. GMA was used mainly for induction of
remission for CD but it was also found to be beneficial
for FMF attacks. Our patient seems to be the first
patient in the literature who was successfully treated
by GMA for both CD and FMF. It is a novel finding
because we do not have any data about the use of
apheresis among FMF patients. Positive response of
FMF to GMA therapy may be a result of depletion of
systemic inflammatory state. Also, the beneficial effect
can be coincidential, but it is still promising and needs
to be evaluated carefully. The coexistence of these
two inflammatory diseases is a challenging problem
and GMA may be a new and encouraging answer. As
the patient could not use colchicine properly due to
side effects, he had limited choices of treatment for
FMF. Luckily, rectal specimens did not show amyloid
deposits which is the most important complication of
this disease, although the patient had FMF for more
than 9 years. Long term maintenance with GMA for
both CD and FMF is not possible, but during remission
of CD the patient would have a chance to initiate
colchicine again which will be a definitive therapy for
FMF. We have already known the beneficial effect of
GMA in CD from the literature. However, the effect of
GMA in FMF still seems to be mysterious. Apart from

DISCUSSION
Coexistence of CD and FMF is a rare condition.
Combination of individual therapies of both diseases
is the main choice of treatment in this situation.
However, the resistance of CD to standard therapies
brings difficulties to the management of both diseases
as colchicine itself induces diarrhea as a side effect.
GMA is available in Europe and Japan for the treatment
of patients with active inflammatory bowel disease
(IBD) that may have become refractory to standard
[6]
drug based medication, including TNF-α blockers .
GMA was first used for CD in the literature by Fradji
et al and Gonzalez Carro et al showed in a case report
that weekly GMA when added to scheduled infliximab
(IFX) maintenance therapy was effective in a CD
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the mechanism of action from the patient's point of
view, it seems to be a good single shot for two targets.
3

COMMENTS
COMMENTS
Case characteristics

A 20-year-old male with coexisting Crohn's disease (CD) and familial
Mediterranean fever (FMF) had complaints of abdominal pain and diarrhea.

4

Clinical diagnosis

Increased bowel sounds and abdominal tenderness were observed.

Differential diagnosis

Acute abdomen and infectious diarrhea.

Laboratory diagnosis

5

WBC 16.4 k/mL, HGB 11.8 g/dL, ESR 64 mm/h, and CRP, 44 mg/L.

Imaging diagnosis

An abdominal computed tomography scan showed diffuse thickening of the
intestinal wall at the site of previous anastomosis, which revealed recurrence
and active disease.

6

Pathological diagnosis

Ileal and rectal biopsy specimens showed findings of active CD without any
sign of amyloidosis.

Treatment

Twelve cycles of granulocyte monocyte adsorptive apheresis (GMA) with
Cellsorba filters was performed twice weekly to induce remission in CD and
treat FMF attacks.

7

Related reports

There is not any report on treating both diseases by using apheresis.

8

Term explanation

GMA is variant of apheresis that aims to deplete granulocytes and monocytes
in the circulation to control systemic inflammatory activity.

Experiences and lessons

This report mentions a successful experience of treating coexisting active CD
and FMF by using GMA, which is a novel procedure for this situation.

9

Peer-review

This report suggests a new therapeutic approach for two diseases that are
refractory to standard therapies.
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examinations revealed a tumor located on the third
portion of the duodenum with stenosis. We suspected
duodenal carcinoma and performed pancreaspreserving segmental duodenectomy. Adenocarcinoma
arising from a heterotopic pancreas at the third
portion of the duodenum was finally diagnosed by im
munohistochemical staining. Malignant transformation
in the duodenum arising from a heterotopic pancreas is
extremely rare; to our knowledge, only 13 cases have
been reported worldwide, including the present case.
The most common location of malignancy is the proximal
duodenum at the first and descending portion. Herein,
we describe the first case of adenocarcinoma arising from
a heterotopic pancreas, which was located in the third
portion of the duodenum, with a review of the literature.

Abstract

Fukino N, Oida T, Mimatsu K, Kuboi Y, Kita K. Adenocarcinoma
arising from heterotopic pancreas at the third portion of the
duodenum. World J Gastroenterol 2015; 21(13): 4082-4088
Available from: URL: http://www.wjgnet.com/1007-9327/full/

Key words: Adenocarcinoma; Heterotopic pancreas;
Duodenum; Segmental resection; Weight loss
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Based on all abdominal surgeries, the incidence
of heterotopic pancreas ranges from 0.25% to 1.2%.
The frequency of malignant transformation ranges from
0.7% to 1.8% among all heterotopic pancreas cases.
Malignant transformation arising from a heterotopic
pancreas is extremely rare. The most common location
of malignancy is the proximal duodenum at the first and
descending portion. In this paper, we report the case of
a patient with weight loss who was diagnosed as having
an adenocarcinoma arising from a heterotopic pancreas,
at the third portion of the duodenum, with a review of
the literature.

A 62-year-old Japanese man presented to our hospital
with a history of weight loss of 6 kg in 4 mo. Imaging

WJG|www.wjgnet.com

4082

April 7, 2015|Volume 21|Issue 13|

Fukino N et al . Adenocarcinoma caused by heterotopic pancreas
v21/i13/4082.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i13.4082

A

INTRODUCTION
Heterotopic pancreas is defined as an unusual pan
creatic tissue existing in other organs without any
connection to the original pancreas. The most frequent
locations are the duodenum (9%-36%), stomach
(24%-38%), jejunum (0.5%-27%), and Meckel’s
[1]
diverticulum (2%-6.5%) . Heterotopic pancreas
[2,3]
has been classified into four types by Heinrich .
The incidence of heterotopic pancreas ranges from
[4]
0.25% to 1.2% among all abdominal surgeries .
Malignant transformation arising from a heterotopic
pancreas is extremely rare, and has been reported
in several cases in the literature. The frequency of
malignant transformation ranges from 0.7% to 1.8%
[5,6]
among all cases of heterotopic pancreas . Malignant
tumors arising from a heterotopic pancreas, as well as
heterotopic pancreas, commonly appear pathologically
as a smooth nodule, and occasionally, as a mass with
an irregular surface. These tumors are usually located
in the submucosa and only occasionally expand
[1]
into the muscularis . Since only a small number of
cases have been reported, the prognosis of patients
with malignant tumors arising from a heterotopic
pancreas is not clear. Herein, we describe the first
case of adenocarcinoma arising from a heterotopic
pancreas, which was located in the third portion of the
duodenum.

B

C

Figure 1 Contrast-enhanced computed tomography, duodenofiberoscopy,
and hypotonic duodenography. A: Abdominal CT scan shows a poorly
enhanced mass around the third portion of the duodenum (arrow); B:
Duodenofiberoscopic findings reveal submucosal tumors at the third portion of
the duodenum (arrowheads); C: Hypotonic duodenography reveals stenosis at
the third portion of the duodenum. CT: Computed tomography.

CASE REPORT
A 62-year-old Japanese man presented to our hospital
with a history of weight loss of 6 kg in 4 mo. There
were no remarkable findings on the patient’s medical
history. The patient’s physical examination and vital
signs were normal. He was admitted to our hospital for
examination because of elevated serum levels of the
following tumor markers (the normal range for each
parameter is in parentheses): carbohydrate antigen
19-9, 500 U/mL (0-37 U/mL); DUPAN-2, 226 U/mL
(less than 150 U/mL); and SPan-1, 41 U/mL (less than
30 U/mL). The level of carcinoembryonic antigen was
within the normal range. The results of the complete
blood count test, coagulation test, and laboratory
analysis were normal. Contrast-enhanced computed
tomography of the abdomen showed a poorly
enhanced mass around the middle section of the third
portion of the duodenum and superior mesenteric
artery (Figure 1A). Duodenofiberoscopic findings
(Figure 1B) and hypotonic duodenography (Figure
1C) revealed a submucosal tumor with a smooth
surface and obstruction at the third portion of the
duodenum. Biopsies of the submucosal tumor were
taken and revealed no evidence of malignancy. We
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suspected a diagnosis of duodenal carcinoma from the
examination results and performed open resection with
intraoperative frozen section analysis. Intraoperative
examination revealed that the stomach and pancreas
were normal. The umbilication was located in front of
the ligament of Treitz and was completely separable
from the superior mesenteric artery (Figure 2A).
The intraoperative frozen section analysis revealed
adenocarcinoma of the duodenum. We diagnosed
primary duodenal carcinoma and performed pancreaspreserving segmental duodenectomy from the third
portion to the fourth portion of the duodenum. The
intestinal reconstruction was carried out by side-toside reconstruction using the GIA™ Stapling System
(Covidien, Tokyo, Japan). Macroscopic findings were
normal at the surface of duodenum (Figure 2B).
Microscopically, the tumor was 15 mm in diameter
and extended into the submucosa of the third portion
of the duodenum. The major part of the tumor was
moderately differentiated adenocarcinoma (Figure
3A). Moreover, only islet cells were present within and
near the tumor (Figure 3B). In immunohistochemical
staining, cytokeratin (CK) 7 (Figure 4A), neural cell
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A

B

Figure 2 Intraoperative findings. A: During surgery, the tumor with the umbilication was located in front of the Treitz ligament; B: Examination of the resected
specimen revealed a normal duodenal surface.

A

B

Figure 3 Histological examinations. A: The resected part of the duodenum shows a moderately differentiated tubular adenocarcinoma [Hematoxylin and eosin (HE),
× 40]; B: Only the islet cells are present within and near the tumor (HE, × 200). HE: Hematoxylin and eosin.

adhesion molecule (CD56) (Figure 4B), chromogranin
A (Figure 4C), synaptophysin (Figure 4D), insulin
(Figure 4E), and mucin 1 (MUC1) (Figure 4F) were
positive. On the other hand, CK20 (Figure 5A) and
MUC2 (Figure 5B) were significantly negative. From the
above results, we finally diagnosed adenocarcinoma
arising from a heterotopic pancreas at the third portion
of the duodenum. The postoperative course was
uneventful, and our patient was discharged from our
hospital 25 d after surgery. The patient was referred to
the oncology department for adjuvant chemotherapy.
We monitored the serum level of CA19-9 (Figure 6).
On postoperative month 1, our patient underwent 3
courses of oral tegafur-gimeracil-dihydropyrimidine
dehydrogenase (S-1) plus cisplatin chemotherapy and
S-1 monotherapy, respectively. Unfortunately, serum
levels of CA19-9 did not decrease. We diagnosed local
recurrence of heterotopic pancreas carcinoma by
positron emission and computed tomography (PETCT) at 8 mo after surgery. After radiation therapy at
another hospital (total 54 Gy), gemcitabine (GEM)
2
monotherapy, 1000 mg/m , was administered
intravenously for 30 min on days 1, 8, and 15 of each
28-d cycle. The serum level of CA19-9 decreased
gradually from 271 U/mL to 76 U/mL by GEM
monotherapy. We changed the treatment from GEM
monotherapy to GEM plus S-1 after administrating 10
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courses of GEM monotherapy, because the serum level
of CA19-9 increased again. At 24 mo after surgery,
a gastrostomy was performed and a central venous
access device was implanted for administrating total
parenteral nutrition because the patient suffered from
intestinal obstruction. We decided to terminate all
chemotherapy and provide best supportive care. Our
patient died 33 mo after the primary operation.

DISCUSSION
Heterotopic, ectopic, or aberrant pancreas, which
is commonly an incidental finding at surgery or
autopsy, is defined as a pancreatic tissue existing in
other organs without any connection to the original
pancreas and has been frequently reported in the
gastrointestinal tract, especially in the stomach. The
first report of heterotopic pancreas was identified by
Shultz in 1727. In 1859, the histological confirmation
[7-9]
was reported by Klob . The frequency of heterotopic
pancreas tissue has been reported to be 0.55%-13.7%,
0.25%, and approximately 1.2% in autopsy material,
abdominal surgery, and gastrectomy operation,
[7]
[4]
respectively . In Japan, Tanaka et al reported that
the incidence of heterotopic pancreas was 0.25%
among 6035 patients who underwent laparotomy.
Clinical symptoms caused by heterotopic pancreas
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A

B

C

D

E

F

Figure 4 Immunohistochemical staining: positive staining. A: Cytokeratin (CK) 7 (× 100); B: Neural cell adhesion molecule (CD56) (× 200); C: Chromogranin A (×
200); D: Synaptophysin (× 200); E: Insulin (× 200); F: Mucin 1 (MUC1).

A

B

Figure 5 Immunohistochemical staining: negative staining. A: Cytokeratin (CK) 20 (× 100); B: Mucin 2 (MUC2) (× 200).
[6]

are not specific. Symptoms such as abdominal pain,
vomiting, bleeding, and jaundice appear in conjunction
with tumor growth. In the present case, the patient
presented weight loss of 6 kg in 4 mo.
Heterotopic pancreas has been classified into 4
[2,3]
types by Heinrich in 1909 . Type Ⅰ is characterized
by the presence of typical pancreatic tissues with
acini, ducts, and islet cells similar to those seen in
a normal pancreas. Type Ⅱ is characterized by the
presence of pancreatic ducts and acini, while islet
cells are not present. Type Ⅲ is characterized by
ducts with a few acini or dilated ducts only, so called
adenomyoma. Type Ⅳ characterized by the presence
of islet cells only. Based on Heinrich’s classification,
most heterotopic pancreas cases are Type Ⅱ. Although
the reason is unknown, to date, Type Ⅳ heterotopic
pancreas cases have not been reported. The present
case was classified as Type Ⅳ according to Heinrich’s
classification, since pathological findings revealed only
islet cells within and near the tumor.
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Guillou et al indicated that the incidence of
malignancy due to heterotopic pancreas was 0.7%
and extremely rare. They studied the frequency
of malignant transformations among 146 cases of
heterotopic pancreas, including surgical and autopsy
specimens, between 1975 and 1991. In 1999,
[5]
Makhlouf et al reported that among 109 patients
diagnosed as having pancreatic heteropia in the
gastrointestinal tract, the incidence of malignant
transformation arising from a heterotopic pancreas
was 1.8%. According to their study, there was a slight
predominance of women over men; the mean age was
47-49 years. Most commonly, the tumor was located
in the upper gastrointestinal tract, from the stomach
to the jejunum. The most common symptoms were
digestive symptoms such as nausea, vomiting, and
jaundice caused by obstruction. There were no specific
symptoms. The mean tumor size was 3.5-3.7 cm. Most
of these tumors were ductal adenocarcinoma, similar
[5,6]
[10]
to those seen in the pancreas . Jaervi and Lauren
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have proposed 3 criteria for the diagnosis of carcinoma
arising from a heterotopic pancreas: (1) the tumor
must be found within or close to the ectopic pancreatic
tissue; (2) direct transition must be observed between
pancreatic structures and the carcinoma (malignant
transformation of an ectopic pancreas must be
differentiated from a metastatic deposit or a neoplastic
invasion from a neighboring digestive cancer, especially
from the stomach, the biliary tract, and the eutopic
pancreas); and (3) the non-neoplastic pancreatic
tissue must comprise at least fully developed acini and
ductal structures. According to those criteria, Guillou
[6]
et al suggested that it was impossible to ascertain
the pancreatic origin of the tumor in the absence
of acini and/or islets of Langerhans, since ductal
structures might have a local origin by means of a
metaplastic phenomenon. Therefore, Heinrich’s type
Ⅲ, so called adenomyoma, should not be classified
as an aberrant pancreas. Carcinomas arising from a
heterotopic pancreas have been classified by most
authors according to the 3 criteria and the opinion of
[6]
Guillou et al . However, as mentioned above, Heinrich
classified the histologic pattern of heterotopic pancreas
into 4 types. In the present case, the tumor extended
into the submucosa microscopically. The major part
of the tumor changed into moderately differentiated
adenocarcinoma. Moreover, only the islet cells were
present within and near the adenocarcinoma. For all
these reasons, we diagnosed the patient as having
type Ⅳ heterotopic pancreas according to Heinrich’s
classification.
To our knowledge, 36 cases of malignant trans
formation arising from a heterotopic pancreas, including
the present case, have been reported in PubMed
(key words: heterotopic (ectopic, aberrant) pancreas,
carcinoma). The incidence according to location is as
follows: duodenum, 36%; stomach, 36%; jejunum,
8%, and other (including the mediastinum, liver,
esophagus, hiatal hernia, periaorta, and rectum), 19%.
We summarized 13 cases of malignant transformation
arising from a heterotopic pancreas, in the duodenum
[4,9,11-18]
(Table 1)
. The mean age was 70.9 years
(range: 56-86 years). There was no sex predilection.
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Most commonly, the tumor was located from the bulb
to the descending portion in the duodenum; only in
the present case, the tumor was located in the third
portion of the duodenum. The mean tumor size was
25 mm (range: 12-50 mm). Approximately 80% and
50% of the tumors were pathologically diagnosed
as adenocarcinomas (tubular adenocarcinoma,
poorly differentiated adenocarcinoma, papillary
adenocarcinoma, and mucinous adenocarcinoma) and
classified as Heinrich’s type Ⅰ. The mean tumor size of
the malignant transformation is unknown; however,
most tumors were bigger than the previously reported
mean tumor size of heterotopic pancreas (mean 18
[4]
mm; range: 4-5 mm) . In our study, the mean size
varied from 12 to 50 mm in maximum dimension with
a mean of 25 mm.
Most of these tumors were pathologically diagnosed
as ductal adenocarcinomas. In addition, there are
noninvasive carcinomas within intraductal papillary
mucinous neoplasia and acinar cell carcinoma. It
is impossible to diagnose heterotopic pancreas
and malignant transformation preoperatively and
precisely, because these tumors are located within
the submucosal and subserosal layers. Endo et
[11]
al
diagnosed ectopic pancreas adenocarcinoma
preoperatively by endoscopic ultrasonographyguided fine-needle aspiration (EUS-FNA) in 2 cases.
They suggest that EUS-FNA is particularly helpful
for the preoperative diagnosis. However, cytological
examinations are inconclusive in about 50% of
[16]
cases . In our study, the accurate preoperative
diagnosis rate by EUS-FNA and biopsy was about 40%.
We diagnosed adenocarcinoma of the duodenum by
pathological diagnosis during surgery, and malignant
transformation arising from a heterotopic pancreas of
the duodenum by the immunohistochemical staining,
similar to previous articles.
The prognosis of patients with adenocarcinoma
arising from an ectopic pancreas seems to be
somewhat better than that of patients with tumors
arising from the pancreas itself, probably because
[19,20]
of earlier presentation
. To our knowledge, longterm survival was reported in a case of invasive ductal
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Table 1 Review of cases of malignant formation arising from a heterotopic pancreas in the duodenum
Case

Year

Author

Age
(yr)

Sex

Clinial
symptoms

Location

Preoperative
diagnosis

Diagnostic
approach

Size
(mm)

Pathology

Heinrich

Outcome

1

1993

Tanaka

72

M

D (ND)

ND

Operation

12

Cancer

ND

ND

2
3

1996
2006

Inoue
Inoue

81
75

F
M

Abdominal
pain
Anorexia
Melena

25
20

pap + muc
tub

Ⅰ
Ⅲ

ND
ND

4

2007

Tison

72

M

ND

2007 Kawakami

68

F

6

2008

Rosok

59

F

50

Adenocarcinoma,
CDHP
Acinar cell
carcinoma
IPMC

ND

5

7

2010

Inoue

75

M

ND

tub (well)

Ⅲ

8

2010

Bini

56

M

ND

Adenocarcinoma

Ⅰ

Death
(16 mo)
Not death
(19 mo)
Not death
(36 mo)
Not death
(72 mo)
ND

9

2011

Stock

79

F

30

Adenocarcinoma

Ⅰ

ND

10

2012

Kinoshita

62

F

34

tub (mode)

Ⅰ

11

2013

Ginori

86

F

30

well + muc + por

Ⅰ

Not death
(12 mo)
ND

12

2014

Endo

75

M

22

por

Ⅰ

Not death
(60 mo)

Present case

62

M

Duodenal cancer
Biopsy
No evidence of
Operation
malignancy
Abdominal D (2nd; Vater)
Tumor of the
Biopsy
pain, jaundice
ampulla of Vater
Jaundice
D (2nd; Vater) Carcinoma of the
Biopsy
ampulla of Vater
No symptom D (proximal)
No evidence of
Operation
malignancy
Nausea,
D (2nd)
Cancer, GIST, MTL Operation
vomiting
Vomiting
D (1st)
Adenocarcinoma
Biopsy
of uncertain origin
Abdominal
D (4th)
No evidence of
Operation
fullness,
malignancy
intermittent
abdominal
pain
Vomiting,
D (1st)
Gastric cancer
Operation
epigastralgia
Abdominal
D (1st)
Acute cholecystitis Operation
pain, nausea,
vomiting
Epigastric
D (2nd)
Adenocarcinoma EUS-FNA
pain, tarry
of uncertain origin
stool
Weihgt loss
D (3rd)
Suspected
Operation
duodenal cancer

15

tub (mode)

Ⅳ

Death
(33 mo)

13

D (ND)
D (ND)

12

ND
ND

ND: Not described; GIST: Gastrointestinal stromal tumor; MTL: Malignant lymphoma; EUS-FNA: Endoscopic ultrasonography-guide fine-needle aspiration;
tub: Tubular adenocarcinoma; well: Well differentiated type; mode: Moderately differentiated type; por: Poorly differentiated adenocarcinoma; pap: Papillary
adenocarcinoma; muc: Mucinous carcinoma; CDHP: Cystic dystrophy in heterotopic pancreas; IPMC: Intraductal papillary-mucinous carcinoma.

carcinoma arising from an ectopic pancreas within the
[20]
gastric wall, with no recurrence for 11 years . In the
present case, our patient died 33 mo after surgery
because of local recurrence of the adenocarcinoma.
There is no evidence of the efficacy of chemotherapy
for adenocarcinoma arising from a heterotopic
pancreas. In the present case, it took time to reach
a definite diagnosis. First, we diagnosed primary
adenocarcinoma of the duodenum only when the
immunohistochemical staining results were available.
We selected a regimen of S-1 plus cisplatin as first-line
therapy for duodenal cancer, based on the guidelines for
the treatment of gastric cancer in Japan. Our case was
referred for 3 courses of adjuvant chemotherapy with
S-1 plus cisplatin and S-1 monotherapy, respectively.
Unfortunately, the serum level of CA19-9 remained
high. On postoperative month 8, PET-CT revealed local
recurrence. After radiation in another hospital (total
54 Gy), the patient was administered GEM. The serum
level of CA19-9 decreased gradually to 76 U/mL. Our
patient eventually developed tolerance to chemotherapy
and died 33 mo after the primary operation. To the best
of our knowledge, there is no literature in PubMed on
the efficacy of chemotherapy (including adjuvant and
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systemic chemotherapy) for adenocarcinoma arising
from a heterotopic pancreas. However, our experience
suggests that GEM is effective for these tumors, as in
cases of primary pancreatic cancer. The study of further
cases of adenocarcinoma due to a heterotopic pancreas,
including the efficacy of chemotherapy treatment, is
necessary.
In conclusion, we herein present the first case of
malignant transformation arising from a heterotopic
pancreas at the third portion of the duodenum.

COMMENTS
COMMENTS
Case characteristics

A 62-year-old Japanese man with a weight loss of 6 kg in 4 mo presented to
our hospital.

Clinical diagnosis

The physical examination was normal.

Differential diagnosis

Malignant tumors (primary duodenal adenocarcinoma and metastatic tumors
of uncertain origin) and benign neoplasms (submucosal tumors, heterotopic
pancreas, and adenoma).

Laboratory diagnosis

The patient had elevated serum levels of carbohydrate antigen 19-9 (500 U/mL)
DUPAN-2 (226 U/mL), and SPan-1 (41 U/mL), while there were no remarkable
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findings on other laboratory analyses.

8

Imaging diagnosis

Abdominal enhanced computed tomography, duodenofiberoscopy, and
hypotonic duodenography revealed a mass and submucosal tumor located in
the third portion of the duodenum.

9

Pathological diagnosis

Histological examination revealed moderately differentiated adenocarcinoma
with islet cells only; therefore, the immunohistochemical staining revealed
positive cytokeratin 7, neural cell adhesion molecule (CD56), chromogranin A,
synaptophysin, insulin, and mucin 1.

10

Treatment

The patient underwent pancreas-preserving segmental duodenectomy;
therefore, chemotherapy and radiation was administered after surgery.

Related reports

11

A total of 13 cases of malignant transformation arising from a heterotopic
pancreas in the duodenum have been reported in the literature. This is the
first report of adenocarcinoma arising from a heterotopic pancreas at the third
portion of the duodenum, worldwide, and the chemotherapeutic method is
controversial.

Term explanation

12

Heterotopic, ectopic, or aberrant pancreas, which is commonly an incidental
finding at surgery or autopsy, is defined as pancreatic tissue existing in other
organs without any connection to the original pancreas and has been frequently
reported in the gastrointestinal tract, especially in the stomach.

Experiences and lessons

13

Commonly, the tumor, which is an adenocarcinoma arising from a heterotopic
pancreas, is located from the bulb to the descending portion in the duodenum.
This article presents the first case of a patient with an adenocarcinoma arising
from a heterotopic pancreas, located at the third portion of the duodenum.

14

Peer-review

This is a well written and interesting study that addresses an unusual case in
pancreatic adenocarcinoma.
15
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like cholangiocarcinoma have been reported, but few
radiologic features were described. We reviewed 23
cases of lymphoepithelioma-like cholangiocarcinoma
reported between 1996 and 2014 and describe a
rare case of a 35-year-old woman in our hospital
who was diagnosed with lymphoepithelioma-like
cholangiocarcinoma of the liver and was a hepatitis B
carrier. The tumor (1.6 cm) in our patient appeared to
be hypoechoic in sonographic images and hypodense in
computed tomography (CT) images. In addition, it was
homogeneous hypointense in T1-weighted magnetic
resonance (MR) images (MRI) and hyperintense in
T2-weighted MRI. Dynamic gadolinium-enhanced
MRI showed typical image pattern of hepatocellular
carcinoma (HCC). The patient underwent a laparoscopic
left hepatic lobectomy, and the resected tumor consisted
of well-differentiated glandular cells with extensive
lymphocytic infiltration that were immunoreactive to
CK (AE1/AE3), CD3, and CD20. In addition, the tumor
was positive for Epstein-Barr virus-encoded RNA in
situ hybridization. Finally, lymphoepithelioma-like
cholangiocarcinoma was diagnosed. In previous studies,
the incidence is highest among middle-aged people.
Most tumors appeared to be hypodense with either
hypovascular or hypervascular patterns in CT images.
This case report is the first study to address sonography,
CT, and MRI observations and delineate pathologic
correlations. We suggest that the imaging pattern of
lymphoepithelioma-like cholangiocarcinoma, either the
typical cholangiocarcinoma pattern or a mimic of HCC,
should be considered in the differential lists for HCC.

Abstract

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

Primary lymphoepithelioma-like carcinoma in the liver
is extremely rare. A few cases of lymphoepithelioma-

Core tip: We report the first case of lymphoepithelioma-
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like cholangiocarcinoma observed using sonography,
computed tomography, and magnetic resonance images
and delineate the pathologic correlations. According
to a review of previous studies, lymphoepitheliomalike cholangiocarcinoma may affect more middleaged woman. We suggest that the imaging pattern
of lymphoepithelioma-like cholangiocarcinoma, either
a typical cholangiocarcinoma pattern or a mimic of
hepatocellular carcinoma, should be considered in the
differential lists for hepatocellular carcinoma.

and laboratory tests, including that of her serum
alpha-fetoprotein level (1.3), did not indicate any
abnormalities. The patient did not meet the criteria
for a diagnosis of hepatocellular carcinoma (HCC)
according to the American Association for the Study
[13]
of Liver Diseases Practice Guidelines . Because the
CT scan was not dynamic contrast enhanced and the
acquisition time was too early to be differentiated as a
small HCC or other hepatic tumor. We then evaluated
other tumor markers, including carbohydrate antigen
(CA19-9; 33 µ/mL) and carcinoembryonic antigen
(CEA; 1.4 ng/mL), which were within normal limits.
A repeat sonographic examination and dynamic
abdominal MRI were scheduled to investigate the
possibility of other hepatic neoplasms.
Sonographic examination revealed a small (1.7 cm
× 1.2 cm) well-defined and homogeneous hypoechoic
nodule protruding into the liver surface at the lateral
segment (Figure 2). The MR image depicted a welldefined 1.7-cm nodule at S4b of the liver (Figure 3).
The nodule appeared to be homogeneous hypointense
on in-phase and out of phase T1-weighted images
without decreased signal intensity, meaning no
intracellular fat (Figure 3A and B), and hyperintense on
axial T2-weighted images (Figure 3C). No calcification,
hemorrhaging, or fat components were observed in
the lesion. In addition, hepatolithiasis and intrahepatic
bile duct dilatation were absent. The main portal
vein and its major branches were patent. Dynamic
gadolinium-enhanced MRI indicated hypointense on
pre-contrast T1-weighted image (Figure 3D), early
arterial enhancement in the arterial phase (Figure 3E),
washout in portal venous phase and delayed fibrous
capsule enhancement (Figure 3F). These are typical
imaging characteristics of HCC.
Tentatively diagnosed with HCC, the patient
subsequently underwent a laparoscopic left lobectomy.
During surgery, a solitary 1.7 cm whitish tumor was
located at the medial segment of the liver, immediately
below the falciform ligament. The tumor was well
defined and gray-white in color with a thick fibrous
capsule and without extrahepatic capsular extension
(Figure 4A).
Histologically, the tumor consisted of well-differ
entiated glandular cells with extensive lymphocytic
infiltration and scattered lymphoid follicles (Figure
4B). In a few areas, a syncytial growth pattern was
observed in the tumor (Figure 4C). The tumor cells
were diffusely positive for CK (AE1/AE3) and EBVencoded RNA (EBER) in situ hybridization (Figure
4D). CD3 and CD20 stains indicated mixed B- and
T-cell infiltration. The adjacent non-tumorous liver
tissue did not reveal significant histopathologic
abnormality. The ﬁnal diagnosis was stage I EBVrelated lymphoepithelioma-like cholangiocarcinoma.
The patient recovered gradually after surgery and was
discharged from our hospital.

Liao TC, Liu CA, Chiu NC, Yeh YC, Chiou YY. Lympho
epithelioma-like cholangiocarcinoma: A mimic of hepatocellular
carcinoma on imaging features. World J Gastroenterol 2015;
21(13): 4089-4095 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/4089.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.4089

INTRODUCTION
Lymphoepithelioma-like carcinoma (LELC) is a tumor with
morphologic features similar to those of undifferentiated
nasopharyngeal carcinoma that occurs outside the
nasopharynx and is associated with Epstein-Barr
virus (EBV) infection. In the liver, this type of tumor is
extremely rare, and only 23 cases of lymphoepitheliomalike cholangiocarcinoma have been described in reports
focused on histologic and immunohistochemical
[1-12]
analyses
. A recent study that reported seven
female cases of EBV-associated lymphoepithelioma-like
cholangiocarcinoma demonstrated molecular genetic
[9]
pathology, including frequent DNA hypermethylation .
However, few radiologic features have been described.
Therefore, we report a case of lymphoepithelioma-like
cholangiocarcinoma in a young patient and review the
literature on imaging features. According to our review of
relevant research, our case report is the first to describe
observations made using imaging procedures such as
sonography, computed tomography (CT), magnetic
resonance imaging (MRI).

CASE REPORT
This report involves the case of a 35-year-old woman
who was a chronic hepatitis B carrier. She had no
other systemic diseases, such as hypertension or
diabetes mellitus. In 2013, a small hypoechoic
hepatic nodule was discovered during regular annual
sonographic examination, and an abdominal CT at a
local hospital revealed a small hypodense nodule with
mild enhancement at the medial segment of the left
hepatic lobe (Figure 1). She then visited our center for
a second opinion.
During hospitalization, the patient did not complain
of abdominal problems, and physical examinations
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A

B

Figure 1 Computed tomography of lymphoepithelioma-like cholangiocarcinoma (dash circle). A: Noncontrast CT showed a small hypodense nodule (38 HU) at
the lateral segment of liver; B: The tumor nodule depicted enhancement in early arterial phase of contrast enhanced CT (65HU).

(7 men, 16 women; mean age, 53.2 y; range, 19-79
y) (Table 1). The incidence is highest among middleaged people. Chronic hepatitis has been identified
as a risk factor for cholangiocarcinoma. In present
reviewed study, there were 8 patients with hepatitis B
and one patient with hepatitis C. The tumor diameters
ranged from 1.7 to 10.0 cm (mean size, 4.7 cm).
Larger tumors tended to present with abdominal
pain or discomfort (8/23 cases), whereas most of
small tumors were discovered incidentally (10/23
cases). Regarding the tumor location, no difference
was observed between the right hepatic lobe and
the left hepatic lobe. All patients underwent surgical
resection for tumor treatment and were pathologically
approved. Almost all of the patients were positive
for EBER in situ hybridization (21/23 cases). In a
recent study, 7 cases (all female) of EBV-associated
lymphoepithelioma-like cholangiocarcinoma were
described with clinical presentations similar to our
[9]
case . In addition, the results showed that EBVassociated lymphoepithelioma-like cholangiocarcinoma
had a favorable overall survival, and was frequently
associated with distinctive DNA hypermethylation,
which is an important epigenetic mechanism for
inactivating tumor suppressor genes involved in
tumorigenesis.
The reviewed studies focused on histologic and
immunohistochemical findings, and information on
imaging features was inadequate. They demonstrated
that tumors with hypodense CT images may be either
hypovascular or hypervascular. Three small tumors
exhibited hypoechoic echogenicity in sonographic
examinations. Only two case reports described MRI
findings: the typical MRI features (T1 hypointensity,
T2 hyperintensity, progressive enhancement pattern)
were observed in one case, whereas in the second
case, a centrifugal enhancement pattern was observed
and the T1 and T2 signals were unknown. In summary,
a lymphoepithelioma-like cholangiocarcinoma may
present with several typical characteristics of massforming cholangiocarcinoma.
Most patients diagnosed with lymphoepithelioma-

Figure 2 Sonography of lymphoepithelioma-like cholangiocarcinoma.

DISCUSSION
After HCC, intrahepatic cholangiocarcinoma is the
most common primary hepatic malignant tumor
type, and cholangiocarcinoma is the most prevalent
in Southeast Asia. However, radiologists encounter
difficulty in diagnosing cholangiocarcinoma because
of its wide spectrum of radiologic appearances.
Intrahepatic cholangiocarcinoma is classified according
to morphology into mass-forming, periductal
[14]
infiltrating, and intraductal growing types . Typically,
CT features of mass-forming cholangiocarcinoma
include homogeneous attenuation and irregular
peripheral enhancements with gradual centripetal
[15-17]
enhancement
. Intrahepatic duct stones with upper
stream duct dilatation are also observed. Sonographic
examinations indicate a mostly hyperechoic and
heterogeneous mass with an ill-defined margin.
Tumors > 3 cm in size are usually hyperechoic,
[18,19]
whereas tumors < 3 cm are hypo- or isoechoic
.
In MR images, the mass exhibits hypointensity on
T1-weighted imaging and an irregular margin with
hyperintensity on T2-weighted imaging. Contrastenhanced T1-weighted images show peripheral and
[20-22]
centripetal enhancement
.
Twelve studies containing 23 cases of lympho
epithelioma-like cholangiocarcinoma were reviewed
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A

B

C

D

E

F

Figure 3 Liver magnetic resonance images demonstrated a small lymphoepithelioma-like cholangiocarcinoma at the medial segment of the liver (arrow). A:
In-phase T1-weighted image; B: Out of phase T1-weighted image; C: Axial T2-weighted image with fat suppression; D: Pre-contrast; E: Arterial T1-weighted image; F:
Portal venous phase T1-weighted image with fat suppression.

A

B

C

D

Figure 4 Histochemical findings. A: The tumor is well circumscribed with a thick fibrous capsule (HE stain, × 20); B: The majority of the tumor is composed of well
differentiated glandular cells with dense lymphocytic infiltration and scattered lymphoid follicles (HE stain, × 200); high-power view of another area in the tumor; C:
The tumor reveals a solid, poorly differentiated growth pattern (HE stain, × 200); D: In situ hybridization for Epstein-Barr virus-encoded RNA is diffusely positive in the
tumor cells (× 200).

like cholangiocarcinoma had a medical history of
chronic hepatitis. Because some intrahepatic tumors
contain both elements of cholangiocarcinoma and
HCC in the same nodule, the imaging characteristics
[23]
may overlap . HCC and metastatic tumors should
be considered when typical characteristics of mass-
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forming cholangiocarcinoma are not observed.
Therefore biopsy may be needed for confirmation
of the diagnosis before surgery. In addition,
18
fluorodeoxyglucose-positron emission tomography
18
( F-FDG PET) is of value for the diagnosis and
staging of cholangiocarcinoma, and demonstrates
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Table 1 Demographics, radiologic manifestations, and treatment of cases of lymphoepithelioma-like cholangiocarcinoma
Ref.

Case

Age
(yr)/sex

Site/size (cm)

Hepatitis

EBV

Images

Symptom

Treatment

Hsu et al[12]

1

47/F

Left lobe/10.0

Negative

+

Abdominal fullness

Left lobectomy

Chen et al[1]

2

67/F

S8/5.0

C

+

RUQ pain

Hepatectomy

Jeng et al[6]

3
4

41/M
47/F

S2/3.0
Left lobe/10.0

B
Unknown

+
+

Angiography: hypovascular
CT: hypovascular
Sonography: mixed echoic
Angiography: hypervascular
Angiography: hypervascular
CT: hypovascular

Resection
Left lobectomy

5
6

42/M
67/F

Unknown
Unknown

+
+

CT: heterogeneous density
CT: hypodense

7
8

50/M
50/F

S6 / 3.0
Lateral
segment/3.0
Left lobe/4.0
Right lobe/4.0

Epigastric pain
Abdominal fullness
and a firm epigastric
mass
Incidental finding
Incidental finding

B
B

+
+

CT: hypodense
Sonography: hypoechoic

Vague epigastric pain
Incidental finding

Huang et al[4]

9

60/F

S5/3.0

B

+

Incidental finding

Adachi et al[2]

10

64/M

Left lobe/4.0

Unknown

+

Sonography: hypoechoic
CT: hypodense, hypovascular
CT: heterogeneous density

Ortiz et al[11]
Szekely et al[10]

11
12

19/F
60/M

Left lobe/5.5
Unknown 6.0

+
-

CT: Hypovascular
Sonography: Unknown
(no mention)

Abdominal fullness
Incidental finding

Henderson-Jackson
et al[3]

13

63/F

+

CT: hypodense,

Right flank pain and
back pain

Kim et al[7]

14

61/M

Medial
segment/3.8
Right lobe/1.6
S6/2.2

Negative
Unknown
(non-B,
non-C)
Unknown

Unknown

+

Lee et al[8]

15

79/M

B

Hur et al[5]

16

57/F

Lateral
segment/3.7
S6/2.6

Chan et al[9]

17
18
19

53/F
40/F
57/F

20
21
22
23
24

Current study

Fever

Segmentectomy
Left lobectomy
Left lobectomy
Atypical
hepatectomy
Resection
Lateral
segmentectomy
Left lobectomy
Resection

Resection

Unknown

Resection
Resection

-

CT: hypodense,
Sonography: hypoechoic
CT: low density w/o
enhancement
MR: T1 slightly hypointensity,
T2 hyperintensity, progressive
enhancement in periphery of the
lesion
CT: hypervascular

Incidental finding

Left lobectomy

+

MR: centrifugal enhancement

Incidental finding

Segmentectomy

Right lobe/1.6
Right lobe/7.5
Left lobe/7.1

Non-B
Non-C
B
B
Negative

+
+
+

No report
(ultrasound, CT, or MR)

Resection
Resection
Resection

56/F

Left lobe/6.0

Negative

+

59/F
45/F
57/F
35/F

Left lobe/6.0
Left lobe/3.0
Right lobe/3.0
Medial
segment/1.6

B
Negative
Negative
B

+
+
+
+

Incidental finding
Incidental finding
Non-painful vague
and abdominal mass
Dyspepsia and reflux
symptoms
Incidental finding
Biliary colic
Incidental finding
Incidental finding

Sonography: hypoechoic
CT: hypodense with enhancement
MR: peripheral and the
centripetal enhancement

Resection
Resection
Resection
Resection
Left lobectomy

EBV: Epstein-Barr virus; F: Female; M: Male; MR: Magnetic resonance; RUQ: Right upper quadrant.

high accuracy for detecting unsuspected distant
[24]
metastases . However, to the best of our knowledge,
the application of this method for discriminating LELC
and other histologic types of cholangiocarcinoma has
not been studied.
Our patient had a history of chronic hepatitis
without jaundice and a normal serum alphafetoprotein level. In addition, a typical pattern for
HCC (T1 hypointensity, T2 hyperintense, early arterial
enhancement, washout on the portal venous phase,
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and delayed fibrous capsule enhancement) was
observed in MR images; therefore, the preoperative
diagnosis was HCC.
In conclusion, these previous studies indicated
that lymphoepithelioma-like cholangiocarcinoma is a
rare variant of cholangiocarcinoma that affects more
middle-aged females. This case report and review
article is the first study to describe the findings from
ultrasound, CT, and MRI. Various atypical patterns
of mass-forming cholangiocarcinoma are based on
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tumor components. Even though the imaging findings
of the liver tumor present a typical pattern of HCC,
a lymphoepithelioma-like cholangiocarcinoma still
needs to be considered in the differential list in the
setting of chronic hepatitis, especially in females
with EBV infection. Diagnosing lymphoepitheliomalike cholangiocarcinoma remains a challenge for clinic
physicians, surgeons, and radiologists.

5
6
7

COMMENTS
COMMENTS
Case characteristics

8

Clinical diagnosis

9

A 35-year-old woman had a history of chronic hepatitis without jaundice and a
normal serum alpha-fetoprotein level.
A hepatic nodule was incidentally found under surveillance of chronic hepatitis B.

Differential diagnosis

Hepatocellular carcinoma and mass-forming intrahepatic cholangiocarcinoma.

Laboratory diagnosis

10

Imaging diagnosis

11

The serum alpha-fetoprotein, carbohydrate antigen 19-9, and carcinoembryonic
antigen levels were within normal limits.
The dynamic magnetic resonance imaging (MRI) resembled the typical pattern
for hepatocellular carcinoma (T1 hypointensity, T2 hyperintense, early arterial
enhancement, washout on the portal venous phase, and delayed fibrous
capsule enhancement).

12

Pathological diagnosis

Histologic examination showed well-circumscribed tumor with a thick fibrous
capsule; the majority of the tumor was composed of well-differentiated glandular
cells with dense lymphocytic infiltration and scattered lymphoid follicles, a
poorly differentiated growth pattern. Tumor cells were positive for Epstein-Barr
virus-encoded RNA in situ hybridization.

13

14

Treatment

A laparoscopic left lobectomy was performed.

15

Related reports

This case report is the first to describe observations of lymphoepithelioma-like
cholangiocarcinoma made using sonography, computed tomography (CT), and MRI.

Term explanation

16

Lymphoepithelioma-like cholangiocarcinoma is a rare tumor with morphologic
features similar to those of undifferentiated nasopharyngeal carcinoma that
occurs outside the nasopharynx and is associated with Epstein-Barr virus
infection.

17

Experiences and lessons

Mass-forming intrahepatic cholangiocarcinoma has variable enhancement
patterns on dynamic CT and MRI, thus the imaging interpretation should be
careful. Biopsy may be needed for confirming the diagnosis if the imaging was
not a typical pattern.

18

Peer-review

The authors reported on the rare imaging characteristics of a lymphoepitheliomalike cholangiocarcinoma and it is of potential interest and relevance.

19
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CASE REPORT

Segmental small bowel necrosis associated with
antiphospholipid syndrome: A case report
Qun-Ying Wang, Xiao-Hua Ye, Jin Ding, Xiao-Kang Wu
characterized by the formation of thromboembolic
complications and/or pregnancy morbidity, and with
persistently increased titers of antiphospholipid
antibodies. We report the case of a 50-year-old,
previously healthy man who presented with fever and
new-onset, dull abdominal pain. A contrast-enhanced
computed tomography scan showed segmental small
bowel obstruction, for which an emergency laparotomy
was performed. Histopathologic examination of
resected tissues revealed multiple intestinal and
mesenteric thromboses of small vessels. Laboratory
tests for serum antiphospholipid (anticardiolipin IgM)
and anti-β2-glycoprotein I antibodies were positive.
Despite proactive implementation of anticoagulation,
steroid, and antibiotic therapies, the patient’s condition
rapidly deteriorated, and he died 22 d after admission.
This case highlights that antiphospholipid syndrome
should be suspected in patients with unexplainable
ischemic bowel and intestinal necrosis presenting with
insidious clinical features that may be secondary to
the disease, as early diagnosis is critical to implement
timely treatments in order to ameliorate the disease
course.
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Core tip: Antiphospholipid syndrome is a multi-organ
disease characterized by the presence of thromboembolic
complications and/or pregnancy morbidity, and
with persistently increased titers of antiphospholipid
antibodies. This case report demonstrates that
antiphospholipid syndrome should be suspected for cases
of unexplainable ischemic bowel and intestinal necrosis
with insidious clinical features that may be secondary to
the disease, as early diagnosis is critical to amelioration
of the disease course.

Abstract
Antiphospholipid syndrome is a multi-system disease
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report. World J Gastroenterol 2015; 21(13): 4096-4100 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i13/4096.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i13.4096

INTRODUCTION
Antiphospholipid syndrome (APS) is an autoimmune
disease characterized by thrombotic microangiopathy,
[1]
recurrent fetal loss, and moderate thrombocytopenia .
APS can affect any organ system, thus the mani
[2]
festations vary greatly . Hepatic manifestations,
such as Budd-Chiari syndrome, small hepatic vein
thrombosis, infarction (spleen, pancreas, gallbladder,
intestine, etc.), ascites, esophageal perforation,
and ischemic colitis, are often caused by vascular
[1,3]
occlusion . However, abdominal manifestations of APS
[3]
are rare, representing only 1.5% of APS cases . In this
report, we describe an unusual case of segmental small
bowel necrosis with insidious onset and atypical clinical
features that may have been secondary to APS.

Figure 1 Contrast-enhanced computed tomography of the abdomen
indicated segmental dilated small bowel loops with wall thickening and
contrast weakening.

CASE REPORT
A 50-year-old, previously healthy man was admitted
to our hospital due to fever, dull left lower quadrant
pain, and vomiting that had persisted for four days.
The fever had first developed three months earlier,
reaching 39.0 ℃, and was resolved with antibiotics.
The patient worked as a driver and denied alcohol
abuse and addiction to drugs, but had a 30-year
history of cigarette smoking. He had no family history
of autoimmune diseases.
Upon physical examination, the patient had a
blood pressure of 210/62 mmHg, 124 beats/min
pulse rate, a respiratory rate of 22 breaths/min, and
body temperature of 38.6 ℃. The abdomen was soft
and mildly tender in the left lower abdomen without
organomegaly or abnormal masses. Bowel sounds
were hypoactive. There was no malar rash, livedo
reticularis, or cardiac murmurs. Laboratory tests
9
showed a leukocyte count of 22.1 × 10 /L with 92%
neutrophils, 127 g/L hemoglobin, and a platelet count
9
of 52 × 10 /L. His liver enzyme levels, creatinine, uric
acid, amylase, lipase, electrolytes, coagulation tests,
protein C, protein S and Venereal Disease Research
Laboratory tests were within normal ranges.
Contrast-enhanced computed tomography (CT) of
the abdomen revealed segmental dilated small bowel
loops with wall thickening and contrast weakening,
which indicated small bowel necrosis (Figure 1). No
intestinal perforation or thrombosis was observed
in the mesenteric arteries. The patient’s working
diagnosis was thus considered as segmental small
bowel obstruction and necrosis, and an emergency
laparotomy was performed. The superior and inferior
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Figure 2 Gross appearance of resected necrotic small bowel.

mesenteric and celiac arteries appeared normal
and pulsatile, however, a 20 cm section of the small
bowel that was 60 cm from the ligament of Treitz was
entirely necrotic (Figure 2). The necrotic segment
was resected, and an end-to-end anastomosis of the
small bowel was performed. Histologic examination
of resected tissues revealed extensive intestinal and
mesenteric mucosal necrosis, congestion, and multiple
small vessel thromboses (Figure 3).
The patient was administered piperacillin and
tazobactam postoperatively, and remained stable
for six days after surgery. The hemogram improved
9
with a leukocyte count of 9.9 × 10 /L with 90.3%
neutrophils, 103 g/L hemoglobin, and a platelet
9
count of 128 × 10 /L. However, the fever returned
on day 10 after surgery, and further laboratory tests
showed an increased leukocyte count of 27.3 ×
9
10 /L with 89.6% neutrophils, 96 g/L hemoglobin,
9
and a platelet count of 121 × 10 /L. The antibiotic
treatment was supplemented with levofloxacin, and
samples were sent to test for lupus anticoagulant
and antiphospholipid antibodies. The patient’s fever
was not reduced despite the addition of imipenem
from day 14 through 17 after surgery. Results of the
antibody tests indicated elevated IgM-anticardiolipin
titers at 54 MPU (normal range: < 5 MPU) and anti-β2glycoprotein I antibodies at 35 U/mL (positive > 15 U/
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Figure 3 Pathologic findings. Hematoxylin-eosin staining showed necrosis of the mucosae, congestion, and thrombosis of small vessels in the small bowel (A) and
mesentery (B).

A

B

9 cm

Figure 4 Radiologic findings. Computed tomography showed characteristics of pulmonary infection (A) and hydropericardium (B).

mL), whereas the lupus anticoagulant was within the
normal limit. Treatment with intravenous heparin and
methylprednisolone was then given. However, on day
19 after the surgery, the patient developed a cough
with expectoration, and a CT scan indicated severe
pulmonary infection and hydropericardium (Figure
4). At this time, the blood tests showed a leukocyte
9
count of 0.9 × 10 /L with 36.2% neutrophils, 52
9
g/L hemoglobin, and a platelet count of 47 × 10 /L;
the sputum culture was positive for Acinetobacter
baumannii. The patient was then transferred to the
intensive care unit, but died of respiratory failure on
day 22 after the surgery. No post-mortem examination
was conducted.

involvement, aggravation of manifestations within a
week, small vessel occlusion in at least one organ or
[8]
tissue, and presence of antiphospholipid antibodies .
As the patient in the case reported here did not survive
past 12 wk, a definitive diagnosis of APS could not be
obtained. However, the available clinical and laboratory
evidence and the rapid progression of the patient’s
condition indicate APS. Moreover, multiple organs were
involved (small bowel, lung, and heart), indicating a
fulminant form of APS. A biopsy was not obtained from
the lung because of the patient’s rapid deterioration.
Bowel involvement is the second most frequently
observed condition in APS with abdominal mani
[9]
festation . Although visceral ischemia occurs from
arterial thrombosis in APS, only a few cases of
[2,10-16]
intestinal ischemia have been described in detail
.
Consequently, the incidence of ischemic bowel and
infarction in APS is likely underestimated. Intestinal
ischemia results from reduced flow in the superior
and inferior mesenteric and celiac arteries, caused by
emboli, atherosclerotic obstruction, thrombosis, or
vasospasm. CT is considered a first-line investigation
[17]
in APS patients with abdominal symptoms , which
revealed no sign of thrombosis in the large vessels
of our patient, but rather segmental small bowel
obstruction and necrosis. An emergency laparotomy
indicated that the underlying cause for the obstruction

DISCUSSION
The diagnosis for APS is based on the presence of
at least one clinical and one laboratory criterion
[4-7]
according to the Sapporo statement , and requires
the presence of vascular thrombosis or fetal loss/
premature birth associated with a positive lupus
anticoagulant or anticardiolipin or anti-β2-glycoprotein
I antibodies. For a positive diagnosis, laboratory tests
must be verified after at least 12 wk. Catastrophic
APS is the most severe form of the disease, for which
the diagnostic criteria include multiple-organ system
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Imaging diagnosis

Table 1 Possible etiology for thrombosis
Description

Contrast-enhanced computed tomography of the abdomen indicated segmental
dilated small bowel loops with wall thickening and contrast weakening.

Cause

Ⅰ. Injury of vascular
endothelial cells
Ⅱ. Increase in platelet
amount and activity
Ⅲ. Increased blood
coagulation
Ⅳ. Decreased
anticoagulant activity
Ⅴ. Decrease of
fibrinolytic activities
Ⅵ. Abnormality of
hemorheology

Pathological diagnosis

Mechanical (atherosclerosis), chemical
(medication), or biologic (endotoxin)
Thrombocytosis, injuries caused by mechanical,
chemical, or immune factors
Pregnancy, advanced age, trauma, or tumor

Histologic examination of resected tissues revealed extensive intestinal and
mesenteric mucosal necrosis, congestion, and multiple thromboses in the small
vessels.

Treatment

The patient was treated with anticoagulation, steroids, and antibiotics
(piperacillin/tazobactam, levofloxacin, and imipenem).

Decreased antithrombin, protein C, S, or
vitamin B12 deficiency, hyperhomocysteinemia
Abnormality of plasminogen activator release
or increased inhibition
Hyperfibrinogenemia, hyperlipidemia,
dehydration, or polycythemia

Related reports

Gastrointestinal manifestations are observed in only 1.5% of antiphospholipid
syndrome (APS) cases.

Term explanation

Acinetobacter baumannii is an emerging nosocomial pathogen that is
responsible for infection outbreaks worldwide.

Experiences and lessons

was thromboses in the small vessels of the intestine
[18,19]
and mesentery, which is typical in cases of APS
.
Moreover, other possible etiologies for thrombosis were
excluded (Table 1).
Treatment of APS, which includes anticoagulants
and corticosteroids, was administered to our patient at
an advanced stage, and thus did not provide significant
improvement. Recent expert recommendations
suggest that plasma exchange should be initiated in
patients with catastrophic APS who do not respond
[20]
well to these treatments . However, our patient’
s circulatory condition precluded plasma exchange.
The insidious onset of thrombosis combined with mild
[12,21]
clinical symptoms delayed a diagnosis of APS
,
which may have facilitated further progression of
vascular occlusion and organ involvement.
The presentation of venous or arterial intestinal
thromboses can be non-specific, thus a high index
of suspicion is needed for any signs of abdominal
involvement in similar cases. In the case presented
here, we believe that the dull abdominal pain and fever
were due to bowel ischemia that was secondary to
APS. Subsequently, the patient developed segmental
small bowel necrosis, pulmonary infection, and
hydropericardium. This case report highlights that
a high level of suspicion for APS is required when
patients present with unexplained abdominal pain and
fever, as early diagnosis is critical to slow the course of
the disease.

Unexplainable ischemic bowel and intestinal necrosis with insidious clinical
features may be secondary to APS, and therefore a high level of suspicion is
required, as early diagnosis may ameliorate the course of the disease.

Peer-review

This article suggests that APS should be suspected in cases presenting with
unexplained abdominal symptoms, including ischemic bowel and intestinal
necrosis.
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Core tip: The analysis by Lee et al in the paper has
some limitations that must be pointed out. The severity
of folate deficiency, replacement strategies, and
probable vitamin B12 deficiencies should have been
discussed. The paper does not do enough to accurately
conclude a relationship between folate deficiency and
gastric cancer severity.
Alkan A, Mızrak D, Utkan G. Lower folate levels in gastric
cancer: Is it a cause or a result? World J Gastroenterol 2015;
21(13): 4101-4102 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i13/4101.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i13.4101

TO THE EDITOR
[1]

We have read the case control study by Lee et al
with great interest. Well designed and with good
control group selection, the study provided appropriate
evaluation of the effects of folate deficiency on gastric
[2]
cancer. Although the study by Vollset et al could
not demonstrate folate deficiency as a risk factor for
gastric cancer, this paper reminded us of the necessity
for further workup.
Folate deficiency as a cause of cancer has been
studied before. Its functions in purine metabolism
and S-adenosyl methionine production made it an
important part of DNA repair and methylation, as well
as being necessary for DNA structure stabilization.
The importance of low and high levels of folate, which
has been demonstrated via animal studies, shows
the necessity for further clinical studies. However,

Abstract
Folate deficiency and its association with cancer have
been studied in the literature, but its clinical impact is
still unknown. Folate deficiency and its result on gastric
cancer is a mysterious part of oncology, with ongoing
studies hopefully clarifying its impact on gastric cancer
management. Lee et al studied folate deficiency and its
impact on staging and clinical results. Here we try to
contribute to the field by expressing our own thoughts
about the paper.
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folate levels are difficult to interpret in a clinical study.
Gastric cancer cases are usually related to Helicobacter
pylori, pernicious anemia, and atrophic gastritis.
These pathologies coexist with vitamin B12 deficiency,
which is normally present with folate deficiency; when
evaluating folate levels, vitamin B12 must be evaluated
as well. Besides gastric premalignant pathologies,
gastric cancer patients usually present with dyspepsia
and have a history of a few months of decreased oral
intake. Irritant vegetables are the most problematic
foods for these patients, and so it is not surprising that
patients may present with folate deficiency at initial
diagnosis. With the increased stage of the disease,
more symptomatic patients may present with less oral
intake, and as a result, lower folate levels may ensue.
So, is folate deficiency a result or a cause of gastric
cancer? Unfortunately, it is currently a difficult subject
to analyze and, therefore, to form a conclusion on.
Other information not mentioned in the paper was
the folate replacement strategy and that medications
used during therapies can interfere with folate
absorption and metabolism. As concluded in other
studies, higher levels of folate can further induce
[3]
a malignant transformation . Folate replacement
strategies and the efficacy of replacement should have
been included in the analysis. Drugs that interfere with
folate pharmacokinetics are not usually used in gastric
cancer therapy, but antiepileptics for platinum-induced

neuropathy can decrease absorption of folate. Folate
supplementation strategy during therapy may be an
important determinant of survival.
Folate and colon cancer association has been widely
studied in the literature. Further clinical studies are
needed to answer the current questions on the effects
of folate metabolism on gastric cancer.
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Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai

II

Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi
Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
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Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb
Mario Tadic, Zagreb

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen
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Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Hervé Guillou, Toulouse
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Driffa Moussata, Pierre Benite
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster

III

Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen
Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Peter Schemmer, Heidelberg
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
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Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
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Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome

IV

Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia
Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
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Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
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Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon



Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume
Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
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Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
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Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Kuwait
Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania
Antanas Mickevicius, Kaunas

Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

Morocco
Samir Ahboucha, Khouribga

Norway
Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Poland
Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal
Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Puerto Rico
Caroline B Appleyard, Ponce

New Zealand
Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

VI

Qatar
Abdulbari Bener, Doha
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Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Seung Hyuk Baik, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
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Non-alcoholic liver disease (NAFLD) defines liver
abnormalities ranging from simple steatosis to
nonalcoholic steatohepatitis with or without cirrhosis
development, occurring in the absence of significant
alcohol consumption, use of teratogenic medication, or
hereditary disorders. The association between NAFLD
and metabolic syndrome is well documented and
widely recognized. Obesity, type 2 diabetes mellitus
(T2DM), and dyslipidemia are the most common
metabolic risk factors associated with NAFLD. Among
the components of metabolic syndrome, current
evidence strongly indicates obesity and diabetes as
hepatocellular carcinoma (HCC) risk factors. There
is also growing evidence that suggests an increased
risk of HCC in NAFLD patients, even surpassing other
etiologies in some high-income countries. Epidemiologic
data demonstrate a parallel rise in prevalence of
obesity, diabetes, NAFLD, and HCC. As obesity and
its related diseases have steadily afflicted larger
populations, HCC incidence is expected to increase in
the future. Pathophysiologic mechanisms that underlie
NAFLD development and subsequent progression
to nonalcoholic steatohepatitis and cirrhosis (insulin
resistance and hyperinsulinemia, oxidative stress,
hepatic stellate cell activation, cytokine/adipocytokine
signaling pathways, and genetic and environmental
factors) appear to play a significant role in the
development of NAFLD-related HCC. However, a
comprehensive view of molecular mechanisms linking
obesity, T2DM, and NAFLD-related HCC, as well as
the exact sequence of molecular events, is still not
understood in its entirety. Good-quality data are still
necessary, and efforts should continue towards better
understanding the underlying carcinogenic mechanisms
of NAFLD-related HCC. In this paper, we aimed to
centralize the most important links supporting these
relationships, focusing on obesity, T2DM, and NAFLD-
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related HCC, as well as point out the major gaps
in knowledge regarding the underlying molecular
mechanisms behind them.

table and modifiable conditions, their prevalence
[11]
has increased globally in recent decades . These
conditions, as well as their related diseases such as
T2DM, coronary heart disease, stroke, some cancer
types, NAFLD, and osteoarthritis, have a large
[12-14]
economic impact on the health care system
.
There is numerous evidence that obesity is a risk
[15]
factor for digestive cancers such as esophageal ,
[16-18]
[13]
[12,19]
colorectal
, bile duct , pancreatic
, and
[12,18,20,21]
liver
cancer.
Primary liver cancer is a major contributor to
[22]
global cancer incidence and mortality . Worldwide,
liver cancer is the fifth most common cancer and the
second most frequent cause of cancer death in men,
while in women it is the seventh most commonly
diagnosed cancer and the sixth leading cause of
[23]
cancer death . Major risk factors for hepatocellular
carcinoma (HCC), the most common histologic type
of primary liver cancer, include hepatitis B virus (HBV)
and hepatitis C virus (HCV) chronic infections, alcoholic
[24]
liver disease, and NAFLD .
Several population-based studies conducted in
various geographic areas have recorded a significantly
increased incidence of HCC in patients with diabetes
[12,18,20,21,25]
and obesity
. There is also growing evidence
that suggests an increased risk of HCC in NAFLD
[26-28]
patients
. Under these circumstances, NAFLDrelated HCC incidence is expected to increase in the
future.
Considering that obesity is preventable, and
other metabolic features (i.e., diabetes mellitus and
dyslipidemia) can be “controlled”, a question arises:
“Can NAFLD, and consequently NAFLD-related HCC,
be prevented in some way?” According to a perhaps
overly simplistic interpretation, due to a present lack of
a comprehensive view of multiple pathways involved
in NAFLD-related HCC pathogenesis, the answer might
be “Yes”.

Key words: Diabetes mellitus; Hepatocellular carcinoma;
Metabolic syndrome; Non-alcoholic fatty liver disease;
Obesity
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Nonalcoholic liver disease (NAFLD) comprises
both simple steatosis or nonalcoholic fatty liver and
nonalcoholic steatohepatitis, with or without cirrhosis.
Recent data demonstrate a strong association between
most features of metabolic syndrome and NAFLD.
Hepatocellular carcinoma (HCC) is the most common
primary malignancy of the liver, for which current
epidemiologic data show an increased incidence in
NAFLD patients. Basic research has identified pathways
linking obesity, type 2 diabetes, systemic inflammation,
NAFLD/nonalcoholic steatohepatitis, and HCC. However,
more data are necessary in order to effectively establish
these relationships, and perhaps pave the way for
possible cures to prevent HCC in certain populations.
Streba LAM, Vere CC, Rogoveanu I, Streba CT. Nonalcoholic
fatty liver disease, metabolic risk factors, and hepatocellular
carcinoma: An open question. World J Gastroenterol 2015;
21(14): 4103-4110 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4103.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4103

INTRODUCTION
Nonalcoholic liver disease (NAFLD) defines liver
abnormalities ranging from simple steatosis or
nonalcoholic fatty liver to nonalcoholic steatohepatitis
(NASH) with or without cirrhosis development.
The current definition of NAFLD does not require
secondary hepatic fat accumulation, such as significant
alcohol consumption, use of steatogenic medication,
[1-3]
or hereditary disorders
. Several studies have
independently demonstrated a strong association
between NAFLD and each feature of metabolic
[4-7]
syndrome (MetS) . Currently, all guidelines agree
that NAFLD is strictly associated with metabolic risk
[3]
factors , especially obesity, type 2 diabetes mellitus
[2]
(T2DM), and dyslipidemia . Although it has been
[5,8,9]
suggested that NAFLD is a MetS hepatic feature
,
a study based on data analysis from 3846 subjects of
the United States third National Health and Nutrition
Examination Survey found that NAFLD is not an
independent component or manifestation of MetS,
but rather a condition strongly associated with MetS
[10]
features .
Although being overweight and obese are preven
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METABOLIC RISK FACTORS, NAFLD,
AND HCC
Epidemiologic evidence

There is growing evidence that overweight and obesity,
[11]
defined by the body mass index (BMI) , and MetS
have reached a pandemic dimension. According to the
World Health Organization, more than 1.4 billion adults
(35% of adults) worldwide were overweight (BMI ≥
2
25-29.9 kg/m ), and of these, 500 million (13% of
2
[29]
adults) were obese (BMI ≥ 30 kg/m ), in 2008 . If
overweight and obesity rates continue at their current
pace, it is estimated that 3.3 billion adults (57.8% of
[30]
adults) will become overweight or obese by 2030 .
On the other hand, overweight and obesity are leading
risks for overall mortality, accounting for approximately
3.4 million adult deaths each year. Additionally, they
are responsible for 44% of the diabetes burden, 23%
of the ischemic heart disease burden, and between 7%
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[11]

[39]

and 41% of certain cancer burdens .
Although BMI is the most commonly reported index
in epidemiologic studies, body fat topography, and
especially truncal or central obesity, appear to be more
important in pathophysiologic mechanisms that link
obesity and cancer. Central obesity, measured by waist
circumference or the waist-to-hip or waist-to-height
ratios, is the key feature of most MetS definitions, and
has also been known to be directly correlated with
[31-33]
insulin resistance
.
There is a strong evidence for the association
between obesity and T2DM. According to results of a
study that analyzed the United States third National
Health and Nutrition Examination Survey 1999-2006
data, the prevalences of overweight and obesity
among United States adults with diabetes were 80.3%
[34]
and 49.1%, respectively . Overweight and obesity
are responsible for about 80% of cases of T2DM
[35]
in most European countries . The same parallel
between obesity and T2DM rates was not observed in
Asian populations, where the risk to develop diabetes
begins even at a lower BMI. Despite lower rates of
overweight and obesity than the United States or
Europe, many Asian countries have similar or higher
rates of T2DM. Higher prevalence of central obesity
without necessarily developing generalized obesity in
Asian populations may explain the increased T2DM
[36]
predisposition among normal-weight individuals .
Current evidence strongly indicates that obesity
[37-40]
and diabetes are HCC risk factors
. A meta-analysis
of 11 cohort studies from Europe, the United States,
and Asia showed that summary relative risks (SRRs)
with 95%CI of HCC were 1.17 (95%CI: 1.02-1.34)
for overweight and 1.89 (95%CI: 1.51-2.36) for
obese individuals, compared with normal-weight
[41]
individuals . Similarly, a meta-analysis of 26 pro
spective observational studies including 25337 HCC
cases reported that excess body weight (SRR = 1.48,
95%CI: 1.31-1.67) and obesity (SRR = 1.83, 95%CI:
1.59-2.11) are associated with an increased risk of HCC
[42]
in both males and females . The positive associations
observed in that study were independent of geographic
location, alcohol consumption, and history of diabetes
or HBV and/or HCV infections. An evaluation based
on a systematic review of nine cohort studies in a
Japanese population indicates a relative risk of 1.74
(95%CI: 1.33-2.28) for overweight/obese individuals
[43]
compared with normal/low-weight individuals .
The association between general obesity and
the risk of HCC has been studied more than the
relationship between central obesity and HCC risk.
According to the results of a recent multicenter
prospective European cohort study, central obesity
promotes a high risk for HCC, as waist-to-height
ratio showed the strongest association with HCC,
[44]
independent of general body weight .
Epidemiologic studies estimate that diabetes
is associated with a 2-4-fold greater risk of HCC
compared with nondiabetics, independently of other
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major HCC risk factors . In a large longitudinal study
(173643 patients with diabetes and 650620 patients
without) with a follow-up of 10-15 years, NAFLD
incidence was significantly higher among patients
with diabetes (incidence rate 18.13 vs 9.55 per 10000
person-years, respectively, P < 0.0001). Similarly, a
significantly higher incidence of HCC among patients
with diabetes was obtained (incidence rate: 2.39
vs 0.87 per 10000 person-years, respectively, P <
[45]
0.0001) . A systematic review and meta-analysis of
26 studies (13 case-control and 13 cohort) published
[46]
in 2006 by El-Serag et al revealed a 2.5-fold greater
risk of HCC among patients with diabetes compared
with nondiabetic controls. This significant association
was independent of alcohol use or viral hepatitis
in studies that examined these factors. Another
systematic review and meta-analysis, published in
[47]
2012 by Wang et al , showed slightly lower SRRs.
Based on 25 cohort studies, this meta-analysis
revealed that individuals with diabetes have a 2.0-fold
increased risk of HCC, compared with nondiabetics
(SRR = 2.01, 95%CI: 1.61-2.51).
Epidemiologic data demonstrate that both obesity
and T2DM increases the HCC risk. NAFLD, which is
present in up to 90% of all obese persons and up
[24]
to 70% of T2DM patients , appears to play a key
role in HCC development. In a large United States
healthcare database study between 2002 and 2008,
NAFLD was the most common underlying HCC risk
factor (59%), followed by diabetes (36%) and HCV
[48]
infection (22%) . Similar results were obtained in a
study performed in Germany, which identified NAFLD
as the most common etiology for HCC, exceeding
HBV and HCV chronic infection, as well as alcoholic
[49]
liver disease . These results could be explained by
effective measures to reduce HCV infection incidence,
the major source of HCC in the United States and
other developed countries, together with increasing
[50]
NAFLD prevalence in these geographic areas .
The majority of patients with NAFLD have fatty
livers, and their liver-related death rate is significantly
lower, while approximately 20% of NAFLD cases have
NASH that may progress to cirrhosis (20%-45%),
[51,52]
a well-recognized HCC risk factor
. On the other
hand, most cases of HCC (80%-90%) occur in liver
[24]
cirrhosis of various etiologies , and NAFLD seems
[22]
to be no exception . HCC development in cirrhotic
NAFLD is well documented. Results of a recent metaanalysis showed an increased HCC risk for cohorts with
NASH and cirrhosis (cumulative incidence between
[28]
2.4% over 7 years to 12.8% over 3 years) . However,
the HCC risk in NASH cohorts was substantially lower
than in HCV-related cirrhosis cohorts according to this
study. Recent epidemiologic evidence also suggests
an association between noncirrhotic NAFLD and HCC
[53-58]
risk
. Yet, several gaps were identified in current
understanding of the epidemiologic evidence that
support the occurrence of HCC in noncirrhotic and
cirrhotic NAFLD: there were few large cohorts with

4105

April 14, 2015|Volume 21|Issue 14|

Streba LAM et al . NAFLD, metabolic risk factors, and HCC
long-term follow-up, most studies were underpowered
[28]
to perform multivariate analysis , few studies on
[59]
ethnicity-dependent differences , and few studies to
assess the quality of epidemiologic evidence.
In summary, epidemiologic data demonstrate
a parallel increase in the prevalences of obesity,
T2DM, and NAFLD-related HCC. Cumulatively, the
epidemiologic evidence suggests an association
between the main components of MetS (obesity and
T2DM) together with NAFLD, and an increased HCC
risk, which is better documented in NASH-cirrhosis
cohorts.

Insulin resistance and subsequent compensatory
hyperinsulinemia have been shown to have a key role
[66]
in the pathogenesis of NAFLD-related HCC . The
insulin-like growth factor (IGF) axis, closely linked
to insulin resistance and hyperinsulinemia, plays an
[67]
important role in HCC pathogenesis , particularly in
[68]
NAFLD-related HCC .
The IGF axis includes three ligands (insulin,
IGF-1, and IGF-2), three receptors (insulin receptor,
IGF-1R, and IGF-2R), substrates [insulin receptor
substrate (IRS) and Shc proteins], and ligand binding
[69,70]
proteins
. Insulin resistance and hyperinsulinemia
have been shown to upregulate IGFs and IRS-1
[71]
[66]
production , thus contributing to HCC pathogenesis .
IGF-1 is produced by several tissues such as liver, bone,
[70]
muscle, and brain . However, the liver is the main
source of circulating IGF-1 during the postnatal period.
IGF-1 synthesized in the liver acts as an endocrine
growth factor, while IGF-1 synthesized by other tissues
[72]
acts locally, in a paracrine and/or autocrine manner .
Yet, during hepatocarcinogenesis, IGF-1 secretion by
adjacent hepatocytes may lead to paracrine stimulation
[68]
of HCC and more aggressive tumor behavior .
IGF-1 can act on various receptors, but has a
[70]
higher affinity for IGF-1R . IGF-1R, a tyrosine kinase
receptor, is overexpressed in vitro and in animal models
of HCC, and is also involved in the degeneration of
[40]
preneoplastic lesions . However, insulin receptors and
[70]
IGF-1R share almost the same signaling pathway .
Binding of insulin and IGF-1 to insulin receptors and
IGF-1R, respectively, promotes liver carcinomatosis and
tumor development by stimulating cell proliferation and
inhibiting apoptosis. IGF-1 also promotes angiogenesis
through increased vascular endothelial growth factor
[58,73,74]
production
.
IGF-2 is highly expressed in fetal liver, but its level
decreases after birth. However, IGF-2 expression is
increased in viral hepatitis and cirrhosis, as well as
[69]
in HCC . During hepatocarcinogenesis, IGF-2 has
multiple protumorigenic functions such as inhibiting
apoptosis, promoting cellular proliferation, and
[74]
activating angiogenesis .
Another key component of the IGF axis and
hepatocarcinogenesis is IRS-1, the main substrate
of IGF-IR activation. IRS-1 is overexpressed in HCC
and is also shown to be involved in cytokine signaling
[75]
pathways .
Oxidative stress and cytokine/adipocytokine
pathways are two other important links in NAFLDrelated HCC pathogenesis. The development and
progression of NAFLD is also associated with oxidative
stress and release of reactive oxygen species (ROS),
[38]
which likely contribute to the development of HCC .
Existence of preneoplastic changes such as increased
hepatocyte proliferation and decreased apoptosis
have been documented in the steatotic liver of ob/ob
mice, before fibrosis or cirrhosis occurs. Because
hepatic mitochondrial production of ROS is significantly

Animal models

Findings from animal models are necessary for a
better understanding of the complex inter-relationships
between NAFLD, metabolic risk factors and HCC. Using
a novel mouse model of NASH-HCC on a diabetic
background via a combination of streptozotocin
[60]
and high-fat diet (the STAM model), Fujii et al
demonstrated the inter-relationships between NAFLD/
NASH, T2DM, and HCC development. This study
provided strong evidence that NASH-related fibrosis is
an essential histologic process for HCC development in
diabetic populations.
[61]
In a recent study, Dowman et al
evaluated
the liver-related consequences of long-term dietinduced obesity in a murine model of NASH, using
the American Lifestyle-Induced Obesity Syndrome
(ALIOS) based on high-fat/fructose diet and sedentary
lifestyle. This study indicates that, in the absence of
toxins or genetic variation, ALIOS mice developed
NASH, stem cell mediated-regeneration, and HCC.
[62]
Park et al
demonstrated in an experimental mouse
model the key role of dietary or genetic obesity in
HCC development, as well as the pathophysiologic
mechanisms linking obesity, inflammation, and HCC.

Pathophysiologic link

Although there is a great amount of progress in
understanding the carcinogenesis, the exact mechanism
of HCC development in NAFLD has not yet been
fully elucidated. However, several lines of evidence
demonstrate a strong association between chronic
[63]
inflammation and cancer, including HCC .
Dysregulation of both hormonal axes and cytokines
pathways during obesity, diabetes, and NAFLD promotes
a vicious cycle between metabolic and immune
responses, inducing a chronic active inflammatory
state that may lead to hepatocarcinogenesis.
Thus, pathophysiologic mechanisms that underlay
nonalcoholic fatty liver development and subsequent
progression to NASH and cirrhosis (insulin resistance
and hyperinsulinemia, oxidative stress, hepatic stellate
cells activation, cytokine/adipocytokine signaling
[64]
pathways, genetic and environmental factors)
have
also been shown to promote the development of
[38,40,55,57,65]
NAFLD-related HCC
.

WJG|www.wjgnet.com

4106

April 14, 2015|Volume 21|Issue 14|

Streba LAM et al . NAFLD, metabolic risk factors, and HCC
increased in ob/ob mice, it has been suggested that
oxidative stress is one of the mechanisms driving
[76]
hepatocyte proliferation in nonalcoholic fatty livers .
Increased oxidative stress induced by hepatic
mitochondrial, peroxisomal, and microsomal
[77,78]
ROS
results in apoptosis, necrosis, inflammation,
hepatic stellate cell activation and fibrogenesis,
proinflammatory cytokine expression, and cell
[26,79]
proliferation
. Direct effects of ROS, generally
attributed to high concentrations at the damage
site, include DNA alteration that leads to genomic
instability and mutations in proto-oncogenes and
tumor suppressor genes, thus fostering neoplastic
[80]
transformation . An eloquent example is the
product of lipid peroxidation, trans-4-hydroxy-2nonenal, which has been shown to be responsible for
mutations of the p53 tumor suppressor gene, the most
frequent abnormality identified in human tumors,
[81]
including HCC . In addition, ROS can stimulate
signal transduction pathways and lead to activation of
key transcription factors such as nuclear respiratory
factor (Nrf) and nuclear factor (NF)-κB. Nrf1-deficient
hepatocytes in an animal model showed increased
susceptibility to oxidative stress and damage,
[82]
resulting in NAFLD and HCC . Inhibition of NF-κB in
mouse livers induces NASH and HCC by sensitizing
[38]
hepatocytes to spontaneous apoptosis . In the setting
of hyperinsulinemia, ROS plays an important role in
the activation of c-Jun amino-terminal kinase 1 (JNK1).
JNK1 appears to be the most important kinase that is
[83]
upregulated in NAFLD-related HCC . On the other
hand, ROS trigger the release of proinflammatory
cytokines, which in turn enhance ROS production and
[84]
cellular injury .
The role of proinflammatory cytokines including
tumor necrosis factor (TNF)-α, interleukin (IL)-6,
leptin, and resistin, as well as the role of decreased
amounts of adiponectin in NAFLD development
[4,5,85-87]
and progression, is well documented
. TNF-α
activates pro-oncogenic pathways, including JNK,
NF-κB, mammalian target of rapamycin, and the
extracellular signal-regulated kinases, thus enhancing
[40,87]
the production of IL-6
. IL-6 intracellular signaling
involves a complex network of various pathways,
including phosphoinositide 3-kinase/protein kinase
B, mitogen activated protein kinase, and signal
transducer and activator of transcription 3, which lead
to cell proliferation, protection from apoptosis, and
[88]
increased metastatic potential . Adiponectin has
been shown to have hepatic cytoprotective properties,
improving both hepatic and peripheral insulin
sensitivity, and preventing steatosis, inflammation,
[64]
necrosis, and fibrosis . Animal model studies have
shown that hypoadiponectinemia is involved in HCC
[89]
development .
Genetic and environmental factors, as well as
the interaction between them, may be responsible
for both the individual susceptibility and the clinical
course of NAFLD. Recent studies emphasize the role
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of specific genetic variation in NAFLD susceptibility
and NAFLD-related hepatocarcinogenesis. To date,
several genetic variants that contribute to NAFLD
susceptibility and its progression were identified by
genome-wide association studies. Additionally, genetic
risk factors for NAFLD were evaluated and validated in
[90,91]
large multicenter studies
. In 2008, two genomewide association studies independently identified
several single nucleotide polymorphisms that are
[92]
associated with increased hepatic fat content
and
[93]
[92]
elevated plasma liver enzyme levels . Romeo et al
identified a non-synonymous coding single nucleotide
polymorphism (rs738409 C/G) that results in an
isoleucine to methionine substitution at residue 148
(I148M) in human patatin-like phospholipase domaincontaining 3 (PNPLA3), which is strongly associated
with increased hepatic fat levels. This study also
demonstrated that variation in PNPLA3 contributes to
inter-individual differences in hepatic fat content and
NAFLD susceptibility. Moreover, it has been shown
that the PNPLA3 I148M polymorphism favors NAFLD
[94]
progression and liver fibrosis , is associated with an
[95]
increased risk of HCC in severely obese individuals ,
[96]
and confers an increased risk of NAFLD-related HCC .
In summary, the interplay, interaction and over
lapping of all pathogenic pathways creates a vicious
circle that leads to NAFLD-related HCC development.

CONCLUSION
Although significant progress has been made in
NAFLD-related HCC, many issues remain to be
resolved. A unified and comprehensive view of multiple
pathways involved in NAFLD-related HCC pathogenesis
is currently lacking.
Uncovering the intricate molecular pathways
facilitating HCC development will pave the way for
developing molecular therapeutic agents aimed at
the receptors and specific signaling agents involved.
Additionally, preventing obesity, diabetes, MeTs, and
NAFLD through efficient measures might lead to a
decreased rate of NAFLD-related HCC.
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REVIEW

Point-of-care testing in the diagnosis of gastrointestinal
cancers: Current technology and future directions
Jeremy R Huddy, Melody Z Ni, Sheraz R Markar, George B Hanna
technologies for the POC diagnosis of gastrointestinal
cancer. A structured search of the Embase and Medline
databases was performed. Papers reporting diagnostic
tests for gastrointestinal cancer available as a POC
device or containing a description of feasibility for POC
application were included. Studies recovered were
heterogeneous and therefore results are presented as a
narrative review. Six diagnostic methods were identified
(fecal occult blood, fecal proteins, volatile organic
compounds, pyruvate kinase isoenzyme type M2,
tumour markers and DNA analysis). Fecal occult blood
testing has a reported sensitivity of 66%-85% and
specificity greater than 95%. The others are at a range
of development and clinical application. POC devices
have a proven role in the diagnosis of gastrointestinal
cancer. Barriers to their implementation exist and the
transition from experimental to clinical medicine is
currently slow. New technologies demonstrate potential
to provide accurate POC tests and an ability to diagnose
gastrointestinal cancer at an early stage with improved
clinical outcome and survival.
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Core tip: Point-of-care tests are well established. They
facilitate real time clinical decision-making and can
be cost-effective, reduce in-patient hospital stay and
increase patient satisfaction. Faecal Occult Blood has
been used internationally since 1993 in screening
for colorectal cancer. Six technologies for current or
potential point-of-care diagnosis of gastro-intestinal
cancer were identified from the literature (faecal occult
blood, faecal proteins, volatile organic compounds,
pyruvate kinase isoenzyme type M2, tumour markers
and DNA analysis). Currently, three have commercially
available point-of-care devices. New technologies
demonstrate potential to provide accuracy and an

Abstract
Point-of-care (POC) tests enable rapid results and are
well established in medical practice. Recent advances
in analytical techniques have led to a new generation
of POC devices that will alter gastrointestinal diagnostic
pathways. This review aims to identify current and new
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ability to diagnose gastrointestinal cancer earlier
leading to improved clinical outcome and survival.

these pathways often have a low sensitivity and result
in large numbers of negative endoscopies representing
significant financial waste along with patient discomfort
and potentially harm.
POC techniques are already utilised in primary
care for screening patients in gastrointestinal cancer
for example fecal occult blood in colorectal carcinoma,
and advances in technology and translational medicine
suggest that POC tests may in the future be able
to diagnose gastrointestinal cancers at the patient’s
bedside, in the outpatient clinic or even by the patient
self-testing at home. Ideally, new diagnostic tests
should demonstrate diagnostic accuracy similar to
or better than current reference tests, although it is
conceivable that a poorer accuracy may be accepted
as a tradeoff for the convenience of POC devices or a
lower risk of associated complications. New tests must
also be usable and cost-efficient in comparison to
current standard tests.
POC technologies have the potential to dramatically
alter established patient care pathways, as results
can be immediately available in primary care or the
home, resulting in a faster application of appropriate
treatment or referral for further investigation. This
needs evaluation to ascertain whether current
treatment algorithms based on evidence generated
from reference testing practices will still apply and
how this will affect patient’s quality of life. For example
patients self-diagnosing themselves with a new
diagnosis of suspected cancer in their own home would
leave them feeling unsupported, without access to
information or counseling and may have a detrimental
effect on their state of mind, compliance with further
treatment and potential outcome from disease.
The aim of this present review is to identify and
critically evaluate the current use of POC tests in the
diagnosis and assessment of gastrointestinal cancer
and consider the techniques and technology that
demonstrate potential for the POC devices of the
future.

Huddy JR, Ni MZ, Markar SR, Hanna GB. Point-of-care
testing in the diagnosis of gastrointestinal cancers: Current
technology and future directions. World J Gastroenterol 2015;
21(14): 4111-4120 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4111.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4111

INTRODUCTION
Point-of-care (POC) testing enables near patient or
bedside tests that provide instant or rapid results
to facilitate real time clinical decision making within
established patient care pathways. POC tests are well
established in some areas of medical practice including
monitoring of blood glucose levels, anti-coagulation
and in pregnancy. They bring potential advantages
by decreasing the time to diagnosis and institution
of treatment, whilst eliminating requirements for
specialist clinical and laboratory staff to perform and
analyse tests. This stream-lined approach to diagnostic
medicine has further advantages including improved
[1,2]
cost-effectiveness , reduced in-patient hospital stay
[3]
and increased patient satisfaction . Furthermore
recent advances in analytical techniques such as
[4]
[5]
[6]
microfluidics , metabolomics and nanotechnology
has led to the development of POC testing with
improved sensitivity and specificity for the diagnosis,
monitoring and response to treatment in common
disease processes including cancer.
The three most common sites for gastrointestinal
cancer are colorectal, stomach and esophagus which
together account for more than 56400 new cases
[7]
of cancer each year in the United Kingdom and
early detection is paramount to improving outcomes.
This is demonstrated by direct comparison between
institutions in the East and the West that have shown
a better long-term survival following surgical resection
[8-11]
of gastric cancer in Eastern centres
, where early
detection and treatment of esophago-gastric cancers
is achieved through the utilization of endoscopic
screening programmes.
The current established diagnostic pathway for
gastrointestinal cancers follows an index of clinical
suspicion based upon presenting symptoms and
clinical assessment in primary care leading to referral
to secondary care, supported by two-week referral
guidelines, and followed by specialist multidisciplinary
investigation with endoscopy, histological diagnosis
and radiology. This current diagnostic model may
be subject to several points of potential failure, with
the most important being the initial primary care
assessment and index of suspicion which is highly
assessor dependent and subject to bias. Therefore,
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RESEARCH
An initial review of the literature was performed.
Electronic searches of EMBASE and MEDLINE data
bases were searched from 1946 to October 2013.
The search strategy consisted of keywords and MeSH
headings designed to identify articles related to POC
tests and gastrointestinal cancers and these were then
combined with the Boolean operators AND and OR.
The full search strategy used is described in Table 1.
Titles and abstracts were then reviewed to ensure
relevance by meeting inclusion criteria. Papers
describing a diagnostic test for gastrointestinal cancer
that was achievable at the POC were included. Papers
reporting diagnostic tests not yet commercially avai
lable as a POC device, but containing an explanation
of feasibility for POC application were also included.
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Table 1 Full search strategy used is described
MEDLINE search strategy
1. [(point of care or near patient or poc or rapid or bedside) adj3 (test* or analys* or immunoassay* or technique* or assay* or diagnos* or technology* or
system?)].mp
2. Point-of-Care Systems/
3. 1 or 2
4. exp Gastrointestinal Neoplasms/
5. [(oesohag* or esophag* or gast* or stomach* or duoden* or ile* or jeun* or caec* or append* or cec* or colo* or rect* or anal or anus or intestin*) adj2
(cancer? or carcinoma? or malignancy or malignant or neoplasm?)].mp
6. 4 or 5
7. 3 and 6
EMBASE search strategy
1. [(point of care or point-of-care or near patient or poc or rapid or bedside) adj3 (test* or analys* or immunoassay* or technique* or assay* or diagnos*
or technology* or system?)].mp
2. "point of care testing"/
3. 1 or 2
4. [(oesohag* or esophag* or gast* or stomach* or duoden* or ile* or jeun* or caec* or append* or cec* or colo* or rect* or anal or anus or intestin*) adj2
(cancer? or carcinoma? or malignancy or malignant or neoplasm?)].mp
5. digestive system cancer/or exp esophagus cancer/or exp intestine cancer/or exp stomach cancer/
6. 4 or 5
7. 3 and 6

Table 2 Described methods of testing for gastrointestinal cancer and accuracy of commercially available tests based on recent
evidence (point-of-care)
Technology

Commercial available
POC device

Occult blood
Fecal proteins
Volatile organic compounds
Pyruvate kinase isoenzyme
type M2
Tumour markers
DNA mutation analysis
Multitarget stool DNA test

Yes
Yes
No
Yes

POC sensitivity

[33]

83%

POC specificity

79%[25]
(calprotectin)

80.3%[48]

[33]

84%

94%[25]
(calprotectin)

95.2%[48]

Level of
evidence

Papers retrieved in primary
search (n )

1
2

10[20,22,34,66-72]
3[34,73,74]
0
1[72]

1

6[47,49,68,75-77]
4[56,76,78,79]
0

No
No
No

POC: Point-of-care.

Animal studies were included but papers not published
in English were excluded during the initial review. Full
texts of eligible papers were then reviewed.
This initial search was undertaken to identify POC
devices and their underlying technologies. The studies
recovered from the search were heterogeneous and
therefore results are presented as a narrative review.
Secondary literature searches were performed within
MEDLINE that were specific to identified technologies
to ensure the full scope of current literature was
evaluated and diagnostic tests that were recovered in
these secondary searches were also included in the
review.

manuscripts as they did not relate to POC technologies.
Five POC methods were identified with a current
or potential role in the diagnosis of gastrointestinal
cancer and one further technology (volatile organic
compounds) was also included as it was identified
in the supplementary detailed technology-specific
searches. These are summarized in Table 2.
The results are described individually with an
overview of their development, role in patient care
pathway and where possible validity.

Fecal occult blood

The most widely accepted POC test for gastrointestinal
cancer is fecal occult blood (FOB) sampling. Whilst
occult blood detection was first described in 1864, it
was not until 1967 that the hypothesis was suggested
for its role in the early detection of colorectal cancer
[12]
with the first described guaiac based assays . In
1993 the Minnesota Colon Cancer Control Study
demonstrated that an annual screening programme
of 50-80 years old using guaiac based FOB kits and
colonoscopy in patients testing positive decreased
the 13 years cumulative mortality from colorectal

RESULTS
The initial search highlighted 1014 articles after
duplications were removed. 414 articles recovered
in the initial search were related to POC testing for
Helicobacter pylori but these did not meet inclusion
criteria and were excluded. From the review of titles
and abstracts 20 were retrieved for further evaluation.
Four further papers were excluded on review of the full
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[13]

cancer by 33% . Since this landmark study national
colorectal cancer screening programs have been widely
[14]
adopted in countries across the world
including the
[15]
United Kingdom .
Whilst colorectal cancer screening programs have
demonstrable benefit in reducing disease specific
[16-19]
mortality
, guaiac based tests do have inherent
limitations that translate into a reduced sensitivity and
specificity. These include a lack of specificity for human
blood and therefore false positive results can be caused
by meat, vegetable and fruit products containing
[20]
peroxidase as well as upper gastrointestinal sources
of bleeding, especially when provoked by aspirin or
non-steroidal anti-inflammatory drugs. Specificity can
be improved to some extent by dietary and medication
restrictions prior to test sampling and sensitivity by the
[13]
rehydration of slides , although this is at the expense
of specificity. A further disadvantage of guaiac based
[21]
tests is the relatively low sensitivity (16%-31%)
for
advanced adenomas.
To address the above limitations, newer immu
nochemical FOB tests have been developed that
are specific for human FOB and exclude upper GI
occult blood as globin is metabolised by gastric
enzymes. Although more expensive, they achieve
[22]
better sensitivity, with comparable specificity
and
compliance is better due to the more amenable
sampling procedure with fewer consecutive stool
[23,24]
samples required for testing
. Accuracy of FOB
test devices can be titrated accordingly to threshold
levels, hydration state of slides and device or
combination used, but pooled analysis suggests a
sensitivity of approximately 79% and specificity of
[25]
94% with immunochemical tests . Currently the
FOB test represents the most widely applied POC test
in the setting of gastrointestinal cancer. However, as
described there are concerns regarding diagnostic
accuracy associated with its application that have in
more recent years suggested flexible sigmoidoscopy
may represent an alternative screening investigation in
[26]
asymptomatic individuals .

between inflammatory and cancer and therefore is
[30-32]
unsuitable for screening in colorectal cancer
. A
recent review reported a mean sensitivity of 83% and
[33]
a specificity of 84%
for all organic bowel disease.
POC test kits for calprotectin and FOB have been
[34]
compared
and strategies for combination testing
[35]
using FOB and calprotectin
have been proposed to
increase accuracy but this has not been adopted into
screening programmes at the present time.
Overall, it is diagnostic accuracy and specificity
that prevents the widespread use of POC calprotectin
testing in diagnosing gastrointestinal cancer. Although,
its use as a combination approach with FOB to provide
more accurate fecal screening or the ability to screen
for all organic bowel disease including inflammatory
conditions may permit continued commercial viability,
further evidence is required to define the nature of this
role.

Volatile organic compounds

Metabolomics is a fast growing area of medical
research and represents an area of particular
promising growth towards the development of POC
diagnostic technology. Volatile organic compounds
(VOC), resulting from the chemical output of metabolic
processes within the body, can be measured in-vitro
through exhaled air, sweat, urine and faeces with
modern laboratory techniques. Selected ion flow tube
mass spectrometry is one method that allows real
time quantification of multiple VOCs in human breath
without sample modification and therefore represents
huge potential as a medium to allow non-invasive POC
[36]
testing . Preliminary work at our institution in VOC
profiling for esophago-gastric cancer has led to the
discovery of four VOCs (hexanoic acid, phenol, methyl
phenol, and ethyl phenol) that are statistically different
in the exhaled breath of patients with esophagogastric cancer when compared to controls and gave
an accuracy of 0.91 based on the integrated area
[5]
under receiver operating characteristic curve . Similar
VOC profiling patterns in esophago-gastric cancer
[37]
patients have been achieved for urine
and gastric
[38]
contents .
Similar studies in colorectal cancer have demon
strated a different VOC pattern in the exhaled breath
of colorectal cancer patients when compared to
controls with a sensitivity of 86% and a specificity of
[39]
83% . However technology utilised for this analysis
was gas-chromatography mass spectrometry (GC-MS),
which does not permit real-time on-line analysis.
As well as mass spectrometry techniques,
nanosensors based on gold nanoparticles have also
been shown to be effective at differentiating between
[40]
[41]
VOC profiles in colorectal
and gastric
cancer.
VOCs in colorectal cancer from breath and fecal
samples have even been distinguished from controls
with impressive sensitivity and specificity by canine
scent detection without confounders for benign disease

Fecal proteins

Several proteins including lactoferrin, lysozyme and
albumin have been investigated as potential fecal
markers of organic bowel pathology but with the
exception of calprotectin they have shown little promise
[27]
in view of their poor diagnostic accuracy .
Calprotectin is a protein derived predominantly
from neutrophils and has been shown to be increased
in inflammation and malignant processes within the
[28]
large bowel . It has been suggested that calprotectin
can offer greater accuracy than FOB in the diagnosis
of organic colorectal disease, as calprotectin is present
continuously within the gut lumen as a result of
leucocyte recruitment to tumour tissue and does not
[29]
rely on intermittent bleeding . However, calprotectin
has a low specificity as it does not differentiate
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[42]

or inflammation .
Advances in metabolomics has allowed identification
of individual VOC profiling of diseases such as
tuberculosis and cancer, giving each in effect a
[43,44]
recognizable and quantifiable signature
. This is
an area for future investigation before VOC profiling
becomes widely applied in cancer diagnostics, however
the results of these preliminary studies do suggest
that VOC analysis has tremendous potential as a
non-invasive POC test for a wide variety of important
diseases including cancer. Whilst VOC profiles can be
quantified in association with certain disease states,
the mechanism of VOC production in these disease
states is poorly understood. This is clearly an area for
further investigation before the widespread application
of this technology in POC testing.

the bloodstream but occur in small quantities making
[50]
detection technically difficult , Dielectrophoresis has
been demonstrated in the laboratory to be able to
quantify these cells using an electrical field to separate
circulating tumour cells from blood cells by way of
their different charge characteristics. Experimental
dielectrophoresis within a microfluidic chip has been
studied for stool sample analysis of circulating tumour
cells in a laboratory setting. HTC 116 cells were
isolated from a mixture of human embryonic kidney
293 (HEK 293) and E. coli cells demonstrating its
[51]
feasibility
but so far this has not been translated
into a test appropriate for clinical use. Whilst, these
advances have definite potential for POC devices to
assay circulating tumour cells in vitro and therefore
provide diagnostic tools, current methodologies
still require the pre-treatment of samples and the
technology is not yet fulfilled for POC testing.
Further down the design pathway and therefore
closer to implementation are POC devices for common
tumour markers. Gold nanoparticle microfluidic chips
for tumour markers such as carcinogenic embryonic
antigen (CEA) where feasibility studies for POC
[52]
have been reported . Whilst this test has been
demonstrated, CEA does not currently serve a role
[53]
in the screening or diagnosis of colorectal cancer
and this could therefore impact on its role in POC
as the test is unlikely to be utilized or affect the
patient diagnostic pathway. CEA is used for follow
up of patients and to prompt further investigation, in
most cases in an outpatient setting and therefore the
benefit of rapid assay is negated unless justification
can be demonstrated by improved cost-effectiveness,
accuracy or patient experience.

Pyruvate kinase isoenzyme type M2

Pyruvate kinase isoenzyme type M2 (M2-PK) has
been proposed as a biomarker of many cancers,
including gastric, esophageal and colorectal. Different
isoenzymes of pyruvate kinase are expressed
depending on the metabolic functions of tissues and
during rapidly dividing cells such as seen in tumour
formation tissue specific isoenzymes are replaced with
[45]
M2-PK in the dimeric form . Therefore, M2-PK has
been investigated as a potential diagnostic marker for
[46,47]
various cancers particularly colorectal
. POC test
devices are now commercially viable for stool analysis
of fecal M2-PK with sampling requiring only one stool
sample. Like calprotectin, these assays do not rely
on tumours bleeding and have improved specificity
by excluding other bowel sources of bleeding such as
haemorrhoids and fissures. A recent pooled analysis
demonstrated M2-PK detection by either ELISA or
the POC lateral flow rapid test as having a sensitivity
of about 80% for colorectal cancer and 44% for an
[48]
adenoma greater than 1 cm . This concluded that
M2-PK should be used routinely for colorectal cancer
screening, however this assertion has two limitations.
Firstly, this justification of this was based on a
combined analysis of the laboratory ELISA methods
as well as the POC device and secondly as noted
in regards calprotectin assay devices, the studies
included are small in size and underpowered, and even
when combined with pooled analysis the 12 studies
together included just 704 cancer samples between
them. Therefore larger studies with significant power
are required to give weight to these proposals before
this technology can be implemented on a wider scale.

Tumour markers

DNA analysis

It is well established that mutations in the DNA of
oncogenes and tumor suppressor genes are involved
in the process of carcinogenesis. Specific genetic
mutations have been attributed to several cancers and
identification of these with DNA sequencing can play a
role in stratifying risk, predicting response to treatment
and in early diagnosis. Feasibility reports of POC
devices for DNA mutation analysis are now present
[54]
in the literature
and stool DNA testing has shown
[31,55,56]
promising results
. DNA mutations associated
with colorectal cancer include Kirsten-ras (K-ras)
(seen in 40% of colorectal cancer patients and 60%
[57,58]
of adenomas greater than 1cm)
, adenomatous
polyposis coli (APC), deleted in colorectal cancer
(DCC) and tumor protein 53 (p53) and associated
mutations can predict carcinogenesis or be indicative
of specific events such as the activation of adenoma to
carcinoma.
More recently, DNA methylation biomarkers
®
including SEPT9 (ColoVantage ) and vimentin
TM
(ColoSure ) have been investigated for their potential
[59]
in colorectal cancer diagnosis . DNA methylation

[49]

Modern techniques such as dielectrophoresis ,
microfluidics and nanotechnology have allowed
multiple complex laboratory processes to be scaled
down and automated leading to the development of
so-called “lab on a chip” devices. Circulating tumour
cells are cells released by certain tumour types into
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occurs early in carcinogenesis and therefore
biomarkers for these epigenetic events may permit the
diagnosis of cancer earlier.
Combining biomarker assays for DNA mutation and
DNA methylation can improve accuracy and has been
the focus of novel test development. The United States
Food and Drug Administration has recently approved
Cologuard (Exact Sciences Corporation, Madison,
WI, United States), a multitarget stool DNA test in
screening for colorectal cancer. Cologuard combines
molecular assays for aberrantly methylated BMP3 and
NDRG4 promoter regions, mutant KRAS and β -actin
(a reference gene for human DNA quantity) with
an immunochemical assay for human hemoglobin
[60]
(as used in immunochemical FOB testing) . A
[61]
large study of asymptomatic patients
using this
multitarget approach demonstrated a significantly
better sensitivity for cancer than immunochemical FOB
testing alone (92.3% vs 73.8%, P = 0.002) but this
was at the expense of specificity. Whilst non-invasive
the test is not currently available as a POC device with
amplification and detection undertaken in a laboratory
using Quantitative Allele-specific Real-time Target and
TM
Signal Amplification (QuARTS ) technology.
Technology for DNA based biomarkers is pro
gressing. Microfluidics have led to lab on a chip
technology that has the potential for DNA sequencing
in a POC device. Kitano at al describe a point of care
device able to perform extraction, purification, DNA
amplification, mutation detection and interpretation in
an automated analyser taking 70 min. Furthermore,
[62]
Toumazou et al
have since used pH-sensing
complementary metal-oxide semiconductor technology
to develop their platform that has reduced genotyping
to 30 min on a chip the size of a finger-nail.
Whilst at present the cost of these technologies is
[63]
high , the scaling and portability of DNA sequencing
devices with multitarget approaches to detect the
genetic and epigenetic events that arise from cancer
presents exciting promise for highly sophisticated
and accurate POC tests for the future. However, this
technology remains in its infancy and will require
significant investment in research development before
translation into viable clinical POC tests for cancer.

cancer remains endoscopy with histological diagnosis,
despite being invasive, expensive and carrying the
associated risks of bleeding and perforation.
Whilst screening programmes have been designed
and investigated worldwide, the accuracy of POC
devices remains its drawback. To some extent this
can be seen as a tradeoff for its non-invasive nature
but current vogues in colorectal cancer screening
are shifting away from POC tests towards flexible
[26,64]
sigmoidoscopy
. Furthermore esophago-gastroduodenoscopy remains the choice of test for sur
veillance of pre-malignant conditions including Barrett’
s esophagus and diagnosis of upper gastro-intestinal
cancers. This is understandable given that in the
current care pathway histological confirmation is critical
in the appropriate diagnosis, staging and allocation of
treatment for gastrointestinal cancers. However, POC
can still have a hugely valuable role if developed with
robust methodology and validation to assign risk of
gastrointestinal cancer. This will allow more appropriate
allocation of diagnostic endoscopy, which may in turn
lead to a reduction in negative endoscopies and a
more cost-effective diagnostic pathway.
With more modern techniques such as VOC
biomarkers, circulating tumour cells and DNA analysis
which have the potential of providing the clinician with
accurate POC tests the landscape for the diagnosis
of gastrointestinal cancer has the potential to change
rapidly, completely re-defining the patient care
pathways as they currently exist. Changes in patient
diagnostic and treatment algorithms resulting from the
institution of POC tests must be carefully introduced
with particular attention paid to the psychological and
economic effects of these changes.
Even tests that are well established take a great
deal of time to make the transition from the laboratory
to clinical usage. Hold ups occur at multiple levels as
seen in FOB sampling that was first described over
a century before its role in colorectal cancer was
discovered and a further 26 years passed before there
was sufficient evidence to justify its use in screening
programmes. With the potential advantages of POC
devices barriers to their implementation need to be
identified and overcome. Hold-ups in implementation
can occur at multiple levels and industry, clinicians,
researchers, policy makers and patients all have a role.
The POC diagnostic industry is expanding rapidly
with an estimated 35% share of the in vitro diagnostic
market within the United States and was valued at
[65]
$15.1 billion in 2011 . This is forecast to grow and
similar trends can be seen across the developed and
developing world. The potential for commercial gain
by novel POC diagnostic tests especially in prevalent
diseases such as gastrointestinal cancer is apparent
and therefore there should exist a clear motive to
industry to pursue evidence generation in evaluating
these products further but when assessing the literature
this is not seen.
One reason for this apparent void of evidence

DISCUSSION
POC devices have a proven role in the diagnosis
and assessment of gastrointestinal cancer. There
are also exciting new technologies at various stages
of development showing significant promise for the
future. FOB testing is well established and validated
in multiple commercially available POC devices. Along
with Helicobacter pylori testing these devices have
consistently demonstrated that POC devices are
acceptable to patients and clinicians, economically
viable and can play a role in the clinical care pathway
of gastrointestinal disease. However, the gold standard
for diagnosis of gastrointestinal disease and specifically

WJG|www.wjgnet.com

4116

April 14, 2015|Volume 21|Issue 14|

Huddy JR et al . Point-of-care testing in gastrointestinal cancer
generation maybe that further studies are in fact
being performed but results are not being published
in the literature as there exists a publication bias
against negative results, particularly with diagnostic
test studies, compounded by the restricted access
to intellectual property regarding design process and
evaluation within industry. The prevalence of unknown
reporting in this respect is difficult to determine and it
is understandable that industry may want to protect
their investment potential with emerging commercial
devices.
Whilst a detailed description of design methodology
is outside the scope of this review it is worth consi
dering the route a new technology takes from proof
of concept to a commercially available device, as this
will highlight various barriers to their implementation.
A design process is undertaken, usually within
industry, which incorporates the validity of the
testing methods into a device that is usable by the
appropriate population, meets safety and regulatory
standards and demonstrates a sustainable business
model to justify this initial financial outlay. Usability is
particularly important with POC devices as the user
may have minimal or no training and all involved
steps including sample collection, analysis and
interpretation of result interface must be tested with
the appropriate population as each may be the subject
of heterogeneity that can adversely affect the overall
quality and accuracy of results gained.
Effective design is a time consuming and expensive
process that increases exponentially with complexity,
this is especially true of medical devices with the
inherent hazards of poor design. Device evaluation
has the potential to benefit greatly if a culture of
coordinated and complimentary evidence generation
from both industry and clinical academia can be
achieved, with a shared aim to drive concepts along
this pathway so that the benefits of new technologies
can be realised.
Once launched, POC tests challenge established
patient diagnostic pathways. Current pathways are
based on best evidence, almost universally developed
with reference testing methods and it is vital that
evidence based clinical practice remains valid with the
introduction of new POC test devices. This will depend
both on the accuracy of new tests but also their impact
on patient care pathways.
Modeling techniques can be used to evaluate
these changes in more detail and demonstrate costeffectiveness. This ensures that the analysis is based
not just on a test-by-test comparison basis but a full
evaluation of pathways and outcomes associated with
implementing new devices. This evidence is vital for
large healthcare organisations such as the National
Health Service.
Finally, patient and public involvement is required
to implement POC testing strategies and the benefits
offered should be enough to achieve this, providing
safety is not compromised. POC technologies tend
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to be non-or minimally-invasive and provide rapid
results and therefore studies repeatedly demonstrate
better adherence to treatment, patient satisfaction and
quality of life, especially at home where new devices
can be integrated with wireless or mobile technology
to completely alter the way healthcare is delivered.

CONCLUSION
There exists a wide range of technologies described as
POC relating to gastrointestinal cancer. Whilst some
are in routine clinical use, others remain described
only in theory and ex-vitro experiments. There is a
broad scope of exciting promise for the future and the
potential benefits that they can bring but we can see
from experience that barriers to their implementation
exist and their transition from experimental to clinical
medicine is slow. Further work needs to address these
obstacles to provide better efficiency in evidence
generation so that current POC proposals do not
follow the example of FOB in taking over a century
to translate from discovery to clinical use. With the
creation of the National Institute for Health Research
Diagnostic Evaluation Cooperatives this paucity of
evidence aims to be addressed and this standardized
pathway of stream-lined, efficient development and
validation of POC devices will be the focus of future
investigation.
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MINIREVIEWS

Optimum chemotherapy for the management of advanced
biliary tract cancer
Marwan Ghosn, Hampig Raphael Kourie, Elie El Rassy, Ralph Chebib, Fadi El Karak, Colette Hanna, Dolly Nasr
many chemotherapeutic regimens and targeted
therapies for the treatment of BTC, the standard
of care for advanced BTC remains the combination
of gemcitabine with cisplatin. Many new molecules
targeting proliferation and survival pathways, the
immune response and angiogenesis are currently
undergoing phase Ⅰ and Ⅱ trials for the treatment of
advanced BTC with promising results.
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Core tip: This paper is a recent study outlining the
most recent updates on the treatment of advanced
biliary tract cancers. After a brief review of the different
treatments used for advanced biliary tract cancers,
current treatment options, novel therapies and future
approaches are discussed.
Ghosn M, Kourie HR, El Rassy E, Chebib R, El Karak F,
Hanna C, Nasr D. Optimum chemotherapy for the management
of advanced biliary tract cancer. World J Gastroenterol 2015;
21(14): 4121-4125 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4121.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4121

INTRODUCTION

Abstract

Biliary tract cancers (BTCs) are orphan, heterogeneous
and highly fatal malignancies that represent less than
1% of all cancers including gallbladder cancer (GBC),
cholangiocarcinoma (CC) and cancers of the ampulla
of Vater (CAV). CAV are excluded from this review
because of their different characteristics and better
prognosis.

Biliary tract cancers (BTCs) are highly fatal malignancies,
which are often diagnosed at an advanced stage
and have relatively poor prognosis. The treatment
of patients with advanced BTC is systemic, based on
chemotherapy or best supportive care, depending on
their performance status. Despite clinical trials studying
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Of the two other BTCs, GBC is two times more
frequent than CC, and between the two known CC
subtypes, the extra-hepatic subtype is more common
than intra-hepatic CC (15%). Moreover, the incidence
of intra-hepatic CC is increasing in different countries
(United States, United Kingdom and Australia), but its
[1]
cause has not yet been elucidated .
These cancers are often diagnosed at an advanced
stage defined as unresectable disease (metastatic
or locally advanced) due to their nonspecific
symptomatology, and they are associated with relatively
poor prognosis. Five-year survival rates are 5%-10%
[2]
for GBC and 10%-40% for CC .
Given its rarity and diversity, few clinical trials have
studied optimum treatment for BTC. Historically, there
has been no standard treatment for neither advanced
(defined as stage ⅣA) nor metastatic BTC (defined as
stage ⅣB). Treatments for these cancers have been
extrapolated from treatment regimens for metastatic
pancreatic cancer. However, as of 2010, many new
trials have been designed to achieve optimum
chemotherapeutic treatment for advanced BTC.

Table 1 Single-agent targeted therapies in phase Ⅱ trials for
advanced biliary tract cancer
Line N

Target

Treatment

Philip et al[12]
2006
Costello et al[13]
2009
Ramanathan
et al[14] 2009
Buzzoni et al[15]
2010
Bengala et al[16]
2010
El Khoueiry et
al[17] 2011
Bekaii-Saab et
al[18] 2011
Yi et al[19] 2012

1-2

42

EGFR

Erlotinib

1-3

RR (%) PFS OS
8

2.6

7.5

20 Proteasome Bortezomib

0

1.5

9.5

1-2

17

Lapatinib

0

1.8

5.2

2

18

Everolimus

6

NA NA

1-5

46

Sorafenib

2

2.3

4.4

1

31

1-2
2

EGFR,
HER2
mTOR

Sorafenib

0

3.0

9.0

28

VEGF,
BRAF
VEGF,
BRAF
MEK1-2

Selumetinib

12

3.7

9.8

56

VEGF

Sunitinib

8.9

1.7

NA

N: Number of participants; NA: Not available; OS: Overall survival; PFS:
Progression-free survival; RR: Response rate.

that GBC has a poorer prognosis compared with nonGBC with a median OS of 9.1 mo for GBC and 13 mo
[9]
for non-GBC . A recent meta-analysis of these two
studies recommended the combination of gemcitabine
and cisplatin as a standard of care for the first-line
treatment of advanced BTC for patients with good
[10]
PS .
A Japanese phase Ⅱ trial associating S1 with
gemcitabine demonstrated a better response rate
compared with gemcitabine alone, but the superiority
of this combination therapy was not completely
[11]
clear .
With the era of targeted therapies, many strategies
have been considered for BCT treatment. Single-agent
or combined targeted therapies and chemotherapy
combinations were the available options. The most
frequent mutations targeted in these cancers include
those in EGFR, Her2, KRAS and BRAF.
Since 2006, multiple phase Ⅱ trials have studied
single-agent or combined targeted therapies. Studied
[12]
[13]
[14]
have included erlotinib , bortezomib , lapatinib ,
[15]
[16,17]
[18]
everolimus , sorafenib
, selumetinib , and
[19]
sunitinib
and the combinations erlotinib and
[20]
[21]
bevacizumab
and sorafenib and erlotinib . All of
the corresponding trials were negative (Table 1).
The association between targeted therapy and
chemotherapy was also evaluated. Many clinical
trials have evaluated the combination of a targeted
therapeutic agent with the standard of care, which
is gemcitabine plus cisplatin or oxaliplatin. The
combination of gemcitabine and oxaliplatin with
bevacizumab revealed a response rate (RR) of 40%,
[22]
PFS of 7.0 mo and OS of 12.7 mo .
Adding an anti-EGFR drug (cetuximab, erlotinib
and panitumumab) to gemcitabine and oxaliplatin
was studied in several phase Ⅱ and Ⅲ trials. A
phase Ⅱ study of 30 patients testing the association
between gemcitabine, oxaliplatin and cetuximab in

EVOLUTION OF TREATMENT
MODALITIES
BTC studies between 1985 and 2006 have enrolled
small numbers of patients (5-65 patients) but were
limited by heterogeneity. Only three studies were
[3,4]
randomized, including two phase Ⅱ trials
and one
[5]
phase Ⅲ trial .
[6]
In 2007, Eckel et al attempted to pioneer a
chemotherapy standard of care for BTC. This group
published a pooled analysis of 104 clinical trials that
regrouped greater than 2800 patients and evaluated
different treatment modalities. This pooled analysis
suggested that the combination of gemcitabine and
cisplatin or oxaliplatin is the most active regimen.
Therefore, this modality was considered a provisional
standard regimen for BTC until a new evidence-based
standard was defined.
The first large randomized study (81 patients) was
an Indian monocentric series that exclusively included
GBC. This study compared the best supportive care
(BSC) to 5-FU and folinic acid (FUFA) and modified
gemcitabine and oxaliplatin. The results demonstrated
improved overall survival (OS) and progression-free
survival (PFS) with GEMOX compared with BSC and
[7]
FUFA in unresectable GBC .
The British United Kingdom ABC-02 trial is the
largest published trial designed for BTC. This study
enrolled 410 patients and compared gemcitabine
with its combination with cisplatin. The latter was
associated with a significant survival advantage
without adverse substantial toxicity. Thus, this regimen
was considered an appropriate treatment option for
[8]
patients with advanced BTC . Another Japanese trial
confirmed this conclusion. This study also showed
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advanced or metastatic BTC showed an objective
[23]
RR of 63% . These results were confirmed in a
French-German phase Ⅱ randomized trial (BINGO)
that evaluated the addition of cetuximab to the
combination of gemcitabine and oxaliplatin. The RR
overcame the 60% barrier in the first four months
after adding cetuximab. The PFS and OS were not
significantly different between the two concerned
[24]
arms . A randomized phase Ⅲ trial studied the
addition of erlotinib to gemcitabine and oxaliplatin;
the PFS increase observed with erlotinib was not
statistically significant, and the OS was the same for
the two groups. In subgroup analyses, the PFS was
only significantly increased in the CC group. In a phase
Ⅱ marker-driven trial of panitumumab and GEMOX
followed by capecitabine for seven days for KRAS
wild-type BTC, the results met the efficacy criteria for
future testing in a randomized trial with a RR of 33%,
[25]
PFS of 8.3 mo and OS of 10 mo . All of the studies
evaluating the addition of anti-EGFR to GEMOX in BTC
failed to approve this combination as a standard of
care.
The association between gemcitabine, the most
effective chemotherapy for BTC, and MEK inhibitors,
which showed an acceptable response, could be
considered a perfect combination if it were not for
their antagonist effects. A recent study revealed this
combination as highly schedule-dependent with better
results when these two drugs are used sequentially
[26]
rather than simultaneously .

e.g., ipilimumab for melanoma.
BTC has been reported to express a variety of
tumor-associated antigens, such as Wilms’ tumor
gene 1 and mucin 1, which could be potential targets
[29-31]
for immunotherapies
. Several clinical trials for
immunotherapies targeting these molecules have been
[32,33]
recently reported with promising results
.

Inhibition of angiogenesis

After the failure of many trials evaluating anti-angiogenic
drugs for the management of BTC, axitinib (AG-013736),
an oral specific VEGFR TKI, shows potential therapeutic
utility for vascular endothelial growth factor-expressing
[34]
CCs .

Targeting signaling pathways

IFG1R, MEK, PI3K, AKT, and mTOR are the most
frequent signaling pathway targets evaluated for the
treatment of advanced BTC.
A phaseⅠstudy evaluating a MEK inhibitor (MEK162)
showed an acceptable safety profile and desirable
pharmacokinetics properties at 60 mg BID, and RECIST
[35]
responses were observed in patients with BTC .
Everolimus (RAD001) exhibits multiple effects
mediated by the inhibition of mTOR and may serve as
[36]
a promising agent for the treatment of CC .

CONCLUSION
Despite numerous trials evaluating the chemothe
rapeutic regimens and targeted therapies for BTC,
the combination of gemcitabine and cisplatin remains
the gold standard for the treatment of BTC. At this
time, OS is less than one year, and enrolling patients
in clinical trials is also recommended. New strategies
should be adopted for the management of BTC.
As the molecular biology and genetic origin of this
cancer improves and becomes completely elucidated,
perhaps personalized therapy will achieve better
outcomes. Subsequently, individualized treatments
may be established according to molecular profiles and
epigenetics with targeted and immunotherapies.

CURRENT TREATMENT OPTIONS
Despite evaluating many chemotherapeutic regimens
and targeted therapies for the treatment of BTC,
the standard of care for advanced BTC remains
[8]
the combination of gemcitabine with cisplatin . A
regimen of gemcitabine and 5-FU is an acceptable
[27]
option under some circumstances . In the particular
case of Klatskin tumors, aggressive surgery may be
performed in a curative perspective. Effective, liver and
portal vein resections are recommended for selected
[28]
patients with advanced Klatskin tumors . In general,
the BSC is possible for patients with poor PS. OS with
the standard of care is less than one year. Therefore,
enrolling patients in clinical trials is recommended.
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Thalidomide ameliorates portal hypertension via nitric oxide
synthase independent reduced systolic blood pressure
Nicholas G Theodorakis, Yining N Wang, Vyacheslav A Korshunov, Mary A Maluccio, Nicholas J Skill
(PHT). However, the mechanism for this action is not
fully elucidated. One hypothesis is that thalidomide
destabilizes tumor necrosis factor α (TNFα) mRNA and
therefore diminishes TNFα induction of nitric oxide
synthase (NOS) and the production of nitric oxide (NO).
To examine this hypothesis, we utilized the murine partial
portal vein ligation (PVL) PHT model in combination with
endothelial or inducible NOS isoform gene knockout mice.
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METHODS: Wild type, inducible nitric oxide synthase
-/-/(iNOS) and endothelial nitric oxide synthase (eNOS)
mice received either PVL or sham surgery and were
given either thalidomide or vehicle. Serum nitrate
(total nitrate, NOx) was measured daily for 7 d as a
surrogate of NO synthesis. Serum TNFα level was
quantified by enzyme-linked immunosorbent assay.
TNFα mRNA was quantified in liver and aorta tissue by
reverse transcription-polymerase chain reaction. PHT
was determined by recording splenic pulp pressure
(SPP) and abdominal aortic flow after 0-7 d. Response
to thalidomide was determined by measurement of
SPP and mean arterial pressure (MAP).
RESULTS: SPP, abdominal aortic flow (Qao) and
-/plasma NOx were increased in wild type and iNOS
PVL mice when compared to sham operated control
mice. In contrast, SPP, Qao and plasma NOx were not
-/increased in eNOS PVL mice when compared to sham
controls. Serum TNFα level in both sham and PVL mice
was below the detection limit of the commercial ELISA
used. Therefore, the effect of thalidomide on serum
-/TNFα levels was undetermined in wild type, eNOS
-/or iNOS mice. Thalidomide acutely increased plasma
-/-/NOx in wild type and eNOS mice but not iNOS
mice. Moreover, thalidomide temporarily (0-90 min)
decreased mean arterial pressure, SPP and Qao in wild
-/-/type, eNOS and iNOS PVL mice, after which time
levels returned to the respective baseline.

Abstract
AIM: Portal hypertension is a common complication of
liver cirrhosis and significantly increases mortality and
morbidity. Previous reports have suggested that the
compound thalidomide attenuates portal hypertension
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[7-9]

pressure in the murine PVL model by modulation of
NO biosynthesis. Rather, thalidomide reduces PHT by
decreasing MAP by an undetermined mechanism.

(NO) . Decreased hepatic eNOS results in hepatic
sinusoid constriction and increased hepatic resistance
[10]
to portal venous flow . In contrast, increased extrahepatic vascular eNOS promotes vasodilation and the
development of hyper-dynamic circulation by increasing
[11,12]
blood flow to the liver
. Moreover, functional eNOS is
also found in circulating micro-particles (< 1 μm) shed
from endothelial and blood cells. Studies show that
micro-particles are increased in patients with endothelial
[13]
dysfunction but eNOS expression is decreased .
Consequently, the precise mechanism/role for eNOS in
PHT is not clear. We do know that eNOS activation is
multifaceted and includes protein kinase B AKT, GTPaseactivating protein, sarcoma proto-oncogene and G
protein-coupled receptor-2 kinase activity culminating
with eNOS phosphorylation and translocation to the cell
[8,14-16]
membrane
.
In addition, the cytokine tumor necrosis factoralpha (TNF-α) is thought to be important in the
pathogenesis of PHT by increasing eNOS activity and
[17,18]
NO production
. Therefore, inhibition of TNFα
has the potential to ameliorate portal pressure and
reduce mortality and morbidity associated with PHT.
Previous studies have shown that the compound
[19]
thalidomide destabilizes TNFα mRNA
and prevents
the development of PHT in portal vein ligated (PVL)
[20,21]
animals
. However, the precise mechanism by which
thalidomide abrogates PHT is not fully understood.
In human studies, thalidomide reduces hepatic
venous pressure gradient without reducing systemic
[22]
hemodynamic parameters . This suggests that: (1)
TNFα is not associated with PHT associated hyperdynamic circulation; and (2) thalidomide reduces PHT
independent of TNFα and NO.
To examine the mechanistic connection between
thalidomide, TNFα and NO on PHT, we utilized the
murine, non-inflammatory, pre-hepatic PVL model of
PHT and commercially available iNOS and eNOS gene
knockout mice and examined changes to TNFα and
PHT in response to thalidomide. We have previously
shown that in the PVL model of PHT, eNOS is the
dominant NOS isoform and in its absence PHT does
[9]
not develop . We anticipated that in PVL mice, TNFα
would be increased and that thalidomide would
reduce this increase and associated PHT but there
-/would be no response to thalidomide in eNOS mice.
In contrast to this expectation, we found that TNFα
levels were below detectable limits of the enzymelinked immunosorbent assay (ELISA) used and that
thalidomide caused: (1) an iNOS dependent increase
in circulating NOx levels; and (2) thalidomide reduction
of portal pressure was NOS isoform independent and
was commensurate with a NOS independent drop
in systolic blood pressure. Because TNFα levels in
mice were below detectable levels, we were unable
to determine response to thalidomide administration.
Liver and thoracic aorta tissue TNFα mRNA expression
levels were detectable and levels were not significantly

Key words: Portal hypertension; Thalidomide; Nitric
oxide; Knockout mice; Endothelial nitric oxide synthase;
Inducible nitric oxide synthase; Tumor necrosis factor
alpha
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The research innovation detailed in this manu
script is the use of nitric oxide synthase (NOS) isoform
specific gene deleted mice to better understand
the underlying mechanisms for the development
of portal hypertension (PHT). PHT is a significant
complication of liver disease and increases morbidity
and mortality. Our study examined the hypothesis
that the compound thalidomide reduces PHT by
decreasing the biosynthesis of nitric oxide (NO) via
destabilizing tumor necrosis factor alpha mRNA levels.
We demonstrate that thalidomide induces NO via
increased inducible nitric oxide synthase isoform of
NOS; however, thalidomide reduction in PHT was NOS
isoform independent.
Theodorakis NG, Wang YN, Korshunov VA, Maluccio MA,
Skill NJ. Thalidomide ameliorates portal hypertension via nitric
oxide synthase independent reduced systolic blood pressure.
World J Gastroenterol 2015; 21(14): 4126-4135 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i14/4126.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i14.4126

INTRODUCTION
Portal hypertension (PHT) is a complication typically
associated with underlying liver disease whereby
[1]
portal pressure exceeds 10 mmHg . In general, PHT
is predominantly a sequela of alcoholic, non-alcoholic
[2]
steatohepatitis or viral cirrhosis and is augmented
by the formation of a systemic hyper-dynamic circu
lation manifesting as a generalized reduced vascular
resistance, via vasodilation, promoting systemic and
[3,4]
mesenteric hyperemia . Increased hepatic resistance
in combination with hyperemia promotes redirection
of portal venous flow from the liver towards, inter alia,
mesenteric and azygous venous beds to form esophageal
[5]
and ectopic varices . Generally, esophagogastric varices
have the greatest capacity for hemorrhage amongst
varices and in combination with liver failure significantly
[6]
increase mortality and morbidity .
Previous studies have detailed the importance of
nitric oxide synthase (NOS) enzymes in the development
of PHT. In particular, the NOS isoform endothelial NOS
(eNOS) is thought to be important to PHT by regulating
biosynthesis of the potent vasodilator nitric oxide
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changed in response to PVL surgery but were increased
following thalidomide administration. This information
demonstrates that thalidomide improves portal hemo
dynamics independent of NO and is linked to a reduction
in mean arterial blood pressure.

given 50 mg/kg thalidomide and the blood pressure
and heart rate was calculated for 10 min every 20 min.

Plasma TNFα and NOx levels

Blood was collected by cardiac puncture, injected
into heparinized tubes and centrifuged. Plasma TNFα
was measured by sandwich ELISA in accordance
with manufacturer’s instructions (#MTA00B, RD
systems, Minneapolis, MN). TNFα was measured 0, 1,
3, 6, 12, 16, 20 and 24 h and 2, 3, 4, 5, 6 and 7 d
following PVL operation. Plasma NOx was determined
[25]
using the Griess reaction
using a commercially
available kit (#NB98, Oxford Biomedical, Rochester
Hills, MI).

MATERIALS AND METHODS
Unless otherwise stated, all chemicals were purchased
from Sigma, MO. The partial portal vein ligation
pre-hepatic PHT model was used. All studies were
approved by the University of Rochester committee
for animal research and adhered to AAALC and federal
guidelines for the humane care and treatment of
animals. Mice were maintained in sterilized isolette
cages on a 12-h light/dark cycle and were allowed
access to food and water ad libitum. Mice [C57B/6J,
tm1Unc
-/- [23]
C57BL/6J-NOS2
(iNOS )
and C57BL/6Jtm1Unc
-/- [24]
NOS3
(eNOS )
(Jackson Labs, MA)] were
anesthetized using halothane inhalation. A midline
laparotomy was performed and the portal vein was
exposed. A blunt-ended 27-gauge needle was placed
alongside the portal vein and a 4-0 silk suture was tied
around the vein and needle, after which the needle
was withdrawn, producing a standardized stenosis. In
sham animals, the procedure consisted of dissection
and visual inspection of the portal vein without ligature.
The abdomen was closed and the animals were
allowed to recover under a heat lamp. For thalidomide
studies, (25-100 mg/kg per day) thalidomide (α-Nphthalyllutamic-acid-imine) or dimethyl sulfoxide
(DMSO) vehicle was given 16 h prior and 4 h following
PVL or sham and every 24 h thereafter.

In vitro cell culture: RAW264 mouse macrophage
cells (#TIB-71 ATCC, Manassas, VI) were cultured in
the presence or absence of LPA and/or 25-100 μg/mL
thalidomide for 0-24 h.
Gene expression: TNFα, eNOS and iNOS mRNA
from liver, aorta or RAW264 cells were determined by
reverse transcription-polymerase chain reaction (RT-PCR)
using gene-specific primers (200 ng) and 1 μg cDNA:
eNOS: 5’GTGTGAAGGCAACCATTCTG 3’ACTCATCCATG
CACAGGACC, INOS: 5’GGCTTCACGGGTCAGAGCCA
3’TGCCCATTGC TGGGACAGTC TNFα 5’CTGTAGCC
CACGTCGTAGC 3’TTGAGATCCATGCCGTTG 3 (cycle = 1
min each of 94 oc, 60 oc and 74 oc × 35). Primers were
purchased from Life Technologies, Grand Island, NY.

Statistical analysis

The data shown are mean ± SE, with 3-7 animals
per experimental group. Statistical significance was
estimated using ANOVA statistical analysis (SPSS, IBM).

Physiological measurements

Physiological measurements were performed as
[9]
previously described . At the indicated times post
sham-operation or PVL, animals were anesthetized
(halothane) and subjected to laparotomy to allow
physiological measurements to be taken. Splenic
pulp pressure (SPP) was measured as an index of
portal venous pressure. To measure SPP, a cannula
made from a 25-gauge needle connected to a salinefilled manometer was inserted into the spleen pulp.
Abdominal aortic flow was measured by placing an
ultrasonic Doppler flow probe (Transonic #11RB) around
the abdominal aorta between the diaphragm and celiac
artery. Flow rates were obtained with a Transonic T206
Blood Flow Meter (Transonic Instruments, Ithaca, NY).
Aortic blood flows were standardized per gram of body
weight.
Systolic blood pressure and heart rate were deter
mined by non-invasive tail cuff plethysmography using
the Visitech BP-2000 Blood Pressure Analysis system
as per manufacturer’s instructions (Visitech systems,
Apex, NC). Baseline values were obtained for 4 d to
train the mice (n = 8) in the measurement of blood
pressure and heart rate. On the fifth day, mice were
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RESULTS
TNF-α and NOx levels following PVL or thalidomide
administration: plasma TNFα and NOx levels were
determined following sham or PVL ligation and after
thalidomide injection. TNFα levels were below the
detectable levels of the assay. Consequently, no
increase was detected following PVL and no decrease
following thalidomide injection. Injection of 1 mg/kg
LPS increased serum TNFα from undetectable levels
to 192 pg/mL. Plasma NOx was increased significantly
following PVL in wild type mice, peaking at 2 d post
PVL surgery (Figure 1A). This PVL induced NOx at
2 d post-surgery was eNOS specific. NOx was not
-/increased in eNOS mice following PVL but was
-/increased in iNOS mice (Figure 1B). Thalidomide
induction of NOx was iNOS specific. Serum NOx was
-/not increased in iNOS mice following thalidomide
-/injection but was increased in eNOS mice (Figure
1C). Thalidomide increased iNOS mRNA levels in aorta
and liver tissue samples (75% and 162% respectively
at 100 mg/kg). No change in eNOS expression was
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Figure 1 Portal vein ligation and thalidomide increases nitric oxide via endothelial and inducible nitric oxide synthase respectively. Plasma total nitrate (NOx)
was measured daily for 7 d in wild type (WT), endothelial nitric oxide synthase (eNOS)-/- and inducible nitric oxide synthase (iNOS)-/- mice following portal vein ligation
(PVL) or sham surgery. A: Plasma NOx increased following PVL in wild type mice but not following sham surgery. Levels increased to a maximum 2 d after PVL,
after which NOx returned to pre-surgical baseline; B: Plasma NOx increased 2 d following PVL in iNOS-/- but not eNOS mice. In eNOS-/- mice NO was not increased
following PVL; C: Unadulterated 8 wk WT, eNOS-/- and iNOS-/- mice were given 50 mg/kg thalidomide or vehicle. Blood was collected by cardiac puncture and plasma
was assayed for NOx. Plasma NOx was significantly increased by the administration of thalidomide in WT and eNOS-/- mice but was reduced in iNOS-/- mice. aP < 0.05
vs other groups.

The effect of thalidomide in vivo was determined by
quantification of hepatic and arterial tissue TNFα,
eNOS and iNOS expression ± thalidomide by RTPCR. TNFα mRNA was increased by 62% in thoracic
aorta tissues and 34% in the liver tissues. In a similar
manner, hepatic iNOS was increased 70% and 49%
respectively. No change in eNOS mRNA was observed.
Effects of thalidomide on mean blood pressure,
heart rate and portal hemodynamics following PVL:
in vehicle treated mice, splenic pulp pressure and
abdominal aortic flow were increased significantly
7 d following PVL (Table 1). Treatment of mice with
50 mg/kg thalidomide resulted in a temporary (90
min) reduction in elevated splenic pressure and mean
systolic blood pressure (58% and 70% reduction
respectively) (Figure 2A and B). Thalidomide induced
reduction was maximal 30-60 min following injection
and after which time splenic pulp pressure and mean
arterial pressure recovered to an elevated level by 90
min. No significant change in heart rate was observed
following thalidomide administration in PVL or sham
mouse groups.
Role of NOS isoforms on thalidomide: to determine

Table 1 Splenic pulp pressure and abdominal aortic flow 7 d
post portal vein ligation or sham

Wild type sham
Wild type 7 d PVL
eNOS-/- sham
eNOS-/- 7 d PVL
iNOS-/- 7 d sham
iNOS-/- 7 d PVL

Splenic pulp pressure
(cmH2O)

Abdominal aortic flow
(mL/min per gram)

6.9 ± 0.4
25.4 ± 3.1a
6.9 ± 0.3
7 ± 0.5
6.7 ± 1
21.1 ± 0.4c

0.17 ± 0.02
0.27 ± 0.04a
0.15 ± 0.01
0.15 ± 0.01
0.16 ± 0.01
0.23 ± 0.06c

a

P < 0.05 vs wild type sham t-test; cP < 0.05 vs iNOS-/- 7d sham t-test; mean
± SE (n = 4-7). iNOS: Inducible nitric oxide synthase.

observed.
Hepatic and arterial TNFα, eNOS and iNOS
expression following thalidomide administration:
[19]
thalidomide is reported to destabilize TNFα mRNA .
In immortalized macrophage cells (RAW263.3),
we found that thalidomide reduced TNFα mRNA in
unstimulated and LPS stimulated cells (81.7% and
78.6% respectively). In contrast, thalidomide did
not reduce LPS stimulated iNOS mRNA induction.
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Figure 2 Thalidomide temporarily ameliorates splenic pulp pressure and mean systolic blood pressure in 7 d portal vein ligation mice. A: 7 d wild type
sham and portal vein ligation (PVL) mice were treated with 50 mg/kg thalidomide ip and splenic pulp pressure was measured 0-150 min following administration.
Splenic pulp pressure was rapidly and temporarily decreased by thalidomide; after 2 h pressure returned back to pre-thalidomide levels; B: Systolic blood pressure
was also measured in 7 d PVL wild type mice following the administration of 50 mg/kg thalidomide or vehicle control. In a similar manner to splenic pulp pressure the
systolic blood pressure was temporarily decreased by thalidomide. aP < 0.05 vs control group.
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Figure 3 Thalidomide reduction of splenic pulp pressure and systolic blood pressure is endothelial and inducible nitric oxide synthase independent. 7 d
portal vein ligation wild type, endothelial nitric oxide synthase (eNOS)-/- and inducible nitric oxide synthase (iNOS)-/- mice were treated with 50 mg/kg thalidomide or
dimethyl sulfoxide vehicle control ip. Splenic pulp pressure (A) and systolic blood pressure (B) were measure 60 min after administration. Thalidomide reduced splenic
pulp pressure and systolic pulp pressure in wild type, eNOS-/- and iNOS-/- mice (n = 4 mice per group, aP < 0.05 vs control group).

the role of NOS isoforms on the transient hemodynamic
-/-/response to thalidomide, wild type, eNOS and iNOS
7 d PVL mice were treated with 50 mg/kg thalidomide
and hemodynamic measurements were performed
30 min thereafter. Portal pressure and systolic blood
pressure were significantly reduced in all mice groups
(Figure 3). Reduction in hemodynamics in response to
thalidomide was NOS isoform independent.
TNFα aortic and hepatic expression post PVL: to
evaluate the role of TNFα in the PVL model, levels
were determined by RT-PCR in aorta and liver tissue
samples 0-4 d following PVL. TNFα was generally
unchanged in response to PVL in both liver and aorta
samples. However, there was a transient reduction
in TNFα expression 3 h post PVL within aortic tissues
but this reduction was not significantly significant (P
= 0.1) (Figure 4). Whole tissues were used and so
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differentiation between muscle, nervous, connective
and epithelial tissue was not investigated.

DISCUSSION
In 1998, the US Food and Drug Administration approved
the use of thalidomide for the treatment of leprosy
and multiple myeloma. Additional research has investi
gated the benefit of thalidomide in animal models of
[26]
[27]
[28]
[20]
Alzheimer’s , pancreatitis , colitis and PHT .
The purpose of this manuscript is not to advocate
the use of thalidomide for the treatment of PHT. That
claim is beyond the scope of our experimental studies
and we leave that analysis for others. Using the PVL
-/-/murine model of pre-hepatic PHT in eNOS and INOS
deficient animals, this study investigates thalidomide
abrogation of PHT via mediating activation of NO
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Figure 4 Portal vein ligation does not increase hepatic or aortic tumor necrosis factor alpha mRNA expression. Pre-hepatic portal hypertension was induced
in wild type mice by partial ligation of the portal vein. 0-24 h post ligation livers (A) and thoracic aortas (B) were harvested and quantified for tumor necrosis factor
(TNF) mRNA by reverse transcription-polymerase chain reaction. TNFα was not changed within livers and aorta following portal vein ligation (PVL). Figures are
representative of three experiments. Hepatic (C) and aortic (D) TNFα expression was unchanged 0-4 d post PVL. Line graphs represent mean ± SE. n = 5 mice.

production. Our data shows that thalidomide increases
NO production, via induction of iNOS, but this increase
is not important to thalidomide transient reduction
of PHT. Moreover, given that TNFα expression in liver
and aorta tissues was unchanged in response to PVL,
the murine PVL model is not suitable to study the
role of TNFα in PHT. However, the demonstration that
thalidomide temporarily reduces mean systemic blood
pressure by an NO independent mechanism illustrates
that thalidomide may be beneficial to prevent variceal
formation and hemorrhage, a common problem
associated with PHT, especially in patients that are
non-responsive to current β-blocker therapy to reduce
[29]
systemic blood pressure .
The scientific consensus is that the vasodilator NO
plays a major role in the development and sustained
[4]
vasculopathy of PHT . However, the mechanisms
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controlling NO biosynthesis in the context of PHT
are not clearly defined. Previous investigations using
animal models of PHT and human studies suggest a
role for TNF-α in vasodilatation by promoting increased
[30]
NO production
by arguing that TNF-α induction of
NOS isoforms (eNOS, and/or iNOS) promotes the
development of a hyper-dynamic circulation and
vascular hypo-responsiveness to vasoconstrictors
[31]
associated with this pathological dysfunction .
Therefore, inhibition of TNFα is a potential mechanism
in which to reduce PHT. Previous studies have shown
[8,32]
that the compound thalidomide reduces TNFα
.
The purpose of this manuscript was to investigate the
hypothesis that TNFα modulates PHT via nitric oxide
[33]
synthase enzyme . We found that thalidomide,
rather than reduce NO levels, increased circulating
plasma NOx levels via iNOS. Moreover, although
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thalidomide does reduce TNFα mRNA levels in mouse
macrophage cells (RAW286.3), thalidomide increased
TNFα and iNOS mRNA expression in murine liver
and thoracic aorta tissues, suggesting that in vivo
thalidomide increases TNFα and iNOS levels. It is not
unexpected that thalidomide would modulate TNFα
and iNOS similarly as co-regulation of TNFα and iNOS
[34,35]
in response to stimuli is well described
, as is
the interaction between TNFα expression and iNOS
[36,37]
expression
. Moreover, TNFα neutralizing antibodies
[38-40]
are known to reduce iNOS expression
.
Despite detecting an increase in TNFα expression, we
were unable to detect circulating TNFα in sham or PVL
mice irrespective of thalidomide administration using a
highly specific commercially available ELISA, arguing
against a role for TNFα in PVL models of PHT. However,
studies by others have detected TNFα in rodent models
[20]
of PVL using biological cell based assays . The fact
that TNFα neutralizing antibodies reduce NO and portal
pressure in PVL rats suggests that TNFα is important in
[30]
the PVL model via modulation of NOS . Although TNFα
levels were undetectable, the effects of thalidomide
on NOS isoforms can be determined by measuring
circulating NO levels, hemodynamic changes and TNFα
mRNA levels.
In rat PHT models, thalidomide administration
demonstrated a significant correlation between TNFα
plasma levels and mean arterial pressure among PVL
[20]
animals . Thalidomide has been noted to have many
[41]
possible vascular effects, including anti-angiogenesis ,
disruption of mRNA transcription causing attenuation of
[42]
the nuclear factor kappa B mediated gene expression ,
increase of the production of free radicals to elicit oxidative
[43]
stress and directly through systemic circulatory and/
[44]
or direct cardiac effects . Consequently, a therapeutic
role for thalidomide in patients with cirrhosis has been
[22]
proposed . We found that thalidomide reduced PHT via
a significant reduction in mean arterial pressure (MAP)
that was NOS isoform independent and irrelevant to
circulating NO levels. MAP is approximately determined
from measurements of the systolic pressure and the
diastolic pressure over a cardiac cycle and is determined
by the cardiac output (CO), systemic vascular resistance
(SVR) and central venous pressure [MAP = (CO - SVR)
+ CVR]. Cardiac output is related to both heart rate and
stroke volume (SV). Both thalidomide and TNFα have
been linked to vascular regulation.
Thalidomide has been shown to improve CO by
[44,45]
increasing the left ventricular ejection fraction
and causes an imbalance between vasodilators (NO)
and vasoconstrictors (endothelin-1) that impacts
[46]
SVR . Our data suggests that modulation of NO is
linked to iNOS. Studies by others have reported that
thalidomide does not change endothelin-1 levels in
[47]
human endothelial cells . While the vascular response
to thalidomide was not the original focus of this study,
we did observe that heart rate was not affected by
thalidomide. This suggests changes in SVR, CVR or
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SV. TNFα has been shown to directly increase cardiac
index and mean arterial pressure, systemic vascular
[48,49]
resistance index, temperature, and heart rate
.
However, because there appears to be no discernable
increase in TNFα within the PVL murine model of PHT,
other models are required to fully understand the
connections amongst TNFα, thalidomide and PHT.
In conclusion, although previous reports demonstrate
the importance of TNFα in the development of PHT,
TNFα does not appear to be important in the murine
PVL model. This correlates with our previous study
demonstrating that gene deletion of TNFα receptors
[50]
does not ameliorate PHT in mice following PVL .
Consequently, the PVL model of PHT is not conducive
to the study of TNFα in PHT. Despite this lack of TNFα
involvement, thalidomide treatment demonstrated
a temporary reduction in PHT via a NOS isoform
independent mechanism, indicating a non-TNFα and
non-NO mechanism for thalidomide in PHT. While
this observation is interesting because thalidomide
may be beneficial for the treatment of PHT associated
variceal formation and bleeding, the use of thalidomide
is cautioned since thalidomide is associated with
thromboembolic events that would exacerbate PHT and
[51]
enhance liver damage . However, use of thalidomide
analogs may demonstrate therapeutic benefit without
[52]
vascular complications . Further investigation is
required to better understand the mechanism by
which thalidomide reduces portal pressure with the
anticipation that advances can be translated to clinical
practice and improve outcomes for patients with liver
disease and a high risk of developing PHT. We do not
suggest by what mechanism thalidomide reduces
mean arterial blood pressure because thalidomide
is linked to many biological mechanisms, including
vascular endothelial growth factor and thromboxane,
[53-55]
both of which have been linked to PHT
. Moreover,
thalidomide is known to modulate PHT via cannabinoid
receptor-2 (CB2) expression and studies show that
targeting CB2 receptor agonists ameliorate PHT in
bile duct ligated rats and that thalidomide increases
CB2 receptor expression and reduces cannabinoid
[56,57]
receptor-1 expression
.
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Portal hypertension is an elevation in the portal venous pressure and increases
mortality and morbidity in patients. The compound thalidomide has been shown
to reduce portal hypertension. However, the mechanism of this response is
unclear and the use of thalidomide is controversial. Previous studies have
demonstrated that thalidomide reduces biosynthesis of the potent vasodilator
nitric oxide (NO) by destabilizing tumor necrosis factor alpha mRNA. The
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purpose of this study was to test this hypothesis using mice that have targeted
gene deletions affecting NO biosynthesis.

Research frontiers
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There is a need to find alternative treatment paradigms for treating portal
hypertension, including diagnosis, measurement and treatment. Thalidomide
has been shown to reduce portal pressure and thalidomide derivatives are
being explored. The hot spot is to better understand how these compounds
work in order to facilitate translation in to the clinic.
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Innovations and breakthroughs

The innovation of this research is the utilization of gene deleted mice and
the microsurgery. In combination, this provides a cleaner understanding of
the role of individual genes within disease pathology. The portal vein ligation
model avoids the inflammatory and cytokine milieu associated with the carbon
tetrachloride or bile duct ligation models of portal hypertension.

12

Applications

13

This study confirms that thalidomide does reduce portal hypertension but that
this response is transient and last about 1 h. Moreover, the reduction is not
linked to NO biosynthesis but via a nitric oxide synthase (NOS) independent
reduction in mean systolic pressure. These results support the use of
thalidomide or its derivatives and will direct further studies to investigate
alternative targets other than NO.
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Terminology

Portal hypertension is driven by two main pathologies and both are related
to NO. Reduced hepatic NO biosynthesis causes sinusoidal constriction that
increases resistance to portal flow and increases portal pressure. In contrast,
NO is increased within the systemic vasculature, resulting in increased cardiac
output and increased portal venous flow that increase portal pressure.
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Peer-review

The authors examined the hypothesis that thalidomide diminishes tumor
necrosis factor alpha induction of NOS and the production of NO. They
concluded that the transitory reduction in portal pressure was associated with
an inducible NOS dependent increase in NO and a NOS isoform independent
reduction in blood pressure.

16

17

REFERENCES
1

2
3

4
5
6

7

8

9

Nusrat S, Khan MS, Fazili J, Madhoun MF. Cirrhosis and its
complications: evidence based treatment. World J Gastroenterol
2014; 20: 5442-5460 [PMID: 24833875 DOI: 10.3748/wjg.v20.
i18.5442]
Sanyal AJ, Bosch J, Blei A, Arroyo V. Portal hypertension and its
complications. Gastroenterology 2008; 134: 1715-1728 [PMID:
18471549 DOI: 10.1053/j.gastro.2008.03.007]
Vorobioff J, Bredfeldt JE, Groszmann RJ. Hyperdynamic
circulation in portal-hypertensive rat model: a primary factor for
maintenance of chronic portal hypertension. Am J Physiol 1983;
244: G52-G57 [PMID: 6849394]
Hu LS, George J, Wang JH. Current concepts on the role of nitric
oxide in portal hypertension. World J Gastroenterol 2013; 19:
1707-1717 [PMID: 23555159 DOI: 10.3748/wjg.v19.i11.1707]
Al-Busafi SA, McNabb-Baltar J, Farag A, Hilzenrat N. Clinical
manifestations of portal hypertension. Int J Hepatol 2012; 2012:
203794 [PMID: 23024865 DOI: 10.1155/2012/203794]
Sato M, Tateishi R, Yasunaga H, Horiguchi H, Yoshida H, Fushimi
K, Koike K. Variceal hemorrhage: Analysis of 9987 cases from
a Japanese nationwide database. Hepatol Res 2015; 45: 288-293
[PMID: 24827451 DOI: 10.1111/hepr.12357]
Heinemann A, Wachter CH, Holzer P, Fickert P, Stauber RE.
Nitric oxide-dependent and -independent vascular hyporeactivity in
mesenteric arteries of portal hypertensive rats. Br J Pharmacol 1997;
121: 1031-1037 [PMID: 9222564 DOI: 10.1038/sj.bjp.0701220]
Liu S, Rockey DC. Cicletanine stimulates eNOS phosphorylation
and NO production via Akt and MAP kinase/Erk signaling in
sinusoidal endothelial cells. Am J Physiol Gastrointest Liver
Physiol 2013; 305: G163-G171 [PMID: 23639812 DOI: 10.1152/
ajpgi.00003.2013]
Theodorakis NG, Wang YN, Skill NJ, Metz MA, Cahill PA,
Redmond EM, Sitzmann JV. The role of nitric oxide synthase

WJG|www.wjgnet.com

18

19

20

21

22

23

24

4133

isoforms in extrahepatic portal hypertension: studies in geneknockout mice. Gastroenterology 2003; 124: 1500-1508 [PMID:
12730888]
Rockey DC, Chung JJ. Reduced nitric oxide production by
endothelial cells in cirrhotic rat liver: endothelial dysfunction in
portal hypertension. Gastroenterology 1998; 114: 344-351 [PMID:
9453496]
Cahill PA, Redmond EM, Hodges R, Zhang S, Sitzmann
JV. Increased endothelial nitric oxide synthase activity in the
hyperemic vessels of portal hypertensive rats. J Hepatol 1996; 25:
370-378 [PMID: 8895017]
Wiest R, Shah V, Sessa WC, Groszmann RJ. NO overproduction
by eNOS precedes hyperdynamic splanchnic circulation in portal
hypertensive rats. Am J Physiol 1999; 276: G1043-G1051 [PMID:
10198349]
Horn P, Cortese-Krott MM, Amabile N, Hundsdörfer C,
Kröncke KD, Kelm M, Heiss C. Circulating microparticles carry
a functional endothelial nitric oxide synthase that is decreased in
patients with endothelial dysfunction. J Am Heart Assoc 2013; 2:
e003764 [PMID: 23525410 DOI: 10.1161/JAHA.112.003764]
Liu S, Premont RT, Kontos CD, Zhu S, Rockey DC. A crucial role
for GRK2 in regulation of endothelial cell nitric oxide synthase
function in portal hypertension. Nat Med 2005; 11: 952-958 [PMID:
16142243 DOI: 10.1038/nm1289]
Liu S, Premont RT, Rockey DC. G-protein-coupled receptor kinase
interactor-1 (GIT1) is a new endothelial nitric-oxide synthase
(eNOS) interactor with functional effects on vascular homeostasis.
J Biol Chem 2012; 287: 12309-12320 [PMID: 22294688 DOI:
10.1074/jbc.M111.320465]
Liu S, Premont RT, Rockey DC. Endothelial nitric-oxide synthase
(eNOS) is activated through G-protein-coupled receptor kinaseinteracting protein 1 (GIT1) tyrosine phosphorylation and Src
protein. J Biol Chem 2014; 289: 18163-18174 [PMID: 24764294
DOI: 10.1074/jbc.M113.521203]
Kaviani A, Ohta M, Itani R, Sander F, Tarnawski AS, Sarfeh
IJ. Tumor necrosis factor-alpha regulates inducible nitric oxide
synthase gene expression in the portal hypertensive gastric mucosa
of the rat. J Gastrointest Surg 1997; 1: 371-376 [PMID: 9834372]
Paz Y, Frolkis I, Pevni D, Shapira I, Yuhas Y, Iaina A, Wollman Y,
Chernichovski T, Nesher N, Locker C, Mohr R, Uretzky G. Effect
of tumor necrosis factor-alpha on endothelial and inducible nitric
oxide synthase messenger ribonucleic acid expression and nitric
oxide synthesis in ischemic and nonischemic isolated rat heart. J
Am Coll Cardiol 2003; 42: 1299-1305 [PMID: 14522499]
Moreira AL, Sampaio EP, Zmuidzinas A, Frindt P, Smith KA,
Kaplan G. Thalidomide exerts its inhibitory action on tumor
necrosis factor alpha by enhancing mRNA degradation. J Exp Med
1993; 177: 1675-1680 [PMID: 8496685]
Lopez-Talavera JC, Cadelina G, Olchowski J, Merrill W,
Groszmann RJ. Thalidomide inhibits tumor necrosis factor alpha,
decreases nitric oxide synthesis, and ameliorates the hyperdynamic
circulatory syndrome in portal-hypertensive rats. Hepatology 1996;
23: 1616-1621 [PMID: 8675185 DOI: 10.1002/hep.510230644]
Soupison T, Yang S, Bernard C, Moreau R, Kirstetter P, D’
Almeida M, Cailmail S, Tedgui A, Lebrec D. Acute haemodynamic
responses and inhibition of tumour necrosis factor-alpha by
pentoxifylline in rats with cirrhosis. Clin Sci (Lond) 1996; 91:
29-33 [PMID: 8774257]
Austin AS, Mahida YR, Clarke D, Ryder SD, Freeman JG. A pilot
study to investigate the use of oxpentifylline (pentoxifylline) and
thalidomide in portal hypertension secondary to alcoholic cirrhosis.
Aliment Pharmacol Ther 2004; 19: 79-88 [PMID: 14687169]
Laubach VE, Shesely EG, Smithies O, Sherman PA. Mice
lacking inducible nitric oxide synthase are not resistant to
lipopolysaccharide-induced death. Proc Natl Acad Sci USA 1995;
92: 10688-10692 [PMID: 7479866]
Shesely EG, Maeda N, Kim HS, Desai KM, Krege JH, Laubach
VE, Sherman PA, Sessa WC, Smithies O. Elevated blood pressures
in mice lacking endothelial nitric oxide synthase. Proc Natl Acad

April 14, 2015|Volume 21|Issue 14|

Theodorakis NG et al . PHT and NOS isoforms

25
26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

Sci USA 1996; 93: 13176-13181 [PMID: 8917564]
Golikov PP, Nikolaeva NIu. [Analysis of nitrites/nitrates (NOx) in
serum]. Biomed Khim 2004; 50: 79-85 [PMID: 15108630]
Alkam T, Nitta A, Mizoguchi H, Saito K, Seshima M, Itoh A,
Yamada K, Nabeshima T. Restraining tumor necrosis factor-alpha
by thalidomide prevents the amyloid beta-induced impairment of
recognition memory in mice. Behav Brain Res 2008; 189: 100-106
[PMID: 18325608 DOI: 10.1016/j.bbr.2007.12.014]
Malleo G, Mazzon E, Genovese T, Di Paola R, Muià C, Crisafulli C,
Siriwardena AK, Cuzzocrea S. Effects of thalidomide in a mouse
model of cerulein-induced acute pancreatitis. Shock 2008; 29:
89-97 [PMID: 18246603]
Mazzon E, Muià C, Di Paola R, Genovese T, De Sarro A, Cuzzocrea S.
Thalidomide treatment reduces colon injury induced by experimental
colitis. Shock 2005; 23: 556-564 [PMID: 15897810]
Bellot P, García-Pagán JC, Abraldes JG, Bosch J. Primary
prophylaxis of esophageal variceal bleeding in cirrhosis. Gastroenterol
Clin Biol 2008; 32: 532-540 [PMID: 18456445 DOI: 10.1016/
j.gcb.2008.03.012]
Wang JJ, Gao GW, Gao RZ, Liu CA, Ding X, Yao ZX. Effects of
tumor necrosis factor, endothelin and nitric oxide on hyperdynamic
circulation of rats with acute and chronic portal hypertension.
World J Gastroenterol 2004; 10: 689-693 [PMID: 14991939]
Cahill PA, Redmond EM, Sitzmann JV. Endothelial dysfunction
in cirrhosis and portal hypertension. Pharmacol Ther 2001; 89:
273-293 [PMID: 11516480]
Enomoto N, Takei Y, Hirose M, Kitamura T, Ikejima K, Sato N.
Protective effect of thalidomide on endotoxin-induced liver injury.
Alcohol Clin Exp Res 2003; 27: 2S-6S [PMID: 12960498 DOI:
10.1097/01.ALC.0000078606.59842.01]
Park E, Levis WR, Greig N, Jung E, Schuller-Levis G. Effect
of thalidomide on nitric oxide production in lipopolysaccharideactivated RAW 264.7 cells. J Drugs Dermatol 2010; 9: 330-333
[PMID: 20514789]
Hijikawa T, Kaibori M, Uchida Y, Yamada M, Matsui K, Ozaki
T, Kamiyama Y, Nishizawa M, Okumura T. Insulin-like growth
factor 1 prevents liver injury through the inhibition of TNFalpha and iNOS induction in D-galactosamine and LPS-treated
rats. Shock 2008; 29: 740-747 [PMID: 18004231 DOI: 10.1097/
shk.0b013e31815d0780]
Marchi P, Paiotti AP, Artigiani Neto R, Oshima CT, Ribeiro DA.
Concentrated grape juice (G8000™) reduces immunoexpression of
iNOS, TNF-alpha, COX-2 and DNA damage on 2,4,6-trinitrobenzene
sulfonic acid-induced-colitis. Environ Toxicol Pharmacol 2014; 37:
819-827 [PMID: 24637249 DOI: 10.1016/j.etap.2014.02.006]
Aires RD, Capettini LS, Silva JF, Rodrigues-Machado Mda G,
Pinho V, Teixeira MM, Cortes SF, Lemos VS. Paraquat poisoning
induces TNF-α-dependent iNOS/NO mediated hyporesponsiveness
of the aorta to vasoconstrictors in rats. PLoS One 2013; 8: e73562
[PMID: 24039983 DOI: 10.1371/journal.pone.0073562]
Zheng Z, Li Z, Chen S, Pan J, Ma X. Tetramethylpyrazine
attenuates TNF-α-induced iNOS expression in human endothelial
cells: Involvement of Syk-mediated activation of PI3K-IKK-IκB
signaling pathways. Exp Cell Res 2013; 319: 2145-2151 [PMID:
23726836 DOI: 10.1016/j.yexcr.2013.05.018]
Medeiros R, Prediger RD, Passos GF, Pandolfo P, Duarte FS,
Franco JL, Dafre AL, Di Giunta G, Figueiredo CP, Takahashi
RN, Campos MM, Calixto JB. Connecting TNF-alpha signaling
pathways to iNOS expression in a mouse model of Alzheimer’s
disease: relevance for the behavioral and synaptic deficits induced
by amyloid beta protein. J Neurosci 2007; 27: 5394-5404 [PMID:
17507561 DOI: 10.1523/JNEUROSCI.5047-06.2007]
Lee SK, Huang H, Lee SW, Kim KH, Kim KK, Kim HM, Lee
ZH, Kim HH. Involvement of iNOS-dependent NO production
in the stimulation of osteoclast survival by TNF-alpha. Exp
Cell Res 2004; 298: 359-368 [PMID: 15265685 DOI: 10.1016/
j.yexcr.2004.04.039]
Saud B, Nandi J, Ong G, Finocchiaro S, Levine RA. Inhibition of
TNF-alpha improves indomethacin-induced enteropathy in rats by

WJG|www.wjgnet.com

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

4134

modulating iNOS expression. Dig Dis Sci 2005; 50: 1677-1683
[PMID: 16133968 DOI: 10.1007/s10620-005-2914-0]
Reichen J. Portal hypertension: cytokines and endothelins.
Hepatogastroenterology 1999; 46 Suppl 2: 1434-1436 [PMID:
10431705]
Lv P, Luo HS, Zhou XP, Xiao YJ, Paul SC, Si XM, Zhou YH.
Reversal effect of thalidomide on established hepatic cirrhosis in
rats via inhibition of nuclear factor-kappaB/inhibitor of nuclear
factor-kappaB pathway. Arch Med Res 2007; 38: 15-27 [PMID:
17174718 DOI: 10.1016/j.arcmed.2006.09.006]
Hyakkoku K, Nakajima Y, Izuta H, Shimazawa M, Yamamoto T,
Shibata N, Hara H. Thalidomide protects against ischemic neuronal
damage induced by focal cerebral ischemia in mice. Neuroscience
2009; 159: 760-769 [PMID: 19166916 DOI: 10.1016/j.neuroscienc
e.2008.12.043]
Aukrust P, Yndestad A, Damås JK, Ueland T, Øie E, Gullestad
L. Potential mechanisms of benefit with thalidomide in chronic
heart failure. Am J Cardiovasc Drugs 2007; 7: 127-134 [PMID:
17503883]
Gullestad L, Semb AG, Holt E, Skårdal R, Ueland T, Yndestad
A, Frøland SS, Aukrust P. Effect of thalidomide in patients with
chronic heart failure. Am Heart J 2002; 144: 847-850 [PMID:
12422154]
Lafaras C, Mandala E, Verrou E, Platogiannis D, Barbetakis
N, Bischiniotis T, Zervas K. Non-thromboembolic pulmonary
hypertension in multiple myeloma, after thalidomide treatment:
a pilot study. Ann Oncol 2008; 19: 1765-1769 [PMID: 18480066
DOI: 10.1093/annonc/mdn287]
Zhang SZ, Li MT, He JG, Zeng XF. [Effects of three immuno
suppressive agents and simvastatin on cell-proliferation and
endothelin secretion of human endothelial cells]. Zhonghua Neike
Zazhi 2008; 47: 495-498 [PMID: 19040069]
Mitaka C, Hirata Y, Ichikawa K, Yokoyama K, Emori T, Kanno
K, Amaha K. Effects of TNF-alpha on hemodynamic changes and
circulating endothelium-derived vasoactive factors in dogs. Am J
Physiol 1994; 267: H1530-H1536 [PMID: 7943398]
Osiovich H, Goldberg RN, Suguihara C, Adams JA, Martinez O,
Kuo G, Feuer WI, Offenbacher S, Bancalari E. Cardiopulmonary
effects of tumor necrosis factor-alpha in the piglet: influence of
cyclooxygenase inhibition. Biol Neonate 1995; 68: 342-353 [PMID:
8835089]
Theodorakis NG, Wang YN, Wu J, Maluccio MA, Skill NJ.
Tumor necrosis factor alpha signaling in the development of
experimental murine pre-hepatic portal hypertension. Int J Physiol
Pathophysiol Pharmacol 2010; 2: 104-110 [PMID: 21383890]
Cavo M, Zamagni E, Cellini C, Tosi P, Cangini D, Cini M, Valdrè L,
Palareti G, Masini L, Tura S, Baccarani M. Deep-vein thrombosis
in patients with multiple myeloma receiving first-line thalidomidedexamethasone therapy. Blood 2002; 100: 2272-2273 [PMID:
12229885]
Niwayama S, Loh C, Turk BE, Liu JO, Miyachi H, Hashimoto Y.
Enhanced potency of perfluorinated thalidomide derivatives for
inhibition of LPS-induced tumor necrosis factor-alpha production
is associated with a change of mechanism of action. Bioorg Med
Chem Lett 1998; 8: 1071-1076 [PMID: 9871710]
Chang CC, Wang SS, Huang HC, Lee FY, Lin HC, Lee JY, Chen
YC, Lee SD. Chronic thalidomide administration enhances vascular
responsiveness to vasopressin in portal-systemic collaterals of bile
duct-ligated rats. J Chin Med Assoc 2009; 72: 234-242 [PMID:
19467946 DOI: 10.1016/S1726-4901(09)70063-2]
Yang YY, Huang YT, Lin HC, Lee FY, Lee KC, Chau GY,
Loong CC, Lai CR, Lee SD. Thalidomide decreases intrahepatic
resistance in cirrhotic rats. Biochem Biophys Res Commun 2009;
380: 666-672 [PMID: 19285019 DOI: 10.1016/j.bbrc.2009.01.160]
Moreau R. VEGF-induced angiogenesis drives collateral
circulation in portal hypertension. J Hepatol 2005; 43: 6-8 [PMID:
15893843 DOI: 10.1016/j.jhep.2005.04.002]
Huang HC, Wang SS, Hsin IF, Chang CC, Lee FY, Lin HC,
Chuang CL, Lee JY, Hsieh HG, Lee SD. Cannabinoid receptor 2

April 14, 2015|Volume 21|Issue 14|

Theodorakis NG et al . PHT and NOS isoforms

57

agonist ameliorates mesenteric angiogenesis and portosystemic
collaterals in cirrhotic rats. Hepatology 2012; 56: 248-258 [PMID:
22290687 DOI: 10.1002/hep.25625]
Yang YY, Lee KC, Huang YT, Lee FY, Chau GY, Loong CC, Lin

HC, Lee SD. Inhibition of hepatic tumour necrosis factor-alpha
attenuates the anandamide-induced vasoconstrictive response in
cirrhotic rat livers. Liver Int 2009; 29: 678-685 [PMID: 19413671
DOI: 10.1111/j.1478-3231.2009.01983.x]
P- Reviewer: Farias AQ, Sharma V S- Editor: Gou SX
L- Editor: Roemmele A E- Editor: Liu XM

WJG|www.wjgnet.com

4135

April 14, 2015|Volume 21|Issue 14|

World J Gastroenterol 2015 April 14; 21(14): 4136-4149
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i14.4136

© 2015 Baishideng Publishing Group Inc. All rights reserved.

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

Candidate colorectal cancer predisposing gene variants in
Chinese early-onset and familial cases
Jun-Xiao Zhang, Lei Fu, Richarda M de Voer, Marc-Manuel Hahn, Peng Jin, Chen-Xi Lv, Eugène TP Verwiel,
Marjolijn JL Ligtenberg, Nicoline Hoogerbrugge, Roland P Kuiper, Jian-Qiu Sheng, Ad Geurts van Kessel
Region, 5 Nanmenchang, Dongcheng, Beijing 100700,
China. jianqiu@263.net
Telephone: +86-10-66721299
Fax: +86-10-66721299
Received: June 12, 2014
Peer-review started: June 13, 2014
First decision: July 21, 2014
Revised: October 17, 2014
Accepted: December 1, 2014
Article in press: December 1, 2014
Published online: April 14, 2015

Jun-Xiao Zhang, Richarda M de Voer, Marc-Manuel Hahn,
Eugène TP Verwiel, Marjolijn JL Ligtenberg, Nicoline
Hoogerbrugge, Roland P Kuiper, Ad Geurts van Kessel,
Department of Human Genetics, Radboud University Medical
Center, Radboud Institute for Molecular Life Sciences, 6500
HB Nijmegen, The Netherlands
Lei Fu, Peng Jin, Chen-Xi Lv, Jian-Qiu Sheng, Department of
Gastroenterology, General Hospital of Beijing Military Region,
Beijing 100700, China
Lei Fu, Third Military Medical University, Chongqing 400038,
China
Marjolijn JL Ligtenberg, Department of Human Genetics and
Department of Pathology, Radboud University Medical Center,
6500 HB Nijmegen, The Netherlands
Author contributions: Zhang JX, Fu L contributed equally
to this paper; Zhang JX analyzed the data and performed the
experiments; Fu L prepared the samples for exome sequencing,
provided clinical information and performed validation experi
ments; de Voer RM, Hahn MM and Verwiel ET participated in
the data analysis; Jin P participated in the sample collection; Lv
CX performed the experiment for screening the control cohort;
Ligtenberg MJ and Hoogerbrugge N participated in the design
of the study; Kuiper RP, Sheng JQ and Geurts van Kessel A
conceived and coordinated the study; Sheng JQ, de Voer RM,
Kuiper RP and Geurts van Kessel A wrote the manuscript, which
was approved by all co-authors.
Supported by research grants from the Dutch Cancer Society
(KWF, KUN-4335), the Netherlands Organization for Scientific
Research (NWO, 91710358), the Royal Dutch Academy of
Sciences (KNAW), National Natural Science Foundation of
China (NSFC, 81272194 and 81072041), and a scholarship from
the China Scholarship Council (CSC) to Zhang JX.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Jian-Qiu Sheng, Professor, Department
of Gastroenterology, General Hospital of Beijing Military

WJG|www.wjgnet.com

Abstract
AIM: To investigate whether whole-exome sequencing
may serve as an efficient method to identify known or
novel colorectal cancer (CRC) predisposing genes in
early-onset or familial CRC cases.
METHODS: We performed whole-exome sequencing
in 23 Chinese patients from 21 families with nonpolyposis CRC diagnosed at ≤ 40 years of age, or from
multiple affected CRC families with at least 1 firstdegree relative diagnosed with CRC at ≤ 55 years of
age. Genomic DNA from blood was enriched for exome
sequences using the SureSelect Human All Exon Kit,
version 2 (Agilent Technologies) and sequencing was
performed on an Illumina HiSeq 2000 platform. Data
were processed through an analytical pipeline to
search for rare germline variants in known or novel
CRC predisposing genes.
RESULTS: In total, 32 germline variants in 23 genes
were identified and confirmed by Sanger sequencing.
In 6 of the 21 families (29%), we identified 7 mutations
in 3 known CRC predisposing genes including MLH1 (5
patients), MSH2 (1 patient), and MUTYH (biallelic, 1
patient), five of which were reported as pathogenic. In

4136

April 14, 2015|Volume 21|Issue 14|

Zhang JX et al . Exome sequencing in early-onset and familial CRC patients

the remaining 15 families, we identified 20 rare and novel
potentially deleterious variants in 19 genes, six of which
were truncating mutations. One previously unreported
variant identified in a conserved region of EIF2AK4
(p.Glu738_Asp739insArgArg) was found to represent a
local Chinese variant, which was significantly enriched in
our early-onset CRC patient cohort compared to a control
cohort of 100 healthy Chinese individuals scored negative
by colonoscopy (33.3% vs 7%, P < 0.001).

polyposis (FAP), MUTYH-associated polyposis (MAP),
juvenile polyposis syndrome (JPS) and polymerase
proofreading-associated polyposis (PPAP), account
for only approximately 5%-10% of all CRC cases
and are associated with high-penetrance germline
mutations in various mismatch repair (MMR) genes or
the APC, MUTYH, SMAD4, BMPR1A, POLE and POLD1
[4,5]
genes, respectively . The remaining approximately
20%-25% of the cases are thought to be due to
moderate- to low-penetrance variants, most of which
remain to be identified.
CRC patients with a family history of CRC or
an early age at diagnosis are especially suggestive
of a hereditary contribution and may be used in
genetic association studies to increase the likelihood
[6-10]
of identifying susceptibility variants
. Whereas
CRC families with multiple affected individuals may
be employed to search for high penetrance genetic
susceptibility variants using linkage-based approaches,
moderate- to low-penetrance variants cannot be
identified through linkage-based studies in large
families. In more recent years, multiple low-penetrance
genetic loci associated with CRC susceptibility have
been identified by genome-wide association studies
[11,12]
(GWAS)
. However, not all results from linkage
studies turned out to be consistent, and GWAS are
not ideal for the identification of rare variants. Recent
advances in next-generation sequencing (NGS)
technologies, in particular whole-exome sequencing,
have provided efficient means to identify germline
variants in individuals with familial or inherited cancer
[5,13-15]
syndromes
. We hypothesized that the majority
of the yet unidentified CRC predisposing variants can
be identified using whole-exome sequencing when
applied to a strictly selected cohort of CRC patients and
families. Several cellular signaling pathways appear to
be involved in the development of CRC, including the
WNT, DNA repair, BMP/TGF-β, apoptosis, MMIF/GIF,
[16]
and PI3K/AKT pathways . In addition, “sleeping
beauty” transposon tagging has recently been em
ployed as an effective forward genetic screening tool
for the discovery of novel cancer initiating genes in the
mouse intestinal tract, resulting in the identification of
[17-19]
hundreds of novel candidate cancer driver genes
.
In this study, we aimed to identify rare and novel
germline variants in known and novel candidate CRC
predisposing genes by performing whole-exome
sequencing of germline DNA of 23 Chinese patients
from 21 families diagnosed with non-polyposis CRC at
a young age. We initially focused on genes that, based
on genetic and functional data, are likely to play a role
in CRC development, and on candidate genes that
have been identified through GWAS studies.

CONCLUSION: Whole-exome sequencing of early-onset or familial CRC cases serves as an efficient method
to identify known and potential pathogenic variants
in established and novel candidate CRC predisposing
genes.
Key words: Colorectal cancer; Cancer predisposition;
Early-onset; Germline variants; Exome sequencing
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Mendelian colorectal cancer (CRC) predis
position syndromes underlie about 5% of all CRCs,
and are caused by germline mutations in a limited set
of genes. The overall heritability of CRC, however, is
estimated to be approximately 30% and as yet many
families at risk remain unexplained. This research
identifies seven mutations of known CRC predisposing
genes (MLH1 , MSH2 and MUTYH ) in 6 of the 21
families (29%), five of which were previously reported
as pathogenic. One unreported variant EIF2AK4 (p.G
lu738_Asp739insArgArg) located at conserved region
was found to represent a local Chinese variant and
significantly enriched in our early-onset CRC patient
cohort.
Zhang JX, Fu L, de Voer RM, Hahn MM, Jin P, Lv CX, Verwiel
ET, Ligtenberg MJ, Hoogerbrugge N, Kuiper RP, Sheng JQ,
Geurts van Kessel A. Candidate colorectal cancer predisposing
gene variants in Chinese early-onset and familial cases. World
J Gastroenterol 2015; 21(14): 4136-4149 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4136.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4136

INTRODUCTION
Colorectal cancer (CRC; MIM 114500) is the third
most common cancer worldwide and the fourth
leading cause of cancer-related death, with over
one million new cases diagnosed and approximately
[1]
600000 deaths each year . In China, it is the third
most common cancer and the fifth leading cause of
death from cancer. Moreover, the incidence of CRC in
[2]
China has been increasing in recent years . Genetic
factors are estimated to account for the development
[3]
of approximately 30% of all CRC cases . However,
Mendelian colorectal cancer predisposition syndromes,
such as Lynch syndrome (LS), familial adenomatous
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MATERIALS AND METHODS
Recruitment of patient and control cohorts

Twenty-three patients from 21 families included in
this study were recruited through the Department of
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Gastroenterology of the General Hospital of Beijing
Military Region, Beijing, China. All patients were
diagnosed with CRC without polyposis at ≤ 40 years
[20]
of age or from multiple affected CRC families with at
least one first-degree relative diagnosed with CRC at
≤ 55 years of age. Additionally, 100 colonoscopy testnegative, unrelated controls with Chinese Han ancestry
without inflammatory bowel disease or any family
history of CRC were collected from a subject pool who
participated in health check-up programs, including
colonoscopy, at the department of Gastroenterology of
the General Hospital of Beijing Military Region, Beijing,
China. This study was approved by the Institutional
Review Board of the General Hospital of Beijing Military
Region (No. 2014-035), and all patients have provided
written informed consent.

defects and missense mutations at highly conserved
(phyloP ≥ 3.0) nucleotide positions, were included in our
analyses. Alamut v.2.0 software (Interactive Biosoftware)
and integrated mutation prediction software (align
[25-27]
GVDV, SIFT and PolyPhen-2)
packages were used
for analyses of the identified variants. The prediction of
splicing effects was evaluated based on five different
algorithms (SpliceSiteFinder, MaxEntScan, NNSPLICE,
GeneSplicer, Human Splicing Finder) through the
bioinformatics tools of the Alamut v.2.0 software.
[28]
The online tool “Project HOPE”
(http://www.cmbi.
ru.nl/hope/) was used for revealing the structural
consequences of missense mutations.

Candidate gene selection

We initially selected germline variants in CRC
predisposing genes known to be associated with
hereditary CRC syndromes and searched for evidence
of pathogenicity in relevant databases, i.e., InSiGHT
(http://www.insight-group.org/), LOVD (https://atlas.
cmm.ki.se/LOVDv.2.0/) and the Mismatch Repair
Genes Variant Database (http://www.med.mun.ca/
mmrvariants/).
Next to the identification of variants in known
CRC predisposing genes, we searched for potential
pathogenic variants in novel candidate genes using the
remaining exome data of our CRC patient cohort. For
the selection of these variants, we focused on genes
that meet the following criteria: (1) genes exhibiting
recurrent variants; (2) 582 known cancer genes,
including somatically mutated cancer genes (Cancer
Gene Census, http://www.sanger.ac.uk/genetics/CGP/
[29,30]
Census/)
, cancer predisposing genes of which
rare germline variants are known to confer a highly
or moderately increased risk of cancer and for which
at least 5% of individuals with the relevant variants
[31]
develop cancer , and genes that are included in the
Radboud university medical center hereditary cancer
[32]
gene list ; (3) 286 genes that have been identified as
candidate CRC driver genes by the “sleeping beauty”
[18,19]
transposon tagging system in mice
; (4) 588
genes included in the following KEGG pathways: WNT
signaling pathway (hsa04310), TGF-β signaling pathway
(hsa04350), base excision repair (BER, hsa03410),
nucleotide excision repair (NER, hsa03420), mismatch
repair (MMR, hsa03430), non-homologous end-joining
(NHEJ, hsa03450), Fanconi anemia pathway (hsa03460)
and pathways involved in cancer (hsa05200); and (5)
268 genes likely to play a role in CRC susceptibility
[11,12,33,34]
identified by GWAS studies
and included in
the NHGRI GWAS Catalog (http://www.genome.gov/
[35]
gwastudies/) .

Whole-exome sequencing

Genomic DNA was extracted from peripheral blood
cells using a QIAamp DNA Kit (QIAGEN, Hilden,
Germany) according to the protocol provided by the
manufacturer and whole-exome sequencing was
performed at the Beijing Genome Institute (BGI,
Shenzhen, China) according to manufacturer’s guide
lines. Briefly, genomic DNA was fragmented and
enriched for exome sequences using the SureSelect
Human All Exon Kit, version 2 (Agilent Technologies,
Santa Clara, CA, United States) and sequencing was
performed at a minimal average coverage of 50 × on
an Illumina HiSeq 2000 platform (Illumina, Inc., San
Diego, CA).

Bioinformatics analyses

After removing sequence adaptors and low-quality
[21]
reads, Burrows-Wheeler Aligner (BWA)
was used to
align the reads to the NCBI human reference genome
(hg19). Single nucleotide variants (SNVs) were called
[22]
using SOAPsnp and small insertion/deletions (indels)
[23]
were detected using the SAMtools software package .
All variants were annotated using an in-house annotation
[24]
pipeline, as described previously . High-confidence
variants (total ≥ 10 reads, ≥ 5 variant reads and ≥
20% variant reads) were subsequently prioritized for
variants that were non-synonymous and not found
in our in-house database (1302 in-house analyzed
exomes, mostly from European ancestry). In addition,
dbSNPv138, the National Heart, Lung, and Blood
Institute (NHLBI) Exome Sequencing Project database
(ESP, 6503 exomes, http://evs.gs.washington.edu/
EVS/), and 700 control exome data sets from Chinese
subjects with Han ancestry (Juan Tian and Zhimin Feng,
BGI, personal communication) were used to exclude
recurrent variants with a minor allele frequency (MAF)
> 0.001.

Variant validation by Sanger sequencing

Identified germline variants were validated by Sanger
sequencing after PCR amplification. The PCR primers
were designed in silico using the Primer3 software
[36]
package . PCR reactions were performed on a Dual

Functional impact of variant analyses

Non-synonymous variants that result in alterations in
protein function, including protein truncation, splice site
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Table 1 Clinical characteristics and family histories of 23 early-onset and familial colorectal cancer patients
Patient ID

Gender

43-1A
43-2A
49-4A
49-5A
50-11A
54-2A
66-1-1A
71A
77-1A
102-1A
103-1A
106-2A

Female
RC at 37 yr
Brother RC at 53 yr
Male
RC at 53 yr
Sister RC at 37 yr
Male
CC at 30 yr
Brother CC at 43 yr; sister CC at 23 yr
Female
CC at 23 yr
Brother CC at 43 yr; brother CC at 30 yr
Male
CC at 34 yr and relapse at 36
Father CRC at 35 yr and death at 52 yr; brother CC at 34 yr and death at 36 yr
Female
RC at 44 yr
Sister CRC; Brother CC at 76 yr and death
Female
CC at 47 yr
Sister CC at 51 yr
Female
RC at 57 yr
Sister RC at 53 yr
Female
CRC at 38 yr
Father EC at 64 yr and death; uncle CRC at 68 yr and death
Male
RC at 25 yr
Male
CC at 53 yr
Brother CC at 36 yr and death at 48 yr; mother IO at 63 yr and death
Male JC at 34 yr, CC at 39 yr, KC at 44
Father EC and death; mother RC at 42 yr and death; Sister CP
yr and PC at 45 yr
Male
RC at 33 yr
Male
CC at 36 yr
Female
CC at 31 yr and HC at 57 yr
Brother intussusception and death at 40 yr; Brother CC at 50 yr, RC and SMT at 58 yr; brother IC
at 50 yr, CC at 53 yr and RC at 61 yr; sister GC at 56 yr
Female
RC at 36 yr
Male
RC at 34 yr
Male
CRC at 31 yr
Father EC and death, mother GC at 56 yr
Female
CRC at 40 yr
Father HC, RC and death at 57 yr
Female
CRC at 54 yr
Sister CP at 54 yr; sister CP; mother CC at 48 yr; grandfather EC and death.
Male
CC at 30 yr
Uncle colonitls at 42 yr
Male
CRC at 43 yr
Sister RC at 31 yr and death; grandmother RC at 65 yr and death.
Male
CRC at 40 yr
Sister CP at 46 yr

108-1A
110-1A
116-1A
120-1A
142-1A
149-1A
154-1A
156-1A
164-1A
165-1A
180-1

Patient's history

Family history

CRC: Colorectal cancer; CC: Colon cancer; RC: Rectal cancer; IC: Ileocecus carcinoma; IO: Intestinal obstruction; JC: Jejunum cancer; KC: Kidney cancer; PC:
Pulmonary carcinoma; CP: Colonic polyps; HC: Hepatic carcinoma; GC: Gastric cancer; EC: Esophageal cancer; SMT: Splenic metastatic tumors.

per exome. Over 95.3% of these substitutions and
73.1% of indels represented known variants listed in
private and public databases (Figure 1). A prioritization
scheme was applied to identify candidate variants
(Table 3). Initial quality filtering (total ≥ 10 reads, ≥
5 variant reads and ≥ 20% variant reads) resulted in
the identification of 13819 genetic variants in coding
regions or canonical splice sites, including 9833 nonsynonymous changes. A total of 4432 variants that
result in alterations in protein function, including 172
nonsense variants, 188 frame shift variants, 943
canonical splice site variants, 237 in-frame deletions,
191 in-frame insertions and 2701 missense variants
with high conservation scores (phyloP ≥ 3.0), were
identified. Subsequently, we excluded known variants
present in our in-house database and variants with MAF
scores > 0.001 in dbSNPv138, reducing the number of
variants to 2883. Subsequently, we prioritized variants
in known CRC predisposing genes and in genes likely to
play a role in CRC development, and excluded variants
with MAF scores > 0.1 in the ESP database or in the
700 control exomes from Chinese subjects with Han
ancestry, thereby reducing the number of candidate
variants to 61. Of these 61, 39 (32 different variants in
23 genes) were validated by Sanger sequencing (Figure 2).

96-Well GeneAmp PCR System 9700 (Applied Bio
systems) using standard protocols (primer sequences
available upon request). Mutation analyses were
performed using the Vector NTI software package
(Invitrogen, Paisley, United Kingdom).

RESULTS
Patient cohort characteristics

In order to identify known and potential pathogenic
variants in established and novel candidate CRC
predisposing genes, we performed whole-exome
sequencing on germline DNA of 23 CRC patients from
21 families with non-polyposis CRC diagnosed at ≤
40 years of age (n = 16), or from multiple affected
CRC families with at least one first-degree relative
diagnosed with CRC at ≤ 55 years of age (n = 7). The
mean age at diagnosis was 38.6 years, and 43% (n =
10) of the patients were female (Table 1).

Exome sequencing performance

Overall, we generated a mean of 68 M raw reads per
sample, of which 77.6% to 89.5% were aligned to the
human reference genome (hg19; Table 2). The mean
coverage of the exome for the 23 samples was 58.5
× (range: 53.0-64.7×). On average, 87.03% of the
reads was covered at least 10 times and 76.35% of
the reads was covered at least 20 times.
We identified on average 46437 SNVs (range:
44353-48114) and 1678 indels (range: 1630-1719)
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Identification of germline variants in known CRC
predisposing genes

A total of seven CRC patients from six families (30%)
were identified with germline variants in known CRC
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Table 2 Alignment and coverage statistics for 23 early-onset and familial colorectal cancer patients
Sample ID
43-1A
43-2A
49-4A
49-5A
50-11A
54-2A
66-1-1A
71A
77-1A
102-1A
103-1A
106-2A
108-1A
110-1A
116-1A
120-1A
142-1A
149-1A
154-1A
156-1A
164-1A
165-1A
180-1
Average

Total reads

Total mapped

Reads mapped to
genome

Covered ≥ 4×

Covered ≥10×

Covered ≥ 20×

Average target
coverage

62997602
57099664
67025248
60632336
68991044
68459832
69759994
68055130
65956248
64702600
66004146
61956558
64764180
68883264
68975484
64307066
72999930
69636008
80632788
94340904
67813680
68657326
65727112
68190354

52130593
50367772
51978393
51598017
58507454
57860336
58838035
58181783
56894265
57086284
55109962
54367359
56469665
56962439
60681318
56593051
65321752
59789305
63934448
82125696
58837471
59845292
57908057
58321250

45528212
43924906
45418701
45450431
51033221
50820626
51472112
51012277
49817369
49672873
48218769
47567033
49473520
49975545
53305706
49900259
57822754
52641740
56196297
73199086
51779826
52561646
50742938
51197211

93.30%
93.60%
93.30%
92.60%
94.00%
93.40%
94.10%
94.00%
93.80%
94.40%
93.80%
93.80%
94.00%
94.10%
93.70%
94.20%
94.70%
93.90%
94.40%
94.20%
93.60%
94.30%
94.40%
93.90%

85.80%
86.40%
85.70%
85.00%
87.20%
86.50%
87.60%
87.60%
87.30%
87.90%
86.90%
86.80%
87.20%
87.30%
86.70%
87.30%
87.60%
87.20%
88.30%
87.10%
86.50%
87.80%
87.90%
87.03%

74.30%
75.00%
74.10%
73.40%
76.80%
76.10%
77.50%
77.70%
77.10%
77.70%
76.40%
76.00%
76.50%
76.90%
75.60%
75.90%
76.20%
76.90%
78.90%
76.10%
75.80%
77.70%
77.50%
76.35%

55.88×
54.94×
55.30×
55.49×
60.71×
61.71×
61.82×
61.50×
61.06×
59.92×
59.28×
57.97×
57.52×
59.31×
55.86×
53.02×
53.19×
61.19×
64.69×
56.48×
58.83×
60.99×
59.01×
58.51×

Private indels

50000

Detected variants

48000

Private SNVs

46000
Known indels (1000 genome,

44000

dbSNPv138 and in-house database)

42000
Known SNVs (1000 genome,

40000

dbSNPv138 and in-house database)
180-1

Average

165-1A

164-1A

156-1A

154-1A

149-1A

142-1A

120-1A

116-1A

110-1A

108-1A

106-2A

103-1A

102-1A

71A

71-1A

54-2A

66-1-1A

49-5A

50-11A

49-4A

43-2A

43-1A

38000

Sample ID

Figure 1 Variant statistics (marked in colors) for 23 early-onset colorectal cancer patient samples. The numbers of detected variants are listed on the left hand
side and the patient samples ID on the bottom. The different colors represent different types of variants, i.e., purple represents “private indels”, green represents “private
SNVs”, red and blue represent known indels and known SNVs listed in the 1000 genome, dbSNPv138 and in-house databases, respectively. SNV: Single nucleotide
variant.

predisposing genes. Of these, five variants (in four
patients) were reported as being pathogenic in public
[37]
databases, three of which were located in MLH1
(Table 4), including a canonical splice site mutation
(c.453+1G>T) in patient 106-2A (colon cancer at
age of 39), a canonical splice site mutation (c.2081G>A) in patient 116-1A (colon cancer at age of 31),
and a missense mutation (c.677G>A, p.Arg226Gln) in
patient 43-1A (rectal cancer at age of 37). This latter
mutation has been reported to result in a complete
[38]
skipping of exon 8 at the mRNA level . The brother of
patient 43-1A was also subjected to exome sequencing
(patient 43-2A, rectal cancer at age of 53), but the
MLH1 mutation c.677G>A was not encountered in

WJG|www.wjgnet.com

this patient, and subsequent Sanger sequencing
confirmed this finding. Compound heterozygous MUTYH
mutations (p.Gln267* and p.Gly286Glu) were found in
patient 180-1 (CRC at age of 40). The sister of patient
180-1 (colonic polyps at age of 46) also carried both
MUTYH mutations (p.Gln267* and p.Gly286Glu). Both
mutations have been reported to be causative for
[39,40]
MUTYH-associated polyposis (MAP)
.
Three mismatch repair gene mutations, observed in
three unrelated patients, were not previously reported
in public databases. A novel splice site mutation in
MSH2 (c.793-2A>T) was identified in patient 50-11A
(colon cancer at age of 34). This canonical splice
site is inactivated and a splice site seven nucleotides
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Table 3 Prioritization scheme for exome data analysis of all 23 patients
Remaining variants (n )

Type of prioritization filter
All variants
Coding region and canonical splice site variants after quality filtering (total ≥ 10 reads, ≥ 5 variant reads and
≥ 20% variant reads)
Non-synonymous variants, canonical splice site variants
Variants that result in alterations in protein function (protein truncation, splice site defects and missense
mutations at highly conserved (phyloP ≥ 3.0) nucleotide positions.
Not in in-house database and MAF ≤ 0.001 in dbSNPv138
Variants in known CRC predisposing genes and genes likely to play a role in CRC development (MAF ≤ 0.001
in ESP and 700 control Chinese exome data sets)
Variants/genes validated by Sanger sequencing

1106642
13819
9833
44321
2883
61
39 (32 different variants in 23 genes)

1

GWAS related

Somatic mutated

Transposon study

P13/AKT

WNT

DNA repair

Cancer gene

165-1A

164-1A

156-1A

154-1A

149-1A

142-1A

120-1A

110-1A

108-1A

103-1A

102-1A

71-1A

71A

66-1-1A

54-2A

180-1

116-1A

106-2A

50-1A

49-5A

49-4A

43-2A

43-1A

Including 172 nonsense variants, 188 frame shift variants, 943 canonical splice site variants, 237 in-frame deletions, 191 in-frame insertions and 2701
missense variants with highly conserved (phyloP ≥ 3.0); In-house database: 1302 in-house analyzed exomes, mostly from European ancestry. MAF: Minor
allele frequency; ESP: Exome Sequencing Project database (6503 exomes, http://evs.gs.washington.edu/EVS/); 700 control Chinese exome data sets:
Chinese subjects with Han ancestry (Juan Tian and Zhi-Min Feng, BGI, personal communication).

MLH1
MSH2
MSH6
MUTYH
ATM
BUB1
MAX
PARP1
LIG3
LRP5
RPS6KB2
TSC2
ETV4
DAAM1
FZD10
TCF7
PRDM1
MTOR
MCC
MAST2
RYR2
RYR3
EIF2AK4
Explained families

Unexplained families

Missense

In-frame insertion

In-frame deletion

Canonical splice site

Nonsence

Frame shift indel

Figure 2 Germline variants identified in known colorectal cancer predisposing genes and genes likely to play a role in colorectal cancer development.
The genes are listed on the left hand side and the patient samples on top. Patient samples from the same families are marked (bars). Known colorectal cancer (CRC)
predisposing genes are marked by shading (left). The shades at the right hand side of the figure indicate functional (groups of) genes considered to play a role in CRC
development. The different variant types are indicated in colors (right). The red-triangle/green-triangle square in sample 180-1 indicates the presence of one MUTYH
nonsense and one MUTYH missense mutation.
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Table 4 Identification of germline mutations in known colorectal cancer predisposing genes
Sample ID

Gene name

Gene ID

Genomic change

cDNA change

Protein change

MLH1
MLH1
MLH1
MUTYH
MUTYH
MLH1
MLH1
MSH6
MSH2

NM_000249
NM_000249
NM_000249
NM_001128425
NM_001128425
NM_000249
NM_000249
NM_000179
NM_000251

g.chr3:37053590G>A
chr3:g.37048555G>T
g.chr3:37042445G>A
g.chr1:45797972G>A
g.chr1:45797914C>T
g.chr3:37067252_37067253insT
g.chr3:37067252_37067253insT
g.chr2:48027422C>G
g.chr2:47641406A>T

c.677G>A1
c.453+1G>T
c.208-1G>A
c.799C>T
c.857G>A
c.1163_1164insT
c.1163_1164insT
c.2300C>G
c.793-2A>T

p.Arg226Glna
SSM
SSM
p.Gln267*
p.Gly286Glu
p.Arg389Profs*6
p.Arg389Profs*6
p.Thr767Ser
SSM

43-1A
106-2A
116-1A
180-1
180-1
49-4A
49-5A
49-4A
50-11A

Pathogenicity
Yes[38,44]
Yes[42]
Yes[43]
Yes[39]
Yes[40]
NR
NR
NR
NR

1

This substitution results in a complete loss of exon 8 of MLH1 by RNA analysis[38]. NR: Not reported; SSM: Splice site mutation.

Family 49

Ⅱ:1 Colon cancer, at age of 43 yr
Ⅰ:1

Ⅱ:1 (49-4A) Colon cancer, at age of 30 yr

Ⅰ:2

+ MLH1 p.Arg389Profs*6

Ⅱ:1 (49-4A) Colon cancer, at age of 23 yr

- MSH6 p.Thr767Ser

Ⅱ:1

Ⅱ:2

Ⅱ:3

Ⅱ:4

+

-

-

-

Ⅱ:5
49-4A
+

+

-

+

+

+

Ⅱ:6
49-5A
+ MLH1 p.Arg389Profs*6

- MSH6 p.Thr767Ser

Figure 3 Pedigree and segregation analysis in family members of index patients for MLH1 and MSH6 mutations. Index patients are indicated by arrows. Both
index patients Ⅱ:5 (sample 49-4A) and Ⅱ:6 (sample 49-5A) carried MLH1 frame shift mutation (c.1163_1164insT, p.Arg389Profs*6) and Ⅱ:5 also carried MSH6
missense mutation (c.2300C>G, p.Thr767Ser). Two brothers Ⅱ:1 (colon cancer at age of 43) and Ⅱ:3 (no cancer) carried both mutations. A sister (Ⅱ:2, no cancer)
carried neither the MLH1 nor the MSH6 mutation. A third brother (Ⅱ:4) carried the MSH6 mutation, but not the MLH1 mutation. And the mother of index patients
carried MLH1 mutation, but not the MSH6 mutation. Both did not develop cancer.

downstream is used according to Alamut prediction.
Both a frame shift mutation in MLH1 (p.Arg389Profs*6)
and a missense variant in MSH6 (p.Thr767Ser) were
found in patient 49-4A (colon cancer at age of 30).
The MLH1 mutation p.Arg389Profs*6 was also found
in his sister, patient 49-5A (colon cancer at age of
23), whereas this sister was found to be negative for
the MSH6 variant p.Thr767Ser. Segregation analysis
of four siblings and the mother in this family (Figure
3) showed that the brothers of index patient 49-4A,
i.e., family members Ⅱ:1 (colon cancer at age of 43
years) and Ⅱ:3 (no cancer), carried both mutations.
The MLH1 p.Arg389Profs*6 mutation-positive, MSH6
wild-type mother I:2 and the MLH1 wild-type, MSH6
p.Thr767Ser variant-positive brother Ⅱ:4 both did not
develop cancer. We, therefore, conclude that the MLH1
frame shift mutation (p.Arg389Profs*6) acts as the
main contributor to the development of CRC in this
family.

genes, a set of 24 rare candidate germline variants
remained (Table 5). Of these, seven represent truncating
mutations (five frame-shift indels, one nonsense and
one canonical splice site). In addition, one in-frame
insertion and 16 highly conserved non-synonymous
missense variants are present in this set. For these latter
variants, SIFT and Polyphen2 algorithms were used
to estimate their functional effects on the respective
encoded proteins. In all cases, both SIFT and Polyphen2
predicted the variants to be functionally impaired or
possibly/probably functionally impaired (Table 6). Four
rare or novel variants were found in cancer predisposing
genes that are not directly linked to an increased CRC
risk, including ATM p.Lys468Glufs*18 in patient 102-1A
(rectal cancer at age of 25 years), MAX p.Leu61Serfs*15
in patient 66-1-1A (colon cancer at age of 47 years),
TSC2 p.Asp1734Asn in patient 164-1A (colon cancer
at age of 30 years) and ETV4 p.Glu331Lys in patient
71A (rectal cancer at age of 57 years). ATM and MAX
are involved in DNA repair pathways, and TSC2 plays
a role in the PI3K/AKT pathway. These pathways are
also active in CRC. Interestingly, in patient 66-1-1A we
also observed a potentially deleterious variant in PARP1

Rare germline variants of novel candidate CRC
predisposing genes

After extrusion of variants in known CRC predisposing
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Table 5 Characteristics of 24 variants identified in 19 novel genes likely to play a role in colorectal cancer development
Sample ID

102-1A
66-1-1A
66-1-1A
106-2A
149-1A
165-1A
54-2A
49-4A
71A
103-1A
108-1A
120-1A
154-1A
164-1A
77-1A
43-1A
54-2A
110-1A
43-1A
43-1A
103-1A
102-1A
71A
103-1A
164-1A
71A
154-1A
71A
164-1A
71A

Gene
name

Gene/pathway involved

cDNA change

Protein change

ATM
PARP1
MAX
BUB1
BUB1
LIG3
MCC
EIF2AK4
EIF2AK4
EIF2AK4
EIF2AK4
EIF2AK4
EIF2AK4
EIF2AK4
LRP5
LRP5
LRP5
RPS6KB2
RPS6KB2
RYR2
RYR2
RYR3
ETV4
PRDM1
TSC2
MTOR
DAAM1
FZD10
TCF7
MAST2

Cancer gene, DNArep
DNArep
Cancer gene
Cancer gene
Cancer gene
DNArep
Transposon studies
GWAS related
GWAS related
GWAS related
GWAS related
GWAS related
GWAS related
GWAS related
WNT
WNT
WNT
PI3K/AKT
PI3K/AKT
Somatic mutation gene
Somatic mutation gene
Somatic mutation gene
Cancer gene
Cancer gene
Cancer gene, PI3K/AKT
PI3K/AKT
WNT
WNT
WNT
Transposon studies

c.1402_1403del
c.758dup
c.181del
c.46C>T
c.2844del
c.218del
c.1355+1_1355+2ins14
c.2214_2215insCGACGA
c.2214_2215insCGACGA
c.2214_2215insCGACGA
c.2214_2215insCGACGA
c.2214_2215insCGACGA
c.2214_2215insCGACGA
c.2214_2215insCGACGA
c.2156A>G
c.3536G>A
c.3919C>T
c.331A>G
c.683C>A
c.2701G>A
c.6457A>G
c.13507G>A
c.991G>A
c.1499A>G
c.5200G>A
c.5857G>T
c.667G>A
c.1341C>G
c.572G>T
c.3482A>G

rs ID in
MAF (700 MAF
(NHLBI
dbSNP138
Chinese
ESP)
exomes)

p.Lys468Glufs*18
NR
p.Lys254Glufs*6
NR
p.Leu61Serfs*15
NR
p.Gln16*
NR
p.Gln949Argfs*3
NR
p.Phe73Serfs*41
NR
SMM
NR
p.Glu738_Asp739insArgArg
NR
p.Glu738_Asp739insArgArg
NR
p.Glu738_Asp739insArgArg
NR
p.Glu738_Asp739insArgArg
NR
p.Glu738_Asp739insArgArg
NR
p.Glu738_Asp739insArgArg
NR
p.Glu738_Asp739insArgArg
NR
p.Tyr719Cys
NR
p.Arg1179His
NR
p.Arg1307Trp
NR
p.Lys111Glu
NR
p.Thr228Asn
rs183360785
p.Gly901Ser
NR
p.Lys2153Glu
NR
p.Val4503Met
NR
p.Glu331Lys
NR
p.Gln500Arg
rs201512476
p.Asp1734Asn
NR
p.Val1953Leu
NR
p.Val223Met
NR
p.Phe447Leu
NR
p.Arg191Met
NR
p.Asn1161Ser
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
0.00075
NR
NR
NR
NR
NR
NR
NR
0.000714
NR
NR
NR
NR

NR
0.000077
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
0.000077
0.000077
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
0.000077

MAF
(1000
genome)
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
0.001
NR
NR
NR
NR
0.001
NR
NR
NR
NR
NR
NR

MAF: Minor allele frequency; NR: Not reported; DNArep: DNA repair pathway; WNT: WNT signaling pathway; SSM: Splice site mutation.

(p.Lys254Glufs*6), another gene involved in DNA repair.

were found to be located in the conserved low-density
lipoprotein (LDLR) class B repeat region. To investigate
the functional consequences of these three mutations
on the LRP5 protein structure, the online tool “Project
HOPE” was used. By doing so, we found that variant
p.Tyr719Cys gives rise to a mutant residue that is
smaller and more hydrophobic than the wild-type
residue, which may lead to loss of protein-protein
interactions and hydrogen bonds and/or disturb
correct protein folding. Through variant p.Arg1179His,
a positively charged residue is replaced by a neutral
and smaller residue, which again may lead to loss of
interactions with other molecules or residues. Through
variant p.Arg1307Trp, a positively charged residue is
replaced by a neutral, larger and more hydrophobic
residue, which may lead to loss of interactions with
other molecules or residues, loss of hydrogen bonds
and/or disturbance of correct protein folding giving rise
to collisions with other molecules or residues.
We also identified a recurrent insertion in EIF2AK4 (
p.Glu738_Asp739insArgArg) in seven (33.3%) unrelated
patients, which was absent in local in-house and public
databases. EIF2AK4 is located in a region previously
found to be associated with CRC susceptibility in GWAS
[11,35]
studies
. Since this variant could be common in the
Han Chinese population, we screened a cohort of 100

Genes recurrently affected by potentially deleterious
variants

Despite the limited size of our cohort, the recurrent
detection of rare potentially deleterious variants is
another way to select candidates from the list of rare
variants. Four genes were found to be recurrently
affected by different rare variants, and two of them
(BUB1 and LRP5) were encountered in patients that
also carried pathogenic MLH1 mutations (patients
106-2A and 43-1A, respectively; Figure 2). In total,
two truncating BUB1 variants were found (p.Gln16*
and p.Gln949Argfs*3). As reported previously, these
BUB1 variants may be associated with an increased
risk for aneuploidy and, in patient 106-2A, this may
have contributed to somatic loss of the wild-type MLH1
[15]
allele in the tumor . The other recurrently affected
genes were LRP5, RPS6KB2 and RYR2. LRP5 may be
of particular interest since it is a component of the
WNT-FZD-LRP5-LRP6 complex that triggers β-catenin
signaling through the induction of aggregation of
receptor-ligand complexes into ribosome-sized
signalsomes. We identified three highly conserved LRP5
missense variants in three unrelated patients (Figure
2). Two of these, p.Tyr719Cys and p.Arg1179His,
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Table 6 In silico functional prediction of 16 missense variants
Sample ID

Gene
name

Gene/
pathway
involved

cDNA
change

Protein change

77-1A

LRP5

WNT

c.2156A>G

p.Tyr719Cys

43-1A

LRP5

WNT

c.3536G>A

54-2A

LRP5

WNT

c.3919C>T

110-1A

RPS6KB2

PI3K/
AKT

c.331A>G

43-1A

RPS6KB2

PI3K/
AKT

c.683C>A

43-1A

RYR2

103-1A

RYR2

102-1A

71A

103-1A
164-1A

71A
154-1A

71A
164-1A

71A

Domain

PhyloP
score

Grantham Align
score
GVGD

SIFT
score

SIFT
prediction

Polyphen2
score

Polyphen2
prediction

LDLR class
B repeat
p.Arg1179His LDLR class
B repeat
p.Arg1307Trp LDLR class
A repeat
p.Lys111Glu
Protein
kinase,
catalytic
domain
p.Thr228Asn
Protein
kinase,
catalytic
domain
p.Gly901Ser Ryanodine
receptor

4.751

194

C65

0.000

D

0.999

PrD

3.712

29

C25

0.000

D

0.953

PrD

3.172

101

C35

0.000

D

0.948

PrD

4.639

56

C55

0.000

D

0.535

PoD

5.062

65

C55

0.001

D

0.994

PrD

6.081

56

C55

0.010

D

1.000

PrD

p.Lys2153Glu Intracellular
calciumrelease
channel
RYR3
Somatic c.13507G>A p.Val4503Met Ryanodine
mutation
Receptor
gene
TM 4-6
ETV4
Cancer
c.991G>A
p.Glu331Lys PEA3-type
gene
ETS-domain
transcription factor,
N-terminal
PRDM1
Cancer c.1499A>G p.Gln500Arg Zinc finger,
gene
C2H2
TSC2
Cancer c.5200G>A p.Asp1734Asn Rap/rangene,
GAP
PI3K/
AKT
MTOR
PI3K/
c.5857G>T p.Val1953Leu PIK-related
AKT
kinase
DAAM1
WNT
c.667G>A
p.Val223Met Diaphanous
GTPasebinding
FZD10
WNT
c.1341C>G p.Phe447Leu
Frizzled
protein
TCF7
WNT
c.572G>T
p.Arg191Met High mobility group,
HMG1/
HMG2
MAST2
Trans- c.3482A>G p.Asn1161Ser
PDZ/
poson
DHR/
studies
GLGF

5.067

56

C0

0.020

D

0.615

PoD

6.012

21

C15

0.000

D

1.000

PrD

6.424

56

C55

0.001

D

0.862

PoD

4.875

43

C0

0.050

D

0.570

PoD

5.538

23

C0

0.000

D

0.998

PrD

5.634

32

C0

0.001

D

0.827

PoD

6.347

21

C0

0.000

D

0.998

PrD

4.229

22

C15

0.000

D

0.984

PrD

4.202

91

C65

0.000

D

0.999

PrD

4.854

46

C0

0.000

D

0.999

PrD

Somatic c.2701G>A
mutation
gene
Somatic c.6457A>G
mutation
gene

D: Damaging; PoD: Possibly damaging; PrD: Probably damaging.

that may predispose to CRC, we applied whole-exome
sequencing to 23 Chinese patients from 21 families
with non-polyposis CRC diagnosed at ≤ 40 years of
age or from multiple affected CRC families with at least
one first-degree relative diagnosed with CRC at ≤ 55
years of age. Initially we selected variants in genes
that are known to be associated with hereditary CRC
syndromes, and we assessed their pathogenicity as
reported in public databases such as InSiGHT, LOVD and
the Mismatch Repair Genes Variant database. Among

colonoscopy test-negative, unrelated local Han Chinese
individuals using Sanger sequencing. We found that
7 (7%) of them carried this variant, revealing a
significant enrichment in the early-onset/familial CRC
cohort as compared to the ethnicity matched control
2
cohort (χ test, P = 0.000604).

DISCUSSION
In order to identify rare and novel germline variants
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the 23 patients included, we identified seven patients
(from six families; approximately 30%) with variants
in known CRC predisposing genes. This percentage
is lower than that previously reported by Tanskanen
[41]
et al , (42%, 16/38) in a cohort of early-onset CRC
patients (< 40 years) using exome sequencing. In a
[41]
study by Tanskanen et al , of 38 patients, four were
clinically diagnosed with gastrointestinal polyposis
(three FAP and one JPS), and 12 were identified with
germline MMR mutations and enriched in patients with
MSI tumors (86%, 12/14). This discrepancy may be
due to the fact that our cohort is a non-polyposis cohort
and also includes patients from multiple affected CRC
families with at least one first-degree relative diagnosed
with CRC at ≤ 55 years of age. In our cohort, six
patients were identified with variants in the highpenetrance genes MLH1, MSH2 and MSH6 underlying
Lynch syndrome. In addition, we identified biallelic
MUTYH mutations, underlying MAP, in one index patient
(patient 180-1, CRC at age of 40) and the sister of
the patient (colonic polyps at age of 46). Of the eight
variants that we identified in known high-penetrance
CRC predisposing genes, MLH1 c.453+1G>T, MLH1
c.208-1G>A, MLH1 c.677G>A, MUTYH p.Gln267*
and MUTYH p.Gly286Glu were reported as being
[39,40,42-44]
pathogenic in public databases
. In addition,
we identified novel rare variants of which two, MLH1 p.
Arg389Profs*6 and MSH2 c.793-2A>T, are most likely
pathogenic based on both familial segregation and in
silico prediction analyses.
In our search for novel germline predisposing
variants, we focused on known cancer-associated
genes, CRC pathway-associated genes, mouse CRC
susceptibility genes identified by transposon (‘sleeping
beauty’) tagging, GWAS-associated genes and genes
with reported somatic mutations that are considered
likely to be involved in CRC predisposition and/or
development. Using these criteria, we identified a total
of 19 novel candidate CRC susceptibility genes carrying
rare, likely deleterious, variants.
One ATM truncating variant (p.Lys468Glufs*18)
identified in patient 102-1A (rectal cancer at age of 25)
may be particularly relevant. ATM is a gene encoding
[45]
a protein that belongs to the PI3/PI4-kinase family .
The ATM protein represents an important cell cycle
checkpoint kinase that is required for a cell’s response
[46]
to DNA damage and for ensuring genomic integrity .
Diseases associated with ATM mutations include ataxia
[47]
telangiectasia (AT), an autosomal recessive disorder .
Because of its role in maintaining genomic integrity,
ATM may, when mutated, increase the risk for tumor
[48]
development . Indeed, germline mutations in ATM
have been shown to increase the risk of breast cancer
[49]
development through the (de)regulation of BRCA1 .
In addition, loss of heterozygosity at the ATM locus
[50]
has been found in CRC . Taken together, it appears
plausible to assume that germline ATM mutations
may increase the risk for CRC development. However,
considering the high frequency of truncating mutation
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in ESP database and in-house database, it is crucial for
targeted screening of ATM in a large early-onset and/or
familial CRC cohort. Another interesting candidate is the
truncating MAX variant (p.Leu61Serfs*15) identified
in patient 66-1-1A. The protein encoded by the MAX
gene represents the most conserved dimerization
component of the MYC-MAX-MXD1 network of basic
helix-loop-helix leucine zipper (bHLHZ) transcription
factors that regulate cellular proliferation, differentiation
[51,52]
and apoptosis
. It has been shown that the MAX
[53]
protein interacts with MSH2 , and that mutant MAX
is able to alter the growth and morphology of CRC
[32]
cells through inactivation of c-MYC . Mutations in the
MAX gene have been reported to be associated with
the occurrence of hereditary pheochromocytomas
[54]
and paragangliomas . Interestingly, an additional
truncating variant in PARP1 (p.Lys254Glufs*6) was
identified in this patient (66-1-1A). PARP1 is activated
in response to DNA damage and plays an important
role in DNA repair processes, apoptosis and cell cycle
[55]
control . Since MAX and PARP1 are both involved in
DNA repair, and since it has been shown that PARP1
is essential for c-MYC-induced transactivation and
[56]
retardation of the G2-M transition in cancer cells ,
the combination of these two variants may have a
synergistic effect. Therefore, we anticipate that both
truncating variants most likely play a role in CRC
development in this family.
Other interesting candidate genes recurrently affected
by potentially deleterious variants include BUB1, LRP5
and EIF2AK4. Two truncating variants in BUB1 (p.Gln16*
and p.Gln949Argfs*3) were found to be present in
patient 106-2A and patient 149-1A, respectively. The
BUB1 protein is an integral component of the spindle
assembly checkpoint (SAC), and we have previously
shown that germline variants in the corresponding
[15]
gene may serve as risk factors for CRC . Patient
106-2A was found to carry both BUB1 p.Gln16* and
MLH1 c.453+1G>T variants. We suggest that BUB1
may have contributed to loss of the wild-type MLH1
[15]
allele in this patient . Obviously, this latter scenario
requires validation in larger CRC cohorts.
Three missense LRP5 variants (p.Tyr719Cys,
p.Arg1179His and p.Arg1307Trp), found in three
CRC cases, were predicted to be deleterious. LRP5
p.Tyr719Cys and LRP5 p.Arg1307Trp were observed in
patient 54-2A and patient 77-1A, respectively. In both
cases no other putative pathogenic germline variants
were detected. Variant LRP5 p.Arg1179His was found
in patient 43-1A, who also carried a pathogenic MLH1
c.677G>A splice site mutation. The LRP5 protein is
a component of the WNT-FZD-LRP5-LRP6 complex
and, as such, represents an important partner in the
[57]
WNT signal transduction pathway . Variants LRP5
p.Tyr719Cys and p.Arg1179His are both located
in the conserved low-density lipoprotein receptor
(LDLR) class B repeat region of LRP5, which is the
binding region of Dickkopf-1, a developmental protein
[58]
antagonist of the canonical WNT-β-catenin pathway .
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not ideal for the identification of rare variants. Recently, advances in nextgeneration sequencing technologies, in particular whole-exome sequencing,
have provided efficient means to identify germline variants in individuals with
familial or inherited cancer syndromes.

Further assessment of both LRP5 variants using the
“Project HOPE” tool indicated that these variants may
also result in loss of interactions with other proteins
or residues. It has previously been shown that trun
cated LRP5 proteins are frequently expressed in
[59]
breast tumors of different developmental stages
and that these proteins are strongly implicated in the
deregulation of the WNT-β-catenin signaling pathway
[60]
in hyperparathyroid tumors .
One EIF2AK4 variant (p.Glu738_Asp739insArgAr
g) was recurrently found in seven (33.3%) unrelated
patients within our cohort. After comparison of our cohort
to an ethnicity matched control cohort, this variant was
found to be significantly enriched (P = 0.000604). We,
therefore, conclude that also this latter gene may be
considered a candidate CRC predisposing gene.
A major challenge of using whole-exome sequencing
is the identification of predisposing pathogenic variants
within the vast background of non-pathogenic variants.
Targeted screening of those genes and variants in
replicate large early-onset and/or familial CRC cohorts
will be instrumental in gaining more robust evidence
for pathogenicity. Our current results, however, already
vividly illustrate that whole-exome sequencing in
carefully selected cases at risk for hereditary cancer
may serve as an attractive approach to identify rare
and novel variants in known and novel candidate CRC
predisposing genes.

Innovations and breakthroughs

A major challenge of using whole-exome sequencing is the identification of
predisposing pathogenic variants within the vast background of non-pathogenic
variants. In this study, we performed whole-exome sequencing in a strictly
selected cohort of CRC patients and families that are very young CRC patients
(diagnosed at ≤ 40 years of age) or familial CRC cases. And data were
processed through a tailored analytical pipeline to search for rare germline
variants in known or novel CRC predisposing genes.

Applications

The study show that whole-exome sequencing of early-onset or familial CRC
cases serves as an efficient method to identify known and potential pathogenic
variants in established and novel candidate CRC predisposing genes. The
findings also provide insight into the role of these variants in CRC development.
Targeted screening of those genes and variants in replicate large earlyonset and/or familial CRC cohorts will be instrumental in gaining more robust
evidence for pathogenicity.

Terminology

“Early-onset” CRC: CRC is traditionally thought to be a disease of older
patients with most being diagnosed after the age of 50 years; however, a
significant proportion of young patients present with this disease. Early age of
onset is a central characteristic of hereditary predisposition to cancer. Familiar
aggregation of tumors and hereditary cases are constantly more frequent under
the age of 40 years.

Peer-review

This study investigated the efficiency of whole-exome sequencing in identifying
known or novel CRC predisposing genes in early-onset or familial CRC cases.
This is a well written paper that has been performed stringently. Although the
number of included patients is very low, the authors present very interesting
results with a straight forward conclusion.
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Abstract
AIM: To investigate the impact of minor abdominal
surgery on the caecal microbial population and on
markers of gut inflammation.
METHODS: Four week old piglets were randomly
allocated to a no-surgery “control” group (n = 6) or
a “transection surgery” group (n = 5). During the
transection surgery procedure, a conventional midline
incision of the lower abdominal wall was made and
the small intestine was transected at a site 225 cm
proximal to the ileocaecal valve, a 2 cm segment was
removed and the intestine was re-anastomosed. Piglets
received a polymeric infant formula diet throughout
the study period and were sacrificed at two weeks
post-surgery. Clinical outcomes including weight,
stool consistency and presence of stool fat globules
were monitored. High throughput DNA sequencing
of colonic content was used to detect surgery-related
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Bacteriodetes phylum and increased gut inflammatory

disturbances in microbial composition at phylum, family
and genus level. Diversity and richness estimates were
calculated for the control and minor surgery groups. As
disturbances in the gut microbial community are linked
to inflammation we compared the gene expression of
key inflammatory cytokines (TNF, IL1B, IL18, IL12,
IL8, IL6 and IL10) in ileum, terminal ileum and colon
mucosal extracts obtained from control and abdominal
surgery groups at two weeks post-surgery.

cytokines following transection surgery in a juvenile
pig model. This is the first study examining minor
surgery-associated changes in the gut microbiome and
inflammation and provides new insights into potential
long-term consequences of abdominal surgery in
infancy.
Lapthorne S, Bines JE, Fouhy F, Dellios NL, Wilson G,
Thomas SL, Scurr M, Stanton C, Cotter PD, Pereira-Fantini
PM. Changes in the colon microbiota and intestinal cytokine
gene expression following minimal intestinal surgery. World J
Gastroenterol 2015; 21(14): 4150-4158 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4150.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4150

RESULTS: Changes in the relative abundance of
bacterial species at family and genus level were
confined to bacterial members of the Proteobacteria
and Bacteroidetes phyla. Family level compositional
shifts included a reduction in the relative abundance
of Enterobacteriaceae (22.95 ± 5.27 vs 2.07 ± 0.72,
P < 0.01), Bacteroidaceae (2.54 ± 0.56 vs 0.86 ±
0.43, P < 0.05) and Rhodospirillaceae (0.40 ± 0.14 vs
0.00 ± 0.00, P < 0.05) following transection surgery.
Similarly, at the genus level, changes associated with
transection surgery were restricted to members of the
Proteobacteria and Bacteroidetes phyla and included
decreased relative abundance of Enterobacteriaceae
(29.20 ± 6.74 vs 2.88 ± 1.08, P < 0.01), Alistipes (4.82
± 1.73 vs 0.18 ± 0.13, P < 0.05) and Thalassospira
(0.53 ± 0.19 vs 0.00 ± 0.00, P < 0.05). Surgeryassociated microbial dysbiosis was accompanied by
increased gene expression of markers of inflammation.
Within the ileum IL6 expression was decreased (4.46
± 1.60 vs 0.24 ± 0.06, P < 0.05) following transection
surgery. In the terminal ileum, gene expression of
TNF was decreased (1.51 ± 0.13 vs 0.80 ± 0.16, P
< 0.01) and IL18 (1.21 ± 0.18 vs 2.13 ± 0.24, P <
0.01), IL12 (1.04 ± 0.16 vs 1.82 ± 0.32, P < 0.05)
and IL10 (1.04 ± 0.06 vs 1.43 ± 0.09, P < 0.01) gene
expression increased following transection surgery.
Within the colon, IL12 (0.72 ± 0.13 vs 1.78 ± 0.28, P
< 0.01) and IL10 (0.98 ± 0.02 vs 1.95 ± 0.14, P < 0.01)
gene expression were increased following transection
surgery.

INTRODUCTION
The gut microbiota is essential to human health, yet
the acquisition of this microbial community during
infancy remains poorly understood. At birth, humans
are essentially free of bacteria, with colonization of
the gastrointestinal tract beginning during the birthing
process as the newborn is exposed to maternal and
[1]
environmental microbes . The infant microbiota
is marked by heterogeneity and instability until
[2,3]
approximately 2-4 years of age , when it becomes
[4]
more stable, resembling an adult microbiota . The
development of the microbiota is known to be strongly
influenced by early extrinsic factors including mode
[5]
[6,7]
of infant delivery , type of feeding
and antibiotic
[8-10]
therapy
. Acute intestinal conditions including
intestinal obstruction, perforation and intussusception
may necessitate exploratory abdominal surgery and/
or surgical intervention during the neonatal or infant
period; however the impact of abdominal surgery on
the microbiota has not previously been studied.
Colonization of the newborn intestine plays a key
role in the development and fine-tuning of intestinal
[11]
immune responses , and disruption of the gut
microbiota has been linked to an increasing number
of immune-related diseases, including inflammatory
bowel disease, necrotizing enterocolitis (NEC),
[12]
eczema, allergies and asthma . Given the previously
demonstrated impact of early life bacterial dysbiosis
on future adult health, characterization of the impact
of laparotomy in infancy on the development of the
microbiome and inflammation is clinically relevant.
The neonatal piglet surgical model is an excellent
alternative model for the study of human gastrointestinal
[13,14]
[15]
disease due to physiological
, bacteriological
[16,17]
and immunological
similarities between pigs and
humans. In addition, the accelerated ageing rate of
pigs when compared with humans allows us to study
the equivalent human timeframe of infancy to early
childhood within a two week study period.
The primary aim of the present study was to use

CONCLUSION: This study suggests that minor abdo
minal surgery in infants, results in long-term alteration
of the colonic microbial composition and persistent
gastrointestinal inflammation.
Key words: Surgery; Intestinal; Microbiota; Dysbiosis;
Inflammation; Surgery; Bacteria; Infant; Pediatric;
Transection
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Early colonization of the infant gut is increasingly
recognized as impacting on health due to the influence
of resident microbes on nutritional, immunological and
physiological functions. However, medical and surgical
interventions required during infancy, including abdominal
surgery, have the potential to modify the microbiome.
Using 454-pyrosequencing technology we have described
microbial dysbiosis within the Proteobacteria and
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454-pyrosequencing technology to assess the impact
of minor abdominal surgery on the colonic microbiota
in a juvenile pig model of intestinal transection
surgery. Our secondary aim was to perform a multisite assessment of molecular alterations in key gut
inflammatory markers to assess if surgery-related
microbial dysbiosis was associated with intestinal
inflammation at two weeks following surgery.

each site were snap frozen in liquid nitrogen. Colonic
content was collected from the proximal colon.

High-throughput sequencing

The 16S rRNA amplicons from colonic content were
[24]
generated using a previously outlined approach .
Amplicons were generated using one forward
primer and a combination of four reverse primers
[24]
as described previously . Each primer contained a
distinct multiple identifier (MID) allowing pooling of the
amplicons and subsequent separation of the results
for analysis. Duplicate PCR products were pooled and
cleaned using Agencourt AMPure kit (Beckman Coulter,
A63880). Quantification was completed using QuantiT Picogreen quantification kit (Invitrogen, P7589)
and the Nanodrop 3300 (Thermo Scientific). The V4
region of the 16S rRNA was sequenced at the Teagasc
454-Sequencing facility on a Genome Sequencer FLX
platform (Roche Diagnostics Ltd.).

MATERIALS AND METHODS
Animals

This study was approved by the Animal Ethics
Committee of the Murdoch Childrens Research Institute.
Weaned female three-week-old piglets (Landrace/Large
White cross; Aussie Pride Pork) were transported to the
University of Melbourne Centre for Animal Biotechnology
and acclimatized prior to surgery. Piglets were fed
a polymeric infant formula diet (Karicare De-Lact,
Nutricia) supplemented to meet the daily requirements
[18-23]
for piglets as described previously
. The diets were
isocaloric and isonitrogenous among the groups and
were administered on a per kilogram basis. Water
was given twice daily. Piglets were housed separately
throughout the study to allow accurate daily monitoring
of food and water intake and collection of stool (analysed
for consistency, presence of fat globules and presence of
fatty acid crystals). Piglet weight was measured weekly
before feeding.

Bioinformatic analysis

Raw sequencing reads were quality trimmed using the
RDP Pyrosequencing Pipeline applying the following
criteria (1) exact matches to primer sequences and
barcode tags; (2) no ambiguous bases (Ns); and (3)
read-lengths no shorter than 150 base pairs. Trimmed
[25]
FASTA sequences were then BLASTED
against the
[26]
SILVA (v100) database for 16S reads . Phylum, family
and genus counts were extracted from MEGAN using
[26]
a bit score cut-off of 86 . Clustering into operational
taxonomical units (OTUs), alignments, chimerachecking and alpha diversities were implemented using
the Qiime suite of tools. The relative abundance was
determined for individual pigs as the number of reads
for each species as a proportion of the total number of
reads for that pig at the relevant level of phylum, family
or genus.

Experimental design

Four week old piglets were randomly allocated to a
no-surgery “control” group (n = 6) or a “transection”
surgery group (n = 5). During the surgery procedure,
a conventional midline incision of the lower abdominal
wall was made and the small intestine was transected
at a site 225 cm proximal to the ileocaecal valve, a
2 cm segment was removed and the intestine was
re-anastomosed. The removal of 2 cm of intestine
was equivalent to a mean of 0.11% of the initial
intestinal length. Both groups received intramuscular
amoxicillin (70 mg/kg; CSL Limited) 24 h pre-surgery,
and for three days post-surgery in line with current
clinical practice. In addition, both groups received oral
rehydration salts (Sanofi-Aventis Australia) for three
days post-surgery or equivalent date, with water and
the polymeric infant formula diet re-introduced from
the third day post-operation.

Real-time reverse transcription PCR

The muscle layer was stripped from the ileum, terminal
ileum and colon tissue leaving the mucosa, which
comprised the epithelium and the lamina propria. Total
RNA was extracted from 100 mg of intestinal mucosa
using TRIzol (Invitrogen). Complementary DNA (cDNA)
was synthesized with the Transcriptor First Strand
cDNA Synthesis Kit (Roche Applied Science). PCR
primers were designed against pig gene sequences
using Roche Universal ProbeLibrary Assay Design
Centre (Roche Applied Science). Primer sequences and
probe combinations are listed in Table 1. PCR reactions
were performed in triplicate on the LightCycler 480.
-ΔΔCt
[27]
The 2
method
was used to calculate relative
changes in gene expression in the surgical group
relative to the non-surgical control group, using RPL32
as a housekeeping gene.

Sample collection

Animals in the transection group were sacrificed two
weeks post-surgery and at an age-matched time in the
control group. Ileum tissue was collected 8 cm distal to
the anastomosis in the transection group and 217 cm
proximal to the ileocaecal valve in the control group.
Terminal ileum tissue was collected 7 cm proximal to
the ileocaecal valve and colon tissue was collected 3
cm distal to the caecum in both groups. Samples from
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content samples was analyzed to determine if tran
section surgery was associated with changes in the
proportion of assignable reads at the phylum, family or
genus level when compared with no surgery controls.
There was no difference in composition at a phylum
level between the control group and the transection
group. Changes were observed however, at family and
genus level (Tables 2 and 3). Changes in the relative
abundance of bacterial species at family and genus
level were confined to members of the Proteobacteria
and Bacteroidetes phyla, with no difference in the
relative abundance at family or genus level of species
belonging to the Firmicute, Actinobacteria, Fuso
bacteria or Spirochaetes phylum.
As can be seen in Table 2, family level composi
tional shifts included a 10-fold reduction in the relative
abundance of Enterobacteriacceae and a 3-fold
reduction in the relative abundance of Bacteriodaceae
following transection surgery. The proportion of
Bifidobacteriaceae was reduced 10-fold in surgical
samples (0.40 ± 0.16 vs 0.04 ± 0.03, P = 0.0712)
and although Rhodospirillaceae was present in 5/6
control samples, Rhodospirillaceae was not detected
amongst any of the surgical samples (0.40 ± 0.14
vs 0.00 ± 0.00, P = 0.0370). Similarly at the genus
level, changes associated with transection surgery
were restricted to members of the Proteobacteria and
Bacteroidetes phyla (Table 3). Specifically transection
surgery resulted in a 10-fold decrease in the relative
abundance of members of the Enterobacteriaceae, a
27-fold decrease in the relative abundance of Alistipes
and a two-fold decrease in the relative abundance of
Bacteroides. The relative abundance of Thalassospira
(0.53 ± 0.19 vs 0.00 ± 0.00, P = 0.0379) and
Bifidobacterium (0.51 ± 0.21 vs 0.06 ± 0.04, P =
0.0838) was also decreased (though not significantly)
following surgery. Thalassospira was detected in all
control samples but was undetectable in the surgical
samples.

Table 1 List of primer sequences and Universal ProbeLibrary
combinations used in this study
Primer

Sequence 5’ to 3’

RPL32 Forward
AACTGGCCATCAGGGTCAC
RPL32 Reverse
CACAACTGGAACTCCTGTCTATTC
TNF Forward
TTGTCGCTACATCGCTGAAC
TNF Reverse
CCAGTAGGGCGGTTACAGAC
IL1β Forward
CCAATTCAGGGACCCTACC
IL1β Reverse
CATGGCTGCTTCAGAAACCT
IL18 Forward
ACTTTACTTTGTAGCTGAAAACGATG
IL18 Reverse
TTTAGGTTCAAGCTTGCCAAA
IL12 Forward
GAGGGTGAGTGAGTGCCTTG
IL12 Reverse
ACTCCGCCTAGGTTCGACTT
IL8 Forward
TTCTTCTTTATCCCCAAACTGG
IL8 Reverse
CCACATGTCCTCAAGGTAGGA
IL6 Forward
TGAACTCCCTCTCCACAAGC
IL6 Reverse
GGCAGTAGCCATCACCAGA
IL10 Forward
TCCAGTTTTACCTGGAAGACG
IL10 Reverse
CCTTGATATCCTCCCCATCA

UPL Probe
#64
#32
#19
#85
#62
#41
#7
#8

Release 15.1.1.0 (Minitab Inc 2007). Parametric
unpaired t-test was employed to identify significant
differences in the percentage of assignable reads at
phylum, family and genus levels between non-surgery
control and transaction surgery groups. (GraphPad
Prism Software 6.0). Parametric unpaired t-tests were
also employed to test for statistical significance in the
relative gene expression of inflammation markers
between non-surgery control and transaction surgery
groups. Statistical significance for all testing was
accepted at P < 0.05.

RESULTS
Weight gain throughout the time course studied was
comparable between the no-surgery control and
transection surgery groups and both groups consumed
equivalent energy per kilogram per day. There was no
evidence of diarrhea or steatorrhea in any piglets in
the transaction group and they were considered to be
clinically well.

A tissue-specific pattern of inflammation occurs
following transaction surgery

Microbial composition is significantly altered following
transaction surgery

Disturbances of the gut microbial community are
[29]
closely linked to inflammation , therefore given the
detected bacterial dysbiosis in the transection surgery
model we next examined changes in the mucosal
gene expression of key inflammatory cytokines within
the ileum, terminal ileum and colon (Figure 1). Within
the ileum, a decrease in interleukin 6 (IL6) gene
expression followed surgery (P = 0.0383; Figure 1A).
In the terminal ileum, gene expression of the proinflammatory cytokine tumor necrosis factor (TNF) was
decreased (P = 0.0072), and interleukin 18 (IL18) and
interleukin 12 (IL12) gene expression was increased
following surgery when compared with controls (P
= 0.0123 and P = 0.0430 respectively; Figure 1B).
Gene expression of the anti-inflammatory cytokine
interleukin 10 (IL10) was increased in terminal ileum

High throughput DNA sequencing was used to detect
disturbances in microbial composition following
transection surgery. Diversity and richness estimates
were calculated for the control and transection surgery
groups. The Chao 1 calculation is an estimator of
phylotype richness in a dataset and the Shannon
index of diversity reflects both the richness and the
community evenness (i.e., proportional phylotype
[28]
abundance) . The overall alpha diversity of the
colonic microbiota was unchanged following surgery as
calculated by either the Chao 1 richness estimate (905
+ 41 vs 892 ± 123) or the Shannon’s index for diversity
(6.9 ± 0.2 vs 6.5 ± 0.6), and there was no difference in
the number of observed species.
16S rRNA sequence data obtained from colonic
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Table 2 Relative abundance of bacterial species at the family level in colonic content samples obtained from no-surgery control
animals (n = 6) or animals who have undergone a transaction surgery (n = 5)
Phylum level
Proteobacteria

Bacteriodetes

Firmicutes

Actinobacteria
Fusobacteria
Spirochaetes
Other

Family level

Control (Rel. Abundance)

Enterobacteriaceae
Desulfovibrionaceae
Moraxellaceae
Pseudoalteromonadaceae
Vibrionaceae
Rikenallaceae
Porphyromonadaceae
Prevotellaceae
Bacteroidaceae
Ruminococcaceae
Veillonellaceae
Lachnospiraceae
Peptostreptococcaceae
Erysipeolotrichales Incertae Sedis
Clostridiaceae
Lactobacillaceae
Streptococcaceae
Micrococcinea
Fusobacteriaceae
Spirochaetaceae

22.95 + 5.27
2.89 + 1.26
0.69 + 0.55
0.55 + 0.43
0.52 + 0.37
6.00 + 1.87
2.33 + 0.76
2.76 + 0.39
2.54 + 0.56
19.97 + 2.01
14.19 + 4.12
7.63 + 2.31
3.19 + 1.06
1.78 + 0.61
1.45 + 0.35
1.09 + 0.45
0.13 + 0.06
0.07 + 0.07
0.98 + 0.44
1.83 + 1.15
6.49 + 1.09

Transection (Rel. Abundance)
a

2.07 + 0.72
2.95 + 1.16
8.81 + 8.72
1.42 + 1.42
6.03 + 5.91
3.70 + 1.31
4.50 + 1.78
8.05 + 2.60
0.86 + 0.43a
15.26 + 4.71
22.40 + 7.73
6.19 + 2.00
1.52 + 1.08
1.03 + 0.53
0.73 + 0.36
1.58 + 0.83
1.56 + 1.54
1.54 + 1.54
3.85 + 3.09
0.09 + 0.08
5.84 + 1.41

P value
0.0104
0.9716
0.4501
0.5844
0.4038
0.3416
0.3080
0.1105
0.0432
0.3962
0.3834
0.6475
0.2991
0.3809
0.1843
0.6197
0.4056
0.3926
0.4079
0.1898
0.7245

Data are expressed as mean + SEM (%). aP < 0.05 vs control. Bacterial species whose relative abundance was < 1% in both the control and transaction
surgery group are compiled within the “other” category. Significant changes in bacteria whose relative abundance was < 1% are detailed within the text.

Table 3 Relative abundance of bacterial species at the genus level in colonic content samples obtained from no-surgery control
animals (n = 6) or animals who have undergone a transaction surgery (n = 5)
Phylum
Proteobacteria

Bacteriodetes

Firmicutes

Actinobacteria
Fusobacteria
Spirochaetes
Uncult. Clone

Genus level

Control (Rel. Abundance)

Transection (Rel. Abundance)

P value

Members of the Enterobacteriaceae
Desulfovibrio
Bilophila
Psychrobacter
Vibrio
Pseudoalteromonas
Alistipes
Prevotella
Bacteroides
Parabacteroides
Lachnospitaceae Incertae sedis
Megasphaera
Phascolartobacterium
Rumminococcaceae Incertae sedis
peptostreptococcaceae incertae sedis
Subdoligranulum
Acidaminococcus
Erysipelotrichales incertae sedis
Lactobacillus
Clostridium
Anaerotruncus
Oribacterium
Lactococcus
Mitsuokella
Microccoccaceae
Fusobacterium
Treponema
EU774397
AF371921
AF371920

29.20 + 6.74
2.08 + 0.68
1.48 + 0.81
0.90 + 0.72
0.62 + 0.46
0.15 + 0.12
4.82 + 1.73
3.61 + 0.59
3.25 + 0.71
2.88 + 0.65
2.50 + 1.02
9.71 + 3.87
4.07 + 1.00
2.94 + 0.71
2.79 + 1.23
2.49 + 0.99
2.40 + 0.71
2.28 + 0.77
1.96 + 0.74
1.86 + 0.45
2.23 + 0.71
0.63 + 0.25
0.06 + 0.06
0.05 + 0.05
0.07 + 0.07
1.27 + 0.60
2.29 + 1.44
1.43 + 0.73
1.43 + 0.47
0.24 + 0.14
8.05 + 0.69

2.88 + 1.08a
2.74 + 0.78
1.13 + 0.95
9.13 + 9.01
5.89 + 5.70
1.47 + 1.47
0.18 + 0.13a
11.11 + 3.68
1.24 + 0.63
5.59 + 2.41
1.10 + 0.47
14.18 + 4.01
6.90 + 1.89
1.78 + 0.47
1.80 + 1.49
1.28 + 0.57
3.53 + 1.82
1.48 + 0.78
2.15 + 1.16
1.05 + 0.52
0.97 + 0.31
1.88 + 0.88
1.60 + 1.58
1.90 + 1.82
1.38 + 1.38
5.43 + 4.39
0.13 + 0.11
0.05 + 0.05
2.18 + 0.99
1.11 + 0.79
6.66 + 1.21

0.0108
0.5389
0.7847
0.4136
0.4105
0.4192
0.0441
0.1110
0.0625
0.3313
0.2548
0.4434
0.2330
0.2106
0.6208
0.3264
0.5866
0.4859
0.8958
0.2732
0.1501
0.2341
0.3860
0.3664
0.3959
0.3986
0.1951
0.1178
0.5217
0.3315
0.3549

Other

Data are expressed as mean + SEM (%). aP < 0.05 vs control. Bacterial species whose relative abundance was < 1% in both the control and transaction
surgery group are compiled within the “other” category. Significant changes in bacteria whose relative abundance was < 1% are detailed within the text.
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plays a key role in the development and fine-tuning of
[11]
the intestinal immune responses , it is essential to
detail the effect of minor abdominal surgery performed
during the infant period, on the major microbial
community and associated inflammation.
Our current study details alterations in the colonic
microbial community in response to abdominal surgery.
We chose to focus on the colonic microbiota as (1) the
colonic microbial community represents the largest,
and most widely studied microbial community in both
health and disease states; and (2) any alterations to
the colonic microbial community are likely to influence
the immune response via interactions with the gutassociated lymphoid tissue. In the current study, whilst
there was no observed effect on the overall richness or
diversity of the colonic microbiota, there were alterations
in specific bacterial genera that are likely to be of
clinical relevance. Similarly, studies of irritable bowel
syndrome also describe significant associations between
quantitative differences in specific bacterial components
[30,31]
of the gut microbiome and disease symptoms
in the face of unchanged overall microbial diversity.
In particular, we observed alterations only within the
Proteobacteria and Bacteriodetes phylum and report
reductions in the relative abundance of family level
members Enterobacteriacceae, Rhodaspirillaceae
and Bacteroidaceae and genus level reductions in
the relative abundance of Enterobacteriaceae, Thalas
sospira, Alistipes and Bacteroides following transection
surgery.
The reduction in the relative abundance of Bacte
roides sp. is of particular clinical relevance as, in early
life, the intestinal microbiota of healthy infants displays
[32]
a large abundance of Bacteriodes sp. . Bacteroides
sp. play a fundamental role in host metabolic pro
[33]
cesses
and prevents the colonisation of the gut
[34]
by potential pathogens . Depletions in Bacteroides
species are observed in children with inflammatory
[35]
conditions including IgE mediated food allergy
[36]
and inflammatory bowel disease . Furthermore,
Bacteroides is postulated to play a crucial role in the
development of gastrointestinal-associated lymphoid
tissues and in the modulation of T-helper Th1/Th2/
[37]
T-regulatory balance . Therefore reduction in relative
abundance of Bacteroides in the gut following intestinal
transaction surgery may, at least in-part, explain the
observed increase in IL12 and IL18 gene expression
within the terminal ileum. IL12 and IL18 form a link
between innate resistance and adaptive immunity and
may be produced by a wide range of immune cells in
[38]
response to bacteria and bacterial products .
Interestingly, we observed markers of an active
gut inflammatory response at two weeks post-surgery
that was not limited to the area within the immediate
proximity of the intestinal transection and re-anasto
mosis. Specifically, we observed increased gene
expression of IL12 and IL10 in both terminal ileum and
colon, and increased IL18 and decreased TNF gene
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Figure 1 Relative gene expression of pro- and anti-inflammatory
cytokines in (A) ileum, (B) terminal ileum and (C) colon from no-surgery
control and transection surgery groups. Mean ± SEM. aP < 0.05, bP < 0.01
vs control.

samples from the surgery group when compared with
controls (P = 0.0054). Similar to the terminal ileum
IL12 and IL10 gene expression was increased within
the colon following surgery (P = 0.0055 and P = 0.0001
respectively; Figure 1C).

DISCUSSION
Immediately after birth, the newborn gut environment
is colonized by facultative anaerobic bacteria such as
[11]
Enterobacteriaceae and Streptococcaceae . These
bacteria gradually consume the oxygen in the intestine
and produce new metabolites, preparing the intestinal
environment for the establishment of a strict anaerobic
population dominated by Bifidobacterium, Clostridium
and Bacteroides sp., genera that may contribute to
[11]
neonatal gut maturation . However, medical and
surgical interventions required during infancy, including
abdominal surgery, have the potential to modify the
microbiome. As, microbial colonization of the infant gut
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expression in terminal ileum. Whilst it is not possible
to ascertain the underlying mechanism responsible for
the wide-spread increase in inflammatory mediators
observed in our juvenile pig model, we postulate
surgery-related alterations in the small intestine micro
biota may influence inflammatory marker expression
within the ileum and terminal ileum. Alternatively,
surgery-related factors including bowel handling
could have contributed to the inflammatory response
observed. However, bowel handling has been reported
[39,40]
to induce TNF, IL6 and IL1B production
, cytokines
that remained unchanged or were decreased in this
study (Figure 1).
Early colonization of the infant gut is increasingly
recognized as impacting on health due to the influence
of resident microbes on nutritional, immunological
and physiological functions. However, medical and
surgical interventions required during infancy, including
abdominal surgery, have the potential to modify
the microbiome, sometimes permanently. We have
described microbial dysbiosis within the Proteobacteria
and Bacteriodetes phylum and increased gut inflam
matory cytokines following surgery in a juvenile pig
model. This is the first study examining changes in the
gut microbiome and in gut inflammation that occur
following transaction surgery in infancy and provides
new insights into potential long-term consequences of
abdominal surgery in infancy.

impact of minor abdominal surgery on the colonic microbial population using
a juvenile pig model of intestinal transaction surgery. The authors observed
reduced abundance of family and genus level members of the Proteobacteria
and Bacteriodetes phylum, concurrent with unresolved gastrointestinal
inflammation within the ileum, terminal ileum and colon. Importantly, this study
provides new insights into potential long-term consequences of abdominal
surgery in infancy.
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Abstract
AIM: To compare Institut Georges Lopez (IGL-1) and
Celsior preservation solutions for hepatic endothelium
relaxation and liver cold ischemia reperfusion injury
(IRI).
METHODS: Two experimental models were used.
In the first one, acetylcholine-induced endotheliumdependent relaxation (EDR) was measured in isolated
ring preparations of rat hepatic arteries preserved
or not in IGL-1 or Celsior solutions (24 h at 4 ℃). To
determine nitric oxide (NO) and cyclooxygenase EDR,
hepatic arteries were incubated with L-NG-nitroarginine
methyl ester (L-NAME), an inhibitor of endothelium
nitric oxide synthase (eNOS), or with L-NAME plus
indomethacin, an inhibitor of cyclooxygenase. In the
second experiment, rat livers were cold-stored in IGL-1
or Celsior solutions for 24 h at 4 ℃ and then perfused
“ex vivo ” for 2 h at 37 ℃. Liver injury was assessed
by transaminase measurements, liver function by
bile production and bromosulfophthalein clearance,
oxidative stress by malondialdehyde levels and catalase
activity and alterations in cell signaling pathways by
pAkt, pAMPK, eNOS and MAPKs proteins level.
RESULTS: After cold storage for 24 h with either
Celsior or IGL-1, EDR was only slightly altered. In
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freshly isolated arteries, EDR was exclusively mediated
by NO. However, cold-stored arteries showed NOand COX-dependent relaxation. The decrease in
NO-dependent relaxation after cold storage was
significantly more marked with Celsior. The second
study indicated that IGL-1 solution obtained better liver
preservation and protection against IRI than Celsior.
Liver injury was reduced, function was improved and
there was less oxidative stress. IGL-1 solution activated
Akt and AMPK, which was concomitant with increased
eNOS expression and nitrite/nitrate levels. Furthermore,
MAPKs kinases were regulated in livers preserved with
IGL-1 solution since reductions in p-p38, p-ERK and
p-JNK protein levels were observed.

the main biochemical changes of cold ischemia are ATP
depletion, inhibition of oxidative metabolism, alteration
of ionic homeostasis and increased acidosis due to
[4]
anaerobic glycolysis . These biochemical changes
result in the establishment of a number of processes
that will be amplified during the reperfusion phase.
Providing optimal organ preservation remains
an important way to ensure the quality of the
transplanted organ. The University of Wisconsin (UW)
solution is the standard liquid for the procurement
[4-6]
of abdominal organs and their static cold storage .
Celsior preservation solution, originally used for
[7-9]
cardioplegia
, has demonstrated its safety and
[10]
effectiveness for cold preservation of the lungs ,
[11]
[12]
[13,14]
liver , kidneys
and pancreas
in different
clinical studies and is now widely used in European
countries. It is a colloid-free extracellular-type solution
containing high molecular weight impermeants
(lactobionic acid and mannitol), free radical scavengers
(reduced glutathione) and an energy precursor
(glutamic acid). Histidine is added in order to buffer
intracellular acidosis and contributes to preventing
calcium overload. Studies suggest that the benefits of
this solution are due to its low viscosity, which results
in better flushing of the biliary tree and of the hepatic
[11,15]
vasculature during graft procurement
.
Institut Georges Lopez-1 (IGL-1) preservation
solution was designed following the same specifications
as the UW solution; however, it is characterized by
the inversion of K+ and Na+ concentrations and the
replacement of hydroxyethyl starch by a high molecular
[16]
weight polyethylene glycol of 35 kDa (PEG35) . It has
demonstrated its effectiveness for cold preservation
[17]
[18]
[19]
[20]
of kidney , intestine , liver
and pancreas
in
experimental and clinical settings. The benefits of IGL-1
are due, in part, to its capacity to increase nitric oxide
(NO) levels, thus protecting the liver against IRI and
[21]
mitigating the alterations to hepatic microcirculation .
In an experimental model of rat liver transplantation, it
was recently observed that IGL-1 reduced endoplasmic
[22]
reticulum stress and apoptosis . Therefore, the use
of IGL-1 solution may offer certain advantages for
attenuating injury associated with liver transplantation.
Although several comparative studies of preser
vation solutions have evaluated the benefits and
disadvantages of each solution in animal experimental
[6,12,23]
models and randomized controlled trials
, no
direct head-to-head comparison of IGL-I and Celsior
has been reported to date.
The purpose of this study was therefore to compare
the protective effects of Celsior and IGL-1 solutions
against IRI and to study their effects on endotheliumdependent relaxation (EDR).

CONCLUSION: IGL-1 solution preserved NO-depen
dent relaxation better than Celsior storage solution and
enhanced liver graft preservation.
Key words: Organ preservation solutions; Institut
Georges Lopez solution; Celsior; Reperfusion injury;
Endothelium-dependent relaxing factors; Nitric oxide
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Vascular endothelium dysfunction plays an
important role in various pathophysiological conditions.
Protection of the vascular endothelium is a critical
factor in organ preservation. This evaluation of the
endothelium-dependent relaxation of rat hepatic artery
after preservation in Celsior and Institut Georges
Lopez (IGL-1) solutions provides the first head-to-head
comparison of these two storage solutions. Our results
show that cold storage of the hepatic artery with IGL-1
preserves nitric oxide-dependent endothelium-mediated
relaxation better than cold storage with Celsior solution.
In addition, we provide evidence that IGL-1 is more
efficient than Celsior for liver preservation using an
isolated perfused rat liver model.
Tabka D, Bejaoui M, Javellaud J, Roselló-Catafau J, Achard JM,
Abdennebi HB. Effects of Institut Georges Lopez-1 and Celsior
preservation solutions on liver graft injury. World J Gastroenterol
2015; 21(14): 4159-4168 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i14/4159.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4159

INTRODUCTION
During transplantation, all organs are exposed to
ischemia reperfusion injury (IRI). These lesions
are related to hypothermia and hypoxia during ex
vivo preservation of the graft and to the rewarming
[1-3]
associated with reoxygenation during reperfusion .
Throughout preservation, tissues are exposed to cold
and deprived of oxygen and nutrients, leading to the
accumulation of metabolic waste. At the cellular level,
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MATERIALS AND METHODS
Animal care and use statement

Male Sprague-Dawley rats weighing 250-300 g were
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rubbing the endothelial surface of the vessels with the
intact endothelium.
To determine EDR, hepatic artery rings were
maximally pre-contracted with phenylephrine (Phe
-6
10 mol/L, Sigma) before cumulative application of
-9
-6
acetylcholine (ACh 10 to 3 × 10 mol/L, Sigma).
Relaxation activity was evaluated as the effective
concentration of ACh producing 50% relaxation of precontracted rings (EC50).
To study the respective contribution of endothelial
nitric oxide synthase (eNOS) and cyclooxygenase
(COX) to vessel relaxation, ACh-induced relaxation
curves were constructed with artery rings pretreated
either with L-NG-nitroarginine methyl ester (L-NAME
-4
10 mol/L, Sigma), an inhibitor of eNOS, or with the
-4
combination of L-NAME and indomethacin (10 mol/L,
Sigma), a cyclooxygenase inhibitor.

Table 1 Composition of Institut Georges Lopez-1 and Celsior
preservation solutions
Components
K+ (mmol/L)
Na+ (mmol/L)
Mg2+ (mmol/L)
Ca2+ (mmol/L)
Cl- (mmol/L)
SO42- (mmol/L)
Diphosphate (mmol/L)
Histidine (mmol/L)
Raffinose (mmol/L)
Lactobionic acid (mmol/L)
Mannitol (mmol/L)
Polyethylene glycol-35 (g/L)
Reduced glutathione (mmol/L)
Allopurinol (mmol/L)
Adenosine (mmol/L)
Glutamic acid (mmol/L)
pH (room T°)

IGL-1

Celsior

25
125
5
5
25
30
100
1
3
1
5
7.3 ± 0.1

15
100
13
0.25
40
30
80
60
3
20
7.3 ± 0.1

Effect of Celsior and IGL-1 cold storage solutions on
liver preservation

IGL-1: Institut Georges Lopez-1.

The rats were anesthetized with intraperitoneal
administration of urethane (1.5 g/kg). The surgical
[21]
procedure was performed as previously reported .
Briefly, after laparotomy, a catheter was inserted into
the common bile duct for bile collection and the aorta,
vena cava and portal vein were dissected. Organs
were washed out with Celsior (n = 6) or IGL-1 (n =
6) storage solution and then excised and trimmed of
adhering tissue. Livers were stored in a small container
with 50 mL of either solution for 24 h at 4 ℃. Livers of
the control group (n = 6) were flushed with Ringer’s
lactate and immediately perfused ex vivo without cold
ischemic storage.
Before ex vivo reperfusion, all the livers were
exposed to 20 min ischemia at room temperature (in
order to simulate the rewarming period during surgical
implantation in vivo) and then flushed with 10 mL of
Ringer’s lactate solution. Effluent liquid was sampled
for measurement of cumulative transaminases after
prolonged ischemia. Livers were then connected via
the portal vein to a recirculating perfusion system for
120 min at 37 ℃. The reperfusion liquid (140 mL) was
KBB enriched with 5% albumin (Sigma). The buffer
was continuously gassed with a 95% O2 and 5% CO2
gas mixture and subsequently passed through a heat
exchanger (37 ℃) and bubble trap prior to entering
the liver. At the end of the normothermic reperfusion,
the effluent fluid and tissue specimens were collected
for examination.

used. They were acclimatized to laboratory conditions
(23 ℃, 12 h/12 h light/dark, 50% humidity, ad
libitum access to food and water) for 2 wk prior to
experimentation. All experiments were in accordance
with guidelines for the ethical care of experimental
animals of the European Community and were
approved by the Regional Ethics Committee for Animal
Experimentation of Limousin (CREEAL) (authorization
No. 33). Two studies were conducted with different
experimental models: hepatic artery rings in the first
and isolated perfused rat liver (IPRL) in the second.

Effect of Celsior and IGL-1 cold storage solutions on
endothelium relaxation

The tissue preparation procedure was performed as
[24]
previously reported . Briefly, rats were anesthetized
with isoflurane inhalation and then underwent
laparotomy. The hepatic artery was exposed and
cleaned of adhering fat and connective tissues. After
sacrificing the rat, the hepatic artery was cut and
stored in Celsior (n = 11) or IGL-1 (n = 11) storage
solutions at 4 ℃ for 24 h (composition in Table 1) and
then suspended in the organ bath. Hepatic artery
rings from the control group (n = 12) were suspended
immediately in the organ bath without cold storage.
Vasomotor responses were assessed as previously
[24]
described . The hepatic arteries were cut in rings of
2-3 mm in length and were then maintained between
two stainless steel wires (100 μm) connected to an
isometric force transducer (Powerlab, AD Instruments).
The rings were placed in an organ bath (9 mL,
37 ℃) filled with gassed (95% O2 - 5% CO2) Krebs
Bicarbonate Buffer (KBB, pH 7.4) (VWR, France).
Tissues were stretched to their optimum tension of 0.75
g and equilibrated and then washed with fresh KBB at
20 min intervals for 60 min. Care was taken to avoid
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Transaminase assay

The extent of hepatic injury after cold preservation and
reperfusion periods was assessed in terms of activities
of alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) in perfusate. Enzyme activities
were determined at 340 nm with an UV-visible
spectrometer using a commercialized kit (bioMérieux,
France).
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Western blotting analysis

20
0

Frozen tissue was homogenized as previously des
[25]
cribed . Equal amounts of protein were suspended
in Laemmli buffer and loaded on SDS-PAGE gel,
then transferred to PVDF membranes. Membranes
were immunoblotted using the following antibodies:
eNOS (Transduction Laboratories, Lexington, KY,
United States), β-actin (Sigma Chemical, St. Louis,
MO, United States), total and phosphorylated protein
kinase B (AKT), mitogen-activated protein kinase
(MAPK) p38, extracellular signal-regulated kinases
(ERK) and c-Jun N-terminal kinase (JNK), total and
phosphorylated AMP activated protein kinase (AMPK)
(Cell Signaling, Beverly, MA, United States). Proteins
were visualized on X-ray film via chemiluminescence
(Bio-Rad Laboratories, Hercules, CA, United States)
and quantified by scanning densitometry.

Control
Celsior

Relaxation (%)

-20

IGL-1

-40
-60
-80
-100
-9.0

Emax (%)
EC50 (M)

-8.5

-8.0

-7.5
-7.0 -6.5
Acetylcholine (logM)

-6.0

-5.5

-5.0

Control
IGL-1
Celsior
98.1 ± 0.6
98.0 ± 0.7
95.0 ± 2.4
-8
-8
-8a
(1.8 ± 0.2) × 10 (4.2 ± 0.9) × 10 (4.8 ± 0.7) × 10

Statistical analysis

Results were expressed as mean ± SEM and were
evaluated by one-way ANOVA followed by the
Newman-Keuls test for multiple comparisons (Graph
Pad Prism software version 4 for Windows). Statistical
significance was defined as a P < 0.05.

Figure 1 Concentration-response curve for acetylcholine in rat hepatic
arterial rings pre-contracted with phenylephrine: maximal effect (Emax)
and EC50 values. Control (n = 12): hepatic artery rings were reoxygenated in
the organ bath without cold storage. IGL-1 (n = 11): hepatic artery rings were
reoxygenated in the organ bath after cold preservation in IGL-1 solution. Celsior
(n = 11): hepatic artery rings were reoxygenated in the organ bath after cold
preservation in Celsior solution. Values are means ± SD. aP < 0.05 vs Control.
IGL-1: Institut Georges Lopez-1.

RESULTS
Effect of Celsior and IGL-1 cold storage solutions on
endothelium relaxation

Hepatic clearance

EDR of hepatic artery rings stored in Celsior and
IGL-1 liquids was compared with that of freshly
isolated arteries (Figure 1). No statistical differences
between the experimental groups were found for ACh
relaxation (Emax). However, the curves of both coldstored groups were shifted to the right with regard
to the control group and the relaxation activity was
significantly decreased in the Celsior group [EC50 =
-8
-8
(4.8 ± 0.7) × 10 vs (1.8 ± 0.2) × 10 for control and
Celsior groups respectively, P < 0.05].
The artery rings were incubated with L-NAME in
order to evaluate the role of eNOS pathway in vessel
relaxation after cold storage. As shown in Figure 2A,
EDR was almost completely inhibited in the control
group after incubation with L-NAME, evidencing that,
in freshly isolated hepatic arteries, the endotheliumdependent relaxation was virtually exclusively NOdependent. A small relaxation was still observed in the
IGL-1 group, with no significant difference compared
to controls. However, hepatic artery rings preserved
in Celsior solution showed greater relaxation than in
the other groups (P < 0.05). Moreover, the incubation
of cold-stored hepatic arteries in the presence of both
L-NAME and indomethacin (Figure 2B) completely
abolished the relaxation induced by ACh.

Hepatic clearance was performed as previously
[21]
reported . Briefly, 1 mg of bromosulfophthalein (BSP,
Sigma) was added to the perfusate after 30 min of
normothermic perfusion. BSP clearance in bile was
measured at 580 nm and expressed as percentage of
perfusate content.

Bile flow

Bile production was monitored during reperfusion via
cannulation of the bile duct and collection of bile. Bile
output was reported as μL/g of liver.

Malondialdehyde assay

Lipid peroxidation was used as an indirect indicator
of the oxidative injury induced by reactive oxygen
species. It was assessed by determination of malon
dialdehyde (MDA) with the thiobarbiturate reaction.

Catalase activity assay

Catalase activity was measured by the amount of
hydrogen peroxide split by catalase in 5, 10, 15, 20,
25 and 30 s at 25 ℃. The reaction was started by
addition of the liver supernatant and assayed at 240
nm using a UV-visible spectrometer.

Effect of Celsior and IGL-1 cold storage solutions on
liver preservation

Determination of nitrate and nitrite

Nitrate and nitrite levels in the liver tissue were
determined by the Greiss reaction using a colorimetric
assay kit (Cayman Chemical, United States).
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The livers preserved in the IGL-1 released significantly
lower levels of AST and ALT than those preserved in
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Figure 2 Concentration-response curves for acetylcholine in rat hepatic arterial rings precontracted with phenylephrine in presence of L-NAME (A) and
after pretreatment with L-NAME + indomethacin (B). Control (n = 12): hepatic artery rings were reoxygenated in the organ bath without cold storage and pretreated
with L-NAME. IGL-1 (n = 11): hepatic artery rings were reoxygenated in the organ bath after cold preservation in IGL-1 solution and pretreatment. Celsior (n = 11):
hepatic artery rings were reoxygenated in the organ bath after cold preservation in Celsior solution and pretreatment. aP < 0.05 vs Control + L-NAME, cP < 0.05 vs
IGL-1 + L-NAME. IGL-1: Institut Georges Lopez-1.

A

B

120

c

45

c
90
ALT (U/L)
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Figure 3 Alanine aminotransferase and aspartate aminotransferase activities in flushing effluent after 24 h of ischemic cold preservation (A, B) and after
2 h of normothermic reperfusion (C, D). Control (n = 6): livers were flushed and perfused ex vivo without cold storage. IGL-1 (n = 6): livers were preserved in IGL-1
solution at 4 ℃ for 24 h. Celsior (n = 6): livers were preserved in Celsior solution at 4 ℃ for 24 h. aP < 0.05 vs Control, cP < 0.05 vs IGL-1. IGL-1: Institut Georges
Lopez-1.

the Celsior solution after 24 h of cold ischemia (Figure
3A and B) and after 2 h of normothermic reperfusion
(Figure 3C and D). Liver function was assessed by the
measurement of bile production and BSP clearance. As
indicated in Figure 4A and B, both bile flow and BSP
clearance were significantly higher in the IGL-1 group
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than in the Celsior group.
In order to evaluate the effect of preservation
solutions on oxidative stress, we measured MDA
levels (Figure 4C) and catalase activity (Figure 4D).
We found a significant reduction in MDA in liver
preserved in IGL-1 solution when compared to Celsior.
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Figure 4 Liver function expressed as bile flow (A) and bromosulfophthalein clearance (B) and oxidative stress expressed as hepatic malondialdehyde
concentration (C) and catalase activity (D) after 2 h of normothermic reperfusion. Control (n = 6): livers were flushed and perfused ex vivo without cold storage.
IGL-1 (n = 6): livers were preserved in IGL-1 solution at 4 ℃ for 24 h. Celsior (n = 6): livers were preserved in Celsior solution at 4 ℃ for 24 h. aP < 0.05 vs Control, cP
< 0.05 vs IGL-1. IGL-1: Institut Georges Lopez-1.

Livers preserved in IGL-1 solution also showed higher
catalase activity after normothermic perfusion than
those preserved in Celsior solution.
The role of NO after cold storage was evaluated
by the phosphorylation status of AMPK (Figure 5A)
and AKT (Figure 5B) and their target protein eNOS
(Figure 5C) after cold preservation and reperfusion.
The use of IGL-1 solution significantly increased
the phosphorylation of AMPK and AKT. This was
concomitant with eNOS activation and increased NO
production, as evidenced by the higher concentrations
of nitrites and nitrates in tissues (Figure 5D).
We also examined whether the MAPKs kinase
signaling pathway was activated after liver cold
preservation and reperfusion. As shown in Figure
6, we found that the levels of phosphorylated JNK,
ERK and p38 MAPK were significantly higher in the
Celsior group than in the control and IGL-1 groups. No
statistical differences were observed between IGL-1
and control groups.

mechanism is based on three effectors: NO, prostanoids
derived from COX and EDHF, whose exact nature has
[29]
not been fully elucidated . Current data show that the
endothelium is significantly damaged in stored tissues.
[30]
Jeng et al
showed that cold preservation of human
hepatic artery in UW solution, even for a short period,
attenuated the EDR and maintained the hypoxiainduced contraction, suggesting an increased risk
of vasospasm and thrombosis. A more recent study
comparing eight preservation solutions, not including
IGL-1, evidenced altered endothelial structure and
function after exposure to a combination of warm and
[31]
cold ischemia . Our results indicate that, after cold
storage for 24 h with either Celsior or IGL-1, EDR was
only slightly altered. Emax was not affected and the
concentration-response curves of cold-stored hepatic
arterial segments with both preservation solutions were
shifted only slightly to the right. The small increase in
the EC50 was only significant for Celsior preservation in
comparison with the freshly isolated control arteries.
Interestingly, the analysis of the effect of NO and COX
inhibition revealed substantial differences. Whereas in
freshly isolated arteries EDR was virtually abolished
after incubation with L-NAME, indicating that the
relaxation was exclusively NO-dependent, cold-stored
arteries were still relaxed following NO inhibition.
This remaining relaxation was completely blunted
with indomethacin pre-incubation, suggesting that
cold storage was responsible for the decrease in NO-

DISCUSSION
Vascular endothelium dysfunction plays an important
role in various pathophysiological conditions. Protection
of the vascular endothelium is a critical factor in
[26-28]
organ preservation
. In the present study, we
aimed to evaluate the EDR of rat hepatic artery after
preservation in Celsior and IGL-1 solutions. The EDR
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Figure 5 Phosphorylated AMP activated protein kinase (A) and AKT levels (B) and endothelial nitric oxide synthase protein (C) levels and nitrate and nitrite
contents (D) in liver tissues after 2 h of warm reperfusion. The upper panels show one representative blot of three independent experiments and the lower panels
show densitometric evaluation of the protein blot. Control (n = 6): livers were flushed and perfused ex vivo without cold storage. IGL-1 (n = 6): livers were preserved
in IGL-1 solution at 4 ℃ for 24 h. Celsior (n = 6): livers were preserved in Celsior solution at 4 ℃ for 24 h. aP < 0.05 vs Control, cP < 0.05 vs IGL-1. IGL-1: Institut
Georges Lopez-1.

dependent relaxation and for the recruitment of a
compensatory induction of COX-dependent relaxation.
The molecular mechanisms involved in the reciprocal
regulation of COX and NOS enzymes are complex
[32]
and still not fully understood . It has been reported
that the increased production of the vasodilating
prostaglandin I2 (PGI2) by COX is caused by the NOS
inhibitor L-NAME, indicating that low concentrations
of NO are necessary to induce the production of
[33]
prostacyclin. Gambone et al
have proposed that
this interaction between PGI2 and NO may represent
a compensatory mechanism allowing an increase in
one of these agents when the concentration of the
other one decreases. Our data emphasize reduced NO
production rather than elevated prostacyclin production
in hepatic arteries undergoing 24 h of cold storage.
This compensatory mechanism likely explains why
the final result of acetylcholine stimulation relaxation
(Emax) is similar in freshly isolated and cold-stored
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hepatic artery rings.
As regards the comparison of the two preservation
solutions, our most salient finding is that, whereas the
prostacyclin-mediated relaxation accounted for 50% of
the maximal relaxation in arteries stored with Celsior,
it accounted for significantly less (20%) after storage
with IGL-1. In other words, 50% of NO-dependent
relaxation was lost after storage with Celsior, whereas
80% of the NO-dependent relaxation of hepatic
arteries was preserved after storage with IGL-1.
The future success of liver transplantation will
depend on achieving marked improvements in graft
[6,34]
quality and preservation techniques
. Static cold
storage is the most commonly applied method for
liver grafts. Preservation solutions play a crucial role in
maintaining graft viability and in improving outcomes
[35]
after transplantation . In the second part of this
study, we compared the effects of Celsior and IGL-1
solutions on liver cold preservation and demonstrated
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A

that IGL-1 solution was more efficient in preventing
cold IRI. This effective protection was concomitant with
the prevention of oxidative stress and the subsequent
improvement in the hepatic function, reflected by bile
production and BSP clearance.
It is well known that sinusoidal endothelial cells
[27]
cannot tolerate prolonged cold ischemia . Endothelial
dysfunction is commonly associated with a decrease
in eNOS-derived NO bioavailability, leading to the
[36]
initiation of liver reperfusion injury . It is now agreed
that eNOS activation protects against cold ischemia
[28]
by the subsequent release of NO . One intracellular
route that mediates the activation of eNOS in ischemic
[37,38]
liver is the Akt-eNOS pathway
. Moreover, AMPK,
an enzyme that senses the cellular energy balance
and regulates downstream signaling pathways, has
been shown to activate eNOS and increase NO release
[39]
in rat liver after cold preservation . AMPK activation
is known to limit endothelial dysfunction after cold
[40,41]
preservation and protect against IRI
. Our
results show a significant increase in Akt and AMPK
phosphorylation, concomitant with improvements in
eNOS and nitrite and nitrate levels in livers stored in
IGL-1 solution when compared to Celsior solution.
This may demonstrate the ability of IGL-1 solution to
prevent endothelial dysfunction through the activation
of eNOS by both AMPK and AKT.
The renewed interest in organ preservation has
resulted in the recognition of new mechanisms
involved in graft cytoprotection and viability. In the last
part of this study, we investigated the repercussion
of cold preservation of livers with Celsior and IGL-1
solutions on MAPKs. The MAPK superfamily represents
a group of proteins (pP38, pJNK and pERK) that are
known to be important mediators of cold ischemiarelated events. It has been reported that MAPKs are
activated after cold preservation and contribute to liver
[42,43]
apoptosis and necrosis
. The use of IGL-1 seems to
minimize the harmful effects of cold storage, as shown
by the lower levels of phosphorylated p38, JNK and
ERK when compared to Celsior group.
In conclusion, this study shows that cold storage
of hepatic artery with IGL-1 preserves NO-dependent
endothelium-mediated relaxation better than storage
with Celsior. In addition, we provide evidence
that IGL-1 is more efficient than Celsior for liver
preservation.
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Figure 6 Phosphorylated c-Jun N-terminal kinase protein (A), ERK protein
(B) and p38 protein (C) levels after two hours of normothermic reperfusion.
The upper panels show one representative blot of three independent
experiments and the lower panels show densitometric evaluation of the protein
blot. Control (n = 6): livers were flushed and perfused ex vivo without cold
storage. IGL-1 (n = 6): livers were preserved in IGL-1 solution at 4 ℃ for 24 h.
Celsior (n = 6): livers were preserved in Celsior solution at 4 ℃ for 24 h. aP < 0.05
vs Control, cP < 0.05 vs IGL-1. IGL-1: Institut Georges Lopez-1.
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Background

Organ preservation solutions maintain graft viability until the transplantation of
the organ. Providing optimal organ preservation remains an important way to
ensure the quality of the transplanted organ.

Research frontiers

Celsior preservation solution, which was originally used for cardioplegia, has
proved its safety and effectiveness for cold preservation of the lungs, liver,
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kidneys and pancreas in different clinical studies and is now widely used in
European countries. Institut Georges Lopez (IGL-1) preservation solution
has proved its effectiveness for cold preservation of kidney, intestine, liver
and pancreas in clinical settings. Its benefits are due, in part, to its capacity
to increase the levels of nitric oxide (NO), thus protecting the liver against
I/R injury and mitigating the alterations to hepatic microcirculation. Vascular
endothelium dysfunction plays an important role in various pathophysiological
conditions. Protection of the vascular endothelium is a critical factor in organ
preservation. In this study, the authors demonstrate that IGL-1 solution
preserved NO-dependent relaxation better than Celsior storage solution and
enhanced liver graft preservation.

10

11

Innovations and breakthroughs

Several comparative studies of preservation solutions have aimed to
evaluate the benefits and disadvantages of each of these solutions on animal
experiments models and randomized controlled trials. This is the first study
to provide a head-to-head comparison between IGL-1 and Celsior. This study
demonstrates that IGL-1 solution is more effective for preserving endothelium
function after cold preservation.

12

Applications

This study highlights the importance of the storage solution in the preservation
of endothelium function and graft quality. Moreover, it may help researchers to
develop more effective preservation solutions and may guide clinicians’ choice
of solution when risk factors are present.

13

Peer-review

This is a nice paper providing new insights into mechanisms of action of IGL-1
and Celsior preservation solutions in liver cold ischemia reperfusion injury. The
authors have shown that a decrease in NO dependent relaxation after cold
storage was less pronounced with IGl-1 solution and that IGL-1 offered better
protection against IRI in comparison to Celsior.

14
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Abstract
AIM: To investigate the effect of metformin on
silibinin-induced apoptosis in human colorectal cancer
(COLO 205) cells.
METHODS: MTT assays were performed to quantify
cell viability. Western blot assays were applied to
identify the expression of signaling proteins.
RESULTS: The combined treatment of COLO 205 cells
with metformin and silibinin decreased cell survival at
a dose insufficient to influence the non-malignant cells
[Human colonic epithelial cells (HCoEpiC)]. Silibinin
and metformin increased phosphatase and tensin
homolog and 5’-adenosine monophosphate-activated
protein kinase expression in COLO 205 cells and
inhibited the phosphorylation of mammol/Lalian target
of rapamycin. This combined treatment resulted in an
increase in the expression of activated caspase 3 and
apoptosis inducing factor, indicating apoptosis.
CONCLUSION: The combined treatment of human
colorectal cancer cells with silibinin and metformin
may induce apoptosis at a dose that does not affect
HCoEpiC. This finding reveals a potential therapeutic
strategy for the treatment of colorectal cancer.
Key words: Silibinin; Metformin; COLO 205; Mammol/
Lalian target of rapamycin; Apoptosis; Colorectal cancer
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Metformin is an antidiabetic agent widely used to
treat diabetic patients. Its action is mainly mediated
by the activation of 5’-adenosine monophosphate
(AMP)-activated protein kinase (AMPK), which inhibits
hepatic gluconeogenesis and enhances glucose uptake
[14]
in skeletal muscle . In addition, metformin has been
reported to reduce cell proliferation in several human
[15]
[16]
tumors, including breast cancer , pancreatic cancer
[17]
and gastric cancer . Metformin also inhibited the
growth of tumors in xenograft mouse models of breast
[18]
[19]
[20]
cancer , prostate cancer , ovarian cancer
and
[21]
melanoma . The administration of metformin to
diabetic patients was associated with lower rates of
[22]
cancer incidence and mortality . Colorectal cancer
patients with diabetes who were treated with metformin
as part of their diabetic therapy exhibited a greater
[23]
overall survival rate .
Metformin might inhibit mammol/Lalian target of
rapamycin (mTOR) through regulation at multiple sites.
The low energy charge in metformin-treated cancer
cells activates AMPK, which can inhibit cell growth and
proliferation. AMPK activates the tumor suppressor
gene, resulting in inhibition of mTOR and an increase
[24]
in apoptosis . Silibinin was shown to be associated
with increased phosphatase and tensin homolog (PTEN)
activity and decreased phosphorylated protein kinase
B (p-Akt) production, indicating a role for the PTEN/Akt
[25]
pathway in the apoptosis of cancer cells .
Both metformin and silibinin exhibit anticancer
activities. Thus, we administered silibinin and metformin
in combination to investigate the anticancer efficacy of
the combination therapy in human colorectal cancer cell
line (COLO 205). In the present study, we determined
an effective dose for this combination of two agents that
was not nontoxic to non-malignant cells.

Core tip: Silibinin is known to provide protection against
hepatotoxic stress. Silibinin has also been shown to have
high efficacy against cancer cells through increased
expression of the phosphatase and tensin homolog;
Metformin, a well-known antidiabetic agent, has recently
been reported to inhibit cancer by increasing adenosine
monophosphate-activated protein kinase expression.
We investigated the effect of metformin on silibinininduced apoptosis in human colorectal cancer cells. The
combined treatment of human colorectal cancer cells
with silibinin and metformin may induce apoptosis at a
dose that does not affect human colonic epithelial cells.
This finding reveals a potential therapeutic strategy for
the treatment of colorectal cancer.
Tsai CC, Chuang TW, Chen LJ, Niu HS, Chung KM, Cheng JT,
Lin KC. Increase in apoptosis by combination of metformin
with silibinin in human colorectal cancer cells. World J
Gastroenterol 2015; 21(14): 4169-4177 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4169.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4169

INTRODUCTION
Colorectal cancer is one of the leading causes of cancer
[1]
associated deaths globally . The high mortality of
patients with colorectal cancer is mainly attributed to
[2]
its metastasis to distant organs . The application of
traditional radiotherapy and chemotherapy treatments
is limited due to their high toxicity and damaging side
effects. Therefore, the development of alternative
treatments is a viable strategy that may help lower the
side effects from the treatment of colorectal cancer.
Interventions using nontoxic phytochemicals, which are
aimed at multiple targets, have been shown to reduce
[3]
carcinogenesis and overall cancer risk . Numerous
studies have reported strong anticancer properties of
both dietary and non-dietary phytochemicals against
[4]
multiple cancers, including colorectal cancer . Thus,
phytochemicals have received increased attention due
to their potential uses in cancer therapy, and many
phytochemicals have been investigated in various
[5]
phases of clinical trials .
Milk thistle (Silybum marianum) has been widely
utilized in the United States and Europe as a popular
[6]
dietary supplement for treating liver diseases . Silibinin,
a polyphenolic flavonoid, is the major active compound
[7]
in milk thistle . Milk thistle is known to be safe and
effective without side effects when administered to
protect the liver against chemical or alcohol-related
[8]
injury . The inhibitory action of silibinin has been
demonstrated in multiple cancer cell lines, including
[9]
[10]
[11]
[12]
[13]
lung , liver , skin , colon
and prostate
cancer
cells.

WJG|www.wjgnet.com

MATERIALS AND METHODS
Materials

Antibodies against activated caspase 3 and apoptosis
inducing factor (AIF) were purchased from Millipore
(Millipore, Bedford, MA, United States). Antibodies against
the PTEN, signal transducer and p-Akt, phosphorylatedAMPK (p-AMPK), phosphorylated mammol/Lalian
target of rapamycin (p-mTOR) and β-actin (actin) were
purchased from Abcam (Cambridge, MA, United States).
Metformin and silibinin were purchased form SigmaAldrich (St Louis, MO, United States).

Cell culture

The human colorectal cancer cell line (COLO 205) was
purchased from the Culture Collection and Research
Center of the Food Industry Institute (Hsin-Chiu City,
Taiwan). Human colonic epithelial cells (HCoEpiC) were
purchased from ScienCell (CA, United States). COLO
205 cells were cultured in RPMI-1640 supplemented
with 10% heat-inactivated fetal bovine serum (FBS;
GIBCO). HCoEpiC were cultured in Colonic Epithelial
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Cell Medium (CoEpiCM, Cat. No. 2951) purchased from
ScienCell (CA, United States). The cells were maintained
at 37 ℃ in a humidified atmosphere of 5% CO2. When
cells reached approximately 60% confluence, the
medium was replaced with serum-free cell medium
containing various concentrations of silibinin (0, 50,
[10]
100, 150 or 200 μmol/L)
and metformin (0, 5, 10,
15 or 20 mmol/L) and the cells were cultured for 24 h
[21]
as previously described . The cells were trypsinized
with 0.25% trypsin and 0.2 g/L EDTA and harvested for
further studies.

fluoride, 2 mg/mL aprotinin, and 0.5 mg/mL leupeptin).
The protein concentrations were determined using
a Bio-Rad protein assay (Bio-Rad Laboratories, Inc.,
Hercules, CA, United States). Total protein samples
(30 μg) were separated by SDS/polyacrylamide
gel electrophoresis (10% acrylamide gel) using the
Bio-Rad Mini-Protein Ⅱ system. The proteins were
transferred to polyvinylidene difluoride membranes
(PerkinElmer, Waltham, MA, United States) using a
Bio-Rad Trans-Blot system. After the transfer, the
membrane was blocked with 5% non-fat milk in Trisbuffered saline containing 0.1% Tween 20 (TBS-T)
and then incubated for two hours. The membrane
was then washed in TBS-T and hybridized with
primary antibodies, which were diluted to a suitable
concentration in TBS-T, for 16 h. Specific antibodies
for activated caspase 3, AIF, PTEN, p-Akt, p-AMPK and
p-mTOR (1:1000 dilution) were used. Additionally,
the membranes were incubated with a goat polyclonal
antibody specific for β-actin (Actin) (1:10000 dilution)
to serve as an internal control. Incubation with
secondary antibodies and detection of the antigenantibody complex were performed using an ECL kit
(Amersham Biosciences, United Kingdom). After
comparing with the marker to determine specificity, the
immol/Lunoblots of β-actin (43 kDa), activated caspase
3 (17 kDa), AIF (57 kDa), PTEN (42 kDa), p-Akt (60
kDa), p-AMPK (62 kDa) and p-mTOR (289 kDa) were
quantified with a laser densitometer (Avegene Life
Science, Taipei, Taiwan).

Analysis of synergy by combination index
[26]

The Loewe additivity model
was used as a second
method of analyzing the interaction between silibinin
and metformin. The interaction between the compounds
is reported as the combination index (CI) in the
following equation: CI = (d1/D×,1) + (d2/D×,2).
In the equation, d1 and d2 represent the concen
trations of the compounds in combination required
to achieve × effect. D ×,1 and D ×,2 represent the
concentrations of the same compounds individually that
would quantitatively achieve the same × effect. A CI <
1.0 indicates that the combination is synergistic, and
a CI > 1.0 indicates an antagonistic interaction. The
combination indexes for this study were determined
by using concentrations corresponding to the ED50 of
the dose response curves for silibinin, metformin and
silibinin + metformin.

Apo-Glo assay

Statistical analysis

Apoptotic response was quantified by the detection of
DNA histone complexes released from the nucleus to
the cytosol of cells using the Apo-Glo Assay (Promega,
WI, United States). The assay was performed to
assess viability and caspase 3/7 activation within a
4
single assay well. Briefly, 10 cells were seeded on
96-well plates in triplicate and treated with different
combinations of varying concentrations of metformin
and silibinin for 24 h. Each well contained a final
volume of 0.2 mL of culture medium. Viability reagent
was added to each well and mixed with culture medium
using orbital shaking (500 rpm for 30 s), and the cells
were incubated with the viability reagent for 1 h at
37 ℃. Fluorescence was measured at two wavelengths:
400 nm/505 nm. Following the addition of caspaseGlo 3/7 (100 μL), we mixed the samples using orbital
shaking (500 rpm for 30 s). After incubation for 30 min
at room temperature, luminescence was measured
using a microplate reader to assess apoptosis while the
fluorescence was measured at 380Ex/510Em.

The data are expressed as the mean ± SEM for the
indicated number (n) of samples in each group.
Repeated measures analysis of variance (ANOVA) was
used to analyze gene and protein expression level
changes and other parameters. Differences resulting
in a P-value of 0.05 or less were considered to be
significant.

RESULTS
Silibinin and metformin inhibit cell viability
synergistically

Figure 1A shows the survival rate of COLO 205 cells
and HCoEpiC treated with a combination of silibinin
and metformin at various concentrations for 24 h.
Both silibinin and metformin at their highest dose, in
combination or individually, exerted an inhibitory effect
on the survival of COLO 205 cells. However, individual
treatment with silibinin or metformin at their highest
respective dose exerted a toxic effect on HCoEpiC,
and the rate of cell death was even greater following
the combination treatment. Furthermore, combined
treatment with 100 μmol/L silibinin and 10 mmol/L
metformin was more effective than treatment with
50 μmol/L silibinin and 5 mmol/L metformin without
altering the survival of HCoEpiC. Figure 1B shows

Western blot analysis

Protein was extracted from tissue homogenates
and cell lysates using ice-cold radio-immol/Lunoprecipitation assay (RIPA) buffer supplemented with
phosphatase and protease inhibitors (50 mmol/L
sodium vanadate, 0.5 mmol/L phenylmethylsulphonyl
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Figure 1 Treatment with silibinin and metformin in combination or alone reduces the viability of COLO 205 cells. Reduced cell viability was observed following
24-h incubation with silibinin (0-200 μmol/L) and metformin (0-20 mmol/L) in combination or alone. The gray bars depict the results from COLO 205 cells, and the
open bars correspond to the results from human colonic epithelial cells (HCoEpiC) (A). The time course (0-24 h) (B) and combination index (C) are shown in COLO
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a
P < 0.01 and bP < 0.001 vs Control COLO 205 cells; cP < 0.05 and dP < 0.01 vs Control HCoEpiC. M + S: Metformin and silibinin.

the survival curves of COLO 205 cells treated with
silibinin (100 μmol/L) and metformin (10 mmol/L)
in combination or individually at different exposure
times. The survival curves shifted to the left after a
longer exposure to the combined treatment, while
the individual treatments did not affect the survival
of COLO 205. The synergistic effect of silibinin +
metformin on COLO 205 cells was further confirmed
using an alternative approach of calculating the CI. The
combination of silibinin at concentrations below 100
μmol/L + metformin at concentrations below 10 mmol/
L metformin had a CI < 1, indicating synergy between
the two compounds (Figure 1C). Thus, in the following
experiments, we used 100 μmol/L silibinin with 10
mmol/L metformin in combination to compare the
effects of this combination treatment with the individual
treatments on COLO 205 cells after 24-h incubation.

treatment or M + S treatment for 24 h.

M + S treatment enhances AMPK phosphorylation

The effects of M + S treatment on the phosphorylation
of AMPK were examined by Western blot. As shown
in Figure 3A, expression of phosphorylated AMPK
increased in COLO 205 cells after treatment with
metformin or M + S for 24 h. Additionally, treatment
with metformin or M + S inhibited the phosphorylation
of mTOR in COLO 205 cells (Figure 3B).

M + S treatment induces COLO 205 cell apoptosis

We measured COLO 205 cell apoptosis using an ApoTox Glo assay. As shown in Figure 4A, the combination
treatment with 100 μmol/L silibinin and 10 mmol/L
metformin induced cytotoxicity and apoptosis in COLO
205 cells, however, this effect was not seen when cells
were treated with silibinin or metformin alone. The
levels of activated caspase 3 and AIF were determined
[27]
by Western blot, as described previously , to assess
the apoptosis. M + S treatment increased the levels of
activated caspase 3 and AIF in COLO 205 cells, whereas
treatment with silibinin or metformin alone did not
produce the same effects (Figure 4B and C). Thus, (M
+ S)-induced inhibition is primarily mediated by the

Combined metformin and silibinin treatment inhibits Akt
phosphorylation by enhancing PTEN expression

The effects of combined metformin and silibinin (M + S)
treatment on the expression of PTEN were examined
by Western blot. As shown in Figure 2, expression
of phosphorylated AKT decreased while expression
of PTEN increased in COLO 205 cells after silibinin
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Figure 3 Combined metformin and silibinin treatment enhances AMP-activated protein kinase phosphorylation. COLO 205 cells were treated with silibinin
and metformin in combination or alone. The protein samples were then probed using an antibody against phosphorylated AMP-activated protein kinase (p-AMPK)
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induction of apoptosis in cancer cells.

level of PTEN expression in COLO 205 cells, resulting
in a significant reduction in phosphorylated Akt (at
473
Ser ). Moreover, metformin alone or in combination
with silibinin increased the phosphorylation of AMPK
and inhibited the phosphorylation of mTOR in COLO
205 cells. Furthermore, results of the Apo-Glo assay
indicated that treatment of COLO 205 cells with 100
μmol/L silibinin and 10 mmol/Lol/Lol/L metformin in
combination induced apoptosis, while this effect was not
seen when cells were treated with silibinin or metformin
alone. Finally, the combined treatment of cells with
silibinin and metformin increased caspase 3 activation
and AIF expression, both of which are widely used as
[27]
indicators of apoptosis . Therefore, our results suggest

DISCUSSION
In the present study, we found that the co-treatment
of human colorectal cancer cell line (COLO 205
cells) with silibinin (100 μmol/L) and metformin (10
mmol/L) directly inhibits cell survival. In addition, the
combination of silibinin (100 μmol/L) and metformin (10
mmol/L) at the doses that effectively inhibited COLO
205 cell survival did not affect normal HCoEpiC. There
was considerable specificity in the inhibition of cancer
cells using this combination therapy. Moreover, silibinin
alone or in combination with metformin increased the
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and the resulting decrease in p-Akt expression are
associated with decreased survival rate and enhanced
[29]
apoptosis in FaDu oral cancer cells and c33-A cervical
[27]
cancer cells . In this study, we found that silibinin
alone or in combination with metformin increased PTEN
expression, resulting in decreased p-Akt in COLO 205
cells, consistent with our previous reports.
Suppression of growth in human colorectal car
cinoma (SW480) cells by silibinin at a concentration
[31]
of 200 μmol/L has been reported , indicating that
silibinin exerts anticancer effects at a dose of 200
μmol/L. In this study, we are the first to report that cotreatment with silibinin (100 μmol/L) and metformin
(10 mmol/L) more effectively induced apoptosis than
treatment with silibinin 100 μmol/L alone. Moreover,
this combination treatment did not affect normal
HCoEpiC. Thus, there was considerable specificity in
the inhibition of cancer cells using this combination
therapy.
Metformin has widely been used to treat patients

that the combination of silibinin and metformin more
effectively induced apoptosis compared to treatment
with silibinin or metformin alone in COLO 205 cells and
at a dose that was nontoxic to normal cells.
Previous studies have identified the major roles
of PTEN/Akt signaling in carcinogenesis and cancer
[28]
progression . PTEN is an upstream factor that inhibits
p-Akt, and silibinin may increase PTEN expression to
[10,27,29]
inhibit cell growth
. The PTEN/PI3K/Akt pathway is
associated with silibinin-induced inhibition of growth in
[25]
human hepatic cellular carcinoma (HCC) cells . Many
cellular events are associated with silibinin-induced
apoptosis. Silibinin could cause the loss of mitochondrial
membrane potential, resulting in an increased release
of cytochrome c or Bax from mitochondria, as well as
the decrease in expression of Mcl-1 protein, indicating
that silibinin-induced apoptosis is mediated through
caspase-dependent and/or caspase-independent
[30]
mechanisms . Additionally, our previous reports show
that the silibinin-induced increase in PTEN expression
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[23]

with type 2 diabetes . Interestingly, the concept that
this compound may be a promising anti-cancer agent
[32]
was first developed in the early 1970s . Later on,
two population-based studies provided preliminary
evidence that metformin may reduce cancer risk
[33]
and improve prognosis in type 2 diabetic patients .
Metformin inhibits cancer cells by activation of AMPK
[34]
and S6 kinase and suppression of mTOR . Moreover,
significant down-regulation of the anti-apoptotic
proteins Bcl-2 and Bcl-xL and up-regulation of the proapoptotic protein Bax were observed in malignant
[35]
cells following metformin treatment . In this study,
we found that metformin alone or in combination
with silibinin increased the expression of p-AMPK and
inhibited the phosphorylation of mTOR, consistent with
[36]
previous reports .
Cell apoptosis is activated in response to both
intrinsic and extrinsic pathways. Drug therapies that
induce apoptosis cause DNA damage-induced, p53regulated release of cytochrome c from mitochondria.
Cytochrome c then binds to apoptosis-activating
factor-1 (Apaf-1), resulting in activation of caspase 9,
which is followed by the activation of effector caspases
including caspase 3. Following ligation, death receptors
signal cell death by inducing a death-inducing signaling
complex composed of the cytoplasmic adapter protein
FADD (Fas-associated death domain) and caspase
8. Activated caspase 8 can activate caspase 3 both
[37]
directly and indirectly by truncation of Bid . Metfor
[38]
[39]
min
and silibinin
have been shown to induce
cancer cell apoptosis through both the intrinsic and
extrinsic pathways. In this study, we observed that
the combination of silibinin and metformin increased
caspase 3 activation or AIF expression.
Metformin at 20 mmol/L has previously been shown
[40]
[21]
to be effective against breast cancer , melanoma
[17]
and gastric cancer . The concentration of metformin
administered to type 2 diabetic patients is approximately
[41]
30-60 μmol/L . Thus, the doses of metformin that
were shown to be effective against cancer cells are
approximately 300-600 fold (approximately 20 mmol/L)
greater than the dose routinely administered for diabetic
disorders. In this study, we applied a low dose of
metformin (10 mmol/L) in combination with silibinin (100
μmol/L) in order to more effectively induce apoptosis
than the administration of 10 mmol/L metformin alone.
Furthermore, this combination treatment did not affect
normal HCoEpiC.
Similarly elevated levels of PTEN expression were
observed in both the cells co-treated with metformin
and silibinin and those incubated with silibinin (100
μmol/L) alone. Additionally, the increase in AMPK and
decrease in mTOR phosphorylation were also the same
between combination treatment and metformin (10
mmol/L) alone. In this study, we provide evidence
demonstrating that combined treatment with low
doses of silibinin and metformin can produce anticancer effects on COLO 205 cells similar to the effects
of higher doses of each drug. There were no toxic
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effects observed on HCoEpiC with this co-treatment.
We also observed a synergistic effect at the molecular
level mainly for the phosphorylation of AKT. The
interaction of AMPK and the PTEN/Akt pathway has
yet to be elucidated. This could be a new target for our
studies in the future.
Recent evidence suggests that the combination
of treatment with dietary supplements and other
compounds may help to alleviate toxic side effects,
enhance quality of life and prolong the lifespan of
[42]
patients . In the present study, we are the first to
examine the effects of co-treatment with low doses of
metformin and silibinin on cancer cells. This combination
treatment effectively induced apoptosis of COLO 205
cells, but did not affect normal HCoEpiC. Thus, this
combinatory therapy may be helpful for the treatment
of colorectal cancer due to not only its effectiveness,
but also the reduction in toxic side effects with this
treatment.
In conclusion, in the present study, the combination
treatment of COLO 205 cells with silibinin and met
formin synergistically enhanced the inhibition of cell
survival through increased PTEN expression and AMPK
phosphorylation, resulting in the induction of caspase
3 and AIF. These results suggest a novel therapeutic
strategy for colorectal cancer that induces few toxic
side effects on COLO 205 cells.
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COMMENTS
Background

Silibinin is the major active compound in milk thistle and is known to display
high efficacy against cancer cells through increasing the expression of
phosphatase and tensin homolog (PTEN) and for hepatic protection. Metformin,
a well-known antidiabetic agent, has recently been reported to inhibit cancer
by increasing AMP-activated protein kinase (AMPK) expression. Recent
evidence suggests that combined treatment with dietary supplements and other
compounds may help to alleviate toxic side effects, enhance quality of life and
prolong the lifespan of patients. However, the effect from combination of silibinin
with metformin is still unknown.

Research frontiers

Silibinin is known to display high efficacy against cancer cells in addition
to hepatic protection. Metformin, as the well-known antidiabetic agent, has
recently been mentioned to produce cancer inhibition. The current research
hotspot is to demonstrate that the combined treatment with silibinin and
metformin may synergistically enhance the inhibition of COLO 205 cell survival
via increased PTEN expression and AMPK phosphorylation, resulting in the
induction of caspase 3 and AIF.

Innovations and breakthroughs

Metformin at 20 mmol/L has previously been found to be effective against
breast cancer, melanoma and gastric cancer. In fact, the doses of metformin
that were effective against cancer cells appear to be approximately 300-600
fold (about 20 mmol/L) greater than that which is administered for diabetic
disorders. In this study, authors applied a low dose of metformin (10 mmol/L) in
combination with silibinin (100 μmol/L) to produce the same result of apoptosis
in colon cancer cells.

Applications

In the present study, combined treatment with silibinin and metformin
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Tsai CC et al . Apoptosis-inducing effect of combined metformin and silibinin
synergistically enhanced the inhibition of COLO 205 cell survival via increased
PTEN expression and AMPK phosphorylation, resulting in the induction of
apoptosis. The obtained findings suggest a novel therapeutic strategy for
colorectal cancer with less side toxic effects.

Terminology

12

Colorectal cancer is one of the leading causes of global cancer associated
deaths. The high mortality of patients with colorectal cancer is mainly attributed
to the metastasis. Combined treatment with silibinin and metformin may induce
apoptosis of human colorectal cancer cells at a dose that does not affect
nonmalignant colon epithelial cells. This finding reveals a potential therapeutic
strategy of colorectal cancer.

13

Peer-review

This paper assessed the efficacy of combined United Statesge of silibinin,
which is a phytochemical, and metformin, which is an oral antidiabetic drug
in the biguanide class. Authors successfully showed the synergistic effects of
the two compounds regarding the apoptosis induction in COLO 205, a human
colorectal cancer cell line. They also investigated the molecular basis for the
synergism by studying activation of Akt/PTEN and AMPK. This paper is well
written, showing a possibility towards a novel therapeutic regimen for the
treatment of colorectal cancer.
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Abstract
AIM: To investigate the bactericidal effects of Chenopo
dium ambrosioides L. (CAL) against Helicobacter pylori
(H. pylori ) both in vitro and in vivo .
METHODS: For in vitro experiments, the inhibitory
activity of CAL was tested using an agar dilution
method; H. pylori strain NCTC11637 was incubated
on Columbia blood agar plates containing serial
concentrations of CAL. The minimal inhibitory
concentration (MIC) was determined by the absence
of H. pylori colonies on the agar plate. Time-kill
curves were used to evaluate bactericidal activity; the
average number of colonies was calculated at 0, 2, 8
and 24 h after liquid incubation with concentrations of
CAL at 0.5, 1, and 2 × MIC. For in vivo experiments,
H. pylori -infected mice were randomly divided into
CAL, triple therapy (lansoprazole, metronidazole, and
clarithromycin), blank control, or H. pylori control
groups. The eradication ratios were determined by
positive findings from rapid urease tests (RUTs) and by
histopathology.
RESULTS: In vitro , the MIC of CAL against H. pylori
was 16 mg/L. The time-kill curves showed a stable
and persistent decreasing tendency with increasing
CAL concentration, and the intensity of the bactericidal
effect was proportional to dose; the 1 and 2 × MIC
completely inhibited the growth of H. pylori at 24 h.
In vivo , the eradication ratios in the CAL group were
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60% (6/10) by RUT and 50% (5/10) by histopathology.
Ratios in the triple therapy group were both 70% (7/10),
and there was no difference between the CAL and triple
therapy groups. Histopathologic evaluation revealed
massive bacterial colonization on the surface of gastric
mucosa and slight infiltration of mononuclear cells after
inoculation with H. pylori , but no obvious inflammation
or other pathologic changes in gastric mucosa of mice
from CAL and triple therapy groups.

to clarithromycin and metronidazole increased to
[8]
[9]
65.4% and 78.8% , 21.5% and 95.4% , and
[10]
20.7% and 42.2% , respectively, in various regions.
Hence, alternative strategies, including sequential,
concomitant, and bismuth-based quadruple therapies,
have been proposed to counteract increasing antibiotic
resistance rates. The updated Chinese guidance for H.
pylori infection has recommended 10-14 d of bismuth[11]
based quadruple therapy as the initial treatment .
However, the additional drugs and prolonged duration
result in poorer compliance, severer adverse reactions,
and higher costs for sufferers.
The Chinese guidance also describes the appli
cation of natural medicine as a complementary and
collaborative therapy. The anti-H. pylori effects of
dozens of herbs and formulas have been investigated,
but the findings are limited by varying drug quality
and sources, as well as the numerous and complicated
components of formulas. Thus, a drug utilized clinically
with simple ingredients, reliable and stable quality,
and traceable sources of raw materials is an ideal
choice. Jinghua Weikang Capsule (JWC) is a popular
Chinese patent drug that consists of two ingredients,
Chenopodium ambrosioides L. (CAL) and Adina
pilulifera (AP). Our previous works demonstrated the
inhibitory, bactericidal, and synergistic effects (with
clarithromycin and metronidazole) of CAL against H.
pylori strain 26695 and antibiotic-resistant strains
isolated from patients suffering from H. pylori[12-14]
associated gastric ulcers
. In addition, multicenter,
randomized, controlled clinical trials demonstrated
that H. pylori eradication of JWC-containing therapy
was superior to standard triple therapy and equal
[15,16]
to bismuth-based quadruple therapy
. These
results indicate the synergistic effect of the drug,
of which CAL is the major effective ingredient, with
antibiotics. However, it is not known if CAL alone is
capable of eradicating H. pylori in vivo. The intragastric
environment differs dramatically from agar plates,
thus the drug effect might be conflicting. This study
investigated the bactericidal activities of CAL against
H. pylori in vivo and in vitro to confirm the consistency
effects in different environments.

CONCLUSION: CAL demonstrates effective bactericidal
activity against H. pylori both in vitro and in vivo .
Key words: Helicobacter pylori ; Bactericidal activity;
Chenopodium ambrosioides L.; Phytotherapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The Helicobacter pylori (H. pylori ) eradication
rate of triple therapy has been markedly decreased
due to increasing bacterial antibiotic resistance.
Natural Chinese medicines, such as Chenopodium
ambrosioides L. (a Chinese herb derived from Jinhua
Weikang Capsule utilized for gastritis and peptic ulcers),
represent complementary and collaborative therapies.
This report demonstrates that C. ambrosioides has in
vitro and in vivo bactericidal effects against H. pylori ,
and may be a good candidate for the treatment of H.
pylori infection.
Ye H, Liu Y, Li N, Yu J, Cheng H, Li J, Zhang XZ. AntiHelicobacter pylori activities of Chenopodium ambrosioides L. in
vitro and in vivo. World J Gastroenterol 2015; 21(14): 4178-4183
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i14/4178.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i14.4178

INTRODUCTION
Helicobacter pylori (H. pylori) is the etiologic agent
associated with many gastrointestinal diseases, such
as chronic gastritis, peptic ulcers, gastric carcinoma,
and mucosa-associated lymphoid tissue lymphoma.
The eradication of H. pylori has thus been utilized as
the primary treatment strategy of these diseases for
three decades. In the past, standard triple therapy
consisting of a proton pump inhibitor and two broadspectrum antibiotics (usually amoxicillin, clarithromycin
or metronidazole) was able to achieve eradication rates
[1]
> 90% . However, recent studies have demonstrated
that the eradication rates of triple therapy have
[2-5]
declined below 80% . Among the factors causing
this decline, antibiotic resistance (particularly
clarithromycin and metronidazole resistance) is
the primary cause. In China, the eradication rate
[6]
decreased from 88.9% in 1996
to 73.5% in
[7]
2012 , while the prevalence of antibiotic resistance

WJG|www.wjgnet.com

MATERIALS AND METHODS
H. pylori strains and experimental animals

H. pylori strains (NCTC11637 and Sydney strain
1) were kindly provided by the Department of
Gastroenterology of Peking University First Hospital
and preserved in brain heart infusion broth (No.
783396; OXOID of Thermo Fisher Scientific, Waltham,
MA, United States) at -80 ℃.
Forty-four specific-pathogen-free (SPF) male
Kunming mice (18-22 g) were purchased from Viral
River Laboratories (Beijing, China; Certification No.
SCXK 2012-0001). All the animals were housed in an
SPF environment and had free access to sterile neutral
water and standard mouse feed. The experimental
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procedures in this study were approved by the
Experimental Animal Ethics Committee of Peking
University First Hospital (Certification No. J201150).

triple therapy group. Except for the blank controls, all
animals received a single intraperitoneal injection of
cyclophosphamide (200 mg/kg), followed by a total
of five gastric intubations (every other day) with 0.4
8
mL of H. pylori (Sydney strain 1; 12 × 10 CFU/mL).
Animals were fasted 24 h before and 2 h after each
inoculation. Two weeks after the last inoculation,
one mouse was randomly selected from each group
and sacrificed to test the bacterial colonization by
rapid urease test (RUT) and hematoxylin and eosin
(HE) staining of gastric tissue. Giemsa staining was
performed to detect H. pylori colonization when HE
results were unclear.

Drugs and reagents

The volatile oil of CAL (No. 20110311; Tianjin Tasly
Pharmaceutical Co., Ltd., Tianjin, China) was diluted
in DMSO (Sinopharm Chemical Regent Co., Ltd.,
Shanghai, China). Lansoprazole (No. 20130205),
metronidazole (No. 20120228), and clarithromycin
(No. 20120704; Dalian Meilun Biology Technology
Co., Ltd., Dalian, China) were used as the triple
therapy control in animal experiments. Columbia blood
agar plates with 5% sheep’s blood (No. 20130205;
bioMérieux Industry Ltd., France), Columbia agar (No.
848706), Brucella broth (No. 8170491), fetal calf
serum (No. NTMO133) and brain heart infusion broth
(OXOID) were prepared for H. pylori liquid culture and
collection.

Drug administration

Drug doses used in in vivo experiments are equivalent
to clinical administrations. The CAL group was
treated with 49.32 mg/kg daily for 4 wk. The triple
therapy group was treated daily with a suspension of
lansoprazole (12.33 mg/kg), metronidazole (164.40
mg/kg), and clarithromycin (205.54 mg/kg) for 1 wk.
The H. pylori group was given the same volume of
sterile water, and the blank control group was free of
any gavage. All drugs were suspended in sterile water
and administrated by gastric intubation.

Culture and collection of H. pylori

Frozen stocks of H. pylori were recovered at room
temperature, inoculated on the Columbia blood agar
base, and incubated under a microaerobic environment
(15% CO2, 5% O2, 80% N2) at 37 ℃ with over 90%
humidity for 48-72 h. The bacterial colonies were
collected and prepared in Brucella broth with fetal calf
serum for in vitro bactericidal tests, or in brain heart
infusion broth for oral gavage of animals.

Determination of H. pylori colonization and gastric
inflammation

Four weeks after inoculation, animals were deprived
of feed but allowed free access to water for 24 h
and then sacrificed. Stomachs were collected at the
time of sacrifice, opened at the side of the greater
curvature, and washed with 4 ℃ PBS. Half of the
antral section was isolated for RUT determination at
room temperature within 24 h to observe the change
to pink color as positive. The second half of the antral
section and partial gastric body tissue were fixed in
formaldehyde for histopathology. Fixed tissues were
embedded in paraffin, sectioned, and stained with
HE or Giemsa to determine inflammation and degree
of H. pylori colonization. Eradication success was
determined by negative findings from both RUT and
histopathology.
The degrees of H. pylori colonization and
inflammation were scored by a pathologist blind to
treatment groups using the visual analogue scale of
[17]
the updated Sydney System . H. pylori colonization
was graded as: 0, no bacteria detected; +, occasional
or several bacterial colonies distributed within 1/3
of the specimen length; ++, consecutive but thin
bacterial colonization in the mucosal surface between
1/3 and 2/3 specimen length; +++, piles of bacterial
colonies along the length of the specimen. Mononuclear
infiltration in the gastric mucosa was graded as: 0,
< 5 mononuclear cells in each high power field; +,
few mononuclear cells restricted to superficial layer
within 1/3 of the mucosa; ++, moderate mononuclear
infiltration within 2/3 of the mucosa; +++, intensive

Inhibitory and bactericidal activities test

The inhibitory activity of CAL against the growth of H.
pylori was assessed using an agar dilution method.
Briefly, serial dilutions (1:2) of CAL were added to the
Columbia blood agar for final concentrations starting
from 512 mg/L down to 1 mg/L. The non-drug agar
and DMSO agar served as negative controls. Agar
plates were inoculated with H. pylori [NCTC11637; 3
8
× 10 colony forming units (CFU)/mL] and cultured for
72 h. The minimal inhibitory concentration (MIC) was
defined as the minimal concentration of CAL required
for complete inhibition of H. pylori growth.
Bactericidal activity was evaluated using time-kill
curves with 0.5, 1.0 and 2.0 × MIC CAL, and blank
and DMSO controls. H. pylori (NCTC11637; 0.1 mL
6
at 1 × 10 CFU/mL) was added to 90 mm plates with
the calculated concentrations of CAL or DMSO and
Brucella broth containing fetal calf serum (final volume
10 mL) and cultured with gentle shaking at 37 ℃ in
a microaerobic environment. At 0, 4, 8 and 24 h, 0.5
mL of liquid was removed, serially diluted, and plated
on Columbia blood agar plates (n = 2 per group).
The colonies were counted and averaged after 72 h
incubation.

In vivo inoculation

Mice (n = 44) were randomly divided into four
groups: blank control, H. pylori control, CAL, and
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Blank control
DMSO control
2× MIC CAL
1× MIC CAL
1/2× MIC CAL

10

Logbacterial count

8

Table 1 Negative rapid urease test and histopathology results

Blank control
Helicobacter pylori
Chenopodium
ambrosioides L.
Triple therapy

6
4
2
0

RUT (n ) Histopathology (n )

Group

Eradication ratio

10
0
6

10
0
5

0/10
5/101

7

7

7/10

1

The P value is 0.650, vs triple therapy. n = 10/group. RUT: Rapid urease
test.
0

4

8

12

16

24

t /h

Table 2 Helicobacter pylori colonization and gastric
inflammation scores

Figure 1 Time-kill curves of Chenopodium ambrosioides L. at different
concentrations. MIC: Minimal inhibitory concentration; CAL: Chenopodium
ambrosioides L.

Group
Blank control
H. pylori
CAL
Triple therapy

mononuclear infiltration throughout the mucosa.

Statistical analysis

Eradication rates were compared among groups by
a Fisher’s exact test using SPSS 20.0 software (IBM
Corp., Armonk, NY, United States). P < 0.05 was
considered as statistically significant.

+

10
4
5
7

0
5
5
3

++ +++
0
1
0
0

0
0
0
0

Gastric inflammation
0

+

10
7
8
10

0
3
2
0

++ +++
0
0
0
0

0
0
0
0

n = 10/group. CAL: Chenopodium ambrosioides L.; H. pylori: Helicobacter
pylori.

efficacy does not always correlate with eradication in
[19]
animal models .
JWC has been utilized for gastritis and peptic
ulcers, with effects of regulating qi, dissipating cold,
clearing heat, and resolving stasis according to Chinese
medicine theory. Our previous work indicated that
[12]
CAL was the active ingredient in JWC , which was
confirmed by the in vitro experiments in the present
study. To eliminate possible effects of Tween-80 used
in the previous study, we utilized DMSO, which showed
no effect on H. pylori growth. The MIC of 16 mg/L was
sufficient to completely eliminate H. pylori after 24
h. The in vivo experiments demonstrate the clinical
potential of CAL for H. pylori eradication, with efficacy
equivalent to the triple therapy.
Despite the promising results, the eradication
with CAL was not ideal, possibly be due to the acidic
environment of the mucous layer of stomach, or
an insufficient dose converted from clinical usage.
Furthermore, the conspicuous and classic mucosal
inflammation was not observed in this study, which
might be ascribed to the short infection period and
the application of cyclophosphamide. The conclusion
that the effect of CAL rivals triple therapy should
be made prudently due to the small sample size.
Furthermore, the mice may have had other bacterial
species present, as H. hepaticus has been detected in
[20,21]
19.2%-29.5% of SPF mice in China
. In order to
eliminate the interference of other Helicobacter spp., a
PCR test should be added in future studies.
In our previous random clinical trial, the therapy
containing JWC, a proton pump inhibitor, amoxicillin,
and clarithromycin achieved a higher eradication ratio
[15]
than triple therapy . CAL is a complex compound, for

RESULTS
In vitro

Results of the in vitro inhibitory activity test indicated
that there was no visible growth of bacterial colonies
after 72 h incubation on the plate containing 16 mg/L
CAL, thus defined as the MIC of CAL. Construction
of the time-kill curve reveals continual growth of H.
pylori colonies in blank and DMSO control groups, but
marked inhibition in a dose-dependent manner with
CAL (Figure 1). No H. pylori colonies could be detected
at 24 h in the 1 and 2 × MIC CAL groups.

In vivo

H. pylori eradication rates, as determined by RUT and
histopathology, are presented in Table 1. There was
no significant difference between CAL and the triple
therapy groups (P = 0.650). H. pylori colonization and
inflammation scores are presented in Table 2. Images
of HE staining are shown in Figure 2.

DISCUSSION
In China, the prevalence of H. pylori infection is
[18]
56.22% , which is higher than the global level.
Bismuth-based quadruple therapy has become the
preferred therapeutic regimen for H. pylori eradication
because of increasing antibiotic resistance. However,
adverse effects and poor compliance necessitate
the development of alternative therapies. Traditional
Chinese herbs can promote relief of symptoms as well
as producing anti-H. pylori activities. However, the
active ingredient is not always obvious, and the in vitro
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A

B

50 mm

C

20 mm

D

20 mm

20 mm

E

20 mm

Figure 2 Histopathology of gastric mucosa. Hematoxylin and eosin staining of gastric mucosa from mice inoculated with Helicobacter pylori. A: Helicobacter pylori
(H. pylori) colonization on the surface of gastric mucosa (magnification × 100); B: Mononuclear cell infiltrates (arrow; magnification × 40); C: Uninfected mice exhibit
a normal gastric mucosa (magnification × 40); D: Treatment with Chenopodium ambrosioides L. for 4 wk revealed no obvious inflammation (magnification × 40); E:
Treatment with lansoprazole, metronidazole and clarithromycin for 1 wk showed no pathologic changes (magnification × 40).
causing a global public health issue associated with gastritis, peptic ulcer,
gastric carcinoma, mucosa-associated lymphoid tissue lymphoma, and other
diseases. Successful eradication of bacteria is the effective approach to cure
related diseases or to improve prognosis. Antibiotic resistance has become
the leading cause of treatment failure, thus new regimens or medicines are
required.

which the effective composition remains undiscovered.
Hence, further research to identify the active ingre
dients would be helpful to evaluate and improve the
intensity of the effect. Nevertheless, this study confirms
the in vitro and in vivo anti-H. pylori effects of CAL,
providing experimental support for future human trials.

Research frontiers

Alternative and complementary treatment approaches including phytomedicine
have been focused on eradicating H. pylori or enhancing the bactericidal effect
of antibiotics. Various basic and clinical studies have been performed to explore
the anti-H. pylori effect of herbs and patent medicines, and some of these
traditional therapies have enormous potential. Testing the bactericidal activity
or the synergistic effect with antibiotics in vitro and in vivo will provide additional
evidence.
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COMMENTS
COMMENTS

This study demonstrates the in vitro and in vivo anti-H. pylori effect of
Chenopodium ambrosioides L. (CAL), derived from the Chinese patent
medicine, Jinghua Weikang Capsule. The in vivo bactericidal activity was
reported for the first time. The effect on H. pylori eradication was equivalent to

Background

Helicobacter pylori (H. pylori) infects more than half of the human population,
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that of a triple therapy.

Applications

10

Chenopodium ambrosioides L. has been utilized for gastritis and peptic ulcers
under the guidance of traditional Chinese theory. The authors’ research
provides experimental evidence for further clinical study of this compound, and
the possible application for treating H. pylori infection.

11

Terminology

The agar dilution method provides the minimal inhibitory concentration of an
antimicrobial agent. The time-kill curve method indicates the bactericidal effect
of a testing agent.

Peer-review

12

This study investigated in vitro and in vivo the bactericidal activities against H.
pylori strains using a Chinese patent drug containing the volatile oil of CAL.
Currently, there is interest in alternative treatments for H. pylori infection due to
the high resistance to antibiotics used as the gold standard.
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Abstract
AIM: To test whether hepatic stellate cells (HSCs)
at different activation stages play different roles in
acetaminophen (APAP)-induced acute liver injury (ALI).
METHODS: HSCs were isolated from mouse liver and
cultured in vitro . Morphological changes of initiation
HSCs [HSCs (5d)] and perpetuation HSCs [HSCs (p3)]
were observed by immunofluorescence and transmission
electron microscopy. The protective effects of HSCderived molecules, cell lysates and HSC-conditioned
medium (HSC-CM) were tested in vivo by survival and
histopathological analyses. Liver injury was determined
by measuring aminotransferase levels in the serum
and by histologic examination of tissue sections under
a light microscope. Additionally, to determine the
molecular mediators of the observed protective effects
of initiation HSCs, we examined HSC-CM using a highdensity protein array.
RESULTS: HSCs (5d) and HSCs (p3) had different
morphological and phenotypic traits. HSCs (5d)
presented a star-shaped appearance with expressing
α-SMA at non-uniform levels between cells. However,
HSCs (p3) evolved into myofibroblast-like cells without
lipid droplets and expressed a uniform and higher
level of α-SMA. HSC-CM (5d), but not HSC-CM (p3),
provided a significant survival benefit and showed
a dramatic reduction of hepatocellular necrosis and
panlobular leukocyte infiltrates in mice exposed to
APAP. However, this protective effect was abrogated at
higher cell masses, indicating a therapeutic window of
effectiveness. Furthermore, the protein array screen
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revealed that HSC-CM (5d) was composed of many
chemokines and growth factors that correlated with
inflammatory inhibition and therapeutic activity. When
compared with HSC-CM (p3), higher levels of monocyte
chemoattractant protein-1, macrophage inflammatory
protein-1γ, hepatocyte growth factor, interleukin-10,
and matrix metalloproteinase-2, but lower levels of
stem cell factor and Fas-Ligand were observed in HSCCM (5d).

The hepatocyte protecting effects of HSCs in
[4]
acute liver injury (ALI) has ignited growing interest .
We previously performed loss-of-function studies
by depleting activated HSCs with gliotoxin in
[5]
acetaminophen (APAP)-induced ALI in mice . We
demonstrated that severe liver damage and decreased
survival rate were correlated with depletion of activated
HSCs. These data provided clear evidence that activated
HSCs are involved in both hepatocyte death and
proliferation of hepatocytes and hepatic progenitor cells
(HPCs) in APAP-induced ALI.
Quiescent HSCs, characterized by retinoid droplets
in the cytoplasm, are present in the space of Disse
in close contact with hepatocytes and sinusoidal
endothelial cells. When HSCs are activated, they lose
retinoid, move from the space of Disse to sites of
damage (where the activated HSCs differentiate into
myofibroblasts), and secrete extracellular matrix and
[6]
growth factors that are involved in liver regeneration .
Because of the close anatomic relationship between
HSCs and epithelial cells (hepatocytes and HPCs),
HSCs are part of the stem cell niche and directly
contact epithelial cells to participate in the early phase
[7]
of hepatocyte regeneration . However, it is unclear
whether the products of activated HSCs are required
to attenuate acute hepatocyte injury. In addition, in
the process of differentiation from quiescent HSCs to
fully activated HSCs (myofibroblasts), the cells change
in morphology and phenotype, but it is not known
whether those different stages of cells have different
effects on protecting hepatocytes from acute injury. To
the best of our knowledge, no previous studies have
tried to answer that question.
In this study, we isolated HSCs from mice by in
situ perfusion of the liver and created primary and
secondary cultures in plastic tissue culture dishes.
Then, the differences in morphology and phenotypic
features were observed between activated HSCs
at early stage and later stage. Furthermore, we
investigated whether molecules produced by activated
HSCs would protect hepatocytes in APAP-induced ALI,
and analyzed the difference in the HSC secretome
between the early and late stages by a protein array
screen.

CONCLUSION: These data indicated that initiation
HSCs and perpetuation HSCs were different in
morphology and protein expression, and provided the
first experimental evidence of the potential medical
value of initiation HSC-derived molecules in the
treatment of ALI.
Key words: Hepatic stellate cells; Acute liver injury;
Initiation and perpetuation
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we isolated hepatic stellate
cells (HSCs) from mice by in situ perfusion of the liver
and created primary and secondary cultures in plastic
tissue culture dishes. Then, we observed different
morphologies and phenotypes between initiation HSCs
and perpetuation HSCs and described the first use
of molecules secreted from HSCs in acetaminopheninduced acute liver injury. Initiation HSC-derived
molecules showed hepatocyte-protective effects. Our
findings provide novel insight into the mechanisms of
HSCs in liver injury therapy. Whether the potential value
of initiation HSC-derived molecular therapy is derived
from the effect of a single cytokine or a combination of
cytokines should be explored in future.
Chang WJ, Song LJ, Yi T, Shen KT, Wang HS, Gao XD, Li
M, Xu JM, Niu WX, Qin XY. Early activated hepatic stellate
cell-derived molecules reverse acute hepatic injury. World J
Gastroenterol 2015; 21(14): 4184-4194 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4184.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4184

INTRODUCTION

MATERIALS AND METHODS

Hepatic stellate cells (HSCs), first described by Kupffer
in 1876, have emerged in the past 30 years as
[1]
remarkably versatile mesenchymal cells . Previous
studies have explored the importance of HSCs in liver
fibrosis, because HSC activation into myofibroblasts is
thought to be the major step in hepatic fibrogenesis
[2]
associated with liver injury . Beyond this well-known
characteristic, however, many newly discovered
activities have led to a greater understanding of this
fascinating cell type and the complexity of cellular
[3]
homeostasis in the liver .

Animals

WJG|www.wjgnet.com

Male C57BL/6J mice (6-8-wk-old, weighing 20 ± 2
g) were purchased from the Shanghai Laboratory
Animal Center, Chinese Academy of Sciences. All of
the animals were maintained in the animal facility
of Zhongshan Hospital, Fudan University. The mice
were kept on a 12-h light/dark cycle with access to
mouse chow and water ad libitum. All surgery was
performed under a mixture anesthesia of ketamine
(80 mg/kg, Hengrui Medicine, Lianyungang, China)
and xylazine (30 mg/kg, Sigma-Aldrich, St. Louis, MO,
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Transmission electron microscopy

United States) given intraperitoneally, and all efforts
were made to minimize suffering. The experimental
protocol was approved by the Animal Care and Use
Committee of Fudan University. All animals were
handled in accordance with the Guide for the Care and
Use of Laboratory Animals published by the National
Institutes of Health.

HSCs (5d) and HSCs (P3) were harvested by trypsi
nization and centrifugation for 10 min at 1000 g
at room temperature. Cells were fixed in 2.5%
glutaraldehyde for 1 h at 4 ℃ and postfixed with 1%
osmic acid for 30 min. Cells were then stained with
lead-uranium, and the ultrastructural organization
was observed with a transmission electron microscope
(JEM-1200EX, Japan).

Isolation and cultivation of HSCs

HSCs were isolated from mouse livers as we described
[8]
before . Briefly, C57BL/6J mice livers were perfused
in situ, and the HSCs were isolated by an optimized
density gradient centrifugation technique. HSCs were
seeded in high-glucose Dulbecco’s Modified Eagle
Medium (DMEM, Gibco, New York, United States) con
taining 10% fetal bovine serum (FBS, Sigma-Aldrich,
Poole, United Kingdom). The cells were incubated at
37 ℃ in a humidified atmosphere with 5% carbon
dioxide. The primary HSCs cultured for 5 d were
defined as HSCs (5d), and after being passaged three
generations, HSCs were defined as HSCs (P3).

APAP administration

All animals were fasted overnight before APAP
treatment (Sigma-Aldrich, St. Louis, MO, United
States). ALI was induced by intraperitoneal injection
of APAP in phosphate-buffered saline (PBS, Gibco,
New York, United States) at a dose of 750 mg/kg.
Blood samples were obtained at 12, 24, 36, and 48
h after injection by retro-orbital puncture for analysis
of liver enzyme levels. Mice were sacrificed 24 h
after injection by cervical dislocation under a mixture
anesthesia of ketamine and xylazine, and liver tissues
were harvested and fixed with 4% paraformaldehyde
(Sigma-Aldrich, St. Louis, MO, United States) for
histological analysis.

Preparation and delivery of cells, cell lysates and
conditioned medium

Cellular lysates were prepared by sonication (VWR
Scientific, West Chester, PA). The dose of cells
6
administered was 2 × 10 per subject. Conditioned
medium was prepared by collecting serum-free
medium (high-glucose DMEM without FBS; supple
mented with 0.05% bovine serum albumin (BSA) to
prevent protein aggregation) after 24-h culture of
different cell masses. The majority of experiments
6
were performed with the optimal cell mass of 2 × 10
cells. Supernatants were centrifuged and filtered to
eliminate potential cell bodies. The medium was then
concentrated approximately 25-fold using ultrafiltration
units (Amicon Ultra-PL 3, Millipore, Bedford, MA,
United States) with a 3 kDa molecular weight cut-off.
Finally, the collected medium, containing paracrine
molecules (HSC-CM), was stored at -80 ℃ until use.

Administration of paracrine molecules

To assess the protective effect of paracrine molecules
(HSC-CM) on ALI, after one dose of APAP treatment,
all animals were randomly divided into three groups:
an HSC-CM (5d) group, an HSC-CM (P3) group and
a control group. Two hours after APAP injection,
the HSC-CM (5d) group and HSC-CM (P3) group
were treated with one dose of paracrine molecules
6
of HSCs (5d) (0.20 mL, about 2 × 10 HSCs) and
paracrine molecules of HSCs (P3) (0.20 mL, about
6
2 × 10 HSCs), respectively, via tail vein injection.
Control animals received the same volume of blank
conditioned medium (0.2 mL, high-glucose DMEM).
Four animals per group were sacrificed 24 h later
to collect liver tissue, and 13 animals per group
were used for survival analysis. Blood samples were
collected 12, 24, 36, and 48 h after treatment by
retro-orbital puncture for analysis of liver enzyme
release levels. The survival analysis was set for 7 d
and animal survival was monitored every 12 h. On 7 d
after administration of paracrine molecules, the endpoint for the survival experiment was reached and
the survival rate was analyzed, and all survival mice
were sacrificed by cervical dislocation under a mixture
anesthesia of ketamine and xylazine.

Immunofluorescence

HSCs (5d) and HSCs (P3) grown in 35-mm tissue
culture plates were fixed with ice-cold 2% methanol
for 10 min at 4 ℃. After blocking with 5% BSA (Sigma
Aldrich, St. Louis, MO, United States) in PBS, cells
were incubated with mouse monoclonal anti-α-SMA
IgG (Abcam, Cambridge, MA; 1:100) or rabbit antidesmin (Abcam, Cambridge, MA; 1:100) for 2 h at
room temperature, followed by development with
donkey anti-mouse Alexa Fluor 488 (Invitrogen,
Carlsbad, California, United States; 1:500) or donkey
anti-rabbit Alexa Fluor 594 (Invitrogen, Carlsbad,
California, United States; 1:500) for 30 min at room
temperature, respectively. All plates were examined
under an Axiovert 200 (Carl-Zeiss, Jena, Germany)
using a computer-assisted image analysis program
(AxioVision Ver. 4.0; Carl-Zeiss).
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Assessment of liver injury

Liver injury was determined by measuring amino
transferase levels in the serum and by histologic
examination of tissue sections under a light micro
scope. Serum samples were stored at -80 ℃ until
use. Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were measured using Infinity
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Figure 1 Morphological features and α-SMA expression of cultured hepatic stellate cells during the activation process. Primary hepatic stellate cells (HSCs)
were maintained on uncoated plastic dishes. HSCs presented a star-shaped appearance with fewer and smaller lipid droplets in the cytoplasm after primary culture
for five days, and began to express α-SMA at non-uniform levels between cells. Subcultured HSCs evolved into myofibroblast-like cells without lipid droplets in the
cytoplasm and expressed a uniform and higher level of α-SMA. Red: desmin; green: α-SMA; blue: nucleus (DAPI). Merged images are also shown. White arrows
point to HSCs expressing high level of α-SMA. Bar = 100 μm.

ALT reagent and Infinity AST reagent, respectively
(Thermo Electron, Louisville, CO, United States)
according to the manufacturer’s instructions. Liver
tissues were fixed with 4% paraformaldehyde in PBS
for 18 h and then embedded in paraffin. Sections of 5
µm thickness were cut and stained with hematoxylin
and eosin (HE; Sigma-Aldrich, St. Louis, MO, United
States). HE-stained liver sections were examined,
and necrosis was graded using a previously described
[9]
system .

RESULTS
HSC morphology and phenotype changes in the
activation process

The isolated HSCs were cultured on uncoated plastic
tissue culture plates and observed under a phase
contrast microscope. After primary culture for 24
h, HSCs were quiescent, had a spherical shape and
displayed a clear nuclear region surrounded by retinoid
droplets in the cytoplasm. These cells expressed
desmin and were negative for a-smooth muscle
actin (α-SMA, data not shown). HSCs presented a
star-shaped appearance with fewer and smaller lipid
droplets in the cytoplasm after primary culture for five
days, (Figure 1) and began to express α-SMA at nonuniform levels between cells (because the activation
stage varied between cells) (Figure 1). These cells
were at the early stage of activation and defined as
“initiation” HSCs. During this activation period, HSCs
developed the star-shaped pseudopodium branches
with gradually fewer lipid droplets in the cytoplasm.
Subcultured HSCs evolved into myofibroblast-like
cells without lipid droplets (Figure 1) and expressed
a uniform and higher level of α-SMA (Figure 1).
These cells were persistently activated and defined as
“perpetuation” HSCs.
At the ultrastructural level, primary cultured HSCs
contained a small amount of rough endoplasmic
reticulum and a few mitochondria, without microfi
laments in the cytoplasm (Figure 2A). HSCs (5d)
were characterized with increased rough endoplasmic
reticulum, Golgi apparatus and microfilaments (Figure
2B). HSCs (P3) exhibited marked hypertrophy of rough
endoplasmic reticulum and Golgi apparatus. They also
had extensive microfilaments (Figure 2C), suggesting
that perpetuation HSCs exhibited active synthesis and
secretion function.
In summary, initiation HSCs and perpetuation

Protein array of HSC supernatants

For HSC-CM, HSCs were cultured in serum-free
DMEM supplemented with 0.05% BSA. Supernatants
were prepared by collecting serum-free medium after
6
24 h culture of approximately 2 × 10 HSCs (5d)
or HSCs (P3). The media were then concentrated
approximately 25-fold using ultrafiltration units
(Millipore, Bedford, MA, United States) with a 3 kDa
molecular weight cut-off. Finally, the collected medium,
containing paracrine molecules (HSC-CM), was stored
at -80 ℃ until use. These were analyzed for a panel
of specified proteins using an antibody array (RayBio
Mouse Cytokine Antibody Array c2000, RayBiotech
Inc., Norcross, GA) as specified by the vendor.

Statistical analysis

The quantitative results are expressed as the mean ±
SD. For multi-group comparison, one-way analysis of
variance was applied. Comparisons between groups
were performed using the non-parametric MannWhitney U-test, or one-way analysis of variance. The
Kruskal-Wallis rank-sum test was applied when the
samples were not normally distributed. Kaplan-Meier
analysis was used for survival analysis. A P-value less
than 0.05 were considered statistically significant. The
statistical methods of this study were reviewed by
Department of Biostatistics of Fudan University.
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Figure 2 Ultrastructure of hepatic stellate cells observed under a transmission electron microscope. A: HSCs contained lipid droplets (L) around the nucleus (N)
after primarily cultured for 24 h; B: Primary HSCs were characterized by decreased lipid droplets and a moderate amount of rough endoplasmic reticulum (ER) and
mitochondria (M) when cultured for 5 d; C: HSCs (P3) exhibited marked hypertrophy of rough endoplasmic reticulum and microfilaments, but no lipid droplets. Black
arrows point to microfilaments. HSC: Hepatic stellate cell.
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We previously established a mouse model of APAP[9]
induced ALI . Liver enzyme levels measured in the
peripheral blood provide a good estimate of ongoing
liver damage. In this study, serum ALT and AST started
to rise 6 h after APAP treatment, rose rapidly 12 h
later, and peaked at 24 h (data not shown).
To reverse the APAP-induced ALI, we first assessed
various HSC treatment modalities: cell transplantation,
delivery of cellular lysates, and delivery of conditioned
medium to assess the most efficacious therapy.
Animals were treated 2 h after ALI induction by tail
vein injections of wholes cells or cell lysates. No
significant survival benefit was observed after the
intravenous transplantation of HSCs (5d) or HSCs
(P3), which was most likely due to poor engraftment
and entrapment in the alveolar capillary (Figure 3).
In contrast, treatment with cellular lysates of HSCs
(5d), derived from the same cell mass as used for
transplantation, resulted in an increased survival trend
compared to other four groups (P < 0.05).
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Figure 3 Infusion of hepatic stellate cell lysate provides a trend toward
increased survival in acetaminophen-induced acute liver injury. All
animals were fasted overnight before acetaminophen (APAP) treatment. Mice
administered APAP were treated by intravenous injection of hepatic stellate
cells (HSCs) or HSC lysates from the same cell mass (0.2 mL, about 2 × 106
cells). Control mice received vehicle (0.2 mL, high-glucose DMEM). KaplanMeier survival analysis of APAP-administered mice treated with cell transplants
or lysates is performed. Time points of interventions are stated above survival
plots. The results are cumulative data of two independent experiments (n = 13
per group) using different batches of HSCs. The number of death mice during
survival analysis in each group: 9 in vehicle, 10 in HSC (5d) transplant, 6 in
HSC (5d) lysate, 9 in HSC (P3) transplant, and 8 in HSC (P3) lysate. P-values
were determined by the Kaplan-Meier analysis. aP < 0.05 vs control. NS: Not
significant.

HSCs had different morphological and phenotypic
traits, which indicated that the synthesis and secretion
functions of HSCs changed during the activation
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Figure 4 Hepatic stellate cell-CM (5d) provides a survival benefit in acute liver injury mice and reverses acute liver injury in a cell mass-dependent manner. A:
Kaplan-Meier survival analysis of acetaminophen (APAP)-administered mice treated with concentrated hepatic stellate cell (HSC)-CM (0.2 mL, conditioned medium
of 2 × 106 cells HSCs). Control mice received vehicle (0.2 mL, high-glucose DMEM). The results for both panels are cumulative data of two independent experiments
(n = 13 per group). The number of death mice during survival analysis in each group: 9 in vehicle, 3 in HSC (5d), and 7 in HSC (P3). P-values were determined by the
Kaplan-Meier analysis, aP < 0.05 vs control; B: Dose-response graph of animal survival 72 h after acute liver injury (ALI) induction as a function of the mass of HSCs (5d)
from which HSC-CM was derived; alanine aminotransferase (C), aspartate aminotransferase levels (D) in peripheral blood samples collected at 12, 24, 36, and 48 h
after the systemic treatment. bP < 0.01 vs control. NS: No significant.

HSC-CM (5d) provides hepatoprotection and survival
benefit

controls. Serum was obtained every 12 h and analyzed
for hepatocyte release. Liver enzyme levels in serum
provide a good estimate of ongoing liver damage. The
peak in liver damage was observed at 24 h after CM
treatment in each group. However, ALT was decreased
by 42% (P < 0.01) and 45% (P < 0.01), respectively,
in HSC-CM (5d)-treated mice compared with HSCCM (P3) and vehicle mice, and AST was decreased
by 42% (P < 0.01) and 46% (P < 0.01), respectively
(Figure 4C and D). Overall, these results show that
the molecules secreted from initiation HSCs were
associated with less severe liver damage and higher
survival rate.

We then determined if the efficacy observed with
lysates could be reproduced by using the secreted
molecules from HSCs. A longitudinal analysis using
6
HSC-CM (5d) from the same cell mass (i.e., 2 × 10
HSCs) revealed a distinct survival benefit compared
to vehicle (P < 0.05) and HSC-CM (P3) (P < 0.05).
There was no significant difference between the HSCCM (P3) and vehicle groups in survival rate (Figure
4A). In addition, we monitored 72 h survival of ALIinduced mice as a function of the mass of HSCs (5d)
from which the medium was conditioned (Figure
4B). Interestingly, the effect of HSC (5d) concentrate
was abrogated at higher cell masses, indicating a
therapeutic window of effectiveness. However, the
HSC-CM (P3) could not improve mouse survival in all
cell masses (data not show).
Based on these results, we assessed the protective
effects of the molecules secreted from HSCs (5d).
Animals were treated 2 h after ALI induction by
injection of HSC-CM (5d) into the systemic circulation.
HSC-CM (P3) and blank-CM (vehicle) served as
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HSC-CM therapy inhibits hepatocellular necrosis and
panlobular inflammation

Microscopic evaluation of HE-stained liver tissue from
HSC-CM (P3) and vehicle mice revealed profound
hepatocellular necrosis and panlobular mononuclear
leukocyte infiltration with cytoplasmic vacuolization
and severe distortion of tissue architecture (Figure
5A and C). HSC-CM (5d)-treated mice showed no
signs of disseminated inflammation, although minor
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Figure 5 Hepatic stellate cell-CM (5d) treatment improves hepatocellular necrosis and immune cell infiltration in APAP-injured liver tissue. All animals were
fasted overnight before APAP treatment. Acute liver injury (ALI) mice were sacrificed 24 h after systemic vehicle or hepatic stellate cell (HSC)-CM treatment. Liver
samples were subjected to histological analysis after HE staining. Microscopic low-power fields of liver tissue are shown after vehicle (A), HSC-CM (5d) (B) and HSCCM (P3) (C) treatment. Necrotic area is indicated by arrowheads. 1: centrilobular vein, 2: portal vein. Bar = 100 μm. Scores were determined by semi-quantitative
histological examination (D). Data are the mean ± SE of the mean of 10 random high-power fields per animal. aP < 0.05, bP < 0.01 vs control. Bar = 100 μm. NS: Not
significant.

pericentrilobular vein infiltration and hepatocellular
death were observed (Figure 5B). Semi-quantitative
histological examination of liver tissue confirmed the
differences between the three groups (Figure 5D). The
average score in the HSC-CM (5d) group was 2.25 ±
0.45, compared with 3.51 ± 0.57 in the HSC-CM (P3)
group (P < 0.05) and 3.75 ± 0.51 in the vehicle group
(P < 0.01). There was no difference between HSCCM (P3) and vehicle. These results demonstrate that
the molecules secreted from initiation HSCs correlated
with less severe hepatocellular necrosis.

of the 69 proteins had a constituent ratio difference
of more than 2-fold between the HSC-CM (5d) and
the HSC-CM (P3) group: monocyte chemoattractant
protein-1 (MCP-1), macrophage inflammatory
protein-1γ (MIP-1γ), hepatocyte growth factor (HGF),
interleukin-10 (IL-10), matrix metalloproteinase-2
(MMP-2), stem cell factor (SCF) and Fas-Ligand. HSCCM (5d) contained significantly more MCP-1, MIP-1γ,
HGF, IL-10 and MMP-2, which might correlate with the
greater inflammatory inhibition and therapeutic activity
of HSC-CM (5d) in ALI.

HSC-CM (5d) is composed of many chemokines
and growth factors that correlate with inflammatory
inhibition and therapeutic activity

DISCUSSION
It is becoming increasingly clear that HSCs have a
profound impact on the proliferation, differentiation,
and morphogenesis of other hepatic cell types during
liver development and regeneration. Inhibiting
[5]
[10]
activated HSCs using gliotoxin and L-cysteine
prevents normal regenerative responses of both
hepatocytes and oval cells in APAP- and 2AAF/PHinduced ALI, respectively. In this study, we observed
that initiation HSCs were different from perpetuation
HSCs in morphology, phenotype and molecule
secretion. Initiation HSC-derived molecules protected
hepatocytes against death and increased the survival
rate of mice subjected to APAP-induced ALI. The

To determine the molecular mediators of the observed
protective effects of initiation HSCs, we examined
HSC-CM using a high-density protein array. HSC-CM
contained 69 of the 144 assayed proteins (Figure 6A),
which included a broad spectrum of molecules involved
in immunomodulation and liver regeneration. Cluster
analysis revealed that a large proportion of HSC-CM
(5d) was composed of chemokines (36.29%) and
growth factors (21.03%) (Figure 6B), many of which
were expressed at high relative levels. There was no
significant difference between HSC-CM (5d) and HSCCM (P3) in the constituent ratios of proteins. Only 7
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Figure 6 Differences between hepatic stellate cell-CM (5d) and hepatic stellate cell-CM (P3) in cytokine composition. Serum-free hepatic stellate cell (HSC)-CM was analyzed using an antibody array for 144 specified proteins. A:
Densitometry of spotted antibody array results. Data are presented as spot intensity relative to the negative control and normalized to the positive control. 1Molecules whose concentrations in HSC-CM (5d) were more than twice as high as in
HSC-CM (P3); 2molecules whose concentrations in HSC-CM (P3) were more than twice as high as in HSC-CM (5d). Pie chart showing cluster analysis of HSC (5d) secreted proteins (B) and HSC (P3) secreted proteins (C) based on reported
function.
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efficacy of initiation HSC-CM was a function of the
cell mass from which the medium was conditioned,
suggesting important pharmacological aspects of
this treatment. These results are significant because
we identified differences between initiation HSCs
and perpetuation HSCs and provide clear evidence
that delivery of HSC secretions has the potential to
dramatically reduce cell death in the acutely injured
liver.
The use of transgenic models has yielded infor
mation on how abnormal function of HSCs translates
+/into regenerative defects. Foxf1 mice subjected to
CCl4 injury show decreased HSC activation and more
severe hepatocyte necrosis during the regenerative
[11]
period . These results suggest that the defect in
HSC activation consecutive to haploinsufficiency of
Foxf1 results in impaired regeneration. However,
r/r
following CCl4 injury, Col-1a1 mice show persistent
[12]
activation of HSCs and fail to regenerate properly .
In the context of progressive fibrosis, this inhibition of
hepatocyte proliferation may represent a significant
mechanism preventing the restoration of effective
hepatocellular function. These two examples suggest
that deficient as well as uncontrolled HSC activation
impairs liver regeneration. Thus, a finely tuned HSC
response may be an important factor to ensure
[13]
adequate regeneration . Based on the data, we
speculate that perpetuation HSCs mainly take part
in the process of liver fibrosis, but initiation HSCs are
involved in hepatocyte protection.
In normal circumstances, the liver hardly prolife
rates and was therefore classified as a stable organ.
After liver injury, however, proliferation of the main
epithelial compartments (hepatocytes and cholan
giocytes), followed by proliferation of the mesenchymal
cells (HSCs and endothelial cells), quickly restores
the liver. As the support cell for hepatocytes, HSCs
interact in order to control the hepatocytes, and these
interactions can often be broken down into one of
two major mechanistic categories: physical contact
[14]
and diffusible factors . It has been showed that
HSC-clusters frequently contained α-SMA expressing
HSCs and were in close association with hepatocytes,
indicating the possibility that activation of HSCs and
HSC-hepatocyte interaction were related events during
[7]
regeneration . However, whether diffusible factors
from HSCs have a protective effect on hepatocytes
is not clear. In this study, we firstly showed that
early activated HSC-derived molecules could reverse
[15]
ALI. Evarts et al
used the HSC cell line to verify
that naproxen stimulated VEGF and HGF expression
was of particular relevance in improving survival of
transplanted hepatocytes. Naproxen and celecoxib
increased desmin expression in HSCs after hepatocytes
transplantation. This desmin-positive phenotype of
HSCs was similar to previous cell transplantation
studies, where desmin was expressed without α-SMA,
presumably because this stimulus was transient and
nonfibrogenic.
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Following liver injury, HSCs undergo “activation”,
which consists of two major phases: initiation and
perpetuation, followed by resolution of fibrosis
[4]
if injury subsides . In this study, regarding the
morphological and phenotypic differences, initiation
HSCs were spherical and expressed little α-SMA,
while perpetuation HSCs were myofibroblast-like and
expressed a uniform and higher level of α-SMA. Thus,
we hypothesized that perpetuation HSCs exhibited
active synthesis and secretion. Previous studies have
shown that secretion of IL-10 and HGF was gradually
reduced with the activation of HSCs, and these
factors are confirmed to have a protective effect on
[15,16]
hepatocytes in in vitro studies
.
To determine the molecular mediators of the
observed protective effects of initiation HSCs, we
further used proteomic analysis to reveal a broad
spectrum of molecules that are involved in immuno
modulation and hepatocyte protection. Compared
to perpetuation HSC-CM, initiation HSC-CM included
higher levels of MCP-1, MIP-1γ, HGF, IL-10 and MMP-2,
but less SCF and Fas-Ligand. MCP-1 (CCL2) is a C-C
chemokine that attracts monocytes and memory T
cells specifically during an inflammatory response via
[17]
its specific receptor, CCR2 . MCP-1 is upregulated
in a variety of diseases that are characterized by
[18]
mononuclear cell infiltration . Deficiency of MCP-1
[19]
protects mice against alcoholic liver injury , but there
is also evidence that MCP-1 protects against hepatic
injury by directly inhibiting NKT cell IL-4 production in
[20]
T cell-mediated hepatitis . MIP-1γ also belongs to a
C-C chemokine family containing MIP-1α, MIP-1β, and
MIP-1γ, which are produced by monocytes and other
types of leukocytes. By binding to chemokine receptor
1 (CCR1), a specific receptor on neutrophils, MIP-1γ
acts as a chemoattractant that induces the chemotaxis
+
+
[21]
of CD4 T cells, CD8 T cells, and monocytes . In
this study, we detected high levels of MCP-1 and
MIP-1γ in HSC-CM (5d) but observed relatively less
monocyte infiltration in hepatic tissue of the HSC
(5d) group, indicating that MCP-1 and MIP-1γ might
not only affect monocyte trafficking. Further study is
needed to determine the specific roles of MCP-1 and
MIP-1γ in ALI. IL-10 is an anti-inflammatory pleiotropic
cytokine that is secreted by monocytes, macrophages,
and other leukocytes upon stimulation. Endogenous
IL-10 protects hepatocytes by suppressing the ability
of effector cells (e.g., Kupffer cells) to release multiple
cytokines, including TNF-α and chemokines, thereby
[22]
inhibiting cytokine-dependent hepatocyte injury . We
speculate that the anti-inflammation effects observed
in this study are a comprehensive regulatory process
achieved by MCP-1, MIP-1γ and IL-10. HGF is regarded
as one of the most potent stimulants for hepatocyte
regeneration. All biological effects of HGF are mediated
[23]
by a single tyrosine kinase receptor, c-Met . Geneknockout studies have shown that both HGF and c-Met
are absolutely required for liver development. HGF/
c-Met signaling stimulates hepatocyte growth through
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between initiation HSCs and perpetuation HSCs and described the first use of
molecules secreted from HSCs in APAP-induced ALI. Initiation HSC-derived
molecules showed hepatocyte-protective effects. This findings provide novel
insight into the mechanisms of HSCs in liver injury therapy.

paracrine and autocrine mechanisms, and these can
[24]
initiate liver regeneration . Matrix metalloproteinases
(MMPs) and tissue inhibitors of metalloproteinases
(TIMPs) maintain hepatic ECM stability by regulating
[25]
its formation and degradation . Activated HSCs are
responsible for the majority of ECM protein deposition
[26]
in liver fibrosis . A recent study reported the role of
MMP-2 in reducing hepatic injury and enhancing liver
[27]
regeneration . MMP-2 promotes pericellular collagen
deposition, creating a microenvironment supporting
the growth of regenerative hepatocytes. In contrast,
perpetuation HSC-CM contained more Fas-ligand and
SCF than initiation HSC-CM. Fas promotes hepatocyte
[28]
apoptosis and hepatic fibrogenesis . SCF regulates
the differentiation of CD34-positive stem cells and
[29]
modulates the synthesis of more speciﬁc cell types .
SCF also plays an important role in liver-remodeling
processes. SCF combined with GM-CSF affects cellular
differentiation and proliferation in various types of cells
[30]
besides hepatobiliary epithelial cells . However, our
data show that SCF may not protect hepatocytes from
ALI. Thus, initiation HSCs attenuate acute hepatocyte
injury, while perpetuation HSCs may take part in
hepatic fibrosis. The specific mechanisms of action of
these molecules may be pluralistic, and whether the
molecules could promote liver regeneration after ALI
merits further study.
In conclusion, we observed different morphologies
and phenotypes between initiation HSCs and perpe
tuation HSCs, and provide the first experimental
evidence of the potential medical value of initiation
HSC-derived molecules in the treatment of ALI. Our
findings provide novel insight into the mechanisms
of HSCs in liver injury therapy. Whether the potential
value of initiation HSC-derived molecular therapy is
derived from the effect of a single cytokine or a com
bination of cytokines should be explored in future studies.

Applications

In conclusion, the current study shows that systemic HSC-CM (5d) therapy
has profoundly improved survival in mice undergoing APAP-induced ALI. This
work validates that conditioned medium of early activated HSCs induces an
integrated response to liver injury and creates potential new avenues for the
treatment.

Terminology

HSCs, first described by Kupffer in 1876, have emerged in the past 30 years as
remarkably versatile mesenchymal cells. Previous studies have explored the
importance of HSCs in liver fibrosis because HSC activation into myofibroblasts
is thought to be the major pathway in hepatic fibrogenesis associated with liver
injury. Beyond this well-known characteristic, however, many newly discovered
activities have led to a greater understanding of this fascinating cell type and
the complexity of cellular homeostasis in the liver.

Peer-review

This work by Chang et al describes the protective effect of conditioned medium
from early activated HSCs on hepatocytes in injured liver from APAP injury. The
work is novel and not described before. The findings point towards an in vivo
protective component of HSCs during early activation.
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subjected to CCl4 injury show decreased HSC activation and more severe
hepatocyte necrosis during the regenerative period. Notably, the mechanisms
by which activated HSCs help mediate liver regeneration in experimental
animals and human patients remain to be determined and the relative
importance of different subtypes of hepatic stellate cells/myofibroblasts is still
not clear in liver injury.
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Abstract
AIM: To investigate the hepatoprotective effects
and mechanisms of hydrogen-rich water (HRW) in
acetaminophen (APAP)-induced liver injury in mice.
METHODS: Male mice were randomly divided into
the following four groups: normal saline (NS) control
group, mice received equivalent volumes of NS
intraperitoneally (ip); HRW control group, mice were
given HRW (same volume as the NS group); APAP +
NS group, mice received NS ip for 3 d (5 mL/kg body
weight, twice a day at 8 am and 5 pm) after APAP
injection; APAP + HRW group, mice received HRW for
3 d (same as NS treatment) after APAP challenge. In
the first experiment, mice were injected ip with a lethal
dose of 750 mg/kg APAP to determine the 5-d survival
rates. In the second experiment, mice were injected ip
with a sub-lethal dose of 500 mg/kg. Blood and liver
samples were collected at 24, 48, and 72 h after APAP
injection to determine the degree of liver injury.
RESULTS: Treatment with HRW resulted in a
significant increase in the 5-d survival rate compared
with the APAP + NS treatment group (60% vs 26.67%,
P < 0.05). HRW could significantly decrease the
serum alanine aminotransferase level (24 h: 4442
± 714.3 U/L vs 6909 ± 304.8 U/L, P < 0.01; 48 h:
3782 ± 557.5 U/L vs 5111 ± 404 U/L, P < 0.01; and
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3255 ± 337.4 U/L vs 3814 ± 250.2 U/L, P < 0.05,
respectively) and aspartate aminotransferase level
(24 h: 4683 ± 443.4 U/L vs 5307 ± 408.4 U/L, P <
0.05; 48 h: 3392 ± 377.6 U/L vs 4458 ± 423.6 U/L,
P < 0.01; and 3354 ± 399.4 U/L vs 3778 ± 358 U/L,
respectively) compared with the APAP treatment group.
The alkaline phosphatase, total bilirubin and lactate
dehydrogenase levels had the same result. Seventy-two
hours after APAP administration, liver samples were
collected for pathological examination and serum was
collected to detect the cytokine levels. The liver index
(5.16% ± 0.26% vs 5.88% ± 0.073%, P < 0.05) and
percentage of liver necrosis area (27.73% ± 0.58% vs
36.87% ± 0.49%, P < 0.01) were significantly lower
in the HRW-treated animals. The malonyldialdehyde
(MDA) contents were significantly reduced in the
HRW pretreatment group, but they were increased
in the APAP-treated group (10.44 ± 1.339 nmol/mg
protein vs 16.70 ± 1.646 nmol/mg protein, P < 0.05).
A decrease in superoxide dismutase (SOD) activity in
the APAP treatment group and an increase of SOD in
the HRW treatment group were also detected (9.74 ±
0.46 U/mg protein vs 12.1 ± 0.67 U/mg protein, P <
0.05). Furthermore, HRW could significantly increase
the glutathione (GSH) contents (878.7 ± 76.73 mg/g
protein vs 499.2 ± 48.87 mg/g protein) compared with
the APAP treatment group. Meanwhile, HRW could
reduce the inflammation level (serum TNF-α: 399.3
± 45.50 pg/L vs 542.8 ± 22.38 pg/L, P < 0.05; and
serum IL-6: 1056 ± 77.01 pg/L vs 1565 ± 42.11 pg/L,
P < 0.01, respectively). In addition, HRW could inhibit
4-HNE, nitrotyrosine formation, JNK phosphorylation,
connexin 32 and cytochrome P4502E expression.
Simultaneously, HRW could facilitate hepatocyte mitosis
to promote liver regeneration.

liver injury.
Zhang JY, Song SD, Pang Q, Zhang RY, Wan Y, Yuan DW, Wu
QF, Liu C. Hydrogen-rich water protects against acetaminopheninduced hepatotoxicity in mice. World J Gastroenterol 2015;
21(14): 4195-4209 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4195.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4195

INTRODUCTION
Acetaminophen (N-acetyl-p-aminophenol, APAP) is a
widely used analgesic and antipyretic drug in the clinic.
APAP is believed to be safe within therapeutic doses,
but overdose causes centrilobular hepatic necrosis
[1]
that leads to acute liver failure (ALF) . Surveys have
shown that APAP poisoning accounts for approximately
one-half of ALF in the US today, which costs as much
[2]
as $87 million dollars to treat annually .
The severity of APAP-induced liver injury has
been the focus of many research studies, and a
variety of mechanisms of toxicity both in animals
[3,4]
and humans have been elucidated
. According
to pharmacological research, overdoses of APAP
can promote the generation of the toxic metabolite
N-acetyl-p-benzoquinone imine (NAPQI), which is
immediately conjugated with glutathione (GSH) to
[5,6]
form the nontoxic metabolite cysteine . However,
when the GSH is exhausted, NAPQI turns to covalently
bind with other proteins to form the protein adducts
[7]
that directly lead to cell death . Some studies have
reported that oxidative stress plays an important
[8]
role in APAP hepatotoxicity . Both the intracellular
(mitochondria) and extracellular (inflammatory cells)
sources of reactive oxygen species (ROS) contribute
[9-11]
to liver injury
. Many antioxidant agents have been
studied in experimental and clinical studies to reduce
or prevent APAP-induced hepatotoxicity. Meanwhile,
there is some evidence that APAP administration leads
to an increase in the pro-inflammatory cytokines, and
treatment of APAP-intoxicated mice with either antitumor necrosis factor (TNF)-α or anti-interleukin (IL)[12]
1β can prevent hepatotoxicity . Some proteins or
enzymes, such as cytochrome P4502E (CYP2E1),
inducible nitric oxide synthase (i-NOS) and c-Jun-NH2terminal protein kinase (JNK), play important roles in
[6,13-16]
the pathological process of APAP-liver injury
.
More recently, the role of gap junctions, which
represent an elegant mechanism for direct commu
nication between neighboring cells, has been studied
[17]
in drug-induced hepatic injury . In liver, connexin
32 (Cx32), the predominant gap junction protein
expressed in the liver, has been demonstrated to
aggravate drug-induced hepatic injury by enabling
direct intercellular communication between coupled
[18]
cells and the amplification of liver inflammation .

CONCLUSION: HRW has significant therapeutic
potential in APAP-induced hepatotoxicity by inhibiting
oxidative stress and inflammation and promoting liver
regeneration.
Key words: Hydrogen; Liver regeneration; Reactive
oxygen species; Acetaminophen; Connexin 32
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Acetaminophen (APAP)-induced liver injury is
a devastating and fatal disease. Hydrogen is a newlydeveloped antioxidant that has an obvious effect
of selectively reducing the strongest oxidants, such
as hydroxyl radicals and peroxynitrite. We launched
a research study to evaluate the protective role of
hydrogen-rich water on APAP-induced hepatotoxicity
in mice. We found that hydrogen-rich water treatment
was effective in counteracting APAP-induced hepatic
damage, oxidative stress and cellular necrosis. It could
also promote hepatocyte proliferation and inhibit the
expression of connexin 32, cytochrome P4502E and
JNK phosphorylation after APAP administration. These
results provide a potential therapy for APAP-induced

WJG|www.wjgnet.com

4196

April 14, 2015|Volume 21|Issue 14|

Zhang JY et al . Hepatoprotective effect of hydrogen
[19]

Patel et al
found that mice deficient in Cx32 were
protected against thioacetamide (TAA)-induced liver
damage. Inhibition of Cx32 by a pharmaceutical
[19]
strategy can also decrease the TAA or APAP toxicity .
Molecular hydrogen, the lightest and most
abundant chemical element in nature, has therapeutic
efficacy in many diseases through its efficient antioxidant, anti-inflammatory, anti-apoptotic, and
[20,21]
anti-allergy effects
. Although the protective
effects of hydrogen on liver diseases including
ischemia reperfusion injury, concanavalin-A-induced
hepatitis, schistosomiasis-associated liver injury, and
[22-24]
nonalcoholic steatohepatitis
have been confirmed,
the effect of hydrogen on APAP-induced liver injury
has not been studied. Hydrogen-rich water (HRW)
is an effective, convenient way to deliver molecular
hydrogen, which has the same effectiveness as
inhalation of hydrogen gas and is more suitable for
application. Therefore, the main aim of our study was
to assess the protective role and potential mechanisms
of HRW in APAP-induced hepatic injury in mice.

following three groups: (1) normal saline (NS) control
group, mice received equivalent volumes of NS
intraperitoneally (ip); (2) hydrogen-rich water control
group, mice received HRW (same volume as NS); (3)
APAP + NS group, mice received NS ip (5 mL/kg body
weight, twice per day at 8 am and 5 pm) after APAP
injection; and (4) APAP + HRW group, mice received
HRW (same volume as NS treatment) after APAP
challenge.
In the first experiment, mice (NS control and HRW
control groups, n = 5; APAP + NS and APAP + HRW
groups, n = 15) were randomly divided as described
above and received a lethal dose of 750 mg/kg APAP,
administered ip, at 8 am on the first day, and they
were monitored for mortality over the next 5 d.
In the second experiment, acute liver injury (ALI)
was induced by a sub-lethal dose of 500 mg/kg APAP
administered ip at 8 am on the first day. Mice were
treated ip with NS or HRW (5 mL/kg, twice a day at 8
am and 5 pm) for 3 d after APAP challenge. Six mice
per group were used in this study. Blood samples were
collected from all groups by cutting the tail at 24 and
48 h after APAP administration. Mice were sacrificed
at 72 h after APAP administration and blood samples
were collected from the eyeballs. The serum was
separated by centrifugation at 4 ℃, 3000× g for 15
min. The liver was removed immediately from each
mouse and kept at -80 ℃ until further analysis.

MATERIALS AND METHODS
Experimental animals and preparation of HRW

This study was conducted using male C57Bl/6 mice
(4-5 wk old, 21-26 g) (Animal Feeding Center of Xi’
an Jiaotong University Medical School). The animals
were acclimatized to laboratory conditions (23 ℃,
12 h/12 h light/dark, 50% humidity, and ad libitum
access to food and water) for one week prior to
experimentation. All mice were housed (5 per cage)
in clear, pathogen-free polycarbonate cages in the
animal care facility, and they were fed a standard
animal diet and water ad libitum under controlled
temperature conditions with 12-h light-dark cycles.
They were cared for in accordance with the Ethical
Committee, Xi’an Jiaotong University Health Science
Center. The study was reviewed and approved
by the Xi’an Jiaotong University Health Science
Center Institutional Review Board. All procedures
involving animals were reviewed and approved by
the Institutional Animal Care and Use Committee of
the Xi’an Jiaotong University Health Science Center
(IACUC protocol number: NO.XJTULAC2014-207). The
animal protocol was designed to minimize pain and
discomfort to the animals. All animals were euthanized
by isoflurane gas for tissue collection. The HRW was
produced by Naturally Plus Japan International Co,
Ltd, and was stored under atmospheric pressure at
4 ℃ in an aluminum bag with no dead volume. Gas
chromatography was used to confirm the content
of hydrogen by the method described by Ohsawa et
[20]
al
(hydrogen concentration of the HRW used in this
study: 0.83-0.91 mmol/L).

Measurement of liver function

The serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), total bilirubin and alkaline
phosphatase (ALP) activities were determined by an
automated procedure in the Department of Inspection,
The First Affiliated Hospital of Xi’an Jiaotong University.

Cytokine measurement in murine serum

The levels of serum TNF-α and IL-6 were measured
with commercial ELISA kits according to the instruc
tions of the manufacturer (Dakewe, Shenzhen, China).

Measurement of hepatic oxidative stress

The liver tissue was homogenized, and the tissue
myeloperoxidase (MPO), malonaldehyde (MDA), supe
roxide dismutase (SOD), catalase (CAT), glutathione
(GSH), glutathione peroxidase (GSH-Px) activities were
measured using the activity assay kits from NanJing
JianCheng Bioengineering Institute; the methods were
[25]
previously described .

Histological study

Samples from the liver were fixed in 10% formalin
solution and embedded in paraffin. Serial sections
of 5-μm thickness were obtained and stained with
hematoxylin eosin (HE) to evaluate the morphology.
Two researchers examined the results in a blinded
fashion. For electron microscopy examination, liver
tissues were preﬁxed immediately after harvesting

Study design

Mice in the present study were divided into the
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with 1.5% glutaraldehyde and 0.8% paraformaldehyde
(0.1 mol/L cacodylate buffer) at room temperature,
and they were postﬁxed in an aqueous solution of 1%
OsO4 and 1.5% K4(FeCN)6. Then, the specimens were
embedded into Epon by routine procedures. Ultrathin
sections (50 nm) were contrasted with lead citrate and
uranyl acetate and studied with a CM100 transmission
electron microscope.

Anderson Cancer Center, University of Texas, United
States; and Professor Ya-Feng Dong from University of
Kansas School of Medicine, United States.

RESULTS
HRW decreased liver injury in APAP-challenged mice
and improved the survival rate

The administration of 500 mg/kg APAP caused a
severe illness in the mice, which was characterized by
weakness and loss of body weight. After a lethal dose
of APAP administration (750 mg/kg), NS treatment
resulted in a 73.3% mortality rate in a 5-d observation
period, while HRW could improve the 5-d survival rate
to 60% (Figure 1A). Three days after a sub-lethal
APAP challenge (500 mg/kg), mice were sacrificed with
cervical dislocation. Necrosis, dropsy and petechiae
could be observed in the liver tissue, which could be
obviously mitigated by HRW treatment (Figure 1B-D).
HE results also showed that HRW could alleviate the
centrilobular necrosis, fatty infiltration and lymphocyte
infiltration (Figure 1D). Meanwhile, the liver function
detected by the serum ALT, AST, bilirubin, ALP and
lactate dehydrogenase (LDH) activities was measured
at 24, 48, and 72 h after APAP challenge. Compared
with APAP + HRW mice, APAP + NS mice showed a
significant increase in the serum ALT, bilirubin, AST,
ALP and LDH levels (Figure 1E).

Immunohistochemistry

Immunohistochemistry (IHC) analysis were performed
with 4HNE, nitrotyrosine, bromodeoxyuridine (BrdU),
Ki-67, PCNA and Cx32 antibodies (Beijing Biosynthesis
Biotechnology Co., Ltd) using previously described
[26]
methods . Mice given BrdU (0.5 mg/mL) in their
drinking water 4 d before APAP administration were
analyzed by immunohistochemistry for liver nuclearlabeling indices.

RNA isolation and quantitative reverse transcriptionpolymerase chain reaction analysis

Total RNA was isolated from liver samples using the
RNAfast200 kit (Fastagen Biotech, Shanghai, China).
Reverse transcription was performed using the
PrimeScript RT reagent kit (TaKaRa Biotechnology,
Dalian, China). The mRNA expression was assayed
in triplicate and normalized to the 18S mRNA
expression. The relative levels were calculated using
the Comparative-Ct Method (ΔΔCt method). The
primers used in the study are: TNF-α: (Forward
5’-AAGCCTGTAGCCCACGTCGTA-3’ and Reverse
5’-AGGTACAACCCATCGGCTGG-3’); IL-6: (Forward
5’-TCCATCCAGTTGCCTTCTTG-3’ and Reverse
5’-TTCCACGATTTCCCAGAGAAC-3’); Cx32: (Forward
5’-TGAGGCAGGATGAACTGGACAGGT-3’ and Reverse
5’-CACGAAGCAGTCCACTGT-3’); 18S: (Forward
5’-AAACGGCTACCACATCCAAG-3’ and Reverse 5’CCTCCAATGGATCCTCGTTA -3’).

HRW inhibited oxidative stress, inflammation and
peroxynitrite formation in the liver

Oxidative stress and inflammation could be induced
by APAP administration, which played an initial,
augmented role in the development of APAP
hepatotoxicity. Three days after 500 mg/kg APAP
administration, liver samples were removed to
assess the oxidative stress in mice. The oxidative
stress parameters, including MDA and MPO, in the
liver were significantly increased in the APAP + NS
group compared with the HRW-treatment group. The
protective indicator, SOD, significantly increased with
the use of HRW. HRW could also reverse the depletion
of GSH and increase the GSH-Px caused by APAP
(Figure 2A). Peroxynitrite (NT) formation and 4-HNE
expression were also inhibited by HRW treatment
(Figure 2B and C). Meanwhile, we also tested the
effect of HRW on inflammatory cytokines in the blood
and liver tissues 3 d after APAP challenge. The levels of
IL-1β and TNF-α in the peripheral blood were markedly
increased in the APAP + NS group compared with the
normal control and APAP + HRW groups. Meanwhile,
HRW could decrease the IL-1β and TNF-α mRNA levels
in the liver (Figure 3).

Western blot analysis

The anti-cyclin D1, PCNA, JNK, phospho-JNK, CYP2E1,
and β-actin monoclonal antibodies were purchased
from Beijing Biosynthesis Biotechnology CO., Ltd.
The protein concentration was determined by the
BCA method. Western blot analysis was performed as
[27]
previously described .

Statistical analysis

The survival and mortality rates are expressed as
percentages and analyzed using the Kaplan-Meier
method. The measurement data are expressed as the
mean ± SD. Differences between the experimental and
control groups were assessed by either the analysis of
variance (ANOVA) or t test, as applicable, using SPSS
18.0 (SPSS, 165 Inc.). A P value of less than 0.05 was
considered to be statistically signiﬁcant.
The statistical methods of this study were reviewed
by Dr. Kai Xu from Department of Epidemiology, MD

WJG|www.wjgnet.com

HRW protected the endoplasmic reticulum and
mitochondria in the liver

Three days after APAP administration, mice were
sacriﬁced and the liver tissue was obtained to assess
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Figure 1 Hydrogen-rich water leads to an obvious enhancement in the survival and decrease in the liver injury after acetaminophen challenge. A: KaplanMeier survival curve for mice in three groups in 5 d after a single, lethal dose of 750 mg/kg acetaminophen (APAP) [normal saline (NS) control or hydrogen-rich
water (HRW) control groups, n = 5; APAP + NS or APAP + HRW groups, n = 15]; B: Liver tissues were harvested 3 d after a sub-lethal dose of 500 mg/kg APAP.
The liver index was used to evaluate the liver injury and it was decreased by HRW administration (n = 6, mean ± SD, aP < 0.05 vs NS control group, bP < 0.05 vs
HRW control group, and cP < 0.05 vs APAP + NS group; C: Percent necrosis of mice in different groups (n = 6, mean ± SD, aP < 0.05 vs NS control group, bP < 0.05
vs HRW control group, and cP < 0.05, vs APAP + NS group); D: The representative appearance of livers and HE staining of murine liver sections. Decreased liver
hemorrhaging, necrosis, and acute inflammation were observed in the HRW treated mice; E: After a sub-lethal dose of 500 mg/kg APAP administration, blood samples
were harvested by tail cutting at 24 and 48 h and eyeball removal at 72 h. Serum was separated by centrifugation from blood to evaluate the liver function. Total
bilirubin, alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) at 24, 48 and 72 h were reduced with HRW treatment (n = 6, mean ± SD, aP < 0.05 vs NS
control group; bP < 0.05 vs HRW control group; and cP < 0.05 vs APAP + NS group). ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.
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Figure 2 Hydrogen-rich water decreases the oxidative stress and nitrotyrosine formation in the liver after acetaminophen administration. Three days after
a sub-lethal dose of 500 mg/kg acetaminophen (APAP) challenge, blood samples and liver tissues were harvested to evaluate the oxidative stress, inflammation
and nitrotyrosine formation. A: Hydrogen-rich water (HRW) protected against APAP-induced elevated malonyldialdehyde (MDA) and myeloperoxidase (MPO) levels,
decreased superoxide dismutase (SOD), catalase (CAT), glutathione (GSH) and glutathione peroxidase (GSH-px) activities; B: HRW inhibited the expression of 4-HNE
in the liver; C: HRW inhibited the nitrotyrosine (NT) protein adduct formation in the liver (n = 6, mean ± SD, aP < 0.05 vs NS control group; bP < 0.05 vs HRW control
group; and cP < 0.05 vs APAP + NS group).
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Figure 3 Hydrogen-rich water decreases the inflammation in the liver after acetaminophen administration. Hydrogen-rich water (HRW) reduced the serum
TNF-α and IL-6 concentrations and decreased the transcriptional levels of TNF-α and IL-6 in the liver (n = 6, mean ± SD, aP < 0.05 vs NS control group; bP < 0.05 vs
HRW control group; and cP < 0.05 vs APAP + NS group). NS: Normal saline.
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Figure 4 Hydrogen-rich water protects the integrity and stability of organelles after acetaminophen challenge. Representative electron microscopy of
endoplasmic reticulum distension, hyperplasia and dissolution as well as hepatocyte megamitochondria in the acetaminophen (APAP) challenged mice. Hydrogen-rich
water (HRW) treatment can alleviate the damage to a relatively normal level. NS: Normal saline.

the hepatic subcellular structure injury. Electron
microscopy revealed that APAP induced endoplasmic
reticulum distension, hyperplasia and breakdown. It
could also induce megamitochondria, mitochondria
pyknosis, distension and flocculent degeneration.
These injuries could be alleviated by different degrees
of HRW treatment (Figure 4).

D1 and PCNA expression in the control group was
minimal. In contrast, cyclin D1 and PCNA expression
was clearly observed in HRW-treated animals at 72 h
after APAP administration (Figure 5B).

HRW inhibited Cx32 expression to alleviate liver injury

Three days after APAP administration, mice were
sacriﬁced, the liver tissue was obtained and immuno
histochemical analysis was performed to ascertain
the localization and expression of Cx32 in liver
tissue. Mice treated with APAP displayed signiﬁcant
immunoreactivity for Cx32 around the central veins in
the liver. In contrast, the group of mice treated with
HRW had lower Cx32 transcription and protein levels
(Figure 6A-C).

HRW promoted hepatocyte proliferation in vivo after
APAP challenge

Hepatocyte proliferation was a key step in recovery
from liver injury. Therefore, we hypothesized that
HRW might also increase hepatocyte proliferation after
APAP overdose. To test this hypothesis, mice were
killed at 72 h after APAP administration, and livers
were harvested to determine the BrdU, Ki67 and PCNA
staining. The tissue from the APAP-challenged mice
displayed a small increase in the number of positive
staining hepatocytes, which were confined to the
centrilobular areas, but HRW signiﬁcantly enhanced
the BrdU, Ki67 and PCNA staining compared with
NS-treated APAP-challenged mice (Figure 5A). The
induction of cyclin D1 is the most reliable marker for
cell cycle (G1 phase) progression in hepatocytes.
Western blot was performed using whole-cell extracts
prepared from liver tissue to assess the expression of
cyclin D1 and PCNA in mice subjected to ALI or the
control procedure. As observed in Figure 5B, the cyclin

WJG|www.wjgnet.com

HRW inhibited APAP-induced phosphorylation of JNK
and activation of CYP2E1

JNK activation is mediated by oxidative stress and
plays pathogenic roles in a diverse array of cellular
programs, including cell differentiation, movement,
proliferation and death. Three days after APAP
administration, mice were sacriﬁced and the livers
were collected to investigate the mechanism for APAPinduced necrotic hepatocyte death; we studied the
JNK activation involved in the signal transduction in
the hepatic tissues. Western blot analyses showed a
signiﬁcant enhancement in the expression of phospho-
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Figure 5 Hydrogen-rich water facilitates hepatocyte proliferation after acetaminophen challenge. A: Representative immunohistochemistry staining of
BrdU, Ki67 and PCNA in the saline plus acetaminophen (APAP) as well as hydrogen-rich water (HRW) plus APAP treatment mice. The quantification of hepatocyte
proliferation was assessed by calculating the positive cells observed by microscopy (magnification × 200); B: Western blot analysis for the protein content of cyclin D1
and PCNA proteins in response to APAP and HRW treatment in the liver. β-actin was used as an internal control (n = 6, mean ± SD, aP < 0.05 vs NS control group, bP
< 0.05 vs APAP+NS group, and cP < 0.05 vs HRW control group). NS: Normal saline.
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Figure 6 Hydrogen-rich water inhibited connexin 32 expression in the liver tissue. A: Representative photographs of connexin 32 (Cx32) expression in the liver.
The acetaminophen (APAP)-challenged mice had more Cx32 immunopositive staining, as indicated by the brown color, while treatment with hydrogen-rich water (HRW)
can significantly reduce Cx32 immunostaining; B: The Cx32 IHC staining score indicated that hydrogen therapy could significantly lower the staining score and reduce
its activation and expression; C: The relative Cx32 mRNA levels in the three groups; D: Western blot analysis for the protein content of JNK and cytochrome P4502E
(CYP2E1) proteins in response to APAP and HRW treatment in the liver. β-actin was used as an internal control (n = 6, mean ± SD, aP < 0.05 vs NS control group; bP
< 0.05 vs APAP + NS group, and cP < 0.05 vs HRW control group). NS: Normal saline.

JNK after APAP challenge, which could be reduced by
the administration of HRW. No signiﬁcant changes were
found in the expression of total JNK. Furthermore,
we investigated the effect of APAP on the CYP2E1
protein level and the result showed that the CYP2E1
protein level was much higher in the APAP + NS group
compared with the APAP + HRW group (Figure 6D).
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DISCUSSION
Progress has been achieved in the research of hydrogen
therapy in diseases such as metabolism disorders,
cancer, tissue ischemia reperfusion injury and more.
Hydrogen has antioxidant, anti-inflammatory, antiapoptotic and other protective effects, and it selectively
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Figure 7 Schematic representation of the proposed effect of the hydrogen molecule in acetaminophen-induced hepatic injury. After acetaminophen (APAP)
administration into the hepatocytes, APAP is first metabolized through the cytochrome P4502E (CYP2E1) and generates N-acetyl-p-benzoquinone imine (NAPQI),
which binds with glutathione (GSH) and increases reactive oxygen species (ROS) and RNS formation as well as the level of inflammatory cytokines. It can also cause
JNK phosphorylation that damages the mitochondria and endoplasmic reticulum. Meanwhile, connexin 32 (Cx32) can be induced with oxidative stress, which can
promote the amplification of liver injury. The hepatic self-repair function is also activated after APAP administration, which can promote the cell mitosis to facilitate liver
regeneration. In the present study, we found that hydrogen can reduce APAP hepatotoxicity by inhibiting APAP metabolism, ROS and RNS formation, Cx32 expression
and promote hepatocyte proliferation.

quenches detrimental ROS, such as hydroxyl radicals
and peroxynitrite, but it does not have an effect on
physiological ROS, such as superoxide anion radical,
[20]
hydrogen peroxide, and nitric oxide . Because of its
advantageous distribution characteristics, hydrogen
can penetrate biomembranes and diffuse into the
cytosol, mitochondria, and nucleus, successfully
[28]
targeting organelles . In this study, we found that
hydrogen could reduce APAP-related liver injury by
reducing hepatic necrosis, improving survival, reducing
oxidative stress and inflammatory reaction in the liver,
facilitating liver regeneration, protecting the integrity
and stability of the hepatocyte organelles and inhibiting
the expression of Cx32, CYP2E1 and phospho-JNK
(Figure 7).
APAP is a widely used, safe, effective analgesic
when used within therapeutic doses. However, longterm and overdose use of APAP can induce severe
hepatotoxicity and nephrotoxicity in both animals and
[29]
humans . The transport function and membrane
permeability are impaired by APAP-induced hepatocyte
injury, leading to leakage of enzymes from these
cells. Therefore, the marked elevated levels of serum
transaminases, bilirubin, ALP and LDH activities could
be used to detect severe damage to hepatic tissue
membranes during APAP-induced hepatotoxicity.

WJG|www.wjgnet.com

However, treatment with HRW effectively reduced
these alterations and improved the 5-d survival,
demonstrating its hepatoprotective effects. The
histopathological analysis of liver sections indicated
moderate centrilobular necrosis, fatty infiltration and
lymphocytic infiltration in the HRW + APAP treated
mice with respect to the NS + APAP treated mice.
CYP2E1 is the major catalyst involved in the
metabolism of drugs, and APAP is mainly metabolized
by CYP2E1 to form an electrophilic metabolite, NAPQI,
which is primarily inactivated by conjugation with
GSH and posterior binding with other proteins to
[30,31]
form protein adducts
. The accumulation of the
intermediate metabolites and depletion of GSH are
key mechanisms of APAP-hepatotoxicity that directly
[6]
cause liver damage . To detect whether the protective
effects of HRW on the liver are associated with the
inhibition of CYP2E1, we investigated the expression
of CYP2E1 protein levels in different groups. The
results suggest that HRW could obviously reduce
APAP-induced CYP2E1 expression, which reduces
NAPQI formation associated with APAP hepatotoxicity
and effectively protects the liver against that
pathophysiology.
A number of pieces of evidence implicate the roles
of ROS and inflammation in the development of APAP-
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induced liver injury. For instance, excess depletion of
GSH beyond a critical level leads to oxidative stress
and exacerbates the hepatotoxicity. The masses of
the metabolites produced by APAP are also found to
[32,33]
generate ROS in biological systems
. Therefore,
we measured the intracellular ROS production,
inflammatory cytokines levels, GSH contents, lipid
peroxidation, activities of the antioxidant enzymes
and oxidation products (SOD, CAT, MDA, and 4-HNE)
in hepatic tissues. APAP intoxication signiﬁcantly
increased the intracellular ROS production, inflam
mation levels and lipid peroxidation as well as
decreased the GSH content. APAP intoxication also
decreased the activities of the antioxidant enzymes
SOD and CAT. However, the effect of HRW compared
to the APAP + NS treatment, which was consistent
with previous studies, indicates that hydrogen has a
powerful anti-inflammatory and antioxidant effect.
ROS are not only the direct damaging factors to the
liver, they are also important signaling molecules
[34]
which can activate JNK . JNK activation is a pivotal
regulator of mitochondrial permeabilization and
plays a key role in the development of APAP-induced
[35]
hepatotoxicity . ROS may activate JNK through the
oxidation of kinase inhibitors, which can inhibit JNK
[36]
or upstream ASK1 . It can also lead to the redox
inactivation of JNK phosphatase, which sustains JNK
[37]
activation . To check whether HRW could inhibit
APAP-induced JNK phosphorylation, we tested the
JNK phosphorylation by Western blot analysis. The
results of our study showed that HRW could greatly
attenuate the expression of phospho-JNK in the liver
tissue to alleviate liver injury. It is also well established
that APAP overdose induces peroxynitrite formation,
as indicated by the appearance of nitrotyrosine
protein adducts in centrilobular hepatocytes. Also, we
found that hydrogen could inhibit the APAP-induced
peroxynitrite formation, which might partly explain its
protective mechanism.
To determine the deeper mechanism of the
protective effect of HRW against APAP-induced
hepatotoxicity, we focused on the effect of hydrogen
on the hepatocyte proliferation, maintaining the
stability of subcellular fraction and Cx32 expression.
Liver regeneration is a compensatory process after
a toxic insult, which guarantees the replacement of
[38]
necrotic cells and full recovery of organ function .
The exposure of hepatocytes to growth factor leads
to the expression of cell cycle proteins. Cyclin D1 is
the most reliable marker for cell cycle (G1 phase)
progression in hepatocytes. Once hepatocytes express
cyclin D1, they have passed the G1 restriction point
[39]
and are committed to DNA replication . Notably, in
the current investigation, we found that HRW could
promote BrdU, ki-67 and PCNA expression in the
APAP-challenged liver, and these are the iconic markers
for liver regeneration. Meanwhile, the Western blot
data showed that HRW markedly increased the level
of cyclin D1 in the APAP-challenged liver tissue. These
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changes in cyclin D1 expression were associated with
decreased serum ALT/AST levels and improvement of
liver regeneration in HRW-treated mice that received
APAP, suggesting that HRW facilitates the activation of
cyclin D1-mediated regeneration pathways.
The endoplasmic reticulum (ER) is the major cellular
site of protein folding and modiﬁcation. ER stress
occurs when the level of APAP-induced protein adducts
[40,41]
entering the ER exceeds its folding capacity
.
Meanwhile, APAP metabolites not only damage the
structural integrity of mitochondria, resulting in
membrane fracture and electronic leak, they also lead
to dysfunction of the respiratory chain and energy
[42]
generation . Mitochondrial dysfunction is believed to
be the propagating event of APAP toxicity, resulting
in loss of ATP production, mitochondrial swelling,
generation of ROS, formation of the mitochondrial
permeability transition pore and the release of
mitochondrial contents, all of which ultimately result
[30,43]
in hepatic necrosis
. In this study, treatment with
HRW could protect the integrity and function of the ER
and mitochondria.
Gap junctions are plasma membrane spatial
microdomains constituted by assemblies of channel
proteins called connexins, which provide direct
intercellular communication pathways, allowing cell[44]
to-cell rapid exchange of ions and metabolites .
Cx32 is the major gap junction protein in the liver,
and previous studies have shown that interfering
with Cx32 greatly reduces liver damage due to
several toxic agents, including carbon tetrachloride,
[19,45]
D-galactosamine, TAA and APAP
. In this study,
we found that the expression of Cx32 was obviously
elevated in the APAP-challenged mice and HRW +
APAP administration could significantly reduce the
expression compared with the APAP + NS treated
group.
In conclusion, the results of the present study
demonstrate that HRW has a prophylactic as well
as a therapeutic role in preventing APAP-induced
hepatotoxicity, most likely due to its unique cytopro
tective properties such as antioxidant and antiinflammation activities. Most importantly, HRW can
maintain the stability of the cellular structure, promote
hepatocyte regeneration and inhibit the expression
of the Cx32 gap junction, JNK phosphorylation and
CYP2E1 after APAP challenge. All of these findings
indicate that HRW can be a potential therapy for
preventing liver injury caused by APAP overdose.
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Acetaminophen (N-acetyl-p-aminophenol, APAP) is a widely used analgesic
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and antipyretic drug in the clinic. APAP is believed to be safe within therapeutic
doses, but overdose usage causes a centrilobular hepatic necrosis that leads to
acute liver failure. Overdoses of APAP can promote the generation of the toxic
metabolite N-acetyl-quinoneimine (NAPQI), which is immediately conjugated
with glutathione (GSH) to form the nontoxic metabolites cysteine. However,
when the GSH is exhausted, NAPQI covalently binds with other proteins to form
protein adducts, directly leading to cell death.

8

Research frontiers

Hydrogen therapy is a new medical approach that has recently become
increasingly appreciated. Hydrogen has anti-oxidant, anti-inflammatory, antiapoptotic, anti-allergy, and anti-cancer effects. Several methods invented to
deliver hydrogen, including inhalation, drinking hydrogen-rich water (HRW) and
injection with hydrogen-saturated saline, are valid and reliable. In the area of
prevention of APAP-induced liver injury, a research hotspot is to search for more
effective and convenient methods that more people will accept. Meanwhile, the
mechanism of a new medicine is another hotspot.
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10

Innovations and breakthroughs

The authors investigated the effects of HRW on APAP-induced liver injury in
mice. The present study concluded that HRW can significantly prevent the
APAP-induced acute hepatotoxicity by enhancing the hepatic antioxidant
activity, reducing inflammation, protecting the hepatic subcellular structure,
promoting liver regeneration, and inhibiting CX32, CYP2E1 and phospho-JNK
activation.

11

Applications

Hydrogen therapy might be safe and effective for preventing liver injury derived
from APAP application.
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Terminology

Hydrogen is the lightest gas in nature, but it has anti-oxidant and antiinflammatory effects. It has been proven effective in treating many diseases.
HRW is produced by pressurizing the hydrogen gas into the water by a specific
device under high pressure.

13

Peer-review

The manuscript is well-written and interesting because it investigates the
hepatoprotective effects and mechanisms of HRW in APAP-induced liver
injury in mice. The authors first generated a murine model of APAP-induced
liver injury; then, HRW was administered intraperitoneally for 3 d to explore
whether HRW has a hepatoprotective effect. They then go on to detect the
change in the liver injury index and several cytokines. Meanwhile, they found
that HRW promoted hepatocyte proliferation and liver regeneration after APAP
administration, indicating that HRW is expected to be a potent hepatoprotective
agent in the future and the hepatoprotective effect of HRW is worth studying.
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Abstract
AIM: To evaluate the feasibility of using multiphoton
microscopy (MPM) to assess a tumor regression grading
(TRG) system.
METHODS: Fresh specimens from seven patients
with colorectal carcinoma undergoing neoadjuvant
radiochemotherapy at the Fujian Medical University
Union Hospital were obtained immediately after
proctectomy. Specimens were serially sectioned (10
µm thickness) and used for MPM or stained with
hematoxylin and eosin for comparison. Sections were
imaged by MPM using 810 nm excitation, and images
were collected in two wavelength channels corre
sponding to second-harmonic generation (SHG) and
two-photon excited fluorescence (TPEF) signals. The
ratio of these signal intensities was used to distinguish
fibrosis from normal mucosal and serosal tissues.
RESULTS: TRG of specimens assessed by MPM

4210

April 14, 2015|Volume 21|Issue 14|

Li LH et al . MPM for tumor regression grading

were in complete agreement with histologic grading
performed by a consulting pathologist. SHG and TPEF
images clearly revealed collagen fibers and fragmented
elastic fibers in the muscularis propria specimens
following neoadjuvant radiochemotherapy. Additionally,
blood vessel hyperplasia was observed as thickening
and fibrosis of the intima and media, which was
accompanied by minimal inflammatory cell infiltration.
Furthermore, the SHG/TPEF ratio in stromal fibrosis
(4.15 ± 0.58) was significantly higher than those in the
normal submucosal (2.31 ± 0.52) and serosal (1.47 ±
0.10) tissues (P < 0.001 for both). Analysis of emission
spectra from cancerous tumor cells revealed two peaks
corresponding to nicotinamide adenine dinucleotide
hydrogen and flavin adenine dinucleotide signals; the
ratio of these values was 1.19 ± 0.02, which is close to
a normal metabolic state.

regression grading (TRG) system, which has been
[6,7]
shown to correlate with survival . The TRG system
aims to categorize the extent of regressive changes
with consideration of the percentage of the tumor
that is residual and the degree of therapy-induced
[7-10]
fibrosis
. This system provides valuable prognostic
information, and may serve as a morphologic indicator
[11,12]
for neoadjuvant treatment and surgery
.
Histopathologic evaluation of resected specimens
can be subject to crush artifacts and sampling error, and
[13,14]
involves time-consuming pathologic procedures
. In
contrast, multiphoton microscopy (MPM), which relies
on the nonlinear optical processes of second-harmonic
generation (SHG) and two-photon excited fluorescence
(TPEF), provides high resolution visualization of cell
morphology and tissue architecture without the use
[15,16]
of exogenous contrast agents
. The value of this
method for use in the TRG system has not been
examined. Therefore, the purpose of this study was to
evaluate the accuracy and feasibility of MPM for optical
diagnoses with the TRG system.

CONCLUSION: MPM can be used to perform realtime diagnosis of tumor response after neoadjuvant
treatment, and can be applied to evaluate TRG.
Key words: Multiphoton microscopy; Neoadjuvant
treatment; Second-harmonic generation; Tumor
regression grading; Two-photon excited fluorescence

MATERIALS AND METHODS
Specimen preparation

Fresh specimens were obtained immediately after
proctectomy from seven patients with colorectal
carcinoma undergoing neoadjuvant radiochemotherapy
at the Fujian Medical University Union Hospital. Normal
tissue specimens were also obtained 6 cm away from
the cancer margin. This investigation was approved
by the Institutional Review Board of the Fujian Medical
University Union Hospital. Written informed consent
was obtained before study participation from patients.
Specimens were sectioned (10 µm thickness) and
five serial slices were selected. The middle section was
stained with hematoxylin and eosin (HE) for histologic
comparison and imaged under a standard bright-field
light microscope (Eclipse Ci-L; Nikon Corp., Tokyo,
Japan) with a CCD (DS-Fi2; Nikon). The remaining
four sections were used for MPM imaging.

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

Core tip: This study evaluated the feasibility of
using multiphoton microscopy for the assessment
of a tumor regression grading system. Multiphoton
microscopy allows diagnostic features of colorectal
carcinoma treated with neoadjuvant therapy to be
visualized. Quantitative image analyses can be used to
distinguish fibrotic tissue from normal submucosal and
serosal tissues. This is the first study demonstrating
the application of multiphoton microscopy for tumor
regression grading.
Li LH, Chen ZF, Wang XF, Zhuo SM, Li HS, Jiang WZ, Guan
GX, Chen JX. Multiphoton microscopy for tumor regression
grading after neoadjuvant treatment for colorectal carcinoma.
World J Gastroenterol 2015; 21(14): 4210-4215 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i14/4210.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i14.4210

MPM

MPM was performed using an LSM 510 META imaging
system (Carl Zeiss AG, Jena, Germany) equipped with
a femtosecond Ti:sapphire laser (110 fs, 76 MHz, Mira
900-F; Coherent Inc., Santa Clara, CA, United States)
mode-locked at a wavelength of 810 nm as described
[17,18]
previously
. A Plan-Apochromat oil immersion
objective (× 63, numerical aperture = 1.4) was used
for image acquisition to collect the backscattered
intrinsic SHG and TPEF signals. SHG signals were
collected in one channel with a wavelength range of
387-419 nm, and TPEF signals were collected in another
channel with a wavelength range of 430-698 nm.

INTRODUCTION
For patients with locally advanced gastrointestinal
cancer, neoadjuvant therapy followed by surgery or
perioperative treatment provides a survival benefit
over surgery alone, particularly for patients with
[1-5]
complete or subtotal tumor regression . As such,
assessment of therapeutic response and evaluation
of residual disease are very important. The response
to therapy can be evaluated histologically via a tumor

WJG|www.wjgnet.com

Histopathologic evaluation

TRG from MPM was performed by two independent
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A

B

C

D

Figure 1 Representative multiphoton microscopy images from a muscularis propria specimen, color-coded green represents the second-harmonic
generation signal and color-coded red corresponds to the two-photon excited fluorescence signal. After neoadjuvant radiochemotherapy, predominant
fibrosis changes can be seen with minimal inflammatory cells replacing tumor cells. A: Multiphoton microscopy of second-harmonic generation from collagen; B: Twophoton excited fluorescence of collagen, elastin, inflammatory cells, and blood vessels; C: Overlay image (scale bar: 100 mm); D: Hematoxylin and eosin staining of
an adjacent section (magnification × 40). The tumor underwent complete regression and was replaced by fibrous tissues (blue arrows). Blood vessel hyperplasia is
denoted with a white arrow. Muscular tissue is denoted with a pink arrow.

Quantification of morphologic features

Table 1 Tumor regression grading scores as determined by
histology and microscopy
Patient
1
2
3
4
5
6
7

Sex
Male
Male
Female
Female
Male
Male
Male

Age (yr) Cancer classification
44
38
67
59
59
57
47

Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma

All quantitative analyses were performed by two
individuals experienced in identification of TPEF/SHG
images. Collagen and elastin changes and metabolic
status after neoadjuvant radiochemotherapy were
quantified as SHG/TPEF and redox ratios.

TRG score
HE

MPM

TRG-1
TRG-2
TRG-2
TRG-1
TRG-2
TRG-3
TRG-2

TRG-1
TRG-2
TRG-2
TRG-1
TRG-2
TRG-3
TRG-2

Statistical analysis

One-way analyses of variance were conducted to
compare differences using SPSS, version 15.0 statistical
software (SPSS Inc., Chicago, IL, United States). Data
are presented as mean ± SD, and a P-value < 0.05 was
considered significant.

HE: Hematoxylin and eosin staining; TRG: Tumor regression grading;
MPM: Multiphoton microscopy.

RESULTS

investigators who were blinded to the results. Tumor
regression was classified into five histologic grades
[8]
according to vital tumor tissue at the ratio of fibrosis :
TRG-1: fibrosis without detectable tumor tissue
(complete regression); TRG-2: fibrosis with scattered
tumor cells; TRG-3: fibrosis and tumor cells with
preponderance of fibrosis; TRG-4: fibrosis and tumor
cells with preponderance of tumor cells; TRG-5: tumor
tissue without regression. TRG scores were confirmed
by comparison with corresponding HE-stained sections
that were reviewed by a consulting pathologist (Table 1).

WJG|www.wjgnet.com

Stromal fibrosis

Representative MPM images depicting the pre
dominant fibrosis with minimal inflammatory cell
infiltration replacing large parts of a previous tumor
in the muscularis propria following neoadjuvant
radiochemotherapy are shown in Figure 1. The smooth
muscle was divided due to prior cancer invasion, and
the tumor underwent complete regression and was
replaced by fibrous tissue mainly composed of collagen
fibers, which simultaneously generated SHG (blue
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regression is associated with improvement in disease[21]
free survival . Furthermore, TRG can serve as an
independent predictor of disease-free and metastases[6,11,22]
free survivals
. The prognostic value of this
measure may even exceed that of currently used
staging systems (e.g., tumor-node-metastasis staging),
which are based on characteristics of untreated
[12]
tumors . The evaluation criteria of the TRG system
incorporate the ratio of tumor cells to fibrosis. However,
evaluating TRG using current approaches such as
computerized tomography, magnetic resonance
imaging, and positron emission computed tomography
is challenging, as these medical imaging technologies
[23]
lack sufficient resolution .
MPM relies on nonlinear optical processes to achieve
high resolution imaging of biologic tissues, and can
detect cellular and subcellular tissue microstructures.
Compared with its single-photon counterpart, TPEF
offers an inherent optical sectioning property and deep
penetration, and the nonlinear scattering from noncentrosymmetric structures provides complementary
information to visualize endogenous structures in intact
tissues. Residual tumor cells are detected by the TPEF
signal, and the SHG signal is used to detect fibrotic
tissue. The SHG/TPEF ratio can be used to distinguish
fibrosis from submucosal and serosal tissues, as well
as to quantify the fibrotic change, which has been
proposed as a diagnostic indicator for gastrointestinal
[24,25]
diseases
.
Neoadjuvant radiochemotherapy can result in
significant morphologic changes, including disrupted
[26]
muscles, tumor regression, and extensive fibrosis .
Moreover, tumor cells in post-treatment rectal
carcinoma can become more solid or retain a glandular
growth pattern similar to untreated colorectal
[27]
adenocarcinoma . These alterations were readily
detected in the specimens evaluated by MPM in this
study. Also observed was the division and damage of
muscular tissue by invasion of the adenocarcinoma,
which can cause destruction or elimination of collagen
[24]
and elastic fibers .
The redox ratio is an indicator of cellular metabolic
[28]
state . As this is known to be accelerated in cancerous
cells, the redox ratio can be used to quantitatively
[29]
monitor tumor regression . In this work, the redox
ratio in specimens was close to the metabolic state of
[20]
normal cells . This result supports the notion that
abnormal cells undergo significant regression after
neoadjuvant radiochemotherapy, which can be assessed
via MPM.
In conclusion, MPM was used to evaluate TRG in
colorectal cancer after neoadjuvant treatment. Spectral
analyses provided quantitative evaluations of tumor
regression and fibrosis, which corresponded to TRG via
histopathologic investigation. Given the advantages of
this method, including the capacity to produce realtime, label-free images that can be acquired in the
near-infrared range, MPM may represent a valuable

Intensity ratios of SHG to TPEF

7

P < 0.0001

6

P < 0.001

5

P < 0.01

4
3
2
1
0
Fibrosis

Submucosa

Serosa

Figure 2 Ratios of second-harmonic generation and two-photon excited
fluorescence intensity. Error bars indicate the standard deviation. SHG:
Second-harmonic generation; TPEF: Two-photon excited fluorescence.

arrow in Figure 1A) and TPEF (blue arrow in Figure
1B) signals. Additionally, blood vessel hyperplasia was
observed as thickening and fibrosis of the intima and
media accompanied by minimal inflammatory cell
infiltration (white arrow in Figure 1C).
Although fibrosis can easily be differentiated from
muscular tissues (pink arrow in Figure 1A) by strong
SHG signals, the submucosa and serosa also contain
connective tissue comprised of collagen. Therefore,
the ratio of SHG to TPEF intensity was calculated
to distinguish fibrosis from normal submucosal and
serosal tissues, as well as to quantitatively describe
the change in fibrous tissue. SHG/TPEF ratio in stromal
fibrosis was significantly higher than those in the
submucosa and serosa (P < 0.001 for both) (Figure 2).

Residual tumors

Representative MPM images depicting remaining
malignant glands dispersed within the muscularis
propria with minimal inflammatory cell infiltration
are shown in Figure 3. Tumor cells in post-treatment
rectal carcinoma may show marked changes and
these altered tumor cells may become more solid (blue
arrows in Figure 3C) or still have a glandular growth
pattern (white arrow in Figure 3C). The elastic fibers
became fragmented (pink arrows in Figure 3B), while
there was an increase in collagen fibers because of
stromal fibrosis (Figure 3A).
To further characterize the residual tumors, an
image-guide spectral analysis method was used
to obtain emission spectra of the cancerous cells,
revealing two peaks at 470 and 530 nm (red arrows
in Figure 4). These peaks were used to calculate
the redox ratio of nicotinamide adenine dinucleotide
hydrogen (NADH) to flavin adenine dinucleotide (FAD),
represented by fluorescence at 470 and 530 nm,
[19,20]
respectively
. The NADH/FAD ratio was 1.19 ± 0.02.

DISCUSSION
A recent meta-analysis found that partial tumor
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A

B

C

D

Emission spectrum intensity (a.u.)

Figure 3 Representative multiphoton microscopy images from a muscularis propria specimen after neoadjuvant radiochemotherapy, color-coded green
represents the second-harmonic generation signal and color-coded red corresponds to the two-photon excited fluorescence signal. Remaining malignant
glands are dispersed deep within the rectal muscularis propria. A: Multiphoton microscopy of second-harmonic generation from collagen; B: Two-photon excited
fluorescence of carcinomatous cells, inflammatory cells, and elastin; C: Overlay image (scale bar: 100 μm); D: Hematoxylin and eosin staining of an adjacent section
(magnification × 40). Tumor cells in post-treatment rectal carcinoma show marked changes, and can become more solid (blue arrows) or retain a glandular growth
pattern (white arrow). Fragmented elastic fibers are denoted by pink arrows.
and should be included in histopathologic reports of colorectal carcinoma after
neoadjuvant treatment. However, the resolution of current imaging approaches,
such as computerized tomography, magnetic resonance imaging, and positron
emission tomography, is insufficient for accurate and easy assessment. The
purpose of this study was to evaluate the feasibility of using multiphoton
microscopy (MPM) to obtain optical diagnoses for the TRG system.
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Research frontiers
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The TRG system provides highly valuable prognostic information for evaluating
colorectal cancer after neoadjuvant treatment.
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Innovations and breakthroughs
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This is the first study evaluating the use of MPM for optical diagnosis of tumor
regression.

Applications

700

These results are essential and significant for developing MPM for TRG, and to
perform real-time diagnosis of tumor response after neoadjuvant treatment.

Figure 4 Normalized emission spectrum of residual tumor cells. Excitation
wavelength (810 nm) revealed two emission peaks (red arrows).

Terminology

MPM incorporates nonlinear optical processes to generate second-harmonic
generation and two photon excited fluorescence signals.

Peer-review

tool to evaluate TRG after neoadjuvant therapy to treat
colorectal carcinoma. This is the first demonstration
of the use of MPM to estimate TRG of colorectal
carcinoma following neoadjuvant treatment. The
results suggest that MPM has a promising future for
real-time optical biopsy diagnosis of tumor regression.

The article has good characteristics, value, and significance.
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Abstract
AIM: To investigate the expression of Th22 cells and
related cytokines in colorectal cancer (CRC) tissues,
and the probably mechanism.
METHODS: CRC tumor and paratumor tissues were
collected to detect the expression levels of Th22 cells
and of related cytokines by immunohistochemistry,
flow cytometry and real-time quantitative polymerase
chain reaction (RT-qPCR). interleukin (IL)-22 alone or
with a STAT3 inhibitor was co-cultured with RKO cells
in vitro to study the effects of IL-22 on colon cancer
cells. IL-22 alone or with a STAT3 inhibitor was injected
into a BALB/c nude mouse model with subcutaneously
transplanted RKO cells to study the effects of IL-22 on
colon cancer growth.
RESULTS: The percentage of Th22 cells in the CD4+
T subset was significantly higher in tumor tissues
compared with that in paratumor tissues (1.47% ±
0.083% vs 1.23% ± 0.077%, P < 0.05) as determined
by flow cytometry. RT-qPCR analysis revealed that the
mRNA expression levels of IL-22, aryl hydrocarbon
receptor, CCL20 and CCL22 were significantly higher
in tumor tissues compared with those in paratumor
tissues. CCL27 mRNA also displayed a higher expression
level in tumor tissues compared with that in paratumor
tissues; however, these levels were not significantly
different (2.58 ± 0.93 vs 2.30 ± 0.78, P > 0.05). IL-22
enhanced colon cancer cell proliferation in vitro and
displayed anti-apoptotic effects; these effects were
blocked by adding a STAT3 inhibitor. IL-22 promoted
tumor growth in BALB/c nude mice; however, this effect
was reversed by adding a STAT3 inhibitor.
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CONCLUSION: Th22 cells that accumulate in CRC
may be associated with the chemotactic effect of the
tumor microenvironment. IL-22 is associated with CRC
development, most likely via STAT3 activation.

produced by Th1 cells and Th17 cells. Recently, two
studies have shed new light on the unique features
of this cytokine. IL-22-producing CD4+ T cells (Th22
cells), which are a new T helper cell subset, differ
from Th1, Th2, or Th17 cells because this population
only produces IL-22 and has low or undetectable
expression of the Th17 and Th1 transcription factors
ROR-γ and T-bet. Th22 cells express the chemokine
receptors CCR4, CCR6 and CCR10 in human skin,
and the transcription factor aryl hydrocarbon receptor
[11,12]
(AHR) is required for IL-22 production
. The
functional characteristics of Th22 cells in inflammatory
and autoimmune diseases have been extensively
[13]
studied . Nevertheless, knowledge regarding the
role of Th22 cells in malignant tumor immunity is
limited; further research elucidating the pathogenesis
of and therapy for carcinoma will be of interest. In
the current study, we investigated the expression of
Th22 cells and their related cytokines in colorectal
tumor and paratumor tissues and determined their
effects on colorectal cancer using in vivo and in vitro
experiments.

Key words: Th22 cells; interleukin-22; STAT3; Colorectal
cancer; Tumor microenvironment
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although the functional characteristics of
Th22 cells in inflammatory and autoimmune diseases
have been extensively studied, their role in colorectal
cancer (CRC) remains unclear. This study demonstrated
the differences in the expression of Th22 cells and
their related cytokines between colorectal tumor and
paratumor tissues and the accumulation of Th22
cells in CRC may be associated with the functions of
chemotactic factors that are secreted by the tumor
microenvironment. interleukin-22 was found to be
the functional factor of Th22 cells that is associated
with CRC development in both in vitro and in vivo
experiments, most likely via STAT3 pathway activation.

MATERIALS AND METHODS
Huang YH, Cao YF, Jiang ZY, Zhang S, Gao F. Th22 cell
accumulation is associated with colorectal cancer development.
World J Gastroenterol 2015; 21(14): 4216-4224 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i14/4216.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i14.4216

Ethics statement

All patients enrolled in this study provided written
informed consent. This study protocol conformed to
the ethical guidelines of the Declaration of Helsinki
(Fortaleza, Brazil, October 2013) and was approved
by the ethical committees and institutional Review
Board of the First Affiliated Hospital of Guangxi Medical
University, PRC.

INTRODUCTION

Research subjects and samples

Colorectal cancer (CRC) is the third most commonly
occurring cancer in males and the second most
[1]
commonly occurring cancer in females . An increased
overall survival rate has been observed in patients
with CRC due to the detection of early stage CRC
[2]
and to the improvement of therapeutic strategies .
However, over 1 million people develop CRC every
year worldwide, and more than 500000 patients die,
[1,3]
particularly those patients with advanced cancer .
Currently, the incidence rates of CRC are increasing in
[4]
developing countries, including China .
Understanding the molecular pathways involved
in CRC will help to improve cancer prevention and
[5]
treatment . Increasing evidence has shown that
+
the dysregulation of different CD4 T lymphocyte
subpopulations and cytokine networks is involved in
[6-8]
the pathogenesis and progression of CRC . In situ
analysis of tumor-infiltrating immune cells may be a
valuable prognostic tool in the treatment of CRC and
[9,10]
possibly of other malignant tumors
.
+
Traditionally, CD4 T helper cells (Th cells) include
Th1, Th2, Th7, and regulatory T cells according to their
cytokine milieu. Interleukin (IL)-22, which is a member
of the IL-10 cytokine family, is regarded as a cytokine

WJG|www.wjgnet.com

Fifty patients diagnosed with CRC who received
surgical resection at The First Affiliated Hospital
of Guangxi Medical University from April 2013 to
March 2014 were enrolled in this study. None of the
patients had received radiotherapy or chemotherapy
before sampling. Individuals with an autoimmune
disease, infectious disease, or multiple primary
cancers were excluded. The basic data regarding the
study population are shown in Table 1. The tumor
and paratumor tissues (at least 5 cm away from the
tumor site) were collected immediately after surgical
resection and stored in liquid nitrogen for polymerase
chain reaction (PCR), fixed with 4% paraformaldehyde
for immunohistochemistry (IHC) or immediately
isolated for flow cytometry.

IHC

Fresh tumor and paratumor tissues were fixed in
4% paraformaldehyde, embedded with paraffin and
sectioned at 4-μm thickness. IHC was performed as
[14]
previously described ; the sectioned slides were
stained using IL-22 antibody, which was purchased
from Bioss Company (Beijing, China).
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calf serum. Cell viability was determined by trypan
blue exclusion.

Table 1 Basic data of the study population
Characteristics

Value

Sex
Male
Female
Age (yr), mean (range)
Colon
Rectum
TNM stage
Stage Ⅰ-Ⅱ
Stage Ⅲ-Ⅳ

Flow cytometry

The cell suspensions were stimulated in culture for 4 h
with 50 ng/ml PMA, 1 μg/ml ionomycin and 0.7 μl/
ml GolgiStop reagent at 37 ℃ in a CO2 incubator (5%
CO2 in humidified air). The cultured cell suspensions
were stained with surface and intracellular anti-humanspecific antibodies, which were conjugated with PE,
PE-Cy5 or APC. These human antibodies included antiCD4, IL-22 and IL-17, which were purchased from
BD Biosciences (Franklin Lakes, NJ, United States)
or eBioscience (San Diego, CA, United States). Then,
the cells were resuspended and analyzed using a
FACSCaliburflow cytometer (BD Bioscience). The data
were analyzed using FlowJo software (TreeStar, Ashland,
OR, United States). Cellular debris was eliminated from
the analysis using a gate set at forward and side scatter.

33
17
60 (38-81)
22
28
23
27

Table 2 Primer sequences for polymerase chain reaction
Gene

Sequence (5’ to 3’)

IL-22

F: GTTCTCCTTCCCCAGTCACCA
R: AGCTGCTCCTCCCTGTACCAA
F: ACATCACCTACGCCAGTCG
R: CGCTTGGAAGGATTTGACTTGA
F: ATCCAAAACAGACTTGGGTGAA
R: TCCATTCCAGAAAAGCCACA
F: ATTACGTCCGTTACCGTCTGC
R: TCCCTGAAGGTTAGCAACACC
F: TCCTGAGCCCAGACCCTACA
R: CGTTGAGCCAGGTGAAGCA
F: TGACGTGGACATCCGCAAAG
R: CTGGAAGGTGGACAGCGAGG

AHR
CCL20
CCL22
CCL27

β -actin

Product (bp) Tm (℃)
145

60

94

60

89

60

100

60

175

60

205

60

Cell co-culture in vitro

The human colon cancer cell line RKO was purchased
from the Type Culture Collection of the Chinese
Academy of Sciences, Shanghai, China. Recombinant
human IL-22 was purchased from PeproTech
Company, United States. STAT3 inhibitor (S3I-201)
was purchased from Selleck Chemicals, United States.
RKO cells were cultured in complete DMEM medium
supplemented with 10% FBS and 1% antibiotic/
antimycotic in a humidified incubator at 37 ℃ in an
atmosphere of 95% air and 5% CO2 for 24 h. Then,
IL-22 (50 ng/ml) or S3I-201 (50 μmol/L) was added
to the experimental medium for co-culture. After 24
h, the RKO cells were trypsinized and then stained
with intracellular Ki-67 (BD Bioscience) to detect cell
proliferation or stained with Annexin V and 7-aminoactinomycin (7-AAD) (BD Bioscience) to detect
apoptosis.

Real-time quantitative PCR

Fresh tumor and paratumor tissue samples for deter
mining cytokine expression were stored at -80 ℃
until analysis. Total RNA was extracted using TRIzol
reagent (Invitrogen) according to the manufacturer’s
instructions. The cDNA was immediately reverse tran
scribed from the extracted total RNA using the Super
Script Ⅲ First-Strand Synthesis System (Invitrogen).
Real-time quantitative PCR (RT-qPCR) was performed
using a SYBR Green PCR kit (Roche). Amplification
was performed using standard conditions and was
normalized to transcripts of the housekeeping gene
β-actin. The primer sequences for PCR are shown
in Table 2. Relative expression levels of mRNA were
-ΔΔCt
calculated using the 2
method as described by
[15]
Livak et al
and adjusted by the level of β-actin
mRNA for each sample.

Animal experiments in vivo

BALB/c nude mice (6-8 wk of age) were obtained from
Guangxi Medical University Animal Experiment Center,
and all animal experiments conformed to the National
Guidelines of the Animal Care Committee. Twentyone BALB/c nude mice were injected subcutaneously
with RKO cells; each mouse was injected with 5 ×
6
10 cells in 300 μl of saline solution. Tumor growth
was monitored every two days. Tumor volume
was calculated by the following formula: (major
2
circumference×minor circumference )/2. After the
3
tumor volumes reached 60 mm , the 21 mice were
divided into 3 groups. The IL-22 group was injected
intraperitoneally with IL-22 (1 μg/100 μl) and DMSO
(100 μl) every other day, the IL-22 + S3I-201 group
was injected with IL-22 (1 μg/100 μl) and S3I-201
(100 μg/100 μl), and the control group was injected
with saline solution (100 μl) and DMSO (100 μl)
simultaneously, each group for a total of 5 times. The

Cell isolation

Tumor and paratumor tissues were washed three times
in RPMI 1640 before being cut into small pieces (1 mm
tissue samples). Then, the specimens were collected in
RPMI 1640 containing 1 mg/ml collagenase Ⅳ, 30 μg/
ml DNase I and 0.1 mg/ml hyaluronidase, and then
a magnetic stirrer was used for stirring the digestion
mixture for 3 h. Next, the dissociated cell suspensions
were filtered through 150-μm and 70-μm cell strainers
to obtain cell suspensions, which were centrifuged in
a discontinuous Percoll gradient (75% and 40%). The
cells at the interface were harvested and resuspended
6
at 1 × 10 cells/mL in RPMI 1640 containing 10% fetal
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A

B

Figure 1 immunohistochemistry staining of tissues. A: immunohistochemistry (IHC) staining of normal colon tissues; B: IHC staining of colon cancer tissues.

Effects of IL-22 on colon cancer cells in vitro

mice were sacrificed at 48 h after the last intervention.

The effects of IL-22 on colon cancer cells were
assessed by co-culturing with RKO cells in vitro. As
shown in Figure 3A and C, compared with control
medium, the proliferation of RKO cells was significantly
promoted by IL-22 treatment (P < 0.05). This
enhanced proliferation was blocked when S3I-201 was
added to the RKO cell culture in the presence of IL-22.
In contrast, the apoptosis of RKO cells was significantly
inhibited by IL-22 treatment (P < 0.05) compared with
the control medium. The inhibition of STAT3 signaling
by S3I-201 completely abrogated this suppression of
apoptosis (Figure 3B and 3D).

Statistical analysis

The data are expressed as the mean ± SE. Data com
parisons between the different groups were performed
using Student’s t-test, a paired t-test or one-way
ANOVA. Analysis was completed using GraphPad Prism
5.0 software (GraphPad, San Diego, CA, United States),
and P values that were less than 0.05 were considered
statistically significant.

RESULTS
Th22 cells are enriched in CRC tumor tissues

Effects of IL-22 on colon cancer in vivo

IL-22 is a functional cytokine that is primarily produced
by Th22 cells. By IHC, we observed that IL-22 was
present in both tumor and paratumor tissues and was
particularly enriched in tumor tissues (Figure 1). To
further understand the roles of Th22 cells in the tumor
microenvironment in patients with CRC, the proportion
of Th22 cells in tumor and paratumor tissue was
detected by flow cytometry (Figure 2A). As shown in
+
Figure 2B, the prevalence of Th22 cells in the CD4 T
subset was higher in tumor tissues compared with that
in paratumor tissues (P < 0.05).

BALB/c nude mice transplanted subcutaneously with
RKO cells were used to investigate the effects of IL-22
on colon cancer growth in vivo. As shown in Figure
4, the tumor growth of nude mice was significantly
promoted (P < 0.05) after intraperitoneal injection
with IL-22 every other day compared with that of the
control mice. However, this promoting effect induced
by IL-22 treatment could be completely reversed by
S3I-201 treatment.

DISCUSSION

Expression of Th22 cells and related cytokines in the
CRC microenvironment

+

The roles of tumor antigen-specific CD4 T cells in
cancer immunity have been extensively studied
[16,17]
in recent years
. Th22 cells, which are a newly
+
described subset of CD4 T cells, play important roles
in a variety of carcinomas. The percentage of Th22
cells is significantly increased in both the peripheral
blood and tumor tissues in patients with gastric
cancer; this percentage correlates with gastric cancer
[18,19]
progression and can predict poor patient survival
.
The over-expression of Th22 cells is also present in
[20]
[21]
hepatocellular carcinoma , pancreatic cancer
and
[22]
malignant pleural effusion . In the current study,
we demonstrated that the proportion of Th22 cells
was enriched in tumor tissues relative to paratumor

The relative expression levels of IL-22, AHR, CCL20,
CCL22 and CCL27 in colorectal tumor and paratumor
tissues were measured by RT-qPCR. CCL20, CCL22
and CCL27 are common chemokines that have been
identified as attractants of different types of leukocytes
to sites of tumors and of inflammation. As shown in
Figure 2C, the mRNA expression levels of IL-22, AHR,
CCL20 and CCL22 were significantly higher in tumor
tissues compared with those in paratumor tissues (P <
0.05). CCL27 mRNA also displayed a higher expression
level in tumor tissues compared with that in paratumor
tissues; however, these levels were not significantly
different (P > 0.05).
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tissues in patients with CRC. By IHC and RT-qPCR,
we observed that the expression level of IL-22 was
significantly higher in tumor tissues than in paratumor
tissues. AHR is known as the key transcription factor
[11,12]
of Th22 cells
; in the present study, AHR displayed
a higher level of expression in tumor tissues compared
with that in paratumor tissues. These results are similar
to those of aforementioned reports that indicated that
the accumulation and differentiation of Th22 cells are
induced by the tumor microenvironment.
The phenotypic characteristics of Th22 cells have
+
+
+
been described as CCR4 CCR6 CCR10 , and the
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chemotactic factors CCL22, CCL20 and CCL27 are their
[12]
corresponding ligands . In this study, we observed
that the colorectal tumor microenvironment expressed
higher levels of CCL22, CCL20 and CCL27 compared
with those of the paratumor tissues, suggesting
that the accumulation of Th22 cells in tumor tissues
may be mediated by the chemotactic cytokines that
are secreted by the tumor microenvironment. This
result is similar to that of a study of malignant pleural
[22]
effusion .
Many studies have demonstrated the constitutive
activation of STAT3 in a wide variety of human car
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cinomas, including hematological malignancies and
[23]
diverse solid tumors . Abundant evidence has suggested
that the dysregulation of IL-22 is associated with aberrant
[24]
[25]
STAT3 signaling in liver injury , ulcerative colitis , oral
[26]
[27]
squamous cell carcinoma , and gastric cancer .
STAT3 activation in CRC correlates with adverse
[28]
clinical results . In this study, we co-cultured RKO
cells with IL-22 in vitro to investigate the effects of
IL-22 on colon cancer cells. We observed that IL-22
enhanced RKO cell proliferation and had anti-apoptotic
effects; these effects were blocked by adding S3I-201,
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suggesting that IL-22 exerts its functions in CRC via
STAT3 signaling. These results are similar to those
[22]
found in studies of lung cancer cells
and of Hct-116
[29]
colon cancer cells . Moreover, by activating the STAT3
pathway, IL-22 may act as a novel chemoresistance
cytokine that prevents CRC patients from benefiting
[30]
from FOLFOX chemotherapy , and promote CRC
[31]
invasiveness and stemness . Finally, we verified this
effect in a subcutaneous tumor model. We observed
that tumor growth in nude mice could be significantly
promoted by IL-22 but completely reversed by adding
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± SE (n = 7). aP < 0.05 vs the control.
and understanding the molecular pathway involved in CRC will help to improve
cancer prevention and treatment. Th22 cells were first introduced in 2009, and
the functional characteristics of these cells in inflammatory and autoimmune
diseases have been extensively studied. However, knowledge regarding their
role in tumor immunity is relatively limited, particularly in CRC.

a STAT3 inhibitor.
In conclusion, we measured the proportion of Th22
cells in the colorectal tumor microenvironment and
found that the accumulation of Th22 cells in tumor sites
may be related to the functions of chemotactic factors
that are secreted by the tumor microenvironment. In
addition, IL-22 was associated with CRC development
in both in vitro and in vivo experiments, most likely by
activating the STAT3 signaling pathway. The correlation
between immunology and malignant tumors has
[32,33]
become an important research area
. Further
understanding the regulation and mechanism of Th22
cells in tumor microenvironments may provide new
insights into immune therapeutic strategies for patients
with CRC.

Research frontiers

Studies have shown that Th22 cells are involved in the progression of many
digestive malignant tumors. However, the specific participation mechanism of
these cells remains unclear.

Innovations and breakthroughs

The authors analyzed the relation between Th22 cells and the colorectal tumor
microenvironment from a new perspective, verified their effects on CRC via
in vivo and in vitro experiments, and attempted to demonstrate the specific
signaling pathway by which Th22 cells participate in carcinogenesis.

Applications

The results of this study indicated that Th22 cells might be a prognostic factor
and a potential therapeutic target for patients with CRC.

Terminology

Flow cytometry, which is a biophysical technology employed in cell counting,
cell sorting and biomarker detection, widely used in basic research, clinical
trials and blood cancer diagnosis.
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Abstract
AIM: To investigate the inhibitory effects of emodin,
baicalin, etc . on the hefA gene of multidrug resistance
(MDR) in Helicobacter pylori (H. pylori ).
METHODS: The double dilution method was used
to screen MDR H. pylori strains and determine the
minimum inhibitory concentrations (MICs) of emodin,
baicalin, schizandrin, berberine, clarithromycin,
metronidazole, tetracycline, amoxicillin and levofloxacin
against H. pylori strains. After the screened MDR stains
were treated with emodin, baicalin, schizandrin or
berberine at a 1/2 MIC concentration for 48 h, changes
in MICs of amoxicillin, tetracycline, levofloxacin,
metronidazole and clarithromycin were determined.
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MDR strains with reduced MICs of amoxicillin were
selected to detect the hefA mRNA expression by realtime quantitative PCR.

15% of clinical isolates of H. pylori develop multiple
drug resistance (MDR; resistance to three or more
[8-11]
antibiotics)
, and this causes a decline in H. pylori
eradication rate, posing a serious threat to human
health. Therefore, the mechanism of MDR of H. pylori
has become a hot research topic. Bacterial efflux
pumps play an important role in the development of
[12]
MDR. Liu et al
found that high expression of the
hefA gene, which encodes a member of the active
efflux system, resulted in the development of MDR in
[13]
H. pylori. Zhang et al
artificially induced MDR and,
for the first time, found that efflux pump inhibitors
could partially reverse MDR. Studies have shown that
traditional Chinese medicines emodin and baicalin
[14-17]
have an obvious inhibitory effect on H. pylori
. The
present study investigated the possible inhibitory effect
of emodin, baicalin, schizandrin and berberine on MDR
of H. pylori strains and the relationship between efflux
pump hefA mRNA expression and reduced minimum
inhibitory concentrations (MICs) of antibiotics, with an
aim to explore the effect of Chinese herbs on H. pylori
efflux pumps and to provide a theoretical basis for
reversing MDR.

RESULTS: A total of four MDR H. pylori strains were
screened. Treatment with emodin, baicalin, schizandrin
and berberine significantly decreased the MICs of
amoxicillin and tetracycline against some strains,
decreased by 1 to 2 times, but did not significantly
change the MICs of clarithromycin, levofloxacin, and
metronidazole against MDR strains. In the majority of
strains with reduced MICs of amoxicillin, hefA mRNA
expression was decreased; one-way ANOVA (SPSS
12.0) used for comparative analysis, P < 0.05.
CONCLUSION: Emodin, baicalin, schizandrin and
berberine significantly decreased the MICs of amoxicillin
and tetracycline against some H. pylori strains, possibly
by mechanisms associated with decreasing hefA mRNA
expression.
Key words: Traditional Chinese medicine; Multidrug
resistance; Helicobacter pylori ; Efflux pump; hefA
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

MATERIALS AND METHODS

Core tip: Clinical signs of Helicobacter pylori (H. pylori )induced drug resistance have become more and more
prevalent, thus resulting in reduced cure rates. In this
study, we used herbal extracts, such as berberine, to
inhibit multidrug resistance in H. pylori . The results
indicated that the minimum inhibitory concentration
of amoxicillin and tetracycline was lowered after the
intervention; the regulatory mechanism was related to
down-regulation of efflux pump hefA mRNA expression.
This suggests a novel strategy for prophylaxis and
treatment of H. pylori -induced resistance.

Materials

H. pylori strains were obtained from the Department
of Gastroenterology, Affiliated Hospital of Youjiang
Medical University for Nationalities. For isolating
H. pylori strains, gastric mucosal specimens were
collected, ground, inoculated on Columbia blood agar
plates containing 5% fresh rabbit blood, and cultured
at 37 ℃ under micro-aerobic conditions (850 mL/L N2,
100 mL/L CO2, 50 mL/L O2) in > 98% relative humidity
for 3 to 5 d. The isolated strains were confirmed as H.
pylori by biochemical tests (urease, catalase, oxidase),
hematoxylin and eosin staining, and morphological
analysis. Antibiotics used in this study included:
amoxicillin (Lot No. 10807; Sichuan Pharmaceutical,
Inc., China), clarithromycin (Lot No. 111202; Harbin
Pharmaceutical Group Sixth Pharm Factory, China),
levofloxacin (Lot No. 120120, Xinchang Pharmaceutical
Factory of Zhejiang Pharmaceutical Co., LTD., China),
tetracycline (Lot No. 20110902, Guangdong Taicheng
Pharmaceutical Co., LTD., China), and metronidazole
(Lot No.10091544, Zhejiang Jimin Pharmaceutical Co.,
LTD., China). Emodin (Lot No. 120908; purity, 98%),
berberine (Lot No. 120810; purity, 97%), schizandrin
(Lot No. 120908; purity, 98%), and baicalin (Lot No.
120908; purity, 90%) were purchased from Shaanxi
Angsheng Biological Technology Co., LTD (China).
Other reagents or kits used included Trizol reagent kit
(Shanghai Invitrogen, China); RevertAid First Strand
cDNA Synthesis Kit and DNase Ⅰ (Fermentas); 2 ×
SYBRGreen quantitative PCR (qPCR) Mix (Beijing
Zhuangment Co., LTD, China). PCR primers were
designed based on the H. pylori hefABC gene

Huang YQ, Huang GR, Wu MH, Tang HY, Huang ZS, Zhou
XH, Yu WQ, Su JW, Mo XQ, Chen BP, Zhao LJ, Huang XF, Wei
HY, Wei LD. Inhibitory effects of emodin, baicalin, schizandrin
and berberine on hefA gene: Treatment of Helicobacter pyloriinduced multidrug resistance. World J Gastroenterol 2015;
21(14): 4225-4231 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4225.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4225

INTRODUCTION
Helicobacter pylori (H. pylori) is the pathogen of
multiple digestive system diseases including chronic
active gastritis and peptic ulcer, and has been
categorized as a class Ⅰ carcinogen by the World
[1,2]
Health Organization . Globally, the rate of H. pylori
[3-5]
infection is as high as 50% , and it is even higher
in developing countries. In China, the rate of H. pylori
[6,7]
infection is 60%-90% . Studies have found that
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Table 1 Resistance of multidrug resistance strains to the five antibiotics
No.
23
40
41
42

Levofloxacin

Amoxicillin

Clarithromycin

Tetracycline

Metronidazole

R
R
S
R

R
R
R
R

R
R
R
I

R
R
R
R

R
R
R
R

R: Resistant; S: Sensitive; I: Intermediate.

and total RNA was prepared with Trizol reagent
according to the manufacturer’s instructions. Reverse
transcription was then performed in a 20-µL system
containing 5 µL total RNA, 1 µL random primer p(dN)6
(0.2 µg/µL), 5 µL RNase-free ddH2O, 4.0 µL, 5 ×
reaction buffer, 2.0 µL dNTP mix (10 mmol/L), 1.0
µL Rnase inhibitor (20 U/µL) and 2.0 µL AMV reverse
transcriptase (10 U/µL). The reaction parameters were
37 ℃ for 5 min, 42 ℃ for 60 min, and 70 ℃ for 10 min.
PCR was then performed in a 20-µL system containing
10 µL SybrGreen qPCR Master Mix, 1 µL forward
primer (10 µmol/L), 1 µL reverse primer (10 µmol/L),
7 µL ddH20, and 1 µL template (cDNA; 1:6 dilution).
Cycling parameters were pre-denaturation at 95 ℃ for
2 min, and 40 cycles of denaturation at 95 ℃ for 10 s
and annealing at 60 ℃ for 40 s.

Table 2 Minimum inhibitory concentrations of the four
Chinese medicines against multidrug resistance strains (mg/mL)
No.
23
40
41
42

Emodin

Berberine

Berberine

Schizandrin

12.5
12.5
12.5
12.5

50
100
100
25

200
100
100
100

50
100
100
50

sequences deposited in GenBank. Through sequence
homology analysis, the primers were selected in the
conserved region. 16S rRNA was used as an internal
control. The primers were synthesized by Shanghai
Sangon Biotech (China).

Screening of MDR strains

The double dilution method was used to determine
the MICs of emodin, baicalin, schizandrin, berberine,
clarithromycin, metronidazole, tetracycline, amoxicillin
and levofloxacin against H. pylori strains. According to
the Clinical and Laboratory Standards Institute (NCCLS)
criteria, H. pylori strains that could grow in medium
containing three or more of amoxicillin (≥ 4 μg/mL),
levofloxacin (≥ 8 μg/mL), clarithromycin (≥ 1 μg/mL),
metronidazole (≥ 8 μg/mL), and tetracycline (≥ 4 μg/
mL) were identified as MDR strains.

Statistical analysis

Statistical analyses were performed using SPSS12.0.
The differences in hefA mRNA expression were
compared using analysis of variance (ANOVA) and
Tukey tests.

RESULTS
Screening of MDR strains

A total of four MDR strains were screened, of which
two were resistant to amoxicillin, clarithromycin,
levofloxacin, tetracycline, and metronidazole, one was
resistant to amoxicillin, clarithromycin, tetracycline,
and metronidazole, and one was resistant to amoxicillin,
levofloxacin, tetracycline, and metronidazole. These
MDR strains are shown in Table 1.

Determination of antibiotic susceptibility of MDR strains
before and after treatment with traditional Chinese
medicines
[18]

Based on the method described previously , the
MICs of the traditional Chinese medicines against
MDR strains were calculated, and the next con
centration below MIC was 1/2 MIC. The screened
MDR stains were treated with emodin, baicalin,
schizandrin or berberine at a 1/2 MIC concentration
for 48 h to determine their effect on the MICs of
amoxicillin, tetracycline, levofloxacin, metronidazole
and clarithromycin. A positive control (10 mg/mL
pantoprazole) and a negative control (culture medium)
were also run at the same time.

MICs of the four traditional Chinese medicines against
MDR strains

The MICs of emodin, baicalin, schizandrin and
berberine against MDR strains are shown in Table 2.

Changes in MICs of the determined antibiotics against
MDR strains after treatment with the four traditional
Chinese medicines

Reverse transcription-PCR for detection of hefA mRNA
expression in MDR strains with reduced MICs of
amoxicillin

After the four MDR strains were treated with emodin,
baicalin, schizandrin and berberine at a 1/2 MIC
concentration or pantoprazole, the MICs of amoxicillin
and tetracycline against some strains were decreased
compared with before treatment or the negative
control group. Compared with 10 mg/mL pantoprazole,

MDR strains with reduced MICs of amoxicillin after
treatment with emodin, baicalin, schizandrin and
berberine at a 1/2 MIC concentration were screened,
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Table 3 Minimum inhibitory concentrations of amoxicillin
against the four multidrug resistance strains after treatment
with the four traditional Chinese medicines (μg/mL)

Table 7 Minimum inhibitory concentrations of levofloxacin
against the four multidrug resistance strains after treatment
with the four traditional Chinese medicines (μg/mL)

No.

NC

No.

64
32
64
32

23
40
41
42

23
40
41
42

Emodin Berberine Berberine Schizandrin Pantoprazole
32
16
64
32

16
8
64
16

64
16
21
32

32
16
64
32

32
16
32
32

Pantoprazole was used as a positive control, and culture medium was
used as a negative control. NC: Negative control.

23
40
41
42

64
16
32
32

32
16
32
16

64
32
32
32

64
32
64
32

Pantoprazole NC
32
32
16
32

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

64
32
32
32

NC: Negative control.

Table 5 Minimum inhibitory concentrations of metronidazole
against the four multidrug resistance strains after treatment
with the four traditional Chinese medicines (μg/mL)
No.
23
40
41
42

Emodin
128
64
64
64

Berberine Berberine Schizandrin Pantoprazole NC
128
64
64
64

128
64
64
64

128
64
64
64

64
32
32
64

128
64
64
64

Table 6 Minimum inhibitory concentrations of clarithromycin
against the four multidrug resistance strains after treatment
with the four traditional Chinese medicines (μg/mL)

23
40
41
42

Emodin
64
32
32
32

Berberine Berberine Schizandrin Pantoprazole NC
64
32
32
32

64
32
32
32

64
32
32
32

32
16
16
32

64
32
32
32

NC: Negative control.

the effects of the traditional Chinese medicines were
comparable or superior (Tables 3 and 4). However, the
MICs of clarithromycin, levofloxacin, and metronidazole
against MDR strains showed no significant changes
(Tables 5-7).

64
32
32
64

32
16
16
64

64
32
32
64

hefA

16S rRNA

∆Ct

∆∆Ct

31.0933170
30.2871494
29.8203506
30.2641807
33.8933296
32.0969762
29.9665985
31.2955170
31.6979313
30.7486935
34.3626747
36.2199669
33.9337616
31.4263000
32.9468956
31.6464024

14.457372
15.427569
16.133926
16.449774
15.226003
15.256840
15.307595
14.817378
14.758531
14.488201
18.408577
18.414414
17.102884
14.820235
14.884178
15.465043

16.63595
14.85958
13.68642
13.81441
18.66733
16.84014
14.65900
16.47814
16.93940
16.26049
15.95410
17.80555
16.83088
16.60606
18.06272
16.18136

0
-1.77637
-2.94952
-2.82154
2.031382
0.204191
-1.97694
-0.15781
0.303455
-0.37545
-0.68185
1.169608
0.194932
-0.02988
1.426772
-0.45459

-(∆∆Ct)

2

1
3.425620
7.724926
7.069158
0.244621
0.868025
3.936578
1.115590
0.810309
1.297247
1.604193
0.444542
0.873614
1.020928
0.371962
1.370390

DISCUSSION

Expression of hefA mRNA in MDR strains with
significantly changed MICs of amoxicillin

In recent years, there have been more and more
studies on traditional Chinese medicines. As a result,
the mechanisms of action of many traditional Chinese
medicines have been gradually elucidated. Heat-

Sixteen sub-cultured strains with significantly reduced
MICs of amoxicillin after treatment with emodin,

WJG|www.wjgnet.com

64
32
32
64

baicalin, schizandrin, berberine or pantoprazole (Table
3) were selected and used to detect the hefA mRNA
expression by reverse transcription-PCR. After No. 23
MDR strain was treated with emodin, schizandrin or
berberine, both MICs of amoxicillin and hefA mRNA
expression were decreased. After No. 40 MDR strain
was treated with emodin, baicalin, schizandrin and
berberine, both MICs of amoxicillin and hefA mRNA
expression were decreased. For No. 41 MDR strain,
treatment with baicalin decreased MIC of amoxicillin
but increased hefA mRNA expression. For No. 42
MDR strain, treatment with berberine decreased MIC
of amoxicillin but increased hefA mRNA expression,
while treatment with pantoprazole did not significantly
change MIC of amoxicillin but increased hefA mRNA
expression. The amplification curves, melting curves,
PCR products and quantitative results for the 16 subcultured strains are shown in Figures 1-3 and Table 8,
respectively.

NC: Negative control.

No.

64
32
32
64

Table 8 Real-time PCR quantitative results for hefA gene
expression in 16 sub-cultured strains with significantly
changed minimum inhibitory concentration of amoxicillin
No.

Schizandrin

64
32
32
64

NC: Negative control.

Table 4 Minimum inhibitory concentrations of tetracycline
against the four multidrug resistance strains after treatment
with the four traditional Chinese medicines (μg/mL)
No. Emodin Berberine Berberine

Emodin Berberine Berberine Schizandrin Pantoprazole NC
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Figure 1 Amplification curves for the hefA gene in 16 sub-cultured strains with significantly changed minimum inhibitory concentration of amoxicillin.

membrane, inhibition of bacterial DNA, RNA and
[25]
protein biosynthesis, and degradation of endotoxins .
Berberine, also called berberine hydrochloride, is
the main ingredient of Rhizoma coptidis. It exerts
bacteriostatic effects probably by inhibiting bacterial
growth and respiration, suppressing the oxidation of
glucose and sugar metabolic intermediates, especially
[26]
deoxidization reactions . Rhubarb consists mainly of
anthraquinone compounds including emodin, rhein,
and chrysophanol. Emodin has purgative, antibacterial,
antitumor and hemostatic effects, and its antibacterial
effects are associated with inhibiting bacterial nucleic
acid biosynthesis and breathing processes, because
it can cause bacterial DNA damage and result in the
[27,28]
production of small pieces of DNA
. However, some
studies found that the inhibitory effect of emodin on
H. pylori is related to the inhibition of aromatic amine[29]
N-acetyl transferase activity . Berberine, emodin,
schizandrin, and baicalin have inhibitory and killing
effects against H. pylori, even in drug-resistant strains.
Currently, there have been no other reports of the
effects of traditional Chinese medicines on MDR and
the underlying mechanisms.
The results of the present study, together with our
previous findings, showed that berberine, emodin,
schizandrin, and baicalin have certain inhibitory
and killing effects against MDR H. pylori strains.
Additionally, emodin, baicalin, schizandrin or berberine
at a 1/2 MIC concentration could reduce the MICs of
amoxicillin and tetracycline against some MDR strains.
Compared with 10 mg/mL pantoprazole, the effects of
the traditional Chinese medicines were comparable or
superior; however, they could not reduce the MICs of
clarithromycin, levofloxacin, and metronidazole against
MDR strains. The possible reasons are: (1) different
MDR strains may have different drug resistance

Melt curve

4600.0

Derivative reporter (-Rn)

3600.0

2600.0

1600.0

600.0

65.0

70.0

75.0
80.0
Temperature (℃)

85.0

90.0
95.5
Tm: 90.33

Figure 2 Melting curves for the hefA gene in 16 sub-cultured strains with
significantly changed minimum inhibitory concentration of amoxicillin.

clearing and detoxicating Chinese medicines have
strong antibacterial effects and are therefore called
plant antibiotics; these include Rhizoma coptidis,
Radix scutellariae, Andrographis paniculata, rhubarb,
[17,19-24]
and Radix isatidis
. Baicalin is the main effective
ingredient of Radix scutellariae, and its bacteriostatic
mechanisms include destroying bacterial cell
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Figure 3 Agarose gel electrophoresis analysis of PCR products for hefA in 16 sub-cultured strains with significantly changed minimum inhibitory
concentration of amoxicillin.

patterns, thus resulting in different MICs; (2) different
traditional Chinese medicine ingredients have different
bacteriostatic effects. Berberine has obvious, relatively
stable bacteriostatic effects, while the other three
medicines have unobvious, unstable antibacterial
effects; and (3) bacterial strains came from different
sources and had different growth environments, which
may also affect MICs.
While exploring the mechanism by which emodin,
baicalin, schizandrin, berberine and pantoprazole
reduced the MICs of amoxicillin against MDR strains,
we found that both MICs of amoxicillin and hefA mRNA
expression were reduced in No. 23 and No. 40 MDR
strains, suggesting that hefA mRNA expression may
be positively correlated with the effects of emodin,
baicalin, schizandrin, berberine and pantoprazole in
reducing the MICs of amoxicillin against MDR strains.
However, in No. 41 MDR strain, treatment with
baicalin decreased the MIC but increased hefA mRNA
expression; for No. 42 MDR strain, treatment with
berberine decreased the MIC but increased hefA mRNA
expression, and treatment with pantoprazole did not
significantly change the MIC but increased hefA mRNA
expression. On one hand, this may be associated with
drug resistance patterns of MDR strains. Both No.
23 and No 40 MDR strains had the same pattern of
resistance to levofloxacin, clarithromycin, amoxicillin,
tetracycline, and metronidazole, while No. 41 was
sensitive to levofloxacin, and No. 42 was moderately
sensitive to clarithromycin. On the other hand, the
existence of multiple efflux pump gene families may
result in the above discrepancy. Since the hefA gene
is only one member of one of the five efflux pump
families, other members of the five efflux pump
families may mediate the MIC reduction.
The present study showed that berberine, baicalin,
emodin, and schizandrin all have antibacterial activities
against MDR, and can reduce the MICs of amoxicillin
and tetracycline, possibly via mechanisms associated
with altering hefA gene expression. These findings
provide a new idea and new method for solving

WJG|www.wjgnet.com

the problem of increasingly serious MDR. However,
it remains to be investigated why these Chinese
medicines only reduced the MICs of amoxicillin and
tetracycline, and did not alter those of levofloxacin,
clarithromycin and metronidazole, and why hefA gene
expression was not correlated with MIC reduction in
some strains.

COMMENTS
COMMENTS
Background

There are different mechanisms of Helicobacter pylori (H. pylori)-induced
resistance to various antibiotics, but its multidrug resistance may be closely
linked to the activity of efflux pumps. However, there is not yet an accredited
method to prevent or reverse multidrug-resistance induced by H. pylori. Our
research group has found that herbal extracts (especially emodin) have an
effective inhibitory effect on H. pylori-induced multi-drug resistance, and that
they reduced the minimum inhibitory concentration (MIC) of some antibiotics.
Thus, the authors further explored the molecular mechanism of emodin
lowering of antibiotic MIC by assessing the expression of the efflux pump gene
hefA.

Research frontiers

The issue of H. pylori-induced drug resistance has become one of the
current research directions, and seeking to optimally measure its resistance
is an urgent scientific project. Chinese herbal medicine has pronounced
characteristics, such as anti-inflammatory, immunomodulatory, anti-tumor roles
and it lowers side effects. Therefore, developing some substitutes extracted
from Chinese herbals would provide new ideas or methods to solve the drug
resistance.

Innovations and breakthroughs

A class of fever-reducing and detoxification herbals generally has antibacterial
effects, and some herbals, such as berberine, play an inhibitory role against H.
pylori-induced drug resistance; however, its mechanism remains unclear. This
study found that berberine had an effective inhibitory effect on H. pylori-induced
drug resistance and decreased the MIC of amoxicillin antibiotic, etc. The
authors also report that the mechanism may be related to reduction of efflux
pump hefA gene expression.

Applications

This study found that berberine has an effective inhibitory effect on H. pyloriinduced multi-drug resistance, and lowered the MIC of amoxicillin antibiotic
etc. The findings suggest new ideas or methods to solve the drug-resistance
induced by H. pylori, thereby aiming to cure this disease.

Terminology

Minimum inhibitory concentration is the lowest antimicrobial concentration that
can inhibit the growth of bacteria; Multidrug resistance is a condition enabling
disease-causing microorganisms (bacteria, viruses, fungi or parasites) to resist
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The present study revealed that berberine etc. has an effective inhibitory effect
on H. pylori-induced multi-drug resistance and lowered the MIC of amoxicillin
antibiotic etc.; the mechanism may be related to down-regulation of efflux pump
hefA gene expression. The findings demonstrate that use of berberine has a
relatively large practical value, and it would provide the scientific theory for
developing effective medication against resistance induced by H. pylori.
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METHODS: In this case-control study, 366 Chinese
HBV-infected patients were recruited and divided into
hepatocellular carcinoma (HCC; n = 94) and non-HCC
(n = 272) groups at The First Affiliated Hospital of Sun
Yat-Sen University, from April 2009 to December 2012.
In the non-HCC group, the patients were classified
into three clinical subsets, 76 patients had chronic
hepatitis B, 101 were HBV carriers and 95 patients had
HBV-related cirrhosis. Two hundred eight unrelated
healthy controls were also included. Genomic DNA
was extracted from peripheral blood. Single nucleotide
polymorphisms (SNPs) rs13143866, rs2221903, and
rs907715 were subsequently genotyped using the
SNaPshot SNP technique.
RESULTS: There were no significant differences in
allele and genotype frequencies of SNPs rs13143866,
rs2221903, and rs907715 between chronic HBVinfected patients and control subjects. Furthermore, no
significant differences were found in the frequencies of
all alleles and genotypes between the HCC group and
the non-HCC group. However, in the subgroup analysis,
IL21 rs13143866 genotype AA frequency in the HBV
carrier group was higher than in controls (OR = 6.280,
95%CI: 1.238-31.854; P = 0.019), and the effect of the
recessive model (AA vs GG + GA, OR = 6.505, 95%CI:
1.289-32.828) was observed in the HBV carrier group.
IL21 rs2221903 genotype TC frequency in the HBV
carrier group was higher than in controls (OR = 1.809,
95%CI: 1.043-3.139; P = 0.035). In the haplotype
analysis, the ATA haplotype (rs13143866, rs2221903,
and rs907715) of IL21 was more frequent in the HCC
group than in the non-HCC group (0.165 vs 0.104, P =
0.044; OR = 1.700, 95%CI: 1.010-2.863).
CONCLUSION: Genotypes rs13143866 AA and
rs2221903 TC are risk factors for carrying HBV; ATA
haplotype increases the risk of HBV-related HCC onset

Abstract
AIM: To investigate the relationship between inter
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[12-14]

in a Chinese population.

essential for controlling chronic viral infections
.
The adaptive immune response is greatly attenuated
in chronic HBV infection. It is likely that the absence of
+
CD4 T-cells prevents the maturation of a functionally
+
effective CD8 T-cell response, and is the primary
[15-18]
reason for viral persistence
. Recent investigations
have shown that serum levels of IL-21 are increased
in CHB patients and associated with severe liver
[19]
inflammation . The levels of IL-21 expression in
the liver tissues are significantly associated with
increased degrees of inflammation and fibrosis in
[20]
CHB patients . High serum IL-21 levels after 12 wk
of antiviral therapy predict HBeAg seroconversion in
[21]
CHB . IL-21 enhances HBcAg-specific interferon+
+
γ CD8 T-cell proliferation, whereas treatment with
[22]
anti-IL-21 inhibits expansion in vitro .
Collectively, these findings suggest that IL-21
may play a critical role in HBV infection. However, the
precise mechanisms underlying the effects of IL-21 on
hepatitis B pathogenesis have not yet been elucidated.
Genetic polymorphisms in IL21 have been explored
in genetic susceptibility to chronic HBV-infected
diseases. One report finds that IL21 rs2221903
TC is less frequent in the HBV patients than in the
[23]
HBV infection resolvers or in controls . In kidney
transplant patients with acute rejection, frequencies of
TT homozygote genotype and T allele of IL-21-G1472T
(rs2055979) polymorphism and CC homozygote
genotype and C allele of IL-21-C5250T (rs4833837)
polymorphism are higher in the HBV-infected patients
[24]
than in the HBV-noninfected patients . Accordingly,
this study was conducted to confirm the association
of IL21 rs13143866, rs2221903, and rs907715 gene
polymorphisms with susceptibility to chronic HBV
infection in a Chinese population.

Key words: Chinese population; Chronic hepatitis B
virus infection; Interleukin-21 gene; rs13143866;
rs2221903; rs907715; Single-nucleotide polymorphism
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study is the first to investigate the
relationship between single nucleotide polymorphism
rs13143866 of the interleukin-21 gene and chronic
hepatitis B virus (HBV) infection in a Chinese population.
We found that genotypes rs13143866 AA and rs2221903
TC were risk factors for carrying HBV, and the ATA
haplotype (rs13143866, rs2221903 and rs907715)
increased the risk of HBV-related hepatocellular
carcinoma.
Yao JY, Chao K, Li MR, Wu YQ, Zhong BH. Interleukin-21 gene
polymorphisms and chronic hepatitis B infection in a Chinese
population. World J Gastroenterol 2015; 21(14): 4232-4239
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i14/4232.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i14.4232

INTRODUCTION
Approximately one-third of the world’s population has
serologic evidence of past or present infection with
hepatitis B virus (HBV), and 350-400 million people
are chronic HBV surface antigen (HBsAg) carriers. The
spectrum of disease and natural history of chronic
HBV infection are diverse and variable, ranging
from an inactive carrier state to progressive chronic
hepatitis B (CHB), which may evolve to cirrhosis and
[1]
hepatocellular carcinoma (HCC) . An epidemiologic
serosurvey of hepatitis B in China showed that
the weighted prevalence of HBsAg in the Chinese
[2]
population aged 1-59 years was 7.2% , which
indicated that there were approximately 93 million
[3]
people infected with HBV in China .
Interleukin (IL)-21, mainly produced by a range
+
of differentiated CD4 T-cell subsets, is a relatively
recently discovered multifunctional and pleiotropic
[4,5]
cytokine . It promotes proliferation and accumulation
+
of Ag-specific CD8 effector T-cells, and increases
[6]
their survival and cytolytic potential . It also has
a significant influence on the regulation of B-cell
functions. It promotes the differentiation of antigenstimulated B cells into memory and antibody-secreting
plasma cells, affects IgE production, and induces Ig
[7,8]
switch to IgG1 and IgG3 production . In addition,
it induces the differentiation of naive T cells into Th17
cells, and is involved in the maturation, activation,
[9-11]
and survival of natural killer cells
. Several in vivo
studies in animal models have shown that IL-21 is
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MATERIALS AND METHODS
The study was performed in accordance with the
Declaration of Helsinki of the World Medical Association
and was approved by The First Affiliated Hospital of
Sun Yat-Sen University Institutional Review Board.
All patients signed an informed consent form for this
investigation.

Subjects

According to the guideline for the prevention and
treatment of CHB (2010 version) and the diagnostic
th
criteria (modified during the 10 National Conference
on Viral Hepatitis and Hepatopathy 2000, China),
366 independent chronic HBV-infected patients (103
female and 263 male; mean age 48.3 ± 11.8 years)
were recruited from The First Affiliated Hospital of Sun
Yat-Sen University from April 2009 to December 2012
and were divided into an HCC (n = 94) and non-HCC
(n = 272) group. All patients with HCC were confirmed
by pathology. The non-HCC group was classified into
three clinical subsets, CHB (n = 76), HBV carrier (n =
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Multiplex PCR was carried out using the SNaPshot
Multiplex Kit (Applied Biosystems of Thermo Fisher
Scientific, Waltham, MA, United States) according
to the manufacturer’s instructions. The reaction was
performed in a total volume of 20 µL containing
2+
2 µL 10 × PCR buffer (Mg -free) (Invitrogen of
Thermo Fisher Scientific), 0.8 µL MgCl2 (50 mmol/L;
Invitrogen), 0.5 µL dNTP (10 mmol/L; Takara Bio Inc.,
Shiga, Japan), 0.5 µL Primer Mix, 1 µL DNA, 0.5 µL
Platinum Taq (5U; Invitrogen), and 14.2 µL ddH2O.
Cycling conditions were as follows: 95 ℃ for 2 min; 33
cycles of 95 ℃ for 20 s, 56 ℃ for 30 s, and 72 ℃ for
40 s, followed by 72 ℃ for 5 min. PCR products were
purified using shrimp alkaline enzyme (Promega Corp.,
Madison, WI, United States) and exonuclease Ⅰ (EpiCe
ntre, Palmerston North, New Zealand) according to the
manufacturer’s instructions. Purified PCR products from
two panels were mixed and used as a template for
extension. Extension was performed in a total volume
of 5 µL comprising 2.5 µL of SNaPshot Multiplex
reaction mix (Applied Biosystems), 1.5 µL of purified
PCR products, 0.7 µL of Probe Mix, and 0.3 µL of GC
buffer. Extension was performed under the following
conditions: 25 cycles of 96 ℃ for 10 s, 51 ℃ for 5 s,
and 60 ℃ for 30 s, and then kept at 4 ℃. Extension
products were purified using shrimp alkaline enzyme
(Promega) and loaded onto an ABI PRISM 3730 DNA
Sequencer (Applied Biosystems) for sequencing.

Table 1 Demographic data for all groups
Groups

1

Sex P value P value
(M/F)

HBV infection 263/103
HCC
64/30
non-HCC
199/73
Carrier
71/24
CHB
58/18
Cirrhosis
70/31
Control
146/62

0.672
0.713
0.473
0.416
0.310
1.000

0.345

2

1

Age (yr) P value P value
48.3 ± 11.8
48.8 ± 12.2
48.1 ± 11.7
47.9 ± 11.3
46.5 ± 11.0
49.4 ± 12.6
48.7 ± 11.3

0.657
0.935
0.544
0.570
0.151
0.621

2

0.589

1

vs control group; 2between HCC and non-HCC groups. HBV: Hepatitis B
virus; HCC: Chronic HBV-infected patients with hepatocellular carcinoma;
non-HCC: Chronic HBV-infected patients without hepatocellular
carcinoma; Carrier: HBV carriers; CHB: Patients with chronic hepatitis B;
Cirrhosis: Patients with HBV-related cirrhosis.

101), and HBV-related cirrhosis (n = 95). None of the
366 chronic HBV-infected patients had received any
antiviral therapy, including nucleoside analogues or
interferon, before diagnosis. This study also included
208 geographically and ethnically matched unrelated
healthy controls (62 female and 146 male; mean
age 48.7 ± 11.3 years). Exclusion criteria included
the presence of autoimmune diseases and other
liver diseases, such as alcoholic liver disease, silt
hemorrhagic liver disease, autoimmune liver disease,
and intra-and extrahepatic bile duct stones.

Selection and genotyping of single-nucleotide
polymorphisms

Statistical analysis

Distributions of the allele and genotype frequencies
2
were calculated by the χ test or Fisher’s exact test.
ORs and 95%CIs of genotype frequencies were
adjusted by logistic regression analysis. All analyses
were performed using SPSS 16.0 software (SPSS
Inc., Chicago, IL, United States). The Hardy-Weinberg
equilibrium test and the haplotype analysis were
completed by SHEsis software (http://analysis.bio-x.
cn/myAnalysis.php). All two-sided P < 0.05 were
considered statistically significant.

For selection of the single-nucleotide polymorphisms
(SNPs), Haploview software (http://www.broad.mit.
edu/mpg/haploview) was used to perform linkage
disequilibrium and haplotype block analyses using
HapMap phase genotype data for the chromosomal
region 4:123,750,234..123,764,662 (CHB database,
HapMap release 27). The amplicon of interest was
a 14.4 kb region within IL21 and approximately 3
kb upstream and 3 kb downstream of the gene.
Three previously reported SNPs (rs13143866,
rs2221903, and rs907715) with minor allele
frequency (MAF) ≥ 0.05 were chosen. Genomic
DNA from peripheral blood was extracted using
a commercially available kit (Tiangen Biotech,
Beijing, China) according to the manufacturer’
s instructions. SNPs rs13143866, rs2221903, and
rs907715 were subsequently genotyped by the
SNaPshot SNP technique. Briefly, three segments
were amplified using three pairs of forward and
reverse primers: 5′-AAGTACCCACTGGACCAACTCA-3′
a n d 5 ′ -T C T A G C T C T G A A C C C A A A C A C T- 3 ′ ,
5 ′ - G G A C C A C ATATTG C C A G A C A C- 3 ′ a n d
5 ′ - G A C A C T G A C G C C C ATAT T G AT- 3 ′ , a n d
5 ′ - C A C A C TG G C ATTG A G ATG C TA- 3 ′ a n d
5′-CCTCTTTTCACTTGGAGCATTC-3′ for rs13143866,
rs2221903, and rs907715, respectively. All primers
were designed using the Primer3 program (http://
frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi).

WJG|www.wjgnet.com

RESULTS
Demographic data on each group are shown in Table
1. The allele and genotype frequencies of the three
SNPs in IL21 in the HBV-infected patients and control
subjects are shown in Table 2. The Hardy-Weinberg
equilibrium P value in each group was > 0.01.

Association between IL21 polymorphisms and HBV
infection

Although there was no statistically difference, our
data showed a tendency that SNP rs2221903 was
associated with an increased risk of chronic HBV
infection. The frequency of allele C was 13.7% in the
chronic HBV infection group and 10.3% in the control
group. Furthermore, the effect of the dominant model
was observed (Table 2).
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Table 2 Comparison of interleukin-21 polymorphisms between chronic hepatitis B virus-infected patients and controls n (%)
HBV infection (n = 366)

Control (n = 208)

Allele G
Allele A
GG
GA
AA
HWE
GG + GA
AA
GG
AA + GA

621 (85.5)
111 (14.5)
266 (72.7)
89 (24.3)
11 (3.0)
0.294
355 (97.0)
11 (3.0)
266 (72.7)
100 (27.3)

363 (87.3)
53 (12.7)
157 (75.5)
49 (23.5)
2 (1.0)
0.391
206 (99.0)
2 (1.0)
157 (75.5)
51 (24.5)

Allele T
Allele C
TT
TC
CC
HWE
TT+TC
CC
TT
CC + TC

632 (86.3)
100 (13.7)
272 (74.3)
88 (24.1)
6 (1.6)
0.712
360 (98.4)
6 (1.6)
272 (74.3)
94 (25.7)

373 (89.7)
43 (10.3)
167 (80.3)
39 (18.7)
2 (1.0)
0.868
206 (99.0)
2 (1.0)
167 (80.3)
41 (19.7)

Allele G
Allele A
GG
GA
AA
HWE
GG + GA
AA
GG
AA + GA

415 (56.7)
317 (43.3)
110 (30.0)
195 (53.3)
61 (16.7)
0.104
305 (83.3)
61 (16.7)
110 (30.1)
256 (69.9)

234 (56.2)
182 (43.8)
70 (33.7)
94 (45.2)
44 (21.1)
0.238
164 (78.8)
44 (21.2)
70 (33.7)
138 (66.3)

Polymorphism
rs13143866
Allele frequency
Genotype frequency1

Recessive model
Dominant model
rs2221903
Allele frequency
Genotype frequency1

Recessive model
Dominant model
rs907715
Allele frequency
Genotype frequency1

Recessive model
Dominant model

P value

0.259
0.734
0.2902

0.1492
0.463

0.101
0.130
0.2622

0.7172
0.105

0.884
0.160
0.155

0.181
0.372

OR (95%CI)
Reference
1.224 (0.861-1.741)
Reference
0.933 (0.625-1.392)
0.308 (0.067-1.408)
Reference
3.195 (0.701-14.493)
Reference
1.157 (0.783-1.711)
Reference
1.373 (0.939-2.006)
Reference
1.385 (0.907-2.116)
1.842 (0.367-9.232)
Reference
1.715 (0.342-8.547)
Reference
1.408 (0.930-2.130)
Reference
0.982 (0.770-1.252)
Reference
1.320 (0.896-1.945)
0.882 (0.540-1.440)
Reference
0.746 (0.484-1.148)
Reference
1.181 (0.820-1.699)

1

The P values of rs13143866, rs2221903, and rs907715 genotype distribution between chronic HBV-infected patients and controls were 0.237, 0.876, 0.358,
respectively; 2Fisher’s exact test. HWE: Hardy-Weinberg equilibrium.

Association between IL21 polymorphisms and HCC

Haplotype analysis

Association between IL21 polymorphisms and HBV
infection subgroups

DISCUSSION

The results showed that the ATA haplotype (rs13143866,
rs2221903, and rs907715) was significantly associated
with HBV-related HCC and appeared to be a risk
haplotype (P = 0.044) (Table 5).

No significant differences were found in the frequencies
of all alleles and genotypes (rs13143866, rs2221903,
and rs907715) between the HCC group and the nonHCC group (Table 3).

In this study, we analyzed allele and genotype
frequencies at three SNPs of the IL21 gene in 366
chronic HBV-infected patients and 208 healthy
controls in a Chinese population. The intronic SNPs
may not be the actual risk mutation, but they are
likely to be a surrogate marker for a mutation with
functional consequences. The intronic SNPs may
be in high linkage disequilibrium with a variant that
[25]
associates with translation of the mRNA . In other
words, they may associate with protein expression.
For example, synonymous SNPs have a substantial
contribution to human disease risk and other complex
[26]
traits . Literature reports explored IL21 rs907715
and rs2221903 and IL21R T-83C and rs3093301

The distribution of genotypes and alleles of IL21
rs907715 polymorphisms showed no significant
difference among HBV carriers, patients with CHB,
patients with HBV-related cirrhosis, and healthy
controls. However, IL21 rs13143866 and rs2221903
polymorphisms were differently distributed between
the HBV carrier group and controls (Table 4). IL21
rs13143866 genotype AA frequency in the HBV carrier
group was higher than in controls (5.9% vs 1.0%, P =
0.019), and the effect of the recessive model (AA vs
GG + GA, P = 0.017) was observed in the HBV carrier
group. IL21 rs2221903 genotype TC frequency in the
HBV carrier group was higher than in controls (29.7%
vs 18.7%, P = 0.035).
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Table 3 Interleukin-21 polymorphisms among chronic hepatitis B virus-infected patients with hepatocellular carcinoma, patients
without hepatocellular carcinoma, and controls n (%)
Polymorphism

HCC

non-HCC

Control

HCC vs non-HCC

(n = 94) (n = 272) (n = 208) P value
rs13143866
Allele
frequency
Genotype
frequency1

Recessive
model
Dominant
model
rs2221903
Allele
frequency
Genotype
frequency1

Recessive
model
Dominant
model
rs907715
Allele
frequency
Genotype
frequency1

Recessive
model
Dominant
model

Allele G
Allele A
GG
GA
AA

167 (88.8)
21 (11.2)
74 (78.7)
19 (20.2)
1 (1.1)

454 (83.5)
90 (16.5)
192 (70.6)
70 (25.7)
10 (3.7)

363 (87.3)
53 (12.7)
157 (75.5)
49 (23.5)
2 (1.0)

HWE
GG + GA
AA

0.857
93 (98.9)
1 (1.1)

0.262
262 (96.3)
10 (3.7)

GG
AA + GA

74 (78.7)
20 (21.3)

Allele T
Allele C
TT
TC
CC

OR (95%CI)

HCC vs Control

P value

0.231
0.2982

Reference
1.576 (0.949-2.617)
Reference
1.420 (0.800-2.520)
3.854 (0.485-30.637)

0.522
1.0002

0.391
206 (99.0)
2 (1.0)

0.2302

Reference
0.282 (0.036-2.231)

1.0002

192 (70.6)
80 (29.4)

157 (75.5)
51 (24.5)

0.129

Reference
1.542 (0.882-2.695)

0.539

163 (86.7)
25 (13.3)
70 (74.5)
23 (24.5)
1 (1.1)

469 (86.2)
75 (13.8)
202 (74.3)
65 (23.9)
5 (1.8)

373 (89.7)
43 (10.3)
167 (80.3)
39 (18.7)
2 (1.0)

HWE
TT + TC
CC

0.554
93 (98.9)
1 (1.1)

0.931
267 (98.2)
5 (1.8)

TT
CC + TC

70 (74.5)
24 (25.5)

Allele G
106 (56.4)
Allele A
82 (43.6)
GG
25 (26.6)
GA
56 (59.6)
AA
13 (13.8)
HWE
0.041
GG + GA 81 (86.2)
AA
13 (13.8)
GG
25 (26.6)
AA + GA 69 (73.4)

0.078

0.586

0.940
0.6962

Reference
1.043 (0.641-1.696)
Reference
0.979 (0.566-1.694)
1.733 (0.199-15.087)

0.075
1.0002

0.868
206 (99.0)
2 (1.0)

0.6962

Reference
1.742 (0.201-15.101)

1.0002

202 (74.3)
70 (25.7)

167 (80.3)
41 (19.7)

0.969

Reference
0.989 (0.578-1.693)

0.256

309 (56.8)
235 (43.2)
85 (31.2)
139 (51.1)
48 (17.7)
0.496
224 (82.4)
48 (17.6)
85 (31.3)
187 (68.7)

234 (56.2)
182 (43.8)
70 (33.7)
94 (45.2)
44 (21.1)
0.238
164 (78.8)
44 (21.2)
70 (33.7)
138 (66.3)

0.866

0.920
0.256
0.831

0.393
0.397

Reference
0.983 (0.704-1.374)
Reference
0.730 (0.424-1.257)
1.086 (0.509-2.317)
Reference
1.335 (0.688-2.592)
Reference
0.797 (0.472-1.347)

0.288

0.976
0.135
0.062

0.135
0.222

OR (95%CI)
Reference
0.861 (0.503-1.474)
Reference
0.823 (0.453-1.495)
1.061
(0.095-11.886)
Reference
1.108
(0.099-12.367)
Reference
0.832 (0.463-1.495)
Reference
1.330 (0.786-2.252)
Reference
1.668 (0.949-2.932)
1.193
(0.106-13.369)
Reference
1.108
(0.099-12.367)
Reference
1.397 (0.785-2.484)
Reference
0.995 (0.703-1.408)
Reference
0.598 (0.305-1.173)
0.827 (0.383-1.785)
Reference
0.598 (0.305-1.173)
Reference
1.400 (0.816-2.403)

non-HCC vs Control

P value

OR (95%CI)

0.470
0.0741

Reference
1.358 (0.941-1.958)
Reference
1.168 (0.766-1.781)
4.089 (0.883-18.934)

0.0771

Reference
3.931 (0.852-18.139)

0.234

Reference
1.283 (0.852-1.932)

0.102

0.160
0.4661

Reference
1.387 (0.931-2.067)
Reference
1.378 (0.881-2.154)
2.067 (0.396-10.790)

0.4791

Reference
1.929 (0.700-10.042)

0.122

Reference
1.411 (0.912-2.184)

0.108

0.864
0.347
0.685

0.334
0.577

Reference
0.978 (0.756-1.265)
Reference
1.218 (0.808-1.836)
0.898 (0.536-1.507)
Reference
0.799 (0.506-1.260)
Reference
1.116 (0.759-1.640)

1

The P values of rs13143866, rs2221903, and rs907715 genotype distribution among hepatocellular carcinoma (HCC) group, non-HCC group, and controls
were 0.237, 0.876, and 0.358, respectively; 2Fisher’s exact test. HWE: Hardy-Weinberg equilibrium.

polymorphisms in chronic HBV-infected patients, and
IL17 rs2275913, IL23R rs10889677, IL21 rs4833837,
and IL21 rs2055979 polymorphisms in kidney
[23,24]
transplant patients with HBV infection
.
The statistical difference in genotype frequencies
in the recessive model (AA vs GG + GA) of SNP
rs13143866 showed that the A allele, when present
in homozygotes, was a risk factor for carrying HBV.
Furthermore, IL21 rs13143866 genotype AA frequency
in the HBV carrier group was higher than that in
controls. In other studies, rs13143866 was associated
[27]
with recurrent idiopathic spontaneous miscarriage ,
[28]
[29]
juvenile idiopathic arthritis , and lupus . Thus,
rs13143866 is likely a key genetic factor in both auto
immune diseases and chronic HBV-infected diseases.
Previous studies showed a significant association
between rs2221903 and systemic lupus erythematosus
(SLE) in the Chinese, European-American, and African[25,29,30]
American populations
. Although there was no
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statistical difference, our data showed that this SNP is
also associated with an increased risk of chronic HBV
infection. The frequency of allele C was 13.7% in the
chronic HBV infection group and 10.3% in the control
group. In the subgroup analysis, the frequency of
the TC genotype in the HBV carrier group was higher
[24]
than that in controls. However, Li et al
found the
opposite result, where the C frequency in HBV-infected
patients was lower than in controls (8.1% vs 12.4%,
P = 0.023, OR = 0.625, 95%CI: 0.415-0.941) and
the TC genotype was less frequent in HBV-infected
patients than in controls (16.2% vs 24.7%, P =
0.017, OR = 0.589, 95%CI: 0.381-0.911). Several
potential explanations need to be considered. Firstly,
the regulatory mechanisms of IL21 intronic SNPs
are still not clear. Secondly, chronic HBV infection is
a complex complication related to other genetic and
[3]
environmental factors .
Our data found no significant association between
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Table 4 Interleukin-21 polymorphisms among non-hepatocellular carcinoma subgroups and controls n (%)
Polymorphism

Carrier

CHB

Cirrhosis

Control

Carrier vs control

CHB vs control

Cirrhosis vs control

(n = 101) (n = 76) (n = 95) (n = 208) P value OR (95%CI) P value OR (95%CI) P value OR (95%CI)
rs13143866
Allele frequency

Genotype
frequency

Recessive model

Dominant model

rs2221903
Allele frequency

Genotype
frequency

Recessive model

Dominant model

rs907715
Allele frequency

Genotype
frequency

Recessive model

Dominant model

Allele G
Allele A

170 (84.2)
32 (15.8)

128 (84.2) 156 (82.1)
24 (15.8) 34 (17.9)

363 (87.3)
53 (12.7)

0.294

GG
GA

75 (74.3)
20 (19.8)

53 (69.7)
22 (28.9)

64 (67.4)
28 (29.5)

157 (75.5)
49 (23.5)

0.600

AA

6 (5.9)

1 (1.3)

3 (3.1)

2 (1.0)

0.0191

HWE
GG + GA
AA

0.01
95 (94.1)
6 (5.9)

0.44
75 (98.7)
1 (1.3)

0.977
92 (96.8)
3 (3.2)

0.391
206 (99.0)
2 (1.0)

0.0171

GG
AA +
GA

75 (74.3)
26 (25.7)

53 (69.7)
23 (30.3)

64 (67.4)
31 (32.6)

157 (75.5)
51 (24.5)

0.816

Allele T
Allele C

172 (85.1)
30 (14.9)

130 (85.5) 167 (87.9)
22 (14.5) 23 (12.1)

373 (89.7)
43 (10.3)

0.105

TT
TC

71 (70.3)
30 (29.7)

56 (73.7)
18 (23.7)

75 (78.9)
17 (17.9)

167 (80.3)
39 (18.7)

0.035

CC

0 (0.00)

2 (2.6)

3 (3.2)

2 (1.0)

-2

HWE
TT + TC
CC

0.080
101 (100.0)
0 (0.0)

0.705
74 (97.4)
2 (2.6)

0.121
92 (96.8)
3 (3.2)

0.868
206 (99.0)
2 (1.0)

-2

TT
CC + TC

71 (70.3)
30 (29.7)

56 (73.7)
20 (26.3)

75 (78.9)
20 (21.1)

167 (80.3)
41 (19.7)

0.052

Allele G
Allele A

115 (56.9)
87 (43.8)

89 (58.6)
63 (41.4)

105 (55.3)
85 (44.7)

234 (56.2)
182 (43.8)

0.873

GG
GA

33 (32.7)
49 (48.5)

24 (3.16)
41 (53.9)

28 (29.5)
49 (51.6)

70 (33.7)
94 (45.2)

0.715

AA

19 (18.8)

11 (14.5)

18 (18.9)

44 (21.1)

0.800

HWE
GG + GA
AA

0.914
82 (81.2)
19 (18.8)

0.331
65 (85.5)
11 (14.5)

0.674
77 (81.1)
18 (18.9)

0.238
164 (78.8)
44 (21.2)

0.632

GG
AA + GA

33 (32.7)
68 (67.3)

24 (31.6)
52 (68.4)

28 (29.5)
67 (70.5)

70 (33.7)
138 (66.3)

0.864

Reference
1.289
(0.802-2.073)
Reference
0.854
(0.474-1.539)
6.280
(1.238-31.854)
Reference
6.505
(1.289-32.828)
Reference
1.067
(0.618-1.843)
Reference
1.513
(0.918-2.495)
Reference
1.809
(1.043-3.139)

Reference

Reference
1.721
(0.996-2.973)
Reference
0.973
(0.693-1.366)
Reference
1.106
(0.645-1.896)
0.916
(0.465-1.806)
Reference
0.864
(0.474-1.573)
Reference
1.045
(0.630-1.733)

0.348

0.345
1.0001

1.0001

0.330

0.172

0.324
0.5751

0.5771

0.232

0.624

0.425
0.443

0.210

0.742

Reference
1.284
(0.761-2.166)
Reference
1.330
(0.736-2.403)
1.481
(0.132-16.666)
Reference
1.373
(0.123-15.367)
Reference
1.336
(0.746-2.392)
Reference
1.468
(0.846-2.547)
Reference
1.367
(0.729-2.598)
2.982
(0.410-21.668)
Reference
2.784
(0.385-20.120)
Reference
1.455
(0.787-2.689)
Reference
0.910
(0.625-1.326)
Reference
1.272
(0.704-2.298)
0.729
(0.325-1.634)
Reference
0.631
(0.307-1.296)
Reference
1.099
(0.626-1.929)

0.095

0.227
0.1561

0.3301

0.142

0.517

0.926
0.3301

0.3301

0.787

0.820

0.352
0.950

0.659

0.471

Reference
1.493
(0.933-2.388)
Reference
1.402
(0.811-2.424)
3.680
(0.601-22.544)
Reference
3.359
(0.552-20.441)
Reference
1.491
(0.875-2.540)
Reference
1.195
(0.697-2.046)
Reference
0.971
(0.516-1.825)
3.340
(0.547-20.405)
Reference
3.359
(0.552-20.441)
Reference
1.086
(0.596-1.979)
Reference
1.041
(0.737-1.470)
Reference
1.303
(0.746-2.277)
1.023
(0.507-2.064)
Reference
0.871
(0.473-1.606)
Reference
1.214
(0.717-2.055)

1

Fisher’s exact test; 2χ 2 test cannot be conducted due to cross tabulation of zero. CHB: Chronic hepatitis B; HWE: Hardy-Weinberg equilibrium.

rs907715 and chronic HBV infection, which is
[24]
consistent with Li et al . The association between
this SNP and immune disease has been widely
investigated, though the findings are controversial. In
a Chinese population, rs907715 was associated with
[31]
[25]
Graves’ disease
rather than SLE , and the two
studies had a similar sample size. This discrepancy
may be attributable to different diseases. Two studies
investigated the same disease in an African-American
[21]
population. Hughes et al
found that G allele
[29]
increased the risk of SLE, but Sawalha et al
drew
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the opposite conclusion. These findings require further
replication in other independent cohorts of chronic
HBV-infected patients.
The data regarding ATA haplotype frequency
(rs13143866, rs2221903, and rs907715) in HCC
patients compared to non-HCC patients showed that
this haplotype may be a risk for HBV-related HCC.
This result suggests that the haplotype, according to
the IL21 polymorphisms, might be one of the most
important genetic factors for susceptibility to HBVrelated HCC.

4237

April 14, 2015|Volume 21|Issue 14|

Yao JY et al . IL-21 polymorphisms in China

REFERENCES

Table 5 Haplotype analysis of polymorphisms
Haplotype

A-T-A
G-C-G
G-T-A
G-T-G
A-T-A
G-C-G
G-T-A
G-T-G

1

Frequency
HBV
infection
0.150
0.137
0.283
0.429
HCC
0.165
0.138
0.267
0.430

χ2

P value

OR

95%CI

1.117
2.725
0.883
0.959

0.291
0.099
0.347
0.327

1.209
1.376
0.882
0.886

0.850-1.720
0.941-2.011
0.678-1.147
0.695-1.129

4.057
0.017
3.226
0.009

0.044
0.900
0.072
0.926

1.700
1.033
0.072
1.016

1.010-2.863
0.635-1.681
0.503-1.031
0.726-1.422

1
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2

3

1

Haplotype of rs13143866 (G/A), rs2221903 (T/C), and rs907715 (G/
A). HBV: Hepatitis B virus; HCC: Chronic HBV-infected patients with
hepatocellular carcinoma; non-HCC: Chronic HBV-infected patients
without hepatocellular carcinoma.
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Abstract
AIM: To investigate the clinical significance of methylmethanesulfonate sensitivity 19 (MMS19) expression in
esophageal squamous cell carcinoma (ESCC).
METHODS: Between June 2008 and May 2013,
specimens from 103 patients who underwent endo
scopic biopsy for the diagnosis of ESCC at the endo
scopy center of Sun Yat-Sen University Cancer Center
were collected; 52 matched-normal esophageal
squamous epithelium samples were biopsied as
controls. MMS19 protein expression was measured
by immunohistochemistry. Of the 103 cases of ESCC,
49 received radical surgery following neoadjuvant
chemoradiotherapy consisting of concurrent radiation in
a total dose of 40 Gy and two cycles of chemotherapy
with vinorelbine and cisplatin. Relationships between
MMS19 expression, clinicopathologic characteristics and
chemoradiotherapy response were analyzed.
RESULTS: The MMS19 protein could be detected in
both the cytoplasm and nucleus of most specimens.
High cytoplasmic expression of MMS19 was detected
in 63.1% of ESCC samples, whereas high nuclear
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expression of MMS19 was found in 35.0%. High
cytoplasmic MMS19 expression was associated with
regional lymph node metastases (OR = 11.3, 95%CI:
2.3-54.7; P < 0.001) and distant metastases (OR =
13.1, 95%CI: 1.7-103.0; P = 0.002). Furthermore,
high cytoplasmic MMS19 expression was associated
with a response of ESCC to chemoradiotherapy (OR
= 11.5, 95%CI: 3.0-44.5; P < 0.001), with a high
cytoplasmic MMS19 expression rates in 79.3% and
25.0% of patients from the good chemoradiotherapy
response group and poor response group, respectively.
Nuclear MMS19 expression did not show any significant
association with clinicopathologic characteristics or
chemoradiotherapy response in ESCC.

alone is poor, only approximately 25%, and in such cir
cumstances, surgery plus radiotherapy and/or chemo
therapy is increasingly adopted for locally advanced
[4]
esophageal cancer . The results from phase Ⅲ
randomized trials of chemoradiotherapy (CRT) prior
to surgery are encouraging; however, these studies
reveal that only patients who are sensitive to CRT will
[5-7]
ultimately benefit from the multimodality treatment .
Thus, the identification of patients who can benefit
from CRT is crucial for the success of the combined
treatment of CRT followed by surgery. However, there
is currently no biomarker that can predict response of
ESCC to CRT. Therefore, the discovery of biomarkers
that can predict sensitivity of ESCC to CRT is an urgent
need in clinical practice.
The methyl-methanesulfonate sensitivity 19
(MMS19) gene, also named as MMS19L or hMMS19,
encodes a multifunctional protein involved in DNA
metabolism and the maintenance of genomic
[8]
stability . Nucleotide excision repair (NER) plays a
vital role in the development of carcinogen-induced
[9,10]
cancers
and in tumor resistance to chemo[11,12]
and radiotherapy
. By interacting with the core
transcription factors of NER, MMS19 can affect NER
[13,14]
functions
. In addition, Fe-S proteins are crucial for
[15]
[16]
genomic instability , which is a hallmark of cancer .
As a part of the cytoplasmic Fe-S assembly machinery,
MMS19 facilitates the transfer of the Fe-S cluster to
target Fe-S proteins, which include DNA polymerase
δ, xeroderma pigmentosum group D, Fanconi anemia
pathway component J (also known as BACH1 or
[17]
BRIP1) , DNA2 nuclease/helicase, RNase L inhibitor
(also known as ABCE1), and endonuclease three[18]
like glycosylase 2 . Thus, MMS19 is suggested to be
[17,18]
involved in maintaining genomic stability
.
At present, some studies have reported that
single-nucleotide polymorphisms of the MMS19 gene
[19]
are associated with the risk of pancreatic cancer ,
[20]
chemotherapy toxicity of non-small-cell lung cancer ,
[21]
and chemotherapy response of osteosarcoma .
These polymorphisms could increase cancer suscep
[22]
tibility by altering conserved amino acids
and
could affect cancer prognosis by modulating gene
[23]
expression . However, the cellular expression level
of MMS19 protein in cancer and its clinical significance
have not been reported. In this study, we investigated
the cellular expression level and distribution of MMS19
in ESCC and the relationships of MMS19 expression
with the clinicopathologic factors and CRT response of
ESCC.

CONCLUSION: The results of our preliminary study
suggest that MMS19 may be a potential new predictor
of metastasis and chemoradiotherapy response in
ESCC.
Key words: Chemoradiotherapy; Esophageal squamous
cell carcinoma; Metastases; Methyl-methanesulfonate
sensitivity 19; Surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Methyl-methanesulfonate sensitivity 19
(MMS19) was first identified as a DNA repair protein,
and recently as a part of cytoplasmic Fe-S assembly
machinery that produce proteins involved in maintenance
of genomic stability, such as DNA polymerase, DNA
repair proteins, and DNA nuclease/helicase. However,
the clinical significance of MMS19 protein expression
in esophageal cancer has not been reported. This
study shows that MMS19 is abnormally expressed in
esophageal cancer, and the elevated cytoplasmic MMS19
expression is associated with lymph node and distant
metastases, and response to chemoradiotherapy in
esophageal squamous cell carcinoma.
Zhang JL, Wang HY, Yang Q, Lin SY, Luo GY, Zhang R, Xu GL.
Methyl-methanesulfonate sensitivity 19 expression is associated
with metastasis and chemoradiotherapy response in esophageal
cancer. World J Gastroenterol 2015; 21(14): 4240-4247
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i14/4240.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i14.4240

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one
of the most aggressive tumors, ranking fourth among
[1,2]
the top ten cancer-related deaths in China
. In
China, the histology of esophageal cancer is mainly
[3]
ESCC, whereas esophageal adenocarcinoma is rare .
Because of the high recurrence and metastasis rates,
the five-year survival rate of ESCC treated with surgery

WJG|www.wjgnet.com

MATERIALS AND METHODS
The study was performed in accordance with the
Declaration of Helsinki of the World Medical Association
and was approved by the Medical Ethics Committee
of Sun Yat-Sen University Cancer Center. All patients
signed an informed consent form for this investigation.
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Patients

response group, consisting of patients with a complete
or major response; and a poor response group,
including patients with a partial or minor response.

Between June 2008 and May 2013, specimens from
103 ESCC patients who underwent endoscopic biopsy
for diagnosis at the endoscopy center of Sun Yat-Sen
University Cancer Center were collected. As controls,
52 samples of normal esophageal squamous epithelia
(NESE) were biopsied from ≥ 5 cm from the primary
lesion in the same patients. Patients who received
any anticancer treatments before diagnosis were
excluded. The biopsied specimens were diagnosed by
two pathologists. Tumor staging was performed based
on the combined results of physical examination,
endoscopic ultrasonography, CT scan of the chest
and abdomen, and color ultrasonography scan of the
abdomen and neck. The tumors were staged according
to AJCC (2002). The patients were aged from 42 to
83 years (median 59 years), including 84 men and 19
women. Two patients were classified as stage Ⅰ, 25
patients as stage Ⅱ, 58 patients as stage Ⅲ and 18
patients as stage Ⅳ. Among the 103 ESCC patients,
a cohort of 49 patients with thoracic esophageal
carcinoma staged Ⅱb and Ⅲ received neoadjuvant
CRT followed by surgery.

Immunohistochemical staining

Immunohistochemical staining was performed on
4-µm-thick paraffin sections. The sections were
deparafﬁnized in xylene and rehydrated through
graded alcohol. Endogenous peroxidase activity was
blocked with 0.3% hydrogen peroxide for 10 min.
For epitope retrieval, the tissue slides were immersed
in EDTA buffer (pH 8.0) and heated for 2.5 min on
high power in a microwave oven. After washing, the
tissue slides were incubated with an anti-MMS19
antibody (16015-1-AP; Proteintech, Chicago, IL,
United States) at a dilution of 1:50 for 50 min at 37 ℃
in a moist chamber. Subsequently, the secondary
antibody (K5007, Real Envision/HRP; Dako of Agilent
Technologies, Santa Clara, CA, United States) was
applied to the tissue section for 30 min at 37 ℃.
Finally, 3.3'-diaminobenzidine was used for color
development and hematoxylin for counterstaining.
Negative control slides in the absence of primary
antibody were included for each batch of staining.
Cytoplasmic and nuclear MMS19 staining was
evaluated separately. The immunochemistry staining
for the MMS19 protein was evaluated under 400× highpower magniﬁcation. The positively stained cells in
five separate areas of epithelial or intratumoral regions
were counted. The quantification of MMS19 expression
[26]
was performed according to a previous study . The
percentage of cells positively stained was scored as
follows: 0 ≤ 5%, 1 = 6%-25%; 2 = 26%-50%; 3 =
51%-75%; 4 > 75%. The staining intensity was scored
as follows: 0 = no staining, 1 = weak, 2 = moderate,
3 = strong. For each case, the final score for MMS19
immunostaining was calculated by multiplying the
percentage score of positive cells with the staining
intensity score. Immunostaining was independently
evaluated by two experienced pathologists who
had no knowledge of the patients’ clinicopathologic
information. If different scores for the same sample
were made by the two pathologists, the sample was
revaluated and, if needed, discussed to decide a final
score. Then, a composite score scaled as 0, 1, 2, 3, 4,
6, 8, 9, and 12 was obtained. Based on the final score,
each case was divided into a high expression group (≥
6) or a low expression group (< 6).

Neoadjuvant chemoradiotherapy and surgery

Radiation treatment planning was designed according
to CT simulation or three-dimensional conformal
radiation therapy. The patients were treated with 6 or
8 MV photons delivered in a total dose of 40 Gy (20
fractions of 2 Gy per fraction in 4 wk) in anteroposterior
fields including esophageal tumors and enlarged
lymph nodes, with 3-cm proximal and distal margins,
and an 0.8-cm radial margin. The patients received
two cycles of vinorelbine and cisplatin．Vinorelbine
2
(25 mg/m ) was administered intravenously on days
2
1, 8, 22 and 29, and cisplatin (75 mg/m ) was infused
2
on day 1 and day 22 (or 25 mg/m on days 1-4 and
22-25). Total thoracic esophagectomy through a right
thoracotomy with radical mediastinal and abdominal
lymph node dissection was performed ≥ 4-6 wk after
the completion of CRT.

Evaluation of histopathologic response to preoperative
CRT

For evaluation of response to CRT, surgical cancer
samples from 49 patients who underwent CRT and
surgery were obtained. The histopathologic response
to CRT was evaluated by two experienced pathologists
[24,25]
according to previously published criteria
.
The percentage of residual viable tumor cells was
estimated, and each patient was subsequently
allocated to one of the following four groups: complete
response group, no residual tumor cells; major
response group, < 10% residual tumor cells; partial
response group, 10%-50% of residual tumor cells;
minor response group, > 50% of residual tumor cells.
For the statistical analysis, the patients were divided
into two groups according to CRT response: a good

WJG|www.wjgnet.com

Statistical analysis

The statistical analyses were performed using SPSS
20.0 software (IBM Corp., Armonk, NY, United States).
Data are expressed as mean ± SE. The differences in
MMS19 expression levels between the different groups
and the correlations between MMS19 expression and
clinicopathologic characteristics as well as response to
2
CRT were analyzed by the χ test. Spearman’s rank
correlation (r) was used to determine whether there
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A

B

C
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Figure 1 Methyl-methanesulfonate sensitivity 19 immunohistochemistry. Normal esophageal squamous epithelium with A: Strong nuclear but weak cytoplasmic
staining; B: Strong cytoplasmic staining in the basal and suprabasal layers, with scattered strong nuclear staining in the normal epithelium area; C: Weak staining in
both the cytoplasm and nucleus (Magnification × 200); Esophageal squamous cell carcinoma with D: Strong staining in the cytoplasm and nucleus; E: Strong staining
in the cytoplasm and weak staining in the nucleus; F: Weak staining in both the cytoplasm and nucleus (Magnification × 400).

was a positive or negative correlation. Two-tailed P
< 0.05 was considered statistically significant. The
statistical methods of this study were reviewed by
Qing Liu from Sun Yat-Sen University Cancer Center.

low expression group were 6.86 ± 0.32 and 2.68 ±
0.14, respectively. High cytoplasmic expression of
MMS19 was detected in 63.1% of the ESCC samples,
which was significantly higher than the 15.4% in
NESE (P < 0.001, Table 1). High nuclear expression of
MMS19 was found in 35.0% of the ESCC specimens,
which was significantly lower than the 69.2% found in
NESE (P < 0.001, Table 1).

RESULTS
Different expression levels of MMS19 in biopsied NESE
and ESCC tissues

Relationships of MMS19 expression in biopsied ESCC
tissues with clinicopathologic features

Using immunohistochemistry, the MMS19 protein was
detected in both the cytoplasm and nucleus of most
endoscopic biopsied specimens (Figure 1), which is
[13,18]
consistent with its cellular functions
. Cytoplasmic
MMS19 staining in NESE was mainly found in the basal
and suprabasal layers, with a gradually decreased
staining from the basal layer to the superficial layer.
In contrast, nuclear MMS19 staining in NESE was
scattered throughout the entire layer (Figure 1A and
B). The intensity of MMS19 staining was typically
homogeneous within an ESCC specimen, but varied
considerably among different tumors (Figure 1D
and E). Figure 1C and F show weak staining in both
the cytoplasm and nucleus of NESE and ESCC,
respectively.
The mean scores for cytoplasmic MMS19
expression in the high expression group and low
expression group were 7.78 ± 0.27 and 2.79 ± 0.21,
respectively. Whereas, the mean scores of nuclear
MMS19 expression in the high expression group and

WJG|www.wjgnet.com

First, associations of cytoplasmic MMS19 expression
with clinicopathologic features were investigated.
The results showed that high cytoplasmic MMS19
expression was significantly associated with regional
lymph node metastases (LNM) (OR = 11.25, 95%CI:
2.31-54.73; P < 0.001) and distant metastases (DM)
(OR = 13.10, 95%CI: 1.67-103.00; P = 0.002),
suggesting that cytoplasmic MMS19 expression might
be involved in cancer metastasis. The Spearman
correlation coefficients of high cytoplasmic MMS19
expression with LNM and DM were 0.35 and 0.299,
respectively, indicating that higher levels of MMS19
expression are positively correlated with ESCC
metastasis. There was no significant association
of cytoplasmic MMS19 expression with other
clinicopathologic features, including histologic grade,
invasion depth, patient age, tumor stage, or sex (Table
2). Nuclear MMS19 expression did not show any
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Table 1 Methyl-methanesulfonate sensitivity 19 expression n (%)
Cases (n )

Tissue
NESE
ESCC

52
103

Cytoplasmic expression
High

Low

8 (15.4)
65 (63.1)

44 (84.6)
38 (36.9)

P value

P value

Nuclear expression

< 0.001

High

Low

36 (69.2)
36 (35.0)

16 (30.8)
67 (65.0)

< 0.001

ESCC: Esophageal squamous cell carcinoma; High: Including composite score of 6, 8, 9 and 12; NESE: Normal esophageal
squamous epithelium; Low: Including composite score of 0, 1, 2, 3 and 4.

Table 2 Associations of MMS19 expression with clinicopathologic features of esophageal squamous cell
carcinoma
Characteristic
Total
Sex
Male
Female
Age (yr)
< 55
≥ 55
Site
Upper thoracic
Middle thoracic
Lower thoracic
Differentiation
Well
Moderate
Poor
TNM stage
Ⅰ+Ⅱ
Ⅲ+Ⅳ
Invasion depth
T1 + T2
T3 + T4
LNM
No
Yes
DM
No
Yes

Cases (n )

Cytoplasmic MMS19
High

Low

103

65

38

84
19

55
10

29
9

33
70

18
47

10
47
46

Nuclear MMS19

P value

P value

High

Low

36

67

0.295

32
4

52
15

0.159

15
23

0.216

14
22

19
48

0.275

7
31
27

3
16
19

0.686

2
16
18

8
31
28

0.508

20
52
31

13
34
18

7
18
13

0.785

6
19
11

14
33
20

0.871

27
76

14
51

13
25

0.158

8
28

19
48

0.500

25
78

17
48

8
30

0.560

7
29

18
49

0.402

12
91

2
63

10
28

< 0.001

4
32

8
59

0.900

85
18

48
17

37
1

0.002

32
4

53
14

0.212

DM: Distant metastases; ESCC: Esophageal squamous cell carcinoma; High: Including composite score of 6, 8, 9 and 12; LNM:
Lymph node metastases; Low: Including composite score of 0, 1, 2, 3 and 4; MMS19: methyl-methanesulfonate sensitivity 19.

significant association with clinicopathologic parameters
(Table 2).

patients in the poor response group, and the difference
in MMS19 expression between the two groups was
statistically significant (OR = 11.5, 95%CI: 2.97-44.51;
P < 0.001, Table 3). The Spearman correlation
coefficient of high cytoplasmic MMS19 expression
with a good response was 0.539, suggesting that
high cytoplasmic expression of MMS19 is positively
correlated with a good response to preoperative
CRT. This result suggested that MMS19 might be a
potential new biomarker to predict tumor response to
preoperative CRT. However, nuclear MMS19 expression
was not associated with CRT response, with a rate
of high nuclear expression of 31.0% (9/29) in the
good response group and 45.0% (9/20) in the poor
response group (Table 3).
The relationships of CRT response with clinico

Relationship of MMS19 expression in biopsied
specimens with CRT response of resected ESCC

According to the histopathologic response to pre
operative CRT, 24 cases showed complete response,
5 cases showed a major response, 9 cases showed
a partial response, and 11 cases showed a minor
response. Thus the good and poor response groups
included 29 and 20 cases, respectively. Then,
relationships of MMS19 expression with CRT response
of ESCC were investigated. In the good response
group, high cytoplasmic expression of MMS19 was
observed in 23/29 (79.3%) patients. In contrast, high
MMS19 expression was found in only 5/20 (25.0%)

WJG|www.wjgnet.com
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distribution of high MMS19 expression is changed from
the nucleus in NESE to the cytoplasm in ESCC. Although
the mechanism for this change in MMS19 expression
in ESCC is not yet clear, a similar phenomenon has
been reported for the DNA repair genes Ape1/ref-1
[31,32]
and JWA
. The aberrant subcellular distribution
of the MMS19 protein may implicate that the DNA
repair function of MMS19 in the nucleus is attenuated.
Conversely, as a cytoplasmic Fe-S assembly machinery
component in the cytoplasm, MMS19 would promote
the synthesis of many Fe-S proteins participating in
DNA metabolism in the nucleus. Thus, we hypothesize
that, as a consequence, DNA mutations will accumulate
in cancer cells due to the impaired DNA repair function,
with cell division and proliferation accelerating as a
result of the increased DNA metabolism, exerting
[33-35]
adaptive pressure on these cells
. Previous studies
have reported that rapidly proliferating esophageal
[36,37]
cancer cells are more sensitive to CRT
and that DNA
damage in cancer cells is associated with the sensitivity
[38,39]
of cancer to CRT
. Our finding that ESCC with higher
cytoplasmic MMS19 expression is much more sensitive
to preoperative CRT is in accord with these studies.
Furthermore, ESCC with higher MMS19 expression will
accumulate an array of mutations, facilitating cancer
metastasis.
Previous studies reported that DNA repair genes
are associated with chemo- or radiotherapy response.
The low nuclear expressions of ERCC1 and XRCC1
are associated with a good chemotherapy response in
[40-42]
[32]
non-small-cell lung cancer
and gastric cancer ,
respectively, whereas high nuclear expression is
associated with the radio-resistance of laryngeal
[43]
cancer . Furthermore, high nuclear expression of
RRM1 is significantly associated with a lower disease
[44]
control rate in non-small-cell lung cancer . However,
in the present study, we found that cytoplasmic
MMS19 expression, but not nuclear MMS19 expression,
is associated with CRT response. In addition to a role
in DNA repair, MMS19 in the nucleus is also involved
[45]
[46]
in mitotic segregation , histone modification ,
and interaction with regulator of telomere elongation
[17]
helicase 1 . One reason that our study did not
reveal an association between nuclear MMS19 and
CRT response and metastasis may be that in the
situation of abnormally expressed MMS19 in ESCC,
the cytoplasmic function, but not the nuclear function
of MMS19 plays the dominant role, underlying the
development and progression of cancer cells.
In conclusion, the results demonstrate that MMS19
is abnormally expressed in esophageal squamous
cell cancer. Elevated cytoplasmic MMS19 expression
was associated with regional LNM, DM and a good
preoperative chemoradiotherapy response of ESCC.
These results provide novel preliminary evidence
that MMS19 is involved in a mechanism of cancer
development and progression, and has the potential to
serve as a tumor biomarker that predicts metastasis

Table 3 Clinical features of patients receiving neoadjuvant
chemoradiotherapy followed by surgery, n
Characteristic
Age (yr)
< 55
≥ 55
Sex
Male
Female
Tumor size (cm)
<5
≥5
Site
Upper thoracic
Middle thoracic
Lower thoracic
Differentiation
Well
Moderate
Poor
TNM stage
Ⅱb
Ⅲ
Cytoplasm
High
Low
Nucleus
High
Low

P value

Good response

Poor response

(n = 29)

(n = 20 )

11
18

11
9

0.238

24
5

15
5

0.763

12
17

7
13

0.652

3
14
12

2
6
12

0.405

5
16
8

4
10
6

0.936

8
21

6
14

0.857

23
6

5
15

< 0.001

9
20

9
11

0.319

High: Including composite score of 6, 8, 9 and 12; Low: Including
composite score of 0, 1, 2, 3 and 4; TNM: Tumor-node-metastasis.

pathologic features were also analyzed. However,
there was no relationship between preoperative CRT
response and clinicopathologic features, including
tumor size, tumor site, differentiation, or Tumor-nodemetastasis stage (Table 3). This result indicates that no
clinicopathologic features should be used for predicting
preoperative CRT response.

DISCUSSION
The results of the present study show, for the first
time, that MMS19 expression in ESCC is upregulated
in the cytoplasm and downregulated in the nucleus.
The abnormal cellular distribution of MMS19 protein
suggests that MMS19 is involved in the development
and progression of ESCC. Furthermore, we found that
MMS19 protein expression is associated with LNM
and DM. More importantly, we found that cytoplasmic
MMS19 protein expression is associated with the
CRT response of ESCC. In clinical management, the
therapeutic strategy for ESCC is primarily based on
whether metastases exist, which is the most important
[27-30]
determinant of patient outcome
. Furthermore,
multimodality treatment only benefits patients who are
[5-7]
sensitive to CRT . Thus results of this study suggest
that MMS19 has the potential to be a new biomarker
for predicting metastasis and CRT response in ESCC.
In the present study, we found that the subcellular
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and chemoradiotherapy response in ESCC.
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RESULTS: A total of 836 patients who had undergone
cholecystectomy were retrospectively analyzed. Seven
hundred eighty patients (93%) had benign polyps,
whereas 56 patients (7%) had malignant polyps. Of
the 56 patients with malignancy, 4 patients (7%) had
borderline GBP (10-12 mm) and a patient had small
GBP (< 10 mm) with T2 stage. We conducted an
ROC curve analysis to verify the 10-mm size criteria
(AUC = 0.887, SD = 0.21, P < 0.001). In the ROC
curve for polyp size and malignancy, sensitivity and
specificity of the 10-mm size criterion was 98.2% and
19.6%, respectively. The specificity of the 11-mm and
12-mm size criteria was 44.6% and 56%, respectively,
whereas the sensitivity of these two size criteria was
similar. We defined the GBPs of 10 to 12 mm as a
borderline-sized GBP, which were found in 411 patients
(49%). In this group, there was a significant difference
in age between patients with benign and malignant
GBPs (47 years vs 60 years, P < 0.05).
CONCLUSION: GBPs larger than 13 mm need immediate
excision whereas for borderline-sized GBPs detected in
young patients, careful medical observation can be a
rational decision.

Abstract
AIM: To determine the relevance of the 10-mm size
criterion of the generally accepted surgical indication
for gallbladder polyps (GBPs).

Key words: Gallbladder polyp; Gallbladder cancer;
Cholecystectomy; Polyp size; Borderline-sized gallbladder
polyp

METHODS: We collected data of patients who were
confirmed to have GBPs through cholecystectomy at
Samsung Medical Center between January 1997 and
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MATERIALS AND METHODS

Core tip: Gallbladder polyp (GBP) is a well-known premalignant lesion. The size of GBP, patient’s age and
presence of symptoms are the risk factors for GB
cancer. GBPs of 10 to 12 mm in diameter have lower
risk of malignancy compared to that in GBPs larger
than 13 mm, which is similar to the risk of malignancy
in GBPs smaller than 10 mm. The use of this surgical
indication (GBPs larger than 13 mm GBP) can prevent
50% of unnecessary cholecystectomies without the
risk of missing malignant GBPs. Our findings suggest
that GBPs with a diameter of 10 to 12 mm in patients
younger than 45 years of age old can be observed
carefully.

Data source and patient population

We collected data of patients who were confirmed
to have GBPs through cholecystectomy at Samsung
Medical Center between January 1997 and December
2012. Among the patients who underwent cholecy
stectomy for GBP, those with a definite evidence for
malignancy such as adjacent organ invasion, metastasis
on preoperative imaging studies, polyp larger than 20
mm, absence of preoperative imaging study results,
and patients having gallstones were excluded. A total
of 836 patients were enrolled. Information on age, sex,
symptoms, US findings, and blood laboratory tests was
reviewed retrospectively.
The patients were categorized as having a benign
polyp or a malignant polyp according to their histo
pathologic results. Benign GBPs were subcategorized
as benign tumorous polyps if the pathological finding
indicated that the polyps had a potential for malignant
transformation, whereas benign non-tumorous polyps
were not regarded as precancerous lesions. The
benign tumorous polyps included adenomas, lipomas,
neurofibromas, leiomyomas, and carcinoid tumors. The
benign non-tumorous polyps included cholesterol polyps,
inflammatory polyps, fibromas, and adenomyomatosis.
Malignant GBPs were defined as GB cancer. This study
was approved by the Institutional Review Board of the
Samsung Medical Center (SMC 2013-12-063).

Park HY, Oh SH, Lee kh, Lee JK, Lee KT. Is cholecystectomy a
reasonable treatment option for simple gallbladder polyps larger
than 10 mm? World J Gastroenterol 2015; 21(14): 4248-4254
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i14/4248.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i14.4248

INTRODUCTION
Polypoid lesions of the gallbladder are becoming an
increasingly common incidental finding. It is very
important to distinguish between a benign polyp and
a malignant polyp because of the poor prognosis of
gallbladder (GB) cancer, but the radiologic tools such as
abdominal ultrasound (US) and computed tomography
(CT) are not sufficient to distinguish between a benign
[1]
polyp and a malignant polyp . Therefore, many
researchers have attempted to identify the factors
that can help in preoperative differentiation between a
[2,3]
benign polyp and a malignant polyp .
Although the natural history of gallbladder polyps
(GBPs) is not completely understood and most of the
[4,5]
available studies are retrospective in nature , the
well-known predictor of malignancy in GBPs is a size
[6]
greater than 10 mm in diameter . However, when
we applied the 10-mm size criterion for performing
surgery, many polyps were found to be benign in a
clinical setting. Most of the benign polyps had a size
of 10 or 11 mm, and the incidence of these polyps is
increasing as general medical examination is being
universalized. Previous studies have shown that polyp
size of more than 10 mm is associated with higher risk
of developing malignancy; however so far, none of the
studies have tried to differentiate between polyps of
more than 10 mm in size for determining the incidence
of malignancy.
Therefore, we analyzed the pathologically proven
GBPs after cholecystectomy for 16 years at Samsung
Medical Center to determine the relevance of the
10-mm size criterion.

WJG|www.wjgnet.com

Definition of GBPs and imaging study

The following standardized US criteria were used to
identify polyps on US: immobile, hyperechoic com
pared to the surrounding bile, non-shadowing, and
[7]
attached to the GB wall . US examinations were
performed by an experienced certified radiologist by
using 3.5-MHz transducers (iU-22, Philips Healthcare,
Bothell, Washington; ATL 5000, Philips Healthcare,
Acuson 128, Siemens, Mountain View, California). The
US examinations were interpreted by board certified
radiologists who were trained in abdominal imaging,
delineation of the number and size of GBPs.

Statistical analysis

Statistical analysis of the data was performed by utilizing
SPSS 11.0 (Chicago, IL, United States). Continuous
variables were presented as mean ± SD. Intergroup
2
comparisons were conducted with the χ test. In order
to identify the risk factors for gallbladder cancer, the
odds ratio was obtained using multiple logistic regression
analysis. The area under the curve (AUC) was calculated
using the receiver-operating characteristic curve (ROC)
to determine the sensitivity and specificity of the
10-mm size criterion for predicting malignant polyps. If
the criterion was not considered sufficient, we tried to
determine an optimal cut-off point of polyp size to predict
malignant polyps. Differences were considered significant
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Among all of the polyps, the cholesterol polyp was the
most common type, and it was found in 559 patients
(67%). The demographic and clinical characteristics of
all the 836 patients are listed in Table 1. The mean age
of the patients and the mean size of polyps were 47 ±
12.3 years and 11.6 ± 3.5 mm, respectively. The sex
ratio was 0.86:1 (male:female = 387:449). Among
the 836 patients, 464 patients (55%) had solitary
polyps, and 372 patients (45%) had multiple polyps.
Indications for surgery were collected while allowing
for repetition. The majority (695 patients, 83%) of
patients underwent cholecystectomy because they
had a polyp of greater than 10 mm; this indicated that
the 10-mm size criterion is the most important factor
in making a decision regarding surgery in a clinical
setting. Fifty-four patients had symptoms; some of the
patients had specific symptoms such as right upper
quadrant pain or epigastric pain, but the other patients
complained of a vague abdominal pain, dyspepsia,
fatigue, or loss of body weight.
The patients who had GBPs showed a high BMI
and fasting glucose level, but total cholesterol, total
bilirubin, ALT, ALP, and CA 19-9 levels were normal.
Interestingly, higher proportion of patients with GB
polyps showed positivity of hepatitis B surface antigen
compared to healthy controls aged from 40 to 49
years in South Korea.

Table 1 Demographic and clinical characteristics of 836
patients n (%)
Characteristics

n = 836

Female
Age (yr)
Indication for surgery1
Size ≥ 10 mm
Increased size2
Abnormal imaging3
Size of the polyp (mm)
Number of polyps
1
2
≥3
BMI (kg/m2)
Total cholesterol (mg/dL)
Total bilirubin (mg/dL)
ALT (U/L)
ALP (U/L)
Fasting glucose (mg/dL)
CA 19-9 (U/mL)
HBsAg positivity

449 (54)
47 ± 12.3
695 (83)
184 (22)
59 (7)
11.6 ± 3.5
460 (55.0)
128 (15.3)
248 (29.6)
26.7 ± 32.1
172.9 ± 33.2
0.8 ± 0.6
32.1 ± 31.3
61.8 ± 25.9
110.3 ± 30.4
12.4 ± 38.0
67 (8.0)

1

Repetition was allowed; 2If the polyp size was increased during the
follow-up period compared to that in the initial imaging study; 3Gall
bladder wall thickness, irregular margin of the polyp, enhancing nodule.
GB: Gallbladder; BMI: Body mass index; ALT: Alanine transaminase;
ALP: Alkaline phosphatase; CA19-9: Carbohydrate antigen 19-9; HBsAg:
Hepatitis B surface antigen.

Table 2 Predictors of gallbladder cancer (multiple logistic
regression analysis)
Variables

Risk factors for malignant GBPs

The size of GBPs was a significant risk factor for
malignant GBPs (P < 0.001, OR = 1.516; 95%CI:
1.356-1.694). Old age and presence of symptoms were
associated with a higher risk of malignant GBPs (P <
0.001, OR = 1.120, 95%CI: 1.078-1.164; P = 0.005,
OR = 5.019, 95%CI: 1.649-15.276). Number of polyps,
ALT, ALP, and fasting glucose levels did not increase the
risk of malignancy (Table 2).

GB cancer

Female
Size
Number of polyps
Age
Symptoms1
BMI
Total cholesterol
Total bilirubin
ALT
ALP
Fasting glucose
CA19-9
HBsAg positivity

OR (95%CI)

P value

0.615 (0.276-1.370)
1.516 (1.356-1.694)
0.812 (0.531-1.244)
1.120 (1.078-1.164)
5.019 (1.649-15.276)
1.004 (0.995-1.014)
0.991 (0.980-1.003)
1.534 (0.604-3.894)
1.007 (0.999-1.015)
1.001 (0.991-1.012)
1.002 (0.991-1.013)
1.022 (0.005-1.049)
2.461 (0.587-10.327)

0.234
< 0.001
0.339
< 0.001
0.005
0.383
0.139
0.368
0.079
0.813
0.771
0.116
0.218

Optimal size to predict malignant GBPs

Of 56 patients with malignant pathologic results, only a
patient (1.8%) had GBP lesser than 10 mm (intramural,
8 mm). In case of 230 patients with GBP of 10 to 11
mm size, no malignancy was reported. Among 104
patients with GBP of 12 mm, 4 patients (3.8%) have
been confirmed to have malignancy. Two of them
(50%) were intraepithelial tumors and the other two
malignant polyps were intramural tumors.
We calculated the AUC using the ROC curve to test
the conventional size criteria for predicting the risk of
malignancy (Figure 1, Table 3). When the size cut-off
point was set at 10 mm, sensitivity and specificity for
predicting malignant polyps was 98.2% and 19.6%,
respectively; but when the size cut-off point was set
at 11 mm and 12 mm, the sensitivity was the same
as that when the size cut-off point was set at 10 mm,
but the specificity was increased as the size increased
(44.6% and 56.0%, respectively). The sensitivity and
the specificity for predicting a polyp of 13 mm was
91.0% and 71.8%, respectively. The sensitivity fell

1

Right upper quadrant pain, epigastric pain, vague abdominal discomfort,
dyspepsia, fatigue, body weight loss. GB: Gallbladder; BMI: Body mass
index; ALT: Alanine transaminase; ALP: Alkaline phosphatase; CA19-9:
Carbohydrate antigen 19-9; HBsAg: Hepatitis B surface antigen.

when the P value was less than 0.05.

RESULTS
Demographic findings and clinical characteristics

Among the 836 patients who underwent cholecy
stectomy, 780 patients (93%) had benign polyps,
and 56 patients (7%) had malignant polyps, which
were adenocarcinomas. Benign tumorous polyps were
adenomas, and 165 patients (20%) had adenomas.
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Figure 1 Receiver operating characteristic curves for the size of gallbladder polyp are shown. The area under the curve is 0.887 (95%CI: 0.846-0.927; P < 0.001)
for the polyp size. The sensitivity and specificity of each size is presented.

Table 3 Receiver operating characteristic curve summary statistics
Size, mm (patients)
8 (54)
9 (87)
10 (105)
11 (89)
12 (127)
13 (69)
14 (41)

Sensitivity

Specificity

Youden’s index

ppv

npv

1.000
0.982
0.982
0.982
0.982
0.911
0.804

0.103
0.144
0.196
0.446
0.560
0.718
0.799

1.103
1.126
1.178
1.428
1.542
1.629
1.603

0.074
0.076
0.081
0.113
0.138
0.188
0.223

1.000
0.991
0.994
0.997
0.998
0.991
0.983

Ppv: Positive predictive value; npv: Negative predictive value.
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Figure 2 Patient’s age was positively correlated with the malignancy risk. A: All of the patients; B: Patients with borderline-sized gallbladder polyps. aP < 0.05 vs
benign non-tumor group.

sharply from a size cut-off point of 14 mm. Therefore,
after considering the sensitivity and specificity for
predicting malignant polyps, 13 mm might be the best
cut-off point.
When the size cut-off point was set at 8 mm, the
sensitivity was 100%. This result implied that the use
of the 10-mm size criterion might lead to unnecessary
cholecystectomies, and on the other hand, the 10-mm
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size criterion might be insufficient to completely
exclude malignancy.

Borderline-sized GBPs

We defined GBPs that were more than 10 mm and less
than 13 mm in size while maintaining the sensitivity
above 90% as “borderline-sized GBPs”. Among the 836
cases, there were 411 cases (49%) of borderline-sized
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Table 4 Characteristics of patients with malignant borderline-sized gallbladder polyps
Case
1
2
3
4

Sex/age (yr)

Symptom

Underlying disease

Imaging finding

Operation

TNM stage

Prognosis

F/49
F/52
F/60
F/81

Dyspepsia
-

Hypothyroidism
CHF, A fib

12 mm, polyp
12 mm, enhancing nodule
12 mm, enhancing nodule
12 mm, enhancing sessile nodule

Lap.chole
Lap.chole
Lap.chole
Lap.chole

T2N0M0
T1aN0M0
T1aN0M0
T2N0M0

63 mo, alive
30 mo, alive
24 mo, alive
13 mo, alive

Lap.chole: Laparoscopic cholecystectomy.

GBPs (Figure 2). In this group, benign non-tumorous
polyps accounted for 81% (334 patients) of polyps,
which was higher than that in all of the patients.
Adenomas were detected in 73 patients. Four patients
had malignant polyps, and these patients had polyps
measuring 12 mm in size on preoperative imaging
studies (Table 4). The patients with borderline GBPs
would not have undergone unnecessary surgeries if
the criterion for performing surgery was more specific.
To characterize the patients with borderline-sized
GBPs, we examined the patient’s age, which had a
relationship with malignant GBPs on the multivariate
analysis (Figure 2). The average age of patients with
benign polyps and malignant polyps was 47 years and
60 years, respectively. This difference was statistically
significant. Especially all four patients who had
malignant polyps were more than 45 years of age.

their study, the average size of polyps was 5 mm (range:
1-18 mm), and the proportion of polyps greater than
10mm was only 3.5% (n = 12). This study showed that
incidentally discovered polyps were usually small in size
and the risk of malignancy was low.
We defined the polyps having a size of 10 to 12
mm as borderline-sized GBPs. These polyps had a
low malignant potential, and they were mostly benign
non-tumorous polyps. In particular, the polyps were
not malignant in any of the patients who had a 10-11
mm sized polyp, thus suggesting that cholecystectomy
was an inappropriate management strategy in
these patients. The use of this surgical indication
(GBPs larger than 13 mm GBP) can prevent 50% of
unnecessary cholecystectomies without the risk of
missing malignant GBPs.
The role of gallbladder adenoma in the pathogenesis
[14]
of gallbladder carcinoma is controversial . It is thought
that adenoma may play a role in some cases of gall
bladder cancer. The adenoma-carcinoma sequence
[15]
was first suggested by Kozuka et al , who conducted
a study of 1605 resected gallbladder specimens
and found 7 adenomas with malignant changes and
evidence of adenomatous residue in 15 of 79 (19%)
[15]
invasive carcinomas . However, the incidence of the
combined lesion is low and varies between 0.14% and
[16-18]
[19]
1.1% in different series
. Wistuba et al performed
molecular studies on tissue from gallbladder adenoma
and detected no mutations in the TP53 gene, a frequent
finding in dysplasia, carcinoma in situ, and invasive
cancer, which led the researchers to conclude that
adenomas are not precursors of invasive gallbladder
[20]
carcinoma. Similarly, Roa et al
found no evidence of
adenoma residue in their study of completely mapped
early carcinomas of the gallbladder. These reports
indicate that the adenoma-carcinoma sequence is less
important in the gallbladder than in the other organs
[21]
of the digestive tract . The dysplasia-carcinoma
sequence has been considered as the main route of
[22-24]
carcinogenesis in the gallbladder
. We performed
this study with more emphasis on GB carcinoma than
adenoma. This could be a limitation of our study.
Many studies have demonstrated that malignant
GBPs are significantly more common in patients
[25-27]
aged more than 50 years
. Our study confirmed
that patient’s age was associated with the risk of
developing malignant polyps. Besides, there was a
significant difference in the mean age of patients with
malignant borderline-sized GBPs and those with benign

DISCUSSION
GBPs represent a wide spectrum from pseudo lesions
to gall bladder cancer. After Boulton and colleagues
reported the strategy for managing GBPs using the risk
factors of gallbladder cancer which were identified in
previous studies, many reports on the management of
[2]
GBPs have been published . The risk factors suggested
in these studies were symptoms, size greater than 10
mm, age more than 50 years, presence of gallstones
etc. The risk factors for malignant polyps in our
study were polyp size, patient’s age, and presence of
symptoms. This result was similar to that in previous
[8-11]
reports
.
Polyp size has long been considered to be an
[12,13]
important factor
. Current guidelines recommend
cholecystectomy for polyps measuring 10 mm or
larger. The use of this strategy may result in a large
number of unnecessary cholecystectomies, because
the detection rate of relatively small GBPs has been
increasing since 2004, which was the year due to the
expanded use of abdominal US in South Korea.
In South Korea, the prevalence of GBPs considering
this criterion has been increasing steadily since 2004,
which was the year in which increased ultrasound
surveillance of asymptomatic persons was performed.
[7]
Corwin et al presented a study in 2011. This study
provides further directions for managing incidentally
diagnosed polyps in adults. They monitored 346
incidentally detected GBPs, and there were no cases
of GB cancer and there were 3 cases of adenomas. In
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borderline-sized GBPs. The mean age of patients
with malignant polyps was 60 years, whereas that of
patients with benign polyps was 47 years, and all of
the malignant polyps were detected in patients aged
45 years and older. This finding indicates that there
is a low possibility of GB carcinoma in patients having
borderline-sized GBPs and who are less than 49 years
of age, and there is a high possibility of GB carcinoma
in patients having borderline-sized GBPs and who are
more than 60 years of age.
[26]
GBPs generally do not cause any symptoms ,
although most of the prevalence studies did not assess
[28]
the symptoms. Terzi et al
reported that in a series
of 74 patients undergoing cholecystectomy for GBPs,
91% of patients had symptoms, most commonly
right upper quadrant pain, nausea, dyspepsia, and
jaundice. However, about 60% of the patients also
had gallstones, and therefore it is unclear whether
the polyps were primarily driving the symptoms. The
symptoms were related to malignancy in our research,
nevertheless, we excluded the patients with gallstones.
[14]
Kwon et al
suggested that symptoms may be
associated with the size of the polyp rather than the
association of gallstone. Therefore, patient’s symptoms
should be considered as the red flag for malignancy.
Patients with GBPs were classified as over-weight
according to BMI and had a high fasting glucose level.
The researchers suggested that metabolic syndrome
contributes to the formation of cholesterol polyps in the
[20,29]
gallbladder
. However, because of the absence of a
[29]
similar finding in overt diabetic patients in their study
[16,30]
and in other prevalence studies
, the validity of
this association is questionable. Also, hepatitis B
surface antigen positivity was greater in patients with
GBPs compared to the general population. However,
[31]
in contrast to the findings presented by Lin et al ,
hepatitis B surface antigen positivity was not a pre
dictive factor for GB cancer in this study.
Our study indicates that the natural history of
borderline-sized GBPs is benign, although most of
the borderline-sized GBPs were removed. Hence, it is
necessary to redefine the surgical indications for GBPs,
which are increasingly being detected on surveillance
imaging. Our study is a retrospective study from a
single center despite large study subjects. So, pro
spective multicenter study will be needed to validate
our study.
In conclusion, the need for performing immediate
surgery for GBPs measuring more than 13 mm in size is
undebatable, whereas borderline-sized GBPs, especially
in asymptomatic young patients (less than 45 years
old), have low risk of malignancy, and therefore, a
careful “wait and see” strategy is appropriate. Further
studies are needed to define the characteristics of
borderline-sized GBPs and to demonstrate the natural
history of borderline-sized GBPs.
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Background

gallbladder polyp (GBP) is a well-known pre-malignant lesion, especially the
size of GBP, age and presence of symptoms are risk factors for gallbladder (GB)
cancer. The well-known predictor of malignancy in GBPs is a size greater than
10 mm in diameter. However, when we applied the 10-mm size criterion for
performing surgery, many polyps were found to be benign in a clinical setting.
Most of the benign polyps had a size of 10 or 11 mm, and the incidence of these
polyps is increasing as general medical examination is being universalized.

Research frontiers

Some recent studies have shown that incidentally discovered polyps were
usually small in size and the risk of malignancy was low.

Innovations and breakthroughs

Previous studies have shown that polyp size of more than 10 mm is associated
with higher risk of developing malignancy; however so far, none of the
studies have tried to differentiate between polyps of more than 10 mm in
size for determining the incidence of malignancy. Therefore, we analyzed the
pathologically proven GBPs after cholecystectomy to determine the relevance
of the 10-mm size criterion.

Applications

This study aimed to determine the relevance of the 10-mm size criterion of the
generally accepted surgical indication for GBPs, and to provide a new surgical
indication clues for decrease unnecessary cholecystectomies.

Terminology

GBPs of 10 to 12 mm in diameter (borderline-sized GBPs) have lower risk
of malignancy compared to that in GB polyps larger than 13 mm, which is
similar to the risk of malignancy in GB polyps smaller than 10 mm. The use
of this surgical indication (GBPs larger than 13 mm GBP) can prevent 50% of
unnecessary cholecystectomies without the risk of missing malignant GBPs.
Also, this study confirmed that patient’s age was associated with the risk of
developing malignant polyps. This finding indicates that there is a low possibility
of GB carcinoma in patients having borderline-sized GBPs and who are less
than 49 years of age.

Peer-review

Authors made a retrospective revision of their database regarding gallbladder
polyps, in order to find a potential best predictor of malignancies rather than 10
mm size. They concluded that 13 mm size was a better cut-off value to indicate
immediately surgery, whereas 11 and 12 mm size polyps, in younger patients
could be strictly followed up before undergoing surgery. The paper certainly
brings new information on the subject and may represent an interesting option
for the readers.
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METHODS: Seventy-eight patients with ECC were
enrolled. Associations between various clinicopathologic
factors and prognosis were investigated by KaplanMeier analyses. The Cox proportional-hazards model
was used for multivariate survival analysis.
RESULTS: The overall three- and five-year survival
rates were 47.26% and 23.99%, respectively. MLNR
of 0, 0-0.2, 0.2-0.5, and > 0.5 corresponded to fiveyear survival rates of 28.59%, 21.60%, 18.84%, and
10.03%, respectively. Univariate analysis showed that
degree of tumor differentiation, lymph node metastasis,
MLNR, tumor-node-metastasis (TNM) stage, and margin
status were closely associated with postoperative
survival in ECC patients (P < 0.05). Multivariate analysis
showed that MLNR and TNM stage were independent
prognostic factors after pancreaticoduodenectomy (HR
= 2.13, 95%CI: 1.45-3.11; P < 0.01; and HR = 1.97,
95%CI: 1.17-3.31; P = 0.01, respectively). The median
survival time for MLNR > 0.5, 0.2-0.5, 0-0.2, and 0 was
15 mo, 24 mo, 23 mo, and 35.5 mo, respectively. There
were statistical differences in survival time between
2
patients with different MLNR (χ = 15.38; P < 0.01).
CONCLUSION: MLNR is an independent prognostic
factor for ECC patients after radical resection and is
useful for predicting postoperative survival.
Key words: Cholangiocarcinoma; Metastatic lymph
node; Prognosis; Surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study aims to investigate the prognostic
significance of metastatic lymph node ratio in
extrahepatic cholangiocarcinoma patients undergoing
radical resection. Using univariate and multivariate
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AIM: To investigate the prognostic value of metastatic
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analysis, we found that metastatic lymph node ratio
was an independent prognostic factor for these patients
after radical resection and is useful for predicting
postoperative survival.

The recruited patients needed to meet the following
inclusion criteria: (1) complete clinical data available;
(2) pathologically confirmed ECC after surgery;
(3) neoadjuvant chemoradiotherapy-naïve before
surgery; (4) complete follow-up record available
(until January 2014); and (5) absence of liver disease
or other diseases. All patients received pancreati
coduodenectomy and preoperative assessment,
including a detailed history and physical, laboratory,
and radiologic examinations. All patients underwent
enhanced abdominal CT/magnetic resonance imaging,
abdominal ultrasound, and determination of serum
tumor markers.
The tumors were classified based on the tumornode-metastasis (TNM) classification criteria of the
th
American Joint Committee on Cancer (AJCC), 6
[15]
edition . The clinicopathologic data analyzed in this
study included: age, sex, duration of operation, intra
operative blood loss, tumor differentiation, tumor
embolism, perineural invasion, T component of TNM
stage, TNM stage, margin status, postoperative
adjuvant chemotherapy, total number of dissected
lymph nodes, lymph node status, and MLNR.
All patients underwent lymphadenectomy; based
on the Japanese Pancreatic Society classification of
pancreatic cancer, the extent of lymphadenectomy was
defined as follows: around the pancreas and duodenum
(stations 13 and 17), inside the hepatoduodenal
ligament (station 12), around the stomach (stations
1-6), around the hepatic artery proper (station 8), and
around the superior mesenteric artery (station 14).
Data on the total number of lymph nodes dissected
and the number of lymph node metastases were
obtained from pathologic reports. Patients were
divided into four groups according to the MLNR values:
patients with negative lymph nodes (MLNR = 0), and
patients with positive lymph nodes (0 < MLNR < 0.2,
0.2 < MLNR < 0.5 and 0.5 < MLNR).
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INTRODUCTION
Cholangiocarcinoma (CCA) is a malignant tumor that
originates from the intra- and extrahepatic biliary
epithelium, and it accounts for approximately 3% of
[1]
all gastrointestinal malignancies . Patients with liver
fluke infestation, chronic viral hepatitis, choledochal
cysts, and primary sclerosing cholangitis can develop
[2]
CCA . Intrahepatic CCA arises within the hepatic
parenchyma, and most often presents as a mass lesion
[3]
without major bile duct obstruction or jaundice .
Extrahepatic cholangiocarcinoma (ECC) is defined as
common bile duct CCA, which accounts for 20%-40%
[4]
of CCA cases . At present, surgical resection remains
the only treatment choice for ECC patients. However,
the curative rate of ECC has been low for patients
[5]
in advanced stages . Even with complete resection
of the tumors, most patients are subject to local
[6]
recurrence or distant metastasis . According to the
staging of extrahepatic bile duct cancer, the number
of metastatic lymph nodes is a key parameter for
tumor staging and prognosis prediction. Lymph node
metastasis is a prognostic factor for survival of ECC
[7]
patients after curative resection , and those with
peripheral lymph node metastases had notably poorer
prognosis.
Metastatic lymph node ratio (MLNR), the ratio of
the number of metastatic lymph nodes to the number
of lymph nodes removed, is regarded as an important
[8-14]
prognostic factor for various tumors
. However, there
are few studies examining the association between
MLNR and prognosis in ECC patients. In this study,
we analyzed multiple clinicopathologic factors in ECC
patients, and investigated the potential association
between lymph node metastasis and prognosis. We
aimed to find reliable indicators for predicting the
prognosis of ECC patients following radical resection.

Follow-up

Follow-up was performed via telephone or mail, and
all outpatient records were reviewed. The first followup visit was made at 6 mo after surgery. It was then
continued every 6-12 mo until March 2014.

Statistical analysis

Statistical analysis was performed using the SAS v
9.2 (SAS Institute Inc., Cary, NC, United States). The
life-table method was used to calculate the threeand five-year survivals. The Kaplan-Meier method
was used to construct survival curves, which were
compared using the log-rank test. Multivariate analysis
of prognostic factors was performed using the Cox
proportional-hazards model. Survival was calculated
from the day of surgery to the time of death (for nonsurviving patients) or to the last follow-up (until March
2014 for surviving patients or patients who dropped
out). P < 0.05 was considered statistically significant.

MATERIALS AND METHODS
Study population

A total of 128 ECC patients were recruited from
the Cancer Hospital of Chinese Academy of Medical
Sciences between January 1999 and January 2012.
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Table 1 Clinicopathologic factors and prognosis
Clinicopathologic
factors

No. of
patients

Total cases
78
Age (yr)
46
≤ 60
> 60
32
Sex
Male
51
Female
27
Duration of surgery (min)
41
≤ 300
> 300
37
Intraoperative blood loss (mL)
47
≤ 500
> 500
31
Differentiation degree
Highly
24
Moderately
44
Poorly
10
Perineural invasion
Yes
57
No
21
Tumor embolism
Yes
3
No
75
T stage
T1
2
T2
7
T3
24
T4
45
Total number of lymph node dissected
30
≤ 15
> 15
48
Lymph node metastasis
Yes
55
No
23
MLNR
0
23
0-0.2
12
0.2-0.5
18
> 0.5
25
TNM stage
2
Ⅰ
26
Ⅱ
50
Ⅲ
Cutting edge
Negative
75
Positive
3
Postoperative chemotherapy
Yes
64
No
14

Survival (%)

Table 2 Multivariate analysis for predictive factors of
extrahepatic cholangiocarcinoma patient survival
P valuea

5-yr

Factors

47.26

23.99

MLNR
TNM stage

57.14
45.22

28.57
26.65

3-yr

0.388

b

SD

χ2

P value

HR

95%CI

0.75
0.67

0.19
0.26

15.01
6.55

< 0.01
0.011

2.13
1.97

1.45–3.11
1.17–3.31

MLNR: Metastatic lymph node ratio; TNM: Tumor-node-metastasis.
0.748

46.92
48.48

21.90
36.36

10-36). Forty-two patients were lost to follow-up. Eight
patients were excluded, among who four were without
complete clinical information, two were diagnosed with
non-ECC, one had received adjuvant chemotherapy
before operation, and one had received interventional
chemotherapy before operation.

0.763
46.27
47.98

27.76
18.66

57.14
46.34

28.57
26.42

61.32
50.00
23.08

33.45
28.04
15.38

0.337

< 0.01

Survival rates

The overall three- and five-year survival rates were
47.26% and 23.99%, respectively. There were no
statistically significant differences in the survival
rates with regard to age, sex, duration of surgery,
intraoperative blood loss, perineural invasion, tumor
embolism, T stage, number of lymph node dissected,
or postoperative chemotherapy. The three- and fiveyear survival rates of patients with peripheral lymph
node metastasis (37.74% and 17.56%, respectively)
were lower than those without peripheral lymph node
metastasis (70.13% and 28.59%, respectively),
and the differences were statistically significant (Ps
< 0.05). Five-year survival rates according to MLNR
were: 28.59% (MLNR = 0), 21.60% (MLNR = 0-0.2),
18.84% (MLNR = 0.2-0.5), and 10.03% (MLNR >
0.05).

0.435
38.72
68.38

14.75
48.84

33.33
47.94

33.33
25.68

100
53.07
46.05
37.40

50
33.77
21.98
18.70

45.92
39.39

26.53
26.26

37.74
70.13

17.56
28.59

70.13
54.01
48.34
33.67

28.59
21.60
18.84
10.03

54.83
41.67
35.06

27.95
21.03
17.53

54.36
33.33

25.02
10.00

54.55
46.80

22.02
22.40

0.183

0.369

0.179

0.010

0.002

Associations between clinicopathologic factors and
postoperative survival

0.044

Univariate analyses showed that degree of tumor
differentiation, lymph node metastasis, MLNR, TNM
stage, and margin status were significantly correlated
with postoperative survival in ECC patients (all P <
0.05) (Table 1). Furthermore, the Cox proportionalhazard model for multivariate analysis was used to
further investigate these factors, showing that MLNR
and TNM stage were independent predictors of survival
(Table 2).

0.043

0.055

a

Log-rank test. MLNR: Metastatic lymph node ratio; TNM: Tumor-nodemetastasis.

Survival curves

To further determine the effects of MLNR and TNM
stage on prognosis of patients, survival curves were
established. Median survival time for regional lymph
node metastases > 0.5, 0.2-0.5, 0-0.2, and 0 were
15 mo, 24 mo, 23 mo, and 35.5 mo, respectively. The
log-rank test revealed significant differences in survival
2
time among patients with different MLNR values (χ =
15.376; P < 0.01) (Figure 1a). Median survival time
for TNM stage Ⅰ, Ⅱ, and Ⅲ were 15.5 mo, 24.0 mo,
23.0 mo, and 35.5 mo, respectively, with significant
2
differences (χ = 15.376; P < 0.01) (Figure 1b).

RESULTS
Patient general data

Seventy-eight patients, including 51 men and 27
women, were included in the final analysis. Their
average age was 60.2 years, ranging from 42 to 78
years. Two patients were classified as stage Ⅰ, 26 as
stage Ⅱ, and 50 as stage Ⅲ. Fifty-five patients were
diagnosed with lymph node metastasis. The average
number of dissected lymph nodes was 15.4 (range:
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MLNR
0
0-0.2
0.2-0.5
> 0.5

1.0

Cum survival

0.8
MLNR 0 (n = 23)

0.6

0.4
MLNR 0-0.2 (n = 12)

0.2

MLNR 0.2-0.5 (n = 18)
MLNR > 0.5 (n = 25)

0.0
0.00

2.50

5.00

7.50 10.00 12.50

B

TNM stage
Ⅰ
Ⅱ
Ⅲ

1.0

0.8
Cum survival

A

0.6

0.4
Stage Ⅱ (n = 26)

0.2

Stage Ⅲ (n = 50)
Stage Ⅰ (n = 26)

0.0
0.00

2.50

t /yr

5.00

7.50 10.00 12.50

t /yr

Figure 1 Survival curves of extrahepatic cholangiocarcinoma patients using a Cox model. A: Survival curves of extrahepatic cholangiocarcinoma (ECC)
patients with different metastatic lymph node ratio (MLNR) values; B: Survival curves of ECC patients with different tumor-node-metastasis (TNM) stages.

radical resection of ECC remains controversial, MLNR
is particularly important for evaluating the prognosis
of ECC patients, which can represent the number and
location of metastatic lymph nodes. Furthermore,
calculation of MLNR is a simple and highly repeatable
method for stratification of outcomes and takes into
account not only the number of dissected lymph nodes,
but also biologic behavior (i.e., number of positive
lymph nodes).
In the present study, MLNR was found to be an
independent prognostic indicator of long-term patient
survival; a higher MLNR value predicted poorer
biologic behavior and prognosis. MLNR can be used
in postoperative stratification of ECC patients, i.e.,
assessment of the appropriateness of further treatment
or enrollment in future clinical trials.
In summary, MLNR is an independent prognostic
factor for ECC patients who underwent pancreati
coduodenal resection. MLNR can be used as an
important tool in postoperative pathologic evaluation
to predict prognosis and facilitate stratification for
treatment. More cases of ECC should be considered in
further studies for verifying the association between
MLNR and survival.

DISCUSSION
Some factors have been found for the prognosis of
[16-21]
CCA
. However, there are few studies on survival
[22]
outcomes and prognostic factors of ECC patients .
The TNM staging system has been widely applied as
a simple, convenient, and repeatable method. For
ECC patients, the N component, or description of the
involvement of regional lymph nodes, is based on
the number and location of metastatic lymph nodes
retrieved intraoperatively, and is used to predict
th
prognosis. According to the 6 edition of the AJCC
Cancer Staging Manual, lymphadenectomy should be
considered in patients with more than 15 lymph nodes,
which is evaluated as the N component of the TNM
[23]
stage . All these indicate that the N component may
not accurately predict prognosis of ECC patients with
fewer than 15 lymph nodes removed. However, the
number of lymph nodes removed is often dictated by
the knowledge and skill of the surgeon and pathologist.
Therefore, MLNR is a more reliable prognostic factor
[24]
than the number of metastatic lymph nodes , and
the prognostic value of MLNR is not influenced by the
[25-27]
scope of lymph node dissection
.
In the present study, we performed univariate and
multivariate analyses to investigate the role of MLNR
in prognosis prediction of ECC patients, and found
that MLNR is an independent prognostic factor. We
also analyzed the prognostic values of other lymph
node-related indicators and found that lymph node
metastasis, but not the total number of lymph nodes
dissected, was closely associated with prognosis. In a
retrospective analysis of 93 intrahepatic CCA patients,
[28]
Tamandl et al verified that the total number of lymph
nodes dissected was not associated with prognosis.
Although no evidence has demonstrated that dissection
of more lymph nodes improves the prognosis, extended
lymphadenectomy can more accurately identify
the status of lymph node metastasis and predict
[29]
prognosis . As the scope of lymphadenectomy during
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ORIGINAL ARTICLE
Retrospective Study

Biliary tract intraductal papillary mucinous neoplasm:
Report of 19 cases
Xing Wang, Yun-Qiang Cai, Yong-Hua Chen, Xu-Bao Liu
cases of BT-IPMN were retrospectively identified from
a total of 343 biliary tract tumors resected in our single
institution. Demographic characteristics, clinical data,
pathology, surgical strategies, and long-term follow-up
were analyzed.

Xing Wang, Yun-Qiang Cai, Yong-Hua Chen, Xu-Bao Liu,
Department of Hepatopancreatobiliary Surgery, West China
Hospital, Sichuan University, Chengdu 610041, Sichuan
Province, China
Author contributions: Wang X and Liu XB designed the
research; Wang X, Cai YQ, and Chen YH performed the research
and analyzed the data; Wang X and Cai YQ wrote the paper; Liu
XB proofread and revised the manuscript; all authors approved
the version to be published.
Supported by The Research Special Fund for Public Welfare
Industry of Health, No. 201202007.
Conflict-of-interest: There is no conflict of interest of the authors.
Data sharing: No additional data are available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Xu-Bao Liu, MD, PhD, Department of
Hepatopancreatobiliary Surgery, West China Hospital, Sichuan
University, No. 37 GuoXue Alley, Chengdu 610041, Sichuan
Province, China. shoubulele@gmail.com
Telephone: +86-28-85422477
Fax: +86-28-85422474
Received: September 2, 2014
Peer-review started: September 3, 2014
First decision: November 14, 2014
Revised: November 21, 2014
Accepted: January 8, 2015
Article in press: January 8, 2015
Published online: April 14, 2015

RESULTS: The mean age of the 19 BT-IPMN cases was
53.8 years (range: 25-74 years). The most common
symptom was abdominal pain (15/19; 78.9%), followed
by jaundice (7/19; 36.8%). Cholangitis was associated
with most (16/19; 84.2%) of the BT-IPMN cases.
Macroscopically visible mucin was detected in all 19
patients, based on original surgical reports. The most
common abnormal preoperative imaging findings for
BT-IPMN were bile duct dilation (19/19; 100%) and
intraluminal masses (10/19; 52.6%). Thirteen (68.4%)
cases involved the intrahepatic bile duct and hilum. We
performed left hepatectomy in 11/19 (57.9%), right
hepatectomy in 2/19 (10.5%), bile duct resection in
4/19 (21.1%), and pancreatoduodenectomy in 1/19
(5.3%) patients. One (5.3%) patient was biopsied
and received a choledochojejunostomy because of
multiple tumors involving the right extrahepatic and left
intrahepatic bile ducts. Histology showed malignancy
in 10/19 (52.6%) patients. The overall median survival
was 68 mo. The benign cases showed a non-significant
trend towards improved survival compared to malignant
cases (68 mo vs 48 mo, P = 0.347). The patient
without tumor resection died of liver failure 22 mo after
palliative surgery.
CONCLUSION: BT-IPMN is a rare biliary entity. Complete
resection of the tumor is associated with good survival,
even in patients with malignant disease.
Key words: Biliary tract; Cystic tumor; Intraductal
papillary mucinous neoplasm; Mucinous tumor; Papillary
tumor

Abstract
AIM: To gain a better understanding of biliary tract
intraductal papillary mucinous neoplasm (BT-IPMN).

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

METHODS: From January 2000 to December 2013, 19
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with BT-IPMN were retrospectively identified in our
institution. All diagnoses were established using strict
histopathologic criteria for BT-IPMN: a mucinous and
papillary neoplasm demonstrating clear origin from the
biliary epithelium, with solitary or diffuse intraductal
[1]
growth . We excluded mucinous cystic neoplasms of
[15]
the liver (with ovarian or mesenchymal stroma) ,
lesions originating from the periampullary region of
[16]
the duodenum , and lesions without microscopic or
macroscopic mucin secretion. All 19 BT-IPMNs were
histologically classified into benign (low- or middlegrade dysplasia) and malignant (high-grade dysplasia
[17]
or invasive carcinoma) .

Core tip: Our study involved a large number of patients
with biliary tract intraductal papillary mucinous
neoplasm (BT-IPMN) from a large Chinese institution.
We summarized the clinical features, radiologic findings,
pathology, surgical strategies, and long-term follow-up
of these patients to achieve a better understanding of
this rare disease. Our findings indicated that BT-IPMN
is a rare biliary entity and complete resection of the
tumor is associated with good survival, even in patients
with malignant disease.
Wang X, Cai YQ, Chen YH, Liu XB. Biliary tract intraductal
papillary mucinous neoplasm: Report of 19 cases. World J
Gastroenterol 2015; 21(14): 4261-4267 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4261.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4261

Data collection

Clinical data were obtained from the electronic medical
records or external medical reports. Demographic
characteristics, clinical presentation, preoperative
evaluation, pathology, surgical therapy, postoperative
course, and long-term outcomes were included.
Postoperative complications (all events recorded within
30 d after surgery) were included in our prospective
complication database. Survival was measured from
the date of operation to date of death or of last
follow-up. We conducted telephone interviews and/
or outpatient interview to follow-up these patients.
This study was approved by the Ethics Committee of
Sichuan University.

INTRODUCTION
In the past decade, biliary tract intraductal papillary
mucinous neoplasm (BT-IPMN) has been increasingly
recognized as a unique type of biliary neoplasm,
coinciding with widespread acceptance of the no
menclature of pancreatic intraductal papillary muci
[1-3]
nous neoplasm (P-IPMN) . As the name suggests,
BT-IPMN is known to be a biliary counterpart of
[4-9]
P-IPMN, but with its own separate identity
. BTIPMN is histologically defined as a mucinous and
papillary neoplasm, with a clear origin from the
biliary epithelium, with solitary or diffuse intraductal
[1]
growth . It is a rare neoplasm involving the intraand extrahepatic biliary tract and is characterized
by mucin-secreting papillary and/or cystic lesions.
BT-IPMN is recognized as a precursor of invasive
carcinoma (tubular adenocarcinoma or mucinous
carcinoma) and 40%-80% of resected BT-IPMNs
[10-12]
contain invasive components
. BT-IPMN has a
more favorable prognosis compared with conventional
[13,14]
cholangiocarcinoma
. The number of reports of
BT-IPMN with strict histopathologic criteria is limited.
Moreover, most of the data regarding BT-IPMN are
from retrospective studies with small samples. There is
still controversy about several aspects of BT-IPMN, and
the clinicopathologic characteristics, surgical strategies,
[1,2,7]
and prognosis of BT-IPMN are largely unclear
.
Our study involved a large number of patients with
BT-IPMN from a large Chinese institution. The purpose
of this study was to summarize the demographic and
clinical features, radiologic findings, pathology, surgical
strategies, and long-term follow-up of patients with BTIPMN for a better understanding of this rare disease.

Statistical analysis

Survival probability was estimated using the KaplanMeier method. Statistical analysis was performed
using SPSS version 16.0 (SPSS Inc., Chicago, IL,
United States). A P < 0.05 was considered statistically
significant.

RESULTS
Clinical presentation

Demographic characteristics of the 19 BT-IPMN
patients, with a mean age of 53.8 years (range: 25-74
years), are shown in Table 1. The clinical features
of these patients are shown in Table 2. Abdominal
pain was the most common presenting symptom,
and the majority of patients showed acute or chronic
cholangitis.

Imaging characteristics

All patients underwent abdominal ultrasonography, and
additional imaging examinations were also performed
in many patients (Table 3). The bile duct was dilated
in all cases, and intraluminal masses were observed in
10/19 (52.6%) cases (Figure 1). Biliary stones were
detected in 12/19 (63.2%) patients, primarily located
only in the proximal biliary duct (10/12; 83.3%).

MATERIALS AND METHODS
Patient selection

Operative strategies and outcomes

From January 2000 to December 2013, 19 patients
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Table 3 Imaging features of biliary tract intraductal papillary
mucinous neoplasm (n = 19)

Table 1 Patient demographics (n = 19)
n (%)

Feature

n (%)

Feature

Age (yr)
≤ 40
40-50
50-60
≥ 60
Sex
Male
Female

Biliary stones (n = 12)
Proximal
Proximal and distal
Cholecystolithiasis
Dilated bile duct (n = 19)
Proximal
Proximal and distal
Cyst
Lesion
Liver atrophy
Imaging examination
Ultrasonography
Computed tomography
Magnetic resonance imaging
Intraoperative choledochoscopy
Endoscopic retrograde cholangiography

3 (15.8)
4 (21.1)
6 (31.6)
6 (31.6)
11 (57.9)
8 (42.1)

Table 2 Clinical features of biliary tract intraductal papillary
mucinous neoplasm (n = 19)
n (%)

Feature
Presenting symptoms
Abdominal pain
Jaundice
Weight loss
None
Schistosomiasis1
Presence of cholangitis
Repeated episodes cholangitis
Location
Intrahepatic and hilum
Extrahepatic
Multifocal
Serum chemistry
Elevated CEA (> 3.4 ng/dL)
Elevated CA 19-9 (> 22 U/mL)

15 (78.9)
7 (36.8)
3 (15.8)
1 (5.3)
4 (21.1)
16 (84.2)
6 (31.6)

10 (52.6)
2 (10.5)
0 (0.0)
6 (31.6)
13 (68.4)
10 (52.6)
10 (52.6)
7 (36.8)
19 (100)
15 (78.9)
12 (63.2)
8 (42.1)
4 (21.1)

A

13 (68.4)
5 (26.3)
1 (5.3)
5 (26.3)
8 (42.1)

1

Detected by postoperative histologic examination. CA: Carbohydrate
antigen; CEA: Carcinoembryonic antigen.

B

a left hepatectomy (Table 4). One patient required
pancreaticoduodenectomy for tumor clearance and
another received biopsy and choledochojejunostomy
for multiple tumors of the extrahepatic and right
and left intrahepatic bile ducts. No deaths occurred
within 30 d after surgery, though 4/19 (21.1%)
patients had postoperative complications. Bile leakage
occurred with postoperative pneumonia in a 68-yearold patient who underwent local bile duct excision,
resulting in a prolonged (65 d) hospitalization and
readmission, which was cured through percutaneous
drainage and antibiotics. In addition, three patients
had postoperative complications that were cured by
conservative therapy. Lymphadenectomy was routinely
performed, however, no lymph node metastasis was
detected in our series.

Figure 1 Imaging presentation of biliary tract intraductal papillary
mucinous neoplasm. A: Magnetic resonance cholangiography shows dilation
of proximal biliary tract and a filling defect in the extrahepatic biliary tract
(arrow); B: Magnetic resonance imaging shows an intraluminal polypoid lesion
originating from the extrahepatic biliary tract (arrow).

Gross appearance

Histopathology

The mean tumor size was 3.5 cm (range: 0.5-12
cm). The gross appearance of BT-IPMN varies with
size. Smaller BT-IPMN tumors typically present as an
intraluminal mass (Figure 2), though they can appear
as cyst-like bile duct dilation. Intraluminal growing
intraductal papillary neoplasms (10/19; 52.6%) and
visible mucin (19/19; 100%) on the surface of the
tumor were typical characteristics of BT-IPMN.

WJG|www.wjgnet.com

BT-IPMN is known to be classified into four histopatho
logic subtypes (gastric, intestinal, pancreatobiliary,
and oncocytic) based on morphologic appearance
[15]
and mucin staining properties , which are identical
to those of P-IPMN. Microscopically, BT-IPMN was
mucinous with papillary proliferation of biliary epithelial
cells and intraductal growth. Mucin was observed with
histopathology (Figure 3) in all 19 patients, and 10/19
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A

Table 4 Operative strategies and outcomes for biliary tract
intraductal papillary mucinous neoplasm (n = 19)
n (%)

Feature
Left hepatectomy (n = 11)
Lobectomy
Segmentectomy
Right hepatectomy (n = 2)
Segmentectomy
Pancreaticoduodenectomy
Bile duct excision
Biopsy and choledochojejunostomy
Complications (n = 4)
Stress ulcer
Intra-abdominal abscess
Pneumonia and bile leakage
Wound infection
Pathology
Benign
Malignant
Presence of mucin
Macroscopic visible mucin
Microscopic mucin
Lymph node metastasis
Death (n = 8)
Benign
Malignant

6 (31.6)
5 (26.3)
2 (10.5)
1 (5.3)
4 (21.1)
1 (5.3)
1 (5.3)
1 (5.3)
1 (5.3)
1 (5.3)

B

9 (47.4)
10 (52.6)
19 (100)
19 (100)
0 (0.0)
3 (15.8)
5 (26.3)

Figure 3 Histopathology of biliary tract intraductal papillary mucinous
neoplasm. Hematoxylin and eosin staining of A: Common bile duct biliary tract
intraductal papillary mucinous neoplasm, composed of papillary proliferation of
atypical biliary epithelial cells (magnification × 40); and B: High-grade cytologic
atypia and mucin in the numerous goblet cells (magnification × 100).

BT-IPMN case was due to subsequent small cell lung
cancer after 26 mo.

DISCUSSION
Although wide consensus has not yet been reached,
BT-IPMN has been increasingly recognized as a unique
type of biliary neoplasm and a biliary counterpart of
[1,7]
P-IPMN . The World Health Organization recognized
intraductal papillary neoplasm of the bile duct (IPNB) as
[10]
[16]
a distinct pathological entity in 2010 . Ohtsuka et al
suggested that IPNB with or without macroscopically
visible mucin secretion differed in terms of pathologic
features. In our study, BT-IPMN was defined as
mucinous papillary neoplasm, demonstrating a clear
[1]
origin from the biliary epithelium , and excluded
lesions (such as IPNB) without microscopic or macro
scopic mucin secretion. To some extent, BT-IPMN is a
presumed subtype of IPNB, which has more similarity
[16]
to P-IPMN than IPNB itself .
BT-IPMN shares some radiologic and clinicopathologic
features with P-IPMN, but important differences between
them may still exist. The frequency of malignancy is
higher in patients with BT-IPMN (64%-89%) than in
[1,2,7,18]
those with P-IPMN (23%-30%)
. Consistent with
previous studies, the rate of malignant BT-IPMN in our
series was > 50%. There are several reasons for the
higher rate of malignancy in patients with BT-IPMN. First,

Figure 2 Gross appearance of resected specimen. Biliary tract intraductal
papillary mucinous neoplasm appeared as a nodular lesion on the distal
common bile duct with massive mucin deposition throughout.

(52.6%) cases were malignant (high-grade cytologic
atypia), three of which had invasive components.

Follow-up and survival

All patients underwent imaging examinations every
6-12 mo after surgery, with a median follow-up of
73 mo. Margin-negative resection was achieved
in 18/19 (94.7%) patients, and palliative surgery
(choledochojejunostomy and biopsy) was performed in
one patient with malignant multifocal BT-IPMN.
Overall median survival was 68 mo for the entire
cohort; benign cases had a somewhat longer survival
compared to malignant cases (68 mo vs 48 mo; P =
0.347) (Figure 4). Eight patients with BT-IPMN died;
five malignant cases died due to tumors or tumorrelated causes, including liver failure in one patient
22 mo after palliative surgery. Death in one benign

WJG|www.wjgnet.com
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Surgery is the first choice of treatment for patients
[22]
with BT-IPMN without distant metastasis . Deter
mination of the optimal surgical strategy depends
on the site and extent of the lesions. Intraoperative
choledochoscopy and surgical margin frozen sectioning
are performed to assess tumor location and extension,
including superficial spreading along the biliary
[23]
epithelium . Hepatectomy should be performed for
tumors located in the intrahepatic bile duct, whereas
pancreatoduodenectomy and bile duct resection are
performed for tumors located in the extrahepatic
[24]
bile duct. Jarnagin et al
recommended regional
lymphadenectomy for tumors localized in the hilum
or distal bile duct. Lymph node metastasis is rare in
benign BT-IPMN, and is less common in patients with
invasive carcinoma arising from BT-IPMN, compared
[8]
with conventional cholangiocarcinoma . No patient
in our series suffered from lymph node metastases.
Portal vein resection is an option for tumors with blood
[8]
vessel involvement . Theoretically, resection of the
entire biliary tract by liver transplantation could be a
better option for curative treatment of diffuse BT-IPMN.
Palliative surgery was performed in one patient with
diffuse BT-IPMN in our study.
Only one patient died 22 mo after palliative surgery,
with poorer survival than the overall median survival
[10]
of 68 mo. Rocha et al
found that R0 resection
was associated with better median survival than R1
resection. The median survival for the benign group in
our study appeared better than for malignant cases,
though the lack of significance may have been due to
the relatively short follow-up period and small sample
size. However, the difference may reflect an intrinsic
difference in tumor biology. Complete tumor resection
is associated with good survival, even in patients with
malignant BT-IPMN.
The small number of patients in the present
study prevented us from making strong conclusions.
Moreover, a major limitation was the retrospective
nature of the study. Diagnostic modalities for BTIPMN, including imaging and pathology, have varied
at different times. Nevertheless, due to the scarcity
of patients, we are still justified in speculating on the
trends that can be observed in this limited set of data.
More multicenter prospective studies are necessary to
identify the clinical and pathologic characteristics of BTIPMN.
In conclusion, BT-IPMN is a rare biliary entity.
Complete resection of the tumor is associated with good
survival, even in patients with malignant BT-IPMN.

Survival functions
Benign = 1, malignant = 2
1
2
1-censored
2-censored

1.0

Cum survival

0.8
0.6

n =9

0.4

n = 10
0.2

P = 0.347
0.0
0

20

40

60

t /mo

80

100

120

Figure 4 Kaplan-Meier survival curve. Survival curves for patients with
benign (n = 9) and malignant (n = 10) biliary tract intraductal papillary mucinous
neoplasms.

as several recent reports have suggested, the majority
of BT-IPMNs are of an intestinal or pancreatobiliary
subtype, resembling those of main-duct-type P-IPMN,
[3,7,19]
which is more aggressive than branch-duct P-IPMN
.
Second, the biliary tract and the main pancreatic duct
have identical embryologic development from the hepatic
[2,7]
diverticulum in the foregut mesoderm .
In the present study, BT-IPMN mostly presented
in patients aged 50-70 years, which is consistent with
[1,3,7,10,20]
several other studies
. Although more male BTIPMNs patients were found in our study, no difference
was found in sex distribution based on previous
[1,7,10]
reports
. The most common presenting symptom
was abdominal pain, probably due to biliary stones,
cholangitis, or high pressure of biliary tract causing
mucin hypersecretion, which are associated with BT[10,21]
IPMN
. Intraluminal hypersecretion of mucin from
the bile duct may intermittently impede bile flow,
leading to repeated episodes of cholangitis. Repeated
cholangitis was found in approximately 32% of
patients with BT-IPMN in our study, as a typical clinical
presentation of BT-IPMN. Nearly 63% of BT-IPMNs
were associated with biliary stones; most of which
were proximal biliary stones. These findings indicate
that the process of inflammatory stimulation may play
a role in the development of BT-IPMN. BT-IPMNs were
predominantly located in the intrahepatic bile duct and
hilum, though the primary site of tumor origin does not
[10,20,21]
affect the progress or prognosis of the disease
.
Dilated bile ducts, intraluminal lesions, and/or gross
cystic dilatation originating from the biliary tract are
the most common abnormal preoperative imaging
findings in BT-IPMN. Simultaneous proximal and distal
bile duct dilation was found in approximately 68% of
patients with BT-IPMN in our study. It has diagnostic
significance, as with diffused pancreatic duct dilation
for P-IPMN. The large amount of mucin discharged into
the duct system leads to diffuse duct dilation.
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However, there is still controversy over several aspects of BT-IPMN.
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BT-IPMN is a rare biliary entity. The number of reports of BT-IPMN with strict
histopathologic criteria is limited. Most of the data regarding BT-IPMN are from
retrospective studies with small samples. There is still controversy surrounding
several aspects of BT-IPMN, and clinicopathologic characteristics, surgical
strategies, and prognosis are largely unclear.
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BT-IPMN is histologically defined as a mucinous and papillary neoplasm
demonstrating a clear origin from the biliary epithelium, with solitary or diffuse
intraductal growth.
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discussed on the basis of the recent relevant international literature.
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Abstract
AIM: To assess the efficacy and safety of weekly
docetaxel plus a fixed-dose rate (FDR) of gemcitabine
in metastatic esophageal squamous cell carcinoma
(SCC).
METHODS: A multi-center, open-label, prospective
phase Ⅱ study was designed. Thirty-three esophageal
SCC patients with documented progression after
fluoropyrimidine/platinum-based first-line chemotherapy
2
were enrolled and treated with docetaxel 35 mg/m
2
2
and gemcitabine 1000 mg/m iv at a FDR (10 mg/m
per minute) on days 1 and 8. Treatment was repeated
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every twenty-one days until disease progression,
unacceptable toxicity, or consent withdrawal. The
primary endpoint was response rate (RR), and
secondary endpoints were safety, progression-free
survival (PFS) and overall survival (OS).

adenocarcinoma is more prevalent in Western
countries, SCC is the most predominant histologic
[1]
subtype globally . Esophageal SCC is a highly lethal
[2,3]
disease with a five-year survival rate of 15%-19% .
Treatments for metastatic esophageal SCC are
limited; most patients are not eligible for surgery
because more than two thirds of patients present with
unresectable or metastatic disease at the time of initial
diagnosis, and the majority of remaining patients with
initially locoregional disease eventually develop distant
[4]
metastases . Therefore, palliative chemotherapy
is the only treatment option for patients with
metastatic esophageal SCC to prolong their survival
and to improve their quality of life. A combination of
cisplatin and infusional 5-fluorouracil (5-FU) is the
most commonly used regimen for palliative first[4-6]
line chemotherapy in metastatic esophageal SCC .
However, the number of effective cytotoxic agents for
the treatment of patients with metastatic esophageal
SCC is limited. When patients have failed platinum
and fluoropyrimidine combination chemotherapy, it is
commonly observed that patients experience a rapid
clinical deterioration and decline in their performance
status.
Docetaxel is one of the most widely used chemo
therapeutic agents in metastatic esophageal SCC
[7]
patients . Although docetaxel is often combined with
cisplatin, particularly in a salvage setting, the cisplatinbased chemotherapy had a clinically important toxicity
profiles. To avoid cisplatin-related toxicity, there are
several ways including omission or replacement of
cisplatin with a cytotoxic agent with similar activity.
Gemcitabine, among others, has a notable activity
[8]
and tolerable toxicity profile in esophageal SCC ,
blocking cancer cells in a different cellular phase than
[9]
docetaxel . A randomized phase Ⅱ study in patients
with pancreatic cancer suggested that gemcitabine
given at a fixed-dose rate (FDR) infusion (i.e., 10 mg/
2
m per minute) have did not have a greater activity
[10]
than a bolus infusion . Combinations of docetaxel
and gemcitabine have been studied in treatment
of various solid tumors including metastatic breast
[11]
[12]
cancer , non-small cell lung cancer (NSCLC) , and
other malignancies, because both drugs have good
[13]
antitumor activity with non-overlapping toxicity .
[14]
For example, a clinical study by Hensley et al
demonstrated an impressive 53% response rate in
patients with predominantly uterine leiomyosarcoma.
In this study, patients received gemcitabine 900 mg/
2
2
m on days 1 and 8 plus docetaxel 100 mg/m on day
8 with granulocyte-colony stimulation factor (G-CSF)
support every 3 wk. Hematologic toxicity including
neutropenia and thrombocytopenia was the most
common dose-limiting toxicity and antitumor activity
of the regimen was equivalent to cisplatin-based
combinations.
Currently, optimal dose schedules for docetaxel
plus gemcitabine combination chemotherapy have
not been determined. A weekly docetaxel and

RESULTS: Combination of weekly docetaxel and FDR
gemcitabine was well tolerated: the most common
treatment-related adverse events were anemia (97%),
fatigue (64%) and neutropenia (55%). One patient
with multiple lung and lymph node metastases died
of respiratory failure after receiving four cycles of
chemotherapy, and the possibility of drug-induced
pneumonitis could not be completely excluded. Disease
control (objective response plus stable disease) in the
ITT population was achieved in 88% of patients, and
the overall RR was 30% (95%CI: 15%-46%). The
median PFS and OS were 4.0 (95%CI: 3.4-4.6) and 8.8
mo (95%CI: 7.8-9.8 mo), respectively.
CONCLUSION: A combination of weekly docetaxel
and FDR gemcitabine showed promising antitumor
activity and tolerability in previously treated, metastatic
esophageal SCC.
Key words: Clinical trial; Phase Ⅱ ; Chemotherapy;
Carcinoma, Esophageal neoplasm; Squamous cell;
Docetaxel; Gemcitabine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Esophageal squamous cell carcinoma (SCC) is
a lethal disease with a poor prognosis. Currently, there
is no standard chemotherapy regimen for metastatic
esophageal SCC patients who have failed platinum
and fluoropyrimidine combination chemotherapy.
In this multi-center, prospective phase Ⅱ study, we
demonstrated that the combination of weekly docetaxel
and a fixed-dose rate of gemcitabine is active and well
tolerated as a salvage chemotherapy in patients with
previously treated metastatic esophageal SCC.
Lee MY, Jung KS, Kim HS, Lee JY, Lim SH, Kim M, Jung
HA, Kim SM, Sun JM, Ahn MJ, Lee J, Park SH, Yi SY, Hwang
IG, Lee SC, Ahn HK, Lim DH, Lee SI, Park KW. Weekly
docetaxel and gemcitabine in previously treated metastatic
esophageal squamous cell carcinoma. World J Gastroenterol
2015; 21(14): 4268-4274 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i14/4268.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4268

INTRODUCTION
Esophageal cancer is the eighth most common
cause of cancer death worldwide. There are two
main histological types; adenocarcinoma and
squamous cell carcinoma (SCC). Although esophageal
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gemcitabine combination was attractive because
of the low incidence of severe myelosuppression in
weekly docetaxel compared to the standard 3-weekly
[15-17]
docetaxel regimen
, this altered toxicity profile
suggested that, as a salvage treatment, there was
the potential for better tolerance and increased dose
intensity. We conducted a phase Ⅱ study in order to
assess the efficacy and safety of weekly docetaxel plus
a FDR of gemcitabine as a salvage chemotherapy in
patients with metastatic esophageal SCC. The primary
objective was to evaluate the anti-tumor activity in
terms of response rate (RR), and secondary objectives
were progression-free survival (PFS), overall survival
(OS), and the safety profile of the regimen.

basis unless hospitalization was required for other
reasons, and the cycle was repeated every twentyone days until there was documented progression
of the disease, unacceptable toxicity, or the patients
refusal. All patients received full supportive care, which
included blood product transfusion, antiemetics, and
analgesics as appropriate. Dose reductions were based
on toxicities that were graded according to the National
Cancer Institute Common Toxicity Criteria (NCI-CTC)
scale version 4.0. Clinic visits and toxicity evaluation
were performed on days 1 and 8 of each cycle. Each
chemotherapy cycle was started only if neutrophil
3
counts were ≥ 1500/mm , platelet counts were ≥
3
75000/mm , and all non-hematologic toxicities had
been reduced to grade 0 to 1. In the case of a delay of
more than twenty-one days due to toxicity, the protocol
treatment was discontinued. If the patient experienced
febrile neutropenia, grade 4 neutropenia lasting >
seven days, grade 4 thrombocytopenia, or grade 3
or 4 non-hematologic toxicities with the exception of
nausea, vomiting and alopecia, subsequent doses of
gemcitabine and docetaxel were lowered by 20% from
the doses in the preceding cycles. Dose reduction on
day 8 of each cycle was permitted in accordance with
th
the protocols. In brief, the 8 day doses of gemcitabine
and docetaxel were reduced if neutrophil counts were
3
3
between 1000/mm and 1500/mm , or if platelet
3
3
counts were between 50000/mm and 75000/mm .
Gemcitabine and docetaxel doses were omitted on day
3
8 when neutrophil counts were < 1000/mm or platelet
3
counts were < 50000/mm .
Appropriate imaging studies including contrastenhanced CT scans were conducted every two cycles
to evaluate treatment response. As the primary
endpoint of this study was objective RR, the clinical
tumor response was assessed according to the RECIST
[18]
criteria version 1.1 . Upon progression disease
(PD), further salvage treatments were permitted at
the investigators’ discretion, and the nature of any
treatments was recorded.
The secondary endpoints were PFS, OS and safety.
PFS and OS were measured from day 1 on first study
treatment cycle until the day of documented PD and
death, respectively. OS and PFS were assessed using
the Kaplan-Meier method, and the 95%CI for the
median time to an event were calculated. Sample sizes
were calculated to reject a 10% response rate in favor
of a target response rate of 30%, with a significance
level of 0.05 and a power of 90%. Considering a 10%
drop-out rate, a total of 33 patients was planned.
The statistical methods of this study were reviewed
by Kyunga Kim (PhD in Statistics) from Biostatistics
and Clinical Epidemiology Center at Samsung Medical
Center.

MATERIALS AND METHODS
This was an open-label, multi-center study of palliative
chemotherapy with weekly docetaxel plus a FDR of
gemcitabine. Patients with histologically confirmed
metastatic or recurrent SCC of the esophagus were
enrolled in this prospective phase Ⅱ study. All patients
were required to have experienced progression after
at least one cytotoxic chemotherapy regimen involving
both fluoropyrimidine and platinum. Patients who
experienced recurrence during or within 6 mo after the
completion of adjuvant chemotherapy were allowed
to enter the study. Only patients older than 18 years
of age, with an Eastern Cooperative Oncology Group
(ECOG) performance status of 0 to 2 were eligible for
entry into this study. Other eligibility criteria included
at least one bi-dimensionally measurable lesion by
[18]
the RECIST 1.1 criteria , a life expectancy of at least
3 mo, and adequate bone marrow, renal, and liver
functions. Patients with serious concomitant medical
diseases prior to exposure to docetaxel or gemcitabine,
who were pregnant or breast feeding, who had a
history of significant neurologic or psychiatric disorders,
or evidence of serious gastrointestinal bleeding were
considered ineligible. A treatment-free interval of at
least 4 wk was required to enter the study. Before
the study was initiated, the protocol was approved by
the Institutional Review Board of all the participating
hospitals in accordance with the ethical principles of
the Declaration of Helsinki and local guidelines, and
all patients provided written informed consent prior to
participation in any study-specific procedures.
The pre-treatment evaluation included medical
history and a physical examination, complete blood
count with differentials, chemistry, chest X-ray,
computed tomography (CT) scans of the thorax
and any other diagnostic procedures as clinically
2
indicated. Gemcitabine 1000 mg/m was administered
2
intravenously at a FDR 10 mg/m per minute on days
2
1 and 8. Docetaxel 35 mg/m was also administered
intravenously over 60 min on days 1 and 8. Preme
dications included adequate antiemetic therapy and
dexamethasone 15 mg before each docetaxel infusion.
All chemotherapy was administered on an outpatient
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RESULTS
The current phase Ⅱ study was opened in August 2011
among oncology departments in six tertiary Korean
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Table 1 Patient characteristics n (%)
Characteristics
Total number of patients
Age (yr), median (range)
Gender
Male
Female
ECOG PS
1
2
Anatomic site
Upper thoracic
Middle thoracic
Distal
Prior curative-aim treatment
None
Surgery
Chemoradiotherapy
Number of prior chemotherapy regimens
1
2
Tumor grade
Well differentiated
Moderately differentiated
Poorly differentiated or unknown
Metastatic site (s)
Lymph node
Lung
Liver
Bone

Table 2 Toxicity profile per patient (n = 33): Worst grade
reported during the treatment period n (%)
Patients
NCI-CTC grade

33
59 (44-76)
Hematologic
Anemia
Neutropenia

31 (94)
2 (6)

Thrombocytopenia
Febrile neutropenia
Non-hematologic
Asthenia/Fatigue
Myalgia
Anorexia
Nausea
Vomiting
Mucositis/Stomatitis
Diarrhea
Hand-foot syndrome
Peripheral neuropathy
Alopecia
Headache
Dysphagia
Rash
Cough
Sputum
Chest discomfort

32 (97)
1 (3)
1 (3)
26 (79)
6 (18)
7 (21)
23 (70)
3 (9)
25 (76)
8 (24)
3 (9)
18 (55)
12 (36)
29 (88)
14 (42)
6 (18)
3 (9)

1

2

3

4

1-4

3/4

13
0

16
5

3
10

0
3

32 (97)
18 (55)

3 (9)
13 (39)

6
0

2
0

1
3

1
0

10 (30)
3 (9)

2 (6)
3 (9)

13
5
10
5
4
6
6
2
6
14
5
7
4
4
7
10

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

4
0
1
1
1
0
0
0
0
0
0
0
0
1
1
0

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

21 (64)
6 (18)
13 (39)
7 (21)
5 (15)
8 (24)
8 (24)
4 (12)
6 (18)
15 (46)
5 (15)
8 (24)
6 (18)
6 (18)
9 (27)
10 (30)

4 (12)
0 (0)
1 (3)
1 (3)
1 (3)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (3)
1 (3)
0 (0)

NCI-CTC: National Cancer Institute Common Toxicity Criteria.

doses of docetaxel and gemcitabine were delayed or
skipped because of toxic effects, as per the protocol
criteria, and dose reduction was required in 24
patients. In the majority of treatment discontinuation
was caused by PD (n = 22). Another minor reasons
were consent withdrawal (n = 6) and toxicity (n = 5).
The planned dose intensities for docetaxel were 23
2
2
mg/m per week and gemcitabine were 667 mg/m
per week, thus, the relative dose intensity of both
drugs was 82% (95%CI: 65%-97%).
All eligible patients were assessable for adverse
events. The treatment-related adverse events are
shown in Table 2. The most commonly observed
all-grade toxicity was anemia (97%), followed by
asthenia/fatigue (64%), neutropenia (55%), alopecia
(46%), and anorexia (39%). The major grade 3 or 4
toxicities were hematologic ones including neutropenia
(39%), followed by anemia (9%), febrile neutropenia
(9%) and thrombocytopenia (6%). Although these
adverse events were generally tolerated and easily
manageable, one patient, a 64-year-old male, died
of respiratory failure after receiving the fourth cycle.
His chest CT revealed bilateral pneumonitis while
the lung and lymph node metastases remained a
partial response (PR). The patient was treated with
corticosteroids and antibiotics but did not benefit.

ECOG: Eastern Cooperative Oncology Group.

centers. The last patients entered the study in Mar
2014. The baseline characteristics of the 33 patients
are listed in Table 1. All patients had histologically
proven SCC arising from the esophagus. In a majority
of patients the primary site was the middle (n = 26)
or distal thoracic esophagus (n = 6). Twenty-three
(70%) patients had undergone esophagectomy,
and three patients (9%) had received curative-aim
chemoradiotherapy. The median age was 59 years
with a range of 44 to 76 years, and all patients had
symptoms at baseline (ECOG performance status 1
in 32/33 patients and 2 in one patient). The most
common first-line chemotherapy regimen was 5-FU
plus cisplatin (76%) followed by capecitabine plus
cisplatin or paclitaxel (24%). In eight patients who
were treated with two prior chemotherapy regimens,
second-line chemotherapy included 5-FU plus cisplatin
(75%) and capecitabine plus cisplatin (25%). More
than 75.8% of the patients received prior palliative
chemotherapy and 54.5% of the patients received
prior radiotherapy. All patients had metastatic disease
at the time of treatment with the most common site of
metastasis being the lymph node (88%) followed by
the lung (42%), and liver (18%).

Efficacy

Safety

Clinical response evaluations were assessable for 32
patients who received at least two cycles of study
treatment. Disease control (objective response and

Patients received a total of 157 treatment cycles
th
(median 5, range 1-16). Nine (6%) of the 8 day
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with docetaxel-based second-line chemotherapy in
[19,20]
esophageal SCC
. Although 3-weekly docetaxel has
proved to be active, it is associated with a significant
incidence of severe neutropenia, often complicated by
fever. Therefore, several clinical trials have examined
docetaxel administered as weekly schedule, which
demonstrated modest toxicity profiles with minimal
[14]
myelosuppression . In a randomized trial comparing
weekly and 3-weekly schedules of docetaxel and
cisplatin in patients with previously untreated NSCLC,
the most frequent grade 3 or 4 toxicity was neutropenia
in the 3-weekly regimen and fatigue in the weekly
[17]
regimen . Several phase Ⅰ and Ⅱ clinical trials have
examined docetaxel administered in weekly doses of
2
2
30, 35, 40 mg/m . The weekly docetaxel 35 mg/m
chemotherapy group produced less myelosuppression,
and better compliance and response rates than the
[21,22]
3-weekly docetaxel or other weekly dose groups
.
Our clinical trial administered docetaxel at a weekly
2
dose of 35 mg/m . Gemcitabine also had been tested
[8]
in phase Ⅰ and Ⅱ clinical trials , and the combination
of docetaxel and gemcitabine has been considered a
rational approach for salvage setting esophageal SCC.
An explanation for the high response rates observed
may be that docetaxel and gemcitabine exhibit true in
vivo synergy, and the combination has complementary
mechanisms of action, docetaxel promoting cell death
[23]
and gemcitabine inducing cell cycle arrest .
In addition to the weekly schedule of docetaxel, we
employed a FDR schedule for gemcitabine infusion. To
render gemcitabine more effective, longer exposures
to the drug may be associated with greater antitumor
effects by maximizing the amounts of gemcitabine
that can accumulate intracellularly in a given time
period. FDR infusion of gemcitabine is a term that
refers to gemcitabine infusion at a rate that maintains
gemcitabine concentration at levels that optimize the
incorporation of the active gemcitabine metabolite,
gemcitabine triphosphate, into DNA. Pre-clinical data
have shown that the maintenance of gemcitabine
triphosphate concentration at 20 μmol/L, optimizes in
[24,25]
vivo cell killing
. The issue of whether prolonged2
infusion gemcitabine (10 mg/m per minute) results
in higher clinical response rates compared to bolus
infusions has been addressed in a randomized trial in
[10]
pancreatic cancer . Grade 3 and 4 myelosuppression
occurred with both the FDR infusion and the bolus
infusion group. This result seemed to be more
toxic with the FDR infusion. However, a higher
incidence of dose modification or discontinuation of
[10]
gemcitabine was not observed . The use of FDR
infusion of gemcitabine as a combination treatment
for esophageal cancer has been documented in a few
[26]
phase Ⅰ and Ⅱ clinical trials .
Recently, several studies on combination chemo
therapy for second-line treatment of previously treated
metastatic esophageal cancer have been conducted.
Among them, there are two reports of combination
chemotherapy including docetaxel as a second-line
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Figure 1 Progression-free and overall survival.

stable disease) in the ITT population was achieved in
88% of patients and the overall RR was 30% (95%CI:
15%-46%). Among the ten responders, one patient
achieved a CR, which was maintained for 14 mo. The
median duration of response in responders was 2 mo.
At the time of analysis, 30 patients were dead.
With a median follow-up duration of 20 mo (95%CI:
18-21 mo), the median PFS and OS were 4.0 mo
(95%CI: 3.4-4.6 mo) and 8.8 mo (95%CI: 7.8-9.8
mo), respectively. Kaplan-Meier curves for PFS and OS
were depicted in Figure 1.

Salvage treatments

Although salvage treatment were not specified in the
protocol, palliative radiotherapy was given to 4 patients
with symptomatic progression in lung, bone, or lymph
nodes. We performed salvage chemotherapy to 7
patients (21%) with irinotecan (n = 5) or pemetrexed
(n = 2). Esophageal stenting to relieve obstructive
symptoms was performed in 5 patients.

DISCUSSION
The objective of this phase Ⅱ study was to assess
the efficacy and safety of a non-platinum-based
combination of docetaxel and FDR gemcitabine
administered weekly to patients previously treated for
metastatic esophageal SCC. Because of their antitumor
activity as single agents and different mechanisms of
action, docetaxel and gemcitabine combinations have
been tested previously, although myelosuppression
[13]
has been a serious problem . In a previous phase
Ⅱ study involving weekly docetaxel and gemcitabine
combination, a weekly regimen could be administered
[12]
with acceptable toxicity to most patients . The
current study confirmed these results, the non2
platinum combination of docetaxel 35 mg/m and FDR
2
gemcitabine 1000 mg/m on days 1 and 8 every 3 wk
had an acceptable toxicity profile.
In the second-line setting of esophageal SCC,
docetaxel is one of the most frequently investigated,
and the most widely used, regimens. Recently, a large
retrospective study showed a moderated PFS advantage

WJG|www.wjgnet.com

4272

April 14, 2015|Volume 21|Issue 14|

Lee MY et al . Weekly docetaxel and gemcitabine in esophageal SCC
second-line therapy for patients with previously treated metastatic esophageal
SCC.

regimen in metastatic esophageal squamous cell
[27]
carcinoma. Shim et al
did a phase Ⅱ study on
docetaxel and cisplatin chemotherapy, which showed
a response rate of 34.2%, a median PFS of 4.5 mo,
and a median OS of 7.4 mo. However, this regimen
showed toxicity with grade 3 or 4 neutropenia at
52.6%, asthenia at 31.6%, nausea at 18.4%, and
neuropathy at 15.8%. In another phase Ⅱ study
using docetaxel and nedaplatin for patients previously
[28]
treated with cisplatin and fluorouracil by Jin et al ,
the reported response rates were 27.1%, the median
PFS was 3.1 mo, and the median OS was 5.9 mo. This
regimen showed toxicity of grade 3 or 4 of neutropenia
at 19.6%, grade 1 to 4 anorexia at 47.8%, fatigue
at 41.3%, and nausea/vomiting at 32.6%. The
docetaxel-platinum based chemotherapy present
similar response rates and survival data compared
with the current study. However, it is important to
recognize that docetaxel and gemcitabine combination
chemotherapy is potentially associated with significant
toxicity. There are several cumulative platinum induced
toxicities observed after platinum-based chemotherapy
is used as a first-line treatment in esophageal SCC,
including emesis, decrease in glomerular filtration rate,
and neurotoxicity.
In the current study, combination of weekly
docetaxel plus FDR gemcitabine was well tolerated
with only three episodes of febrile neutropenia.
Unfortunately, one patient died of bilateral pneumonitis
and respiratory failure after receiving the forth cycle.
Some cases reported pulmonary toxicities associated
with both docetaxel and gemcitabine, although not
[29,30]
very common
. Because of the low incidence of
severe myelosuppression, this combination of weekly
docetaxel and FDR gemcitabine can be applied to
a salvage setting, especially if the patient is not
anticipated to tolerate a platinum-based chemotherapy.
In conclusion, a combination of weekly docetaxel
with a FDR of gemcitabine showed promising antitumor
activity in previously treated, metastatic esophageal
SCC and a tolerable toxicity profile. A phase Ⅲ trial
comparing this combination therapy to combination
with other novel agents should be considered in
esophageal cancer.

Applications

The combination of weekly docetaxel and FDR gemcitabine is active and well
tolerated as a second-line chemotherapy for patients previously treated with
fluoropyrimidine and platinum for metastatic esophageal SCC.

Terminology

FDR infusion of gemcitabine is a term that refers to infusion of gemcitabine at a
rate that maintains gemcitabine concentration levels that optimize incorporation
of the active gemcitabine metabolite, gemcitabine triphosphate, into DNA.

Peer-review

This is a good descriptive study in which the authors assess the efficacy and
safety of weekly docetaxel plus a FDR of gemcitabine in metastatic esophageal
SCC. The results are interesting and suggest that the combination of the above
two drugs is an active second-line therapy with tolerable toxicity for previously
treated esophageal SCC.
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AIM: To prepare the specific magnetic resonance (MR)
probes for detection of hepatocellular carcinoma (HCC)
using one-pot method.
METHODS: The carboxylated dextran-coated nano
particles were conjugated with anti-α-fetoprotein
(anti-AFP) or anti-glypican 3 (anti-GPC3) antibodies
through 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride/N-hydroxysuccinimide (EDC/NHS)-mediated
reaction to synthesize the probes. The physical and
chemical properties of the probes were determined by
transmission electron microscopy (TEM) and dynamic
light scattering, and the relaxivity was compared
to uncombined ultrasmall superparamagnetic iron
oxide nanoparticles (USPIONs) using a 1.5T clinical
MR scanner. The binding efficiency of the antibodies
to nanoparticles was measured with an ultravioletvisible spectrophotometer. In addition, the probes were
incubated with targetable cells in vitro .
RESULTS: The superparamagnetic MR probes (antiGPC3-USPION probe and anti-AFP-USPION probe)
were synthesized using one-pot method. Their mean
hydrodynamic diameter was 47 nm with a broader
slight size distribution. The coupling efficiency of carboxylated dextran-coated ultrasmall superparamagnetic iron oxide (USPIO) with anti-GPC3 or anti-AFP
antibody was 15.9% and 88.8%, respectively. Each of
the USPIO nanoparticles may bind 3 GPC3 antibodies
or 12 AFP antibodies. The statistical analysis showed
no significance (P > 0.05) in shortening the T1 and
T2 values when comparing the USPIO-AFP or USPIOGPC3 to USPIO. Analysis of TEM images revealed
that anti-GPC3-USPION probes and anti-AFP-USPION
probes could specifically enter into the HepG2 cell by
combining with the GPC3 receptors or AFP receptors,
whereas the HepG2 cell sample incubated with USPIONs showed no or few nanoparticles in the cytoplasm.
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CONCLUSION: The synthesized probes using one-pot
method can be used for in vitro experimental study and
have potential clinical application in MR imaging for
detection of hepatocellular carcinomas.

iron oxide (USPIO) was applied more commonly as a
magnetic nanoparticle in life sciences, especially the
nanoparticles with a diameter less than 100 nm and
narrow distribution in size and high magnetism, which
can significantly decrease T1 and T2/T2* values of a
tissue. In addition, these nanoparticles have strongly
magnetic susceptibility. The contrast between USPIO
nanoparticles (USPIONs)-containing tissues and other
USPIONs free tissues increased, especially in T2*[7]
weighted imaging . The USPIO nanoparticle has a
3+
2+
magnetic core formed by Fe and Fe oxide crystal,
which has ultrasuperparamagnetic behavior, and an
external coat to produce biocompatibility in vivo and
provide a place for conjugation with the antibodies or
ligands. Because the specificity of MR nanoprobes was
determined by the antibodies or ligands, we should
make efforts in selecting antibodies for design of the
probes. The antibodies should have high specificity,
selectivity and stability.
[8-11]
Today many investigators
are prone to
conjugate USPIONs with monoclonal antibodies or
polypeptides to prepare the MR nanoprobes. These
probes are only synthesized in laboratory through
one-step or two-step method and cannot be produced
largely. We developed a method named “one-pot
method” by modifying the two-step method, to
conjugate USPIONs with glypican 3 (GPC3) antibodies
or anti-α-fetoprotein (AFP) antibodies because AFP is
the most utilized surveillance biomarker for hepato
cellular carcinoma and GPC3 is a more sensitive and
specific biomarker for hepatocellular carcinoma which
can be used to detect early-stage disease as recent
[12,13]
, and formed the MR probes
studies have shown
specific for hepatic cell carcinoma. The average core
size, size distribution, morphology and magnetic
properties were measured by transmission electron
microscopy (TEM), dynamic light scattering, and 1.5T
MR scanning. The binding efficiency of the antibodies
to nanoparticles was measured with an ultravioletvisible spectrophotometer. In addition, the probes were
incubated with targetable cells in vitro. The results
showed that it is simple and convenient to synthesize
the MR molecular probes using the one-spot method.
Although the coupling difference with various anti
bodies (anti-AFP antibody or GPC3 antibody) was
observed, the synthesized probes can be used as a
contrast agent for clinical MR imaging.

Key words: Hepatocellular carcinoma; Ultrasmall
superparamagnetic iron oxide nanoparticles; Specific
probe; One-pot method; Magnetic resonance imaging
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The preparation process of magnetic resonance
probes should be as simple as possible in order to have
mass production. We developed a method named onepot method by modifying the traditional methods to
prepare an anti-glypican 3-ultrasmall superparamagnetic
iron oxide nanoparticle (USPION) probe and an anti-αfetoprotein-USPION probe and determined their physical
and chemical properties and bioactivity. The results
showed that this method is simple and convenient to
synthesize the magnetic resonance molecular probes.
The synthesized probes entered into the specific cells in
vitro .
Li YW, Chen ZG, Zhao ZS, Li HL, Wang JC, Zhang ZM.
Preparation of magnetic resonance probes using one-pot method
for detection of hepatocellular carcinoma. World J Gastroenterol
2015; 21(14): 4275-4283 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i14/4275.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4275

INTRODUCTION
Hepatocellular carcinoma is the fifth most common
malignant tumor, more frequently seen in China. The
results of treatment for hepatocellular carcinoma
are poor, because it is most often diagnosed in late
stages. Although there have been significant advances
in various methods, early detection of hepatocellular
carcinoma still needs further research.
With the advancement of the molecular imaging
technology, the molecular magnetic resonance (MR)
imaging is becoming immense interest because of
its capability to yield highly detailed anatomic and
molecular information in vivo. However, effective
application of this technology relies greatly on the
specific nanoprobes. Many specific probes have been
[1-3]
reported in diagnosis of malignant tumors , such as
breast cancer, pancreatic cancer, and ovarian tumors.
However, little is known about the MR molecular
probes specific for hepatic cell carcinoma, although
there have been many studies using other ligands to
[4-6]
synthesis nanoprobes for detection of HCC .
An MR molecular probe consists of two elements,
magnetic nanoparticles and targetable markers such
as antibodies or ligands. Ultrasmall superparamagnetic

WJG|www.wjgnet.com

MATERIALS AND METHODS
Materials

All reagents used for synthesis were purchased from
commercial sources. These were sodium periodate and
Dextran 10000 from Sinopharm Chemical Reagent Co.,
LTD. (China); ferric chloride hexahydrate from Shantou
Xilong Chemical Co., LTD. (China); FeNH4SO4·6H2O
from Fuchen Chemical Reagent Company (Tianjin,
China); NaOH from Beijing Chemical Works (China);
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GPC3 monoclonal antibody from Htpharma Technology
Development (Beijing) Co., Ltd; AFP monoclonal
antibody from Baitai Biotechnology (Beijing) Co., Ltd.;
and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC) and N-hydroxysuccinimide (NHS)
from Thermo Company.

were drop-cast onto a 200-mesh copper grid and were
air-dried at room temperature before being loaded into
the microscope. To examine the hydrodynamic diameters
of the magnetic molecular probes, dynamic light scattering
measurements were performed using a Malvern
laser granulometer (Zetasizer Nano ZS90, Malvern,
United Kingdom) at 25 ℃. Their magnetic properties
and the magnetic saturation were determined with a
Superconducting Quantum Interference Device (SQUID).

Synthesis of USPIONs with carboxylate groups

USPIONs coated by dextran with carboxylate groups
were synthesized at Wangleyu lab, Department of
Chemistry, Beijing University of Chemical Technology.
Aqueous coprecipitation of magnetite was used.
Briefly, 0.3 g of dextran 10000 was dissolved in
10 mL deionized water, and then 0.4 g of sodium
periodate was added to a final concentration of 100
mmol. The hydroxyl groups on dextran were partially
oxidized to carboxylate groups at 80 ℃ for 20 min.
After purification by dialysis to remove excess sodium
periodate, oxidized dextran resolution was mixed
with 1 mmol ferric chloride hexahydrate and 2 mmol
FeNH4SO4·6H2O in an aqueous solution with an excess
of concentrated sodium hydroxide (15 mmol). The
mixture in a reaction boiler was heated to 160 ℃ for
10 h and then cooled down to room temperature. To
make the products precipitate, 0.1 M/L HCl was added
to the mixture. After centrifugation at 5000 rpm for 5
min, the supernatant was decanted. The process was
repeated three times, and then the final black products
were resuspended in deionized water for further use.

Measurement of the coupling ability of carboxylated
dextran-coated USPIO with antibody

Determination of iron content in antibodyUSPIO: The flame atom absorbing law was used to
measure the iron content in antibody-USPIO. Samples
were prepared by acid digestion. Antibody-USPIO
sample (40 μL) was aspirated exactly by means of
micropipette aspiration. When the sample adsorbed on
the tip of micropipette was wiped out, the micropipette
was dipped 3-4 mm undersurface of the fluid in a
centrifuge tube containing 1.2 mL dilute solution,
and then the sample was discharged slowly. Forty
microliters of dilute solution was absorbed and then
discharged. This process was repeated two times. The
prepared sample was measured by atomic absorption
spectroscopy (BHS 100, Bohui Innovation Technology
Co. Ltd, Beijing).
Determination of antibody content in antibodyUSPIO: The free antibody content in supernatant
fluid was determined after centrifugation, and then
the content of antibody coupled with USPIO was
calculated. The supernatant fluid (1.7 mL) was
dialyzed with 0.2 M PBS (pH 7.0) to displace the
solution disturbing the accuracy of measurement.
During the dialyzing process using 2 L dialyzing fluid
at 2-8 ℃ for 24 h, dialyzing fluid was changed 4
times per 2 h. After the last time the dialysis lasted
overnight. The prepared samples were mixed with AB
solution of the BCA Protein Assay Reagent, in which
A solution was mixed with B solution at a rate of 50:1
and at a proportion of 20:1 for incubation at 37 ℃ in
a water bath for 30 min. The incubated samples were
taken out and then were measured with an ultravioletvisible spectrophotometer (DU800, BECKMANCOULER
Company).

Carboxylated dextran-coated USPIONs coupled with
antibodies

EDC (1 mg) and sulfo-NHS (2 mg) were dissolved in
0.5 mL phosphate-buffered saline (PBS, pH = 7.4),
and the pH value was adjusted to 5.0 by titrating the
mixture solution with 0.2 N HCl. Carboxylated dextrancoated USPIO (1 mL, 5 mg/mL) was added to the
solution and allowed to react for 2 h. After adding 0.5
mL of 1 mg/mL anti-AFP or 200 μg/mL anti-GPC3
antibody (0.5 mL PBS was added to the control), the
mixture was stirred and allowed to react for 3 h. The
pH value of the mixture solution was then adjusted
to 7.0 by titrating with 0.2 N NaOH. After reaction for
further 30 min, the solution was centrifuged at 5000
rpm/min for 5 min and the supernatant was discarded
to obtain the products. The formed USPIO-antibody
probes were resuspended in PBS at 4 ℃ for further
application.
The prepared MR molecular probes were divided
into two parts, one for measurement of the coupling
ability of carboxylated dextran-coated USPIO with
antibody and the other for measurement of relaxivity.

Measurement of anti-AFP-USPIO, anti-GPC3-USPIO and
USPIO relaxivity

Preparation of 1% agar solution: Agar (1 g) was
added to 100 mL deionized water and was heated up
to 80 ℃. After the agar was dissolved completely, the
solution was cooled down to 50 ℃. The resulting 1%
agar solution was used to carry the antibody-USPIO.

Properties of the magnetic molecular probe

The average core size, size distribution, and morphology
were examined using a transmission electron microscope
(Hitach 7600, Japan) at a voltage of 100 kV in the
magnification range from × 40000 to × 600000. Samples
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Preparation of samples for MR scanning: The
concentration of 5 mg/mL iron of the anti-AFP-USPIO,
anti-GPC3-USPIO or USPIO was diluted to 0.25, 0.125,
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a

T1 and T2 maps. T1 and T2 maps were calculated
assuming monoexponential signal decay. Only data
points with signal intensities significantly above the
noise level were analyzed.

b

In vitro studies

HepG2 cells are human hepatocellular carcinoma cells
expressing GPC3 receptors or AFP receptors, confirmed
by flow cytometry using monoclonal anti-human
glypican 3 antibody or anti-AFP antibody. Cells in 6-well
plates, (each well containing 5 mL medium and 1 ×
6
10 HepG2 cells) were incubated with anti-AFP-USPIO,
anti-GPC3-USPIO or USPIO for 4 h in a humidified
5% CO2 atmosphere at 37 ℃, respectively. The iron
concentrations of the probes used were 500 or 125 μg/
mL. Afterwards, the adherent cells were washed three
times with PBS (0.1 mol/L, pH 7.4), trypsinized, and
centrifuged for sedimentation (10 min, 250 g, 20 ℃) in
order to remove unbounded particles. The cells were
then fixed in electron microscopic specimen stationary
liquid and analyzed using a transmission electron
microscope (Hitachi 7600, Japan) at a voltage of 80 kV
in the magnification range from × 40000 to × 600000.

c

3500
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Figure 1 Fourier transform infrared spectrometer spectra of chemical
groups of pure dextran (a), pure dextran coated ultrasmall superpara
magnetic iron oxide nanoparticles (b), and oxidized dextran coated
ultrasmall superparamagnetic iron oxide nanoparticles (c). The peak of
1615 indicates carboxylate groups (dot line).

0.0625, 0.031 or 0.016 mg/mL. These test samples
were centrifuged and all the supernatant fluids were
discarded. Each of the precipitated samples was added
to a Pendoff test containing 2 mL of 1% agar solution.
The mixture was shook well and then cooled down to
room temperature.

Statistical analysis

Six regions of interest in each sample were measured.
T1 and T2 values are presented as mean ± SE. To
compare differences in quantitative data between
different samples, a two-tailed paired t-test was used.
P < 0.05 was considered statistically significant. All
analyses were processed using SPSS 11.5 software
(sequence license 30001359390).

MR scanning: The test tubes and control sample (2
mL of 1% agar solution) were imaged using a 1.5T MR
scanner (Excite, GE Medical Systems, Milwaukee, WI,
USA) with a standard circularly polarized quadrature
knee coil. To avoid susceptibility artifacts from the
surrounding air in the scans, all tubes were placed in a
water-containing plastic container at room temperature.
To measure the T1 relaxation times, axial spin echo
(SE) sequences were obtained with a fixed echo time
(TE) of 9 ms and multiple repetition time (TR) values of
1200, 900, 600 and 300 ms, whereas axial SE images
with a fixed TR of 2000 ms and increasing TEs of 12,
24, 36, and 48 ms were obtained for measurements of
T2 relaxation times. All sequences were acquired with
a field of view of 160 mm × 160 mm, a matrix of 192
× 160 pixels, a slice thickness of 5.0 mm, a gap of 1.0
mm and one acquisition.

RESULTS
Properties of the magnetic molecular probe

The hydroxyl groups on dextran were partially oxidized
to carboxylate groups by using sodium periodate.
From Figure 1 we can see the peak of carboxylate
groups. The carboxylated dextran was then coated on
the surface of USPIONs. Through covalent conjugation
of carboxylate groups with antibodies the magnetic
molecular probes were prepared.
As shown in Figure 2A, the magnetic molecular
probe showed a core/shell spherical structure with a
core diameter of 5-8 nm. The nanoparticles displayed
homogeneous size and good dispersity in solution.
Dynamic light scattering demonstrated a broader
slightly size distribution and the mean hydrodynamic
diameter of the magnetic molecular probes was 47 nm
(Figure 2B).
The superparamagnetic behavior of the nano
particles was checked by magnetization measurement
SQUID). The hysteresis curve (Figure 3) indicated
superparamagnetic characteristics at room tempera
ture, meaning that the thermal energy can overcome
the anisotropy energy barrier of a single particle, and
the net magnetization of the particle assemblies in the

Data analysis

The data acquired using the above mentioned
methods were transferred into the Function tool on the
workstation. T1 maps were calculated from four SE
images with a fixed TE of 9 ms and variable TR values
of 1200, 900, 600 and 300 ms using a nonlinear
function least-square curve fitting on a pixel-by-pixel
basis. T2 maps were calculated accordingly from four
SE images with a fixed TR of 2000 and TE values of
12, 24, 36 and 48 ms. Then the T1 and T2 relaxation
times of test tubes and control samples were derived
by ROI measurements of the test samples on these
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Figure 2 The properties of the magnetic molecular probes. A: Transmission electron microscopy demonstrates the size and morphology of the magnetic
molecular probes under a magnification of × 40000; B: Malvern Zetasizer Nano ZS90 laser granulometer showed the mean hydrodynamic diameter of the magnetic
molecular probes and their distribution.
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80

Although the statistical analysis showed no significance
(P > 0.05) in shortening the T1 and T2 values
among the USPIO-AFP, USPIO-GPC3 and USPIO,
the degree of T1 and T2 value decrease was higher
by pure USPIO than by USPIO-AFP or USPIO-GPC3.
Moreover, the slight difference existed between USPIOAFP and USPIO-GPC3 in shortening the T1 and T2
values, and USPIO-AFP with more antibodies affected
magnetization more than USPIO-GPC3 with fewer
antibodies (Figures 4 and 5).
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Figure 6A and 6B shows a TEM picture of a HepG2
cell sample incubated with anti-GPC3-USPION probes
or anti-AFP-USPION probes for 4 h, respectively.
Incorporation of the probes into intracellular organelles
follows the endocytosis pathway. First, the probes
interact with the GPC3 receptors or AFP receptors
expressed on the surface of the HepG2 cell via antigenantibody combinations. Then they accumulate into
membrane invaginations and are enclosed into the
cytoplasm. Analysis of TEM images revealed that
densely packed nanoparticles were in the endosomes.
But the content of the probes incorporated intracellularly
was different between HepG2 cells incubated with antiGPC3-USPION probes and HepG2 cells with anti-AFPUSPION probes, and a higher content of anti-GPC3USPION probes was observed in our experiments.
In contrast, the TEM picture of a HepG2 cell sample
incubated with USPIONs showed no or little nanoparticles
in the cytoplasm (Figure 6C).

H/Oe

Figure 3 Hysteresis loops of the 7 nm (red line) magnetic probes at 0.6 T.

absence of an external field is zero. The nanoparticles
showed a saturation magnetization of 35.5 emu/g at
0.6T with a coercivity of zero.

Measurement of the coupling ability of carboxylated
dextran-coated USPIO with antibody

The iron content in antibody-USPIO was 1.20 mg
measured by the flame atom absorbing law. The free
antibody content in supernatant fluid (1.7 mL) was
determined using an ultraviolet-visible spectrophotometer.
The results showed the concentration of anti-GPC3
was 12 μg/mL and the anti-AFP 33 μg/mL. Therefore
the contents of bound anti-GPC3 and bound antiAFP were 79.6 μg/5 mg and 443.9 μg/5 mg, and the
coupling efficiency was 15.9% and 88.8%, respectively.
Each of the USPIO nanoparticles may bind three GPC3
antibodies or 12 AFP antibodies.

DISCUSSION
This study applied condensation coupling of carboxyl
nanoparticles with amines on the antibodies to
produce MRI biological probes. It is well known that
there were two methods, single step method and
two-step method, to couple carboxylate particles
with amine-containing molecules such as antibody
through an aqueous, carbodiimide-mediated process

Measurement of anti-AFP-USPIO, anti-GPC3-USPIO and
USPIO relaxivity

From Tables 1 and 2 we can see that all the USPIOAFP, USPIO-GPC3 and USPIO could shorten T1 and
T2 values of the agar solution, especially T2 value.
The higher the concentration, the smaller the values.
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Table 1 The T1 values of the samples

USPIO-AFP
USPIO-GPC3
USPIO

1

2

3

4

5

(0.25 mg)

(0.125 mg)

(0.0625 mg)

(0.031 mg)

(0.016 mg)

Control

427.72 ± 98.67
392.50 ± 93.25
331.08 ± 86.73

570.35 ± 110.75
526.85 ± 109.83
523.08 ± 121.47

994.36 ± 164.68
923.55 ± 156.32
805.85 ± 145.60

1535.9 ± 254.45
1341.8 ± 255.78
1306.3 ± 202.93

2658.2 ± 284.99
2718.1 ± 283.32
2240.9 ± 268.20

2783.4
2916.1
2776.4

1-5 represent the sample of 2 mL 1% agar solution containing the iron concentrations of 0.25, 0.125, 0.0625, 0.031 and 0.016 mg/mL in the anti-AFP-USPIO,
anti-GPC3-USPIO or USPIO solution, respectively. USPIO: Ultrasmall superparamagnetic iron oxide; USPIO-AFP: USPIO-α-fetoprotein; USPIO-GPC3:
USPIO-glypican 3.

Table 2 The T2 values of the samples
1

2

3

4

5

(0.25 mg)

(0.125 mg)

(0.0625 mg)

(0.031 mg)

(0.016 mg)

15.18 ± 0.67
36.64 ± 0.42
14.83 ± 0.37

15.92 ± 1.21
14.98 ± 0.97
13.44 ± 0.85

25.93 ± 1.13
21.48 ± 1.20
22.17 ± 1.02

43.48 ± 1.60
42.18 ± 1.52
37.3 ± 1.37

USPIO-AFP
USPIO-GPC3
USPIO

Control
66.20
66.50
67.67

1-5 represent the sample of 2 mL 1% agar solution containing the iron concentrations of 0.25, 0.125, 0.0625, 0.031 and 0.016 mg/mL in the anti-AFP-USPIO,
anti-GPC3-USPIO or USPIO solution, respectively. The signal has gone in 1 test tube in given TEs because the concentration of USPIO-AFP, or USPIOGPC3, or USPIO is higher. USPIO: Ultrasmall superparamagnetic iron oxide; USPIO-AFP: USPIO-α-fetoprotein; USPIO-GPC3: USPIO-glypican 3.
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Figure 4 Relationship between T1 values and samples with different
concentrations. The test tubes 1-5 contain the iron concentrations of 0.25,
0.125, 0.0625, 0.031 and 0.016 mg/mL in the anti-AFP-USPIO, anti-GPC3USPIO or USPIO solution, respectively. The test tube 6 contains 1% agar
solution as control. USPIO: Ultrasmall superparamagnetic iron oxide; USPIOAFP: USPIO-α-fetoprotein; USPIO-GPC3: USPIO-glypican 3.

Figure 5 Relationship between T2 values and samples with different
concentrations. The test tubes 1-5 contain the iron concentrations of 0.25,
0.125, 0.0625, 0.031 and 0.016 mg/mL in the anti-AFP-USPIO, anti-GPC3USPIO or USPIO solution, respectively. The test tube 6 contains 1% agar
solution as control. USPIO: Ultrasmall superparamagnetic iron oxide; USPIOAFP: USPIO-α-fetoprotein; USPIO-GPC3: USPIO-glypican 3.

[14]

using EDC and/or sulfo-NHS . The single-step
method used EDC alone as coupling agent and is only
for molecules having one or more amines without
any carboxylates, whereas the two-step method is
appropriate for molecules that have both amines and
carboxylates, in which EDC and sulfo-NHS are all used.
Firstly, the carboxylate particles are activated with the
water-soluble EDC to create an intermediate ester
under acidic conditions (pH 3.5-4.5), which is reactive
directly with amines on molecules to form an unstable
intermediate ester. With the addition of sulfo-NHS,
another intermediate, the sulfo-NHS ester is produced.
This intermediate is more stable and has high
solubility, so that it reacts with the attacking amine
groups quickly. After the formation of the intermediate

WJG|www.wjgnet.com

2

ester the reaction medium was adjusted to mildly
alkaline pH conditions (e.g., pH 8.5), facilitating the
covalent conjugation of carboxylate nanoparticles
with antibodies. Because carbodiimide-mediated
antibody polymerization will occur due to the presence
of both amines and carboxylates on antibodies, the
excess EDC in the solution must be removed before
adding antibodies. This will prevent the decrease
of the amount of antibodies coupled to carboxylate
nanoparticles as well as the biologic function of the
[15]
antibody . This method has a good quality control,
but the fussy operation and strict control per step limit
mass production. In this study, we modified the twostep method to synthesize an MR nanoprobe based
on the design conception, in which we focused on
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A

B

C

Figure 6 Transmission electron microscopy demonstrates the structure of the HepG2 cells under a magnification of × 10000. A: HepG2 cell with expression
of GPC3 receptors incubated with anti-GPC3-USPIONs probes, and the probes were seen on the surface of the cell and in the cell (black aggregation); B: HepG2 cell
with expression of AFP receptors incubated with anti-AFP-USPIONs probes, and the probes were seen in the cell (black aggregation); C: HepG2 cell with expression
of GPC3 receptors incubated with USPIONs probes, and no USPION was seen. USPION: Ultrasmall superparamagnetic iron oxide nanoparticle; AFP: α-fetoprotein;
GPC3: Glypican 3.

coupling effect and actual application effect, as well
as the preparation process as simple as possible. It is
known as “one-pot method”, in which both activation
and coupling processes were completed in entirely
aqueous conditions without removing excess EDC and/
or NHS before adding antibodies.
The synthesized probe must have some charac
teristics such as optimal size and the physical and
chemical characteristics of the coating materials
to escape the phagocytosis by the mononuclear
phagocytic system and retain their biological activity
of the targeted molecules in the bloodstream. The MR
probes can cross the capillary into tissues and have
a chance to combine the lesions specifically through
the specific molecules such as monoclonal antibodies
or a ligand on the surface of the probes. Many studies
have shown that particle size has an important role in
the blood clearance of stealth probes. The optimal size
[16-18]
(hydrodynamic diameter) range is 8-50 nm
. The
probe with a hydrodynamic diameter less than 5.5 nm
can be removed quickly from the body via the renal
system. When probes with a hydrodynamic diameter
larger than 50 nm were injected into the body, they
were also removed from the bloodstream rapidly,
typically a matter of minutes, and usually accumulate
in the liver and spleen.
A disadvantage of the molecular MR imaging is
low sensitivity. If the magnetic strength of the USPIOs
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decreased greatly in the design and preparation of
probes, the lesion will not be detected by MRI even
though it was targeted with the probes. Leuschner et
[19]
al
compared the probe combined 60 mg SPIONs to
3.7 mg LHRH and SPIONs. They demonstrated that
the saturation magnetization and the Zeta potential of
SPIONs were higher than those of LHRH-SPION. The
Zeta potential of SPIONs was positively charged (28.5
± 1.93 mV), whereas LHRH-SPION was almost neutral
(-2.2 ± 0.85 mV). Although the magnetization values
of LHRH-SPION decreased by 5%-6% compared to
SPIONs due to binding LHRH in LHRH-SPION samples,
they assumed that the decrease was acceptable.
[20]
[21]
Chen et al
and Huang et al came to the same
[22]
conclusion. However, Zhang et al
reported that
there was no difference between SPION and SPIONantibody. Our experimental results also showed no
significance in shortening the T1 and T2 values among
the USPIO-AFP, USPIO-GPC3 and USPIO.
From the above experiments, it was seen that the
content of antibodies connected with nanoparticles
was related to the kinds of antibodies used for
conjugation, although their concentrations used for
coupling were different. Our results were the same
[23]
with others. Some laboratories
reported that 2-3
antibodies per nanoparticle was coupled, however,
[19]
some investigators
reported up to 12 antibodies
per nanoparticle, according to different tumor marker
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the MR probes for detection of hepatocellular carcinoma. The results showed
that the method is simple and can be used to synthesize the MR molecular
probes largely. The synthesized probes can specially enter targetable cells in in
vitro cell studies.

requirement. The synthesized anti-GPC3 USPIO
probes and anti-AFP USPIO probes were respectively
transported into cells through combination of ligands
or antibodies with specific receptors on the surface of
cells, but the contents of the two probes were different.
This phenomenon may be due to the different intensity
of GPC3- or AFP- receptors expressed on the surface
of HepG2 cells. However, HepG2 cells incubated with
USPIONs showed few nanoparticles in cytoplasm. This
may be due to nonspecific endocytosis, which will be
further studied.
The present preparation method had several limita
tions. First, as described above, we used random
covalent conjugation to couple the antibody with carbox
ylate nanoparticles. The antigen binding sites with
[24,25]
antibody were inevitably connected to nanoparticles
,
which will decrease the function of the antibody. In
addition, the immunogenicity of the synthesized probes
was not determined.
In conclusion, it is simple and convenient to syn
thesize the MR molecular probes using one-pot method.
The coupling efficiency of antibodies with nanoparticles
was enough compared to results reported by other
investigators. The amount of antibodies coupled with
the probes can be controlled according to the needs
and does not change the magnetization significantly.
The synthesized probes can enter targetable cells in
in vitro cell studies. Therefore, the probes synthesized
using one-pot method can be used as an MR contrast
agent for animal experimental study and have a
potential clinical application in MR imaging for early
detection of hepatic cell carcinoma.
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AIM: To investigate the timing, safety and efficacy
of prophylactic antiviral therapy in patients with
hepatitis B virus (HBV) infection undergoing allogeneic
hematopoietic stem cell transplantation (allo-HSCT).
METHODS: This prospective study recruited a total of
57 patients diagnosed with malignant hematological
diseases and HBV infection at the First Affiliated
Hospital of Sun Yat-sen University between 2006 and
2013. The patients were classified as hepatitis B surface
antigen (HBsAg)-positive or HBsAg-negative/ antiHBcpositive. Patients were treated with chemotherapy
followed by antiviral therapy with nucleoside analogues.
Patients underwent allo-HSCT when serum HBV DNA
3
was < 10 IU/mL. Following allo-HSCT, antiviral therapy
was continued for 1 year after the discontinuation of
immunosuppressive therapy. A total of 105 patients
who underwent allo-HSCT and had no HBV infection
were recruited as controls. The three groups were
compared for incidence of graft-vs -host disease (GVHD),
drug-induced liver injury, hepatic veno-occlusive
disease, death and survival time.
RESULTS: A total of 29 of the 41 subjects with
chronic GVHD exhibited extensive involvement and
12 exhibited focal involvement. Ten of the 13 subjects
with chronic GVHD in the HBsAg(-)/hepatitis B core
antibody(+) group exhibited extensive involvement
and 3 exhibited focal involvement. Five of the 10
subjects with chronic GVHD in the HBsAg(+) group
exhibited extensive involvement and 5 exhibited focal
involvement. The non HBV-infected group did not differ
significantly from the HBsAg-negative/antiHBc-positive
and the HBsAg-positive groups which were treated
with nucleoside analogues in the incidence of graft-vs host disease (acute GVHD; 37.1%, 46.9% and 40%,
respectively; P = 0.614; chronic GVHD; 39%, 40.6%
and 40%, respectively; P = 0.98), drug-induced liver
injury (25.7%, 18.7% and 28%, respectively; P = 0.7),
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death (37.1%, 40.6% and 52%, respectively; P = 0.4)
and survival times (P = 0.516). One patient developed
HBV reactivation (HBsAg-positivity) due to early
discontinuation of antiviral therapy.

covalently closed circular HBV DNA is not completely
eliminated after spontaneous resolution of acute or
[8]
chronic HBV infection or after antiviral therapy .
HSCT is the current standard of care for patients
with severe hematological disorders, where either
a sibling donor or an unrelated matched donor can
be used as a source of stem cells (allogeneic HSCT).
In areas of high HBV endemicity where almost 15%
of the patients receiving HSCT are HBsAg-positive
prior to transplantation, HBV reactivation can signifi
[9]
cantly impact the post-transplant prognosis . More
than half of the HBV carriers who receive allo-HSCT
[10]
develop HBV reactivation
and the incidence of
impaired liver function, severity of liver injury and
hepatitis-related mortality are significantly higher in
HBV infected patients receiving allo-HSCT compared
with non HBV-infected patients. In addition, HBV
reactivation may cause the discontinuation of effective
therapy of hematological diseases, which could then
[11]
indirectly influence the prognosis of these patients .
Combined HBV infection was therefore once regarded
a contraindication to allo-HSCT.
Nucleoside analogs such as lamivudine and
entecavir have been used for the treatment of acute
[12,13]
and chronic HBV infection
, as well as for chemo
[14,15]
therapy-induced HBV reactivation
. However, the
timing of initiation and optimal duration of antiviral
therapy with nucleoside analogues is still controversial.
A recent report described late-onset HBV reactivation
after long-term prophylactic treatment with lamivudine
[16]
in an NHL patient who underwent HSCT . It is also
unclear if prophylactic use of nucleoside analogues
for antiviral therapy is necessary for patients who are
HBsAg-negative/antiHBc-positive. Additionally, there
is not much information available about the HBV DNA
levels in allo-HSCT donors and recipients at the time of
transplantation which would predict viral reactivation.
In this study, we aimed to investigate the timing,
safety and influence of antiviral therapy in HBsAgpositive and HBsAg-negative/antiHBc-positive HBV
patients after allo-HSCT. The primary endpoint of the
study was cumulative survival. Secondary endpoints
included occurrence of complications, presence of
acute or chronic graft-vs-host disease (GVHD), liver
damage and veno-occlusive disease (VOD).

CONCLUSION: Suppression of HBV DNA to < 103 IU/
mL before transplantation, continued antiviral therapy
and close monitoring of immune markers and HBV DNA
after transplantation may assure the safety of alloHSCT.
Key words: Hematopoietic stem cell transplantation;
Hepatitis B virus; Antiviral therapy; Nucleotide analogues
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The threshold of pre-transplantation hepatitis
3
B virus (HBV) DNA for allo-HSCT was defined as 10 IU/
mL. Only 1 patient developed HBV reactivation due to
early discontinuation of antiviral therapy. The hepatitis
B surface antigen (HBsAg)(+), HBsAg(-)/hepatitis B
core antibody(+) and non-HBV infected groups showed
no statistically significant differences in the incidence
of graft-vs -host disease, drug-induced liver injury,
hepatic veno-occlusive disease death, survival times
and post-transplantation cumulative survival rates. In
3
summary, suppression of HBV DNA to < 10 IU/mL
before transplantation, continued antiviral therapy and
close monitoring of immune markers of hepatitis B and
HBV DNA after transplantation may assure the safety of
allogeneic hematopoietic stem cell transplantation.
Liao YP, Jiang JL, Zou WY, Xu DR, Li J. Prophylactic antiviral
therapy in allogeneic hematopoietic stem cell transplantation
in hepatitis B virus patients. World J Gastroenterol 2015;
21(14): 4284-4292 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4284.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4284

INTRODUCTION
Hepatitis B virus (HBV) infection is a major public
health challenge worldwide, with almost 2 billion
[1]
people showing serological evidence of infection .
China is a region of high endemicity and the
percentage of hepatitis B surface antigen (HBsAg)
carriers in the population aged 1-59 years old is
[2,3]
estimated at 7.18% . The major goals of antiviral
therapy include: (1) loss of HBsAg; (2) seroconversion
to anti-HBs; (3) seroconversion to anti-HBe in HBeAg[4]
positive patients; and (4) loss of viral DNA .
Immune dysfunction arising from hematological
diseases, intensive chemotherapy, immunosuppressive
therapy, monoclonal antibody therapy or hematopoietic
stem cell transplantation (HSCT) can result in
exacerbation or reactivation of HBV infection after viral
[5-7]
resolution . Reactivation occurs when intracellular
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MATERIALS AND METHODS
Patients

This prospective cohort study recruited a total of 162
patients who received allo-HSCT at the First Affiliated
Hospital of Sun Yat-sen University between September
2006 and December 2013. The study was reviewed
and approved by the Institutional Review Board of
the First Affiliated Hospital, Sun Yat-sen University. All
study participants, or their legal guardian, provided
informed written consent prior to study enrollment.
There were 77 patients with acute myeloid leukemia
(AML), 42 patients with acute lymphoblastic leukemia
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2

(ALL), 21 patients with aplastic anemia, 3 patients
with non-Hodgkin’s lymphoma (NHL), 6 patients
with myelodysplastic syndrome (MDS), 11 patients
with chronic myeloid leukemia (CML), 1 patient with
paroxysmal nocturnal hemoglobinuria (PNH) and 1
patient with myelofibrosis (MF). Based on the presence
of immune markers for hepatitis B, patients were
classified into: (1) non-HBV infection group (n = 105);
(2) HBsAg-positive group (n = 25); and (3) Hepatitis B
core antibody (HBcAb)-positive group (n = 32).

total dose 300 mg/m -6 d; etoposide total dose 800
2
mg/m -5 d to -2 d; cyclophosphamide total dose 5
2
g/m iv drip -5 d to -2 d); (4) prevention of GVHD was
done with cyclosporine A (60 mg/d); mycophenolate
2
mofetil (1 g/d); methotrexate 15 mg/m (+ 1 d) or 10
2
mg/m (+3, 6 and 11 d); and (5) patients receiving
non-sibling allogeneic hematopoietic stem cell
transplantation were treated with ATG (2.5 mg/kg per
day × 3 to 4 d).

Allo-HSCT procedures

Inclusion criteria

Patients with AML were initially treated with anthra
cyclines and Ara-C at a standard dose for induced
chemotherapy. When complete remission was
achieved, chemotherapy was consolidated with the
original protocol or two courses of Ara-C at a large
2
dose (3 g/m q12h d1.3.5). Allo-HSCT was performed
after this. Patients with ALL were initially treated
with VDLP protocol for induced chemotherapy. When
complete remission was achieved, chemotherapy was
consolidated with the original protocol or anthracyclines
in combination with Ara-C at a standard dose or two
courses of the Hyper-CVAD protocol. Allo-HSCT was
performed after this. Patients with aplastic anemia
received sibling allo-HCST soon after diagnosis.

(1) All patients were diagnosed based on the criteria
for the diagnosis and the evaluation of therapeutic
[17]
efficacy of hematological diseases ; (2) all trans
plantation procedures were performed according to
the guidelines published in the Hematopoietic Stem
Cell Transplantation Standard Practice Manual, Fred
Hutchinson Cancer Research Center (Chinese Edition);
Editors: BEN SHE and YI MING (ISBN:7117090782/97
87117090780); (3) study participation was voluntary
and all patients agreed to receive allo-HSCT; and (4)
all patients were aged < 60 years.

Exclusion criteria

(1) Presence of heart disease and/or kidney diseases
or risk factors for these diseases; (2) presence of
mental diseases; (3) patients who were pregnant or
breast feeding; (4) presence of decompensated liver
function prior to transplantation; (5) liver function
indicating Child-Pugh grade B-C; (6) glutamate
aminotransferase (ALT) levels which were higher
than twice the upper limit of normal (> 2ULN); (7)
increase in bilirubin levels prior to transplantation; (8)
presence of concomitant hepatitis A, C, D or E; and
(9) patients who were not compliant with the study
protocol. Written informed consent was obtained
from all patients and the study was approved by
the Institutional Review Board of the First Affiliated
Hospital of Sun Yat-sen University.

Laboratory investigations, therapeutic regimens and
monitoring

Serum immune markers for hepatitis B were detected
and quantitated using enzyme-linked immunosorbent
assay (ELISA) kits (Shanghai Rongsheng Biotech Co.,
Ltd) according to the manufacturer’s instructions. HBV
DNA was quantitated using a PCR kit with a 100 IU/mL
detection limit (Shenzhen Daji Biotech Co., Ltd).
Based on the presence of serum markers, patients
in the HBsAg-positive group and those in the HBcAbpositive group were treated with nucleoside analogues
(entecavir 0.5 mg qd). HSCT was performed when the
3
HBV DNA was lower than 10 IU/mL. Antiviral therapy
was continued after transplantation for a period of
1 year after discontinuation of immunosuppressive
therapy. After transplantation, evaluation of liver
function, quantitation of serum markers for hepatitis
B and quantitation of HBV DNA was done monthly for
6 years, once every 3 mo after that for 2 years when
abnormalities were absent and thereafter every 6 mo
when there were no abnormalities.
HBV reactivation, presence of hepatic VOD,
GVHD and liver failure were diagnosed as previously
[17-20]
described
.

Treatment protocols

Patients infected with HBV were treated according to
[4]
the EASL guidelines .
Pretreatment protocols: (1) Patients with acute
leukemia, CML or MDS received the BuCy protocol
prior to allo-HCST (busulfan total dose 16 mg/kg iv
drip -8 d to -5 d；cyclophosphamide total dose 120
mg/kg iv drip -4 d to -3 d); (2) patients with aplastic
anemia or PNH received the CTX + ATG protocol prior
to allo-HCST (cyclophosphamide 50 mg/kg per day iv
drip -5 d to -2 d; anti-thymocyte globulin total dose
12.5 mg/kg iv drip -5 d to -2 d); (3) patients with NHL
received the BEAM protocol prior to HCST (BCNU total
2
2
dose 300 mg/m -6 d; etoposide total dose 800 mg/m
2
-5 d to -2 d; Ara-C total dose 800 mg/m -5 d to -2 d;
2
melphalan total dose 140 mg/m -1 d）or CBV (BCNU

WJG|www.wjgnet.com

Statistical analysis

Continuous variables were presented as mean and
standard deviations (SDs). One-way ANOVA analysis
was used for group comparisons in variables with
normal distribution. Kruskal-Wallis tests were used
for group comparisons in variables without normal
distribution. The normal distributions were detected
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Assessed for eligibility (n = 162)

Enrollment

Excluded (n = 0)
Not meeting inclusion criteria (n = 0)
Declined to participate (n = 0)
Other reasons (n = 0)
Allocation

HBsAg(+) (n = 25)

3

HBV-DNA > 10 IU /mL

HBsAg(-)/HBcAb(+) (n = 32)

Non-HBV infected (n = 105)

3

HBV-DNA < 10 IU /mL

Intervention
No intervention
Nucleoside analogues
for antiviral therapy until
3
HBV-DNA < 10 IU /mL;
then start allo-HSCT

Anti-viral therapy after transplantation
continued for 1 year after discontinuation
of immunosuppressive therapy

Follow-up

Follow-up

Figure 1 Flow diagram. HBV: Hepatitis B virus; allo-HSCT: Allogeneic hematopoietic stem cell transplantation; HBcAb: Hepatitis B core antibody; HBsAg: Hepatitis B
surface antigen.

Complications, death rate and HBV reactivation in
subjects from the different groups

by Kolmogorov-Smirnov tests. Categorical variables
2
were presented as counts and percentages. χ tests or
Fisher’s exact tests were used for group comparison
among categorical variables. Kaplan-Meier curves with
log-rank test were used to evaluate the cumulative
survival rates and the differences between the
HBsAg(+) group, the HBsAg(-)/HBcAb(+) group and
the non-HBV infected group. Statistical analyses were
performed using SPSS software version 17 (SPSS Inc,
Chicago, IL, United States). A two-tailed P of < 0.05
was considered significant. The statistical methods
of this study were reviewed by a biostatistician from
MedCom BioStat Inc (Taipei, Taiwan).

The complications observed in subjects from different
groups are presented in Table 2. Of the 41 subjects
with chronic GVHD in the non-HBV infected group,
29 subjects exhibited extensive involvement and 12
exhibited focal involvement. Of the 13 subjects with
chronic GVHD in the HBsAg(-)/HBcAb(+) group, 10
subjects exhibited extensive involvement and 3 exhibited
focal involvement. Of the 10 subjects with chronic GVHD
in the HBsAg(+) group, 5 subjects exhibited extensive
involvement and 5 exhibited focal involvement.
A total of 39 subjects in the non-HBV infected
group (37.1%), 15 subjects in the HBsAg(-)/HBcAb(+)
group (46.9%) and 10 subjects in the HBsAg(+)
group (40%) had acute GVHD. Two subjects (5.1%)
in the non-HBV infected group, 3 subjects (20%) in
the HBsAg(-)/HBcAb(+) group and 2 subjects (20%)
in the HBsAg(+) group had level Ⅰ GVHD. Nineteen
subjects (48.7%) in the non-HBV infected group, 2
subjects (13.3%) in the HBsAg(-)/HBcAb(+) group
and 2 subjects (20%) in the HBsAg(+) group had
level Ⅱ GVHD. Sixteen subjects (41%) in the nonHBV infected group, 7 subjects (46.7%) in HBsAg(-)/
HBcAb(+) group and 4 subjects (40%) in HBsAg(+)
group had level Ⅲ GVHD. Two subjects (5.1%) in

RESULTS
Baseline characteristics of subjects between groups

Of the 162 subjects included in this study, 105 were
not infected with HBV, 32 subjects were HBsAg(-)/
HBcAb(+) and 25 subjects were HBsAg(+) (Figure 1).
The baseline characteristics of subjects are presented
in Table 1. The included patients were aged 12-56
years (median: 32 years). There were no significant
differences in gender, age, type of disease and
methods of transplantation between the HBsAg(+),
HBsAg(-)/HBcAb(+) and non-HBV infected groups.

WJG|www.wjgnet.com
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Table 1 Baseline characteristics of subjects in the different groups n (%)
Non-HBV infected (n = 105)

HBsAg(-)/HBcAb(+) (n = 32)

HBsAg(+) (n = 25)

69 (65.71)
36 (34.29)
31.35 ± 11.88

22 (68.75)
10 (31.25)
32 ± 10.31

14 (56)
11 (44)
32.48 ± 9.66

44 (41.90)
30 (28.57)
16 (15.24)
15 (14.29)

18 (56.25)
6 (18.75)
4 (12.50)
4 (12.50)

15 (60)
6 (24)
1 (4)
3 (12)

80 (76.19)
21 (20.00)
4 (3.81)

21(65.63)
9 (28.13)
2 (6.25)

20 (80)
3 (12)
2 (8)

Gender
Male
Female
Age (yr)
Type of disease1
Acute myeloid leukemia
Acute lymphoblastic leukemia
Aplastic anemia
Others
Methods of transplantation
Sibling
Unrelated
Haploidy

P value
0.582

0.887
0.576

0.548

1

Represented Fisher’s exact tests used. Continuous variables were presented as mean ± SD or median (ranges). Categorical variables were presented as
counts and percentages.

Table 2 Complications of subjects in the different groups n (%)
Non-HBV infected (n = 105)
GVHD
Acute
Chronic
Involvement1
Extensive
Limited
Grade1
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Drug-induced liver injury
Organ injury
Death
Time of granular cells engraftment (d),
median (range)
Time of megakaryocytic cells engraftment (d),
median (range)

HBsAg(-)/HBcAb(+) (n = 32) HBsAg(+) (n = 25)

P value

39 (37.14)
41(39.05)

15 (46.88)
13 (40.63)

10 (40)
10 (40)

0.614
0.986
0.366

29 (70.73)
12 (29.27)

10 (76.92)
3 (23.08)

5 (50)
5 (50)

2 (5.13)
19 (48.72)
16 (41.03)
2 (5.13)
27 (25.71)
34 (82.93)
39 (37.14)
12 (7-35)

3 (20)
2 (13.33)
7 (46.67)
3 (20)
6 (18.75)
11 (68.75)
13 (40.63)
12 (9-20)

2 (20)
2 (20)
4 (40)
2 (20)
7 (28)
9 (90)
13 (52)
10 (8-19)

0.717
0.372
0.401
0.091

15 (9-50)

15 (9-49)

15 (9-48)

0.880

0.089

1

Represented Fisher’s exact tests used. GVHD: Graft-vs-host disease.

the non-HBV infected group, 3 subjects (20%) in the
HBsAg(-)/HBcAb(+) group and 2 subjects (20%) in
the HBsAg(+) group had level Ⅳ GVHD. Twenty-seven
subjects (25.7%) in the non-HBV infected group, 6
subjects (18.7%) in the HBsAg(-)/HBcAb(+) group
and 7 (28%) subjects in the HBsAg(+) group had
drug-induced liver injury. Thirty four subjects (82.9%)
in the non-HBV infected group, 11 subjects (68.7%) in
the HBsAg(-)/HBcAb(+) group and 9 (90%) subjects
in the HBsAg(+) group had organ injury. There were
39 deaths (37.1%) in the non-HBV infected group,
13 deaths (40.6%) in the HBsAg(-)/HBcAb(+) group
and 13 deaths (52%) in the HBsAg(+) group. Only 1
patient in the HBcAb-positive group died of GVHD (liver
involvement). The cause of death in the remaining
patients was unrelated to liver failure.
In the HBV-infected group, 1 patient who was
HBsAg-positive received antiviral therapy with entecavir
after the initial diagnosis and antiviral therapy was

WJG|www.wjgnet.com

discontinued 2 mo after discontinuation of immuno
suppressive therapy. Five months after discontinuation
of immunosuppressive therapy, there was an increase
in transaminase and bilirubin levels and HBV-DNA
6
increased to 10 IU/mL. Antiviral therapy was resumed
and there was a recovery of liver function. There was
no HBV reactivation in any of the remaining patients.
There were no significant differences in GVHD, druginduced liver injury, organ injury, death, time of engraft
ment of granular cells and time of engraftment of me
gakaryocytic cells between the three groups (Table 2).

Cumulative survival rates among groups

The cumulative survival rates in the different groups
are presented in Figure 2. There were no statistically
significant differences in the post-transplantation
cumulative survival rates between the HBsAg(+),
HBsAg(-)/HBcAb(+) and non-HBV infected groups (P
= 0.516) (Figure 2).
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recipient; (3) comorbidities; and (4) risk of generating
drug-resistant variants. Although the Standard Practice
Manual for HSCT (Seattle) recommends prophylactic
antiviral therapy with lamivudine in HBsAg-positive
[28]
patients receiving allo-HSCT , the duration of antiviral
therapy is not defined. The Queen Mary Hospital in
Hong Kong recommends continuation of prophylactic
antiviral therapy after transplantation for at least
12 mo after discontinuation of immunosuppressive
therapy in HBsAg-positive patients and the duration
of antiviral therapy for patients with a high load of
[29]
HBV DNA may be longer . Prolonged prophylactic
antiviral therapy is especially important in the light of
recent reports of delayed immune recovery in HSCT
[30]
recipients
and a case report of HBV reactivation 9
mo after discontinuation of lamivudine treatment in
[16]
an NHL patient who underwent allo-HSCT . A recent
study reported that prolonged prophylactic treatment
with entecavir in HBsAg-positive patients or prolonged
preemptive treatment with entecavir in HBV-resolved
patients prevented HBV reactivation associated with
immunosuppression in patients with hematological
[24]
malignancies . Entecavir treatment was administered
for 6 mo after the disappearance of HBsAg and HBV
DNA from the serum.
Based on these data, we used antiviral therapy with
nucleoside analogues for patients who were HBsAgpositive and those who were HBsAg-negative/HBcAbpositive in this study. HBV can remain in a stable form
in the nucleus of affected hepatocytes as covalently
closed circular DNA (cccDNA) and the first stage of
HBV reactivation which occurs during therapy with
potent cytotoxic drugs or with immunosuppressants
is characterized by increased viral replication and
elevated levels of serum HBeAg and HBV DNA. In
HBsAg negative/HBcAb positive patients with normal
immune function, HBV-specific CD8+T cells in the
peripheral blood may attack infected hepatocytes
via the Fas or perforin pathways and inhibit viral
[26]
replication via release of IFN-γ and TNF-a . However,
after allo-HSCT, the incidence of recurrence of HBV
infection and related mortality are very high since low
levels of autogenous IgG levels may cause an increase
[7,31]
in HBsAg levels and recurrence of HBV infection
.
It is important to note that although the incidence of
recurrence of HBV infection in these patients is lower
than that seen in HBsAg-positive patients, recurrence
can lead to fulminant hepatitis which has a high
mortality. Rituximab therapy and HSCT are important
risk factors of this condition. Previous studies have
shown that the incidence of recurrence of HBV infection
[22,32-36]
after HSCT was 10%-20%
. A retrospective
long-term study reported that the incidence of
recurrence of HBV infection after immunosuppression
was 9.0%, 21.7% and 42.9% at 1, 2 and 4 years,
[23]
respectively . The Consensus on the Management
of Lymphoma Patients with HBV Infection in China
[37]
(2013)
recommends monitoring of hepatitis B
immune markers and HBV DNA in patients with good

Survival curve

1.0

Cumulative survival rate

0.8
0.6
0.4
Non-HBV infected
HBsAg(-)/HBcAb(+)
HBsAg(+)

0.2

Log-rank test

P = 0.516
0.0
0

20
40
60
80
Survival time after transplant (mo)

100

Figure 2 Cumulative survival rates in the non-hepatitis B virus infection
group, HBsAg-positive group and HBsAg-negative/HBcAb positive group
after allogeneic hematopoietic stem cell transplantation. HBcAb: Hepatitis
B core antibody; HBsAg: Hepatitis B surface antigen.

DISCUSSION
In this study, we prospectively studied the timing,
safety and efficacy of prolonged prophylactic
antiviral therapy for HBsAg-positive and HBsAgnegative/antiHBc-positive patients with hematological
malignancies who underwent allo-HSCT. Non HBVinfected patients with hematological malignancies were
used as controls. Our data showed that HBV patients
who received prophylactic antiviral therapy with
nucleoside analogues showed no significant differences
in the incidence of graft-vs-host disease (GVHD), druginduced liver injury, organ injury, death or survival
time compared to the non-HBV control group. We
also showed that using prophylactic antiviral therapy
3
to lower the HBV DNA load to < 10 IU/mL before
transplantation improved the safety and efficacy of
allo-HSCT by suppressing HBV reactivation.
In the present study, 16.4% of our study patients
were HBsAg-positive. These data were consistent with
[21,22]
other recent reports
. Serial evaluations of antiHBs levels and HBV DNA are necessary to accurately
determine the occurrence of reverse seroconversion
[23]
and HBV reactivation . The incidence of HBV
reactivation in patients receiving HSCT has been shown
[17,24]
to range from 21%-53%
and HBV reactivation[25,26]
related mortality ranged from 5%-40%
. It was
previously reported that HBV-exposed recipients
who were HBsAg-negative pre-transplant did not
show HBV reactivation after stopping prophylactic
lamivudine treatment, while one HBV-carrier recipient
had HBV reactivation and fulminant liver failure after
stopping lamivudine prophylaxis as late as 31 mo post[27]
transplant . Prophylactic antiviral therapy remains
controversial for this population of patients with prior
[25]
HBV exposure who are considered cured .
The major challenges to treating patients who
undergo HBV reactivation after HSCT are: (1) high
viral loads; (2) immunosuppressed status of the
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compliance and initiation of antiviral therapy when
HBV DNA is detectable. Prophylactic antiviral therapy
before chemotherapy is recommended for patients
with poor compliance. Prophylactic antiviral therapy
is also recommended for patients with a high risk for
recurrence of HBV infection (including those receiving
rituximab therapy or HSCT and those with concomitant
hepatic cirrhosis).
In the present study, only 1 patient developed
HBV reactivation (HBsAg-positivity) due to early
discontinuation of antiviral therapy and HBV
6
reactivation (HBV-DNA levels of 10 IU/mL at 5 mo
after discontinuation of immunosuppressive therapy)
occurred at the stage of immune reconstitution.
However, HBV-DNA was < 500 IU/mL in the rest of
the patients. Our data were consistent with a previous
report showing that prophylactic lamivudine treatment
administered for varying periods of time, ranging from
24 wk post-transplant until 18 mo after transplant,
[27]
inhibited HBV reactivation . These data suggested
that antiviral therapy should be continued for 1 year
after discontinuation of immunosuppressive therapy.
However, it is important to note that prolonged
lamivudine treatment for HBV reactivation has
been shown to be associated with the generation
of treatment-resistant variants, while tenofovir and
adefovir are thought to negatively impact the renal
[30,38-40]
function of patients
. Our choice of entecavir was
based on data showing that entecavir was associated
with significantly lower levels of resistance compared
[40]
to lamivudine . In this study, entecavir treatment
was started at the time of chemotherapy initiation
and was stopped at 1 year after discontinuation of
immunosuppressive therapy. There was no significant
difference in hematopoietic reconstitution, hema
topoietic stem cell engraftment status or incidence
of GVHD between the non-hepatitis B group (which
received no entecavir therapy) and the hepatitis B
group, suggesting that entecavir was safe for the
transplantation of hematopoietic stem cells in HBV
patients. There was also no significant difference in
the incidence of drug-induced liver injury, hepatic vein
obstruction syndrome and liver involvement of GVHD
between the two groups, suggesting the efficacy of
entecavir therapy for this group of patients. Our data
agreed with an earlier report demonstrating the safety
and tolerability of entecavir in HBV patients undergoing
[41]
HSCT .
5
A high load of HBV DNA (> 10 copies/mL) prior to
[6]
[5]
chemotherapy or HSCT is an important risk factor for
HBV reactivation. In patients receiving chemotherapy,
the incidence of recurrence of HBV infection was 37.8%
in patients with detectable HBV DNA and 10.9% in
[7]
patients with undetectable HBV DNA . However, the
exact threshold remains controversial. Three different
studies proposed that the threshold of viral load
3
3
dictating recurrence was 0.5 × 10 IU/mL, 1 × 10
4
[7,42,43]
IU/mL and 2 × 10 IU/mL, respectively
. These
data suggested that it would be advantageous to use
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antiviral therapy with nucleos(t)ide analogues to reduce
the viral load before transplantation. Quantification of
viral DNA is a useful tool to identify patients who should
receive antiviral therapy with nucleoside analogues prior
to transplantation. In the present study, we defined
3
the threshold of pre-transplantation HBV DNA as 10
IU/mL and HBV loads and medication compliance of
patients with values above this threshold were closely
monitored. Our data showed no hepatitis-related
liver failure in patients with HBV DNA loads below the
threshold value.
This study had several limitations. The factors
initiating HBV reactivation were not identified or
characterized and this is an important future goal. It
is also essential to investigate the optimal course of
antiviral therapy. Based on our study, we also could
not conclude whether HBV reactivation in elderly
patients (> 60 years old) can be also safely prevented
3
with the threshold value of 10 IU/mL). Another
limitation of this study was that we did not determine
HBV genotypes. In our future studies, we would like
to stratify HBV-infected patients based on the type of
disease, HBV genotype, severity of GVHD and degree
of HBV activity, and to explore individualized antiviral
therapeutic strategies.
In summary, our data demonstrated that prolonged
prophylactic antiviral therapy to lower the HBV DNA
3
load to 10 IU/mL before transplantation and close
monitoring of HBV DNA and immune markers of HBV
after transplantation was beneficial in HBsAg-negative
antiHBc-positive patients undergoing allo-HSCT.
Antiviral therapy administered prior to transplantation
was safe and had no influence on hematopoietic
reconstitution. It is important to investigate whether
the prolonged duration of antiviral therapy could cause
resistant variants of HBV.
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started at the time of chemotherapy initiation and was stopped at 1 year after
discontinuation of immunosuppressive therapy. There was no significant
difference in hematopoietic reconstitution, hematopoietic stem cell engraftment
status or incidence of graft-vs-host disease (GVHD) between the non-hepatitis
B group (which received no entecavir therapy) and the hepatitis B group,
suggesting that entecavir was safe for the transplantation of hematopoietic
stem cells in HBV patients. There was also no significant difference in the
incidence of drug-induced liver injury, hepatic vein obstruction syndrome and
liver involvement of GVHD between the two groups, suggesting the efficacy of
entecavir therapy. We defined the threshold of pre-transplantation HBV DNA as
103 IU/mL and HBV loads and medication compliance of patients with values
above this threshold were closely monitored. Our data showed no hepatitisrelated liver failure in patients with HBV DNA loads below the threshold value.
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Applications

Prolonged prophylactic antiviral therapy to lower the HBV DNA load to 103 IU/mL
before transplantation and close monitoring of HBV DNA and immune markers
of HBV after transplantation were beneficial in HBsAg-negative antiHBc-positive
patients undergoing allo-HSCT.

12

Terminology

Allogeneic hematopoietic stem cell transplantation is a procedure where
allogeneic stem cells are transfused in order to restore hematopoietic function
in patients who are immunosuppressed, commonly during chemotherapy. HBV
reactivation occurs when intracellular covalently closed circular HBV DNA is
not completely eliminated after spontaneous resolution of acute or chronic HBV
infection or after antiviral therapy.
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METHODS: Fifty SAP patients were identified as study
objects and then classified into two groups according to
the presence of bacterial translocation (BT) in the blood
[i.e. , BT(+) and BT(-)]. Twenty healthy individuals
were included in the control group. BT was analyzed
by polymerase chain reaction, colonic mucosal tissue
was obtained by endoscopy and the expression of
TJ proteins and Arpin protein was determined using
immunofluorescence and western blotting.
RESULTS: Bacterial DNA was detected in the peripheral
blood of 62.0% of patients (31/50) with SAP. The
expression of TJ proteins in SAP patients was lower
than that in healthy controls. In contrast, Arpin protein
expression in SAP patients was higher than in healthy
controls (0.38 ± 0.19 vs 0.28 ± 0.16, P < 0.05). Among
SAP patients, those positive for BT showed a higher level
of claudin-2 expression (0.64 ± 0.27 vs 0.32 ± 0.21,
P < 0.05) and a lower level of occludin (OC) (0.61 ±
0.28 vs 0.73 ± 0.32, P < 0.05) and zonula occludens-1
(0.42 ± 0.26 vs 0.58 ± 0.17, P = 0.038) expression in
comparison with BT (-) patients. Moreover, the level of
Arpin expression in BT (+) patients was higher than in BT
(-) patients (0.61 ± 0.28 vs 0.31 ± 0.24, P < 0.05).
CONCLUSION: Arpin protein affects the expression
of tight junction proteins and may have an impact on
BT. These results contribute to a better understanding
of the factors involved in bacterial translocation during
acute pancreatitis.
Key words: Severe acute pancreatitis; Arpin; Tight
junction proteins; Bacterial translocation; Epithelium;
Intestinal epithelial barrier

Abstract
AIM: To assess the impact of Arpin protein and tight
junction (TJ) proteins in the intestinal mucosa on

WJG|www.wjgnet.com

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

4293

April 14, 2015|Volume 21|Issue 14|

Deng WS et al . Arpin contributes to bacterial translocation
tricellulin. CLs and OCs are the most prominent of
[14]
these proteins . Zonula occluden (ZO) proteins are
linked with the main transmembrane proteins and
form the CL-ZO protein interactions that are essential
[15]
for TJ formation . Extensive evidence has identified
the Arp2/3 complex as an actin polymerizing complex
[16]
localized to the tight junction . Cell migration
requires the generation of branched actin networks
that power the protrusion of the plasma membrane
[17]
in lamellipodia . These structures are major sites
of actin filament nucleation and typically display
highly nonlinear kinetics, meaning that they are
[18]
sharply defined in both space and time . The Arp2/3
complex is the molecular machine that nucleates these
branched actin networks by binding to the side of an
[17,19]
existing filament and initiating branch formation
.
The resulting two new filaments can then each be split
again, creating a natural feed-forward mechanism,
limited only by the supply of components, such as
the Arp2/3 complex, actin monomers and activators,
[20]
most of which diffuse from the cytoplasm . Dang
[14]
et al
reported that Arpin is a negative regulator
of Arp2/3 activity and that cells utilize Arpin to finetune actin nucleation activity at the leading edge of
the lamellipodium to steer the cell. These authors
also performed a bioinformatics search for proteins
containing a highly conserved carboxy-terminal Arp2/3
binding motif. The classical Arp2/3 binding domain
consists of an amphipathic а-helix, sometimes referred
to as the coil region, which binds to the barbed end
groove of Arp2, followed by a short acidic motif with a
highly conserved tryptophan residue at position-1 or
[21]
-2 relative to the carboxyl terminus . The acidic motif
[22]
is thought to bind to Arp3 . The newly identified
protein, Arpin, contains a prototypical acidic motif and
through binding to the Arp2/3 complex, Arpin inhibits
actin filament nucleation, thereby functioning as a
[14]
competitive Arp2/3 inhibitor .

Core tip: Tight junctions (TJs) are the structural basis
for the intestinal epithelial barrier. Increased intestinal
permeability caused by variations in TJ proteins
may result in bacterial translocation (BT) and there
is evidence that BT may contribute to infection and
sepsis. However, the detailed mechanisms for BT
remain unknown. Recent work has identified an Arp2/3
interacting protein called Arpin, which was shown to
restrict the rate of actin polymerization and control
cell migration. Our research shows that Arpin protein
affects the expression of TJ proteins and may have an
impact on BT.
Deng WS, Zhang J, Ju H, Zheng HM, Wang J, Wang S, Zhang
DL. Arpin contributes to bacterial translocation and development
of severe acute pancreatitis. World J Gastroenterol 2015;
21(14): 4293-4301 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4293.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4293

INTRODUCTION
Infection and sepsis are severe complications contri
buting to most late deaths in patients with severe
[1,2]
acute pancreatitis (SAP) . The organisms responsible
for infection in cases of SAP are thought to be common
[3,4]
enteric bacteria , which has generally been supported
[5]
by animal experiments . Bacterial translocation (BT)
from the gut is the most widely accepted mechanism
[4-6]
for the pathogenesis of infection and sepsis in SAP .
BT is defined as the passage of indigenous bacteria
(or their products) colonizing the intestine through
the intestinal mucosal barrier to the mesenteric lymph
[7]
nodes and other distant sites . The following three
major factors have been proposed as promoters of BT:
impairment of intestinal barrier function; alterations
in gastrointestinal microflora; and deficiencies in host
[8]
immunity . During SAP, the structure and function
of the intestinal mucosa are damaged, leading to gut
[1,5]
barrier dysfunction . The intestinal mucosal barrier
is established by the intestinal epithelial barrier and
[9,10]
distribution of microbial flora
and is composed of
tight junctions (TJs) between intestinal epithelial cells.
These TJ proteins form and regulate the paracellular
[11-13]
pathway
; however, the detailed mechanism for
this function remains unknown. Recent work has
identified an Arp2/3 interacting protein called Arpin
that restricts the rate of actin polymerization and is
the latest component in the steadily expanding protein
[14]
repertoire shown to control cell migration . In the
current study, we found that Arpin may contribute to
BT occurrence and development through the regulation
of TJs.
TJs, which are the structural basis of intestinal
epithelial barrier, are comprised of the following 4
types of transmembrane proteins: occludin (OC),
claudins (CLs), junctional adhesion molecules and
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MATERIALS AND METHODS
Patients

This prospective observational study included 50
patients with SAP who were admitted to the Affiliated
Hospital of Medical College, Qingdao University and
Jinlin Hospital, Nanjing University between January
2012 and September 2013. Patients were recruited
if the onset of upper abdominal pain was within 48
h of admission. The diagnosis of SAP was made
during the first 12 h of admission, based on the
presence of acute upper abdominal pain, serum
amylase and/or lipase levels greater than three
times the upper limit of normal, and the results of
[23]
contrast-enhanced CT . SAP was defined according
[23]
to the Atlanta clinical criteria . The severity of the
disease was assessed using Acute Physiology and
[24]
Chronic Health Evaluation (APACHE)-Ⅱ criteria .
Patients were treated on the basis of standardized
protocols of interdisciplinary management, including
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were located at positions 7-27 and 531-514
[Escherichia coli (E. coli) numbering]. The total PCR
volume was filtered with QIAquick Spin Columns
(Qiagen) to remove the remaining primers and
analyzed by 2% agarose gel electrophoresis and
ultraviolet visualization. The final product was purified
by precipitation with ethanol acetate and analyzed
with an ABIPRISM 310 Automated Sequencer (Applied
Biosystems, Foster City, CA, United States). Sequences
obtained were compared with the database of the
National Center for Biotechnology Information (http://
www.ncbi.nih.gov). DNA extracted from E. coli was
used as a positive control and sterile water and PCR
mixtures (without template) were used as negative
controls. The limit of detection of the method was
evaluated. One colony from a culture of E. coli was
diluted up to 100000-fold in sterile water and DNA
isolation from 200 mL of each dilution was performed.
The yield and purity of DNA were measured by reading
the optical densities at 260/280 nm, respectively. From
each sample, 2 μL was used for PCR.

gastrointestinal decompression, intravenous (iv) fluids,
nutritional support and/or organ system support. The
patients received antibiotic prophylactic treatment
within 48 h after SAP onset that continued until
unequivocal clinical improvement. Patients with one
of the following clinical findings were included in the
study: (1) local complications (pancreatic necrosis,
pancreatic pseudocyst, pancreatic abscess); (2)
organ failure; (3) APACHE-Ⅱ score > 8; (4) Ranson
criteria > 3; (5) Balthazar CT grading Ⅱ or above;
and (6) clinical course in the first 3 d showing colonic
involvement, severe abdominal distention and colonic
irrigation treated by endoscopic decompression.
Patients with any of the following were excluded from
the study: (1) concurrent sepsis or pancreatic infection
or peripancreatic infection caused by a second disease;
(2) patients with acute or chronic gastrointestinal
diseases; (3) patients sent directly to the intensive
care unit for multiorgan failure; (4) post-endoscopic
retrograde cholangiopancreatography or traumatic or
operative pancreatitis; and (5) pregnancy, malignancy,
immunodeficiency or moribund patients regardless of
cause within 48 h prior to enrollment. Twenty healthy
volunteers were recruited and acted as controls. The
controls were in good health and had no history of
either pancreatic or gastrointestinal disease. This study
was approved by the Human Subjects Institutional
Committee of Affiliated Hospital of Medical College,
Qingdao University. Written informed consent was
obtained from the participants.

Immunofluorescence

Immunofluorescent staining was carried out for Arpin,
OC, CL-2 and ZO-1 in the obtained specimens. After
blocking endogenous peroxidases activity to reduce
nonspecific binding, slides were incubated in 1%
bovine serum album for 30 min. After washing in
phosphate-buffered saline, primary antibodies (rabbit
anti-human Arpin antibody, rabbit anti-human CL-2
antibody: Zymed Laboratories, San Francisco; rabbit
anti-OC antibody: Santa Cruz Biotechnology, Santa
Cruz, CA, United States; mouse anti-ZO-2 antibody:
BD, Heidelberg, Germany) were applied according to
the dilutions advised by the manufacturers. Isotype
staining assured specific staining results. Slides were
then incubated with goat anti-rabbit Alexa546 or goat
anti-mouse Alexa546 secondary antibody (Molecular
Probes/Invitrogen, Karlsruhe, Germany). Nuclei were
stained with 40, 6-diamidino-2-phenylindole in a
mounting medium (Vectashield, Vector Laboratories).
Immunofluorescent-stained sections (high-power
fields) were visualized with a microscope at the
indicated magnifications using fluorescent light
(Axiovert, Zeiss, Goettingen, Germany).

Sample collection

During the first 3 d, the SAP clinical course with
colonic involvement presenting with severe abdominal
distention was treated with colonic irrigation and
decompression with endoscopy, during which
colonic mucosal tissue was obtained. Isolation of
colonic mucosal cells was performed as described
[11]
previously . The specimens were separated into
two small pieces, placed in RIPA buffer (Tris, NaCl,
deoxycholic acid, Triton-X-100, sodium dodecyl
sulfate, complete proteinase inhibitor mixture; Roche,
Mannheim, Germany) and homogenized. Meanwhile,
peripheral venous blood samples were obtained and 2
mL of blood was used to detect bacterial DNA. Samples
of colonic mucosal tissue and peripheral venous blood
were obtained at the same time for the control group.

DNA extraction and PCR amplification

Western blotting

Western blotting analyses were undertaken according
to standard protocols using the following primary
antibodies: rabbit anti-human Arpin antibody (1:250
dilution; Sinopharm Chemical Reagent Beijing Co.Ltd),
rabbit anti-CL-2 (Zymed), mouse anti-OC (clone 19,
1:250 dilution; BD, San Diego, CA, United States) and
mouse anti-ZO-2 (clone 1, 1:250 dilution; BD, San
Diego, CA, United States). Membranes were blocked
at room temperature for 1 h in Tris buffer saline
containing 0.05% Tween 20 (TBS-T) and 5% non-fat
dry milk. Nitrocellulose membranes were incubated

[25]

Bacterial DNA was detected as described previously .
Briefly, 200 μL plasma was incubated in lysozymeproteinase K buffer for 2 h and placed into QIAamp Spin
Columns (Qiagen, Hilden, Germany). A broad range
polymerase chain reaction (PCR) for the amplification
of a conserved region of the 16S ribosomal RNA
prokaryotic gene was carried out using the following
universal primers: 5’-AGAGTTTGATCATGGCTCAG-3’
and 5’-ACCGCGACTGCTGCTGGCAC-3’. The primers
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1

Table 1 Characteristics of subjects and healthy controls

7

8

9

10

Figure 1 Agarose gel electrophoresis results from polymerase chain
reaction. Lane 1, DNA marker; lane 2, positive control (Escherichia coli), lanes
3 to 8 and approximately 545 bp band corresponding to lane 3, Escherichia
coli; lane 4, Staphylococcus aureus; lane 5, Klebsiellapneumoniae; lane 6,
Staphylococcus epidermidis; lane 7, Streptococcus pneumoniae; lane 8,
Enterococcus faecalis; lane 9 to 10, negative controls.

Pearson’s two-test; 2Two-sample t-test. HC: Healthy control; SAP: Severe
acute pancreatitis; APACHE: Acute Physiology and Chronic Health
Evaluation.
1

with primary antibodies for 1 h at room temperature
under slight agitation. The specific of staining was
confirmed using the corresponding isotype controls.
Equal loading was ensured by staining with mouse
anti-b-actin antibody (clone C4, 1:3000 dilution;
Chemicon, Temecula, CA, United States). After
washing, the horseradish peroxidase (HRP)-conjugated
secondary antibody (goat anti-rabbit IgG-HRP, 1:8,000;
goat anti-mouse IgG-HRP, 1:3000 dilution; BD, San
Diego, CA, United States) was added accordingly
and the membrane was incubated for an additional
hour under gentle shaking. Proteins were detected
using the ECL-Plus Western Blotting Detection System
(Amersham Life Science, Braunschweig, Germany).
Protein bands were quantified by densitometry using
Image-Pro Plus 6.0 (Media Cybernetics, MD, United
States).

A

100

80

BT (%)

60

40

20

0

12
8-

APACHE-Ⅱ score

B

Statistical analysis

r = 0.7502
P = 0.0003

100

Continuous variables are expressed as the mean ±
SD. Categorical variables are expressed as frequencies
or percentages. Significant differences in basal
characteristics between groups were analyzed using
2
the χ test for categorical data and the 2-sample t
test for quantitative data. The associations between
Arpin and CL-2 expression in post-BT SAP, the BT
ratio and APACHE-Ⅱ scores were determined by
linear regression analysis using Pearson’s test. Oneway analysis of variance (ANOVA) was applied to
compare parametric variables between the three
aforementioned groups. P < 0.05 (two-sided) was
considered significant. All analyses were performed
using SPSS version 18.0 (SPSS, Chicago, IL, United
States).

BT (%)

80
60
40
20
0

0

4

8
12
APACHE-Ⅱ score

16

20

Figure 2 Percentage of bacterial translocation among patients with
different severities of illness (A) and the prevalence of bacteremia was
positively correlated with the APACHE-Ⅱ score in patients with severe
acute pancreatitis. A: According to the APACHE-Ⅱ score; B: r = 0.7502, P <
0.0001 vs control. APACHE: Acute Physiology and Chronic Health Evaluation.

RESULTS
Patient characteristics

The clinical features of the SAP patients and healthy
controls are shown in Table 1. No significant difference
was noted in gender or age between groups (P > 0.05).
However, statistically significant differences were found
in the Ranson score and APACHE-Ⅱ score between
SAP patients and healthy controls (P < 0.05).

50 patients with SAP (62.0%) and in 1 of 20 healthy
(5.0%) controls, showing significant differences
between patients and healthy controls (P < 0.001).
A representative photograph of a DNA agarose
electrophoresis gel is shown in Figure 1. In patients
with an APACHE-Ⅱ score greater than 16 points,
bacteria were detected in 15 patients (85.3%) (Figure
2A). For patients with an APACHE-Ⅱ score of 12-14
points, DNA was identified in 68.5%. Only five of the

BT ratio in different groups

Fragments of bacterial DNA were detected in 31 of the

WJG|www.wjgnet.com

6

16

0.0821
0.7532
0.0322
0.0292

5

>

P value

4

6

HC
13/7
55.0 ± 5.2
2.0 ± 1.8
4.5 ± 2.1

3

-1

SAP
31/19
55.0 ± 12.3
4.3 ± 1.8
15.0 ± 5.8

2

bp
bp
bp
bp
bp
bp

13

Gender (M/F)
Age (yr)
Ranson score
APACHE-Ⅱ score

543
994
695
545
377
237
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BT (-)

Claudin-2

Occluclin

ZO-1

Arpin

BT (+)

Figure 3 Expression of Arpin and tight junction proteins in the colonic mucosa of SAP-BT (-) patients and SAP-BT (+) patients (representative
immunoblot). SAP: Severe acute pancreatitis; BT: Bacterial translocation.

patients (45.5%) with an APACHE-Ⅱ of score 12-14
points showed evidence of bacterial DNA, which was
significantly decreased compared to those with a score
greater than 12 points (P < 0.01). The prevalence of

WJG|www.wjgnet.com

bacteremia was positively correlated with the APACHEⅡ scores of patients with SAP (r = 0.7502; P <
0.05) (Figure 2B), suggesting a potential association
between bacteremia and the severity of disease.
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ZO-1 and OC expression was lower in SAP-BT (+)
patients. Moreover, we found that the expression of
Arpin protein was also correlated with that of CL-2
protein in SAP-BT (+) patients. However, we could not
determine the detailed mechanism of Arpin action and
additional studies with improved methods are needed
to explore this issue in the future.
Based on our results, we speculate that Arpin acts
on cytoskeletal proteins of the TJ. TJs play a structural
role in the regulation of intestinal permeability and
may be important for BT. TJs are cell-cell adhesion
structures in mucosal epithelial cell sheets and can
migrate to maintain the function of the intestinal
[28,29]
mucosal barrier
. In our research, we show that
high expression of Arpin is correlated with low TJ
expression in the mucosal epithelium, which suggests
that Arpin acts as a competitive inhibitor of the Arp2/3
complex. To date, many proteins have been identified
as components of the TJ and understanding their
architectural organization and interactions is critical
to understanding the biology of this barrier. CL-2,
OC and ZO-1 are the most prominent proteins in TJs
and their coupling to the TJ cytoskeleton is required
for assembly of the junction and maintenance of
[13]
the barrier . In our study, the altered expression
of these proteins provided important information
about the function of Arpin protein. One common
feature of physiological and pathological alterations
of the barrier is changes to the junction-associated
actin cytoskeleton. Unsurprisingly, the number of
cytoskeletal proteins at the junction is large. Because
Arpin was shown to act as an actin-polymerizing
[14]
protein localized to TJs , this protein is a prime
candidate for a local inhibitor, given that it functions as
a competitive inhibitor of actin filament nucleation and
has been shown experimentally to contribute to the
collapse of lamellipodia. The absence or dysfunction
of TJ protein is not sufficient to destroy the barrier
and trigger pathogenesis, indicating a failure of the
mechanism of the intestinal epithelial barrier and
other processes. In cells subjected to ultraviolet
irradiation, high temperature, osmotic pressure and
a variety of stresses such as inflammation, the Rac
signaling pathway is activated, which can activate
downstream Arpin. Arpin then inhibits the Arp2/3
complex, leading to the formation of F-actin (produced
by polymerization of inactive G-actin). When Arpin
expression is elevated, inhibition of the Arp2/3 complex
is enhanced, F-actin polymerization is reduced and the
cytoskeleton rearranged. As our research shows, Arpin
influences a variety of proteins such as CL-2, which
may lead to TJ protein opening and barrier destruction.
Thus, we can infer that Arpin is a negative regulator
of Arp2/3 activity and that cells utilize Arpin to finetune actin nucleation activity at the leading edge of
the lamellipodium to disrupt TJ proteins in intestinal
permeability.
However, the present study had certain limitations.
Due to a lack of technical assistance, we could not

Table 2 Arpin and tight junction proteins expression
HC
(n = 20)
Arpin
Zonula
occludens-1
Claudin-2
Occludin

SAP
Total
(n = 50)

BT(-)
(n = 19)

P

BT(+)
(n = 31)

value

0.28 ± 0.16 0.38 ± 0.19 0.31 ± 0.24 0.61 ± 0.28
0.89 ± 0.46 0.48 ± 0.23 0.58 ± 0.17 0.42 ± 0.26

0.003
0.038

0.73 ± 0.32 0.49 ± 0.19 0.32 ± 0.21 0.64 ± 0.27
0.85 ± 0.36 0.68 ± 0.21 0.73 ± 0.32 0.61 ± 0.28

0.021
0.010

1

1

SAP-BT (-) vs SAP-BT (+), one-way ANOVA. Data are expressed as mean
± SD. HC: Healthy control; SAP: Severe acute pancreatitis.

Arpin and TJ protein expression

As shown in Figure 3, compared to BT (-) SAP
patients, increased levels of Arpin expression were
detected in tissue samples obtained from BT (+) SAP
patients detected by immunofluorescence staining.
Arpin protein was primarily detected between epithelial
cells in the epithelium of BT (+) SAP patients. The TJ
proteins, which were detected throughout the mucosa,
were clearly decreased in BT (+) SAP patients,
whereas more granular staining was observed in whole
epithelial cells in samples from BT (+) SAP patients.
Western blot analysis confirmed these differences
between the groups and the details are shown in
Table 2 and Figure 4. The expression levels of Arpin
were 0.31 ± 0.24 in the SAP-BT (-) group and 0.61
± 0.28 in the SAP-BT (+) group and this difference
was statistically significant (P = 0.003). SAP-BT (+)
patients also showed a higher expression level of CL-2
(0.64 ± 0.27 vs 0.32 ± 0.21, P = 0.005) and a lower
expression level of OC (0.73 ± 0.32 vs 0.61 ± 0.28, P
= 0.023) and ZO-1 (0.58 ± 0.17 vs 0.42 ± 0.26, P =
0.012) compared to SAP-BT(-) patients. Moreover, we
found that the higher expression of Arpin protein in the
colonic mucosa was significantly (r = 0.421, P = 0.032)
associated with a higher level of CL-2 expression in
SAP-BT (+) patients (Figure 5).

DISCUSSION
In this study, SAP patients with colonic involvement
were treated with endoscopy and an endoscopic
biopsy was collected. In addition, peripheral blood
was collected to detect bacterial DNA. Our results
demonstrated a high prevalence of bacteremia in
patients with SAP, indicating that the presence of
circulating bacteria and their specific distribution are
associated with the severity of pancreatitis. These
conclusions are in accordance with the results of
[26]
previous studies . Bacterial translocation from
the gut has been considered a central mechanism
underlying the development of pancreatic infections
[27,28]
and necrosis
, although the detailed mechanism
remains unknown. In this study, we also found that
SAP-BT (+) patients showed higher levels of Arpin and
Cl-2 expression than SAP-BT (-) patients, whereas
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Figure 4 Arpin and tight junction proteins expression. A: Arpin expression; HC vs SAP-BT (-), P = 0.325; HC vs SAP-BT (+), P = 0.015; B: Zonula occludens-2
expression; HC vs SAP-BT (-), P = 0.012; HC vs SAP-BT(+), P = 0.023; C: Claudin-2 expression; HC vs SAP-BT (-), P = 0.032; HC vs SAP-BT (+), P = 0.027; D:
Occludin expression; HC vs SAP-BT (-), P = 0.038; HC vs SAP-BT (+), P = 0.019. All performed one-way ANOVA. SAP: Severe acute pancreatitis; BT: Bacterial
translocation; HC: Healthy control.

In summary, Arpin contributes to BT occurrence
and development by disrupting the cytoskeletal
proteins of TJs in patients with SAP.
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COMMENTS
COMMENTS
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Background

Infection and sepsis are severe complications contributing to most late deaths in
severe acute pancreatitis (SAP). In most patients, infection is caused by gramnegative bacteria, suggesting failure in the gut barrier function, and the intestinal
epithelial barrier is composed of tight junctions (TJs) between intestinal epithelial
cells. However, the detailed mechanism remains unknown. Recent work has
identified an Arp2/3 interacting protein called Arpin, which restricts the rate
of actin polymerization and is the latest component in the steadily expanding
protein repertoire that controls cell migration. Extensive evidence has shown
that protein regulates the Arp2/3 complex and TJs, promoting epidermal barrier
formation. However, there were few reports about the research on intestinal
mucosa. Thus, the authors undertook further investigations about the roles of
the Arpin protein in the gut barrier of SAP patients.
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0.60
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0.80
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Figure 5 Relationship between Arpin and claudin-2 expression in severe
acute pancreatitis-BT (+) patients. Pearson test, r = 0.421, P =0.003. BT:
Bacterial translocation.

Research frontiers

TJs are considered among factors affecting the decision of the permeability of
intestinal mucosa, with the intestinal epithelial barrier the first line of defense.
Pure TJ protein expression is absent or dysfunctional but is not enough
to destroy the barrier and disease, showing that there are other damage
mechanisms of the intestinal epithelial barrier. In September 2013, the Duke

visualize the relationship between Arpin and TJ protein.
Thus, more effective methods are needed to explore
this topic more thoroughly in the future.
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University Medical Center reported the Arp2/3 complex in the role of the
epidermal barrier, living and cell culture, and found that a lack of Arp twothirds complex causes TJ protein expression level to be decreased and that
zonula occludens-1 TJ form is flawed. For the first time, it was confirmed that
the Arp2/3 complex maintains skin TJ formation and its function has important
significance. The effect of TJs and the potential significance of the Arp2/3
complex in the intestinal epithelial barrier has not been further discussed in the
literature.

7

SAP intestinal epithelial barrier damage, actin cytoskeleton and intestinal
epithelium appear to be researched rarely and how skeletal actin changes in
intestinal epithelial permeability increase the role of the mechanism is unclear.
This is the first report about detecting Arpin proteins in the intestinal mucosa
and the authors found that Arpin proteins relate to the function of intestinal
mucosa, speculating that Arpin open TJs in intestinal mucosa, leading to
bacterial translocation.

9

8

Innovations and breakthroughs

10

Applications

Arpin affects the intestinal epithelial barrier in SAP and opens TJs and TJ
protein changes in the SAP regulatory mechanism of intestinal epithelial barrier
damage, in order to provide a new way for revealing the pathogenesis and
prevention of SAP associated intestinal epithelial barrier dysfunction. Further
studies are needed to clarify the detailed mechanisms involved.

11

Terminology

12

The newly discovered and reported proteins in 2013 are distributed in the
intestine, pancreas and elsewhere. Arpin is implicated in cell movement and
inflammation. The preliminary data suggest that the expressions of Arpin in
SAP associated enterogenous infection changed but the mechanism needs to
be further studied. Therefore, the authors put forward the hypothesis that the
increase of Arpin opens the intestinal epithelial TJ, the reduced expression of
TJ protein changes and Arpin affects the intestinal epithelial barrier function. To
test this hypothesis, the roles of Arpin in SAP by means of SAP patients with
the methods of Western blot and immunofluorescence were explored. The aim
of the study was to clarify the mechanism of SAP associated intestinal epithelial
barrier injury through open TJ and TJ protein changes caused by Arpin, in order
to provide a new way for revealing the pathogenesis and prevention of SAP
associated intestinal epithelial barrier dysfunction.

13
14

Peer-review

15

This report provides valuable insight into the pathophysiological mechanisms
of bacterial translocation in the setting of acute pancreatitis. This is an area that
remains in many ways a clinical and scientific unknown entity. The authors offer
a comprehensive research method to answer the research question. Bacterial
translocation is a main issue in the clinical management of severe acute
pancreatitis. In this challenging scenario, molecular research could be an aid
to clinicians and surgeons for a better management and in the staging of new
severity predicting factors.
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RESULTS: Compared with healthy controls (34.70 ±
8.00), the scores of ZSAS in the non-erosive reflux
disease (NERD) group (48.27 ± 10.34) and the
reflux esophagitis (RE) group (45.38 ± 10.27) were
significantly higher (P < 0.001). The mean ZSAS score
of the NERD group was significantly higher than that
of the RE group (P = 0.01). Compared with healthy
controls (37.61 ± 8.44), the mean ZSDS scores were
significantly higher in the NERD group (49.65 ±
11.09, P < 0.001) and the RE group (46.76 ± 11.83,
P < 0.001). All dimensions of the SF-36 form were
negatively correlated with the SAS and SDS scores
in patients with NERD and RE (P < 0.05). According
to the SF-36 form, vi tali ty, mental heal th and
social functioning were significantly correlated with
symptoms of depression in patients with NERD and RE.
General health was obviously affected by symptoms of
depression in patients with NERD (P < 0.05).
CONCLUSION: Anxiety and depression may play
an important role in the occurrence of GERD and
especially that of NERD. The QoL of patients with
GERD is reduced by anxiety and depression.

Abstract

Key words: Anxiety; Depression; Gastroesophageal
reflux disease; Zung Self-Rating Anxiety Scale; Zung
Self-Rating Depression Scale; SF-36; Quality of life

AIM: To explore the role of psychological factors in
gastroesophageal reflux disease (GERD) and their
effect on quality of life (QoL) of GERD patients.

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

METHODS: A total of 279 consecutive patients with
typical symptoms and 100 healthy controls were
enrolled in the study. All of the participants were

Core tip: In our study, the degree of anxiety and de
pression in non-erosive reflux disease (NERD) and
reflux esophagitis patients was significantly higher than
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that of healthy controls, especially for the NERD group.
The quality of life was negatively correlated with the
degree of anxiety and depression.

comprise some of the essential influencing factors
and that they might impair the QoL of individuals with
GERD. However, it remains unknown how psychological
factors induce GERD and affect the QoL in patients
with GERD in China. To explore the link between
psychological factors and the pathophysiology of GERD,
this study evaluated the psychological status of patients
with GERD and its effect on QoL.

Yang XJ, Jiang HM, Hou XH, Song J. Anxiety and depression in
patients with gastroesophageal reflux disease and their effect on
quality of life. World J Gastroenterol 2015; 21(14): 4302-4309
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i14/4302.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i14.4302

MATERIALS AND METHODS
Subjects

A total of 279 consecutive patients with typical symptoms
of heartburn or regurgitation from the Division of
Gastroenterology (Union Hospital, Tongji Medical College)
and 100 healthy controls selected among the staff of
Union Hospital and medical students of Tongji Medical
College were enrolled in this study.

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a condition
characterized by the reflux of stomach contents into
the esophagus, which causes several symptoms, such
as heartburn and regurgitation. It is typically divided
into three subtypes: reflux esophagitis (RE), nonerosive reflux disease (NERD) and Barrett’s esophagus.
GERD has been shown to have a significant negative
impact on the quality of life (QoL) of affected patients
and may even disrupt their daily activities. On a weekly
basis, GERD affects up to 20% of the population in the
[1]
United States and Europe , 12% to 15% in Australia,
[2]
and 2% to 5% in Asia . Therefore, a diagnosis
of GERD is easily made based on the symptoms
of the patients, which typically include heartburn
and regurgitation and/or other atypical acid refluxrelated symptoms. Meanwhile, a diagnosis can also
be obtained from gastroendoscopic findings of visible
esophageal mucosal injury. NERD has been defined as
the presence of acid reflux-related symptoms with no
esophageal mucosal injury.
The etiology of GERD is multifactorial. The disease
results from an imbalance between the harmful
properties of refluxed stomach contents, mechanisms
of esophageal clearance, and esophageal mucosal
[3]
resistance . Common risk factors for GERD including
the absence of a hiatus hernia, a low body mass index
(BMI) and the presence of Helicobacter pylori, indicate
that this condition is a milder form of disease within
the GERD spectrum. The majority of patients with
GERD use antacid drugs to control their symptoms.
However, the symptoms of GERD are sometimes
impossible to control, and these patients tend to
have a lower response rate, even to the most potent
[4,5]
proton-pump inhibitors (PPIs) . Some studies have
already demonstrated that up to 40% of patients with
heartburn reported either a partial or complete lack
[6-8]
of response to PPIs taken once daily . According to
clinical data, apart from the common risk factors listed
above, psychological factors, including anxiety and
depression, can also develop in patients with GERD.
We supposed that the psychological factors associated
with NERD may distinguish NERD from RE and Barrett’s
esophagus.
We hypothesized that psychological factors may

WJG|www.wjgnet.com

Procedure

All subjects agreed to participate and signed an
informed consent form. Subsequently, subjects under
went gastroendoscopy to evaluate for the presence of
esophageal mucosal lesions. Based on the results of
the gastroendoscopy, the patients were divided into
two major groups: RE (including Barrett’s esophagus;
males = 71; females = 63) and NERD (males = 66;
females = 79). GERD was diagnosed according to the
previously proposed Rome Ⅲ criteria. Patients were
excluded for the following reasons: use of prescribed
non-steroidal anti-inflammatory drugs (NSAIDs)
and aspirin; previous treatment with a proton pump
inhibitor (patients who were treated with H2-blockers
were allowed to participate if the treatment had been
discontinued 14 d prior to the initial evaluation);
incidence of a peptic stricture or duodenal and/or
gastric ulcer visible on upper endoscopy; a history of
upper gastrointestinal surgery; comorbidities, such
as scleroderma, diabetes mellitus, autonomic or
peripheral neuropathy, myopathy, functional bowel
disorder or any underlying disease (or medication) that
might affect the lower esophageal sphincter pressure
or increase the acid clearance time; inability or
unwillingness to fully complete all stages of the study;
and inability or unwillingness to provide informed
consent. This protocol was approved by the Ethics
Committee of Tongji Medical College (No. 104).

Measures

The Zung Self-Rating Anxiety Scale (ZSAS) was
designed by William WK Zung to evaluate the level
of anxiety in patients who experience anxiety-related
[9]
symptoms . The ZSAS contains 20 questions. Each
question is scored on a scale of 1-4 (never, some of
the time, relatively often, most of the time). Fifteen
questions involve the assessment of increasing anxiety
levels, and five questions involve decreasing anxiety
levels. The ZSAS scores were used to define four
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coded, summed and transformed to a scale from 0
(worst possible health status) to 100 (best possible
health status). The SF-36 is well-documented in terms
of reliability and validity in all available language
versions. Each raw scale score is linearly transformed
to t scores. The transformed scores range from 0 to
100; higher scores indicate a better health-related
QoL. These physical and mental summary scores
served as the dependent variables in our analysis. We
performed a separate analysis for each score.

Table 1 Patient demographics and clinical data ( n = 379)

n
Gender (M/F)1
mean age (yr)2
Age range (yr)

Healthy controls

RE patients

NERD patients

100
49/51
40.04 ± 12.22
19-67

134
71/63
41.07 ± 10.61
23-68

145
66/79
39.68 ± 10.80
16-71

1

No significant differences were observed among the three groups with
respect to age (F = 0.574; P = 0.564); 2The constituent ratios of gender
showed no significant differences among the three groups (χ 2 = 1.554; P =
0.460). RE: Reflux esophagitis; NERD: Non-erosive reflux disease.

Statistical analysis

The statistical analyses were performed using SPSS
software (SPSS, Version 18; Chicago, IL, United
States). For all continuous variables, the mean and
standard deviation are presented. One-way analysis
of variance was used to compare the parametric quan
titative variables, followed by LSD or Tamhane’s T2
test for a post-hoc analysis to further examine the diffe
2
rences among the groups. A χ test or Fisher’s exact
test was used to compare the proportions. All P-values
were two-tailed, and the level of significance was
defined at 0.05.

Table 2 Characteristics of anxiety symptoms according to the
Zung self-rating anxiety scale n (%)
Group

Normal

Mild to
moderate

Severe

Extreme

Healthy
control
RE
NERD

86 (86)

13 (13)

1 (1)

0 (0)

61 (45.52)
49 (33.79)

59 (44.03)
72 (49.66)

14 (10.44)
24 (16.55)

0 (0)
0 (0)

Compared with the healthy controls, the constituent ratios of the RE and
the NERD groups were significantly different (χ 2 = 40.829, 66.222; P < 0.001,
0.001, respectively). The results of the RE group were similar to those of
the NERD group (χ 2 = 4.805; P = 0.091). RE: Reflux esophagitis; NERD:
Non-erosive reflux disease.

RESULTS
Demographic and clinical characteristics

A total of 279 patients and 100 healthy controls were
included in this study. Patient demographics and clinical
characteristics are shown in Table 1. No significant
differences were observed with respect to sex or age
among the three groups.

categories of anxiety severity: within normal range
or no significant psychopathology (20-44 points);
presence of mild to moderate anxiety levels (45-59
points); severe anxiety levels (60-74 points); and
presence of extreme depression (75-80 points).
Similarly, the Zung Self-Rating Depression Scale
(ZSDS) was used to assess the severity of depression
[10]
in the patients . The ZSDS includes 10 positively
worded items and 10 negatively worded items that
assess symptoms of depression. Item responses are
ranked from 1 to 4, and higher scores correspond to
more frequent symptoms. Therefore, for each item,
patients give a score according to whether the item
has occurred: 1 = never/very rarely/rarely; 2 = once
in a while/some of the time/occasionally; 3 = relatively
often/very often/often; 4 = most of the time/always/
almost always. The ZSDS scores were used to define
four categories of depression severity: within normal
range or no significant psychopathology (below 40
points); presence of minimal to mild depression (40-47
points); presence of moderate to marked depression
(48-55 points); and presence of severe to extreme
depression (56 points and above). Total scores on the
ZSDS do not correspond with a clinical diagnosis of
depression but rather indicate the level of depressive
symptoms that may be clinically relevant.
The 36-item Short-Form Health Survey (SF-36) is
a commonly used generic questionnaire that includes
36 items clustered into eight dimensions (bodily pain,
general health, mental health, physical functioning,
role-emotional, role-physical, social functioning, and
[11]
vitality) . The item scores for each dimension are

WJG|www.wjgnet.com

Prevalence of anxiety symptoms in patients with NERD

A total of 379 people completed the ZSAS questionnaire.
The characteristics of the anxiety symptoms according
2
to the ZSAS are detailed in Table 2. The results of the χ
test revealed a significant difference in the constituent
ratio of the three groups (P < 0.001). Compared with
healthy controls, the constituent ratios of both the
NERD group and the RE group presented a significant
difference (P < 0.001). The incidence of anxiety was
significantly higher in the NERD group than in the RE
group (Fisher’s exact test, P = 0.050). As shown in
Figure 1, the mean scores of the ZSAS in the NERD
group (48.27 ± 10.34) and in the RE group (45.38 ±
10.27) were significantly higher than that of the healthy
control group (34.70 ± 8.00) (P < 0.001). Moreover, the
mean score of the NERD group was significantly higher
than that of the RE group (P = 0.01), suggesting that
patients with NERD experienced more severe anxiety
than did patients with RE, despite the fact that patients
with NERD lacked esophageal erosions.

Prevalence of depressive symptoms in patients with
NERD

A significant difference was observed in the constituent
ratios of the three groups (P < 0.001). The SDS scores
were significantly higher in patients with NERD (49.65
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80

Table 3 Characteristics of anxiety symptoms according to the
Zung self-rating depression scale n (%)

Self-rating anxiety scale score

P < 0.001
60

P < 0.001

40

20

RE

NERD

Figure 1 Comparison of the Zung self-rating anxiety scale scores in the
three groups. RE: Reflux esophagitis; NERD: Non-erosive reflux disease.

Self-rating depression scale score

80

60

P < 0.001

40

20

0
RE

NERD

Severe

Extreme

Healthy,
control
RE
NERD

80 (86)

11 (13)

8 (1)

1 (0)

42 (31.34)
32 (22.07)

43 (32.09)
38 (26.21)

26 (19.40)
35 (24.14)

23 (17.16)
40 (27.59)

Negative correlation of the SDS scores with the SF-36
survey in patients with NERD and RE

Figure 2 Comparison of Zung self-rating depression scale scores in the
three groups. RE: Reflux esophagitis; NERD: Non-erosive reflux disease.

Correlations between the scores of SDS and SF-36 are
shown in Figure 5. All of the dimensions of the SF-36
form were significantly negatively correlated with the
SDS scores. As a result of the negative correlation
between the ZSAS and the SF-36 form, vitality,
mental health and social functioning were significantly
correlated with depressive symptoms in both groups.
Although bodily pain was significantly correlated with
symptoms of depression in both groups, it appeared
that patients with RE were more easily troubled by
depression. However, the general health dimension
was more likely to be lowered by symptoms of
depression in patients with NERD (P < 0.05). The
correlation coefficients between the ZSDS scores
and the other dimensions of the SF-36 form, such as
physical function, role-physical, and role-emotional,
were similar in both groups.

± 11.09, P < 0.001) and in patients with RE (46.76
± 11.83, P < 0.001) compared with those of healthy
controls (37.61 ± 8.44) (Figure 2). However, the
constituent ratios between patients with NERD and
2
patients with RE were not significantly different (χ =
6.556, P = 0.085) (Table 3). In addition, the incidence
of depression in patients with NERD was higher than
that in patients with RE (Fisher’s exact test, P = 0.020).

QoL in the three groups

The standardized component scales of the SF36 are
reported in this text as summary information on QoL
shown in Figure 3. Compared with the healthy controls,
all of the dimensions had statistically lower scores
in the NERD and RE groups (P < 0.05), indicating
that the QoL of patients with both NERD and RE was
inferior to that of the healthy controls. In the NERD
group, the scores of vitality and mental health were
statistically lower than those of RE patients, which
means that part dimensions of QoL in NERD patients
were more decreased than those of RE patients (P <
0.05).

DISCUSSION
According to previous epidemiological surveys,
psychological factors play an important role in patients
[12]
with GERD and have been shown to decrease QoL .
Although there have been some studies on the
[13-16]
morbidity of GERD in China
, no surveys have been
reported on the role of psychological factors in GERD
and their negative impact on QoL. In the current study,

Negative correlation of the ZSAS scores with the SF-36
survey in NERD and RE patients

Correlations between the scores of SAS and SF-36 are
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Mild to
moderate

shown in Figure 4. All of the dimensions of the SF-36
survey were significantly negatively correlated with
the SAS anxiety scores in patients with NERD and
RE, which means that QoL of patients with GERD was
decreased by anxiety. At the same time, general health
and mental health of patients with NERD seemed
to decrease more readily due to anxiety symptoms
compared with these same dimensions in patients with
RE (P < 0.05). The correlation coefficients between the
ZSAS scores and the other dimensions of the SF-36
survey, such as physical function, role-physical, roleemotional, and social functioning, were similar in both
groups.

P < 0.001

Healthy control

Normal

Compared with the healthy controls, the constituent ratios of the RE and
the NERD groups presented a significant difference (χ 2 = 35.14, 64.582; P
< 0.001, 0.001, respectively). The results of the RE group were similar to
those of the NERD group (χ 2 = 6.556; P = 0.085). RE: Reflux esophagitis;
NERD: Non-erosive reflux disease.

0
Healthy control

SDS
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b

b

60
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Physical function

Role-physical

Role-emotional

Vitality

Mental health

Social functioning

Bodily pain
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Figure 3 Comparison of the quality of life in the three groups. aP < 0.05, bP < 0.01. RE: Reflux esophagitis; NERD: Non-erosive reflux disease.
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Figure 4 Negative correlations between the Zung self-rating anxiety scale scores and the SF-36 survey. All items of the SF-36 were significantly negatively
correlated with the SAS anxiety scores in NERD and RE group (P < 0.05). RE: Reflux esophagitis; NERD: Non-erosive reflux disease.
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Figure 5 Negative correlations between the Zung self-rating depression scale scores and the SF-36 survey. All items of the SF-36 were significantly negatively
correlated with the SDS depression scores in NERD and RE group (P < 0.05). RE: Reflux esophagitis; NERD: Non-erosive reflux disease.
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we analyzed the roles of both anxiety and depression
symptoms on the incidence of GERD, as well as their
negative impact on QoL in patients with GERD. The
results suggested that the incidence of GERD was
correlated with anxiety and depression, and QoL of
patients with GERD was reduced statistically.
GERD is associated with anxiety and depression.
Another study showed that the psychological scores
for neuroticism, anxiety and depression were higher
[13,17]
in patients with GERD than in healthy controls
.
Moreover, psychological disorders were found to be
[18]
positively correlated with symptoms of heartburn .
In our study, anxiety and depression scores of patients
with NERD and RE were obviously higher than those
of healthy controls. The difference in the constituent
ratios of the three groups also implied a moderate
to severe degree of anxiety and depression in the
patients with NERD and RE, suggesting an important
role of anxiety and depression in the pathogenesis of
GERD. Other studies have shown that patients with
anxiety or depression are at an increased risk for the
[19-22]
[23]
development of reflux symptoms
. Jansson et al
reported that patients with anxiety but no depression
had a 3.2-fold (95%CI: 2.7-3.8) increased risk of
reflux symptoms and that those with depression but
no anxiety had a 1.7-fold (95%CI: 1.4-2.1) increased
risk; subjects with both anxiety and depression
presented a 2.8-fold (95%CI: 2.4-3.2) increased risk
compared with subjects without anxiety/depression.
Two explanations have been offered on the correlation
between psychological factors and GERD. The
first theory is that anxiety and depression develop
secondary to the reflux and then cause increased
sensitivity to the reflux symptoms. The second
explanation is that the severity of reflux is greater in
[24]
patients with psychiatric diseases .
Moreover, the scores of anxiety and depression
in patients with NERD were significantly higher
than those in patients with RE, which may indicate
a different pathogenesis of NERD in our study. A
large number of epidemiological investigations have
also found that anxiety, depression, and chronic
[12]
stress can lead to NERD . NERD accounts for an
[25,26]
estimated 50% to 70% of GERD cases
. NERD
is considered a heterogeneous group because of the
various characteristics and symptom patterns of acid
reflux. Studies have also shown that RE and NERD
respond differently to PPIs because of their distinct
[27-29]
pathogenesis
. On one hand, NERD is significantly
[30,31]
more refractory than RE to PPI treatment
. On the
other hand, some studies have indicated that anxiety
[23]
and depression can worsen the symptoms of reflux .
Patients with typical GERD symptoms were more likely
to have atypical symptoms, dyspepsia and higher
scores on psychological symptoms (e.g., somatization,
obsessive-compulsion and phobic anxiety) than those
[32]
without GERD symptoms .
Apart from reflux symptoms, anxiety and depre

WJG|www.wjgnet.com

ssion can also decrease the QoL in patients with
GERD. It has been reported that all dimensions of
health-related QoL, as measured using the SF-36
questionnaire, were meaningfully impaired in subjects
with symptomatic GERD compared with subjects
[33]
without . Those results are consistent with the
results of our study, which indicate a lower QoL score
in patients with GERD compared with healthy controls.
In our study, the SF-36 questionnaire was employed
to evaluate the QoL of the subjects. Generally, the
scores for items of the SF-36 form were significantly
decreased in patients with NERD and RE compared
with the healthy controls. Interestingly, all of the scores
for items in patients with NERD were more severely
lowered than the scores in patients with RE, especially
with respect to mental health and general health.
Therefore, we suggest that psychological factors play
important roles in the development of GERD, especially
[34]
that of NERD. In addition, the study by Kovács et al
also reported that, along with anxiety, the symptoms
of depression caused by persistent living pressure
were elevated; the QoL of patients with GERD was also
decreased. However, Lee reported that venlafaxine, an
SNRI antidepressant, significantly improved symptoms
[35]
in young adult patients with functional chest pain .
The results also indicated that GERD symptom was
reversible by antidepressant. In our study, anxiety
and depression were negatively correlated with all
dimensions of the SF-36 questionnaire. However,
[36]
Boltin et al reported that lack of response to PPI was
associated with lower life satisfaction but not anxiety
or depression. Therefore, we posited that, except
acid reflux symptoms, the increased anxiety and
depression in patients with NERD and RE were other
factors that lowered the QoL.
In summary, psychological factors, including
anxiety and depression, play an essential role in the
development of GERD and especially that of NERD.
Meanwhile, they have obvious negative effects on
QoL. Consequently, anti-anxiety and anti-depression
medications may be alternative therapies for patients
with NERD and RE if antacids cannot produce a
satisfactory effect. This issue requires further study
to identify the patients who might benefit from antianxiety and anti-depression therapy in the future.
Moreover, this study was conducted in a university
hospital. Therefore, the results may be different
from those visiting a general physician. If this was
a multicenter study, the results should be more
reasonable.
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AIM: To investigate the effects of single nucleotide
polymorphisms (SNPs) in glutathione S-transferase
(GST) genes on survival of hepatocellular carcinoma
(HCC) patients.
METHODS: Twelve tagging SNPs in GST genes
(including GSTA1 , GSTA4 , GSTM2 , GSTM3 , GSTO1 ,
GSTO2 and GSTP1 ) were genotyped using Sequenom
MassARRAY iPLEX genotyping method in a cohort of
214 Chinese patients with resected HCC. The Cox
proportional hazards model and log-rank test were
performed to determine the SNPs related to outcome.
Additionally, stratified analysis was performed at each
level of the demographic and clinical variables. An
SNP-gene expression association model was further
established to investigate the correlation between SNP
and gene expression.
RESULTS: Two SNPs (GSTO2 : rs7085725 and GSTP1 :
rs4147581) were significantly associated with overall
survival in HCC patients (P = 0.035 and 0.042,
respectively). In stratified analysis, they were more
significantly associated with overall survival in patients
with younger age, male gender and cirrhosis. We
further investigated cumulative effects of these two
SNPs on overall survival in HCC patients. Compared
with the patients carrying no unfavorable genotypes,
those carrying 2 unfavorable genotypes had a 1.70-fold
increased risk of death (P < 0.001). The cumulative
effects were more significant in those patients with
younger age, male gender and cirrhosis (HR = 2.00,
1.94 and 1.97, respectively; all P < 0.001). Additionally,
we found that heavy smoking resulted in a significantly
worse overall survival in those patients carrying variant
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alleles of rs7085725 (HR = 2.07, 95%CI: 1.13-3.76, P
= 0.018). The distributions of GSTO2 : rs7085725 and
GSTP1 : rs4147581 genotypes were associated with
altered gene expression and contributed to influences
on overall survival.

Some of them have also been suggested to affect the
[8-10,14]
survival status of cancer patients
.
Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and the third most common
cause of cancer mortality, resulting in about 500000
deaths per year. Half of HCC cases and deaths were
[17]
estimated to occur in China . Most of these cases in
China arise due to the chronic infection with hepatitis
[18]
virus, the common carcinogen to HCC . Not only
hepatitis virus infection, but also other environmental
carcinogens, such as aflatoxin or chemical carcinogens,
[19]
would contribute to hepatic carcinogenesis . The
metabolizing enzymes for detoxification or activation
of these carcinogens to lower toxicity, potentially affect
the individual cancer risk and progression of HCC.
Evidence has shown that some SNPs of GSTs were
[12]
associated with HCC risk . However, none of these
polymorphisms are investigated in relation to HCC
survival.
In this study, we assessed the effects of 12 tagging
SNPs in seven GST genes GSTA1, GSTA4, GSTM2,
GSTM3, GSTO1, GSTO2 and GSTP1 on 5-year survival
in a cohort of 214 Chinese HCC patients receiving
surgical treatment. To the best of our knowledge, this
is the first study to investigate the predictive value of
SNPs in these GST genes for HCC prognosis in Chinese
population.

CONCLUSION: Our study provides the first evidence
that GSTO2 and GSTP1 gene polymorphisms may serve
as independent prognostic markers for HCC patients.
Key words: Glutathione S-transferase; Polymorphism;
Hepatocellular carcinoma; Clinical outcome; Surgery
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To determine the prognostic value of single
nucleotide polymorphisms (SNPs) in GST genes in
hepatocellular carcinoma (HCC) after liver resection,
we analyzed the association between 12 tagging SNPs
in GST genes and outcome of 214 HCC patients who
underwent liver resection. Our data showed two SNPs
(GSTO2 : rs7085725 and GSTP1 : rs4147581) to be
significantly associated with overall survival in HCC
patients. These two SNPs used in combination were
more powerful prognostic markers for HCC patients.
Our study provides the first evidence that GSTO2 and
GSTP1 gene polymorphisms may serve as independent
prognostic markers for HCC patients.

MATERIALS AND METHODS

Qu K, Liu SS, Wang ZX, Huang ZC, Liu SN, Chang HL, Xu
XS, Lin T, Dong YF, Liu C. Polymorphisms of glutathione
S-transferase genes and survival of resected hepatocellular
carcinoma patients. World J Gastroenterol 2015; 21(14):
4310-4322 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4310.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4310

Study population

A total of 214 Han Chinese HCC patients were
recruited at the Department of Hepatobiliary Surgery,
the First Affiliated Hospital of Xi’an Jiaotong University
in Xi’an, China. These patients were recruited between
January 2009 and October 2013. HCC diagnosis was
based on the National Comprehensive Cancer Network
(NCCN) clinical practice guidelines in oncology. All
subjects included in this study had histopathologically
confirmed HCC. All cases received surgical treatment
and had no previous history of other cancers or
cancer-related treatments. There were no recruitment
restrictions on age at diagnosis, gender and tumor
stage. Participants received other treatments (such
as chemotherapy, interventional therapy or biological
target therapy) after surgical operation were excluded
for further analysis. Ethics committee of the First
Affiliated Hospital of Xi’an Jiaotong University approved
this study. Written informed consent was obtained
from each participant before enrollment.
Another 86 HCC patients derived from Queen Mary
Hospital, the University of Hong Kong, were recruited
as a validated cohort (Hong Kong Cohort). All genetic
and SNP data were obtained from two microarray
series (GSE28127 and GSE22058) in the National
Center for Biotechnology Information (NCBI) Gene
Expression Omnibus (GEO) database (http://www.

INTRODUCTION
Glutathione S-transferases (GSTs) are a broadly
expressed family of phase Ⅱ isoenzymes that protect
normal cells against damage induced by hepatitis virus
[1]
or aflatoxin-related hepatocarcinogen . Recently,
emerging evidence indicates that the detoxifying
[2]
properties of the GSTs are genetically determined . In
human, several classes of GST genes exist: α (GSTA),
μ (GSTM), π (GSTP), θ (GSTT), and ω (GSTO) with one
[3,4]
or more genes in each class . Altered expression of
these GST genes has been suggested to increase the
[4-6]
risk of cancer . Polymorphisms in these genes have
been shown to produce significant alterations in the
metabolism of many substrates, including carcinogens
[7]
and chemotherapeutic agents . As a result, these
polymorphisms also have been suggested to be
[2,8-16]
associated with the risk of many malignances
.
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Table 1 Demographic and clinical characteristics of hepato
cellular carcinoma patients

GST genes

Variable

Gene

Our cohort

Total
Age (yr)
≤ 55
> 55
Gender
Male
Female
Smoking behavior
Yes
No
Cirrhosis
Present
Absent
Child-Pugh score
A
B
AFP level (ng/mL)
< 200
≥ 200
Tumor size
< 5 cm
≥ 5 cm
TNM stage
Ⅰ+ Ⅱ
Ⅲ
Outcome
Dead
Alive

Table 2 Summarized information of selected tagging SNPs in

Hong Kong cohort

GSTA1
GSTA4
GSTM2
GSTM3

n

%

n

%

214

100

401

100

108
106

50.5
49.5

NA
NA

NA
NA

176
38

82.2
17.8

322
79

80.3
19.7

GSTO2

70
144

32.7
67.3

223
178

55.6
44.4

GSTP1

126
88

58.9
41.1

229
172

57.1
42.9

172
42

80.4
19.6

390
11

97.3
2.7

100
114

46.7
53.3

NA
NA

NA
NA

102
112

47.7
52.3

NA
NA

NA
NA

119
95

55.6
44.4

177
224

44.1
55.9

111
103

51.9
48.1

272
129

67.8
32.2

GSTO1

Tagging SNPs

bp position

rs6917150
rs385636
rs638820
rs1109138
rs7483
rs2282326
rs17116779
rs156699
rs7085725
rs157077
rs4147581
rs2370141

Chr 6: 52760414
Chr 6: 52948896
Chr 1: 110011429
Chr 1: 110079472
Chr 1: 110081224
Chr 10: 106010388
Chr 10: 106021185
Chr 10: 106043631
Chr 10: 106050199
Chr 10: 106027884
Chr 11: 67108161
Chr 11: 67105105

Ref SNP alleles MAF_CHB
T/C
A/G
T/C
G/A
A/G
A/C
G/A
T/C
T/C
A/G
G/C
A/G

0.338
0.174
0.344
0.167
0.244
0.244
0.078
0.222
0.122
0.378
0.273
0.181

MAF (minor allele frequency) was derived from CHB (Chinese Han
people in Beijing) population in HapMap website (http://hapmap.ncbi.
nlm.nih.gov/).

ncbi.nlm.nih.gov/geo/).

minor allele frequency (MAF) ≥ 0.05 in a population
of Chinese Han in Beijing (CHB) and an SNP design
score cutoff ≥ 0.6 (indicating a higher probability for
a successful assay). To select tagging SNPs, we used
2
a pairwise tagging approach with r ≥ 0.8. Finally, a
total of 12 potentially tagging SNPs in 7 genes were
selected, including GSTA1: rs6917150; GSTA4:
rs385636; GSTM2: rs638820; GSTM3: rs1109138,
rs7483; GSTO1: rs2282326, rs17116779; GSTO2:
rs156699, rs7085725, rs157077; GSTP1: rs4147581,
rs2370141. Information of selected tagging SNPs is
shown in Table 2 and Figure 1.

Demographic and clinical data

Genomic DNA extraction and genotyping

Genomic DNA was extracted from peripheral blood
samples using E.Z.N.A. Blood DNA Midi Kit (Omega
Bio-Tek, Norcross, GA, United States) according to the
manufacture’s instructions. Genotyping was performed
using Sequenom MassARRAY iPLEX genotyping system
(Sequenom Inc, San Diego, CA, United States).
Laboratory personnel conducting genotyping were
blinded to patients’ information.

Detailed demographic and clinical information was
collected through in-person interview, medical chart
review, or consultation with treating physicians. The
demographic data included the date of diagnosis,
smoking behavior, liver cirrhosis, Child-Pugh score,
serum alpha-fetoprotein (AFP), and tumor-nodemetastasis (TNM) stage. To calculate pack-years of
smoking, the average of number of cigarettes smoked
per day was divided by 20 to give packs per day and
multiplied by the total number of years of smoking.
At 3-mo intervals, follow-up information on death of
patients was updated by a trained clinical specialist
through on-site interview, direct calling or medical
chart review. The latest follow-up data in this analysis
were obtained in January 2014. Demographic and
clinical characteristics of HCC patients are shown in
Table 1.

Statistical analysis

All statistical analyses were performed using the SPSS
21.0 statistical package for Microsoft Windows (SPSS,
Chicago, IL, United States). The survival time was
defined as the period from the date of first treatment
to the date of death or last follow-up. Hazard ratios
(HRs) and 95%CIs were estimated from a Cox
proportional hazards model. Kaplan-Meier curve and
log-rank test were also used to assess the differences
of overall survival. All statistical tests were two-sided
and P < 0.05 was considered statistically significant.

Tagging SNP selection and genotyping

Tagging SNP selection was based on data from the
NIEHS (National Institute of Environmental Health
Sciences, http://snpinfo.niehs.nih.gov/snpinfo/snptag.
htm). Together with SNPs within a gene, we also
considered polymorphisms in the 5’- and 3’-flanking
regions up to 5 kb. We chose common SNPs with a
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RESULTS
Characteristics of the study population

For the 214 patients included, the median age at the
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Figure 1 Relevant pictures of polymorphisms in seven GST genes. A: GSTA1 (Gene ID: 2946); B: GSTM2 (Gene ID: 2946); C: GSTA4 (Gene ID: 2941); D:
GSTM3 (Gene ID: 2947); E: GSTO1 (Gene ID: 9446); F: GSTO2 (Gene ID: 119391); G: GSTP1 (Gene ID: 2950). Genotype data were obtained from HapMap
database (http://hapmap.ncbi.nlm.nih.gov) and SNPs were sorted by LD similarity using NIEHS tools (http://snpinfo.niehs.nih.gov). Twelve selected SNPs were
labeled by red block.

time of HCC diagnosis was 55 years (range: 20-84
years). The majority of patients (82.2%, 176/214)
were men and 32.7% (70/214) of all patients had
smoking behavior. About 58.9% (126/214) of patients
had cirrhosis and 80.4% (172/214) had ChildPugh score A. There were 52.3% (112) of patients
with tumor size ≥ of 5 cm and 53.3% (114) with
significantly increased serum AFP (200 ng/mL). The
percentages of patients with TNM stage Ⅰ/Ⅱ or
stage Ⅲ disease were 55.6% (119/214) and 44.4%
(95/214), respectively. The median follow-up time was
24 mo (ranging from 3 to 60 mo). By the last followup, 51.9% (111/214) of patients were dead, and the
median survival time for the entire cohort of patients
was 33.6 mo.

respectively). Kaplan-Meier analysis showed a
significantly shorter median survival time in patients
with WV + VV genotypes of SNP rs7085725 than those
with WW genotype (19.8 mo vs 36.6 mo; log rank P
= 0.03) (Figure 2A). In contrast, patients with WV +
VV genotypes of SNP rs4147581 had a longer median
survival time than those with WW genotype (33.9 mo
vs 26.8 mo; log rank P = 0.04) (Figure 2B).

Significant association of rs7085725 and rs4147581 with
overall survival in HCC patients

We further analyzed the effect of SNPs rs7085725
and rs4147581 on the overall survival in HCC patients
stratified by demographic and clinicopathological
characteristics. As shown in Table 4, the significantly
increased death risk conferred by SNP rs7085725 was
observed in younger patients [HR (95%CI) = 1.86
(1.02-3.38); P = 0.044], male patients [HR (95%CI)
= 1.83 (1.14-2.94); P = 0.013], smoking patients [HR
(95%CI) = 2.59 (1.27-5.27); P = 0.09], and those
with cirrhosis [HR (95%CI) = 2.00 (1.11-3.59); P
= 0.020], Child-Pugh score A [HR (95%CI:) = 2.28
(1.32-3.93); P = 0.003] and AFP ≥ 200 ng/mL [HR
(95%CI) = 2.40 (1.34-4.29); P = 0.003]. Meanwhile,
the significantly decreased death risk conferred by
SNP rs4147581 was observed in younger patients
[HR (95%CI) = 0.52 (0.30-0.92), P = 0.024], male
patients [HR (95%CI) = 0.64 (0.42-0.99), P =
0.042], non-smoking patients [HR (95%CI) = 0.58
(0.36-0.93); P = 0.024], and those with cirrhosis [HR
(95%CI) = 0.50 (0.29-0.85); P = 0.011], Child-Pugh
score B [HR (95%CI) = 0.45 (0.22-0.90); P = 0.024],

Association between individual SNPs and overall
survival in HCC patients

We assessed the effect of 14 tagging SNPs in seven
GST genes on death of HCC patients using the Cox
regression model. When the dominant genetic model
was tested, our data showed that SNPs rs7085725
in GSTO2 and rs4147581 in GSTP1 gene were
significantly associated with the overall survival of
HCC patients (Table 3). Patients carrying at least one
variant allele of rs7085725 (WV + VV genotypes)
had a significantly increased risk of death (HR =
1.60; 95%CI: 1.03-2.47), meanwhile, those carrying
WV + VV genotypes of rs4147581 had a decreased
risk of death (HR = 0.68; 95%CI: 0.46-0.99), when
compared with those carrying homozygous wildtype alleles (WW genotype) (P = 0.035 and 0.042,
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Table 3 Associations between polymorphisms of tagging SNPs in GST genes and overall survival in hepatocellular carcinoma patients
Gene

Tagging SNP

GSTA1

rs6917150

GSTA4

rs385636

GSTM2

rs638820

GSTM3

rs1109138

WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV
WW
WV + VV

rs7483
GSTO1

rs2282326
rs17116779

GSTO2

rs156699
rs7085725
rs157077

GSTP1

Outcome, n (%)

Genotype

rs4147581
rs2370141

HR (95%CI)

Dead

Alive

48 (51.6)
63 (52.1)
82 (55.4)
29 (43.9)
42 (51.9)
69 (51.9)
85 (54.1)
26 (45.6)
63 (56.2)
48 (47.1)
60 (56.1)
51 (47.7)
99 (51.0)
12 (60.0)
64 (50.0)
47 (54.7)
81 (46.0)
30 (78.9)
50 (58.1)
61 (47.7)
57 (55.3)
54 (48.6)
74 (52.1)
37 (51.4)

45 (48.4)
58 (47.9)
66 (44.6)
37 (56.1)
39 (48.1)
64 (48.1)
72 (45.9)
31 (54.4)
49 (43.8)
54 (52.9)
47 (43.9)
56 (52.3)
95 (49.0)
8 (40.0)
64 (50.0)
39 (45.3)
95 (54.0)
8 (21.1)
36 (41.9)
67 (52.3)
46 (44.7)
57 (51.4)
68 (47.9)
35 (48.6)

1 (ref)
1.01 (0.69-1.48)
1 (ref)
0.71 (0.46-1.09)
1 (ref)
1.13 (0.77-1.67)
1 (ref)
0.81 (0.52-1.26)
1 (ref)
0.94 (0.64-1.38)
1 (ref)
0.92 (0.63-1.35)
1 (ref)
0.95 (0.52-1.75)
1 (ref)
1.10 (0.75-1.62)
1 (ref)
1.60 (1.03-2.47)a
1 (ref)
0.78 (0.54-1.14)
1 (ref)
0.68 (0.46-0.99)a
1 (ref)
0.90 (0.61-1.34)

P value

0.961
0.117
0.526
0.353
0.760
0.675
0.869
0.612
0.035a
0.198
0.042a
0.597

a

P < 0.05 was considered statistically significant. WW: Homozygous wild-type genotype; WV: Heterozygous genotype; VV: Homozygous variant genotype;
SNP: Single nucleotide polymorphisms.

A

B

GSTO2 : rs7085725

100

(all patients)

60

40
WV + VV (n = 38)
20

0

(all patients)

80
WW (n = 176)

Cumulative survival (%)

Cumulative survival (%)

80

GSTP1 : rs4147581

100

12

24

60

40
WW (n = 111)
20

Log rank, P = 0.03

0

WV + VV (n = 103)

36

48

60

0
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36
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Figure 2 Kaplan-Meier curves for hepatocellular carcinoma patients carrying genetic variants of GSTO2: rs7085725 (A) and GSTP1: rs4147581 (B). WW:
Homozygous wild-type genotype; WV: Heterozygous genotype; VV: Homozygous variant genotype.

Cumulative effect of unfavorable genotypes on overall
survival

AFP < 200 ng/mL [HR (95%CI) = 0.51 (0.29-0.89);
P = 0.018] and tumor size ≥ 5 cm [HR (95%CI) =
0.60 (0.37-1.00); P = 0.048]. Interestingly, both of
the two SNPs were significantly associated with overall
survival in patients with younger age, male gender and
cirrhosis. Log-rank test further indicated significant
differences in overall survival between WV + VV and
WW genotypes of SNPs rs7085725 or rs4147581 in
those patients with above-mentioned factors (Figure 3).

WJG|www.wjgnet.com

To further assess the cumulative effects of genetic
variants of SNPs rs7085725 and rs4147581 on overall
survival in HCC, we did a joint analysis by including
the two SNPs (Table 5). The unfavorable genotypes
were defined as WV or VV for rs7085725 and WW for
rs4147581. When using group 1 (with 0 unfavorable
genotype) as reference, HCC patients in group 3
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Table 4 Stratified analysis on the association between GSTO2 : rs7085725 and GSTP1 : rs4147581 genotype and overall survival
of hepatocellular carcinoma patients
Variable

GSTO2: rs7085725

Age (yr)
≤ 55
> 55
Gender
Male
Female
Smoking behavior
No
Yes
Cirrhosis
Absent
Present
Child-Pugh score
A
B
AFP level (ng/mL)
< 200
≥ 200
Tumor size
< 5 cm
≥ 5 cm
TNM stage
Ⅰ+Ⅱ
Ⅲ

GSTP1: rs4147581
HR (95%CI)

P value

23/32
31/25

0.52a (0.30-0.92)
0.92 (0.55-1.54)

0.024a
0.755

44/38
13/8

44/50
10/7

0.64a (0.42-0.99)
1.06 (0.45-2.50)

0.042a
0.902

0.287
0.009a

35/26
22/20

36/47
18/10

0.58a (0.36-0.93)
1.06 (0.56-1.99)

0.024a
0.870

1.21 (0.62-2.35)
2.00a (1.11-3.59)

0.579
0.020a

23/17
34/29

30/18
24/39

0.91 (0.52-1.59)
0.50a (0.29-0.85)

0.746
0.011a

17/7
13/1

2.28a (1.32-3.93)
0.97 (0.47-2.03)

0.003a
0.940

39/44
18/2

39/50
15/7

0.83 (0.53-1.30)
0.45a (0.22-0.90)

0.422
0.024a

39/40
42/55

14/7
16/1

1.09 (0.57-2.11)
2.40a (1.34-4.29)

0.793
0.003a

26/17
31/29

27/30
27/27

0.51a (0.29-0.89)
0.85 (0.51-1.44)

0.018a
0.552

37/50
44/45

10/5
20/3

1.51 (0.74-3.06)
1.59 (0.90-2.80)

0.254
0.109

23/26
34/20

24/29
30/28

0.77 (0.43-1.38)
0.60a (0.37-1.00)

0.379
0.048

44/60
37/35

11/4
19/4

1.24 (0.61-2.53)
1.66 (0.94-2.93)

0.555
0.081

27/26
30/20

28/38
26/19

0.64 (0.37-1.10)
0.75 (0.43-1.30)

0.104
0.311

Dead/Alive

P value

HR (95%CI)

WW

WV + VV

32/52
49/43

19/5
11/3

1.86a (1.02-3.38)
1.71 (0.89-3.31)

62/83
19/12

26/5
4/3

52/67
29/28

Dead/Alive
WW

WV + VV

0.044a
0.110

28/25
29/21

1.83a (1.14-2.94)
0.76 (0.22-2.64)

0.013a
0.663

19/6
11/2

1.35 (0.78-2.37)
2.59a (1.27-5.27)

41/30
40/65

12/5
18/3

61/87
20/8

a

P < 0.05 was considered statistically significant. WW: Homozygous wild-type genotype; WV: Heterozygous genotype; VV: Homozygous variant genotype.
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Figure 3 Kaplan-Meier curves for hepatocellular carcinoma patients carrying genetic variants of GSTO2: rs7085725 and GSTP1: rs4147581 in stratified
subgroups. A and B: In patients with age < 55 years; C and D: In patients with male gender; E and F: In patients with cirrhosis. WW: Homozygous wild-type genotype,
WV: Heterozygous genotype; VV: Homozygous variant genotype.

carrying two unfavorable genotypes, when compared
with others, either in all patients or in stratified
subgroups (Figure 4).

Table 5 Cumulative effects of unfavorable genotypes on
overall survival of hepatocellular carcinoma patients
Group (number of
1
unfavorable genotypes )
In all patients
Group 1 (0)
Group 2 (1)
Group 3 (2)
P for trend
In patients with age ≤ 55
Group 1 (0)
Group 2 (1)
Group 3 (2)
P for trend
In patients with male gender
Group 1 (0)
Group 2 (1)
Group 3 (2)
P for trend
In patients with cirrhosis
Group 1 (0)
Group 2 (1)
Group 3 (2)
P for trend

Death/Total

HR (95%CI)

44/95
47/97
20/22

1 (ref)
1.08 (0.71-1.63)
1.70a (1.30-2.22)

18/47
26/45
14/16

1 (ref)
1.01 (0.52-1.95)
2.00a (1.40-3.86)

36/82
34/75
18/19

1 (ref)
0.97 (0.60-1.56)
1.94a (1.45-2.59)

20/56
24/56
14/14

1 (ref)
1.29 (0.71-2.35)
1.97a (1.39-2.79)

P value

Modulating effects of smoking on overall survival in
HCC patients by rs7085725

Previous report from our center showed that cigarette
smoking was associated with an increased risk of
[20]
death in HCC . As a metabolizing enzyme, GSTP1
has been extensively investigated in the activation
and detoxification of pro-carcinogens in tobacco
[11,21]
smoke
. In line with this evidence, we further
assessed the modulating effects on the association
between smoking and overall patient survival,
stratified by SNPs rs7085725 and rs4147581 (Table 6).
We observed that the survival time of those patients
carrying variant alleles of rs7085725 were adversely
affected by smoking exposure [HR (95%CI) = 1.52
(1.02-2.26); P = 0.042]. This significant adverse
effect on patient survival conferred by smoking was
also observed in smoking quantity-stratified analysis
[HR (95%CI) = 2.07 (1.13-3.76); P = 0.018]. KaplanMeier analysis further suggested that smoking exposure
adversely affected overall survival of variant allele
carriers of rs7085725, either in smoking behavior- or
in smoking quantity-stratified analysis (Figure 5).

0.730
< 0.001a
0.004a

0.975
< 0.001a
0.003a

0.898
< 0.001a
0.002a

0.410
< 0.001a
0.001a

1

Unfavorable genotypes: GSTO2: rs7085725 (WV or VV) and GSTP1:
rs4147581 (WW). aP < 0.05 was considered statistically significant. WW:
Homozygous wild-type genotype; WV: heterozygous genotype; VV:
Homozygous variant genotype.

Genotype distributions of rs7085725 and rs4147581 in
HCC patients with different gene expression

(with two unfavorable genotypes) had a 1.70-fold
increased risk of death (95%CI: 1.30-2.22; P < 0.001),
when compared with those in the reference group.
A significant dose-response trend was observed (P
for trend = 0.004). Furthermore, the death risk of
carriers of two unfavorable genotypes was significantly
increased among HCC patients with younger age, male
gender or cirrhosis, when compared with the reference
group (HR = 2.00, 1.94 and 1.97, respectively; P <
0.001). Kaplan-Meier analysis showed that there was
significantly decreased overall survival in patients

WJG|www.wjgnet.com

To further investigate the association between SNP
and gene expression, we developed an SNP-gene
expression model by integrating genotyping and gene
expression data from Hong Kong Cohort. We selected
two SNPs rs11191994 and rs614080 to predict
genotypes of rs7085725 and rs4147581, respectively.
Both of the two SNPs were completely linked with
rs7085725 or rs4147581 [linkage disequilibrium (LD):
2
r = 1.000, D’ = 1.000]. As shown in Figure 6, there
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Figure 4 Kaplan-Meier curves for hepatocellular carcinoma patients carrying unfavorable genotypes. A: In all patients; B: In patients with age < 55 years; C:
In patients with male gender; D: In patients with cirrhosis. Patients were classified into two groups, according to number of unfavorable genotypes carried. Group 1
+ 2 carried 0 or 1 unfavorable genotype, while Group 3 carried 2 unfavorable genotypes. Unfavorable genotypes were GSTO2: rs7085725 (WV or VV) and GSTP1:
rs4147581 (WW).
Smoking
22/42
0.95 (0.72-1.24)
Smoking quantity (packs-year)1
0
35/61
1 (ref)
> 0 and < 20
15/33
0.97 (0.71-1.31)
7/9
0.95 (0.71-1.28)
≥ 20
In patients with WV + VV genotypes of GSTP1: rs4147581
Smoking behavior
No smoking
36/83
1 (ref)
Smoking
18/28
1.27 (0.95-1.69)
Smoking quantity (packs-year)1
0
36/83
1 (ref)
> 0 and < 20
14/23
1.27 (0.93-1.74)
4/5
1.16 (0.81-1.66)
≥ 20

Table 6 Modulating effects of smoking on hepatocellular
carcinoma overall survival by GSTO2 : rs7085725 or GSTP1 :
rs4147581 genotypes
SNP and variables

Death/total

HR (95%CI)

In patients with WW genotype of GSTO2: rs7085725
Smoking behavior
No smoking
52/119
1 (ref)
Smoking
29/57
1.04 (0.82-1.31)
Smoking quantity (packs-year)1
0
52/119
1 (ref)
> 0 and < 20
20/45
1.06 (0.82-1.37)
9/12
0.99 (0.76-1.30)
≥ 20
In patients with WV + VV genotypes of GSTO2: rs7085725
Smoking behavior
No smoking
19/25
1 (ref)
Smoking
11/33
1.52 (1.02-2.26)a
Smoking quantity (packs-year)1
0
19/25
1 (ref)
> 0 and < 20
9/11
1.42 (0.93-2.16)
2/2
2.07 (1.13-3.76)
≥ 20
In patients with WW genotype of GSTP1: rs4147581
Smoking behavior
No smoking
35/61
1 (ref)
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P value

0.757

0.667
0.956

0.697

0.824
0.754

0.101

0.128
0.426

1
To calculate pack-years of smoking, the average of number of cigarettes
smoked per day was divided by 20 to give packs per day and multiplied
by the total number of years of smoking. aP < 0.05 was considered
statistically significant. WW: Homozygous wild-type genotype; WV:
Heterozygous genotype; VV: Homozygous variant genotype; SNP: Single
nucleotide polymorphisms.

0.042a

0.106
0.018a

was a significant difference in the genotype distribution
of rs7085725 between patients with high and median
GSTO2 expression levels (P = 0.042). Additionally, the
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Figure 5 Kaplan-Meier curves for hepatocellular carcinoma patients carrying WV + VV genotypes in different smoking subgroups. A: HCC patients were
classified by smoking behavior; B: HCC patients were classified by smoking quantity. WV: Heterozygous genotype; VV: Homozygous variant genotype.
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Figure 6 Comparison of genotype distribution in hepatocellular carcinoma patients with different GSTO2 and GSTP1 expression. A: rs7085725 genotype
distribution in different GSTO2 expression groups. rs7085725 genotype was predicted according to rs11191994 (LD r2 = 1.000, D’ = 1.000); B: rs4147581 genotype
distribution in different GSTP1 expression groups. rs4147581 genotype was predicted according to rs614080 (LD r2 = 1.000, D’ = 1.000). WV: Heterozygous genotype;
VV: Homozygous variant genotype; NS: Not significant.

genotype distributions of rs4147581 in low and median
GSTP1 expression groups were also significantly
different (P = 0.011). We found that patients carrying
WV + VV genotypes of rs7085725 were more frequent
in high GSTO2 expression subgroup, while rs4147581
WW allele carriers were dominant in low GSTP1
expression subgroup (Figure 6).

were significantly associated with the overall survival of
HCC patients (P = 0.035 and P = 0.042, respectively).
Our data indicated that SNPs GSTO2: rs7085725
and GSTP1: rs4147581 used alone or in combination
were potential prognostic markers for HCC patients,
especially in those patients with younger age, male
gender and cirrhosis. If further validated, the two SNPs
may potentially be developed as simple non-invasive
predictive biomarkers for HCC patients.
GSTP1, an extensively studied member of GSTs,
acts as a part of the protection system against a wide
range of potentially harmful cytotoxic compounds. It
was observed that altered expression of GSTP1 existed
[22]
in liver cancer cell lines , and in more than 77.8% of

DISCUSSION
In this study, we evaluated the prognostic value of
12 tagging polymorphisms from seven GST genes in
Chinese HCC patients. The most important finding was
that SNPs GSTO2: rs7085725 and GSTP1: rs4147581
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[23]

HBV-associated HCC tissues . Previous studied have
extensively demonstrated that GSTP1 polymorphisms
would contribute to the increased risk and poor
outcome of many cancers, including esophageal
[24]
[8]
[10]
cancer , colorectal cancer , glioma , breast
[2,25]
[26]
[9,27]
cancer
, prostate cancer
and ovarian cancer
.
However, little is known to date about their effect on
[13]
HCC risk and prognosis. Chen et al
reported that
GSTP1 gene polymorphisms might be considered
as factors increasing the susceptibility to HCC in
Taiwanese aged ≤ 57 years. In the present study, we
similarly identified a tagging SNP of GSTP1 (rs4147581)
as a predictive biomarker in HCC patients aged ≤ 55
years. Besides younger age, we additionally identified
that GSTP1: rs4147581 polymorphism was associated
with the overall survival in those patients with male
gender, non-smoking behavior, liver cirrhosis, ChildPugh score B, AFP < 200 ng/mL, or tumor size ≥
5 cm, all of which suggested this SNP as a more
powerful predictor than previous SNP markers.
The function of GSTP1: rs4147581 to date remains
to be unclear. In the present study, we first reported
that genotype distribution of rs4147581 was associated
with GSTP1 expression. It has been reported
that GSTP1: rs4147581 was associated with DNA
[28]
methylation , which has been clearly demonstrated
to play a critical role in down-regulating GSTP1
[6,22,23]
expression in HCC
. Considering that loss of
GSTP1 expression has been suggested to increase the
[6]
risk of DNA damage , we put forward the hypothesis
that rs4147581 may control GSTP1 expression by
influencing DNA methylation, and consequently induce
high risk of carcinogenesis and cancer progression.
GSTO2 gene encodes omega class GST member
GSTO2, which exhibits dehydroascorbate (DHA)
reductase activity in addition to novel thioltransferase,
[29,30]
and monomethylarsonate reductase activities
.
GSTO2 has 70-100 times higher DHA reductase (DHAR)
activity than GSTO1, another GST omega class GST
member, and is considered to be the most active
[30]
DHAR in mammalian cells . Previous studies have
extensively demonstrated that GSTO2 polymorphisms
might contribute to the increased risk of colorectal
[31]
[32]
[33]
cancer , gastric cancer , ovarian cancer
and
[34]
leukemia . This finding suggested the hypothesis
that GSTO2 gene polymorphisms might contribute
to the increased risk and outcome of HCC. Although
[35]
Marahatta et al did not find a difference in genotypic
distribution for GSTO2 polymorphism between HCC
patients and controls, limited number of patients
(only 28 cases of HCC and 98 controls) recruited in
their study might contribute to this negative result.
In our study, we identified that GSTO2: rs7085725
polymorphism was associated with overall survival
of HCC patients. When combined with GSTP1:
rs4147581, the predictive power of GSTO2: rs7085725
increased, especially in those younger, male and
cirrhotic patients.
Recently, emerging evidence has shown that
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GSTO2 gene polymorphism is associated with lung
[36]
function modified by smoking exposure , and
[37]
contributes to the development of lung cancer .
These reports suggest the critical role of GSTO2:
rs7085725 in smoking related HCC risk. Our data
indicated the significant association between GSTO2:
rs7085725 and smoking behavior, which always
[21,38]
predicts a relatively poor survival
. We further
investigated the interaction between SNP GSTO2:
rs7085725 and smoking exposure in modulating HCC
patient survival. Interestingly, these variant allele
carriers of GSTO2: rs7085725 were more susceptible
to smoking exposure, when compared with wild
type allele carriers. All the above results clearly
demonstrated that the population carrying variant
alleles of GSTO2: rs7085725 might obtain more
benefit of smoking cessation, which may guide those
patients to make better decision.
It has been reported that the polymorphisms in the
GSTO2 gene affect its expression levels in Alzheimer
[39]
and Parkinson disease ; however, the influence of
rs7085725 on GSTO2 expression in HCC remains
unclear. Our data showed that rs7085725 minor allele
carriers were significantly increased in high GSTO2
expression subgroup, when compared with median
and low expression subgroups. Although the biological
function of GSTO2 has not been clearly demonstrated,
it has been observed that the expression of GSTO1,
which was an important paralog gene of GSTO2 and
exhibited very similar biological function to GSTO2,
was over-expressed in chemo- and radio-resistant
[40,41]
cancer cells
. Besides, elevation of GSTO1 protein
in colorectal cancer cells was also involved in cell
[42]
invasion and metastasis . Above evidence suggested
that high GSTO2 expression might contribute to tumor
progression. This hypothesis might partly explain why
rs7085725 WV + VV allele carriers always had worse
overall survival. To date there is no report of regulating
mechanism of rs7085725 on GSTO2 expression.
The functional prediction indicates that rs7085725 is
located in the 3’-UTR of the GSTO2 gene. Previous
evidence showed that SNP sequences in 3’-UTRs of
many other genes are clearly involved in the regulation
of mRNA expression either by providing mutated
binding sites for proteins and microRNAs to alter
mRNA stability, or by forming hairpin loop structures to
stabilize and thus slow down mRNA degradation. This
suggests a possibility of elevated expression regulation
on the GSTO2 gene by rs7085725. However, all
given explanations are speculative and merit further
research.
There are several strengths in this study. The
patients analyzed in this study were enrolled from Xi’
an and adjacent area, and these patients were all
surgically treated to remove the primary tumors by
the same medical center. The highly homogenous
patient characteristics and treatments, as well as low
rate of patient loss to follow-up, greatly reduced the
confounding effects of the heterogeneous therapeutics
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modalities in many other similar biomarker studies of
HCC prognosis. The limitations of our study include the
generalizability issue, because our study was restricted
to Han Chinese. Further evaluation is necessary to
determine whether these findings can be generalized
to other ethnic groups. Moreover, the moderate
sample size limited the validity of some stratified
analyses. Following validation using larger independent
populations is warranted.
In conclusion, our study presents the first epide
miological evidence supporting a role of GSTO2:
rs7085725 and GSTP1: rs4147581 in the prognosis
prediction in a Chinese population of HCC patients.
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19-9 (CA19-9) for differential diagnosis of pancreatic
carcinoma and chronic pancreatitis.

Abstract

Core tip: Pancreatic carcinoma and chronic pancreatitis
show similar clinical manifestations. Differential diagnosis
of pancreatic carcinoma and chronic pancreatitis remains

METHODS: We searched the literature for studies
reporting the sensitivity, specificity, and other accuracy
measures of serum CA19-9 levels for differentiating
pancreatic carcinoma and chronic pancreatitis. Pooled
analysis was performed using random-effects models,
and receiver operating characteristic (ROC) curves
were generated. Study quality was assessed using
Standards for Reporting Diagnostic Accuracy and Quality
Assessment for Studies of Diagnostic Accuracy tools.
RESULTS: A total of 34 studies involving 3125 patients
with pancreatic carcinoma and 2061 patients with
chronic pancreatitis were included. Pooled analysis of
the ability of CA19-9 level to differentiate pancreatic
carcinoma and chronic pancreatitis showed the following
effect estimates: sensitivity, 0.81 (95%CI: 0.80-0.83);
specificity, 0.81 (95%CI: 0.79-0.82); positive likelihood
ratio, 4.08 (95%CI: 3.39-4.91); negative likelihood
ratio, 0.24 (95%CI: 0.21-0.28); and diagnostic odds
ratio, 19.31 (95%CI: 14.40-25.90). The area under the
ROC curve was 0.88. No significant publication bias was
detected.
CONCLUSION: Elevated CA19-9 by itself is insufficient
for differentiating pancreatic carcinoma and chronic
pancreatitis, however, it increases suspicion of pancreatic
carcinoma and may complement other clinical findings to
improve diagnostic accuracy.
Key words: Pancreatic carcinoma; Chronic pancreatitis;
Carbohydrate antigen; Diagnosis; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

AIM: To evaluate the utility of carbohydrate antigen
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a challenge, particularly in patients with pancreatic
masses that may be benign (inflammatory) or malignant.
Carbohydrate antigen 19-9 (CA19-9) shows promise for
differentiating the diseases. We evaluated the usefulness
of CA19-9 in this systematic review.

CA19-9 as a serum tumor marker and its sensitivity
and specificity for distinguishing pancreatic carcinoma
and chronic pancreatitis.

MATERIALS AND METHODS
Search strategies

Su SB, Qin SY, Chen W, Luo W, Jiang HX. Carbohydrate
antigen 19-9 for differential diagnosis of pancreatic carcinoma
and chronic pancreatitis. World J Gastroenterol 2015;
21(14): 4323-4333 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4323.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4323

In June 2013 we searched MEDLINE (1980 to May
2013), EMBASE (1980 to May 2013), Web of Science
(1990 to May 2013) and Cochrane databases. Although
no language restrictions were imposed initially, for
the full-text review and final analysis only English
language articles were included. Additional articles
were searched using the “Related articles” function in
PubMed and by manually searching reference lists of
identified articles and review articles. The following
search terms were used: “pancreatic carcinoma”
or “pancreatic cancer” and “chronic pancreatitis”
and “carbohydrate antigen 19-9” and “diagnosis” or
“sensitivity” or “specificity”. We contacted experts in
the field to ask about studies that we may have missed
in the databases. Conference abstracts and letters to
the editor were excluded because of the limited data
they contained.

INTRODUCTION
Pancreatic carcinoma is the fourth leading cause of
[1]
cancer deaths in the United States . Currently, the most
[2,3]
effective treatment is surgical resection . However,
approximately 80% of tumors are unresectable at
diagnosis, and these patients show a 5-year survival rate
[1]
below 5% . The clinical manifestations of pancreatic
carcinoma resemble those of chronic pancreatitis. In fact,
chronic pancreatitis is strongly associated with pancreatic
malignancy and may help to cause it. For example,
individuals in parts of Southern India with idiopathic
chronic pancreatitis unassociated with alcohol abuse
[4]
show a high incidence of pancreatic carcinoma .
Differential diagnosis of pancreatic carcinoma and
chronic pancreatitis remains a challenge, particularly
in patients with pancreatic masses that may be benign
(inflammatory) or malignant. This differentiation is
important in order to avoid unnecessary resection
in patients with inflammatory masses: 5%-10% of
patients subjected to pancreatic resection are ultimately
diagnosed with pancreatitis rather than pancreatic
[5]
carcinoma . Differentiation is also important in order
to identify correctly pancreatic masses as cancerous
and avoid leaving behind malignant masses. Pancreatic
carcinoma is incurable in many patients who also have
chronic pancreatitis, because the cancer is multicentric
or advanced.
Carbohydrate antigen 19-9 (CA19-9) is the most
popular serum-based marker for diagnosis of pancreatic
cancer, and it is useful for detecting disease recurrence
[6,7]
after surgery . However, this biomarker has limited
diagnostic power. CA19-9 level can be normal in patients
with localized disease, therefore, it is less effective for
screening for early pancreatic cancer. High CA19-9
levels can also occur in benign diseases, including
[6-8]
chronic pancreatitis and nonmalignant jaundice .
Diagnosis of pancreatic cancer at an early, resec
table stage is especially difficult when the patient
[9,10]
also presents with chronic pancreatitis
, therefore,
we wondered whether CA19-9 might be useful for
differentiating the two diseases. We performed a
systematic review and meta-analysis of the utility of
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Study inclusion criteria

A study was included when it provided both the sen
sitivity (true-positive rate) and specificity (true-negative
rate) of using serum CA19-9 levels to diagnose
pancreatic carcinoma or chronic pancreatitis in patients
of any age. Studies were also included if they reported
CA19-9 values in a scatter plot format that allowed
patient-level data to be extracted. Studies had to
involve at least 10 patients with pancreatic carcinoma
or chronic pancreatitis in order to reduce selection
bias due to a small number of participants. Patients
had to be diagnosed with pancreatic carcinoma
based on cytology and/or histology of pancreatic
tissue, or diagnosed with chronic pancreatitis based
on clinical information alone or in combination with
histopathological resection, radiology (endoscopic
retrograde cholangiopancreatography and computed
tomography) and/or endoscopic ultrasonography.
Two reviewers (Su SB and Jiang HX) independently
determined study eligibility, and disagreements were
resolved by consensus.

Data extraction and quality assessment

These same two reviewers independently confirmed
the eligibility of the final set of studies and extracted
the following data: first author, publication year,
participant characteristics, assay methods, sensitivity
and specificity data, cut-off values, and methodological
quality. Serum CA19-9 values provided in scatter plots
were extracted by placing scalar grids over the plots.
A receiver operating characteristic (ROC) curve was
calculated for each study.
To enable us to assess the methodological quality
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Potentially relevant articles
identified in the databases
n = 345

Articles excluded (n = 239) because they were:
Irrelevant based on review of titles and abstracts (145)
Published in languages other than English (German, 3;
French, 3; Japanese, 3; Russian, 5; Spanish, 4; Italian, 2;
Polish, 2; Hungarian, 1; Chinese, 4)
Not available in full text (37)
Review articles (28)
Case reports (2)

Potentially relevant articles
analyzed in depth
n = 106

Articles excluded (n = 72) because they:
Did not satisfy the inclusion criteria (47)
Did not report sufficient information (17)
Were meta-analysis (2)
Gad fewer than 10 participants (1)
Were "duplicate" publications (5)

Articles included in
meta-analysis
n = 34

Figure 1 Flowchart of study selection.

were performed using Meta-DiSc for Windows (XI
Cochrane Colloquium; Barcelona, Spain) and Stata
12.0 (Stata Corporation, College Station, TX, United
States). The following measures of test accuracy
were analyzed for each study: sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio
(NLR) and diagnostic odds ratio (DOR). A summary
[14]
ROC (SROC) curve
was generated for each study
based on a single test threshold for sensitivity and
[13,15]
specificity
. A random-effects model was adopted
to calculate the average sensitivity, specificity, and
[16,17]
other measures across studies
.
To assess the effects of STARD and QUADAS scores
on the diagnostic power of CA19-9, we included
them as covariates in univariate, inverse varianceweighted meta-regression. We also analyzed the
effects of other covariates on DOR, such as crosssectional design, consecutive or random sampling
of patients, single- or double-blinded interpretation
of experimental and reference measurements, and
prospective or retrospective data collection. The relative
DOR (RDOR) was calculated to analyze the change in
diagnostic precision in each study per unit increase in
[18,19]
the covariate
. P < 0.05 was considered to show
statistical significance.

of the included studies, we extracted data on the
following study design characteristics: (1) crosssectional or case-control design; (2) consecutive or
random sampling of patients; (3) blinded (single or
double) or non-blinded interpretation of experimental
and reference measurements; and (4) prospective
or retrospective data collection. Su SB and Jiang HX
independently assessed the methodological quality of
studies using the Standards for Reporting Diagnostic
[11]
Accuracy (STARD) guidelines
(maximum score
of 25) and the Quality Assessment for Studies of
[12]
Diagnostic Accuracy (QUADAS) guidelines (maximum
score of 14). Average inter-rater agreement on the
methodological quality checklists was 0.96. If primary
studies did not report information needed to assess
methodological quality, we contacted the authors in
an effort to obtain the data. If the authors did not
respond, we changed the response for the relevant
items from “not reported” to “no” on the assessment
instruments.

Statistical analysis

Standard methods recommended for meta-analyses
[13]
of diagnostic test evaluations were used . Analyses
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Table 1 Summary of carbohydrate antigen 19-9 assay methods, results, and overall methodological quality of included studies
Ref.

Number of Assay
patient
method

Wang et al[21], 1986
Safi et al[22], 1987
Sakamoto et al[23], 1987
Friess et al[24], 1993
Röthlin et al[25], 1993
Haglund et al[26], 1994
Kuno et al[27], 1994
Pasquali et al[28], 1994
Satake et al[29], 1994
Hámori et al[30], 1997
Safi et al[31], 1997
Hayakawa et al[32], 1999
Kim et al[33], 1999
Manes et al[34], 1999
Slesak et al[35], 2000
Maire et al[36], 2002
Akashi et al[37], 2003
Mu et al[38], 2003
Cwik et al[39], 2004
Jiang et al[40], 2004
Ventrucci et al[41], 2004
Teich et al[42], 2005
Chang et al[43], 2007

58
191
57
154
97
199
117
103
941
94
647
76
160
58
122
78
46
24
150
148
81
59
111

Kuhlmann et al[44], 2007
Liao et al[45], 2007
Bedi et al[46], 2009

62
150
84

Firpo et al[47], 2009
Liao et al[48], 2009
Morris-Stiff et al[49], 2009
Talar-Wojnarowska et al[50], 2010
Zapico-Muñiz et al[51], 2010
Chung et al[52], 2011
Gold et al[53], 2013
Kaur et al[54], 2013

107
102
188
157
102
78
284
114

RIA
RIA
RIA
ELISA
RIA
RIA
RIA
RIA
RIA
RIA
RIA
RIA
ELISA
RIA
LIA
ELISA
RIA
RIA
RIA
ELISA
EIA
ELISA
ELISA
ELISA
EIA
ELISA
ELISA
ELISA
ELISA
RIA
ELISA
ELISA
LIA
NR
EIA
RIA

Cut-off for elevated
CA19-9 (U/mL)

TP

Assay results
FP

FN

TN

STARD

Quality score
QUADAS

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
60
22
37
100
37
37
37
100
37
37
37
37
100
30
37
37

20
80
26
53
54
148
41
47
454
48
296
21
69
30
32
43
15
4
82
82
45
27
63
57
17
84
23
14
58
47
70
71
35
40
180
76

0
28
1
14
8
3
10
2
56
4
48
14
9
3
14
4
7
3
5
7
2
3
11
7
4
15
15
7
2
22
31
18
7
2
16
9

4
7
4
6
14
31
6
11
118
14
51
6
21
4
14
4
5
5
16
14
15
3
9
15
11
28
11
20
17
11
3
14
12
15
54
15

34
76
26
81
21
17
60
43
244
28
252
35
61
21
60
27
19
12
47
45
19
13
28
32
30
23
35
43
30
22
84
54
48
21
34
14

15
16
18
17
17
16
19
12
19
11
18
16
19
17
18
17
12
15
16
17
18
12
18
18
16
15
17
17
18
16
19
17
16
12
18
17

10
10
12
11
12
11
13
9
13
7
12
11
13
11
12
11
9
10
11
12
12
9
12
12
11
10
12
12
12
10
13
12
11
9
11
11

CA19-9: Carbohydrate antigen 19-9; EIA: Enzyme immunoassay; ELISA: Enzyme-linked immunosorbent assay; FN: False negative; FP: False positive; LIA:
Luminescent immunoassay; NR: Not reported; RIA: Radioimmunoassay; TN: True negative; TP: True positive.

The heterogeneity, or variability, across studies was
2
assessed for statistical significance using the χ and
Fisher exact tests. Publication bias can pose problems
for meta-analyses of diagnostic studies, therefore,
we tested for the potential presence of this bias using
[20]
funnel plots and the Egger test .

carcinoma and 2061 patients with chronic pancreatitis.
The average sample size of the studies was 153
patients (range: 24-941). Table 1 summarizes the
clinical characteristics of participants in each study; the
numbers of true-positive, false-positive, false- negative
and true-negative results; and STARD and QUADAS
scores.

RESULTS

Methodological quality of the included studies

Selection and summary of studies

Of the 34 studies in the meta-analysis, 30 had STARD
scores ≥ 13, and 29 had QUADAS scores ≥ 10. All
studies collected data from consecutive patients using
a prospective design. No study reported interpretation
of CA19-9 measurements in which analysts were
blinded to the corresponding reference measurements
(Table 2).

We identified 345 citations via electronic searches, and
106 were retrieved for detailed analysis (Figure 1). Of
these, 47 studies were excluded for failing to satisfy
the inclusion criteria, and another 17 were excluded
because they failed to provide sufficient information
for meta-analysis. Five studies were duplicate publi
cations. Two articles were meta-analyses, and one
was excluded for involving fewer than 10 participants.
In the end, 34 publications were included in the
[21-54]
analysis
, involving 3125 patients with pancreatic
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Diagnostic accuracy

As shown in Figure 2, a Forest plot of serum CA19-9
levels in all 34 included studies showed that the
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20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

Pooled
0

0.2

0.4

0.6

0.8

1.0

1.0

0.8

Sensitivity

0.6

0.4

0.2

0

Specificity

Figure 2 Forest plot showing sensitivity and specificity of carbohydrate antigen 19-9 in the diagnosis of pancreatic carcinoma. The point estimates of
sensitivity and specificity from each study are shown as solid circles. Horizontal error bars indicate 95%CI. Numbers between the plots refer to references. Pooled
estimates for the serum carbohydrate antigen 19-9 assay were 0.81 for sensitivity (95%CI: 0.80-0.83) and 0.81 for specificity (95%CI: 0.79-0.82).

sensitivity of this biomarker to differentiate between
pancreatic carcinoma and chronic pancreatitis ranged
2
from 0.44 to 0.96 [mean: 0.81, 95%CI: 0.80-0.83; χ =
77.23, P < 0.001), while the specificity ranged from 0.50
2
to 1.0 (mean: 0.81, 95%CI: 0.79-0.82; χ = 111.98, P
2
< 0.001). The PLR was 4.08 (95%CI: 3.39-4.91; χ =
113.62, P < 0.001), NLR was 0.24 (95%CI: 0.21-0.28;
χ 2 = 86.13, P < 0.001) and DOR was 19.31 (95%CI:
2
2
14.4-25.9; χ = 94.02, P < 0.001). These χ values and
associated P-values indicate significant heterogeneity
among studies.
These measures of differential diagnostic power
varied with different CA19-9 assays and cut-off values
used to define CA19-9 levels as elevated or normal
(Table 3). Data from the 11 studies that relied on the
enzyme-linked immunosorbent assay (ELISA) method,
involving 1396 patients, gave a sensitivity of 0.83 and
specificity of 0.79. Data from the 17 studies using the
radioimmunoassay method, involving 3074 patients,
gave a sensitivity of 0.82 and specificity of 0.81.
Data from the three studies that relied on an enzyme
immunosorbent assay (EIA) gave a sensitivity of 0.75
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and specificity of 0.79. Data from the 30 studies (4879
patients) using a cut-off value of 37 U/mL gave a
sensitivity of 0.82 and specificity of 0.80. Data from
the three studies using a cut-off value of 100 U/mL
gave corresponding values of 0.69 and 0.85. These
variations in sensitivity and specificity with CA19-9
assay and cut-off values did not achieve statistical
significance (P > 0.05, Table 4), suggesting that high
cut-off values such as 100 U/mL may better increase
the specificity for differential diagnosis of pancreatic
carcinoma.
Instead of assessing diagnostic power using the
traditional ROC plot, we calculated an SROC plot to
reveal the effect of varying thresholds on sensitivity
and specificity within each study. In this plot, different
studies appear as different data points, allowing
SROC curves to provide a global summary of test
performance and illustrate the trade-off between
sensitivity and specificity. Figure 3 shows an SROC
curve for rates of true- and false-positive results
obtained with the CA19-9 assay in individual studies.
From this plot we determined the Q value, which was
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Figure 3 Summary receiver operating characteristic curves for carbohydrate antigen 19-9 assays for differential diagnosis of pancreatic carcinoma and
chronic pancreatitis. Solid circles represent each study included in the meta-analysis, with circle size proportional to the number of participants in the study. SROC
curves summarize the overall diagnostic accuracy for all included studies (A), studies using a cut-off of 37 U/mL carbohydrate antigen 19-9 (CA19-9) (B), studies using
a cut-off of 100 U/mL CA19-9 (C), studies based on the radioimmunoassay method to assay CA19-9 (D), studies based on the ELISA method (E), and studies based
on the enzyme immunoassay method (F). ELISA: Enzyme-linked immunosorbent assay; SROC: Summary receiver operating characteristic.

defined as the point of intersection of the SROC curve
with a diagonal line extending from the left upper
corner to the right lower corner of the plot. The Q
value indicates the highest identical value of sensitivity
and specificity, thereby serving as an overall measure
of the discriminatory power of a test. Our SROC curve
was desirably positioned near the upper left corner,
and the maximum joint sensitivity and specificity was
0.81. The area under the curve (AUC) was 0.88 (Figure
3A), indicating high overall accuracy. SROC plots
differed based on the CA19-9 assay method and cutoff values, but all plots were positioned near the upper
left corner with AUCs near 0.88 (Figure 3B-F), again
indicating high overall accuracy.

of higher quality (STARD score ≥ 13; QUADAS score
≥ 10) produced RDOR values similar to those of lowerquality studies. In addition, RDOR values did not differ
significantly as a function of blinding, cross-sectional or
case-control design, consecutive or random sampling,
prospective or retrospective design, CA19-9 assay
method, or cut-off values (P > 0.05). These results
suggest that study design did not significantly affect
diagnostic accuracy and that the risk of detection bias
was low.
The Egger test showed no significant evidence of
publication bias in reports about CA19-9 assays for
differential diagnosis of pancreatic carcinoma (P =
0.944).

Multiple regression analysis and publication bias

DISCUSSION

[11]

[12]

Quality scores based on the STARD
and QUADAS
guidelines were generated for every study on the
basis of the title and introduction, methods, results
and discussion (Table 1). These scores were used in
meta-regression to assess the effect of study quality
on the RDOR of CA19-9 in the differential diagnosis of
pancreatic carcinoma and chronic pancreatitis. Studies

WJG|www.wjgnet.com

Timely and accurate diagnosis of pancreatic carcinoma
is critical for patient prognosis, but it remains a challenge
because the signs and symptoms of pancreatic cancer
overlap considerably with those of chronic pancreatitis.
Compounding this challenge is the fact that acute or
chronic pancreatitis increases the risk of pancreatic
carcinoma, as well as the fact that this cancer can
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Table 2 Additional characteristics of patients and methodology in the included studies
Ref.

Country/area

Wang et al[21], 1986
Safi et al[22], 1987
Sakamoto et al[23], 1987
Friess et al[24], 1993
Röthlin et al[25], 1993
Haglund et al[26], 1994
Kuno et al[27], 1994
Pasquali et al[28], 1994
Satake et al[29], 1994
Hámori et al[30], 1997
Safi et al[31], 1997
Hayakawa et al[32], 1999
Kim et al[33], 1999
Manes et al[34], 1999
Slesak et al[35], 2000
Maire et al[36], 2002
Akashi et al[37], 2003
Mu et al[38], 2003
Cwik et al[39], 2004
Jiang et al[40], 2004
Ventrucci et al[41], 2004
Teich et al[42], 2005
Chang et al[43], 2007

Taiwan
Germany
Japan
Germany
Switzerland
Finland
Japan
Italy
Japan
Hungary
Germany
Japan
Korea
Italy
Poland
France
Japan
China
Lublin
China
Italy
Germany
Taiwan
New York, United States
Kuhlmann et al[44], 2007
China
Liao et al[45], 2007
India
Bedi et al[46], 2009
United States
Taiwan
Firpo et al[47], 2009
United Kingdom
Liao et al[48], 2009
Poland
Morris-Stiff et al[49], 2009
Spain
Talar-Wojnarowska et al[50], 2010
Korea
Zapico-Muñiz et al[51], 2010
New York, United States
Chung et al[52], 2011
Germany

PC/CP, n

PC reference

Cross-sectional
design

Consecutive or
Random sampling

Blinded
design

Prospective
design

24/34
87/104
30/27
59/95
68/29
179/20
47/70
58/45
641/300
62/32
347/300
27/49
90/70
34/24
48/74
47/31
20/26
9/15
98/52
96/52
60/21
30/16
72/39
28/34
112/38
34/50
75/32
58/44
73/115
85/72
47/55
55/23
234/50
91/23

His or Cyt
His
His
His
His
His
His
His
His
His
His or Bio
His (Bio, Aut)
His
His or Cyt
His
His or Cyt
His or Aut
His or Cyt
His
His
His
His
His
His
His
His or Bio
His or Cyt
His
His
His
His
His
His or Cyt
His

No
Yes
No
Yes
No
No
Yes
No
Yes
No
Yes
No
Yes
Yes
No
No
No
No
NR
Yes
Yes
No
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No
NR
No
No
No
No
No
No
No
No
No
No
NR
No
No
No
No
NR
No
No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Aut: Autopsy; Bio: Biopsy; CP: Chronic pancreatitis; Cyt: Cytology; PC: Pancreatic carcinoma; His: Histology; NR: Not reported.

induce secondary inflammatory processes. In this
systematic review, we find evidence that although
CA19-9 levels on their own are inadequate for differen
tiating pancreatic carcinoma and chronic pancreatitis,
elevated CA19-9 may complement other clinical tests to
help confirm a diagnosis of pancreatic carcinoma.
a
CA19-9 is a sialylated Lewis (Le ) blood-group
antigen, which was first identified as a ligand bound
[55]
by monoclonal antibody 1116 NS 19-9 . CA19-9
levels are elevated in > 80% of patients with advanced
[56]
pancreatic cancer . However, up to 40% of patients
with chronic pancreatitis also have elevated CA19-9
levels, suggesting that these levels do not reliably
differentiate between patients with pancreatic carci
[57]
noma and those with chronic pancreatitis . In
contrast to these earlier findings, our meta-analysis
shows that the mean sensitivity of a CA19-9 assay
was 0.81; mean specificity, 0.81; maximum joint
sensitivity and specificity, 0.81; and AUC, 0.88. These
values suggest high overall accuracy. These sensitivity
and specificity values are similar to the corresponding
values of 0.79-0.81 and 0.82-0.90 reported in two
[6,58]
previous meta-analyses
. Interestingly, both

WJG|www.wjgnet.com

previous meta-analyses examined the ability of serum
CA19-9 to differentiate pancreatic carcinoma from
benign pancreatic diseases in general, not specifically
chronic pancreatitis.
DOR is an indicator of test accuracy that combines
[59]
sensitivity and specificity data into a single number .
The DOR is the ratio of the odds of positive test results
in the patient with disease relative to the odds of
positive test results in the patient without disease.
Thus, higher DOR values indicate better discriminatory
test performance. The mean DOR in our study was
19.31, implying that CA19-9 levels may be useful in
diagnosing pancreatic carcinoma.
Although SROC and DOR meta-analyses provide
evidence that CA19-9 can help differentiate between
pancreatic cancer and chronic pancreatitis, these
diagnostic indicators are difficult to interpret and
relate to clinical practice. Therefore, we examined the
differential diagnostic power of CA19-9 using the more
[60]
clinically meaningful likelihood ratio . PLRs and NLRs
of > 10 or < 0.1 indicate high accuracy. The overall
PLR value in our meta-analysis was 4.08, indicating
that patients with pancreatic carcinoma are ~ 4-fold
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Table 3 Bivariate estimates of diagnostic precision based on different carbohydrate antigen 19-9 assay methods and cut-off values
Assay method or cut-off Number of
value
studies
ELISA
RIA
EIA
LIA
Cut-off of 37 U/mL
Cut-off of 100 U/mL
All studies

Number of
participants

Sensitivity
(95%CI)

Specificity
(95%CI)

PLR (95%CI)

NLR (95%CI)

DOR (95%CI)

1396
3074
427
224
4879
297
5115

0.83 (0.80-0.86)
0.82 (0.80-0.84)
0.75 (0.70-0.80)
ND
0.82 (0.80-0.83)
0.69 (0.61-0.76)
0.81 (0.80-0.83)

0.79 (0.75-0.82)
0.81 (0.79-0.83)
0.79 (0.70-0.86)
ND
0.80 (0.78-0.82)
0.85 (0.79-0.91)
0.81 (0.79-0.82)

3.97 (2.96-5.33)
4.16 (3.09-5.60)
3.84 (1.82-8.10)
ND
3.94 (3.24-4.78)
4.35 (2.86-6.61)
4.08 (3.39-4.91)

0.20 (0.15-0.28)
0.23 (0.19-0.27)
0.34 (0.27-0.43)
ND
0.24 (0.21-0.28)
0.38 (0.18-0.77)
0.24 (0.21-0.28)

22.64 (12.44-41.22)
20.14 (13.27-30.55)
10.29 (4.96-21.34)
ND
18.79 (13.67-25.82)
11.53 (4.47-29.77)
19.31 (14.40-25.90)

11
17
3
2
30
3
34

DOR: Diagnostic odds ratio; EIA: Enzyme immunoassay; ELISA: Enzyme-linked immunosorbent assay; LIA: Luminescent immunoassay; ND: Not done;
NLR: Negative likelihood ratio; PLR: Positive likelihood ratio; RIA: Radioimmunoassay.

Table 4 Weighted meta-regression of the effects of study design, methodological quality and assay parameters on diagnostic
accuracy of carbohydrate antigen 19-9
Covariate
Study design and quality
STARD ≥ 13
QUADAS ≥ 10
Consecutive or random design
Cross-sectional design
Blinded design
Prospective design
Assay method or cut-off value
RIA
ELISA
EIA
Cut-off of 37 U/mL
Cut-off of 100 U/mL

Number of studies

Coefficient

RDOR (95%CI)

P value

30
29
32
18
0
34

0.564
-0.666
0.924
-0.512
ND
ND

1.76 (0.14-22.68)
0.51 (0.06-4.11)
2.52 (0.26-24.68)
0.60 (0.28-1.28)
ND
ND

0.652
0.514
0.411
0.178
ND
ND

17
11
3
30
3

-0.619
-0.737
0.425
0.553
0.890

0.54 (0.12-2.51)
0.48 (0.10-2.26)
1.53 (0.29-8.14)
1.74 (0.36-8.36)
2.43 (0.72-8.26)

0.413
0.336
0.604
0.474
0.146

EIA: Enzyme immunoassay; ELISA: Enzyme-linked immunosorbent assay; ND: Not done; RIA: Radioimmunoassay; STARD: Standards for Reporting
Diagnostic Accuracy; QUADAS: Quality Assessment for Studies of Diagnostic Accuracy.

more likely to have elevated CA19-9 than patients
with chronic pancreatitis. On the other hand, NLR in
our meta-analysis was 0.24, meaning that a patient
without elevated CA19-9 would still have a 24%
chance of having pancreatic carcinoma, or that 24%
of patients with pancreatic carcinoma would not have
elevated CA19-9. This proportion is too high to rule out
pancreatic cancer in patients who do not have elevated
CA19-9. These findings suggest that serum CA19-9
levels are insufficient on their own to differentiate
between pancreatic carcinoma and chronic pancreatitis.
A better approach may be a combined diagnostic
strategy drawing on clinical information as well as
findings from cytology and histology of pancreatic
tissue, radiology and/or endoscopic ultrasonography.
The present meta-analysis had several limitations.
First, the exclusion of conference abstracts, letters
to the editor, and non-English-language studies may
have led to publication bias, although our bias analysis
suggests that this was not a significant problem.
Second, nonrandom misclassification bias may have
occurred given that different studies used different
approaches to diagnose chronic pancreatitis, including
histology of pancreatic tissue, radiology, endoscopic
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ultrasonography and/or clinical information alone. Third,
CA19-9 is not routinely measured when patients present
with chronic pancreatitis, so the individuals in our metaanalysis may not be completely representative of this
patient population. Fourth, 5%-10% of patients lacked
the Lewis enzyme, fucosyltransferase, and so cannot
present elevated CA19-9 even when tumor burden
is high. Finally, we did not identify any large, blinded
randomized controlled trials that satisfied our inclusion
criteria.
In conclusion, our meta-analysis suggests that
although CA19-9 showed considerable sensitivity and
specificity for differentiating pancreatic carcinoma and
chronic pancreatitis, the relatively high NLR means
that CA19-9 levels by themselves have insufficient
diagnostic accuracy. At the same time, elevated CA19-9
should increase suspicion of pancreatic carcinoma and
may complement other clinical and histological findings
to help confirm a diagnosis of cancer.
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resonance imaging for focal hepatic lesions: Systematic
review and meta-analysis
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METHODS: This meta-analysis compared relevant
studies that were identified by searching PubMed,
EMBASE, and the Cochrane Library databases for articles
published between January 1988 and September 2014
and that met the following criteria: (1) SPIO-enhanced
MRI was conducted to identify FHLs and data were
sufficient for pooled analysis using Meta-DiSc 1.4; (2)
hepatocellular carcinomas (HCCs) were differentiated
from other FHLs; (3) well-differentiated HCCs (WDHCCs) were contradistinguished from dysplastic
nodules; and (4) WD-HCCs were compared with mode
rately and poorly differentiated HCCs (MD- and PDHCCs, respectively).
RESULTS: The data obtained from 15 eligible studies
yielded a sensitivity of 85% and a specificity of 78%
for differentiating between HCCs and other FHLs. The
sensitivity was unchanged and the specificity was
increased to 87% when non-HCC malignancies were
excluded. Comparative analyses between WD-HCCs
and MD- and PD-HCCs from seven studies showed
a sensitivity of 98% and a specificity of 50% for the
diagnosis of MD- and PD-HCCs, and the area under
the summary receiver operating characteristics (sROC)
curve was 0.97. A comparison between WD-HCCs and
dysplastic nodules revealed a sensitivity of 50% and a
specificity of 92% for the diagnosis of WD-HCCs and
the area under the sROC curve was 0.80.
CONCLUSION: SPIO-enhanced MRI is useful in
differentiating between HCCs and other FHLs.
Key words: Hepatocellular carcinomas; Magnetic
resonance imaging; Meta-analysis; Other lesions; USPIO

Abstract

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

AIM: To evaluate the performance of superpara
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specific contrast agents such as superparamagnetic
iron oxide (SPIO). Gd-enhanced MRI is based on
the blood flow of lesions, while SPIO-enhanced MRI
is largely dependent on the number and function of
Kupffer cells in lesions. SPIO particles are taken up
by Kupffer cells and predominantly shorten the T2 of
hepatic parenchyma. Normal hepatic parenchyma and
some FHLs contain Kupffer cells and therefore exhibit
decreased signal intensity, whereas hepatic lesions
without Kupffer cells show less or no change in signal
intensity. In the case of lesions with Kupffer cells, the
lesion-parenchyma contrast is enhanced, and thus the
lesions are conspicuous on T2- and T2*-weighted MRI.
In recent years, the value of SPIO in the detection
and characterization of FHLs has been emphasized
[4-6]
and studies have demonstrated its usefulness . In
particular, SPIO-enhanced MRI is currently considered
to be the only imaging modality that is capable of
distinguishing HCC from DN, although it is limited
when both HCC and DN contain a similar number of
[7-9]
Kupffer cells . The aim of this study was to determine
the diagnostic performance of SPIO-enhanced MRI
in differentiating between HCC and other FHLs via a
systematic review and meta-analysis of the studies
published on this topic.

Core tip: Relevant studies on the performance of super
paramagnetic iron oxide (SPIO)-enhanced magnetic
resonance imaging (MRI) in the detection and charac
terization of focal hepatic lesions were identified by
searching PubMed, EMBASE, and the Cochrane Library
databases for articles published between January
1988 and September 2014 via a systematic review and
meta-analysis. The results show that SPIO-enhanced
MRI is useful in differentiating between hepatocellular
carcinomas (HCCs) and other focal hepatic lesions.
Using hyperintensity on SPIO-enhanced T2*-weighted
images as the criterion, the sensitivity for diagnosing
advanced HCC was 98%. SPIO-enhanced MRI is a
valuable tool for the detection and characterization of
focal lesions in cirrhotic liver.
Li YW, Chen ZG, Wang JC, Zhang ZM. Superparamagnetic
iron oxide-enhanced magnetic resonance imaging for focal
hepatic lesions: Systematic review and meta-analysis. World J
Gastroenterol 2015; 21(14): 4334-4344 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4334.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4334

INTRODUCTION

MATERIALS AND METHODS

Hepatocellular carcinoma (HCC) is one of the most
common cancers, and the third leading cause of
cancer-related death worldwide. During the last
two decades, progress in multimodality therapy has
increased the rate of survival and improved the quality
of life for patients with HCC. However, the overall
prognosis of HCC is still poor and early diagnosis
remains the key to improving prognosis. HCC often
arises from the liver with chronic hepatitis B or C
[1]
virus infection or cirrhosis . Based on the concept of
stepwise hepatocarcinogenesis, HCC is considered to
develop from a regenerative nodule to a dysplastic
nodule (DN), and subsequently to a well-differentiated
HCC (WD-HCC) and an advanced tumor [moderately
differentiated (MD) and poorly differentiated (PD)
HCCs]. WD-HCC has a relatively low malignant
potential and rarely invades vessels or metastasizes
to other sites. Patients with WD-HCC usually have a
[1]
better survival rate than those with MD- or PD-HCC .
In clinical practice, it is critical to differentiate
WD-HCC from advanced HCC and from other focal
hepatic lesions (FHLs). Various imaging modalities
have been used in the detection and characterization
of HCCs, including ultrasonography (US), computed
tomography (CT), magnetic resonance imaging (MRI),
and positron emission tomography. MRI, especially
dynamic contrast-enhanced MRI, provides better
tissue contrast than US and CT, and is considered to be
one of the most sensitive modalities for the diagnosis
[2,3]
of HCC . Currently, two types of MRI contrast agents
have been used in liver MRI, extracellular fluid contrast
agents such as gadolinium (Gd) chelates and liver-
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Study selection

PubMed, EMBASE, and the Cochrane Library databases
were searched for articles published between January
1988 and September 2014. Eligible studies included
those in which SPIO-enhanced MRI was conducted
in patients with HCC or other hepatic lesions. The
search strategy was: magnetic resonance imaging,
MRI, or MR imaging and carcinoma, hepatocellular,
liver neoplasms, liver lesion, HCC, or hepatic lesions
and ferumoxtran-10, SPIO or USPIO. We identified
additional articles by crosschecking related citations in
the retrieved studies.
The inclusion criteria used in this meta-analysis
were as follows: (1) MRI was conducted at a field
strength of at least 0.5 T; (2) the diagnostic criteria
for HCC and other malignant or benign lesions such
as DN, focal nodular hyperplasia, and hemangioma,
were clearly documented; (3) data were obtained with
T2- or T2*-weighted MRI after intravenous injection
of SPIO contrast agents; and (4) data were on a
per-lesion basis and sufficient to construct a 2 × 2
contingency table so that the cells in the table could be
labeled as true-positive (TP), false-positive (FP), truenegative (TN), or false-negative (FN). Studies were
included when all criteria were met.
Four steps were used to select the articles for
inclusion in this study. First, one reviewer screened
the titles of all research articles identified from the
database. Articles were selected when the studies
met some of the inclusion criteria. Second, two
reviewers screened the abstract of the selected articles
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independently and the articles were further assessed
if the information was sufficient. Third, the eligible full
articles were obtained through online sources, library
visits, and interlibrary loan requests. The full papers
were then reviewed independently by two reviewers
to decide whether the reported studies should be
included. Disagreement between the two reviewers
was resolved by consensus or by a third reviewer.
The references listed in the selected articles were also
searched to identify further relevant articles. Finally,
the quality of all included articles was evaluated based
on the quality assessment of diagnostic accuracy
[10]
studies (QUADAS) .

when different cut-off values or thresholds are used to
define a positive or a negative test result. Therefore,
we considered that the threshold effect existed when
the forest plots showed increasing sensitivities along
with decreasing specificities, or vice versa. In this
case, Spearman rank correlation was used as a further
test for the threshold effect and an inverse correlation
between sensitivity and specificity indicated the
presence of the threshold effect. Considering that some
other factors might also result in heterogeneity among
studies, we also assessed the heterogeneity using the
2
2
Cochran Q, χ and I tests. When the Cochran Q test
2
was significant or the I > 50%, heterogeneity was
considered to exist.
Second, we calculated the pooled sensitivity and
specificity. If heterogeneity due to the threshold effect
was present, the accuracy data were pooled by fitting
the summary receiver operating characteristics (sROC)
curve, and the area under the curve and Q* (defined
by the point where sensitivity equaled specificity) were
calculated. In cases where heterogeneity was due to
sources other than the threshold effect, the random
effects model (DerSimonian-Laird method) was used
instead of the fixed effects model (Mantel-Haenszel
method) for calculation of pooled sensitivity and
specificity with a 95%CI. The asymmetric sROC curve
was reconstructed with Moses’ model regression.
Third, meta-regression analysis was performed by
extending the Moses-Shapiro-Littenberg method to
explore the sources of heterogeneity among studies.
The covariates evaluated in this study included the
number and mean size of lesions, the mean age of
patients, the magnetic field strength and imaging
sequence, the contrast agent and dosage, the criteria
used to confirm the characteristics of lesions, and
whether the interpreter of the MR images was blinded
to clinical information and/or the reference-standard
examination results. Because the number of studies
was small, we tested one covariate at a time. A P < 0.05
was considered significant.

Data extraction

To meta-analyze the diagnostic accuracy in different
hepatic lesions and to calculate the number of TP, FP,
FN, and TN results in each study, data were extracted
using the following criteria: the lesions with iso- or
hypointensity on SPIO-enhanced MR images were
considered negative. The lesions with hyperintensity
with a focal, high signal intensity were classified as
positive. If there were two sets of data obtained by
T2- and T2*-weighted imaging in the same study,
the data obtained by T2*-weighted imaging were
extracted as susceptibility is maximized on this
sequence. Data extracted from studies also included
some general information: publications (first author,
country, language, and date of publication), patients
and lesions (number and mean age of patients, and
number, type and mean size of lesions), MRI (magnetic
field strength, sequence, contrast agent, and dosage),
and MR image evaluation (criteria used to confirm
the lesions, and whether the interpreters of the MR
images were blinded to clinical information and/or the
reference-standard examination results).
To evaluate the diagnostic performance of SPIOenhanced MRI in FHLs, the extracted data were
subgrouped according to the lesion’s characteristics
and a comparison was made between: (1) HCC and all
other lesions (benign and non-HCC malignant lesions);
(2) HCC and benign lesions; (3) WD-HCC and DN; and
(4) WD-HCC and advanced HCC (MD- and PD-HCC).

RESULTS
Study selection and data extraction

Pooled analysis

A total of 365 relevant articles were initially identified,
of which 236 studies were excluded after reviewing
the titles. Abstract review of the remaining 129 studies
by two reviewers excluded an additional 105 studies.
Twelve articles were added after checking the related
citations and by screening the reference list of the
included articles. On review of the full-texts of the 36
articles, 15 eligible studies were included and data
were extracted (Table 1) for meta-analysis (Figure 1).
Almost perfect agreement (κ = 0.95) was achieved
between the two reviewers during selection of the
articles.
The total number of hepatic lesions in the 15
studies was 958, ranging from 10 to 216. The majority
of lesions were confirmed pathologically and a few

The software Meta-DiSc version 1.4 (http://www.
hrc.es/investigation/metadisc-en.htm) was used
for the meta-analysis. The sensitivity and specificity
were calculated using the formulas of TP/(TP + FN)
and TN/(TN + FP), respectively. The diagnostic odds
ratio (DOR) was calculated using the formula of
(TP*TN)/(FP*FN). If the DOR could not be calculated
when one of the cells in the 2 × 2 table was zero, 0.5
was added to all cells in that study.
First, a forest plot was used to assess the accuracy
of the sensitivity and specificity in each study and
to evaluate the heterogeneity across studies. One
of the primary reasons for the heterogeneity among
studies is the threshold effect. This issue may arise
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Table 1 Characteristics of 15 studies included in the meta-analysis
Ref.

Year

Country

Subject
Lesions
(n )

Lesion type

Size
(cm)

Type

15
17
6
6
13
10
8
10
69
19
22
7

Hemangioma
Metastases
HCC
DN
WD-HCC
MD-HCC
PD-HCC
WD-HCC
MDPD-HCC
DN
HCC
Other
malignancy
Cirrhotic
nodules
Hemangioma
FNH
Others
HCCs
Regenerative
nodules
HCCs
Benign
WD-HCC
MD-HCC
PD-HCC
WD-HCC
MDPD-HCC
DNs
DNs
HCC
WD-HCC
MDPD-HCC
DNs
HCC
WD-HCC
MDPD-HCC
DN with HCC
DNs
Cystadenoma
DNs
WD-HCC
HCCs
DNs
WD-HCC
MDPD-HCC
DNs
HCC
Benign

NC
NC
NC
1.6
1.6
1.6
1.6
2.1
5.3
0.8
<3
<3

1.5T

T2WI

Code-7227

1.1 mg Fe/kg

1.5T

T2*WI

Ferumoxide

10 mmol/kg

1.5T

T2*WI

Ferumoxide

15 mmol/kg

1.5T

T2WI

Feridex

0.05 mL/kg

United
States

35

46

Imai et al[19]

2000

Japan

27

62

Lim et al[15]

2001

South
Korea

68

51

Zheng et al[11] 2002

China

43

51

4

Zhang et al[20] 2003

China

30

50

Suzuki et
al[21]
Kato et al[22]

2004

Japan

45

66

2004

Japan

43

66

Inoue et al[24]

2005

Japan

49

67

Kobayashi
et al[9]
Park et al[18]

2007

Japan

10

45

2009

South
Korea

114

55

Macarini
et al[7]

2009

Italy

22

53

2009

Yoo et al[8]

2009

Okada et al[23] 2010

Chou et al[25]

2011

South
Korea
South
Korea
Japan

28

51

108

56

36

69

Taiwan

12

56

5
5
4
30
6
41
11
17
28
6
20
20
9
6
4
37
156
23
14
3
11
4
39
2
33
32
124
28
22
15
4
11
6

Sequence Contrast agent

Result

Age
(yr)

Harisinghani 1997
et al[12]

Yoon et al[16]

MRI

Patients
(n )

Dose

<3

NC

0.5T

T2WI

Feridex

0.56 mL/kg

2.26

1.5T

T2*WI

Ferumoxide

0.05 mL/kg

3.00
3.00
3.20
2.70

1.5T

T2*WI

Ferumoxide

10 mmol/kg

1.5T

T2*WI

Ferumoxide

0.016 mL/kg

NC

1.5T

T2WI

Ferucarbotran

NC

2.38
4.10
1.28
1.70

3.0T

T2*WI

Ferucarbotran

8 mmol/kg

1.5T

T2*WI

Ferumoxide

NC

2.10
0.80
1.20
1.31
1.79
3.00
1.40
2.40
1.60
2.30
1.60

3.0T

T2*WI

3.0T

T2*WI

1.5T

T2*WI

Ferucarbotran 1.4 mL, ≥ 60 kg
0.9 mL, < 60 kg
Ferucarbotran 1.4 mL, ≥ 60 kg
0.9 mL, < 60 kg
Ferucarbotran 0.45 mg Fe/kg

1.5T

T2*WI

Ferucarbotran 1.4 mL, > 50 kg

Iso-/hypo Hyper13
0
2
6
11
0
0
6
0
19
0
0

2
17
4
0
2
10
8
4
69
0
22
7

4

0

0
0
0
0
6

5
5
4
30
0

7
10
4
1
0
4
0
8
6
0
20
6
22
0

34
1
13
27
6
16
20
1
0
4
17
149
1
14

0
39
2
25
13
16
25
15
0
4
3
6

4
0
0
8
19
108
3
7
15
0
8
0

DN: Nodular dysplasia; FNH: Focal nodular hyperplasia; HCC: Hepatocellular carcinoma; hyper: Hyperintensity; iso-/hypo: Isointensity/hypointensity;
MD: Moderately-differentiated, NC: Not clear; PD: Poorly-differentiated; WD: Well-differentiated; MRI: Magnetic resonance imaging.
[13]

were diagnosed on the basis of clinical findings,
biochemical tests, and clinical follow-up (≥ 6 mo). The
pathologic specimens in all studies were obtained by
needle biopsy, hepatic resection, or transplantation,
[11,12]
except in two studies
, in which the acquirement
of specimens was not clearly stated. HCC was graded
pathologically as WD-HCC, MD-HCC, and PD-HCC,
according to the classification criteria of primary
hepatic cancer by the Liver Cancer Study Group of

WJG|www.wjgnet.com

Japan . DN was defined using the criteria of the
International Working Party on the Terminology of
[14]
Nodular Hepatocellular Lesions .
We assessed the quality of the 15 studies using
the 13-item QUADAS tool. All studies had an overall
score of 10 or more, except one study that had a
[11]
score of 6 (Table 2) . Four of the 13 items were
scored as “1” in all studies, including item 2 (clearly
describing selection criteria), item 7 (execution of
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365 titles

236 titles excluded

Table 2 Quality assessment of diagnostic accuracy studies
1
scores for each included study

Other aim, n = 177
Not MRI data or technique, n = 28
Not human, n = 22
Case report, n = 9

Ref.
Zheng et al[11]
Imai et al[19]
Lim et al[15]
Zhang et al[20]
Inoue et al[24]
Park et al[18]
Macarini et al[7]
Yoon et al[16]
Harisinghani
et al[12]
Yoo et al[8]
Suzuki et al[21]
Kobayashi
et al[9]
Kato et al[22]
Okada et al[23]
Chou et al[25]

129 abstracts

105 excluded

Technique comparison, n = 73
Technique application, n = 13
Other aim, n = 19

24 full-text articles

12 extra full-text articles identified
by crosschecking references

21 full-text articles
excluded

Technique comparison, n = 14
Technique application, n = 7

QUADAS items
1

2

3

4

5

6

7

8

9

10

11 12 13

0
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1

0
1
1
1
1
1
1
1
1

0.5
0.5
0.5
0.5
0.5
0.5
1
0.5
0.5

0
1
1
1
1
1
1
1
0

0
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1

0
0
1
0
1
1
0
1
1

0.5
1
0.5
0.5
0.5
0
1
1
1

0.5
0.5
1
1
1
0.5
0.5
1
0.5

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1

1
1
1

1
1
1

1 0.5 1
1 0.5 1
1 0.5 1

1
1
1

1
1
1

1
0
0

0
0.5
1

0.5
0.5
0.5

0.5
0.5
0.5

1
1
1

1
1
1

1
1
1

1
1
1

1 1 1
1 0.5 1
1 1 1

1
1
1

1 1
1
1 0.5 0.5
1 0 0.5

0
1
0.5

0.5
1
0.5

1
1
1

1
1
1

1

1 = yes; 0 = no; 0.5 = unclear. Quality assessment of diagnostic accuracy
studies (QUADAS) items: (1) Was the spectrum of a patient representative
of the patients who will receive the test in practice? (2) Were the selection
criteria clearly described? (3) Is the reference standard likely to correctly
classify the target condition? (4) Is the time period between the index test
and reference standard short enough to ensure that the target condition
did not change between the two tests? (5) Did the whole sample or a
random selection of the sample receive verification using a reference
standard of diagnosis? (6) Did patients receive the same reference standard
regardless of the index test result? (7) Was the execution of the index test
described in sufficient detail to permit replication of the test? (8) Was the
execution of the reference standard test described in sufficient detail to
permit its replication? (9) Were the index test results interpreted without
knowledge of the results of the reference standard? (10) Were the reference
standard results interpreted without knowledge of the results of the index
test? (11) Were the same clinical data available when the test results were
interpreted as would be available when the test is used in clinical practice?
(12) Were uninterpretable or intermediate test results reported? (13) Were
withdrawals from the study explained?

15 included full-text papers

Figure 1 Flow chart of process used to select eligible articles.

the index test described in sufficient detail to permit
its replication), item 12 (reporting of uninterpretable
results), and item 13 (explanation of withdrawals
from the study). Four of the 15 items were scored as
“1” in 13/15 to 14/15 studies, including item 1 (the
spectrum of tested patients representing the patients
in whom the test will be used in practice), item 3
(the reference standard likely to correctly classify the
target condition), item 5 (the whole sample receiving
verification using a reference standard of diagnosis),
and item 6 (patients receiving the same reference
standard regardless of the index test result). Some
items were poorly reported, which yielded various
levels of bias. Item 9, related to information on
clinical data during interpretation of test results, might
affect the estimates of test performance as it was
not reported clearly in any of the included studies.
The period between the reference standard and
index test, which might cause disease progression
bias, was reported only in three studies. Nearly half
of the studies insufficiently described the reference
standard test, which may have had an impact on the
test performance. Two other items that were reported
in less than 50% of the included studies and might
be related to review bias were the index test results
interpreted without knowledge of the results of the
reference standard (40%) and the reference standard
results interpreted without knowledge of the results of
the index test (33%).

Table 3 Assessment of the threshold effect in all accuracy
studies
Weighted regression (inverse variance)
Variable
a
b(1)

SE

t

P value

3.643
-0.239

0.548
0.314

6.652
0.760

0.0000
0.4617

2
t = 2.3703 (convergence is achieved after five iterations); Restricted
Maximum Likelihood estimation (REML). n = 14; Filter OFF; Add 0.5 to all
cells of the studies with zero. Spearman correlation coefficient: -0.266, P =
0.358; Logit (true positive rate) vs Logit (false positive rate); Moses’ model
(D = a + bS).

0.358) (Table 3), indicating no threshold effect. A
comparison between HCC and all other liver lesions
from 14 eligible studies showed that the sensitivity for
diagnosing HCC was 85% (95%CI: 0.82-0.88) and
the specificity was 78% (95%CI: 0.73-0.83). There
was substantial heterogeneity across these studies
2
2
for sensitivity (I = 80.9) and specificity (I = 89.0)

Pooled analysis

The Spearman rank correlation coefficient used
to test accuracy in all studies was -0.266 (P =

WJG|www.wjgnet.com
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A

Sensitivity (95%CI)
Harisinghani MG
Imai Y
Lim JH
Zhang WW
Zhang XH
Suzuki S
Inoue T
Kobayashi S
Park HS
Macarini I
Yoon MA
Yoo HJ
Okada M
Chou CT

0.67 (0.22-0.96)
0.65 (0.45-0.81)
0.92 (0.84-0.97)
1.00 (0.85-1.00)
1.00 (0.88-1.00)
0.83 (0.68-0.93)
0.90 (0.76-0.97)
1.00 (0.40-1.00)
0.86 (0.81-0.91)
1.00 (0.81-1.00)
0.59 (0.41-0.76)
0.89 (0.82-0.94)
0.59 (0.42-0.75)
0.73 (0.39-0.94)

Pooled Sensitivity = 0.85 (0.82-0.88)

0.0

0.2

0.4
0.6
Sensitivity

0.8

1.0

χ 2 = 67.92; df = 13 (P = 0.0000)
2
Inconsistency (I ) = 80.9%

B

Specificity (95%CI)
Harisinghani MG
Imai Y
Lim JH
Zhang WW
Zhang XH
Suzuki S
Inoue T
Kobayashi S
Park HS
Macarini I
Yoon MA
Yoo HJ
Okada M
Chou CT

0.41 (0.24-0.59)
1.00 (0.54-1.00)
1.00 (0.82-1.00)
0.16 (0.05-0.36)
1.00 (0.54-1.00)
0.91 (0.59-1.00)
0.89 (0.52-1.00)
1.00 (0.54-1.00)
0.96 (0.78-1.00)
1.00 (0.91-1.00)
0.76 (0.58-0.89)
0.89 (0.72-0.98)
1.00 (0.40-1.00)
1.00 (0.54-1.00)

Pooled Specificity = 0.78 (0.73-0.83)
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Figure 2 Forest plots for comparing hepatocellular carcinomas with all other liver lesions. A: Sensitivity; B: Specificity of 14 studies.

(Figure 2). The sensitivity was essentially unchanged
when comparing HCC with benign liver lesions, but
the specificity increased to 87% (95%CI: 0.82-0.91),
with substantial heterogeneity across these studies for
2
2
sensitivity (I = 80.9) and specificity (I = 81.2) (Figure
3). Seven eligible studies were used for a comparative
analysis between advanced HCC (MD-/PD-HCC)
and WD-HCC, and the sensitivity and specificity
for diagnosing advanced HCCs were 0.98 (95%CI:
0.95-0.99) and 0.50 (95%CI: 0.41-0.60), respectively.
The heterogeneity across these studies was less for
2
sensitivity (I = 30.9) and slightly larger for specificity
2
(I = 78.4) (Figure 4). The area under the sROC curve
for the seven studies used for comparing advanced
HCC with WD-HCC was 0.97, and the Q* was 0.92
(Figure 5A). A comparison between WD-HCC and
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DN was performed with the data extracted from
seven eligible studies, and the pooled sensitivity and
specificity for diagnosing WD-HCC were 0.50 (95%CI:
0.41-0.58) and 0.92 (95%CI: 0.87-0.96), respectively,
with substantial heterogeneity across these studies for
2
2
sensitivity (I = 74.4) and specificity (I = 69.9) (Figure
6). The area under the sROC curve was 0.80, and the
Q* was 0.74 (Figure 5B). All calculations for the pooled
sensitivity and specificity in the present analysis were
based on the random effects model due to notable
heterogeneity across the studies.
To explore the possible sources of heterogeneity,
we performed meta-regression analysis using the
extended Moses-Shapiro-Littenberg method. The
results showed that none of the covariates described in
Materials and Methods significantly contributed to the
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Figure 3 Forest plots for comparing hepatocellular carcinomas with benign liver lesions. A: Sensitivity; B: Specificity of 14 studies.

heterogeneity among the studies.

SPIO-enhanced MRI. In clinical practice, the signal
intensity of a lesion on SPIO-enhanced MR images can
be lower (hypointensity) or higher (hyperintensity)
than or similar to (isointensity) that of surrounding
parenchyma. Because carcinoma lesions often
show hyperintensity, we used hyperintensity as a
criterion of malignancy to investigate the diagnostic
accuracy of SPIO-enhanced MRI in the detection and
characterization of focal liver lesions in this systematic
review and meta-analysis.

DISCUSSION
SPIO is a reticuloendothelial cell-specific contrast agent,
which is used for the detection and characterization of
focal liver lesions, largely based on the number and
function of Kupffer cells. SPIO particles are taken up
by Kupffer cells and predominantly shorten the T2 of
the hepatic parenchyma. Healthy hepatic parenchyma
and some focal liver lesions contain Kupffer cells and
exhibit decreased signal intensity on SPIO-enhanced
MRI, while lesions without Kupffer cells do not show
this decrease. The signal intensity difference between
lesions and liver parenchyma forms the basis of the
detection and characterization of various lesions with

WJG|www.wjgnet.com

Comparison between HCCs and other hepatic lesions

HCCs usually have different numbers of Kupffer
cells, which are highly dependent on their degree of
differentiation, whereas other malignant tumors such
as metastases and cholangiocarcinoma generally do
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Figure 4 Forest plots for comparing advanced hepatocellular carcinomas with well-differentiated hepatocellular carcinomas. A: Sensitivity; B: Specificity of
seven studies.

B

sROC Curve
1.0

sROC Curve
1.0

0.9

0.9

0.8

0.8

0.7

0.7

0.6

Sensitivity

Sensitivity

A

Symmetric SROC
AUC = 0.9734
SE (AUC) = 0.0354
Q * = 0.9255
SE (Q *) = 0.0598

0.5
0.4
0.3

0.6

0.4
0.3

0.2

0.2

0.1

0.1

0.0

0.0

0.2

0.4
0.6
1-specificity

0.8

Symmetric SROC
AUC = 0.8055
SE (AUC) = 0.0959
Q * = 0.7406
SE (Q *) = 0.0844

0.5

0.0

1.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

Figure 5 Summary receiver operating characteristics curves. Sensitivity and specificity are plotted for studies comparing advanced hepatocellular carcinomas
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characteristics.
[7,15]

not have Kupffer cells and exhibit hyperintensity on
SPIO-enhanced images. In contrast, most benign
lesions including hepatic adenoma, focal nodular
hyperplasia, and cirrhotic regenerative nodules,
often possess identical or more Kupffer cells than the
surrounding parenchyma and thus demonstrate iso-
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or hypointensity on SPIO-enhanced images
. As
a result, investigators have recently emphasized the
value of SPIO-enhanced MRI in the detection and
[7,8,16]
characterization of FHLs
.
A comparison between HCCs and all other liver
lesions revealed a diagnostic sensitivity of 86%
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Figure 6 Forest plots for comparing well-differentiated hepatocellular carcinomas with dysplastic nodules. A: Sensitivity; B: Specificity of seven studies.

and a specificity of 76%. When non-HCC malignant
lesions were excluded, the estimated sensitivity was
essentially unchanged, but the specificity increased to
86%. Although notable heterogeneity existed among
the studies, these results support the conclusion that
SPIO-enhanced MRI is a valuable tool for the detection
and characterization of focal lesions in cirrhotic liver.

concluded that SPIO-enhanced MRI can be used to
differentiate WD-HCCs from advanced HCCs, but it
is difficult to differentiate between WD-HCCs and
DNs. Sometimes small WD-HCCs cannot be detected
with SPIO-enhanced MRI due to their identical signal
[17]
intensity to hepatic parenchyma .
Our analysis of seven eligible studies showed that
the pooled sensitivity for differentiating advanced
HCCs (MD/PD-HCCs) from WD-HCCs was 98% with
low heterogeneity across these studies. Moreover,
the frequency of hyperintensity on SPIO-enhanced
MR images was very high in advanced HCCs, though
the specificity was low (50%). A comparison between
WD-HCCs and DN revealed that the pooled sensitivity
and specificity for diagnosing WD-HCCs were 50% and
92%, respectively. These results indicate that both
DNs and WD-HCCs may exhibit iso- or hypointensity
on SPIO-enhanced MR images, but hyperintensity
suggests a high probability of WD-HCCs.
Although the reasons for the heterogeneity
among studies were not clear, we noticed an issue in
all retrieved studies, i.e., nearly half of the included
studies did not report the causes and severity of
[11,12,15,20-22]
cirrhosis
. The causes of liver cirrhosis,
such as viral hepatitis B or C, alcoholic liver disease,
or an unknown cause, were clearly documented in

Comparison between HCCs and DNs

HCCs develop in a multistep manner from regenerative
nodules to DNs that are then transformed into
WD-HCCs and advanced HCCs. The malignant transfor
[17]
mation takes about 4-6 mo . Precise differentiation
of HCCs from DNs is critical for patient outcome.
However, differentiation between DNs and HCCs in
cirrhotic liver is often difficult because of marked
architectural distortion of the parenchyma due to
[18]
fibrosis, steatosis, necrosis, and regeneration .
Nodular hyperplasia and DNs possess identical
or slightly more Kupffer cells than the surrounding
[7]
normal parenchyma . It has been reported that
HCCs, especially WD-HCCs, also contain Kupffer cells.
Some studies have shown that although there is no
significant difference in Kupffer cell number between
WD-HCCs and DNs, Kupffer cells are significantly
[18,19]
reduced in MD- and PD-HCCs
. Thus, investigators
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[7-9,16,18,19,23-25]

detection and characterization of focal hepatic lesions, observed with different
patient populations.

other studies
. Only five studies reported
the severity of cirrhosis based on the Child-Pugh
[7,8,15,16,23]
classification
. Furthermore, none of the studies
documented liver function. The functional status of
Kupffer cells is more closely correlated with the signal
intensity on MRI than the parenchymal pathology and
[22]
degree of fibrosis . Some investigators have denoted
the mismatch between the signal-noise ratio and the
number of Kupffer cells, and they consider that the
mismatch is mainly due to decreased Kupffer cell
[15]
function . Therefore, decreased liver and Kupffer cell
function may affect the SPIO-enhancement effect on
liver parenchyma and lesions in MRI, and thus affect
the detection and characterization of focal liver lesions.
This may be partially responsible for the heterogeneity
observed.
The present study has several limitations. First,
potential publication bias may have arisen as some
publications might not have been retrieved. In
addition, there was notable heterogeneity between the
studies. Neither the threshold effect nor the evaluated
covariates were the sources and further studies are
necessary to identify other parameters that may
affect the detection and characterization of focal liver
lesions with SPIO-enhanced MRI. Second, there was
a considerable lack of reporting on the diagnostic
study quality items, particularly QUADAS items 11, 9,
10, and 4. This may have resulted in review bias and
disease progression bias. The third limitation in this
study was the mandatory correction for zero entries
by adding 0.5 to each cell of the study. This may have
had an effect on the studies with small sample sizes.
In conclusion, the results of this meta-analysis
suggest that SPIO-enhanced MRI is useful for diffe
rentiating between HCC and other FHLs as well as
between DN and advanced HCC in cirrhotic livers.
Using hyperintensity on SPIO-enhanced T2*-weighted
images as the criterion, the sensitivity for diagnosing
advanced HCC was 98%. SPIO-enhanced MRI is a
valuable tool for the detection and characterization of
focal lesions in cirrhotic liver.

Innovations and breakthroughs

This meta-analysis included 15 eligible studies to evaluate the diagnostic
performance of SPIO-enhanced MRI in focal hepatic lesions. Using
hyperintensity on SPIO-enhanced T2*-weighted images as the criterion, the
sensitivity for diagnosing advanced HCC was 98%. SPIO-enhanced MRI is a
valuable tool for the detection and characterization of focal lesions in cirrhotic
liver.

Applications

SPIO-enhanced MRI can be used for differentiating between HCC and other
focal hepatic lesions as well as between DN and advanced HCC in cirrhotic
livers.

Peer-review

This article evaluated the performance of SPIO-enhanced MRI in detection and
characterization of focal hepatic lesions via systemic review and meta-analysis.
The data showed that SPIO-enhanced MRI was useful for differential diagnosis
between HCCs and other focal hepatic lesions. The study was well designed
and the methods were accurately applied.
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Probiotics in Helicobacter pylori eradication therapy: A
systematic review and meta-analysis
Min-Min Zhang, Wei Qian, Ying-Yi Qin, Jia He, Yu-Hao Zhou
METHODS: In July 2013, we searched PubMed, EMBASE,
Ovid, the Cochrane Library, and three Chinese databases
(Chinese Biomedical Literature Database, Chinese
Medical Current Content, and Chinese Scientific Journals
database) to identify relevant RCTs. We included RCTs
investigating the effect of a combination of probiotics
and standard therapy (probiotics group) with standard
therapy alone (control group). Risk ratios (RRs) were
used to measure the effect of probiotics plus standard
therapy on Helicobacter pylori (H. pylori ) eradication
rates, adverse events, and patient compliance using a
random-effect model.
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RESULTS: We included data on 6997 participants from
45 RCTs, the overall eradication rates of the probiotic
group and the control group were 82.31% and 72.08%,
respectively. We noted that the use of probiotics plus
standard therapy was associated with an increased
eradication rate by per-protocol set analysis (RR =
1.11; 95%CI: 1.08-1.15; P < 0.001) or intention-totreat analysis (RR = 1.13; 95%CI: 1.10-1.16; P <
0.001). Furthermore, the incidence of adverse events
was 21.44% in the probiotics group and 36.27% in
the control group, and it was found that the probiotics
plus standard therapy significantly reduced the risk
of adverse events (RR = 0.59; 95%CI: 0.48-0.71; P
< 0.001), which demonstrated a favorable effect of
probiotics in reducing adverse events associated with
H. pylori eradication therapy. The specific reduction
in adverse events ranged from 30% to 59%, and this
reduction was statistically significant. Finally, probiotics
plus standard therapy had little or no effect on patient
compliance (RR = 0.98; 95%CI: 0.68-1.39; P = 0.889).
CONCLUSION: The use of probiotics plus standard
therapy was associated with an increase in the H. pylori
eradication rate, and a reduction in adverse events
resulting from treatment in the general population.
However, this therapy did not improve patient compliance.

Abstract
AIM: To summarize the evidence from randomized
controlled trials (RCTs) regarding the effect of probiotics
by using a meta-analytic approach.
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therapy, most of these studies have investigated
these effects with respect to specific strains or
[24-26]
[27]
certain formulations of probiotics
. Tong et al
demonstrated that the administration of probiotics
can both improve the eradication rate and reduce
adverse events, but their study did not examine the
effect of probiotics on patient compliance. The benefits
of probiotics supplementation in the treatment of
antibiotic resistant H. pylori are still unclear due to
[28]
the lack of supporting evidence . In this study, we
performed a meta-analysis of available randomized
controlled trials (RCTs) to evaluate the effect of
probiotics on H. pylori eradication, adverse events, and
patient compliance.

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

Core tip: Probiotics have a positive effect on Helicobacter
pylori (H. pylori ) eradication since these compounds also

induce anti-inflammatory and anti-oxidative mechanisms
that regulate intestinal microbiota. The benefits of probiotics
supplementation in the treatment of antibiotic resistant
H. pylori are still unclear due to the lack of supporting
evidence. In this meta-analysis of 45 randomized controlled
trials involving nearly 6997 individuals, we found that the
use of probiotics plus standard therapy was associated
with an increase in the H. pylori eradication rate, and a
reduction in adverse events resulting from treatment in the
general population. However, this therapy did not improve
patient compliance.

MATERIALS AND METHODS
Data sources, search strategy, and selection criteria

This review was conducted and reported according to
the requirements outlined in Preferred Reporting Items
for Systematic Reviews and Meta-Analysis Statement,
[29]
2009 (Checklist S1) . RCTs of probiotics plus standard
therapy compared with standard therapy were included
in our study, regardless of the publication status, i.e.,
published, in press, or in progress, and the effect of
probiotic supplementation on H. pylori eradication,
adverse events, and compliance were examined.
Relevant trials were identified using the following
procedure: (1) electronic searches: we searched PubMed,
EMBASE, Ovid, The Cochrane Library, and three Chinese
databases (Chinese Biomedical Literature Database,
Chinese Medical Current Content, and Chinese Scientific
Journals database) for articles published through July
2013. Both medical subject headings and free-language
terms of H. pylori and probiotic, yeast, Lactobacillus,
Bifidobacterium, Streptococcus, Saccharomyces,
Enterococcus, and Bacillus were used as search terms;
and (2) other sources: meeting abstracts, references
of meta-analyses or reviews already published on
related topics, and the clinicaltrials.gov website were
also screened for completed or on-going studies.
Authors were contacted for essential information
regarding publications that were not available in full.
Medical subject headings, methods, patient population,
interventions, and outcome variables of these studies
were used to identify relevant trials.
The literature search, data extraction, and quality
assessment were independently undertaken by 2
investigators (Qian W and Qin YY) using a standardized
approach. Any inconsistencies between these inves
tigators were identified by the primary investigator
(Zhou YH) and resolved by consensus. We restricted
our study to RCTs that were less likely to be subject
to confounding variables or bias than observational
studies.
A study was eligible for inclusion in our metaanalysis if the following criteria were met: (1) the study
was a RCT; (2) the probiotics were administrated as

Zhang MM, Qian W, Qin YY, He J, Zhou YH. Probiotics in
Helicobacter pylori eradication therapy: A systematic review and
meta-analysis. World J Gastroenterol 2015; 21(14): 4345-4357
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i14/4345.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i14.4345

INTRODUCTION
Since its identification in 1982 by Barry Marshall and
Robin Warren, Helicobacter pylori (H. pylori) has been
studied for more than 30 years. The infection rate of
this single dominant pathogen in the stomach varies
between 1.2% and 95% according to age, geographic
[1-5]
area, socioeconomic status, and other factors
.
Infection with this organism results in a chronic effect
[6,7]
by causing duodenal or gastric ulcers
, gastric
[8,9]
cancer , and gastric mucosa-associated lymphoid[6,10]
tissue lymphoma
. The therapy used for the
eradication of H. pylori also prevents the development
of the diseases mentioned above in patients who are
[8,11-13]
at high risk
. The success rate of standard therapy
ranges from 60% to 90% using first-line treatment,
[14-16]
and around 70% with second-line treatment
.
Furthermore, the disruption of coevolved human
and H. pylori genomes might play an important role
[17,18]
in the high incidence of gastric disease
. Hence,
the development of improved strategies is still under
investigation to increase the efficiency of eradication or
to increase patient compliance, which may contribute
to a greater clinical value because of the prevalence
[19]
of H. pylori infection in large populations . Probiotics
have a positive effect on H. pylori eradication since
these compounds also induce anti-inflammatory and
anti-oxidative mechanisms that regulate intestinal
[20-23]
microbiota
.
[24-27]
Although several meta-analyses
have assessed
the efficacy and safety of probiotics plus standard
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adjuvant therapy in combination with the standard
eradication therapy used for the treatment of H.
pylori, including triple therapy, quadruple therapy and
sequential therapy; (3) the probiotics group was treated
with the standard eradication therapy plus probiotics
and the control group received the same eradication
regimens with or without a placebo; (4) the trial
reported at least one of the following as an outcome:
eradication rates, adverse events, or compliance; (5)
if there were relevant studies with multiple arms, the
data was combined to create a new study group and a
new control group with reference to the criteria listed
above; and (6) patient age or symptoms at the time
of enrolment regardless of publication language were
reported.
Finally, the exclusion criteria were as follows: (1)
the study was not an RCT; (2) studies with only one
group; and (3) studies in which patients were not
treated with the standard therapy or in which the
control group was treated differently from the group
receiving the therapy.

random-effect models were used to assess the pooled
RR for probiotics plus standard therapy compared with
standard therapy. Results from the random-effects
model were based on the assumption that the true
underlying effect varied among the trials included in
[31,32]
our meta-analysis presented here
. Heterogeneity of
the treatment effects between studies was evaluated
using the Q statistic, and we considered a P value < 0.10
[33,34]
to indicate significant heterogeneity
.
Subgroup analyses were conducted for eradication
rates by ITT analyses on the basis of the participant’s age
(0-17 years as children; ≥ 18 years as adults; NM: the
study was not mentioned or it contained both children
and adults), single or multiple probiotic strains, high
dose or low dose of probiotics (divided by the mean
intake dosage per day of all included studies), duration
of probiotics use longer than 15 d or not, duration
of standard therapy longer than 7 d or not, duration
between the end of the therapy and assessment
longer than 4 wk or not, probiotic strains and types of
standard therapy (first-line or second-line). Interaction
[35]
tests
were performed to compare differences
between the estimates of the 2 subsets, which were
based on the Student t distribution rather than on a
normal distribution because the number of inclusive
studies was small. We also performed a sensitivity
analysis by removing each individual trial from the
[36]
meta-analysis . Several methods were used to check
for potential publication bias. Visual inspection of
funnel plots for eradication rates, adverse events, and
[37]
compliance were conducted. The Egger
and Begg
[38]
test were used to statistically assess publication bias
for eradication rates, adverse events, and compliance.
All reported P values were two-sided, and P values <
0.05 were considered statistically significant. Statistical
analyses were performed using STATA software version
10.0 (Stata Corp., TX, United States).

Data collection and quality assessment

All data from included trials were extracted inde
pendently by 2 investigators (Qian W and Qin YY)
using a standardized protocol. Each data set was
reviewed by a third investigator (Zhou YH), and any
discrepancies between the 2 investigators’ data were
resolved by discussion. The data collected from each
study included characteristics of the enrolled patients,
standard eradication therapy regimens, probiotic
strains, dose and duration of probiotics, diagnostic
methods of H. pylori infection, duration of the therapy
and assessment, eradication rates, adverse events,
and compliance. If the data of a study were published
in more than one article, only the most recent
publication was included. Both eradication rates by
per-protocol set (PPS) analyses and intention-to-treat
(ITT) analyses were collected.
The quality of the trials was assessed according to
[30]
the recommendations of the Cochrane Collaboration ,
including random sequence generation (selection
bias), allocation concealment (selection bias), blinding,
intention-to-treat analysis, and completeness of
follow-up. Judgments regarding the presence of
methodological biases were determine by using the
Cochrane criteria guidelines, Quality assessment
was also performed independently by 2 researchers
(Qian W and Qin YY), and was adjudicated by a third
researcher (He J) when there were disagreements.

RESULTS
Based on the literature search strategy, 4531 titles and
abstracts were found from the 4 English databases; 102
of them were further searched based on abstracts or full
articles, and 38 studies were enrolled. Another 7 studies
from Chinese databases were enrolled later. Finally,
[39-83]
45 articles with 6997 participants were included
(PRISMA Flowchart). The characteristics of the 45
studies are listed in Table 1.
We acquired data relating to 6601 individuals to
assess the effect of probiotics plus standard therapy on
eradication rates. The pooled eradication rates for the
probiotics group and the control group by PPS analysis
were 86.23% and 76.60%, respectively. Overall,
probiotics plus standard therapy significantly increased
the eradication rates (RR = 1.11; 95%CI: 1.08-1.15;
P < 0.001; Figure 1). Similarly, in ITT analysis, the
pooled eradication rates for the probiotics group and the
control group were 82.31% and 72.08%, respectively.

Statistical analysis

We computed the results of each RCT as dichotomous
frequency data. Individual study risk ratios (RRs) and
95%CIs were calculated from event numbers extracted
from each trial before data pooling. The overall RR
and 95%CIs of eradication rates, adverse events, and
compliance were also calculated. Both fixed-effect and

WJG|www.wjgnet.com

4347

April 14, 2015|Volume 21|Issue 14|

Zhang MM et al . Probiotics and Helicobacter pylori eradication
Table 1 Baseline characteristic of studies included in the systematic review and meta-analysis
Study

Patients Age (yr)
(n )

Navarro-Rodriguez et al[39], 2013

107

Ahmad et al[40], 2013
Shavakhi et al[41],2013
Kyriakos et al[42], 2013
Jiang et al[43], 20132
Dajani et al[44], 20132

66
180
70
80
301

Deguchi et al[45], 2012

229

Tolone et al[46], 2012
Mirzaee et al[47], 20122
Manfredi et al[48], 20122
Du et al[49], 20122
Bekar et al[50], 2011
Yoon et al[51], 2011
He et al[52], 2011

68
102
227
234
82
337
84

Xu et al[53], 2010
Yaşar et al[54], 2010
Wen et al[55], 2010
Song et al[56], 20102
Szajewska et al[57], 2009
Hurduc et al[58], 2009
Francavilla et al[59], 2008

120
76
200
991
83
90
40

Kim et al[60], 2008
Huang et al[61], 2008

Methods of
diagnosis

Methods of
assessment

Probiotic regimens

Adults

UBT + HA + Giemsa UBT + HA +
Lacto + Bifido + Strep
+ RUT
Giemsa + RUT
Children
RUT/HA
HpSA
Lacto + Bifido + Strep
Adults
RUT/HA
UBT
Lacto + Bifido + Strep
Adults
RUT + HA
UBT
Saccha
Adults
RUT + Giemsa
UBT
Bacillus
Both
UBT/RUT/HA/
UBT
Bifido
HpSA
Adults
Culture/(HA +
(UBT + HpSA)
Lacto
RUT)
+ Culture
Children
UBT + HA
UBT
Lacto + Bifido + Strep
Adults
UBT
UBT
NM
Adults
RUT/HpSA
HpSA
Lacto + Bifido + Strep
Adults
UBT/RUT/Giemsa
UBT
Lacto + Bacillus + Strep
Adults
UBT
UBT
Lacto + Bifido
NM
UBT/RUT/HA
UBT
Lacto + Bifido + Strep
Adults
UBT + RUT
UBT + RUT
Lacto + Bifido + Entero
UBT
UBT
UBT
UBT
UBT
RUT + HA
UBT + HpSA

Lacto + Bifido + Entero
Bifido
Lacto + Bifido + Entero
Saccha
Lacto
Saccha
Lacto

347
120

NM
(UBT/RUT) + HA
Adults
HA
NM
UBT + RUT
Adults
RUT/HA
Children 2 of (UBT, RUT, HA)
Children
RUT + HA
NM
3 of (UBT, RUT, HA,
HpSA)
Adults
UBT/RUT/HA
NM
UBT + RUT

UBT
UBT

Lacto + Bifido + Strep
Lacto + Bifido + Entero

Imase et al[62], 20082
Cindoruk et al[63], 2007
Park et al[64], 2007
de Bortoli et al[65], 2007
Sahagún-Flores et al[66], 2007
Lionetti et al[67], 2006

19
124
352
206
71
40

NM
NM
Adults
HA + Giemsa
Adults
HA
NM
HA/(UBT + HpSA)
Adults
HA
Children 2 of (UBT, RUT, HA)

NM
UBT
UBT
UBT
UBT
UBT

Clost
Saccha
Bacillus + Strep
Lacto + Bifido + Strep
Lacto
Lacto

Goldman et al[68], 2006
Sheu et al[69], 2006
Ziemniak et al[70], 20062
Sýkora et al[71], 2005

65
138
245
86

Children
NM
Adults
Children

UBT
UBT
UBT
UBT + HpSA

Lacto + Bifido
Lacto + Bifido + Strep
Lacto
Lacto

Myllyluoma et al[72], 2005

47

Adults

UBT
UBT + HA
UBT
2 of (RUT, HA,
culture) + HpSA
UBT + EIA

Duman et al[73], 2005
Shimbo et al[74], 2005
Cao et al[75], 2005
Nista et al[76], 2004
Tursi et al[77], 2004
Guo et al[78], 2004
Sheu et al[79], 2002
Cremonini et al[80], 20022
Armuzzi et al[81], 2001a
Armuzzi et al[82], 2001b
Canducci et al[83], 2000

389
35
128
106
70
97
160
85
60
120
120

NM
NM
NM
Adults
NM
Adults
NM
Adults
Adults
Adults
NM

UBT + HA
RUT + Culture
UBT + RUT
UBT
RUT + HA
RUT + HA
(RUT/HA) + UBT
UBT
UBT + EIA
UBT + EIA
UBT + HA

Eradication therapy regimens and
1
dosage (mg/d)
400F + 60La/60M + 1000Te
3000A + 360F + 60M
2000A + 480B + 1000C + 40M
2000A + 1000C + 40M
2000A + 60La + 3000Le
2000A + 1000C/800Me + PPI
1500A + 400C + 20R
6000A + 1800C + 60M
2000A + 1000C + 40P
2000A + 1000C + 40E + 1000Ti
2000A + 1000C + 40M
2000A + 1000C + 60La
2000A + 1000C + 80E
2000A + 1000C + (40-60)R +
1000Ti
2000A + (20-40)E + 200F
2000A + 1000C + 80P
2000A + 40P + 800Ti
2000A + 1000C + 40M
3000A + 1200C + 60M
3000A + 1800C + 60E/60M
2000A + 1000C + 40R + 1000Ti
(sequential)
2000A + 1000C + PPI
1000C + (20-40)E/(20-40)R +
1000Rn
1500A + 800C + 60La
2000A + 1000C + 60La
2000A + 1000C + 40M
2000A + 1000C + 40E
2000A + 1000C + 40M
3000A + 900C + 60M + 1200Ti
(sequential)
3000A + 900C + 60M
2000A + 360B + 40M + 1000Me
2000A + 1000C + 80P
3000A + 900C + (1200-2400)M

UBT

Lacto + Bifido + Propi2000A + 1000C + 60La
onibacterium
NM
Saccha
2000A + 1000C + 40M
UBT
Clost
3000A + 800C + 120La
UBT + RUT
Lacto + Bifido + Entero
2000A + 300B + 40M + 800Me
UBT
Bacillus
2000A + 1000C + 40R
UBT
Lacto
3000A + 800B + 40E/40P + 1000Ti
UBT
Clost
1000A + 200F + 40M
UBT/RUT/HA
Lacto + Bifido
2000A + 1000C + 60La
UBT
Lacto
1000C + 40R + 1000Ti
UBT
Lacto
1000C + 40R + 1000Ti
UBT
Lacto
1000C + 80P + 1000Ti
UBT + HA
Lacto
1500A + 750C + 40R

1

“400F + 60L + 1000Te” means “Furazolidon 400 mg/d, lansoprazole 60 mg/d, and tetracycline 1000 mg/d”. Patient’s weight were assumed as 60 kg to
calculate the exact dosage if only the dosage per kg were available in the article; 2These articles were designed with multiple arms, but only relevant groups
were combined and included in this meta-analysis. UBT: Urea breath test; RUT: Rapid urease test; HA: Histological assessment; Giemsa: Giemsa staining;
HpSA: H. pylori stool antigen test; EIA: Enzyme-linked immunosorbent Assay; Culture: Culture test; Lacto: Lactobacillus; Bifido: Bifidobacterium; Strep:
Streptococcus; Saccha: Saccharomyces; Entero: Enterococcus; Clost: Clostridium; A: Amoxicillin; B: Bismuth subcitrate; C: Clarithromycin; E: Esomeprazole; F:
Furazolidon; La: Lansoprazole; Le: Levofloxacin; M: omeprazole; Me: Metronidazole; P: Pantoprazole; PPI: Proton pump inhibitor; R: Rabeprazole; Rn:
Ornidazole; Ti: Tinidazole; Te: Tetracyline; NM: Not mentioned.
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Navarro-Rodriguez 2013
Ahmad 2013
Shavakhi 2013
Kyriakos 2013
Jiang 2013
Dajani 2013
Deguchi 2012
Tolone 2012
Mizaee 2012
Manfredi 2012
Du 2012
Bekar 2011
Yoon 2011
He 2011
Xu 2010
Ya?ar 2010
Wen 2010
Song 2010
Szajewaka 2009
Hurduc 2009
Francavilla 2008
Kim 2008
Huang 2008
Imase 2008
Cindoruk 2007
Park 2007
Bortoli 2007
Sahagún-Flores 2007
Lionetti 2006
Goldman 2006
Sheu 2006
Ziemniak 2006
Sykora 2005
Myllyuoma 2005
Shimbo 2005
Cao 2005
Nista 2004
Tursi 2004
Guo 2004
Sheu 2002
Cremonini 2002
Armuzzi 2001a
Armuzzi 2001b
Canducci 2000
Overall

0.3

RR (95%CI)
1.06 (0.91, 1.23)
1.30 (1.02, 1.67)
0.97 (0.85, 1.11)
1.23 (0.96, 1.57)
1.21 (0.95, 1.55)
1.26 (1.09, 1.45)
1.15 (1.00, 1.31)
1.15 (0.92, 1.44)
0.90 (0.64, 1.25)
0.99 (0.92, 1.06)
1.33 (1.10, 1.61)
1.57 (1.09, 2.24)
1.10 (0.98, 1.22)
1.20 (1.03, 1.39)
1.29 (1.01, 1.66)
1.25 (0.86, 1.83)
1.28 (1.10, 1.50)
1.07 (1.00, 1.14)
0.98 (0.71, 1.37)
1.16 (0.98, 1.36)
1.06 (0.80, 1.42)
1.11 (1.01, 1.23)
1.20 (1.02, 1.41)
1.07 (0.76, 1.51)
1.19 (0.92, 1.54)
1.09 (0.98, 1.20)
1.21 (1.07, 1.37)
1.23 (1.00, 1.53)
1.06 (0.80, 1.41)
1.04 (0.59, 1.86)
1.19 (1.01, 1.39)
1.12 (1.04, 1.21)
1.49 (1.16, 1.93)
1.15 (0.91, 1.47)
1.24 (0.93, 1.64)
1.05 (0.97, 1.14)
1.05 (0.85, 1.31)
1.04 (0.93, 1.15)
1.06 (0.94, 1.21)
1.08 (0.98, 1.20)
1.00 (0.93, 1.08)
1.04 (0.82, 1.32)
0.99 (0.83, 1.19)
1.22 (1.01, 1.46)
1.11 (1.08, 1.15); P < 0.001
2
(I = 37.2%; P = 0.008)
1

5

Risk ratio

Figure 1 Effects of probiotics plus standard therapy on eradication rate by per-protocol set analysis compared with standard therapy alone. CI: Confidence
interval.

Probiotics plus standard therapy significantly increased
the eradication rates (RR = 1.13; 95%CI: 1.10-1.16;
P < 0.001; Figure 2). Although there was significant
heterogeneity across the trials by PPS analysis, a
sensitivity analysis was conducted and the results
suggested that the data were not affected by the
sequential exclusion of any particular trial from the
pooled analysis.
We acquired data on 5312 individuals to assess the
effect of probiotics plus standard therapy on adverse
events, and reported 1499 adverse events. We noted
that probiotics plus standard therapy significantly reduced
the risk of adverse events (RR = 0.59; 95%CI: 0.48-0.71;

WJG|www.wjgnet.com

P < 0.001; Figure 3). Substantial heterogeneity was
observed in the magnitude of the effect across the
2
trials (I = 81.6%; P < 0.001). However, following
sequential exclusion of each trial from the pooled
analysis, we found that the outcome was not affected
by the exclusion of any specific trial. The incidence
rates were 21.44% and 36.27% in the probiotics
group and the control group, respectively, which
demonstrated a favorable effect of probiotics on the
reduction of adverse events during H. pylori eradication
therapy. As presented in Table 2, the combined effects
of probiotics were statistically significant for all the
listed adverse events, which clarified the protective
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Navarro-Rodriguez 2013
Ahmad 2013
Shavakhi 2013
Kyriakos 2013
Jiang 2013
Dajani 2013
Deguchi 2012
Tolone 2012
Mizaee 2012
Manfredi 2012
Du 2012
Bekar 2011
Yoon 2011
He 2011
Xu 2010
Ya?ar 2010
Wen 2010
Song 2010
Szajewaka 2009
Hurduc 2009
Francavilla 2008
Kim 2008
Huang 2008
Imase 2008
Cindoruk 2007
Park 2007
Bortoli 2007
Sahagún-Flores 2007
Lionetti 2006
Goldman 2006
Sheu 2006
Ziemniak 2006
Sykora 2005
Myllyuoma 2005
Shimbo 2005
Cao 2005
Nista 2004
Tursi 2004
Guo 2004
Sheu 2002
Cremonini 2002
Armuzzi 2001a
Armuzzi 2001b
Canducci 2000
Overall

0.3

RR (95%CI)
1.06 (0.88, 1.29)
1.30 (1.02, 1.67)
0.95 (0.81, 1.10)
1.42 (1.03, 1.94)
1.21 (0.95, 1.55)
1.26 (1.09, 1.45)
1.19 (1.03, 1.38)
1.15 (0.92, 1.44)
0.97 (0.68, 1.40)
1.01 (0.91, 1.11)
1.31 (1.08, 1.59)
1.57 (1.09, 2.24)
1.03 (0.89, 1.20)
1.20 (1.03, 1.39)
1.24 (0.93, 1.65)
1.25 (0.86, 1.83)
1.28 (1.10, 1.50)
1.13 (1.05, 1.22)
0.93 (0.62, 1.38)
1.16 (0.98, 1.36)
1.00 (0.67, 1.50)
1.10 (0.97, 1.24)
1.20 (1.02, 1.41)
1.07 (0.76, 1.51)
1.19 (0.92, 1.54)
1.14 (1.02, 1.27)
1.23 (1.07, 1.41)
1.23 (1.00, 1.53)
1.06 (0.80, 1.41)
1.04 (0.59, 1.86)
1.20 (1.01, 1.44)
1.12 (1.04, 1.21)
1.47 (1.11, 1.95)
1.15 (0.91, 1.47)
1.24 (0.93, 1.64)
1.05 (0.97, 1.14)
1.02 (0.80, 1.29)
1.10 (0.94, 0.29)
1.06 (0.94, 1.21)
1.22 (1.05, 1.40)
1.02 (0.92, 1.13)
1.04 (0.82, 1.32)
1.04 (0.86, 1.26)
1.24 (1.02, 1.50)
1.13 (1.10, 1.16); P < 0.001
2
(I = 15.4%; P = 0.192)
1

%weight
1.8
1.1
2.7
0.7
1.2
3.1
2.8
1.4
0.6
5.1
1.8
0.6
2.9
2.8
0.9
0.5
2.6
7.1
0.5
2.4
0.4
4.0
2.5
0.6
1.1
4.5
3.2
1.5
0.9
0.2
2.1
7.0
0.9
1.2
0.9
6.5
1.2
2.6
3.7
3.0
4.8
1.2
1.9
1.8
100.0

5

Risk ratio

Figure 2 Effects of probiotics plus standard therapy on eradication rate by intention-to-treat analysis compared with standard therapy alone.

effects of probiotics against these adverse events.
We acquired data on 4033 individuals to assess the
effect of probiotics plus standard therapy on compliance,
and reported 132 events of non-compliance. The
inclusion of probiotics in the H. pylori eradication
treatment regimen did not improve patient compliance
according to the results of the pooled analysis (RR =
0.98; 95%CI: 0.68-1.39; P = 0.889; without evidence
of heterogeneity; Figure 4).
The studies were divided into subgroups based on
the age of the patients, single or multiple probiotic
strains, dosage of probiotics, duration of probiotics
intake, duration of standard eradication therapy,
duration between the end of the therapy and asse
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ssment, probiotic strains and types of eradication
therapy (Table 3). Overall, we noted that Clostridium
had no significant effect on the eradication rate, and
furthermore, probiotics did not affect the eradication
rate if patients received a second-line standard
therapy. Subgroup analyses based on other factors
were associated with a statistically significant increase
in the eradication rate.
A review of funnel plots did not exclude the
potential for publication bias for the eradication rate,
adverse events, and patient compliance. The Egger
[37]
test
results showed potential publication bias for
the eradication rate, adverse events, and patient
[38]
compliance. The Begg test
results showed potential
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Figure 3 Effects of probiotics plus standard therapy on total adverse events compared with standard therapy alone.

publication bias for patient compliance. The conclusions
did not change after adjustment for publication bias by
[84]
using the trim and fill method .

a population.
The duration of antibiotic treatment, different
regimens of standard therapy, patient age, dosage of
[4,40,85-87]
probiotics, different strains of probiotics
, and
different types of standard therapy have been reported
to potentially influence the eradication outcome. In
our study, there was a statistically significant increase
in eradication rates in nearly all the subgroups when
these factors were also taken into consideration.
These subgroups showed similar outcomes with strong
statistical significance, which may be influenced by a
large sample size. We consider that probiotics had a
comparable effect on the H. pylori eradication rate in
all these subgroups of more than 500 patients. More
studies are needed to assess the outcome in groups
with fewer patients, such as groups of children and
patients who received second-line therapy.
In addition to the subgroups mentioned above,
antibiotic resistance can create a significant problem
in H. pylori eradication therapy because it can become
[19,88-90]
a major cause of initial eradication failure
. The
prevalence of clarithromycin resistance cases treated
with clarithromycin-containing triple therapy was
[19,91]
reported to be 10%-30%
. With an increasing
number of patients infected with clarithromycin and/

DISCUSSION
Through systematic review and meta-analysis using the
results from 45 studies as solid supporting evidence,
the effectiveness of the use of probiotics in H. pylori
eradication therapy is based on 3 criteria: eradication
rate, adverse events, and patient compliance. Our
results suggest that additional probiotic supplementation
significantly increases the eradication rate, and reduces
adverse events. However, there is no significant effect
on patient compliance.
The eradication rate of H. pylori using standard
therapy plus probiotics has been significantly improved
by about 13% compared with standard therapy alone.
The value of RR is small because both the probiotics
group and the control group have a relatively large
eradication rate. Therefore, an improved eradication
rate is the best indicator of the effectiveness of
probiotics supplementation. Hence, the addition of
probiotics to standard H. pylori eradication therapy
improves the H. pylori eradication success rate within
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Table 2 Effect of probiotics plus standard therapy vs standard therapy on adverse events
Adverse Event
Diarrhea
Nausea/vomiting
Epigastric discomfort
Abdominal bloating
Abdominal pain
Constipation
Taste disturbance

Trials (n )

Participants (n )

Probiotics
group, %

Control group

RR and 95%CI

P value

Heterogeneity (P value)

26
23
8
13
10
13
19

4935
4067
1806
1516
1373
2021
3611

5.71%
6.95%
6.09%
10.82%
8.40%
3.96%
11.79%

13.72%
12.83%
14.13%
14.51%
13.05%
6.73%
18.76%

0.41 (0.30-0.57)
0.60 (0.48-0.76)
0.57 (0.44-0.74)
0.70 (0.55-0.90)
0.54 (0.35-0.83)
0.55 (0.37-0.81)
0.63 (0.48-0.83)

< 0.001
< 0.001
< 0.001
0.005
0.005
0.002
< 0.001

58% (P < 0.001)
23% (P = 0.16)
0% (P = 0.60)
0% (P = 0.53)
31% (P = 0.16)
0% (P = 0.77)
73% (P < 0.001)

RR: Risk ratio.

Table 3 Subgroup analyses comparing the effect of probiotics plus standard therapy vs standard therapy on eradication rate based
on intention-to-treat
Subgroups

Studies (n )

Patients (n )

Probiotics group

Control group

RR and 95%CI

P value

P value for Q statistics

81.86%
76.89%

73.23%
64.78%

1.12 (1.09-1.16)
1.19 (1.07-1.32)

< 0.001
0.002

0.224
0.535

83.29%
81.60%

73.73%
70.60%

1.12 (1.08-1.17)
1.16 (1.11-1.21)

< 0.001
< 0.001

0.046
0.724

82.84%
81.49%

73.06%
70.69%

1.13 (1.08-1.18)
1.14 (1.09-1.20)

< 0.001
< 0.001

0.571
0.046

81.15%
82.30%

71.35%
71.28%

1.14 (1.10-1.18)
1.12 (1.06-1.18)

< 0.001
< 0.001

0.976
0.022

81.79%
82.39%

74.32%
70.97%

1.11 (1.06-1.17)
1.16 (1.12-1.20)

< 0.001
< 0.001

0.167
0.502

83.86%
80.78%

73.36%
70.91%

1.16 (1.11-1.21)
1.14 (1.10-1.18)

< 0.001
< 0.001

0.282
0.358

82.67%
82.66%
81.47%
81.14%
80.71%
87.30%
93.06%

73.05%
71.69%
72.65%
69.94%
69.74%
73.29%
86.08%

1.14 (1.10-1.18)
1.14 (1.10-1.19)
1.11 (1.06-1.17)
1.15 (1.08-1.24)
1.17 (1.08-1.28)
1.17 (1.06-1.30)
1.08 (0.97-1.21)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.003
0.164

0.088
0.058
0.085
0.594
0.408
0.046
0.456

81.02%
88.63%
82.67%

71.00%
81.11%
72.25%

1.13 (1.08-1.17)
1.08 (1.00-1.17)
1.18 (1.13-1.23)

< 0.001
0.058
< 0.001

0.260
0.185
0.268

Age
Adults
23
4116
Children
7
498
Probiotic strains
Multiple
22
3598
Single
21
2908
Dosage of probiotics (CFU/d)
9
≥ 5 × 10
15
2470
< 5 × 109
21
3283
Duration of probiotic intake
≥ 15 d
17
3411
< 15 d
24
2585
Duration of standard therapy
>7d
17
2050
=7d
27
4558
Duration between therapy ending and assessment
> 4 wk
20
2520
= 4 wk
22
3984
Probiotic (containing the following strains)
Lactobacillus
31
4165
Bifidobacterium
20
3059
Streptococcus
11
2262
Saccharomyces
4
1275
Bacillus
4
772
Enterococcus
5
652
Clostridium
3
151
Therapy regimens
First-line
16
3474
Second-line
3
435
Not specified
25
2699

[92]

or fluoroquinolone resistant H. pylori , quadruple
therapy with bismuth colloid or sequential therapy
[92,93]
has been suggested
. Probiotic supplementation
in this population has rarely been studied before. In
this meta-analysis, the studies focusing on antibiotic
resistant H. pylori were far fewer than expected.
Therefore, we have not included a thorough discussion
on the topic of antibiotic-resistant strains here. The
results from studies conducted so far seem promising
and worth pursuing further through the initiation of
studies using a larger population of patients.
In addition to improving the eradication rate of
infectious organisms, the administration of probiotics
can also reduce the incidence of adverse events by
preventing or reducing pathogenic adherence, inducing
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the production of stomach acid, hydrogen peroxide,
and bacteriocins to antagonize pathogen growth, and
[68]
encourage the formation of normal balanced flora .
In our study, all the reported adverse events had
RRs < 1, which indicated that the use of probiotics
effectively protected the gut flora during H. pylori
eradication. The overall incidence of adverse events
was reduced by approximately 41% in the probiotics
group. There are also studies confirming that the
[94]
administration of probiotics can prevent diarrhea ,
[95]
[96-98]
abdominal bloating , and constipation
.
Since probiotics are effective in the prevention of
adverse events, they were also expected to promote
[22,28]
patient compliance
. Non-compliance may drastically
[2]
affect the H. pylori eradication success rate ; this
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Figure 4 Effects of probiotics plus standard therapy on patients compliance compared with standard therapy alone.
[48]

aspect has seldom been studied. Manfredi et al
reported that the improvement in patient compliance
in a study administering lactoferrin and probiotics to
treat H. pylori infection was not statistically significant.
Most studies had no dropouts or minimal losses to
follow-up. The non-compliance rate was low and may
relate to intrinsic personality traits, which can only be
studied using a meta-analysis approach. Unexpectedly,
there was no evidence showing a lower rate of noncompliance in the probiotics group. The RR showed a
slight tendency for improved patient compliance, but
this did not have any practical benefit on eradication
success.
In clinical practice, the overall benefit of adminis
tering prophylactic probiotics to H. pylori-infected
patients is not only related to the eradication success or
reduced adverse events, but also to medical expenses;
the influence of the latter factor in H. pylori eradication
is still unclear. As H. pylori infection is more prevalent in
developing countries or areas of lower socioeconomic
[4,99]
status
, the cost-effectiveness of taking probiotics
[77]
may be subtle and difficult to evaluate. Tursi et al
reported that the extra cost of probiotics may be
a limiting factor preventing widespread use. Some
[100]
researchers report that probiotics were economical ,
but more evidence is required to support this statement.
This study may have the following limitations: (1)
some publications may have been neglected to be
added to the study because they were not included
in any of the databases that were searched, leading
to publication bias. Some publications that were
unavailable were requested from the corresponding
author in order to include their data in this study
but only a few requests were answered; (2) there
is a limited number of papers that include some
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subgroups, such as patients infected with antibiotic
resistant H. pylori who were treated with probiotics.
Analysis of these subgroups was not conducted; (3)
there may be bias introduced by including studies
with multiple arms, and routine means of measuring
heterogeneity and publication bias; and (4) probiotics
were analyzed by strains instead of by preparations
that are available in clinical practice. Furthermore,
the eradication therapies were divided into firstline or second-line therapies instead of into specific
regimens to account for study number limitations. The
correlation of probiotics and standard therapy was not
included, and may contribute important information to
this study.
In conclusion, the use of probiotics to supplement
standard therapy in patients infected with H. pylori
increased the eradication rate of the organism by about
13% and decreased the overall rate of adverse events
by approximately 41%, independent of patient age,
genera or dosage of probiotics, time of standard therapy
or assessment, and therapy regimen. Unexpectedly,
the patient compliance rate did not improve with the
addition of probiotics to the therapeutic regimen. An
economic evaluation is required to establish the costeffectiveness of the addition of probiotics to H. pylori
eradication therapy, and to determine whether the
combination of probiotics with a standard therapy would
be beneficial in clinical practice.
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META-ANALYSIS

Efficacy of S-1 vs capecitabine for the treatment of gastric
cancer: A meta-analysis
An-Bing He, Xiu-Lan Peng, Jia Song, Ji-Xing Zhang, Wei-Guo Dong, Ren-Feng Luo, Yan Tang
METHODS: MEDLINE, EMBASE, Cochrane Controlled
Trials Register, Google Scholar, and China Journal
Full Text Database were accessed to collect clinical
randomized controlled trials regarding the effect of
S-1 vs capecitabine for the treatment of gastric cancer
patients. Statistical analysis was performed by metaanalysis. Four randomized controlled trials met the
inclusion criteria.
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RESULTS: Compared with capecitabine regimens, the
1-year survival rate in gastric cancer patients was 0.80
(95%CI: 0.52-1.21, P = 0.29). The overall response
rate of S-1 vs capecitabine was 0.94 (95%CI: 0.59-1.51,
P = 0.93). Compared with capecitabine regimens, the
most frequent hematologic toxicities were neutropenia
(OR = 0.99, 95%CI: 0.65-1.49, P = 0.94) and
thrombocytopenia (OR = 0.72, 95%CI: 0.31-1.67, P =
0.44). The most frequent non-hematologic toxicities
included nausea (OR = 0.85, 95%CI: 0.56-1.28, P =
0.43) and hand-foot syndrome (OR = 0.16, 95%CI:
0.10-0.27, P < 0.00001).
CONCLUSION: The existing studies suggest that
S-1 is not more effective than capecitabine in the
treatment of gastric cancer patients, but does exhibit
less toxicity with regard to hand-foot syndrome.
Key words: Gastric cancer; S-1; Capecitabine; Ran
domized controlled trials; Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Systemic chemotherapy has proven to be an
important treatment for advanced gastric cancer patients.
A combination regimen containing 5-fluorouracil is most
commonly used worldwide. S-1 and capecitabine are both
oral fluoropyrimidine carbamates, and have proven to
be effective for the treatment of gastric cancer patients.
This is the first meta-analysis to systematically compare

Abstract
AIM: To rationally evaluate the effect of S-1 vs cape
citabine for the treatment of gastric cancer.

WJG|www.wjgnet.com

4358

April 14, 2015|Volume 21|Issue 14|

He AB et al . S-1 vs capecitabine for gastric cancer

Criteria for study selection

the effects between S-1 and capecitabine against gastric
cancer in order to better understand the efficacy, safety,
and feasibility of these anticancer drugs. The results
may contribute to better treatment and quality of life for
patients with advanced gastric cancer.

The inclusion criteria for selected articles were as
follows: (1) all were random control tests; (2) adult
studies were selected; (3) the experiments compared
S-1 with capecitabine for the treatment of gastric
cancer; and (4) full texts were selected. Preclinical
studies, reviews, and case reports not covering the
disease being studied were excluded.

He AB, Peng XL, Song J, Zhang JX, Dong WG, Luo RF,
Tang Y. Efficacy of S-1 vs capecitabine for the treatment of
gastric cancer: A meta-analysis. World J Gastroenterol 2015;
21(14): 4358-4364 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4358.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4358

Data extraction

Two reviewers selected papers, evaluated their
quality, and then extracted the data independently.
A third individual was consulted if there were any
disagreements. Data on details pertaining to the
patients, number of patients at the start of the study,
and completed subjects, treatment type, outcomes,
and adverse effects were extracted.

INTRODUCTION
Gastric cancer is the second-leading cause of cancer[1]
related deaths worldwide . Although mortality rates
of gastric cancer have declined over the past few
decades, the disease still has a poor prognosis and
[2]
remains a major health problem . Surgical resection
has been accepted as the gold standard and only
possible curative treatment for patients with early
[3,4]
stage gastric cancer . However, most symptoms of
gastric cancer are nonspecific, and screening strategies
are unavailable in many areas; thus most patients with
gastric cancer are diagnosed in an incurable stage.
Over the past two decades, multiple therapies,
including systemic chemotherapy, have demonstrated
efficacy in decreasing the risk of relapse and improving
survival and quality of life for patients with advanced
[5,6]
gastric cancer . Although there is no single agent or
globally-accepted standard chemotherapy treatment
strategy for gastric cancer, combination regimens
containing 5-ﬂuorouracil (5-FU) are commonly used
[7-11]
worldwide
. The efficacy of oral capecitabine in
gastrointestinal cancers has been investigated in a
[12-17]
series of studies
, while adjuvant chemotherapy
[18,19]
with S-1 is recommended in Japan
.
In this study, we performed a meta-analysis
to systematically compare the effects of S-1 and
capecitabine in the treatment of gastric cancer in order
to better understand the efficacy, safety, and feasibility
of these anticancer drugs.

Statistical analysis

Statistical analyses were conducted via the Cochrane
Collaboration’s Review Manager version 5.1. Relative
risks (RR) and 95%CI were calculated as summary
statistics. The estimate of RR from individual studies
was calculated. Statistical heterogeneity was assessed by
2
using the I test to quantify heterogeneity across studies.
If the results of heterogeneity were significant, the
random effects model was used to perform analysis,
otherwise, the fix effects model was employed.
Statistical significance was indicated by a P value less
than 0.05.

RESULTS
Characteristics of eligible studies

A total of 371 papers were initially identified using the
search strategy described above. After a thorough
screening of the papers, 4 studies were ultimately
selected based on the inclusion/exclusion criteria
(Figure 1). All four papers assessed the one year
survival rate, while three papers evaluated the overall
response rate. The study duration ranged from 0.5
to 39.2 mo. The number of patients in each of the
included studies ranged from 81 to 129. Two papers
were published in English and two in Chinese. The
characteristics of the selected studies are presented in
[20-23]
Tables 1 and 2
. Two studies used SOX compared
[21,23]
with XEOLX in gastric cancer
. One study compared
[22]
S-1 alone with capecitabine . One study compared
[20]
TS with TC in patients with gastric cancer .

MATERIALS AND METHODS
Search strategy

Randomized trials comparing S-1 with capecitabine
regimen (single agent, doublet, or triplet) for the
treatment of gastric cancer were searched MEDLINE,
EMBASE, Cochrane Controlled Trials Register, and
China Journal Full Text Database up to 1 October 2013.
The language was limited to English and Chinese.
The following keywords were used: gastric cancer,
capecitabine, and S-1. We also searched the reference
lists of pertinent manuscripts in order to identify other
potentially relevant articles.

WJG|www.wjgnet.com

Analysis of efficacy

A total of 382 patients from 4 RCTs were included in
the 1-year survival analysis; 190 patients were in the
S-1 group and 192 were in the capecitabine group.
The total recurrence rate of gastric cancer was 45.8%
in the S-1 group and 50.5% in the capecitabine group.
The pooled OR for the four studies was 0.80 (OR = 0.80,
95%CI: 0.52-1.21, P = 0.29) (Figure 2), suggesting
no statistically significant difference between the
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371 reports included on titles and
abstracts using key word searches
Studies excluded after review of
abstracts (n = 350)
Main purpose is not for assessment of
probiotic effects
21 reports considered
75 reports excluded due to being
review articles, letters, or case
reports, lacking a control group,
not being RCT, etc .
Total studies included in meta-analysis
(n = 4)

Figure 1 Flow diagram for studies evaluating S-1 vs capecitabine for gastric cancer included in this meta-analysis.

Table 1 Characteristics of trials included in meta-analysis
Study

Patients (S-1/
capecitabine)

Kim et al[23]

65/64

Lee et al[22]

42/44

Zhang et al[21]

41/40

Xiong et al[20]

42/44

S-1 regimen

Capecitabine regimen

S-1 80 mg/m2 per day d1-14 + oxaliplatin 130 mg/m2 Capecitabine 2000 mg/m2 per day d1-14 + oxaliplad1 21-d cycle
tin 130 mg/m2 d1 21-d cycle
S-1: BSA < 1.25 m2, 80 mg/d;
Capecitabine
BSA: 1.25-1.5 m2, 100 mg/d;
2500 mg/m2 per day
BSA > 1.5 m2, 120 mg/d; d1-28 42-d cycle
d1-14 21-d cycle
S-1 80 mg/m2 per day d1-14 + oxaliplatin 130 mg/m2 Capecitabine 2000 mg/m2 per day d1-14 + oxaliplad1 21-d cycle
tin 130 mg/m2 d1 21-d cycle
S-1 80 mg/m2 per day d1-14 + docetaxel 25 mg/m2 d1, 8, Capecitabine 1250 mg/m2 per day d1-14 + docetaxel
15 28-d cycle
25 mg/m2 d1, 8, 15 28-d cycle

Table 2 Trial and patient characteristics
Study
Kim et al[23]
Lee et al[22]
Zhang et al[21]
Xiong et al[20]

Disease stage

Follow-up months

Trial
randomization

Lost to follow-up

Survival analysis

Advanced gastric cancer, chemotherapy-naive
Elderly patients (aged ≥ 65 yr) Advanced gastric cancer
Gastric cancer after surgery
Advanced gastric cancer, chemotherapy-naive

0.5-39.2
Capecitabine: 21.9; S-1: 21.7

Yes
Yes

Recorded
Recorded

ITT
ITT

24
2-28

Yes
Yes

Recorded
Recorded

Evaluable
ITT

Analysis of toxicity

S-1 and capecitabine groups. No heterogeneity
was observed between the selected studies for the
2
treatment analysis (I = 0%).
A total of 301 randomized patients from 3 RCTs
were included in the overall response rate analysis;
149 patients were in the S-1 group and 152 were in
the capecitabine group. A summary of the individual
studies and pooled results from the primary analysis
of overall response rate are presented in Figure 3. The
total overall response rate was 37.6% in the S-1 group
and 38.8% in the capecitabine group. The pooled OR
for the three studies was 0.94 (OR = 0.94, 95%CI:
0.59-1.51, P = 0.93), suggesting no statistically
significant difference between the S-1 and capecitabine
groups. No heterogeneity was observed between the
selected studies with regard to the treatment analysis
2
(I = 0%).

WJG|www.wjgnet.com

Overall, the toxicities observed in the 4 selected
RCTs were tolerable. The most common grade 3-4
hematologic toxicities were neutropenia and throm
bocytopenia. The most common grade 3-4 nonhematologic toxicities included nausea and vomiting.
The pooled results suggested no significant difference
between two treatment groups (Figures 4 and 5). In
addition, hand-foot syndrome at any grade was more
frequently noted in the capecitabine group than in the
S-1 group (Figure 5).

Publication bias assessment

Publication bias was assessed by funnel plot. The
funnel plots exhibited symmetry (Figure 6), thereby
suggesting no publication bias among the selected
studies.
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Study or subgroup
Kim GM 2012
Lee JL 2008
Xiong HL 2013
Zhang ZD 2013

S-1
Events Total
34
65
11
42
26
41
16
42

Capecitabine
Events Total
38
64
13
44
28
40
18
44

Total (95%CI)
190
192
Total events
87
97
2
2
Heterogeneity: χ = 0.13, df = 3 (P = 0.99); I = 0%
Test for overall effect: Z = 1.05 (P = 0.29)

Weight
37.4%
19.2%
21.2%
22.3%

OR
M-H, Fixed, 95%CI
0.75 [0.37, 1.51]
0.85 [0.33, 2.18]
0.74 [0.29, 1.88]
0.89 [0.37, 2.11]

100.0%

0.80 [0.52, 1.21]

OR
M-H, Fixed, 95%CI

0.01

0.1

1

Favours S-1

1.0

100

Favours Capecitabine

Figure 2 One year survival rate of S-1 regiment vs capecitabine regiment.

Study or subgroup
Kim GM 2012
Lee JL 2008
Xiong HL 2013

S-1
Events Total
26
65
12
42
18
42

Capecitabine
Events Total
28
64
12
44
19
44

Total (95%CI)
149
152
Total events
56
59
2
2
Heterogeneity: χ = 0.15, df = 2 (P = 0.93); I = 0%
Test for overall effect: Z = 0.24 (P = 0.81)

Weight
47.2%
23.3%
29.5%

OR
M-H, Fixed, 95%CI
0.86 [0.43, 1.73]
1.07 [0.42, 2.74]
0.99 [0.42, 2.32]

100.0%

0.94 [0.59, 1.51]

OR
M-H, Fixed, 95%CI

0.01

0.1

1

Favours S-1

1.0

100

Favours Capecitabine

Figure 3 Overall response rate of S-1 regiment vs capecitabine regiment.

Study or subgroup
Kim GM 2012
Lee JL 2008
Xiong HL 2013
Zhang ZD 2013

S-1
Events Total
31
65
23
42
20
41
30
42

Capecitabine
Events Total
27
64
22
44
28
40
36
44

Total (95%CI)
190
192
Total events
104
113
2
2
Heterogeneity: χ = 5.00, df = 3 (P = 0.17); I = 40%
Test for overall effect: Z = 0.79 (P = 0.43)

Weight
29.3%
20.0%
29.9%
20.7%

OR
M-H, Fixed, 95%CI
1.25 [0.62, 2.50]
1.21 [0.52, 2.83]
0.41 [0.16, 1.02]
0.56 [0.20, 1.54]

100.0%

0.85 [0.56, 1.28]

OR
M-H, Fixed, 95%CI

0.01

0.1
Favours S-1

1

1.0

100

Favours Capecitabine

Figure 4 Nausea of S-1 regiment vs capecitabine regiment.

4-dihydroxypyridine; and potassium oxonate. In this
combination 5-chloro-2, 4-dihydroxypyridine acts as
a dihydropyrimidine dehydrogenase inhibitor, whereas
potassium oxonate suppresses the gastrointestinal
[29]
toxicity of tegafur . In several studies of gastric
cancer patients, S-1 has exhibited a similar efficacy
[9,30,31]
and reduced toxicity compared with infusional 5-FU
.
Capecitabine is also an oral fluoropyrimidine carba
mate that is metabolized primarily in the liver and
enzymatically converted to 5-fluorouracil by thymidine
phosphorylase in tumor tissues. The levels of the
enzyme thymidine phosphorylase are considerably
higher in gastric cancers compared with normal tissue,
which allows 5-fluorouracil to be concentrated in tumor
[32]
tissues . The efficacy and safety of capecitabine for
[33]
advanced gastric cancer has been demonstrated , and
a randomized phase Ⅲ trial indicated that capecitabine
can replace 5-FU for the treatment of advanced esopha

DISCUSSION
Treatment of gastric cancer has been a major challenge
in the past decades given its high incidence. A large
number of patients are diagnosed with advanced
or metastatic disease. A wide range of studies
determined that combination chemotherapy containing
fluoropyrimidine prolongs survival in patients with
[24-28]
advanced gastric cancer
. Combination regimes
containing fluoropyrimidine have therefore made
undeniable gains in improving survival rates for patients
with advanced gastric cancer. Given the relatively short
overall survival of advanced gastric cancer patients
and the palliative nature of systemic chemotherapy,
chemotherapeutic agents should be selected based on
efficacy, low toxicity, and convenient administration.
S-1 is an oral combination anticancer drug con
sisting of: 5-fluorouracil prodrug tegafur; 5-chloro-2,

WJG|www.wjgnet.com
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Study or subgroup
7.1.1 Hand-foot syndrome
Kim GM 2012
Lee JL 2008
Xiong HL 2013
Zhang ZD 2013

S-1
Events Total
2
7
11
11

65
42
41
42

Capecitabine
Events Total
16
26
26
28

OR
M-H, Fixed, 95%CI

Weight

64
44
40
44

9.0%
12.2%
11.1%
11.7%

0.10
0.14
0.20
0.20

192

44.1%

0.16 [0.10, 0.27]

64
44
40
44

9.4%
3.8%
5.9%
6.5%

0.97 [0.48, 1.93]
1.70 [0.66, 4.41]
0.70 [0.27, 1.82]
0.91 [0.39, 2.12]

192

25.6%

1.00 [0.66, 1.52]

64
44
40
44

8.7%
4.8%
11.6%
5.3%

0.96 [0.46, 1.97]
1.07 [0.42, 2.74]
0.18 [0.07, 0.46]
1.34 [0.57, 3.15]

Subtotal (95%CI)
190
192
Total events
92
106
2
2
Heterogeneity: χ = 11.58, df = 3 (P = 0.009); I = 74%
Test for overall effect: Z = 1.41 (P = 0.16)

30.3%

0.74 [0.49, 1.12]

Subtotal (95%CI)
190
Total events
31
96
2
2
Heterogeneity: χ = 0.96, df = 3 (P = 0.81); I = 0%
Test for overall effect: Z = 6.91 (P < 0.00001)
7.1.2 Leukopenia
Kim GM 2012
Lee JL 2008
Xiong HL 2013
Zhang ZD 2013

34
14
26
20

65
42
40
42

34
10
29
22

Subtotal (95%CI)
189
Total events
94
95
2
2
Heterogeneity: χ = 1.77, df = 3 (P = 0.62); I = 0%
Test for overall effect: Z = 0.00 (P = 1.00)
7.1.3 Thrombocytopenia
Kim GM 2012
Lee JL 2008
Xiong HL 2013
Zhang ZD 2013

42
12
13
25

65
42
41
42

42
12
29
23

Total (95%CI)
569
576
100.0%
Total events
217
297
2
2
Heterogeneity: χ = 44.60, df = 11 (P < 0.00001); I = 75%
Test for overall effect: Z = 4.74 (P < 0.00001)
2
2
Test for subgroup differences: χ = 31.43, df = 2 (P < 0.00001); I = 93.6%

[0.02,
[0.05,
[0.08,
[0.08,

OR
M-H, Fixed, 95%CI

0.43]
0.38]
0.51]
0.51]

0.55 [0.43, 0.71]

0.01

0.1

1

Favours experimental

1.0

100

Favours Control

Figure 5 Toxicity of S-1 regiment vs capecitabine regiment.

of patients with gastric cancer. Only four randomized
trials with 382 patients met our eligible criteria. Among
the four studies, 1-year survival and overall response
rate were selected as the primary study endpoints.
Although overall survival is considered to be the most
clinically meaningful measure of treatment effect
in cancer patients, only two of the studies analyzed
overall survival; these results did not exhibit sufficient
robustness for the meta-analysis. The results indicate
that treatment with regimens containing capecitabine
were equally as effective as S-1-containing chemo
therapies in patients with gastric cancer with regard to
1-year survival and overall response rate. This result
was consistent with the results of the four included
[20-23]
studies
.
The most suitable treatment regimen for an individual
patient is not only dependent on treatment efficacy, but
[35]
also involves other factors, such as toxicity . S-1 and
capecitabine were both well-tolerated, and no treatmentrelated deaths were reported in the selected studies. The

0

SE (log[OR])

0.1
0.2
0.3
0.4
0.5
0.01

0.1

1

10

100

OR

Figure 6 Publication bias assessed by funnel plot.
[34]

gogastric cancer .
This meta-analysis focused on the comparison
of survival outcomes and toxicity between S-1based regimens and capecitabine for the treatment
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most frequent hematological toxicities were neutropenia
and thrombocytopenia, with no meaningful differences
in hematologic toxicities being noted between the two
treatment agents. The most frequently observed grade
3 or 4 non-hematologic toxicities included nausea and
vomiting, and no meaningful differences were noted
between the two treatment agents. The only notable
non-hematologic difference in adverse events was
the increased incidence of hand-foot syndrome in the
capecitabine group compared with the S-1 group.
Hand-foot syndrome is a characteristic non-hematologic
toxicity of capecitabine that leads to treatment delays or
dose reductions in many patients. Given these findings,
we suggest that S-1 is superior to capecitabine for the
treatment of gastric cancer.
Although this meta-analysis was based on RCTs and
properly conducted, there were still some limitations to
our study. One major limitation was that the number
of selected studies was quite small, with this small
sample size therefore likely not reflecting the actual
situation. In addition, only two studies analyzed overall
survival, with these results failing to exhibit sufficient
robustness for the meta-analysis. However, 1-year
survival and overall response rate, which are the most
meaningful clinical measures of treatment efficacy in
cancer patients, were analyzed.
In summary, although S-1 demonstrated no
survival advantage over capecitabine, it resulted in a
considerably lower incidence of hand-foot syndrome
than capecitabine, thereby suggesting that S-1 is
superior to capecitabine for the treatment of gastric
cancer.

In this manuscript, Peng et al determined that S-1 was not more effective
than capecitabine in the treatment of gastric cancer patients, but does show
fewer instances of hand-foot syndrome. The efficacy of oral capecitabine in
gastrointestinal cancers has been investigated in a series of studies, with
adjuvant chemotherapy with S-1 being recommended in Japan. The authors
compared the effects of S-1 and capecitabine in the treatment of gastric cancer,
resulting in a meaningful conclusion.
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RESULTS: In first-line treatment, survival benefit
was confined to patients with wild-type KRAS . Che
motherapy regimens and angiogenesis inhibitor
treatment influenced the results of the analysis. Wildtype KRAS mCRC patients did not seem to benefit
from oxaliplatin-based chemotherapy (PFS: HR = 0.88,
95%CI: 0.70-1.10; OS: HR = 0.93, 95%CI: 0.82-1.04).
Clinical benefit in mCRC patients was limited to
therapeutic regimens which included anti-EGFR MoAbs
and fluorouracil-based therapy (PFS: HR = 0.77,
95%CI: 0.69-0.86; OS: HR = 0.85, 95%CI: 0.75-0.95).
When anti-EGFR MoAbs were used as second- or
further-line treatment, clinical benefit was still confined
to patients with wild-type KRAS .
CONCLUSION: KRAS status is a potential predictive
marker of clinical benefit due to anti-EGFR MoAb
therapy in mCRC patients.
Key words: Colorectal neoplasm; Kirsten rat sarcoma
viral oncogene homolog; Cetuximab; Panitumumab;
Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: In this study, we evaluated the correlation
between Kirsten rat sarcoma viral oncogene homolog
(KRAS ) status and the therapeutic effects of antiepidermal growth factor receptor (EGFR) monoclonal
antibodies (MoAbs) in patients with metastatic
colorectal cancer. We focused on the relationship
between KRAS status and the curative effect of antiEGFR MoAbs in patients with metastatic colorectal
cancer, and conducted a systematic meta-analysis
of chemotherapy regimens, line of treatment and

AIM: To investigate the correlation between Kirsten
rat sarcoma viral oncogene homolog (KRAS ) status
and the therapeutic effects of anti-epidermal growth
factor receptor (EGFR) monoclonal antibodies (MoAbs)
in metastatic colorectal cancer (mCRC).
METHODS: Randomized controlled trials (RCTs) were
identified and the association between KRAS mutation
and clinical outcome in mCRC patients treated with
anti-EGFR MoAbs was investigated. Ten RCTs were
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bevacizumab treatment. This analysis provides the first
evidence that patients with wild-type KRAS metastatic
colorectal cancer may not benefit from anti-EGFR
MoAbs and oxaliplatin-based therapy as first-line
treatment. Clinical benefit was confined to therapeutic
regimens which included anti-EGFR MoAbs and
fluorouracil-based therapy.

“panitumumab”, “monoclonal antibodies”, “MoAb”.
The search was limited to human studies. All eligible
studies were retrieved, and their bibliographies were
examined for other relevant publications. The results
of a randomized controlled trial are often published
in a series of articles, thus when the same data were
used in several publications, the most recent, largest
or complete study of these publications was included
in this meta-analysis.

Song QB, Wang Q, Hu WG. Anti-epidermal growth factor
receptor monoclonal antibodies in metastatic colorectal cancer:
A meta-analysis. World J Gastroenterol 2015; 21(14): 4365-4372
Available from: URL: http://www.wjgnet.com/1007-9327/full/v21/
i14/4365.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i14.4365

Inclusion criteria

The included studies met the following criteria: (1)
Randomized controlled trials published as articles
which compared anti-EGFR MoAbs plus chemotherapy
or best supportive care (BSC) with chemotherapy
or BSC alone in patients with mCRC; (2) Studies
evaluating the relationship between KRAS mutation
status and response to anti-EGFR MoAbs in mCRC
patients; (3) Provide adequate data on progressionfree survival (PFS) and overall survival (OS); and (4)
Studies with full text articles.

INTRODUCTION
Colorectal cancer is one of the most common human
malignant diseases and a leading cause of cancerrelated death worldwide, accounting for approximately
[1]
of all cancer incidence and mortality . Over the last
decade, the availability of combination chemotherapy
and targeted agents has improved the median survival
[2,3]
of patients with metastatic colorectal cancer (mCRC) .
Two biological agents, the monoclonal antibodies
(MoAbs), cetuximab and panitumumab, which target
the epidermal growth factor receptor (EGFR) have
been approved by the food and drug administration
(FDA) for mCRC. Kirsten rat sarcoma viral oncogene
homolog (KRAS) mutations have emerged as major
predictive markers of resistance to anti-EGFR MoAbs.
These observations have been shown to be beneficial
in small single-arm data and some retrospective
[4-7]
analyses of large phase Ⅲ studies . The results of
previous reviews demonstrated that mCRC patients
with mutant KRAS did not benefit from treatment
with anti-EGFR MoAbs either alone or in combination
with standard chemotherapy. However, these reviews
included data from retrospective and non-randomized
studies. Following the completion of several large
phase Ⅲ clinical trials, the role of KRAS mutation in
mCRC should be redefined. We aimed to provide a
comprehensive evaluation of the relationship between
KRAS status and the therapeutic effects of anti-EGFR
MoAbs in mCRC patients. Analyses were conducted
on chemotherapy regimens, line of treatment and
bevacizumab treatment.

Data extraction

Information was carefully extracted from all eligible
studies. The following data were collected from each
study: first author’s name, year of publication, number
of patients screened, study treatment protocols,
response criteria, number of patients by KRAS mutation
status, line of treatment, PFS and OS. The clinical
endpoints were extracted separately according to KRAS
status. Data extraction was performed independently
by two of the authors. Disagreement was resolved by
discussion between the two authors. If the two authors
could not reach a consensus, another author was
consulted and a final decision was made by voting.

Statistical analysis

The primary endpoints were PFS and OS. The asso
ciation between KRAS status and PFS or OS was
expressed as the hazard ratio (HR). Heterogeneity was
[8,9]
assessed by the Q-test . If significant heterogeneity
2
was found (P < 0.10, I > 40%), the random-effects
model instead of the fixed-effects model was used for
further analysis. To investigate the possible sources of
heterogeneity, we conducted subgroup analyses based
on the following aspects: the use of bevacizumab,
chemotherapy regimen, and the selection of fluorouracil
[10]
or capecitabine. Egger’s linear regression test
was
used to assess publication bias, which was adjusted
using the trim-and-fill method. All the statistical tests
used in this meta-analysis were performed with RevMan
5.4 and STATA version 10.0 (Stata Corporation, College
Station, TX, United States).

MATERIALS AND METHODS
Publication search

Systematic computerized searches of PubMed (up
to December 14, 2013) were performed. The search
was further augmented by checking the clinical trial
registry (www.clinicaltrials.gov) for additional studies.
The following search terms were used: “metastatic
rectal cancer”, “metastatic colon cancer”, “metastatic
colorectal cancer”, “mCRC”, “KRAS”, “cetuximab’’,
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Characteristics of the included studies

After exclusion of duplicate and irrelevant studies
[7,11-19]
(Figure 1), 10 studies
were identified according
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PubMed: 786
clinicaltrials: 94
Excluding:
Reviews, tutorials
Experimental study
PubMed: 93
clinicaltrials: 94
Excluding:
Not report the association between
rs931794 and lung cancer risk
PubMed: 13
clinicaltrials: 7
Excluding:
Studies using the same patient
population
Total: 10

Figure 1 Flow chart of the literature search and study selection procedure.

Table 1 Characteristics of included studies
Ref.
1st line treatment
Maughan et al[11]
Van Cutsem et al[12]
Bokemeyer et al[7]
Douillard et al[13]
Hecht et al[14]
Hecht et al[14]
Tol et al[15]
Tveit et al[16]
nd
2 line treatment
Peeters et al[17]
Harbison et al[18]
Amado et al[19]

Year

Patients assessed

KRAS wt

KRAS mut

Response criteria

2011
2011
2011
2010
2009
2009
2009
2012

1630
1198
337
1183
823
230
755
566

729
666
179
656
404
115
314
303

565
397
136
440
260
86
206
195

RECIST
WHO
WHO
RECIST
RECIST
RECIST
RECIST
RECIST

2010
2012
2008

1186
572
463

597
245
243

486
208
184

RECIST
RECIST
RECIST

RECIST: Response Evaluation Criteria in Solid Tumor.

Table 2 Treatment protocols in included studies
Ref.

Study treatment protocol

1st line treatment
Maughan et al[11]
Van Cutsem et al[12]
Bokemeyer et al[7]
Douillard et al[13]
Hecht et al[14]
Hecht et al[14]
Tol et al[15]
Tveit et al[16]
2nd line treatment
Peeters et al[17]
Harbison et al[18]
Amado et al[19]

Ox 85 mg/m2 FA 350 mg/m2 5FU 400 mg/m2 bolus + 2400 mg/m2 infusion ± cetuximab
Ox 130 mg/m2 Cap 2000 mg/m2 ± cetuximab
Iri 180 mg/m2 FA 400 mg/m2 5FU 400 mg/m2 bolus + 2400 mg/m2 infusion ± cetuximab
Ox 85 mg/m2 FA 400 mg/m2 5FU 400 mg/m2 bolus + 1200 mg/m2 infusion ± cetuximab
Ox 85 mg/m2 FA 400 mg/m2 5FU 400 mg/m2 bolus + 1200 mg/m2 infusion ± panitumumab
Ox/FA/5FU/Bev
Iri/FA/5FU/Bev
Ox/Cap/Bev
Ox 85 mg/m2 FA 120 mg/m2 5FU 1000 mg/m2 bolus ± cetuximab
Iri 180 mg/m2 FA 400 mg/m2 5FU 400 mg/m2 bolus + 2400 mg/m2 infusion ± panitumumab
BSC ± cetuximab
BSC ± panitumumab

Ox: Oxaliplatin; FA: Folinic acid; 5FU: 5-fluourouracil; Cap: Capecitabine; Iri: Irinotecan; Bev: Bevacizumab; BSC: Best supportive care.

sample sizes ranged from 337 to 1630. KRAS status
was available in 7614 patients, 4451 patients had wildtype KRAS and 3163 patients had mutant KRAS. Of
the 10 studies, MoAbs were administered as first-line
treatment with chemotherapy in 7 studies and MoAbs

to the inclusion criteria of the meta-analysis. Tables
1 and 2 show the primary characteristics of the 10
studies which included patients treated with anti-EGFR
MoAbs, all of which were randomized controlled trials.
All 10 studies included a total of 8943 patients, and
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log [HR]

SE

Weight

HR
Ⅳ, Fixed, 95%CI

-0.1567
-0.1903
-0.0341
0.131

0.1816
0.1072
0.0882
0.1784

7.5%
21.4%
31.6%
7.7%

0.85 [0.60, 1.22]
0.83 [0.67, 1.02]
0.97 [0.81, 1.15]
1.14 [0.80, 1.04]

68.2%

0.93 [0.82, 1.04]

31.8%
31.8%

0.80 [0.67, 0.95]
0.80 [0.67, 0.95]

Total (95%CI)
100.0%
2
2
Heterogeneity: χ = 4.90, df = 4 (P = 0.30); I = 18%
Test for overall effect: Z = 2.53 (P = 0.01)
2
2
Test for subgroup difference: χ = 2.00, df = 1 (P = 0.16); I = 49.9%

0.88 [0.80, 0.97]

Study or subgroup
Oxiplatin-based therapy
Bokemeyer C 2011
Douillard JY 2010
Maughan TS 2011
Tveit KM 2012

Subtitle (95%CI)
2
2
Heterogeneity: χ = 2.91, df = 3 (P = 0.41); I = 0%
Test for overall effect: Z = 1.30 (P = 0.20)

Irinotecan-based therapy
Van Custem E 2011
-0.2282
Subtitle (95%CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 2.60 (P = 0.009)

0.0879

HR
Ⅳ, Fixed, 95%CI

0.01

0.1
1
1.0
Favours MoAb+CT
Favours CT

100

Figure 2 Subgroup analysis of overall survival based on chemotherapy regimen in KRAS wild-type patients following first-line treatment.

were administered as second-line or further-line
treatment with or without chemotherapy in 3 studies.
[14]
Hecht et al
used two different chemotherapy
regimens (FOLFIRI or FOLFOX) combined with
cetuximab, and we divided this study into two parts
in order to conduct an analysis of chemotherapy
regimen. Response Evaluation Criteria in Solid Tumor
(RECIST) criteria or WHO criteria were used to classify
tumor response in all studies.

EGFR MoAbs needs to be explored in further studies.
However, patients with wild-type KRAS did not seem
to benefit from anti-EGFR MoAbs and oxaliplatinbased chemotherapy as first-line treatment (HR =
0.93, 95%CI: 0.82-1.04, P = 0.20; Figure 2). Timothy
S Maughan’s study supplied sufficient information on
the HR of patients treated with fluorouracil and those
treated with capecitabine. Therefore, we divided this
study into two different studies and conducted another
subgroup analysis. The subgroup analysis indicated that
fluorouracil and anti-EGFR MoAbs benefited patients
in terms of longer OS (HR = 0.85, 95%CI: 0.75-0.95;
2
I = 10%, P = 0.34). However, only one trial used
capecitabine with anti-EGFR MoAbs and no OS benefit
was observed (HR = 0.97, 95%CI: 0.81-1.15).
Information on PFS in wild-type KRAS patients was
available in 7 studies, and included 6722 patients.
KRAS status was detected in 5651 patients and 3366 of
these patients had wild-type KRAS. Anti-EGFR MoAbs
had no benefit on PFS in trials of first-line treatment
(HR = 0.96, 95%CI: 0.79-1.16), with significant
2
intertrial heterogeneity (I = 77%, P < 0.0001), and
the P value of Egger’s test was 0.824. In the trials
using bevacizumab, the pooled HR was 1.27 (95%CI:
1.06-1.51). There was no significant heterogeneity
2
or publication bias between these trials (I = 0%, P =
0.59; P value of Egger’s test was 0.571). The pooled
HR of trials using conventional chemotherapy was
0.83 (95%CI: 0.68-1.03), and there was evidence of
2
differences in the effect of MoAbs between trials (I
= 75%, P = 0.0003). No publication bias was found
using Egger’s test (P = 0.387). A subgroup analysis
was performed to explore the sources of heterogeneity
between studies using conventional chemotherapy. In
the trials using oxaliplatin-based therapy, the pooled
2
HR was 0.88 (95%CI: 0.70-1.10; I = 73%, P = 0.002).

Analysis of trials using MoAbs as first-line treatment

Patients with wild-type KRAS: In total, seven
studies supplied adequate information on OS in patients
with known KRAS status. The HR summarized survival
in the arm treated with cetuximab combined with
chemotherapy compared with the arm treated with
chemotherapy alone. An HR of more than 1 indicated
worse survival in patients treated with chemotherapy
alone. There was no evidence of improved OS in
patients with wild-type KRAS treated with MoAbs (HR
= 1.00, 95%CI: 0.82-1.21), and significant intergroup
2
heterogeneity was observed (I = 73%, P = 0.002).
In these seven studies, two studies used bevacizumab
in both arms. Subgroup analysis was carried out,
the pooled HR of trials using bevacizumab was 1.79
(95%CI: 1.26-2.54) and the pooled HR of trials using
chemotherapy was 0.88 (95%CI: 0.80-0.97). We
excluded trials using bevacizumab and conducted
different subgroup analyses to determine heterogeneity.
In the trials using oxaliplatin-based chemotherapy,
the pooled HR was 0.93 (95%CI: 0.82-1.04), and
the P value of Egger’s test was 0.831. Only one study
used irinotecan-based chemotherapy, and the HR was
0.80 (95%CI: 0.67-0.95; Figure 2). The relationship
between chemotherapy regimen and clinical benefit in
mCRC patients with wild-type KRAS treated with anti-
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Study or subgroup
Oxiplatin-based therapy
Bokemeyer C 2011
Douillard JY 2010
Maughan TS 2011
Tveit KM 2012

log [HR]

SE

Weight

HR
Ⅳ, Fixed, 95%CI

-0.5674
-0.2231
0.0411
0.06777

0.2109
0.0982
0.0787
0.1549

13.4%
22.8%
24.6%
17.7%

0.57
0.80
1.04
1.07

Subtitle (95%CI)
78.5%
2
2
2
Heterogeneity: Tau = 0.04; χ = 10.74, df = 3 (P = 0.01); I = 72%
Test for overall effect: Z = 1.13 (P = 0.26)

Irinotecan-based therapy
Van Custem E 2011
-0.3624
Subtitle (95%CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 3.21 (P = 0.001)

0.1128

HR
Ⅳ, Fixed, 95%CI

[0.38, 0.86]
[0.66, 0.97]
[0.89, 1.22]
[0.79, 1.45]

0.88 [0.70, 1.10]

21.5%
21.5%

0.70 [0.56, 0.87]
0.70 [0.56, 0.87]

Total (95%CI)
100.0%
2
2
2
Heterogeneity: Tau = 0.04; χ = 15.79, df = 4 (P = 0.003); I = 75%
Test for overall effect: Z = 1.72 (P = 0.09)
2
2
Test for subgroup difference: χ = 2.02, df = 1 (P = 0.16); I = 50.4%

0.83 [0.68, 1.03]
0.01

0.1
1
1.0
Favours MoAb+CT
Favours CT

100

Figure 3 Subgroup analysis of progression-free survival based on chemotherapy regimen in KRAS wild-type patients following first-line treatment.

Only one trial used irinotecan-based chemotherapy,
and the HR was 0.70 (95%CI: 0.56-0.87; Figure 3).
In the subgroup analysis based on fluorouracil use,
an improvement in PFS with MoAbs was observed,
the pooled HR was 0.77 (95%CI: 0.69-0.86), with
no publication bias (P = 0.786), however, significant
2
heterogeneity was found (I = 48%, P = 0.10). This
heterogeneity may have been due to a different
fluorouracil dosage form. In Tveit KM’s trial, fluorouracil
was given orally and was given intravenously in the
other studies. Clinical benefit in mCRC patients with
wild-type KRAS was confined to therapeutic regimens
which included anti-EGFR MoAbs and fluorouracil
based therapy.

observed using Egger’s test (P = 0.773). There was a
significant improvement in PFS following second-line
or further treatment (HR = 0.52, 95%CI: 0.36-0.75),
although heterogeneity was noted between these
2
studies (I = 84%, P = 0.002). Egger’s test showed
that no publication bias existed (P = 0.155). We
excluded Marc Peeters’s study as a different therapeutic
regimen was used and conducted a new meta-analysis.
The pooled HR was 0.43 (95%CI: 0.36-0.53), with no
2
heterogeneity (I = 0%, P = 0.73).
Patients with mutant KRAS: Data on survival and
KRAS mutation in mCRC patients were reported in three
studies involving 2221 patients. There was no evidence
of survival benefit with anti-EGFR MoAbs in second-line
or further-line treatment in OS (HR = 0.95, 95%CI:
2
0.82-1.11; I = 0%, P = 0.87, Egger’s test: P = 0.807)
2
or PFS (HR = 0.95, 95%CI: 0.82-1.11; I = 12%, P =
0.32, Egger’s test: P = 0.358).

Patients with mutant KRAS: For patients with
mutant KRAS, there was no survival advantage when
anti-EGFR MoAbs were administered as first-line
treatment. The pooled HR of PFS was 1.18 (95%CI:
2
1.06-1.31), with no heterogeneity (I = 37%, P = 0.15).
The HR of OS was 1.10 (95%CI: 0.98-1.22). There
was no significant heterogeneity between these trials.
It is clear that the therapeutic effect of anti-EGFR
MoAbs was dependent on KRAS status.

DISCUSSION
The main downstream signaling pathway of EGFR
regulates crucial biological activities such as cell
differentiation, cell survival, cell proliferation and cell
[20]
migration . Mutations of members of the downstream
signaling pathways have been shown to result in
resistance to anti-EGFR MoAbs. KRAS was the first
molecular predictor shown to influence responsiveness
to EGFR-targeted treatment with cetuximab and
panitumumab. However, these data were mainly
from retrospective and non-randomized studies. We
focused on the relationship between KRAS status
and the curative effect of anti-EGFR MoAbs in mCRC
patients, and conducted a systematic meta-analysis
of chemotherapy regimens, line of treatment and

Analysis of trials using MoAbs as second- or further-line
treatment

Patients with wild-type KRAS: Three studies
supplied adequate information on OS in patients
with KRAS mutation, two of these studies used BSC
as the control group and BSC + anti-EGFR MoAbs
as the experimental group. No significant benefit
was observed when anti-EGFR MoAbs were used as
second- or further-line treatment (HR = 0.81, 95%CI:
0.65-1.02), and heterogeneity was noted between the
2
trials (I = 61%, P = 0.08). No publication bias was
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bevacizumab treatment.
For patients with wild-type KRAS receiving MoAbs
as first-line treatment no evidence of improved OS
was observed. The subgroup analysis indicated a
detrimental effect when anti-angiogenic agents were
added to anti-EGFR MoAbs in the first-line treatment
of mCRC. In theory, targeting both EGFR and VEGF
[21]
pathways should increase curative effect . A possible
explanation for these findings may be that the com
bination of different antibodies increased toxicity and
adverse effects. Another explanation may be that a
negative pharmacokinetic interaction between these
two biological agents occurred. After excluding trials
using bevacizumab, another subgroup analysis was
conducted to determine heterogeneity between trials
using chemotherapy. We found that wild-type KRAS
mCRC patients did not seem to benefit from antiEGFR MoAbs and oxaliplatin-based chemotherapy
as first-line treatment. Fluorouracil use influenced
the OS of patients. Clinical benefit in mCRC patients
with wild-type KRAS was confined to therapeutic
regimens with anti-EGFR MoAbs and fluorouracil-based
therapy. It was uncertain from our results whether
combination of anti-EGFR MoAbs and capecitabine
was effective in mCRC patients, since only one trial
used capecitabine in this analysis. However, there
were several studies have suggested that capecitabine
might be less effective than 5-FU in first line treatment
[22-24]
of mCRC patients
. The association between the
chemotherapy regimen and clinical benefit in wild-type
KRAS mCRC patients treated with anti-EGFR MoAbs
needs to be explored in further studies due to limited
available research.
Information on PFS in wild-type KRAS patients
was available in 7 studies, and no benefit in PFS
was observed in trials of first-line therapy. The sub
group analyses corresponded with the results from
subgroup analyses of OS. After excluding trials
using bevacizumab, the pooled HR of trials using
chemotherapy was 0.83 (95%CI: 0.68-1.03), and
significant heterogeneity was observed. Oxaliplatinbased chemotherapy with anti-EGFR MoAbs failed to
prolong PFS in patients with wild-type KRAS. However,
significant benefit in terms of PFS was observed in
trials using MoAbs and fluorouracil. The subgroup
analyses failed to explain the sources of heterogeneity.
This may be due to different treatment protocols,
such as different fluorouracil dosage forms. In Tveit
KM’s trial fluorouracil was given orally and was given
intravenously in the other studies.
In trials using anti-EGFR MoAbs as second- or
further-line treatment, no OS benefit was observed
between the control group and experimental group
in patients with wild-type KRAS. However, there was
significant benefit in PFS. Heterogeneity disappeared
after excluding Marc Peeters’s study. The reason for
the heterogeneity between these trials was due to
different therapeutic regimens. Marc Peeters’s study
was the only study to use chemotherapy combined
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with anti-EGFR MoAbs as the therapeutic regimen, the
other two studies used BSC combined with anti-EGFR
MoAbs.
From this meta-analysis, it is clear that the clinical
benefit of anti-EGFR MoAbs is dependent on KRAS
status. For patients with mutant KRAS, there was no
survival advantage when anti-EGFR MoAbs were used
in any line of treatment.
Our results are in line with those of other studies.
[25]
Zhang et al
evaluated the predictive value of KRAS
mutation status and showed a clinical benefit in PFS
with anti-EGFR MoAbs in patients with wild-type KRAS,
and there was no significant difference in OS between
cetuximab-based chemotherapy and chemotherapy
alone. However, only 4 RCTs were included in their
[26]
analysis. Most recently, Vale and colleagues included
10 studies to examine anti-EGFR MoAbs treatment
and found that there were clear benefits of antiEGFR MoAbs in any line of treatment, when used with
infusional 5FU-based regimens. In the present metaanalysis, 10 studies were included in the final analysis.
We compiled years of research from several RCTs,
and updated the conclusion regarding the relationship
between KRAS status and the therapeutic effects of
anti-EGFR MoAbs in mCRC patients. In this article,
analyses of the therapeutic effects of anti-EGFR
MoAbs in untreated patients and those who received
prior chemotherapy were performed separately. This
provided the first evidence that patients with wildtype KRAS did not benefit from anti-EGFR MoAbs
with oxaliplatin-based therapy as first-line treatment.
Clinical benefit in wild-type KRAS patients was
confined to therapeutic regimens which included antiEGFR MoAbs and fluorouracil-based therapy.
Several limitations of our meta-analysis need to be
considered when interpreting these findings. Firstly,
our results were based on unadjusted estimates,
and a more precise analysis should be conducted
with more detailed data based on adjusted estimates
for other prognostic factors such as sex, age, tumor
location and other biomarkers. Furthermore, although
the initial trials were conducted prospectively, tissue
specimens were only available for a small percentage
of patients which may have resulted in selection
bias. Secondly, chemotherapy regimens which were
combined with anti-EGFR MoAbs may have influenced
the therapeutic effect. The chemotherapy regimen that
will provide most benefit to patients when combined
with anti-EGFR MoAbs needs to be explored in large
randomized trials. In this meta-analysis, oxaliplatinbased chemotherapy did not benefit patients with wildtype KRAS when combined with anti-EGFR MoAbs as
first-line treatment. In addition, the number of trials
of second- or further-line treatment was too small to
drawn an accurate conclusion. This was due to poor
recruitment and influenced the findings in our metaanalysis. Finally, although most mutations in KRAS
were found at codons 12 and 13 of exon 2, more
than 3000 point mutations have been detected in
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antibody-dependent cellular cytotoxicity can be quite different. Monoclonal
antibodies block the extracellular ligand binding domain. With the binding site
blocked, signal molecules can no longer attach there and activate the tyrosine
kinase. KRAS: The KRAS gene provides instructions for making a protein
called K-Ras which is involved primarily in regulating cell division. As part of a
signaling pathway known as the RAS/MAPK pathway, the protein relays signals
from outside the cell to the cell nucleus. These signals instruct the cell to grow
and divide or to mature and determine cell differentiation, cell survival, cell
proliferation and cell migration. Bevacizumab: Bevacizumab is an angiogenesis
inhibitor, and slows the growth of new blood vessels. It is licensed to treat
various cancers, including colorectal, lung, breast, glioblastoma, kidney and
ovarian cancer. It is a recombinant humanized monoclonal antibody which
inhibits angiogenesis by inhibiting vascular endothelial growth factor A.

KRAS and different point mutations have different
effects on KRAS activity. The recognition of additional
point mutations in KRAS and other key members of
the EGFR downstream signal pathway may alter the
conclusions drawn today.
In conclusion, this meta-analysis provided evidence
that KRAS status is a predictive marker for the clinical
benefit of anti-EGFR MoAbs in mCRC patients. Only
patients with wild-type KRAS will benefit from firstline or further-line treatment with anti-EGFR MoAbs,
and patients with mutant KRAS will not benefit. Line
of treatment, chemotherapy regimen and combination
with bevacizumab influence the clinical therapeutic
effects of anti-EGFR MoAbs in these patients. This
meta-analysis also provided the first evidence that
wild-type KRAS mCRC patients do not benefit from
anti-EGFR MoAbs with oxaliplatin-based therapy as
first-line treatment. Clinical benefit was confined to
therapeutic regimens which included anti-EGFR MoAbs
and fluorouracil-based therapy.

Peer-review

This is an important analysis of KRAS status and the effects of anti-EGFR
MoAbs in mCRC patients. The meta-analysis of randomized controlled trials
may provide a comprehensive estimation of the relation between KRAS status
and the effects of anti-EGFR MoAbs in mCRC patients.
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Although ipilimumab has been shown to improve
survival in patients with metastatic melanoma and
cause regression of metastatic renal cell carcinoma, the
associated immune-related toxicities are of concern.
The resultant T cell activation by this monoclonal
antibody causes an increased immune response, which
has been associated with many immune-regulated
adverse effects. One of the most concerning effects is
the development of colitis. Upwards to 8% of patients
have been reported to develop colitis, with 5% being
severe (Grades 3-4). While initial treatment of such
adverse effects is generally comprised of supportive
and symptomatic treatment, more severe cases
warrant the use of high dose steroids. Furthermore,
use of anti-TNF agents is usually reserved for those
cases that prove to be refractory to steroids. We
describe a systematic case review of seven patients
who developed gastrointestinal symptoms following
initiation of ipilimumab immunotherapy, and present
the steps in their evaluation, treatment and outcomes
at our institution.
Key words: Colitis; Ipilimumab; Immunology; Infliximab;
Immune-regulated adverse effects
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The development of colitis in the setting
of ipilimumab use has become of great concern.
Treatment regimens, predictive factors, and prognostic
indicators have yet to become standardized and
elucidated. Here we present one of the largest case
series of ipilimumab associated colitis at a single
tertiary care institution, as well as our approach to
evaluating and treating suspected cases.
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ipilimumab as part of their infusion protocols. Seven
cases were identified as having gastrointestinal
symptoms warranting inpatient hospital evaluation. Of
the 7 cases reviewed (four male, three female) a mean
age of 58 years (range, 38-71 years) and diarrheal
symptoms ranging from mild to severe (Grades 1-4)
was noted. Below we present detailed descriptions of
each of the seven cases and a summation presented
in Table 1.

Rastogi P, Sultan M, Charabaty AJ, Atkins MB, Mattar MC.
Ipilimumab associated colitis: An IpiColitis case series at
MedStar Georgetown University Hospital. World J Gastroenterol
2015; 21(14): 4373-4378 Available from: URL: http://www.
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INTRODUCTION
CASE REPORT

Although ipilimumab has been shown to improve
survival in patients with metastatic melanoma and
cause regression of metastatic renal cell carcinoma, the
[1,2]
associated immune-related toxicities are of concern .
The resultant T cell activation by this monoclonal
antibody causes an increased immune response, which
has been associated with many immune-regulated
adverse effects. One of the most concerning effects is
the development of colitis. Upwards to 8% of patients
have been reported to develop colitis, with 5% being
severe (Grades 3-4). While initial treatment of such
adverse effects is generally comprised of supportive
and symptomatic treatment, more severe cases
warrant the use of high dose steroids. Furthermore,
use of anti-TNF agents is usually reserved for those
[3]
cases that prove to be steroid resistant .
In March 2011, ipilimumab was approved for the
treatment of patients with metastatic melanoma.
This monoclonal antibody blocks inhibition of
cytotoxic T lymphocyte antigen 4 (CTLA-4) causing
T cell activation and proliferation, preventing tumor
evasion. The resulting immune up-regulation has been
associated with numerous immune-regulated adverse
effects (irAEs) including colitis, dermatitis, hepatitis,
and hypophysitis. Fatigue, weight loss, and electrolyte
imbalances encompass the clinical manifestations of
severe diarrhea, which can progress to colitis, and
in the worst case, bowel perforation. Up to 46%
of patients will experience such gastrointestinal
[4]
toxicities after 7 wk of therapy . Severity of diarrheal
symptoms are graded based on the Common
[5]
Terminology for Adverse Events (CTAE) , and further
characterized as mild to moderate (Grades 1-2) or
severe (Grades 3-4). Symptomatic management with
loperamide is indicated for mild cases. If symptoms
persist or become severe, initiation of steroid therapy
is indicated along with endoscopy to assess for colitis.
High dose steroids are used in severe cases, and
[6]
infliximab being reserved for steroid resistant cases .
Here we report our experience in the diagnosis and
treatment of gastrointestinal irAEs in our patients
receiving ipilimumab.
A retrospective analysis was conducted to identify
those patients who developed gastrointestinal
symptoms in the setting of receiving ipilimumab
treatment from December 2012 to December 2013.
A total of 19 patients were identified as receiving
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Case 1

A 63 years old female with history of melanoma of the
nasal mucosa presented with non-bloody diarrhea six
weeks after starting ipilimumab. She was empirically
treated with oral prednisone, but had symptom
recurrence with steroid tapering. Colonoscopy showed
diffuse mucosal erythema and ulcers with pathology
significant for cryptitis (Figure 1). The patient’s course
was further complicated by a perirectal abscess.
The patient underwent drainage of the abscess and
began treatment with budesonide (12 mg daily) with
improvement of her symptoms within two days. She
also received imatinib (400 mg twice daily) for her c-KIT
mutant mucosal melanoma with significant anti-tumor
response without reactivation of colitis symptoms.

Case 2

A 38 years old male with a history of melanoma of the
back developed loose non-bloody bowel movements
approximately four weeks after starting ipilimumab.
Colonoscopy was unrevealing and the patient was
treated symptomatically with loperamide (Figure 2).
Upon further workup, the patient was found to have
a Group G Beta-Hemolytic Streptococcus bacteremia.
Treatment of the underlying bacteremia resulted in
resolution of the patient’s diarrhea.

Case 3

A 71 years old female diagnosed with facial melanoma
began experiencing softer and more frequent
stools five weeks after her first dose of ipilimumab.
Colonoscopy revealed ulcers with no evidence of
bleeding throughout the colon (Figure 3). She was
started on budesonide (3 mg daily) and later switched
to prednisone (60 mg twice daily). The patient’s
symptoms improved only temporarily; few weeks later
she developed bloody diarrhea. She was transitioned
to methylprednisolone (60 mg twice daily) and showed
no improvement after four days. She received two
infusions of infliximab at 5 mg/kg spaced two weeks
apart. Within four weeks of the first infliximab infusion
the patient’s symptoms had resolved. C-reactive
protein (CRP) levels were noted to decrease from
38.3 mg/L to < 2.9 mg/L ten days following the first
infliximab infusion.
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Table 1 Outlined summary of patient cases
No.

Age (yr)

Gender

Diagnosis

Symptom grade

Symptom onset

CRP levels (Normal 0-3 mg/L)

Case 1
Case 2
Case 3

63
38
71

Female
Male
Female

Nasal Mucosa Melanoma
Back Skin Melanoma
Facial Melanoma

3→4
1→2
2→4

6 wk
4 wk
5 wk

Case 4
Case 5

44
66

Female
Male

3
3

9 wk
3 wk

Case 6
Case 7

67
55

Male
Male

Right Inguinal Melanoma
Prostate Cancer,
Melanoma
Right Forearm Melanoma
Back Skin Melanoma

3
4

18 wk
4 wk

108
137
38.3 (< 2.9 ten days after first
infliximab infusion)
55.7
34.7 (< 2.9 eight days following
first dose methylprednisolone)
NA
97.4

Symptom onset described as time from first dose of ipilimumab. NA: Not applicable; CRP: C-reactive protein.

Figure 3 Erythema with ulceration and loss of vascular pattern.

Figure 1 Erythematous mucosa, loss of normal vascular pattern, multiple
ulcers most consistent with IpiColitis.

Pathology revealed evidence of colitis with destructive
cryptitis and crypt microabscesses. She was started
on prednisone with a two week taper and experienced
improvement of her symptoms.

Case 5

A 66 years old male with history of prostate cancer
and melanoma began experiencing abdominal pain
and diarrhea, which progressed to bright red blood per
rectum, three weeks after his first dose of ipilimumab.
Colonoscopy was significant for mucosal friability and
multiple shallow punctate ulcerations, with pathology
further confirming colitis. The patient experienced
complete symptom resolution after only one day of
treatment (methylprednisolone 85 mg daily). He
was transitioned to oral steroids with a subsequent
four week taper with no recurrence of symptoms.
CRP levels were observed to decrease from 34.7
mg/L to < 2.9 mg/L eight days after his first dose of
methylprednisolone.

Figure 2 Normal colonoscopy.

Case 4

A 44 years old female with right inguinal melanoma
developed nausea, fevers, and loose bowel movements
nine weeks after her first dose of ipilimumab. A
colonoscopy confirmed the diagnosis of colitis revealing
loss of vascular pattern and mucosal friability.
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Case 6

A 67 years old male diagnosed with melanoma of the
right forearm started having loose non-bloody bowel
movements eighteen weeks after his first dose of
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ipilimumab. Colonoscopy showed evidence of colitis
and pathological findings of increased inflammation
and rare acute cryptitis. The patient was originally
started on Budesonide 9 mg daily, but later switched
to prednisone 100 mg daily after colonoscopy findings.
The patient’s symptoms gradually abated.

45

Pre-CRP

40

Post-CRP

35

CRP (mg/L)

30

Case 7

A 55 years old male melanoma of the back presented
with cramping abdominal pain associated with diarrhea
four weeks following his first dose of ipilimumab.
Multiple bland based ulcers were noted extending
from the rectum to the ileum and pathology was
consistent with acute colitis. The patient was originally
started on prednisone 100 mg daily and later
switched to methylprednisolone 100 mg twice daily
when symptoms persisted. After three days of no
improvement and progression of symptoms to bloody
diarrhea, he was administered two doses of infliximab
(5 mg/kg) two weeks apart. The patient noted near
complete symptom resolution two weeks following the
first infliximab infusion.

25
20
15
10
5
0

Case 3

Case 5

Figure 4 Graph demonstrating normalization of C-reactive protein levels
after treatment in two of the seven cases. CRP: C-reactive protein.

patients.
At our institution, cases of suspected ‘IpiColitis’
undergo colonoscopy with biopsies. We feel that
colonoscopy is warranted early to confirm diagnosis.
While clinical course may support the diagnosis of
ipilimumab associated colitis, it is not sufficient,
thus requiring tissue biopsy for confirmation. Once
confirmed and infectious etiologies are ruled out,
patients are started on prednisone (1 mg/kg/d).
Simultaneously, patients are checked for tuberculosis
and hepatitis B infections in preparation for possible
future anti-TNF therapy. Intravenous steroids (1
mg/kg/d) are reserved for more persistent cases.
If symptoms continue three to five days following
intravenous steroid treatment, two doses of infliximab
(5 mg/kg/dose) are administered two weeks apart
with coinciding steroid taper. Patients are followed
clinically and treatment success is based on resolution
of the patient’s presenting symptoms and diarrhea.
Repeat colonoscopy is not routinely conducted to
confirm treatment response.
Phase 2 trials have shown no benefit of prophylactic
budesonide use in the prevention of ipilimumab
[7]
induced colitis . To date we lack predictive and
prognostic factors of severity of the immunological side
[8]
effects prior to initiating ipilimumab therapy . CRP,
being a marker of acute inflammation, was noted to
be elevated in all cases. The degree of elevation did
not correlate to symptom severity, and did not serve
as a surrogate indicator for the requirement of antiTNF agents. In cases where CRP was checked after
treatment, normal levels were noted, creating future
interest in following this lab value as a measurement
of treatment response (Figure 4). In Case 3, CRP
levels were checked ten days following the first dose
of infliximab and noted to have normalized. Similarly,
in Case 5, CRP levels were noted to have normalized
eight days following first dose of methylprednisolone.
With no definitive preventive strategy, and no
predictive and prognostic factors, the physician has to
assess disease severity and adjust medical treatment

RESULTS
The majority of chief complaints were composed of
diarrhea, fever, rash, abdominal pain, nausea and
occurred three to eighteen weeks after initiation of
ipilimumab (mean, 7 wk; following one to four doses
of ipilimumab). Colonoscopy findings were consistent
with those of colitis, including mucosal erythema,
ulcerations, loss of vascular pattern, granulations, and
friable mucosa. Common pathological observations
on biopsy were granulomas, cryptitis, and crypt
abscesses. Time to symptom resolution was noted
to be variable (ranging from 1 d to 4 wk after initial
treatment). CRP levels were elevated in all cases when
measured, with normalization noted when measured
serially post treatment in two of the cases. Two of
the seven patients received infliximab infusions for
treatment of their underlying colitis.

DISCUSSION
With the introduction of anti-CTLA-4 agent ipilimumab
irAEs involving the digestive tract have become
legitimate concern. Decision algorithms based on
symptom grade have been developed to aid in the
management of such toxicities, but much is to be
elucidated. Although corticosteroids are recommended
for moderate to severe symptoms, optimal dosing
needs clarification. Management guidelines recommend
starting prednisone or its equivalent (0.5 mg/kg/d for
moderate and 1-2 mg/kg/d for severe enterocolitis),
but case reports and trials have a myriad of steroid
administration patterns. Furthermore, extended
release formulations of the steroids have been
developed, which have yet to be studied in such
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Pathological diagnosis

based on patient’s symptoms and the colonoscopy
findings. Before attributing the diarrhea to ipilimu
mab, an infectious work-up should be done, including
infectious enterocolitis and extra-intestinal infections,
as illustrated by our patient diagnosed with Group
G Beta Hemolytic Streptococcus bacteremia. The
differential diagnosis of colitis remains broad and can
arise from infectious pathogens, such as Escherichia
coli, Salmonella, and Clostridium difficile. Immuno
compromised individuals are more susceptible to colitis
due to cytomegalovirus infections. Ischemic changes
can also result in colonic inflammation representative
of colitis. Furthermore, microscopic forms of colitis
[9]
exist, including lymphocytic and collagenous forms .
Cases non-responsive to steroids will often proceed
to a trial of anti-TNF agents such as infliximab. This
monoclonal antibody has an established use in the
treatment of inflammatory bowel disease, and builds
much of the foundation of how we treat steroid
resistant immune-mediated colitis. While endoscopic
findings have been correlated with more clinically
aggressive forms of Crohn’s disease, further data and
more rigorous studies are required to make such a
[10]
correlation in ipilimumab-induced colitis . Endoscopy
is indicated in those patients whose symptoms are
severe or refractory to oral steroids. The use of early
endoscopy, its associated findings, and treatment
implications are yet to be studied.

Pathological findings from colonic biopsies revealed granulomas, cryptitis, and
crypt abscesses

Treatment

Case 1: Treated with budesonide 12 mg daily.
Case 2: Symptomatic treatment with loperamide.
Case 3: First treated with budesonide 3 mg daily, later switched to prednisone
60mg twice daily. Steroids later changed to intravenous methylprednisolone
60mg twice daily, and finally received two doses of infliximab (5 mg/kg) spaced
two weeks apart.
Case 4: Treated with prednisone.
Case 5: Methylprednisolone 85 mg daily.
Case 6: Budesonide 9 mg daily, followed by prednisone 100 mg daily.
Case 7: Prednisone 100 mg daily, later switched to methylprednisolone 100
mg twice daily, and ultimately treated with two doses infliximab (5 mg/kg) two
weeks apart.

Related reports

To date, we lack biomarkers that help predict the severity of irAEs or help
determine patient’s treatment response to steroid treatment.

Term explanation

Immune-regulated adverse effects (irAEs) are thought to be those effects due
to the T cell activation and immune up-regulation caused by ipilimumab.

Experiences and lessons

This report not only represents the largest single institution case series of
ipilimumab associated colitis, but also outlines our evaluation methods,
treatment regimens, and outcomes of our patients. Furthermore, the authors
suggest the use of serial CRP measurements as a possible surrogate
biomarker to treatment response.

Peer-review

This article applies a retrospective case series review of those patients who
developed gastrointestinal symptoms in the setting of receiving ipilimumab.
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Abstract
Mesenchymal stem cells (MSC) are cells of stromal
origin which exhibit unlimited self-renewal capacity and
pluripotency in vitro . It has recently been observed that
MSC may also exert a profound immunosuppressive
and anti-inflammatory effect both in vitro and in
vivo with consequent potential use in autoimmune
disorders. We present the case of a patient suffering
from childhood-onset, multidrug resistant and steroiddependent Crohn’s disease who underwent systemic
infusions of MSC, which led to a temporary reduction
in CCR4, CCR7 and CXCR4 expression by T-cells, and
a temporary decrease in switched memory B-cells,
In addition, following MSC infusion, lower doses of
steroids were needed to inhibit proliferation of the
patient’s peripheral blood mononuclear cells. Despite
these changes, no significant clinical benefit was
observed, and the patient required rescue therapy with
infliximab and subsequent autologous hematopoietic
stem cell transplantation. The results of biological
and in vitro observations after MSC use and the
clinical effects of infusion are discussed, and a brief
description is provided of previous data on MSC-based
therapy in autoimmune disorders.
Key words: Autoimmune disease; Crohn’s disease;
Interferon-γ pretreatment; mesenchymal stem cells;
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Immune regulation

This potential role of MSC in modulating the immune
response and tissue regeneration led to the idea of
using MSC for a new cellular approach in the treatment
of Crohn’s disease (CD) in humans, with conflicting
[8]
results . Preclinical data obtained from cellular and
animal models have suggested that the profile of
immune activation in the host prior to administration of
MSC can be a critical factor in the outcome of immune
suppression. Indeed, treatment with interferon-γ
(IFN-γ) can enhance the immunosuppressive action
of MSC, especially when the MSC are used in a
[9]
setting of ongoing immune activation , and several
reports have suggested that exposure to activated
lymphocytes, or to IFN-γ, is necessary to activate the
[10-12]
immunosuppressive properties of MSC
. Based
on these results, we hypothesized that MSC could be
briefly incubated with IFN-γ in a clinical-grade setting
in order to improve their capability for treating severe
immune disorders. We present the case of a patient
with intractable, childhood-onset, steroid-dependent
CD, who underwent MSC infusion to no effect.

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

Core tip: This is the first report of a lack of clinical
response using interferon-γ pre-treated mesenchymal
stem cell infusion in a patient with intractable Crohn’
s disease. Data on the clinical effects of mesenchymal
stem cell treatment in autoimmune disorders are
sparse and usually report a good clinical response;
however, since very few reports have been published,
we think negative results are also worthy of attention.
The use of mesenchymal stem cells pre-treated with
interferon-γ is also of interest, and the lack of clinical
benefit of bone marrow-derived interferon-γ pretreated mesenchymal stem cell infusion has also been
described, despite the lymphocyte immune regulation
effect.
Taddio A, Tommasini A, Valencic E, Biagi E, Decorti G, De
Iudicibus S, Cuzzoni E, Gaipa G, Badolato R, Prandini A, Biondi
A, Ventura A. Failure of interferon-γ pre-treated mesenchymal
stem cell treatment in a patient with crohn’s disease. World J
Gastroenterol 2015; 21(14): 4379-4384 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4379.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4379

CASE REPORT
The patient was a 31-year-old woman suffering from
CD. This diagnosis was made when she was 11 years
old, and was characterized by diarrhea, weight loss,
asthenia, and high levels of inflammatory markers.
On that occasion, colonoscopy and esophagogastro
duodenoscopy were performed and biopsy specimens
confirmed the preliminary diagnosis of ileal and perianal
CD.
The patient was initially treated with steroids
and enteral nutrition, but frequent relapses occurred
when steroids were tapered leading rapidly to ileocolic resection due to stenosis. As a consequence,
thalidomide was started and there was some clinical
improvement, but treatment was suspended when
the patient showed evidence of thalidomide-related
peripheral toxicity. Over the following years, several
attempts were made to treat her with azathioprine,
cyclosporine, and methotrexate, but the clinical
response was poor. When she was 24 years old, she
received treatment with infliximab, with some clinical
improvement, but she then developed a new stenosis
requiring surgical procedures and the drug was
withdrawn. She was then started on adalimumab, but
no clinical benefits were observed and she developed
herpetic esophagitis. A second trial with thalidomide
was suspended because of the re-appearance of
neurological complications and dapsone was eventually
started, on the basis of some anecdotal clinical reports,
again with a poor clinical response.
Given the long clinical history, characterized by
numerous complications and multiple surgical inter
ventions, a disease that was steroid-dependent and
still active, despite ample use of immunosuppressants,
and the absence of opportunistic infections and small

INTRODUCTION
Mesenchymal stem cells (MSC) are cells of stromal
origin which exhibit unlimited self-renewal capacity and
pluripotency in vitro; more specifically, several reports
have described the capacity of MSC to differentiate
in vitro into multiple cellular lineages, and their
use in regenerative medicine has been extensively
[1]
investigated in various clinical settings .
Much interest has been generated recently by the
observation that MSC may also exert a pronounced
immunosuppressive and anti-inflammatory effect,
both in vitro and in vivo. The mechanisms behind this
immunosuppressive effect are still unclear, but they
seem to involve events mediated by both soluble
[2,3]
factors and cell contact .
There are few studies describing treatment with
systemic MSC in humans, and most of these are
in patients treated for acute graft-vs-host disease
(GvHD), indicating that infusions of MSC expanded in
vitro, irrespective of the donor, might be an effective
treatment for patients with steroid-resistant, acute
[4]
GvHD . MSC treatment has also been tried out in
other autoimmune diseases such as systemic lupus
[5,6]
erythematosus and Sjögren’s disease , with encou
raging results. Moreover, it has been demonstrated
that systemic infusions of MSC lessen the clinical
and histopathological severity of experimental colitis,
[7]
reducing weight loss, diarrhea, and inflammation .
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intestine bacterial overgrowth, we decided to try MSC
infusions.
At the time of the first infusion, the physical exa
mination was unremarkable, but the patient had oral
ulcers with a feeding inability requiring nocturnal
enteral nutrition, abdominal pain, watery diarrhea (35
episodes per week), and perianal ulcers. Colonoscopy
showed inflammation of the mucosa. Laboratory
examinations were normal, including acute phase
reactants (erythrocyte sedimentation rate: 18 mm/h;
normal value 0-20; C-reactive protein: 0.34 mg/dL;
normal value < 0.5) except for the presence of chronic
normocytic anemia (hemoglobin: 9.2 g/dL; mean cell
volume: 78 fl), hypergammaglobulinemia (IgG: 1780
mg/dL) and increased levels of fecal calprotectin (2200
mg/kg; normal value < 50). Magnetic resonance
imaging of the gastrointestinal tract showed free
fluid, peritoneal fat stranding with enhancement,
diffuse thickening of the bowel wall, and stratified
enhancement of sigmoid and ascending colon; ileal
and ileo-colic strictures were also present. The CD
activity index (AI) was 270. The patient was treated
with dapsone (50 mg bid) and prednisone (25 mg/d).
The patient underwent the two scheduled MSC
6
infusions (2 × 10 cells/kg per infusion) which were
well tolerated. Ten days after the second infusion,
despite CDAI improvement (215), there was exacer
bation of abdominal pain and worsening of diarrhea,
and the clinical picture deteriorated rapidly. Laboratory
examinations remained normal, but calprotectin levels
were still high, and the patient underwent rescue
therapy with infliximab (10 mg/kg per infusion) with
transient slight improvement; she was then directed to
an autologous hematopoietic stem cell transplantation
(HSTC) program.
The MSC were produced in the officially approved cell
factory Laboratorio di Terapia Cellulare e Genica “Stefano
Verri” in Monza (Italy), compliant with European good
manufacturing practices, as determined by AIFA (Agenzia
Italiana del Farmaco, Rome). The procedures were
approved by the Istituto Superiore di Sanità (approval by
ISS, Rome, 5.09.2007, n 45253(06)-PRE.21-882).
The medical ethical committee of the IRCCS “Burlo
Garofolo” (Trieste, Italy) approved the use of IFN-γ
pretreated MSC for compassionate use. The patient
gave her written informed consent.

patients with chronic severe steroid-refractory CD
were recruited for MSC treatment in a two-infusion
protocol schedule. Two patients were withdrawn from
the study and did not complete the protocol. Among
the 8 patients who received both infusions, 5 showed
improvement in the CDAI, but only 3 showed a clinical
response (defined as a drop in CDAI by more than
70), while 3 patients required surgery over a 14-wk
period following infusions. It should be pointed out
that remission was not achieved in any of the patients.
[9]
Liang et al treated 7 patients, of whom 4 had CD and
3 ulcerative colitis. According to the authors, 5 patients
had achieved remission at the 3-mo follow-up, and
this remission lasted for over 24 mo in 2 patients.
However, only one patient stopped steroid treatment
completely, while 3 patients tapered partially and the
other 3 could not reduce their total steroid dosage, an
indirect indication of incompletely controlled disease.
In the current case, there was no observable clinical
improvement after infusion, and indeed, soon after the
second infusion, the patient required rescue therapy
with infliximab before undergoing HSCT. We would
also like to stress that in order to enhance the clinical
response in our patient, the MSCs were pre-treated
with IFN-γ, because it has been shown that IFN-γ
activation of MSCs increases their immunosuppressive
capabilities in vitro and (we therefore hoped), their
[13]
therapeutic efficacy in vivo . Unfortunately, we found
no evidence of any positive clinical response.
It might be argued that the lack of clinical response
to MSC infusion in our case could be due to weak
biological properties of the cells. It should be pointed out
that when the cells were thawed after cryopreservation
before their infusion, a small sample was analyzed to
check MSC vitality and immunosuppressive capacity: no
difference was found before and after cryopreservation.
In addition, a much higher percentage of natural killer
(NK) cells was found in the patient’s serum after the
second infusion (4.52% before infusion, compared
to 14.5% after, which could be interpreted as a
“physiological” response to MSC infusion. In fact, it is
known that MSC are susceptible to lysis by NK cells,
and that there is a natural tendency for NK cells to
proliferate in order to counteract the biological effect of
[14]
MSC .
Another interesting finding which confirmed the
biological effect of MSC infusion was that methyl
prednisolone IC 50 levels (i.e., the concentration
required to reduce in vitro mononuclear proliferation to
50%) were similar before MSC treatment (T-7 and T0),
while lower concentrations of the steroid were needed
to inhibit proliferation of the patient’s peripheral blood
mononuclear cells after infusion (T+7 and T+14). After
the last infusion, however (T+28), an increase in the
IC50 was observed which coincided with the patient’s
[15]
worsening symptoms (Figure 1) .
Analysis of T-lymphocytes before the infusion and

DISCUSSION
We present a case of refractory, drug-resistant, steroiddependent childhood-onset CD which was then treated
with two infusions of MSC, with rapid deterioration of
the clinical picture and subsequent need for medical
rescue therapy before autologous HSTC.
th
To our knowledge, this is the 15 patient affected
by CD to be treated with systemic MSC infusion.
[8]
The first report is by Duijvestein et al , in which 10
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this case to treat a very severe form of CD, resistant
to multiple attempts with standard treatments, and in
a late phase of clinical progression. Studies of GvHD
patients after allogeneic HSCT seem to support the
hypothesis that MSC therapy should be promoted
in the very early stage of disease immediately after
steroid failure, while patients with more advanced or
[18]
chronic GvHD failed to show any clinical benefit . In
line with this observation, we recently demonstrated
that mediators derived from activated lymphocytes
can suppress MSC which have not been previously
[19]
activated . In fact, the presence of soluble mediators
in the environment can be a critical factor in the
[20,21]
survival and action of MSC
. IFN-γ treatment has
been proposed to enhance the action of MSC against
already-activated lymphocytes, but this treatment
may not to be sufficient to protect MSC from the effect
of high concentrations of inflammatory mediators.
Therapy with MSC has created great hope for advances
in the treatment of autoimmune disorders, but at this
moment in time, there is still only weak evidence of
their clinical effectiveness. In fact, there is a great
paucity of data available regarding clinical trials with
MSC therapy in the field of autoimmune disorders.
To confirm this, a PubMed search was carried out
for the following terms “autoimmune disorders” and
“mesenchymal stem cells”. We found 485 articles,
consisting mostly of reviews (177/485; 36.5%) and
animal models and in vitro studies (285/485; 58.8%),
while there were only 23 articles consisting of clinical
trials and case reports (4.7%).
It is also important to bear in mind that negative
findings tend not to be reported in the medical
literature, which is why we think that describing this
experience should be of interest to other physicians
and researchers. Clearly, the data in our possession
is still insufficient to be able to consider systemic
infusion of MSC in the treatment of CD, at least in
its very advanced, progressive and multiple drugresistant forms. Our experience suggests that patients
with intractable drug-resistant CD should still undergo
HSCT, while MSC therapy may perhaps be considered
in the earlier stages of the disease. The use of MSC
therapy in CD fistulas, on the other hand, may be of
[22]
some benefit .
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Figure 1 Increase in methylprednisolone IC50 coincided with worsening
symptoms. Concentration of methylprednisolone that inhibited 50% of the
proliferation (IC50) of peripheral mononuclear blood cells obtained from the
patient at various experimental times, before and after mesenchymal stem
cells infusion (arrows). Inhibition of proliferation was determined by labelling
metabolically active cells (stimulated with concanavalin-A) with [methyl3
H]thymidine [12].
CCR7

mean fluorescence index

1.5

CCR4
CXCR4
1.0

0.5

0.0

Post infusion

2d

7d

Chemokine receptors expression
over time after treatment

Figure 2 Time course of CCR7, CCR4 and CXCR4 expression by
T-lymphocytes. Analysis of CCR7, CCR4 and CXCR4 expression by flow
cytometry showed a transient reduction after 2 d. Expression levels were
measured as mean fluorescence intensity index.

at days +2 and +7 respectively showed a transient
reduction in CCR4, CCR7 and CXCR4 expression at
day +2 compared with basal levels, while expression
of CXCR4 was still reduced after 7 d (Figure 2).
In addition, analysis of B-cells showed a transient
decrease in switched B-cells, while the maturation
of monocyte-derived dendritic cells, as measured by
analysis of CD80, CD86, and CD83 expression, was
not affected (data not shown). These results suggest
that MSC infusion may have led to a mobilization of
select T and B cell subsets to tissues within 2 d; these
observations support previous reports suggesting a
mechanism of B-cell suppression, with immunoglobulin
impairment production induced by release of soluble
[16]
factors .
In our case, despite the evidence of some in vitro
properties and in vivo biological effects, no positive
clinical response to MSC therapy was found. Of course,
this is just a single case report and large multicenter
[17]
trials, presently ongoing, need to be encouraged .
We should also stress the fact that MSCs were used in
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Case characteristics

After a long series of attempts at treatment with immunosuppressants and
surgery, a 31-year-old woman with intractable Crohn’s disease presented with
oral ulcers, a feeding inability requiring nocturnal enteral nutrition, abdominal
pain, watery diarrhea and perianal ulcers.

Clinical diagnosis

The diagnosis was Crohn’s disease.

Differential diagnosis

Given the clinical history of the patient, characterized by numerous
complications, a series of surgical interventions, a dependency on steroids, and
long-term use of immunosuppressants, we ruled out the possible presence of
opportunistic infections, malignancies and small intestine bacterial proliferation.
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Laboratory diagnosis

8

The patient had chronic normocytic anemia (Hb: 9.2 g/dL; MCV: 78 fl),
hypergammaglobulinemia (IgG: 1780 mg/dL) and increased levels of fecal
calprotectin (2200 mg/kg; n.v. < 50).

Imaging diagnosis

The patient underwent magnetic resonance imaging of the gastrointestinal tract,
which showed free fluid, peritoneal fat stranding with enhancement, diffuse
thickening of the bowel wall, and stratified enhancement of the sigmoid and
ascending colon; ileal and ileo-colic strictures were also found.

9

Biopsy specimens from both the colon and ileum were consistent with a
diagnosis of ileal and perianal Crohn’s disease.

10

Pathological diagnosis
Treatment

Interferon-γ pre-treated mesenchymal stem cells were infused at a dosage of 2
× 106 cells/kg. Two infusions were scheduled.

Term explanation

Mesenchymal stem cells are cells of a stromal origin which exhibit unlimited
self-renewal capacity and pluripotency in vitro and have a pronounced antiinflammatory and immunosuppressive effect.

11

We describe a case of a patient with intractable Crohn’s disease in which
no clinical benefit was obtained from the use of interferon-γ pre-treated
mesenchymal stem cells despite lymphocyte dysregulation. The usefulness
of mesenchymal stem cell treatment in autoimmune disorders is still to be
confirmed; the literature is scarce and results are uncertain.

12

Experiences and lessons

13

Peer-review

The authors describe a case of intractable Crohn’s disease which failed to
respond to parenteral mesenchymal stem cell therapy. The article highlights
the failure of interferon-γ pre-treated mesenchymal stem cell infusion, points to
the effect on lymphocyte regulation and discusses the results obtained using
mesenchymal stem cells to treat autoimmune diseases.

14
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An 80-year-old man was under annual surveillance
esophagogastroduodenoscopy after endoscopic
submucosal dissection (ESD) for early gastric cancer
(EGC). Two years after the initial ESD, a 0-Ⅱc type
metachronous EGC lesion, 8 mm in size, without
an ulcer scar, was found in the gastric antrum.
The estimated tumor depth was up to the mucosa,
and biopsy revealed well and poorly differentiated
adenocarcinoma. ESD was performed for this lesion
and en bloc resection with negative margins was
achieved. Histopathological examination revealed an
adenosquamous carcinoma 8 mm in size invading the
deep submucosal layer (1600 μm), with lymphovascular
invasion, consistent with the diagnosis of non-curative
resection. Additional gastrectomy was recommended
for this patient; however, two months after the ESD,
preoperative computed tomography revealed multiple
liver metastases, and the patient was considered as an
unsuitable candidate for surgical resection. Systemic
chemotherapy was therefore started; however, the
patient died of gastric cancer 27 mo after the second
ESD. Early gastric adenosquamous carcinoma localized
to the mucosa and submucosa is extremely rare and its
clinical behavior is not well known. The present report
is very significant in that it underscores the distinct
possibility of gastric adenosquamous carcinoma being
very aggressive and fatal even when detected at an
early cancer.
Key words: Early gastric cancer; Endoscopic submucosal
dissection; Gastric adenosquamous carcinoma; Gastric
cancer-related death; Liver metastasis; Metachronous
cancer; Surveillance
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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ESD, EGD was performed annually, and revealed no
evidence of tumor recurrence; the serum levels of
tumor markers such as carcinoembryonic antigen
(CEA) also remained within normal range. However,
in November 2007, 0-Ⅱc type metachronous gastric
cancer (MGC), 8 mm in diameter, with no ulcer scar,
was found on the greater curvature of the gastric
antrum (Figure 2). The estimated tumor depth was
up to the mucosa and biopsy revealed well and poorly
differentiated adenocarcinoma. ESD was performed
for this lesion and en bloc resection with negative
margins was achieved. Histopathological examination
revealed an adenosquamous carcinoma invading
the deep submucosal layer (1600 μm), 8 mm in
diameter, with lymphovascular invasion, consistent
with the diagnosis of non-curative resection (Figure
3). Immunohistochemical staining was focally positive
for CK5/6, CEA, CDX2, and a few cells were positive
for CK14, P63, findings that were suggestive of
adenosquamous differentiation of the tumor (Figure
4). Additional gastrectomy was recommended for
the patient. However, two months after the ESD (in
January 2008), preoperative computerized tomography
(CT) revealed multiple liver metastases (Figure 5), and
the patient was considered as an unsuitable candidate
for surgical resection. Systemic chemotherapy was
therefore started; however, the patient died of gastric
cancer 27 mo after the second ESD.

Core tip: Herein is described a rare case of gastric
adenosquamous carcinoma which resulted in liver
metastasis and gastric cancer-related death, even
though the tumor was detected at an early cancer by
periodic surveillance esophagogastroduodenoscopy
after gastric endoscopic submucosal dissection. Early
gastric adenosquamous carcinoma is extremely rare
and its clinical behavior is not well known. The present
study is very significant in that it underscores the
distinct possibility of gastric adenosquamous carcinoma
being very aggressive and fatal even when detected at
an early cancer.
Shirahige A, Suzuki H, Oda I, Sekiguchi M, Mori G, Abe
S, Nonaka S, Yoshinaga S, Sekine S, Kushima R, Saito Y,
Fukagawa T, Katai H. Fatal submucosal invasive gastric
adenosquamous carcinoma detected at surveillance after gastric
endoscopic submucosal dissection. World J Gastroenterol 2015;
21(14): 4385-4390 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4385.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4385

INTRODUCTION
Adenosquamous carcinoma is an exceedingly rare
tumor, accounting for only 0.14%-1.9% of all cases
[1-6]
of gastric cancer . It is a very aggressive cancer,
and in the majority of cases, these tumors are already
at an advanced stage at diagnosis, with lymph node
metastasis and liver metastasis. This type of cancer
is associated with a very poor prognosis, with the
[1,3,6-8]
5-year survival rate of 0-22%
. There are few
reports on early gastric adenosquamous carcinoma
localized to the mucosa and submucosa; therefore,
the clinical behavior of this type of cancer is still not
[6,9,10]
well known
. We document a rare case of gastric
adenosquamous carcinoma which resulted in liver
metastasis and gastric cancer-related death, even
though the tumor was detected at an early cancer by
periodic surveillance esophagogastroduodenoscopy
(EGD) two years after curative endoscopic submucosal
dissection (ESD) for early gastric cancer (EGC).

DISCUSSION
[12]

Rolleston et al first reported gastric adenosquamous
carcinoma in 1905. Gastric adenosquamous carcinoma
consists of both adenocarcinomatous and squamous
cell carcinomatous components, more than a quarter
of the tumor being composed of the squamous cell
[13]
carcinoma component . Gastric adenosquamous
carcinoma is exceedingly rare, accounting for 0.14% to
[1-6]
1.9% of all cases of gastric cancer . In the majority
of cases of gastric adenosquamous carcinoma, the
tumor is already at an advanced stage at diagnosis.
The tumor carries a devastating prognosis, with 5-year
[1,3,6-8]
survival rates ranging from 0 to 22%
. Early
gastric adenosquamous carcinoma extending to the
mucosa and submucosa is extremely rare. Samejima
[9]
et al first reported early gastric adenosquamous
carcinoma in 1974 and there have been only 10 case
reports of this type of carcinoma since, including the
[6,9,10]
present case
. Among the 10 cases of early gastric
adenosquamous carcinoma, five died of gastric cancer
(50%) (four with liver metastases and one with distant
lymph node metastasis). As compared to the excellent
prognosis of the common type of early gastric
adenocarcinoma, with 5-year survival rates of about
[14]
90% , the prognosis of early gastric adenosquamous
carcinoma is much poorer. In addition, among the five
fatal cases, including the present case, 3 were found to
have liver metastasis or distant lymph node metastasis
by the time of surgery; the present case had multiple

CASE REPORT
An 80-year-old man was admitted to our hospital
in June 2005 for endoscopic treatment of EGC. We
performed ESD for the initial EGC lesion, a 0-Ⅱa type
well differentiated adenocarcinoma limited to the
mucosa measuring 10 mm in diameter, with no ulcer
scar, on the lesser curvature of the middle gastric body
(Figure 1). Histopathological findings revealed a well
differentiated mucosal adenocarcinoma measuring 10
mm in diameter without lymphovascular involvement
or ulcer scar, and tumor-free margins. This lesion
fulfilled the absolute pathological criteria and was
[11]
diagnosed as a curative resection . After the initial
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A

B

Figure 1 Initial early gastric cancer lesion in June 2005. A: 0-Ⅱa type well differentiated adenocarcinoma limited to the mucosa, 10 mm in size, without an ulcer
scar, on the lesser curvature of the middle gastric body; B: Histopathological findings revealed a well differentiated mucosal adenocarcinoma, 10 mm in size, without
lymphovascular involvement or ulcerative finding, as well as tumor-free margins.

A

B

Figure 2 Metachronous early gastric cancer lesion in November 2007. A: 0-Ⅱc type metachronous early gastric cancer lesion, 8 mm in size, without an ulcer
scar, on the greater curvature of gastric antrum. The estimated tumor depth was up to the mucosa; B: Biopsy revealed well and poorly differentiated adenocarcinoma
(hematoxylin-eosin staining).

A

B

Figure 3 Histopathological findings of endoscopic submucosal dissection specimens. A: Low magnification view with hematoxylin and eosin staining.
Endoscopic submucosal dissection specimen revealed adenosquamous carcinoma invading the deep submucosal layer (1600 μm); B: High magnification view of
yellow box in A. The tumor shows a solid growth pattern and prominent keratinization suggesting squamous cell carcinomatous component.

liver metastases on a CT obtained two months after
the ESD. Therefore, the present case report is very
significant in that it underscores the distinct possibility
of gastric adenosquamous carcinoma being very
aggressive and fatal even when detected at an early
cancer.
The histogenesis of adenosquamous carcinoma is
[1,4,6-8,10,15-17]
not clear, although there are five hypotheses
:

WJG|www.wjgnet.com

(1) squamous metaplasia of an adenocarcinoma;
(2) cancerization of metaplastic non-neoplastic
squamous cells; (3) cancerization of ectopic squamous
epithelium; (4) differentiation of multipotential
undifferentiated cancer cells toward both squamous
and glandular cells; and (5) collision of concurrent
adenocarcinoma and squamous cell carcinoma. Most
of the squamous cell carcinomatous components
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Figure 4 Immunochemical staining. Immunohistochemical staining was focally positive for CK5/6 (A), CEA (B), CDX2 (C), and a few cells were positive for CK14 (D),
P63 (E).

A

B

Figure 5 Computerized tomography in January 2008 (two months after the endoscopic submucosal dissection). A and B: Enhanced computerized
tomography revealed multiple low density areas suggesting liver metastases (indicated by arrows).

were located at an invasive site, in contrast to the
adenocarcinomatous components being located in

WJG|www.wjgnet.com

the mucosal region adjacent to the squamous cell
carcinoma component. Therefore, many authors now
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Term explanation

believe that the squamous neoplastic component
results from metaplastic change of the adenocarcinoma
component. Our present case also showed pathological
findings that were consistent with this hypothesis.
The tumor in the present patient was detected as
an MGC during periodic EGD two years after curative
ESD for an EGC lesion fulfilling the absolute indications
[11]
for ESD . Higher incidence of MGCs (in the range of
1.8% to 12.8%) after endoscopic treatment for EGC
[18-22]
has been reported previously
. Among the 1537
EGC patients who underwent curative ESD for absolute
indications or for expanded indications from 1999
to 2006 at our hospital, a total of 348 MGC lesions
were detected in 244 patients (15.9%), consistent
with previous reports. Unfortunately, we encountered
seven cases of MGC with gastric cancer-related death,
even though radical resection can be performed in
most cases. Among these, in four cases, the advanced
MGC was detected over 5 years after the initial ESD,
because periodic surveillance examinations were not
performed over 5 years. On the other hand, in the
remaining three patients including the present case,
the MGCs were of a higher malignancy grade at the
time of their detection, despite the patient receiving
periodic follow-up examinations. Thus, it is necessary
to bear in mind the possibility of development of such
fatal MGCs during periodic follow-up examinations
after curative gastric ESD.
In conclusion, we have described a rare case of
submucosal invasive gastric adenosquamous carci
noma that resulted in gastric cancer-related death,
even though this tumor was detected at an early
cancer during periodic surveillance examinations after
curative gastric ESD.

Gastric adenosquamous carcinoma consists of both adenocarcinomatous and
squamous cell carcinomatous components, more than a quarter of the tumor
being composed of the squamous cell carcinoma component.

Experiences and lessons

Herein is described a rare case of gastric adenosquamous carcinoma which
resulted in liver metastasis and gastric cancer-related death, even though
the tumor was detected at an early cancer by periodic surveillance EGD after
gastric ESD.

Peer-review

This case report reveals the distinct possibility of gastric adenosquamous
carcinoma being very aggressive and fatal even when detected at an early
cancer.
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CASE REPORT

Myoepithelial carcinoma of the stomach: A diagnostic pitfall
Chih-En Tseng, Yu-Hsi Hsieh, Chang-Kuo Wei, Hsuan-Ying Huang, Chen-Lin Chi
61-year-old female patient presented with postprandial
abdominal discomfort. Endoscopy revealed a 1.1 cm
submucosal lesion. Local excision was performed
after malignancy was confirmed by biopsy. The
resection margin is free of tumor and she received
no adjuvant therapy. The tumor was characterized
by multinodular growth with biphasic epithelioid and
spindle components. Infiltrative margin and nuclear
pleomorphism are seen. Tumor cells were positive for
both epithelial and myoepithelial markers. Evidence
of epithelial differentiation was confirmed by electron
microscopy. No EWSR1 rearrangement was detected.
The final diagnosis was low-grade myoepithelial
gastric carcinoma. The patient is currently well, and no
evidence of recurrence or metastasis was found after
ten-month of follow-up. Myoepithelial carcinoma should
be considered in the differential diagnosis of a biphasic
gastric tumor.
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Core tip: Myoepithelial tumor can cause diagnostic
pitfall due to its rarity and various morphology. This
report reveals a rare low-grade myoepithelial carcinoma
of stomach and its morphological, immunohistochemical
and molecular characteristics.
Tseng CE, Hsieh YH, Wei CK, Huang HY, Chi CL. Myoepithelial
carcinoma of the stomach: A diagnostic pitfall. World J
Gastroenterol 2015; 21(14): 4391-4396 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4391.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4391

Abstract
Myoepithelioma/myoepithelial carcinomas are not
commonly found in soft tissues and are especially rare
at visceral sites. This report describes a case of a rare
low-grade myoepithelial carcinoma of the stomach. A
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INTRODUCTION
Myoepithelioma, myoepithelial carcinoma, mixed
tumor, and the synonym parachordoma are terms
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Tseng CE et al . Low-grade gastric myoepithelial carcinoma
placed into the same category in the recent edition
of the World Health Organization classification of
[1]
soft tissue tumors . “Myoepithelial tumor” is an
uncommon entity and refers to a tumor exhibiting
immunohistochemical or ultrastructural evidence of
myoepithelial differentiation. In addition to salivary
glands, myoepithelial tumors have been reported to
[2-5]
arise from cutaneous or soft tissues
. However,
myoepithelial tumors of visceral organs are especially
rare; very few case reports of such tumors have been
published with most (8 of 11) describing tumors of
[6-10]
pulmonary origin
. The present report describes a
second case of a myoepithelial tumor of the stomach
and the immunohistochemical, ultrastructural, and
molecular findings for this tumor.

(Dako, 1:200), epithelial membrane antigen (Leica,
1:100), synaptophysin (Leica, 1:100), DOG1 (Leica,
1:100), CD10 (spotty; Novocastra, 1:50) and melan-A
(weak; Leica, 1:50) but were negative for CD117
(Genemed, 1:300), HMB-45 (Leica, 1:100), calretinin
(Leica, 1:100), CD34 (Leica, 1:100), glial fibrillary
acidic protein (GFAP) (Dako, 1:100), CD56 (Leica,
1:50), desmin (Dako, 1:100), or actin-M851 (Leica,
1:100) (Figure 3). The tumor cells were positive for
p53 (30%; Dako, 1:200) and Ki-67 (5%; Genemed,
1:300) (Figure 3A-C). Ultrastructurally, the tumor cells
appeared epithelioid- to spindle-shaped, with irregular
nuclei and abundant cytoplasm; the latter contained
abundant rough endoplasmic reticulum, intermediate
filaments, and small aggregates of dense bodies.
Some cell junctions were also present (Figure 3D). For
detection of EWSR1 gene rearrangement, the breakapart FISH (fluorescence in situ hybridization) assay
was performed on formalin-fixed, paraffin-embedded
tissue sections of 4-μm thickness according to the
instructions of the manufacturer. No break-apart
signals were detected (Figure 3E). The final diagnosis
was low-grade myoepithelial carcinoma based on the
presence of mild pleomorphism, considerable mitotic
activity, and the invasive nature of the borders.
No adjuvant chemotherapy was administered. The
patient was alive without disease after 10 mo of followup.

CASE REPORT
A 61-year-old female with a history of hyperten
sion and grade A gastroesophageal reflux disease
presented to our hospital with abdominal pain of one
year duration. The abdominal pain was intermittent
but gradually increased in intensity. The peak of her
discomfort was usually observed 30-60 min after a
meal. She denied nausea, vomiting, hematemesis,
hematochezia, constipation, diarrhea, or weight
loss. She also denied a family history of cancer or
hereditary diseases. Panendoscopy revealed a 1.1 cm
submucosal lesion at the posterior wall of the gastric
high body (Figure 1A). Biopsy was performed, and
the pathology report was positive for a malignant
tumor. Computed tomography revealed a localized
lesion without regional lymph node enlargement or
distant metastasis (Figure 1B). Local excision was
performed. Grossly, the mucosa overlying the lesion
appeared ulcerated. Upon excision, the submucosal
lesion appeared well-circumscribed, grayish-white, and
elastic. The size of the tumor was 1.3 cm × 1.1 cm ×
0.7 cm (Figure 1C and D).
Microscopically, the tumor was seen to be
delineated by a fibrous capsule, and occasional
lymphocytic cuffing was present (Figure 2A). Some
satellite nodules were seen adjacent to the main
tumor. A biphasic pattern of cells composed of epithe
lioid and oval to spindle cells embedded in myxoid
to fibrous stroma was observed (Figure 2B). The
tumor cells displayed pleomorphism, mitosis (1-2/10
HPFs), and visible nucleoli (Figure 2D). The epithelioid
cells tended to form sheets, cords, or glandular
structures whereas the spindle cells were aligned in
a parallel fashion. The tumor cells penetrated the
fibrous capsule focally (Figure 2C) and invaded the
mucosa (Figure 2B). The deep margin was close (<
1 mm) but not involved with the tumor. No necrosis,
neural invasion, or lymphovascular permeation was
found. Immunohistochemically, the tumor cells
were diffusely positive for vimentin (Dako, 1:200)
and S-100 protein (Dako, 1:400) and were focally
positive for cytokeratin (Genemed, 1:200), AE1/AE3
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DISCUSSION
This report describes a rare case of a low-grade
myoepithelial carcinoma of the stomach. Only one
other comparable case, describing a “parachordoma of
the gastric serosa”, has been reported in the literature
(Table 1). The differential diagnosis of a myoepithelial
tumor is challenging and dependent on the location
of the tumor. Differential diagnoses of gastric biphasic
tumors include carcinosarcoma, synovial sarcoma,
gastrointestinal stromal tumor, mesothelioma,
subtypes of neurogenic tumor (reticular schwannoma
or epithelioid malignant peripheral nerve sheath
tumor), and gastroblastoma. Rendering a diagnosis
of carcinosarcoma requires identification of marked
pleomorphism of both the carcinoma and the sarcoma
components. Although synovial sarcomas are generally
positive for cytokeratin and occasionally positive for
S100 protein, the most sensitive marker for these
[11,12]
sarcomas is TLE1
. Neither CD117 nor DOG-1
expression supports a diagnosis of gastrointestinal
stromal tumor. The absence of calretinin expression
by a tumor disfavors a mesothelial origin. Although
lymphocytic cuffing was observed for the tumor
described in the present report, the absence of Antoni
structures and of cytokeratin expression disfavors a
diagnosis of schwannoma. The cytological features of
the tumor exclude a diagnosis of epithelioid malignant
peripheral nerve sheath tumor. Gastroblastoma, a
recently identified entity described in only five reports
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A

B

C

D

Figure 1 Endoscopy reveals a polypoid mass (arrow) (A); an isolated mural lesion was seen in computed tomography scan (arrow) (B); and grossly, a
polypoid submucosal tumor is noted (C, D).

A

B

C

D

Figure 2 A submucosal biphasic tumor with lymphoid cuffing noted (Magnification × 40) (A); the tumor involves mucosa (Magnification × 100) (B); some
infiltrative nests penetrate through the fibrous capsule (Magnification × 40) (C); and the epitheloid cells bearing low-grade pleomorphism and visible
nucleoli are arranged in reticular pattern (Magnification × 400) (D).
[13-15]

to date, is also a biphasic tumor of the stomach
.
Certain features of a gastroblastoma overlap with those

WJG|www.wjgnet.com

of a myoepithelial neoplasm, such as a variable mixture
of epithelial and mesenchymal components, a bland-
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Figure 3 The tumor cells are diffusely positive for S-100 protein (Magnification × 40) (A); Vimentin is expressed by both components (Magnification × 40) (B);
the tumor cells express AE1/AE3 (Magnification × 200) (C); and presence of cell junctions (arrow) indicates the epithelial differentiation (D); No break-apart
signals observed by FISH (E).
[16]

appearing cytology, and a multinodular growth pattern
with a potentially malignant behavior. Additionally,
gastroblastomas and myoepithelial neoplasms share
certain immunohistochemical and ultrastructural
features including positivity for cytokeratins and
vimentin and, indicative of epithelial differentiation,
[14]
the presence of desmosomes and microvilli . The
epithelial components of gastroblastomas express
cytokeratin and the mesenchymal components of these
tumors express vimentin; however, the tumor described
in the present case was diffusely positive for vimentin
expression. Furthermore, the most striking difference
between gastroblastomas and myoepithelial neoplasms
is that gastroblastomas do not express myoepithelial
markers including S100 protein, p63, calponin, GFAP, or
smooth muscle actin. The only exception to the above
is the expression of smooth muscle actin and desmin
by an epitheliomesenchymal biphasic tumor/duodeno
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blastoma . In the limited number of publications
describing gastroblastomas, positivity for CD10 and
CD56 of unknown significance was reported; in contrast,
the tumor described in the present case was negative
for CD56 expression and positivity for CD10 was spotty.
Interestingly, the duodenoblastoma described by Poizat
[16]
et al
was found to be negative for both markers.
Forty-five percent of soft tissue myoepithelioma and
myoepithelial carcinomas, including four pulmonary
tumors, in a series were found to display EWSR1
[10]
rearrangement . Translocation of the gene with such
known fusion partners as PBX1, ZNF444, and POU5F1
[10,17,18]
has been previously observed
. It was therefore
considered important to examine the possibility that the
tumor described in the present report exhibited EWSR1
rearrangement; however, no “break-apart” signal was
observed. Lack of EWSR1 rearrangement was also
reported for the gastric parachordoma described by
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Table 1 Findings for currently described gastric myoepithelial tumors
Patient

Age (yr) Gender Tumor size (cm)

Spivach et al[8],
2007
The present
case

Diagnosis

Follow-up finding (mo)

Immunohistochemical findings

65

Female

5.5

Parachordoma

NED1, 36

61

Female

1.3

Low graders
myoepithelial
carcinoma

NED, 10

CK+2, EMA+, S100+, VIM+, BU-, CD117-, CD10-,
GFAP-, calponin-, calretinin-, P63
AE1/AE3+, CK+, EMA+, S100+, VIM+,
synaptophysin+, DOG1-, desmin-, actin M851-,
HMB-45-, melan-A(weak), CD117-, CD10(spotty),
GFAP-, calretinin-, CD56

+: Positive finding; -: Negative finding. NED: No evidence of disease; CK: Cytokeratin; EMA: Epithelial membrane antigen; VIM: Vimentin; GFAP: Glial
fibrillary acidic protein.

Pathological diagnosis

[8]

Spivach et al . The recurrent cytogenetic changes
present in gastric myoepithelial tumors remain to be
characterized.
Discrimination between benign myoepithelioma
and malignant myoepithelial carcinoma is essential. As
compared with necrosis, mitotic index, and infiltrative
pattern, the most reliable parameter for discrimination
[3]
is cytological atypia . The presence of non-negligible
cytological pleomorphism and an infiltrative growth
pattern, despite the small tumor size, prompted
the diagnosis of low-grade myoepithelial carcinoma
rather than myoepithelioma. Age of onset appears
to influence prognosis for patients with myoepithelial
carcinoma in that this cancer is more prevalent
[4]
and aggressive in children . Genetic events are
proposed to account for the observation that EWSR1
rearrangement, which is more common in children
and young adults with these tumors, portends
[10]
more aggressive tumor behavior . These findings
support the detection of EWSR1 rearrangement in the
diagnosis of these tumors and as an assessment of
prognosis for patients with these tumors.
In conclusion, a case of a rare low-grade myoepi
thelial carcinoma is reported and the morphological,
immunohistochemical, ultrastructural, and molecular
features of this tumor are described. The rarity,
diverse morphologies, and variable immunoprofiles
of visceral myoepithelial tumors are potential causes
for diagnostic pitfalls. Multidisciplinary approaches
are therefore required for precise diagnosis of these
tumors. Myoepithelial tumor should be considered in the
differential diagnosis of gastric biphasic tumors.

A biphasic tumor composed of epithelioid and spindle cells is noted. Both
CK and S100 protein are positive. No EWSR1 rearrangement is seen. The
diagnosis is a low-grade myoepithelial carcinoma.

Treatment

The patient received local excision without adjuvant therapy.

Related reports

A case of gastric parachordoma, which is classified in the spectrum of
myoepithelial tumor, has been reported.

Term explanation

Dual-color florescence in situ hybridization is performed to detect EWSR1
rearrangement. Positive cases were defined as those having split red and green
signals separated by a distance at least twice the signal diameter in at least 20
of 100 counted tumor cells.

Experiences and lessons

As for gastric tumors, myoepithelial tumor is not listed in the differential
diagnoses due to lack of reports in the literature. The authors exclude
other possible mimickers cautiously and render the diagnosis of low grade
myoepithelial carcinoma.

Peer-review

This case report illustrates a rare low-grade myoepithelial carcinoma of stomach
and its morphological, immunohistochemical and molecular characteristics.
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CASE REPORT

Clostridium perfringens infection after transarterial
chemoembolization for large hepatocellular carcinoma
Jing-Huan Li, Rong-Rong Yao, Hu-Jia Shen, Lan Zhang, Xiao-Ying Xie, Rong-Xin Chen, Yan-Hong Wang,
Zheng-Gang Ren
chemoembolization (TACE) for large hepatocellular
carcinoma. Severe deterioration in liver and renal
function accompanied with hemocytolysis was found on
nd
the 2 day after TACE. Blood culture found Clostridium
perfringens and abdominal computed tomography
revealed a gas-containing abscess in the liver. Following
antibiotics administration and support care, the infection
was controlled and the liver and renal function turned
nd
normal. The 2 TACE procedure was performed 1.5 mo
later and no recurrent Clostridium perfringens infection
was found.
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Core tip: Transcatheter arterial chemoembolization
(TACE) is a major treatment for patients with hepa
tocellular carcinoma (HCC) that is not eligible for
curative treatment. Though rare, Clostridium perfringens
liver abscess after TACE is fatal. We successfully treated
a 71-year-old man with large HCC who had liver and
renal dysfunction and developed Clostridium perfringens
liver abscess after TACE. After timely identification of the
patient’s deteriorating condition, aggressive treatments,
including antibiotics administration, anticoagulation and
intensive care, were provided.
Li JH, Yao RR, Shen HJ, Zhang L, Xie XY, Chen RX,
Wang YH, Ren ZG. Clostridium perfringens infection after
transarterial chemoembolization for large hepatocellular
carcinoma. World J Gastroenterol 2015; 21(14): 4397-4401
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i14/4397.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i14.4397

Abstract
We report an unusual case of Clostridium perfringens
liver abscess formation after transcatheter arterial
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th

11 day after TACE. The temperature was lowered to
about 38 ℃ without chilling, while the blood culture
yielded no more pathogenic bacterium 1 and 2 wk
later, respectively. Mild ascites and pitting edema over
th
both legs developed on the 6 day after TACE, which
was relieved gradually in the following 10 d. Followup ultrasound demonstrated a significant reduction
in both the size of the liver abscess and gas volume,
although the gas-containing mass still existed. The
th
patient was discharged on the 26 day after TACE in
a generally good condition. CT scanning undertaken
two weeks after the patient discharge showed that
both the HCC lesion and gas-containing liver abscess
became smaller (Figure 1G-I). However, serum AFP
levels increased to 39868 ng/mL which was proximal
to the initial level.
nd
The patient received the 2 TACE 1.5 mo after the
st
1 procedure. No infection was observed. Enhanced
MRI on October 18, 2014 showed the gas-containing
liver abscess was stable. However, tumor progress and
lung metastasis were demonstrated (Figure 1J-L).

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer worldwide and more than 50% of
HCCs are treated with transcatheter arterial chemo
embolization (TACE). Since the first case was reported
in 1958, few cases of Clostridium perfringens liver
abscess have been reported, among which only two
[1]
cases were associated with TACE therapy . Though
rare, Clostridium perfringens liver abscess can be rapidly
fatal. We report a case of a 71-year-old man with large
HCC who had liver and renal dysfunction and developed
Clostridium perfringens liver abscess after TACE.

CASE REPORT
A previously healthy 71-year-old man was admitted
due to abdominal distension. He was diagnosed with
HCC based on the HBV infection history, and magnetic
resonance imaging (MRI) findings. Dynamic MRI
revealed a lesion of 179 mm in diameter surrounded
by multiple satellite nodes and presented typical
arterial enhancement and venous phase washout
(Figure 1A-C), and the patient had elevated level of
[2]
serum α-fetoprotein (AFP) (38653 ng/mL) . Neither
ascites nor portal vein embolus was observed.
According to the laboratory findings, the patient was
clinically staged as BCLC B, Child-Pugh A and ECOG
1. He had no history of surgery or other diseases,
such as diabetes mellitus. After evaluating the
general condition of the patient, we performed TACE
with hepatic infusion of 5-fluorouracil 1000 mg and
Oxaliplatin 150 mg followed by a mixture of 5 mg
mitomycin C and 10 mL lipoidol chemoembolization.
Laboratory results indicated liver and renal
st
dysfunction on the 1 day after TACE, but symptoms
were mild which were attributed to the post-embo
nd
lization syndrome (Table 1). However, on the 2 day,
the patient presented with deterioration in liver and
renal function, anemia and dysfunction of coagulation.
Total bilirubin and direct bilirubin increased to 323
μmol/L and 209 μmol/L, respectively. He had high
fever (39.4 ℃) accompanied with chill, and blood
culture showed Clostridium perfringens. Then
hematuria and hypotension occurred sequentially.
Ultrasound and computed tomography (CT) both
revealed a non-uniform abscess filled with gas but no
liquid in the right lobe of the liver (Figure 1D-F).
Empirical piperacillin/tazobactam was used right
after the blood sample was taken for culture, which
was later combined with Levofloxacin when the
bacterium was reported. Other treatments, including
hydration, urinary alkalinisation and diuretics, were
given at the same time. To tackle the dysfunction of
coagulation and prevent disseminated intravascular
coagulation, low molecular heparin and plasma
transfusion were administrated.
Laboratory indexes turned normal in 2 or 3 d after
intensive care, except D-dimer which peaked on the

WJG|www.wjgnet.com

DISCUSSION
HCC is the fifth most common cancer and the second
[3]
cause of cancer related deaths in men worldwide .
Though the surveillance of the disease is enhanced,
only a small fraction of patients are eligible for curative
[4]
treatment . TACE, one of palliative treatments for
HCC, has been shown to achieve partial responses
in 15%-55% of patients, significantly delay tumor
progression and vascular invasion, and prolong survival
among HCC patients who are not candidates for
[5]
curative treatment . TACE is also the major treatment
for unresectable HCC and is performed in 58% of
[4]
patients with recurrence . Even in elderly patients (≥
75 years of age), this procedure was proved to be safe
and effective, and was not associated with decreased
survival or increased complication rate according to a
[6]
recent prospective cohort study .
The reported rate of major complications associated
[7,8]
with TACE procedure ranged from 2.68% to 12.5% .
Post-TACE liver abscess is one of these complications
and sometimes life threatening. The incidence of liver
abscess formation was low, ranging from 0.1% to 4.6%.
However, high mortality rate from post-TACE liver
abscess, ranging from 13.3% to 50%, has complicated
[9-11]
the TACE management
.
Generally, for patients receiving TACE treatment,
abdominal surgery history may increase the risk of
liver abscess formation. This patient had no history
of abdominal surgery. Old age, large HCC, and the
infusion of chemotherapeutic agents might lead to
an immune suppression status which is vulnerable to
infection. Under this condition, the pathogen Clostridium
perfringens, an anaerobic bacillus which is naturally
distributed in the alimentary tracts of humans, could
superimpose upon the embolic and necrosis lesion after
TACE.
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Figure 1 Magnetic resonance imaging and computed tomography findings. A-C: Magnetic resonance imaging (MRI) images before transcatheter arterial
chemoembolization (TACE); D-F: Computed tomography (CT) images showing a gas-forming liver abscess when the first TACE was done; G-I: Five week after the
first TACE procedure, CT image showed that the gas-forming liver abscess became smaller; J-L: Eleven week after the first TACE procedure, MRI showed no obvious
liver abscess.

Though the incidence of Clostridium perfringens
bacteremia is low (0.97/100000 in patients who
[12]
were hospitalized
and 0.7/100000 in non-selected
[13]
populations ), and the Clostridium perfringens
[14]
liver abscess is even rare , and increasing age,
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poorly controlled diabetic mellitus, and presence of
malignancies, especially gastrointestinal and geni
tourinary malignancies, could increase the risk for
[14]
Clostridium septicemia development .
The patient presented typical clinical features
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Table 1 Laboratory results in this patient
Baseline

Days after TACE
st

1
Date
TB (μmol/L)
DB (μmol/L)
ALB (g/L)
ALT (U/L)
AST (U/L)
UA
BUN (mmol/L)
Cr (μmol/L)
Glucose(mmol/L)
K+ (mmol/L)
PT (s)
D-Dimer (mg/L)
INR
RBC (1012/L)
HEMO (g/L)
PLT (109/L)
WBC(109/L)
NEU%
CPR (mg/L)
PCT (ng/mL)
AFP (ng/mL)
Blood culture1
Urine RBC2
Urine-bilirubin
Urinary-protein

27/7/2013
27.4
10.9
31
145
113
362
5.4
81
4.7
4.7
10.4
2.39
0.91
4.46
140
201
3.82
64.2

30/7/2013
44.4
14.6
35
1652
787
454
5.7
75
9
4.1
11.6
2.13
1.02
4.79
153
154
7.96
90.1

0.35
36895

0.39
37104

-

nd

2

1/8/2013

4.7
148
120
6.1
84.4
65.9
1.72
+
+/+
+

rd

th

Follow-up
rd

st

th

3

8

13

21

38

2/8/2013
323
209
27
2312
1953
393
17.8
152
9.6
3.8
17
4.46
1.48
3.68
118
128
11.52
92.7
128.9
51.61
24962

6/8/2013
84.8
65.7
27
261
120
229
15
153
9.9
3.4
14.9
8.72
1.31
2.72
87
81
4.38
85.6
89.6
13.39
11129

11/8/2013
54.4
37.4
29
82
73
201
10.8
123
8.7
3.4
13.4
8.68
1.17
2.47
76
158
4.76
82.4

19/8/2013
25
18.6
30
45
68
230
10.2
119
5.2
3.9
11.8
4.58
1.03
2.63
83
192
3.89
68.1
56
0.95
13310

5/9/2013
34.4
18.7
32
62
75

11/10/2013
37.8
24.3
31
53
87

8.5

7.9
109

+/+
+

+/-

2.52
10069
-

12.6
3.56
3.29
101
264
4.59
69.9

1.1
3.6
111
294
7.67
84.5

0.697
38935

> 60500

1

Blood culture was positive on the 2nd day after TACE; 2RBC detected in urine samples was non-uniform. TB: Total bilirubin; DB: Direct bilirubin; TACE:
Transcatheter arterial chemoembolization; ALB: Albumin; ALT: Alanine transaminase; AST: Aspartate transaminase; UA: Uric acid; BUN: Usea nitrogen;
Cr: Creatinine; K+: Potassium ion; PT: Prothrombin time; INR: International normalized ratio; RBC: Red blood cell; HEMO: Hemoglobin; PLT: Platelet;
WBC: White blood cell; NEU%: Neutrophils percentage; CPR: C reactive protein; PCT: Procalcitonin; AFP: Alpha-fetoprotein.

of Clostridium perfringens liver abscess with fever,
abdominal pain, gas-containing lesion in imaging
examinations, intravascular hemolysis (anemia, high
Lactate dehydrogenase level, hyperbilirubinemia, and
secondary renal injury) and positive blood culture.
Clostridium perfringens with a short doubling time
could produce a large amount of potent hemolysin,
such as alpha-toxin, which could result in severe
[15]
intravascular hemolysis . A hospital-based study
showed that intra-abdominal is the major source of
[12]
Clostridium perfringens infection . In the present
nd
case, the patient had chill and fever on the 2 day
after TACE. Thus, TACE was an important predisposing
cause. Considering the operating room was routinely
monitored with bacteria culture and re-checked after
the patient was diagnosed with sepsis, and no other
patient presented the same symptoms who received
TACE simultaneously by the same physician group, it
is likely an autogenous infection, although its specific
origin was not clear.
The 30-d mortality of Clostridium perfringens
[12,15]
infection is high, ranging from 26% to 100%
.
Drainage combined with antibiotics is the basic
[16]
[13]
treatment of liver abscess . Law et al reviewed 20
cases of Clostridium perfringens liver abscess between
1990 and 2011, and there were only 6 cases survived
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and 5 cases had the primary focus of infection
removed.
But in the case we reported here, abscess excision
or drainage is unavailable because of the risk of
tumor rupture existing in the patient. We attribute
our successful treatment to the timely identification of
the patient’s deteriorating condition, and aggressive
treatments, including antibiotics administration,
anticoagulation and intensive care. Given the presence
of large tumor in this patient, hydration and urinary
alkalinisation were administrated as soon as the TACE
procedure was performed. Though his temperature
st
was 39 ℃ on the 1 day after TACE, blood culture
nd
was sampled in the morning of the 2 day when the
patient had high fever along with chilling and obvious
listlessness. At the same time, blood was tested;
Piperacillin/tazobactam was used as prophylactic
antibiotics. And Levofloxacin was added when the
blood culture result was reported. Anticoagulation was
administrated when the hematuria was first observed
nd
in the evening of the 2 day (Table 1).
In conclusion, there are various risk factors in
patients receiving TACE for Clostridium perfringens
infection, such as old age, malignancy, and necrosis
due to embolization. Timely identification of the liver
and renal dysfunction and aggressive treatments
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3

including both antibiotics administration and intensive
care, are crucial in post-TACE management.

4
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Case characteristics

5

Mild symptoms were found on the first day after transcatheter arterial
chemoembolization (TACE), whereas high fever, chill and abdominal pain
were observed on the second day after TACE in a 71-year-old man with large
hepatocellular carcinoma (HCC).
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Clinical diagnosis

High fever, severe jaundice, hematuria, and hypotension were observed after
TACE in the 71-year-old man with large HCC.
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Differential diagnosis

Because of the non-specific symptoms, early diagnosis of Clostridium
perfringens infection is difficulty, and its typical features included fever,
abdominal pain, gas-containing lesion in imaging examinations, intravascular
hemolysis and positive blood culture.
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Positive blood culture of Clostridium perfringens is confirmatory for diagnosis
and other laboratory findings include anemia, dysfunction of liver and renal,
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Laboratory diagnosis

Imaging diagnosis

Ultrasound and computed tomography imaging both indicated a non-uniform
abscess filled with gas but no liquid in the right lobe of the liver.
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Blood culture revealed Clostridium perfringens.

Treatment
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treated with antibiotics, anticoagulation and intensive care.
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Abstract
Therapy-related acute myeloid leukemia (t-AML) refers
to a heterogeneous group of myeloid neoplasms that
develop in patients following extensive exposure to
either cytotoxic agents or radiation. The development
of t-AML has been reported following treatment of
cancers ranging from hematological malignancies to
solid tumors; however, to our knowledge, t-AML has
never been reported following treatment of gastric
cancer. In this study, we report the development of
t-acute promyelocytic leukemia in a cT4N1M0 gastric
cancer patient after an approximate 44 mo latency
period following treatment with 4 cycles of oxaliplatin
2
(OXP) (85 mg/m on day 1) plus capecitabine (1250
2
mg/m orally twice daily on days 1-14) in combination
with recombinant human granulocyte-colony stimulating
factor treatment. Karyotype analysis of the patient
revealed 46,XY,t(15;17)(q22;q21)[15]/46,idem,9,+add(9)(p22)[2]/46,XY[3], which, according to
previous studies, includes some “favorable” genetic
abnormalities. The patient was then treated with all-trans
2
retinoic acid (ATRA, 25 mg/m /d) plus arsenic trioxide
(ATO, 10 mg/d) and attained complete remission. Our
case illuminated the role of certain cytotoxic agents in the
induction of t-AML following gastric cancer treatment. We
recommend instituting a mandatory additional evaluation
for patients undergoing these therapies in the future.
Key words: Gastric cancer; Acute promyelocytic leukemia;
Oxaliplatin; Capecitabine; Chemotherapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the current study, t-acute promyelocytic
leukemia (t-APL) was likely induced by treatment with
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oxaliplatin, capecitabine and recombinant human
granulocyte-colony stimulating factor. The gastric
cancer patient, classified as clinical stage cT4N1M0,
had a rare karyotype: 46,XY,t(15;17)(q22;q21)[15]/
46,idem,-9,+add(9)(p22)[2]/46,XY[3]. This case
demonstrates that certain cytotoxic agents can induce
t-APL in gastric cancer. We recommend mandatory
additional evaluation for patients undergoing this
treatment regimen.

leukemia (t-APL) has yet to be reported following
treatment of gastric cancer.

CASE REPORT
A 68-year-old man, diagnosed with gastric cardia
cancer, was referred to Shanghai Changzheng Hospital
(Shanghai, China) in March 2007 (Figure 1A, B). Postoperative analysis confirmed a poorly differentiated
adenocarcinoma with penetrating invasion of the
gastric wall. One out of the 29 regional lymph nodes
was positive for cancer cell infiltration (Figure 1C,
D). According to the TNM/UICC staging system, the
patient classified as cT4N1M0 (ⅢC). The patient then
underwent 4 cycles of chemotherapy with oxaliplatin
2
(OXP) (85 mg/m on day 1) and capecitabine (1250
2
mg/m orally twice daily on days 1-14) until August
2007. Treatment ended when the patient developed
violent emesis. In the subsequent visit, the patient
had recovered well, with no additional complications.
On April 15, 2011, the patient suddenly presented
fatigue and high fever (39.2 ℃). A blood examination
indicated pancytopenia. The patient was treated
with recombinant human granulocyte-colony
stimulating factor (rHu-G-CSF), followed by a bone
marrow biopsy. Peripheral smear analysis revealed
an abnormal increase in the amount of myeloblasts
and promyelocytes (91.5%), with leukemic hiatus
(Figure 2A, B). Chromosome-based analysis revealed
structural rearrangements involving chromosomes 9,
15 and 17. The patient’s karyotype was 46,XY,t(15;
17)(q22;q21)[15]/46, idem,-9,+add(9)(p22)[2]/46,
XY[3]. Additionally, the Bcr1 subtype of the
promyelocytic leukemia/retinoic acid receptor-alpha
(PML/RARα) fusion gene was positive, whereas the
Bcr2 and Bcr3 subtypes of the PML/RARα fusion
were negative (Figure 3). According to WHO-based
classification, these results verified the diagnosis as
t-AML (M3a, which is also referred as t-APL). Routine
blood examination indicated the following: red blood
12
9
cells at 2.35 × 10 /L, white blood cells at 1.8 × 10 /L,
9
absolute neutrophil count at 0.67 × 10 /L, hemoglobin
at 75 g/L, and platelets at 81 g/L. The patient then
underwent induction therapy with all-trans retinoic acid
2
(ATRA, 25 mg/m per day) plus arsenic trioxide (ATO,
10 mg/d). Other supportive therapies were provided
when necessary; these therapies included platelet and
fresh frozen plasma transfusions as well as antibiotic
administration. The patient presented complete
remission (CR) in June 2011, and thus far, no other
complications have been recorded.

Zhang YC, Zhou YQ, Yan B, Shi J, Xiu LJ, Sun YW, Liu X, Qin
ZF, Wei PK, Li YJ. Secondary acute promyelocytic leukemia
following chemotherapy for gastric cancer: A case report. World
J Gastroenterol 2015; 21(14): 4402-4407 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i14/4402.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i14.4402

INTRODUCTION
Therapy-related acute myeloid leukemia (t-AML) refers
to a heterogeneous group of myeloid neoplasms that
develop in patients following extensive exposure to
[1]
either cytotoxic agents or radiation . In the past
few decades, survival rates for cancer patients have
[2]
improved, resulting in an increased risk of t-AML .
However, it is worth noting that while t-AML shares
common phenotypic features with de novo AML,
t-AML is relatively resistant to conventional therapies
for leukemia. Additionally, t-AML has an overall poor
prognosis with a median life expectancy of 8-10 mo
[3]
following diagnosis .
While the underlying cause of t-AML remains to
be elucidated, the development of t-AML has been
confirmed to correlate with certain cytotoxic drugs.
According to previous reports, alkylating agents
(busulfan, carboplatin), topoisomerase-2 inhibitors
(doxorubicin, mitoxantrone), antimetabolites
(5-fluorouracil, fludarabine), antimicrotubule agents
(docetaxel, paclitaxel) and growth factors (granulocytemacrophage colony-stimulating factor; G-CSF)
associate with the development of t-AML, although
[4-6]
often with a varying latency period . Interestingly,
the chemical structure and dosage of these agents
greatly affect the t-AML profile. For example, treatment
with an alkylating agent usually results in a common
subtype of t-AML, which is observed in approximately
75% of patients after 5-7 years of exposure. This
subtype is often characterized by the loss of all or part
[7]
of chromosomes 5 or 7 . Contrastingly, treatment
with topoisomerase Ⅱ inhibitors often result in gene
rearrangements involving 21q22 with a latency ranging
[7]
from 1-3 years .
Recently, a relatively distinct subgroup of t-AML
was reported as “good” leukemia. This “good”
leukemia refers to acute promyelocytic leukemia (APL)
characterized with inv(16)/t(15;17) or more rarely
[8]
t(8;21) . To our knowledge, t-acute promyelocytic
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DISCUSSION
As a relatively distinct subgroup of t-AML, t-APL
is usually characterized with excellent prognosis.
Regarding t-APL development, epirubicin and
mitoxantron represent the most commonly implicated
[9]
cytotoxic drugs . In the current study, we investigate
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A

B

C

D

Figure 1 Upper abdomen computed tomography scan. A: Plain computed tomography (CT) indicated a localized, irregularly-shaped mass in the stomach;
however, no obvious lymph node metastasis was observed; B: Contrast-enhanced CT scan revealed inhomogeneous enhancement of the gastric wall lesion; C, D.
Biopsy results pathologically confirmed the diagnosis of a poorly differentiated adenocarcinoma. Microscopic examination revealed obvious atypical nuclei and large,
bizarre, multinucleated cell mitosis. Generally, the normal structure of gastric gland was lost. (Hematoxylin and eosin staining, C: magnification × 100; D: magnification
× 400).

A

B

Figure 2 Peripheral blood smear, bone marrow biopsy and immunohistochemistry results revealed that the total number of primitive cells plus immature
leukemia cells account up to 91.5% (2% + 89.5%) of the total cell population. Leukemic hiatus was detected, which supports the diagnosis of acute myeloid
leukemia (M3a, APL). (Hematoxylin and eosin staining, A: magnification × 10; B: magnification × 400).

the occurrence of t-APL in gastric cancer, which was
likely induced by OXP and capecitabine treatment. The
patient was finally cured with a treatment regimen of
ATRA plus ATO. To our knowledge, this study represents
the first report of t-APL diagnosed following treatment
of gastric cancer (Table 1).
While the underlying cause of t-AML remains to be
fully elucidated, we have established the importance
of DNA damage, which includes methylation and intra[10]
and inter-strand DNA cross links . Platinum-based
agents kill cancer cells through the formation of DNA

WJG|www.wjgnet.com

adducts; these adducts lead to the formation of intraand inter-strand DNA cross links that ultimately disrupt
[11]
the processes of DNA replication and transcription .
Previous studies have reported an association of
cisplatin and carboplatin treatment with the onset of
therapy-related leukemia (TRL); however, the role
of OXP in TRL was overlooked. As shown in Table 1,
t-AML was diagnosed in 3 of the 6 reports regarding
OXP-related TRL. Furthermore, only 1 report of OXP[12-17]
related TRL was confirmed as t-APL
. In Merrouche
[12]
et al , a female patient was treated with LVFU2,
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Figure 3 Chromosomal analysis via karyotype revealed 46 chromosomes with abnormities present in chromosomes 9, 15, and 17. Unbalanced translocation
occurred in chromosomes 15 and 17. 46,XY,t (15;17)(q22;q21)[15]/46,idem,-9,+add(9)(p?22)[2]/46,XY[3].

Table 1 Reports of therapy-related leukemia development following oxaliplatin and/or capecitabine-containing chemotherapy
Ref.

Patient, age
(yr)/gender

Primary cancer

Chemotherapy regimen

TRLs

Karyotype

Merrouche et al[12]

65/female

Colon

LVFU2, Irinotecan, OXP

APL

Carneiro et al[13]

56/female

Cecum

FOLFOX-4, FOLFOX-6

AML

Merlin et al[14]
Damodaran et al[15]
Buxhofer-Ausch et al[16]
Kadikoylu et al[17]

65/female
63/male
56/male
66/male

Colorectal
Esophagus
Colon
Rectum

ALL
AML
CML
CML

Shapiro et al[18]
Tansley et al[19]
Rashidi et al[20]

63/female
66/male
58/male

Cecum
Colon
Rectum

FOLFOX-4
Capecitabine, OXP
Capecitabine, 5-FU, Irinotecan, OXP
Cetuximab, OXP, Irinotecan,
Capecitabine
Capecitabine
Capecitabine
Capecitabine, Radiation

46,XX,add(6)(p23),-13,add(14)(p11),16,add(17)(q?),-21,+3 mar
Partial deletions of chromosomes 5, 7, 20, and 21,
as well as trisomy 8 and loss of chromosomes 3
and 1
Not available
47,X,der(Y)t(Y;3)(q12;q21),+8(21)
Positive for Philadelphia chromosome
Positive for Philadelphia chromosome

MLL
AML
APL

t(6;11) with breakpoint 11q23
Not available
46,XY, t(15;17)(q24;q21)

APL: Acute promyelocytic leukemia; AML: Acute myeloid leukemia; ALL: Acute lymphoblastic leukemia; CML: Chronic myeloid leukemia; MLL: Chronic
lymphoblastic leukemia; FOLFOX: Oxaliplatin plus 5-fluorouracil (5-FU); LVFU2: Leucovorin plus 5-FU; TRLs: Therapy-related leukemias.

irinotecan and OXP 12 mo prior to t-APL diagnosis. The
karyotype examination indicated (46,XX,add(6)(p23),13,add(14)(p11),-16,add(17)(q?),-21,+3mar),
which differed from the commonly reported
[12]
t(15;17)(q22;q21) translocation . Furthermore,
[13]
Carneiro et al
reported a study of a female patient,
first treated by FOLFOX-4 (OXP plus 5-fluorouracil
[5-FU]) followed by FOLFOX-6 plus bevacizumab.
Importantly, 28 mo prior to t-AML development, her
karyotype revealed trisomy 8, loss of chromosomes
3 and 11, as well as partial deletions in chromosomes
[13]
[15]
5, 7, 20 and 21 . In Damodaran et al , a male
patient with esophageal cancer received OXP plus
capecitabine, with additional radiation treatment 29
mo prior to the emergence of t-AML. His karyotype
[14]
was 47,X,der(Y)t(Y;3)(q12;q21),+8(21). Merlin et al
reported t-ALL diagnosis in a female patient 12 mo

WJG|www.wjgnet.com

after administration of FOLFOX-4. Unfortunately, the
corresponding karyotype analysis was not performed
[14]
in this study . In colorectal cancer, 2 cases of
therapy-related chronic myeloid leukemia (t-CML)
following OXP treatment tested positive for Philadelphia
[16,17]
[16]
chromosome
. In Buxhofer-Ausch et al , a male
patient was treated by cetuximab, OXP, irinotecan
and capecitabine 18 mo prior to t-CML diagnosis.
[17]
Contrastingly, in Kadikoylu et al , a male patient was
administered with capecitabine, 5-FU, irinotecan and
OXP 12 mo prior to detection of t-CML.
However, the aforementioned case studies involved
complex chemotherapy schedules, which complicate
the process of defining the tumorigenic potential of
a single drug. As shown in Table 1, capecitabine[18,19]
induced t-AML was previously reported in 2 studies
.
[20]
Furthermore, Rashidi et al
reported a case involving
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Clinical diagnosis

capecitabine-induced t-APL with a karyotype of
46,XY,t(15;17)(q24;q21). Surprisingly, treatment with
[21]
G-CSF was correlated with the development of TRL . The
results from these studies make it difficult to determine
which agent is imperative in the development of TRL.
Additionally, these studies highlight the considerable
variation in the average time between treatment and
onset of TRL. In our study, the patient was treated by
OXP plus capecitabine and G-CSF, with a 44 mo latency
period prior to onset of t-APL. The karyotype analysis
of our patient presented 46,XY,t(15;17)(q22;q21)[15]/
46,idem,-9,+add(9)(p22)[2]/46,XY[3], which was
unlike previous studies. Balanced chromosome
translocations were observed, although at low frequency,
in t(15;17)(q22;q11). This genetic abnormality is often
associated with treatments involving topoisomerase-2
[22,23]
inhibitors
; however, in an uncommon occurrence,
balanced chromosome translocations were observed in
our patient who was treated with OXP, capecitabine and
G-CSF.
The prognosis of t-AML is thought to be worse than
de novo AML, with a reported 5-year survival rate
[24]
[25]
of less than 10% . In Kayser et al , patients with
t-AML were characterized with significantly inferior
4-year relapse-free survival (24.5% vs 39.5%) and
4-year overall survival (25.5% vs 37.9%) than de
novo AML. Interestingly, karyotype variation provides
[26]
key insight on the final outcome of t-AML patients .
[27]
As reported by Kern et al , patients with a favorable
karyotype were characterized with a significantly
higher median survival time (26.7 mo) compared
to patients with an unfavorable karyotype (5.6 mo).
However, in t-APL, these parameters are distinct from
that of t-AML. t-APL patients with t(15;17)/PML-RARα
have a complete remission rate of 63.6% compared
to de novo APL (92.5%). Accordingly, the overall
survival in t-APL is inferior to de novo APL (51% vs
[28]
84%) . In our case, the patient partially displayed a
favorable karyotype (t(15;17)/PML-RARα) and attained
complete remission. However, further study is required
to elucidate the function of other chromosomal
abnormalities (for example, chromosome 9) in this
outcome.
Our study presents the novel case of t-AML/
t-APL following treatment of gastric cancer. We
suggest establishing an additional evaluation process
for patients undergoing treatment with certain
cytotoxic therapies. For patients with t-APL, our case
emphasized the importance of certain “favorable”
genetic abnormalities. While standard treatment
protocol is likely to yield a favorable outcome for
patients, additional studies are required to elucidate
the underlying process of t-APL development.

After surgery, post-operative examination of the patient confirmed a poorly
differentiated adenocarcinoma with penetrating invasion of the gastric wall. Out
of 29 regional lymph nodes, 1 tested positive for cancer cell infiltrate.

Differential diagnosis

Based on clinical symptoms, imageological examination and post-operative
pathological analysis, the patient diagnosis was definitive.

Laboratory diagnosis

Routine hematological examination indicated the following: red blood cells (2.35
× 1012/L), white blood cells (1.8 × 109/L), absolute neutrophil count (0.67 × 109/L),
hemoglobin (75 g/L), and platelets (81 g/L).

Imaging analysis

Computed tomography scan indicated a localized, irregularly-shaped mass in
the stomach. No obvious lymph node metastasis was observed.

Pathological diagnosis

Post-operative pathological examination confirmed gastric cancer. Bone marrow
biopsy indicated acute myeloid leukemia. Leukemic hiatus was diagnosed as
the total number of primitive cells plus immature leukemia cells accounted for
91.5% (2% + 89.5%) of the total cell population.

Treatment

Oxaliplatin, capecitabine and recombinant human granulocyte-colony
stimulating factor was administered for the treatment of gastric cancer. All-trans
retinoic acid and arsenic trioxide was delivered to treat t-acute promyelocytic
leukemia (t-APL).

Related reports

In the literature, development of t-AML is rarely associated with treatment
regimens involving oxaliplatin, capecitabine and recombinant human
granulocyte-colony stimulating factor. The role of these cytotoxic agents in t-AML
development remains unclear.

Term explanation

Therapy-related acute myeloid leukemia (t-AML) refers to a heterogeneous
group of myeloid neoplasms that develops in patients who were extensively
exposed to cytotoxic agents or radiation during prior treatment.

Experience and lessons

This case study elucidated that specific cytotoxic agents induce t-APL in gastric
cancer patients. We recommend additional evaluation and follow-up for patients
undergoing these therapies in the future.

Peer-review

This case report adds some information to the current literature. The case
report and the discussion are well-written. They successfully managed a
case of therapy-related acute myeloid leukemia. This case report provides an
important update on therapy-related acute myeloid leukemias and presents
an interesting patients who after diagnosis including karyotype analysis and
treatment entered complete remission. The report is well illustrated and the
authors well summarized current literature.
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Breast cancer can metastasize to other organs following
initial treatment. Bones, liver, and the lung are the
most common sites of breast cancer metastases. The
digestive tract, on the other hand, is rarely involved.
The incidence of mesorectal metastasis (a special
category of rectal metastases) from breast cancer
has not been described before. The case reported
herein concerns a 68-year-old woman who underwent
mastectomy. A pelvic mass with no symptoms was
subsequently identified by computed tomography in
the patient. We ultimately confirmed that this mass
was a metastasis from breast cancer located in the
mesorectum using surgical exploration and pathology
results.
Key words: Breast cancer; Mesorectum localization;
Rectal metastasis; Gastrointestinal metastasis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Breast cancer is the most frequent tumor in
women and can metastasize to other organs following
operation. The incidence of mesorectal metastasis,
a special category of rectal metastases, from breast
cancer has not been described before. In contrast
to the rectal metastasis described in previous case
reports, the lack of visible clinical symptoms makes
mesorectal metastasis more difficult to be discovered
and diagnosed. The radiographic and pathologic
characteristics of mesorectal metastasis from breast
cancer shown in this paper have not been described
before.
Xue F, Liu ZL, Zhang Q, Kong XN, Liu WZ. Mesorectum
localization as a special kind of rectal metastasis from breast
cancer. World J Gastroenterol 2015; 21(14): 4408-4412
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4408

April 14, 2015|Volume 21|Issue 14|

Xue F et al . Mesorectal metastasis from breast cancer
i14.4408

metastatic site for breast carcinoma. In a study of
12001 cases of breast carcinoma with metastatic
disease, only 73 (approximately 0.6%) had metastasis
[4]
to the GI tract, while 24 had colorectal metastasis .
To our knowledge, there have been at least 15 reports
on rectal metastasis of breast carcinoma, but none
of these cases mentioned mesorectal metastasis.
Therefore, we presume that mesorectal metastasis
is a special type of rectal metastasis. The metastatic
pathway between these two types may be via the
blood, and is presumed to start by the dislodgement
and intravasation of tumor cells into the axillary
[5]
vein (e.g., by surgical manipulation) . It has been
suggested that the vertebral plexus of veins, also
known as Batson’s plexus, may also serve as a route
for metastasis. Batson’s plexus is a venous plexus
stretching along the vertebrae from the skull base to
[6]
the sacrum . These vessels may allow for the transfer
of cancer emboli to pelvic organs through the posterior
[7]
intercostal arteries . The pathological result of
primary breast cancer in this case was the infiltration
of the ductal BC. Rectal metastases are judged to
[4]
occur more often in patients with invasive lobular BC .
Microscopically, we observed that the tumor consisted
of single-file stands of infiltrating tumor cells with the
presence of signet-ring cells, the same as has been
[8]
described for rectal metastasis previously . Moreover,
we also found very similar immunohistochemical
characteristics to rectal metastasis. Metastatic breast
tumor cells in the rectum have been reported to be
positive for ER, PR, CK7, and GCDFP-15 and negative
[9]
for CK20, CEA, and CDX2 . In our case, the tumor cell
was positive for ER, CK7, GCDFP-15, and CA-125 and
negative for CK20, CEA, CDX2, and PR.
CA-125 is commonly known as a tumor marker for
ovarian carcinoma, but there has been limited data
and less emphasis on metastatic breast carcinoma.
Interestingly, the patient in our case had an extremely
high CA-125 level. It is now believed that CA-125
can be expressed not only by the mesothelial cells
of coelomic-derived tissues, such as the pleura,
peritoneum, and pericardium, but also by the breast
ducts and bronchiolar epithelium. A retrospective
study found that CA-125 had a relatively high rate of
detection (65%) in patients with multiple metastases
[10]
from breast cancer . Furthermore, two analyses
based on 26 and 33 patients, respectively, suggested
that elevations of CA-125 in metastatic breast cancer
[11,12]
implied pleural involvement
. The data from a
retrospective review (51 patients) and a prospective
study (40 patients) illustrated that the CA-125 level
had parallel responses to the status of post-operative
[13,14]
breast cancer
. Despite these studies, it is unclear
whether CA-125 is useful for monitoring the course of
disease. Further research and the analysis of larger
patient cohorts are needed to determine the utility of
CA-125.
Due to the rarity of cases, the management

INTRODUCTION
Breast cancer is the most frequently occurring tumor in
women and can metastasize to other organs following
[1]
the initial treatment . A study analyzing 11676 pT14N0-2M0 breast cancer patients who underwent
surgical resection between 1985 and 2009 showed
that the total number of distant metastasis cases was
[2]
1349 (11.6%) . Lymph node, bone, lung, and liver
metastasis are considered to be the most frequent
sites for breast cancer metastasis, but more rectal
metastasis cases have also been recently reported.
Metastatic involvement of the rectum is generally
secondary to the lobular histological subtype of breast
[3]
cancer , and usually some symptoms are observed,
including obstruction, bleeding, and abdominal pain.
Here we present the case of a 68-year-old woman with
metastatic ductal breast cancer in the mesorectum
with no clinical manifestation 7 years after diagnosis
and surgery.

CASE REPORT
A 68-year-old, post-menopausal woman underwent
modified radical mastectomy of the right breast in June
2006 due to breast carcinoma with a 10-year-history of
type 2 diabetes. No abnormalities were discovered by
chest imaging, liver function tests, and routine blood
examination. A post-operative pathologic diagnosis
confirmed the presence of invasive ductal carcinoma
(pT2, N0/13, and M0), and immunohistochemical
stains were positive (++) for the estrogen receptor
and negative for the progesterone receptor and HER-2.
The patient only received one cycle of chemotherapy,
which was implemented as the CMF regimen. There
were no abnormalities during follow-up until a 3.2 cm
× 4.2 cm malignant lesion was found in the pelvic
cavity with heterogeneous density by enhanced CT
scan in December 2013 (Figure 1). The patient also
had a highly elevated CA-125 level (519.5 U/mL).
The patient had no complaints and the colonoscopy
result was negative. Therefore, a laparoscopy was
performed, and a mass was located in the mesorectum
as a result. No other metastasis was identified. We
therefore decided to perform a resection of the mass,
the diseased mesorectum, and the portion of the
rectum to which it belonged. Immunohistochemical
analysis revealed metastatic cancer nodules from
+
+
+
the breast (ER 30% , PR , c-erbB2 , TOPO Ⅱ 35% ,
+
Ki-67 index 75%, CK7 , CK20 , Villin , CDX2 , CEA ,
+/+
+
GCDFP-15 , CA-125 , WT-1 ) (Figure 2)

DISCUSSION
The gastrointestinal (GI) tract is an uncommon
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Figure 1 Contrast enhanced computed tomography showing a pelvic soft-tissue lesion which had heterogeneous density in the venous and delay phases,
respectively.

A

B

C

D

Figure 2 Mesorectum and portion of the rectum. A: Microscopically, the tumor consisted of single-file stands of infiltrating tumor cells with the presence of signetring cells (hematoxylin-eosin staining, magnification × 400). Immunohistochemical staining of tumor cells; B: Positive for estrogen receptor protein; C: Strongly positive
for CA-125; D: Strongly positive for CK7.
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of metastatic breast cancer in GI organs is still
controversial. For a patient with serious complications
such as obstruction, hematemesis, or perforation,
surgery is certainly the first choice, although
additional survival data for other treatments are still
required. A retrospective review found that systemic
chemotherapy or hormonal therapy has a positive
[4]
effect on survival (P = 0.003) . Moreover, Tang et
[15]
al reported that two cases with intestinal obstruction
attributed to metastatic lobular BC were cured with
hormonal therapy (fulvestrant). Additionally, combined
treatment of surgery and chemotherapy on a patient
[16]
with isolated GI involved caused remission . For our
patient, with consideration to the immunohistochemical
+
analysis (ER 30% ), we chose a strategy of surgery
combined with hormonal therapy.
Mesorectal metastases from breast carcinoma
are rare and there have been no prior reports on this
disease. Therefore, it has been hard to differentiate
between primary GI tumors and pelvic malignancies
until the immunohistochemical profile has been
determined. Awareness of this special kind of
rectal metastasis is helpful for increasing diagnostic
accuracy. Additional fundamental and clinical research
concerning mesorectal metastases is needed to
improve treatment.

The article highlights the clinical characteristics of mesorectal metastasis from
breast cancer and provides insights into the etiology, diagnosis experiences,
and therapy through the relevant literature.
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Abstract
Ectopic insulinoma is a very rare and dormant tumor.
Here we report the case of a 79-year-old female who
presented with repeated episodes of hypoglycemia and
was diagnosed with insulinoma based on laboratory
and imaging examinations. Computed tomography and
positron emission tomography revealed a tumor in the
retroperitoneum under and left of the hepatoduodenal
ligament, which was resected successfully using a
laparoscopic approach. Pathologic results revealed
an ectopic insulinoma, which was confirmed immu
nohistochemically. Ectopic insulinomas are accompanied
by hypoglycemia that can be misdiagnosed as drug- or
disease-induced. These tumors are difficult to diagnose
and locate, particularly in atypical cases or for very small
tumors. Synthetic or targeted examinations, including low
blood glucose, elevated insulin, proinsulin, and C-peptide
levels, 48-h fasting tests, and relevant imaging methods
should be considered for suspected cases of insulinoma.
Surgery is the treatment of choice for patients with
insulinoma, and laparoscopic resection is a feasible and
effective method for select ectopic insulinoma cases.
Key words: Diagnosis; Ectopic insulinoma; Hypoglycemia;
Laparoscopic resection; Localization
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ectopic insulinoma is a very rare and dormant
disease that is difficult to diagnose and locate. It
should be considered in the differential diagnosis of
cases of hypoglycemia thought to be caused by drugs
and other diseases. Correlative laboratory and imaging
examinations are necessary, and laparoscopic resection
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is a feasible and effective treatment approach.

gastrointestinal occlusion or bleeding were noted. The
presence of the Whipple triad and results of the 48-h
fasting test suggested a diagnosis of insulinoma.
Regular transabdominal ultrasound yielded negative
findings in the pancreas. An abdominal CT/positron
emission tomography (PET) scan also showed no
evidence of a pancreatic tumor, but revealed a 2.5
× 1.0 cm solid polyp in the retroperitoneum under
and left of the hepatoduodenal ligament (Figure 1).
Thus, the presumptive diagnosis of ectopic insulinoma
was made, and a laparoscopic tumor resection was
performed. The gastrocolic ligament was detached
with a harmonic scalpel to completely expose the
neck, body, and tail of the pancreas, and no mass
was detected. The lesser omentum was then opened
to move the hepatoduodenal ligament to the right
in order to expose the tumor. An isolated, pink,
and slightly hard tumor (2.5 cm in diameter) was
clearly identified in the retroperitoneum under the
hepatoduodenal ligament with the assistance of
intraoperative laparoscopic endoscopy. A laparoscopic
resection of the tumor was successfully performed
using a harmonic scalpel (Figure 2).
Pathologic evaluation of the resected tissue revealed
a well-differentiated tumor with a distinct border
surrounding the exocrine pancreatic tissue (Figure 3).
Immunohistochemical evaluation showed that the cells
were positive for tumor markers and insulin (Figure 4).
Taken together, the findings confirmed the diagnosis of
ectopic insulinoma, Heinrich’s classification type Ⅰ.
Glucose blood levels were recorded every 15 min
during surgery without dextrose infusion (Table 1).
Normoglycemia was achieved promptly after tumor
removal. The patient was discharged on postoperative
day 7, and a routine follow-up showed no recurrence
of hypoglycemic symptoms.

Liu J, Zhang CW, Hong DF, Wu J, Yang HG, Chen Y, Zhao
DJ, Zhang YH. Laparoscope resection of retroperitoneal
ectopic insulinoma: A rare case. World J Gastroenterol 2015;
21(14): 4413-4418 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i14/4413.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i14.4413

INTRODUCTION
Hypoglycemia is commonly encountered in daily
clinical practice and often occurs during the treatment
of diabetes mellitus. The condition is most often the
result of insulin or other anti-diabetic agents and
[1-3]
ethanol , though a small minority of hypoglycemia
[4]
cases are spontaneous . Hypoglycemia can also be
caused by adrenal or hepatic diseases, gastrointestinal
stromal and retroperitoneal tumors, endocrine defi
[5-9]
ciency, and even breast tumors , and rarely from
[10]
[11]
hypocortisolism
and non-Hodgkin lymphoma .
[12]
Additionally, some fruits may lead to hypoglycemia .
Although rare, hypoglycemia can be caused by
an insulinoma, the most common hormone-secreting
islet cell tumor. In such instances, the diagnosis is
made when hypoglycemia occurs in the presence of
symptoms of neuroglycopenia and inappropriately
high levels of insulin and C-peptide. Additional imaging
is often required to detect the underlying insulinoma.
In the present paper, we describe the clinical and
pathologic features of a rare case of hypoglycemia
involving a functioning retroperitoneal insulinoma, and
review the literature related to this topic to provide
a comprehensive overview of this very rare and
challenging tumor type.

DISCUSSION

CASE REPORT

Insulinoma presents with various clinical mani
festations, often with symptoms of hypoglycemia.
These tumors are difficult to detect due to their small
size. In a study of 114 articles encompassing 6222
cases of insulinoma, the vast majority (84%) were <
[13]
20 mm in diameter . Almost all of these tumors were
found in the pancreas parenchyma (43.3% head and
uncinate, 25.3% body, and 30.9% tail), and < 1%
were ectopic (extrapancreatic). Ectopic insulinomas
with symptoms of hypoglycemia are extremely rare
and can occur in the duodenal wall, ileum, jejunum,
gastric wall, hilus of the spleen, gastrosplenic ligament,
[14,15]
ligament of Treitz, lung, cervix, and ovary
.
Symptoms of insulinomas include digestive bleeding,
[16,17]
jaundice, and abdominal pain
. The Whipple
triad, which includes documented hypoglycemia,
neuroglycopenic symptoms, and rapid relief of
symptoms with the administration of glucose, is the
diagnostic hallmark of an insulinoma. Although the

A 79-year-old woman was referred to our hospital
because of recurrent vertigo, weakness, and loss
of consciousness experienced over a period of 9
mo, which often occurred during fasting, hunger, or
exercise. When an episode occurred, serum glucose
fluctuated between 2.0 and 2.5 mmol/L (the lowest
value was 1.5 mmol/L), and symptoms resolved after
ingestion of glucose, dextrose, or dessert. The patient
had never taken any sulfonylurea drugs.
Her physical examination was unremarkable; the
thyroid was normal and no nodules were palpable. A
brain computed tomography (CT) scan ruled out any
focal or diffuse encephalic lesion. After admission, her
serum glucose level was 2.4 mmol/L (normal value:
3.3-6.2 mmol/L), insulin was 35.4 mU/mL (normal
value: 4.0-16.8 mU/mL), and C-peptide was 2.5 ng/mL
(normal value: 1.0-4.5 ng/mL). Tumor markers were
within normal limits. No symptoms related to upper
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A

B

C

D

Figure 1 Radiologic findings. A: Plain scanning-phase computed tomography (CT); B: Arterial enhancement-phase CT; C: Equilibrium-phase CT showing the tumor
(black arrow) in the retroperitoneum; D: Positron emission tomography showing the tumor in the retroperitoneum with no 18fluorodeoxyglucose activity.

A

B

C

Figure 2 Tumor imaging during surgery. A: An isolated, pink, slightly hard tumor was clearly identified under and left of the hepatoduodenal ligament (black arrow); B:
Resection of the tumor was successfully performed using a harmonic scalpel with a laparoscopic approach (black arrow); C: Tumor specimen.
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A

B

Figure 3 Pathologic results. Hematoxylin and eosin staining showing the tumor capsule and submucosal infiltration (A: Magnification × 40; B: Magnification × 100).

A

B

C

D

E

F

Figure 4 Immunohistochemical findings. Tumor cells were immunoreactive for Ki67 (A), Insulin (B), CD56 (C), Chromogranin A (D), Synaptophysin (E), but
negative for Serotonin (F).
[19]

72-h fasting test has been the standard criterion for
diagnosing insulinomas, recent data have verified that
the diagnosis can be achieved in about 95.7% of cases
[18]
undergoing a supervised fasting of 48 h .
Although insulinomas are generally observed
by abdominal ultrasonography, CT, and magnetic
resonance imaging, these methods cannot easily
detect ectopic insulinomas, particularly those < 10
mm. Rather, more sensitive methods should be
employed for more accurate detection, such as digital
subtraction angiography, which uses the characteristic
bloodstream distribution. Other methods, including
endoscopic ultrasonography, transhepatic portal venous
18
sampling, fluorodopa PET/CT scanning, and arterial
stimulation/venous sampling, have been widely used

WJG|www.wjgnet.com

to localize insulinoma in clinical practice . Fortunately
for the patient in the present case,a combination of
ultrasonography and contrast-enhanced CT detected
the mass.
The treatment of choice for patients with insulinoma
is surgery, including enucleation, segmental pancreatectomy,
pancreatoduodenectomy, and distal pancreatectomy
[20]
preserving the spleen . Laparoscopic resection for
insulinoma has now been widely accepted, which
can be used for resection of small, benign, solitary, and
[21,22]
superficial tumors
, including ectopic insulinomas.
This method reduces operation time, blood loss, and
morbidity, and involves a shorter hospital stay and
faster recovery period for the patient. In our case,
ectopic insulinoma was diagnosed based on the
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The clinical characteristics of ectopic insulinomas are sometimes atypical and
localization is difficult.

Table 1 Glucose blood levels
Time

Experiences and lessons

Glucose blood level (mmol/L)

Perioperative
Beginning of procedure
Tumor removal
15 min after removal
30 min after removal
45 min after removal
End of procedure
Postoperative
Day 1
Day 2
Day 3
Day 4
Day 5

This report showed a very rare and dormant disease that can be confused with
non-insulinoma-induced hypoglycemia. Insulinomas are difficult to diagnose
and locate, particularly for atypical or very small cases. The diagnosis of
ectopic insulinoma for hypoglycemia of unknown cause should be considered
even when there are negative findings of the pancreas, and specific or targeted
examinations for insulinomas are needed.

3.2
5.6
5.8
6.6
6.8
6.9

Peer-review

The authors have described a case of ectopic insulinoma, which is a very rare,
dormant disease that is difficult to diagnose and locate. The article highlights
the importance of differential diagnosis with hypoglycemia caused by drugs
and other diseases, and the need for correlative laboratory and imaging
examinations. The report suggests that laparoscopic resection is a feasible and
effective treatment approach.

5.6
5.6
5.8
6.2
7.5

REFERENCES

typical symptoms and imaging examinations, and was
completely removed. However, for patients whose
insulinomas have been missed during surgery and for
those who refuse or are not candidates for surgery
(including malignant insulinoma with metastasis),
[23]
alternative medical treatment is needed .
Ectopic insulinoma is a very rare and dormant
disease that is difficult to diagnose and locate,
particularly very small tumors or atypical cases. This
case report highlights that a diagnosis of ectopic
insulinoma for hypoglycemia of unknown cause should
be considered, even in cases with negative findings from
the pancreas, and specific or targeted examinations
for insulinoma need to be followed. In addition,
laparoscopic resection is a feasible and effective method
for treatment of ectopic insulinomas.

1

2
3
4
5

6

COMMENTS
COMMENTS
Case characteristics

7

A 79-year-old woman with a 9-mo history of recurrent hypoglycemia that
resolved after intake of glucose or dextrose.

Clinical diagnosis
Hypoglycemia.

Differential diagnosis

8

Drug-induced hypoglycemia; hypoglycemia caused by adrenal or hepatic
diseases;insulinoma; hypocortisolism.

Laboratory diagnosis

Serum glucose level: 2.4 mmol/L; insulin: 35.37 mU/mL; C-peptide: 2.54 ng/mL;
tumor markers were within normal limits.

Imagining diagnosis

9

Regular transabdominal ultrasonography showed negative findings in the
pancreas. An abdominal computed tomography/positron emission tomography
scan did not reveal a pancreatic tumor, but showed a 2.5 × 1.0 cm solid polyp
localized in the retroperitoneum under and left of the hepatoduodenal ligament
with no fluorodeoxyglucose activity.

10

Pathological diagnosis

Immunohistochemical results showed that tumor cells were immunopositive
for Ki67, insulin, CD56, chromogranin, and synaptophysin, and negative for
serotonin, which supported a diagnosis of insulinoma.

11

Treatment

Laparoscopic resection of the tumor was successfully performed by harmonic
scalpel.

12

Related reports

Very few cases of ectopic insulinoma have been reported in the literature.

WJG|www.wjgnet.com

4417

Murad MH, Coto-Yglesias F, Wang AT, Sheidaee N, Mullan
RJ, Elamin MB, Erwin PJ, Montori VM. Clinical review: Druginduced hypoglycemia: a systematic review. J Clin Endocrinol
Metab 2009; 94: 741-745 [PMID: 19088166 DOI: 10.1210/
jc.2008-1416]
Guettier JM, Gorden P. Insulin secretion and insulin-producing
tumors. Expert Rev Endocrinol Metab 2010; 5: 217-227 [PMID:
20401170 DOI: 10.1586/eem.09.83]
Breuer HW, Ptak P. [Hypoglycemia - frequency, causes, induced
costs]. Dtsch Med Wochenschr 2012; 137: 988-992 [PMID:
22549254 DOI: 10.1055/s-0031-1299014]
Martens P, Tits J. Approach to the patient with spontaneous
hypoglycemia. Eur J Intern Med 2014; 25: 415-421 [PMID:
24641805 DOI: 10.1016/j.ejim.2014.02.011]
Brown LM, Corrado MM, van der Ende RM, Derks TG, Chen
MA, Siegel S, Hoyt K, Correia CE, Lumpkin C, Flanagan TB,
Carreras CT, Weinstein DA. Evaluation of glycogen storage
disease as a cause of ketotic hypoglycemia in children. J Inherit
Metab Dis 2014; Epub ahead of print [PMID: 25070466 DOI:
10.1007/s10545-014-9744-1]
Soutelo J, Saban M, Borghi Torzillo F, Lutfi R, Leal Reyna M.
[Adrenal carcinoma induced hypoglycemia]. Medicina (B Aires)
2013; 73: 339-342 [PMID: 23924534]
Dutta P, Aggarwal A, Gogate Y, Nahar U, Shah VN, Singla
M, Khandelwal N, Bhansali A. Non-islet cell tumor-induced
hypoglycemia: a report of five cases and brief review of the
literature. Endocrinol Diabetes Metab Case Rep 2013; 2013:
130046 [PMID: 24616774 DOI: 10.1530/EDM-13-0046]
Dean K, Hsieh J, Morosky C, Hoffman J. Gastrointestinal stromal
tumor of the pelvic soft tissue presenting with symptomatic
hypoglycemia: A case report and brief review of current literature
of non-islet cell tumor-induced hypoglycemia. Gynecol Oncol
Case Rep 2012; 2: 87-88 [PMID: 24371628 DOI: 10.1016/
j.gynor.2012.04.003]
Mir A, Raza S. Congenital ACTH deficiency as a cause of
hypoglycemia in a newborn infant. Clin Pediatr (Phila) 2011; 50:
1150-1152 [PMID: 22121139 DOI: 10.1177/0009922811388406]
Savas-Erdeve S, Yılmaz Agladioglu S, Onder A, Peltek Kendirci
HN, Bas VN, Sagsak E, Cetinkaya S, Aycan Z. An uncommon
cause of hypoglycemia: insulin autoimmune syndrome. Horm
Res Paediatr 2014; 82: 278-282 [PMID: 25060673 DOI:
10.1159/000362758]
Elhomsy GC, Eranki V, Albert SG, Fesler MJ, Parker SM, Michael
AG, Griffing GT. „Hyper-warburgism,“ a cause of asymptomatic
hypoglycemia with lactic acidosis in a patient with non-Hodgkin‘s
lymphoma. J Clin Endocrinol Metab 2012; 97: 4311-4316 [PMID:
23055548 DOI: 10.1210/jc.2012-2327]
Aktan AH, Ozcelik A, Cure E, Cure MC, Yuce S. Profound
hypoglycemia-ınduced by vaccinium corymbosum juice and
laurocerasus fruit. Indian J Pharmacol 2014; 46: 446-447 [PMID:

April 14, 2015|Volume 21|Issue 14|

Liu J et al . Diagnosis and treatment of ectopic insulinoma

13

14

15

16
17

25097289 DOI: 10.4103/0253-7613.135963]
Mehrabi A, Fischer L, Hafezi M, Dirlewanger A, Grenacher L,
Diener MK, Fonouni H, Golriz M, Garoussi C, Fard N, Rahbari
NN, Werner J, Büchler MW. A systematic review of localization,
surgical treatment options, and outcome of insulinoma.
Pancreas 2014; 43: 675-686 [PMID: 24921202 DOI: 10.1097/
MPA.0000000000000110]
La Rosa S, Pariani D, Calandra C, Marando A, Sessa F, Cortese
F, Capella C. Ectopic duodenal insulinoma: a very rare and
challenging tumor type. Description of a case and review of the
literature. Endocr Pathol 2013; 24: 213-219 [PMID: 24006218
DOI: 10.1007/s12022-013-9262-y]
Stanciu IN, Pitale S, Prinz RA, Jakate S, Webb G, Steiner D,
Braithwaite S, Gordon D, Emanuele MA. Insulinoma presenting
with hyperandrogenism: a case report and a literature review. J
Intern Med 2003; 253: 484-489 [PMID: 12653879]
Watanabe W, Kurumada T, Shirai T, Tsutsumi Y. Aberrant
insulinoma of the duodenal bulb. Pathol Int 1995; 45: 895-900
[PMID: 8581156]
Tolentino LF, Lee H, Maung T, Stabile BE, Li K, French SW.
Islet cell tumor arising from a heterotopic pancreas in the duodenal
wall with ulceration. Exp Mol Pathol 2004; 76: 51-56 [PMID:
14738869]

18

19

20
21

22

23

Quinkler M, Strelow F, Pirlich M, Rohde W, Biering H, Lochs
H, Gerl H, Strasburger CJ, Ventz M. Assessment of suspected
insulinoma by 48-hour fasting test: a retrospective monocentric
study of 23 cases. Horm Metab Res 2007; 39: 507-510 [PMID:
17611903 DOI: 10.1055/s-2007-982516]
Peranteau WH, Palladino AA, Bhatti TR, Becker SA, States LJ,
Stanley CA, Adzick NS. The surgical management of insulinomas
in children. J Pediatr Surg 2013; 48: 2517-2524 [PMID: 24314196
DOI: 10.1016/j.jpedsurg.2013.04.022]
Guo Q, Wu Y. Surgical treatment of pancreatic islet cell tumor:
report of 44 cases. Hepatogastroenterology 2013; 60: 2099-2102
[PMID: 24719954]
Sciuto A, Abete R, Reggio S, Pirozzi F, Settembre A, Corcione
F. Laparoscopic spleen-preserving distal pancreatectomy for
insulinoma: experience of a single center. Int J Surg 2014; 12 Suppl
1: S152-S155 [PMID: 24862672 DOI: 10.1016/j.ijsu.2014.05.023]
Ueda J, Nakamura Y, Aimoto T, Hiroi M, Cho K, Yamahatsu K,
Kawamoto M, Uchida E. Laparoscopic distal pancreatectomy
preserving spleen and splenic vessels for pancreatic insulinoma. J
Nippon Med Sch 2010; 77: 175-180 [PMID: 20610903]
Usukura M, Yoneda T, Oda N, Yamamoto Y, Takata H, Hasatani K,
Takeda Y. Medical treatment of benign insulinoma using octreotide
LAR: a case report. Endocr J 2007; 54: 95-101 [PMID: 17124362]
P- Reviewer: Buanes TA, Gong JP, Pavlidis TE, Scheidbach H
S- Editor: Qi Y L- Editor: Cant MR E- Editor: Liu XM

WJG|www.wjgnet.com

4418

April 14, 2015|Volume 21|Issue 14|

World J Gastroenterol 2015 April 14; 21(14): 4419-4422
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i14.4419

© 2015 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Collagenous nodule mixed simple cyst and hemangioma
coexistence in the liver
Zhen-Jiang Zheng, Shu Zhang, Yang Cao, Guang-Chun Pu, Hong Liu

Abstract

Zhen-Jiang Zheng, Shu Zhang, Yang Cao, Guang-Chun Pu,
Department of General Surgery, The Third People’s Hospital
of Chengdu, The Second Affiliated Hospital of Chengdu,
Chongqing Medical University, Chengdu 610031, Sichuan
Province, China
Hong Liu, Department of Radiology, The Third People’
s Hospital of Chengdu, The Second Affiliated Hospital of
Chengdu, Chongqing Medical University, Chengdu 610031,
Sichuan Province, China
Author contributions: Zhang S, Cao Y and Pu GC performed
the surgery; Liu H collected the radiographic images; Zheng
ZJ prepared the figures and drafted the manuscript; Zhang S
revised the manuscript; all authors read and approved the final
manuscript.
Ethics approval: The study was reviewed and approved by the
Third People’s Hospital of Chengdu Institutional Review Board.
Informed consent: All study participants, or their legal
guardian, provided informed written consent prior to study
enrollment.
Conflict-of-interest: There is no conflict of interest related to
the manuscript.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Shu Zhang, PhD, Department of General
Surgery, The Third People’s Hospital of Chengdu, The Second
Affiliated Hospital of Chengdu, Chongqing Medical University,
82 Qinglong Street, Chengdu 610031, Sichuan Province,
China. zhangshu_1961@sina.com
Telephone: +86-28-61318737
Fax: +86-28-61318736
Received: October 27, 2014
Peer-review started: October 28, 2014
First decision: November 14, 2014
Revised: December 14, 2014
Accepted: January 30, 2015
Article in press: January 30, 2015
Published online: April 14, 2015

WJG|www.wjgnet.com

A 20-year-old female patient presented with two masses
located in the left liver. In this patient, a computed
tomography (CT) scan revealed a hypodense mass and
a second well-defined mass with a calcified nodule in
the left hepatic lobe. No enhancements were apparent
in or around the masses. A laparotomy was performed
due to the patient’s symptoms, namely, the atypical
CT findings and a risk of rupture of the subcapsular
lesion. The operation revealed two masses in the left
hepatic lobe and a left liver resection was subsequently
performed. One of the masses involved segment Ⅲ
and the other mass was located in segment Ⅳ. The
histopathologic findings supported a diagnosis of
collagenous nodule mixed simple cyst and hemangioma.
A diagnosis of collagenous nodule mixed simple hepatic
cyst is extremely rare and radiologically mimics a
teratoma, hepatolithiasis, parasitic cyst, or hemangioma.
Although hepatic hemangiomas are the most common
benign tumors found in the liver, the present case
showed atypical radiographic features.
Key words: Collagenous nodule; Hepatic hemangioma;
Liver; Mass; Simple cyst
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This case represents a rare presentation
of a patient with multiple liver masses. A definitive
diagnosis depends on the histopathologic findings.
Collagenous nodules are a rare clinicopathologic finding
in the liver. This paper discusses the pathogenesis of a
collagenous nodule found in the liver. Although hepatic
hemangiomas are the most common benign tumor
in the liver, this case showed atypical radiographic
features.
Zheng ZJ, Zhang S, Cao Y, Pu GC, Liu H. Collagenous nodule
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uneventful recovery.

DISCUSSION
Prior to surgery, high-density nodules were classified
[2]
as hepatic calcifications. Bezerra et al retrospectively
analyzed 1362 consecutive CT scans of the abdomen
and identified intrahepatic calcifications in 3.6%
(49/1362) of the patients. Calcifications that develop
within a hepatic mass are either produced by the
tumor itself or, more commonly, represent dystrophic
calcification secondary to necrosis and/or hemorrhage
[3]
within the mass . Calcifications may be found in
inflammatory hepatic lesions and in benign and
[4]
malignant liver masses . The clinical appearance of a
cystic mass with a high-density nodule is nonspecific
and can mimic a teratoma, hepatolithiasis, parasitic
cyst, or hemangioma. Although supporting evidence
was lacking, a diagnosis of hepatic hydatidosis was
primarily considered, as it is endemic in the Sichuan
Province. The patient presented with no personal
history of potential exposure to parasites, a normal
level of eosinophils, and a negative hydatid antibody
test. Thus, the patient underwent a left liver resection
to avoid a misdiagnosis that may have potential
deleterious consequences. A pathologic examination
subsequently confirmed that the mass was a colla
genous nodule mixed simple hepatic cyst, which has
not been reported previously.
The predominant pathologic feature of a collagenous
nodule is hyaline degeneration of connective tissue. This
kind of degenerative alteration can be found in atrophic
breast tissue, scar tissue, atheromatous plaques, and
organized tissue. The cause of a collagenous nodule
in a liver simple cyst is unclear. It is possible that the
cyst was infected or bleeding, after which the pus or
blood clot was replaced by granulation tissue, which
is known as organization. This granulation tissue
may then have been replaced by fibrous connective
tissue. The process is analogous to wound healing and
scar tissue formation. In this case, the collagenous
nodule appeared as a high-density shadow on a CT
scan. There are no specific radiologic features that
differentiate a collagenous nodule from calcification.
A definitive diagnosis is dependent on histopathologic
findings. Had the diagnosis of a collagenous nodule mixed
simple hepatic cyst been considered preoperatively,
conservative observation may have been an option.
Cavernous hemangiomas are the most common
benign tumor in the liver, with a reported incidence ranging
[1]
from 1% to 20% . This lesion occurs more frequently in
women than in men. A hepatic hemangioma originates
from the proliferation of vascular endothelial cells
[5]
and enlarges by ectasia rather than hyperplasia .
Hemangiomas are usually detected incidentally while
imaging for other purposes. The classic enhanced CT
scan shows early peripheral enhancement of the mass,
followed by centripetal fill-in of the contrast medium with
[6]
persistent enhancement on delayed phase images .

INTRODUCTION
Collagenous nodule mixed simple hepatic cyst is an
extremely rare mass that has not been reported
previously in the publically available literature. Hyaline
degeneration of the connective tissue is the predo
minant pathologic feature of a collagenous nodule.
This form of degenerative alteration has been found
in atrophic breast tissue, scar tissue, atheromatous
plaques, and organized tissue. In contrast, hepatic
hemangiomas are the most common benign tumor
[1]
in the liver . Diagnosis of a hepatic hemangioma is
generally straightforward and accurately diagnosed
by the various imaging modalities. The case described
here, however, presented with atypical radiographic
features. The diagnosis of hepatic hemangioma was
considered due to the pathologic findings. Here, we
present a case of hepatic hemangioma in conjunction
with a collagenous nodule mixed simple hepatic cyst in
a 20-year-old female patient.

CASE REPORT
A 20-year-old female patient presented with a twomonth history of recurrent right epigastric pain.
She had no history of exposure to parasites. Serum
alpha-fetoprotein and eosinophil levels were normal.
Serological testing for hydatid antibody was negative. A
computed tomography (CT) scan revealed a hypodense
mass and a second well-defined mass with a calcified
nodule in the left hepatic lobe. Enhancements were not
apparent in or around the masses (Figure 1). The chief
radiographic differential diagnosis included teratoma,
hepatolithiasis, parasitic cyst, or hemangioma. Both the
patient and her relatives consented to a laparotomy.
The operation revealed two masses in the left hepatic
lobe and a left liver resection was performed. One of
the masses involved segment Ⅲ and the other was
localized to segment Ⅳ. The segment Ⅲ mass was
a tender, rufous and subcapsular mass (diameter: 9
cm), while the mass in segment Ⅳ was described as
a cystic mass (diameter: 5 cm). A hard, gray-white,
translucent, and inelastic nodule (diameter: 2 cm) was
observed in the inner wall of the cystic mass (Figure 2,
arrow). Histologically, the segment Ⅲ mass had dilated
vascular channels, fibrous stroma, and dark venous
blood. The segment Ⅳ mass revealed thickened,
banded and sheet-like collagenous fibers (Figure 3).
No parasites were observed in the specimen obtained
from the cystic mass. After a histopathologic analysis,
the diagnosis of collagenous nodule mixed simple cyst
and hemangioma was confirmed. The patient made an
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A

B

Figure 1 Radiographic findings. A: A non-enhanced computed tomography (CT) scan revealed two masses in the liver, one of which contained a high-density
nodule; B: A contrast-enhanced CT scan obtained during the hepatic arterial phase showed no enhancement in or around the masses.

A

B

Figure 2 Intraoperative findings. A: A solid mass localized in segment Ⅲ; B: A cystic mass with a hard nodule (arrow) localized in segment Ⅳ.

hemangiomas that are larger than 4 cm in diameter
[10]
are classified as giant hemangiomas . The surgical
indications for liver hemangiomas are Kasabach-Merritt
syndrome, symptoms of organ compression that have
been well established (excluding other diseases), and
[11]
traumatic or spontaneous rupture . Asymptomatic
or minimally symptomatic patients can be safely
[12]
observed . Previous studies have demonstrated that
nonoperative management of a giant liver hemangioma
is safe in most patients, indicating that the size of the
[13]
lesion is not a criterion for surgery .
In conclusion, this case represents a rare pre
sentation of a patient with multiple liver masses.
Surgical resection was performed due to the symptoms,
uncertain diagnosis as a result of atypical CT findings,
and a risk of rupture of the subcapsular lesion. Liver
resection is a safe procedure. In our case, the pre
operative diagnosis remained uncertain, and the
surgical resection was justified. The management of
liver masses should be based on a balance between the
risks that might be prevented by surgical resection and
the estimated risks of surgery.

Figure 3 Histologic findings. A histologic section from the nodule revealed
thickened, banded and sheet-like collagenous fibrous tissue (Hematoxylin and
eosin stain, magnification × 200).

In this case, the radiographic finding was atypical,
with a lesion that showed a hypodense mass without
enhancement. Slow flow in the central sinusoids,
central fibrosis, central thrombosis, and hemorrhage
may have contributed to the nonenhancement of the
[7]
hemangioma . Knowledge of the broad spectrum of
atypical hepatic hemangiomas is critical and can help
[8]
avoid most diagnostic errors . Atypical hemangioma
findings include a non-enhancing central core and septa
(usually seen in large hemangiomas), calcification, fluid[9]
fluid level, and multicystic hemangiomas . Hepatic
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A 20-year-old female patient presented with a two-month history of recurrent
right epigastric pain.
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Clinical diagnosis

Tenderness in the upper abdomen.

Differential diagnosis

3

Teratoma, hepatolithiasis, parasitic cyst, or hemangioma.

Laboratory diagnosis

Serum alpha-fetoprotein and eosinophil levels were normal and serologic
testing for hydatid antibody was negative.

4

A computed tomography scan revealed a hypodense mass and a second
well-defined mass with a calcified nodule in the left hepatic lobe, without
enhancements in or around either mass.

5

Histological examination revealed a collagenous nodule mixed simple cyst and
a hepatic hemangioma.

6

Imaging diagnosis

Pathological diagnosis
Treatment

A left liver resection was performed.

Related reports

7

A collagenous nodule is a rare clinicopathologic characteristic of the liver. This
paper discusses the pathogenesis of a collagenous nodule occurring in the
liver. Although a hepatic hemangioma is the most common benign tumor of the
liver, our case presented with atypical radiographic features.

8

Term explanation

The primary pathologic feature of a collagenous nodule is hyaline degeneration
of connective tissue. This form of degenerative alteration can be found in
atrophic breast tissue, scar tissue, atheromatous plaques, and organized
tissue. The cause of a collagenous nodule in a liver simple cyst is unclear. It
is possible that the cyst was infected or bleeding after which the pus or blood
clot was replaced by granulation tissue, which is known as organization. This
granulation tissue may then be replaced by fibrous connective tissue.

10

The diagnosis and treatment of atypical masses in the liver should depend on a
histologic examination during surgery.

11

9

Experiences and lessons
Peer-review

The article can be published due to the rarity of the three diseases at the same
time. The surgical procedure has been performed well due to the difficulties of
the diagnosis.

12
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LETTERS TO THE EDITOR

Six month abstinence rule for liver transplantation in severe
alcoholic liver disease patients
Aiman Obed, Steffen Stern, Anwar Jarrad, Thomas Lorf
the case of medically non-responding patients with
severe acute alcoholic hepatitis or acute-on chronic
liver failure, the refusal of LT is often based on the
lack of the required alcohol abstinence period of
six months. The obligatory abidance of a period of
abstinence as a transplant eligibility requirement for
medically non-responding patients seems unfair and
inhumane, since the majority of these patients will not
survive the six-month abstinence period. Data from
various studies have challenged the 6-mo rule, while
excellent survival results of LT have been observed in
selected patients with severe alcoholic hepatitis not
responding to medical therapy. Patients with severe
advanced ALD should have legal access to LT. The
mere lack of pre-LT abstinence should not be an
obstacle for being listed.
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Core tip: Severe alcoholic liver diseases that do not
respond to medical therapy, such as alcoholic hepatitis
or acute-on chronic liver failure, show life threatening
one-year mortality rates of up to 90%. The majority of
transplant centers demand 6-mo of alcohol abstinence
prior to transplantation, the so-called “6-mo rule”.
This rule is void of scientific evidence and frequently
the subject of controversial discussions. Since most
patients with severe alcoholic liver disease will die
before meeting the criteria of the 6-mo period of
abstinence, liver transplantation has to be taken into
account irrespective of the 6-mo abstinence period.

Abstract
Alcoholic liver disease (ALD) is the second most
common diagnosis among patients undergoing liver
transplantation (LT). The recovery results of patients
transplanted for ALD are often at least as good as
those of patients transplanted for other diagnoses
and better than those suffering from hepatitis C virus,
cryptogenic cirrhosis, or hepatocellular carcinoma. In

WJG|www.wjgnet.com

Obed A, Stern S, Jarrad A, Lorf T. Six month abstinence rule for
liver transplantation in severe alcoholic liver disease patients.
World J Gastroenterol 2015; 21(14): 4423-4426 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i14/4423.htm

4423

April 14, 2015|Volume 21|Issue 14|

Obed A et al . Liver transplantation in severe ALD patients
[1]

DOI: http://dx.doi.org/10.3748/wjg.v21.i14.4423

alcohol consumption .
[19]
Data presented by Schmeding et al
in 2011
clearly indicates that ALD patients have better 5 and
10-year survival rates compared with HCV-infected
patients, even in the case of alcohol relapse after liver
transplantation.
[20]
Recently, Deruytter et al
observed recidivism
of alcohol after liver transplantation in 29% of ALD
patients and heavy drinking after LTX in 16%. More
importantly, no significant difference in survival was
found between non-relapsers, occasional drinkers, and
problem drinkers.
Simultaneously, medical law experts are repetitively
reminded, albeit from a different point of view than
those in practical medicine, that constitutional law
prohibits discrimination against subgroups and life
differentiations as being either worthy or unworthy of
life. They stress that the exclusion of non-sober ALD
patients from being listed discriminated them and
[21]
violated said constitutional law .
Considering that patients who experience acute
[22]
liver failure after ecstasy consumption
or are
suffering from acute hepatitis B infections due to
[23]
careless sexual practices
have full access to the
waiting list raises the question as to why patients with
SAAH or ACLF should be treated any differently.
The United Network for Organ Sharing (UNOS) has
still adopted the 6-mo rule, although it does advise
that “exceptional” cases be referred to regional review
boards for consideration.
The American Association for the Study of Liver
Disease contemporary guidelines also advise 6 mo
of zero alcohol consumption before LT, but they
highlighted that this rule as it stands is not a defining
factor as to whether or not a patient is accepted as a
[24]
candidate for a liver transplant .
In the end, alcoholism has to be accepted as a disease
[25,26]
that, in some cases, has a genetic background
.
The lack of pre-transplant abstinence should not be
considered as a justification for denying the legal right
to have access to the liver transplantation waiting list for
[27]
patients with advanced ALD .
Transplantation for alcoholic liver disease is
prejudged, with its worthiness often being questioned
due to the common misconception of ALD being
[28-30]
regarded as a type of self-inflicted harm
.
The segregation of patients with severe alcoholic
cirrhosis who are considered to be proper candidates
[31]
for LT after complete evaluation must be avoided .
Furthermore, the necessity of LT for ALD patients
is generally misperceived and not taken seriously by
general physicians or the general public. However,
there are no moral or ethical arguments that could
justify the exclusion of very ill patients with ALD from
[32,33]
potentially lifesaving LT
. On the contrary, it would
be considered a death sentence for these patients.
The number of patients who have already passed
away before they were even presented to a transplant

TO THE EDITOR
We read the article “Acute alcoholic hepatitis, end
stage alcoholic liver disease and liver transplantation:
[1]
An Italian position statement” by Testino et al with
particularly great interest.
In general, alcohol avoidance in patients with
liver disease (especially in alcoholic liver cirrhosis) is
[2,3]
advisable and medically beneficial , however patients
suffering from either severe acute alcoholic hepatitis
(SAAH) or acute-on chronic liver failure (ACLF) and
not responding to medical therapy have high 3-mo
mortality rates ranging from 60%-70%, and even
[4-7]
reaching as high as 90% within the first year .
SAAH and ACLF are life-threating situations
demanding intensive care unit (ICU) therapy. Typically,
patients in such clinical conditions are already too sick
to drink, with the vast majority failing to recover by
[8-11]
stopping their consumption of alcohol
.
[12]
Stadlbauer et al
revealed that patients who
do not respond to medical therapy will inevitably die
without a potentially lifesaving liver transplantation.
[13]
A recent study by Kumar et al found that a change
in MELD score at 2 wk was effective in determining the
outcome. However, the study showed that an interval
of 2 wk was sufficient to demonstrate an increased
mortality or need for liver transplant in patients with
ACLF.
[6]
Mathurin et al presented a comparable conclusion
regarding mortality prognosis of SAAH with an interval
from 7 to 14 d after ICU admission. A lack of clinical
improvement in patients with SAAH and ACLF during
the first 2 wk of ICU treatment indicates a poor
outcome or vital need for liver transplant.
The cornerstone for practicing evidence-based
medicine is applying the best current knowledge to
medical decision-making for each individual patient.
Unfortunately, with regard to the advanced endstage ALD, current prejudices, barroom clichés, and
public half-truths seem to overshadow the available
evidence-based information.
The debatable 6-mo abstinence rule has not only
been controversial ever since its introduction, but has
also been harshly criticized and labeled as an unfair
and inhumane rule with fatal consequences for ALD
[14,15]
patients
.
The available data questions the 6-mo rule whilst
confirming well-known uncertainties about its ability
and usefulness in predicting (heavy) alcohol relapse
[16-18]
after LT
.
Death or graft loss occurs in only about 4% of
all ALD patients who experience a relapse of their
disease. The most common causes of death in patients
who continued to consume alcohol were cardiovascular
events and cancer, not liver failure directly caused by
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center remains unclear.
Treatment with artificial liver support devices
has value in correcting major pathophysiological
disturbances, and might be of individual help as a
bridging procedure in patients with ACLF and SAAH until
[34-37]
transplant
.
In the end, the 6-mo rule is insufficient in pre
dicting relapse risk after liver transplantation. Liver
transplantation may be lifesaving in cases of advanced
ALD or alcoholic hepatitis, but inflexible sobriety rules
eliminate patients with a low risk of relapse from
[38]
transplant consideration .
Lastly, it must be noted that the United Nations’
Universal Declaration of Human Rights acknowledges
that all human beings are born free and equal in terms
of dignity and rights. Everyone has the right to life,
liberty, security, and a standard of living adequate
for the health and well-being of themselves and their
[39]
family .
National transplant policy boards, patient support
groups, and legislation clearly need to act and
collaborate transparently and closely in regards to
national constitutional law in order to educate the public
and clarify that liver transplantation for advanced ALD is
not a matter of medical scientific discussion, but rather
a societal dilemma that has the potential to improve the
life expectancy of many desperate patients.
We agree with all suggestions made by Testino
[1]
et al , particularly with regard to efforts made to
improve the screening of de novo tumors after liver
transplantation and the prevention of cardiovascular
complications, which are indeed required within the
follow-up care in order to achieve further improvement
for long-term outcome.
In summary, we conclude that the selection and
allocation criteria for advanced end-stage ALD, especially
the abstinence rule, should be appropriately revised
to avoid further preventable patient death. In cases of
SAAH and ACLF that do not respond to medical therapy
2 wk after admission, liver transplantation should be
compulsory, regardless of achieved abstinence time.
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METHODS: MEDLINE, EMBASE, Cochrane Library,
CINAHL, Academic Search Premier, and Web of Science
databases were searched for human experimental
and observational cohort studies conducted between
January 1990 and June 2014. The keywords used for
the literature search were fiber, prebiotics and enteral
nutrition. English language studies with adult patient
populations on exclusive EN were selected. Abstracts
and/or full texts of selected studies were reviewed
and agreed upon by two independent researchers
for inclusion in the meta-analysis. Tools used for the
quality assessment were Jadad Scale and the Scottish
Intercollegiate Guidelines Network Critical Appraisal of
the Medical Literature.
RESULTS: A total of 456 possible articles were
retrieved, and 430 were excluded due to lack of
appropriate data. Of the 26 remaining studies, only
eight investigated the effects of prebiotics. Results
of the meta-analysis indicated that overall, fiber
reduces diarrhea in patients receiving EN (OR = 0.47;
95%CI: 0.29-0.77; P = 0.02). Subgroup analysis
revealed a positive effect of fiber supplementation in
EN towards diarrhea in stable patients (OR = 0.31;
95%CI: 0.19-0.51; P < 0.01), but not in critically ill
patients (OR = 0.89; 95%CI: 0.41-1.92; P = 0.77).
Prebiotic supplementation in EN does not improve the
incidence of diarrhea despite its manipulative effect
on bifidobacteria concentrations and SCFA in healthy
humans. In addition, the effect of fiber and/or prebiotic
supplementation towards fecal microbiota and SCFA
remain disputable.
CONCLUSION: Fiber helps minimize diarrhea in
patients receiving EN, particularly in non-critically ill
patients. However, the effect of prebiotics in moderating
diarrhea is inconclusive.

Abstract
AIM: To investigate fiber and prebiotic supplementation
of enteral nutrition (EN) for diarrhea, fecal microbiota

WJG|www.wjgnet.com

Key words: Bifidobacteria; Diarrhea; Enteral nutrition;
Fiber; Prebiotics; Short-chain fatty acids
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fiber was gradually introduced in EN in response to
accumulating evidence of its effects in modulating gut
function and improving immune, blood glucose, and
[12]
serum lipid regulation . A meta-analysis showed that
the introduction of fiber into the enteral formula was
[13]
beneficial in reducing the incidence of diarrhea .
Physiologic effects exerted by the chemical
composition of fiber are determined by its properties:
viscosity, fermentability, and solubility. Fibers also
include prebiotics that are fermentable, which lead to
specific changes in the composition and/or activity of
gut microbiota that benefit the well-being and health
[14]
of the host . For example, prebiotics that include
fructo-oligosaccharides (FOS), oligofructose, and inulin
were shown in multiple human studies to increase the
[15]
concentrations of bifidobacteria . A similar positive
result was also demonstrated in healthy adults when
fiber and oligosaccharides were added to the enteral
[16]
formulas . However, the effect was not clearly observed
[17]
in patients receiving EN containing prebiotics .
[18]
Schneider et al
reported a favorable effect of
fiber on short chain fatty acids (SCFAs). Bacterial
fermentation of the ingested fiber in the colon produces
SCFAs, primarily acetic, propionic and butyric acid.
These SCFAs provide various health benefits to the
host, such as supplying fuel to colonocytes, regulating
proliferation and differentiation of epithelial cells,
increasing colonic blood flow, reducing colonic pH,
stimulating pancreatic secretions, other gut hormones
and the autonomic nervous system, promoting sodium
and water absorption, and possibly affecting gut
[19]
motility .
Currently, there are three reviews investigating
fiber in EN that have reported on the various types
of fiber used, and the effect on healthy individuals
[13,20,21]
and patients
. The aim of this review and metaanalysis was to evaluate recent evidence regarding the
effect of dietary fiber and prebiotic supplementation
in enteral formulas on diarrhea, fecal microbiota, and
SCFAs.

Core tip: Despite the importance of enteral nutrition
(EN) for patients, diarrhea is a common complication
in those receiving EN. Meta-analysis conducted in
this review revealed that fiber supplementation in EN
reduces diarrhea incidence. However, the positive effect
is only seen in stable patients, and is not observed in
critically ill patients. In addition, the effect of fiber and
prebiotic supplementation towards fecal microbiota
and short-chain fatty acids remain disputable due
to the mixed findings. The heterogeneity of study
populations, antibiotics therapies, and variation of
the dosage for fiber and prebiotics likely explain such
outcomes.
Mazuin KZ, Chin KF, Vineya R, Majid HA. Fiber and prebiotic
supplementation in enteral nutrition: a systematic review and
meta-analysis. World J Gastroenterol 2015; 21(17): 0000-0000
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i17/0000.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i17.0000

INTRODUCTION
Enteral nutrition (EN) is a beneficial support given
to patients who are malnourished or at risk for
malnutrition via oral nutritional supplements or tube
feeding. Provision of nutrition through EN helps to
[1]
maintain gut function by preventing mucosal atrophy ,
[2]
reducing endotoxin translocation , and preserving gut
[3]
immunity . However, despite its importance, diarrhea
remains a common complication, affecting 2%-95% of
[4]
patients who consume EN , with a higher incidence in
[5]
critical care settings , depending on subjects and how
[6]
diarrhea is defined . Diarrhea not only inconveniences
patients and their caretakers, but it also contributes to
negative clinical consequences.
There are a number of factors involved in the
pathogenesis of diarrhea during EN, including
enteropathogenic infection, use of antibiotics, and
[4]
altered physiologic response . Enteral formulas used
in EN are rich in nutrients and provide an excellent
medium for bacteria proliferation, including pathogens.
Poor handling during the preparation and administration
[7]
of EN can contaminate the feed and cause infection .
Similarly, antibiotic treatment is strongly associated
[8]
with diarrhea in patients receiving EN . In fact,
[9]
antibiotic use alters gut microbiota , which leads to
[10]
increased risk of pathogen overgrowth . In addition,
the EN might also contribute to the occurrence of
diarrhea by altering physiologic responses of the
ascending colon where water is secreted into the
[11]
lumen . Traditionally, formulas used in EN were not
comprised of a fiber component, thus allowing the
gut to rest and preventing tube obstruction. However,

WJG|www.wjgnet.com

MATERIALS AND METHODS
Literature search

Literature published between January 1990 to June
2014 that described the effect of EN supplemented
with fiber on diarrhea, fecal microbiota, and SCFAs
were systematically identified by searching MEDLINE,
EMBASE, The Cochrane Library, CINAHL, Academic
Search Premier and Web of Science databases. The
following keywords and MeSH terms were used:
artificial nutrition/feeding, nutritional support, enteral
alimentation/formula, tube feeding, chemically defined
diets, sips feeds, oral nutritional supplements, nutrition
therapy, and dietary supplements. Additionally, fiber/
fibre and specific types of fiber terms were searched
individually: roughage, wheat brans, oligosaccharides,
oligofructose, inulin, fructo-oligosaccharides, nonstarch polysaccharides, soy polysaccharides, lignin,
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resistant starch, pectin, arabic gum, pectin, guar
gum acacia gum, cellulose, pea fiber, oat, inulintype fructans, and prebiotics. Lastly, local journals,
follow-up reference lists of key papers, and relevant
reviews were also hand-searched to locate additional
publications that were not accessible through electronic
databases.

score representing studies of better quality. The SIGN
Critical Appraisal of The Medical Literature implements
the Grading of Recommendations Assessment,
Development and Evaluation approach within its guideline
[23]
development . The quality assessment for controlled
trials in SIGN incorporates ten items: focused research
question, randomization, adequate concealment, blinding
of subjects and investigators, similar group characteristics,
methodology of measuring relevant outcomes, study drop
out, intention to treat analysis, and comparable results
for multicenter research. Studies were assigned to one of
three groups (high quality, acceptable or unacceptable)
based on the methodology quality to minimize bias.

Study selection

Two reviewers independently assessed potentially
relevant articles for eligibility after eliminating
duplications. The selection of articles underwent three
stages: selection based on titles, followed by abstract
consideration, and finally by assessing the full text.
Disagreements were resolved through discussion.
Inclusion criteria for this review were: (1) primary
research of randomized controlled trial (RCT), nonRCT studies, and observational cohort study designs;
(2) studies conducted on adult patients of any health
or nutritional status receiving EN; (3) studies assessing
effects of fiber in EN on diarrhea and/or fecal microbiota
and/or SCFAs; and (4) studies conducted from January
1990 to June 2014. Exclusion criteria included studies
that: (1) did not use enteral formula as the sole or main
source of nutrients, either orally or through a tube;
(2) involved supplementation of synbiotics (prebiotics
and probiotics) in the enteral formula; and (3) involved
animal or in vitro experiments or were case control and
cross-sectional studies, review articles or dissertations.
This review also was limited to published and available
full articles in the English language.

Statistical analysis

Binary outcomes were combined using the MantelHaenszel method with results presented as odds ratios
(ORs) and 95%CIs. An OR > 1 indicates that fiber
supplementation in EN is associated with higher odds
of outcome, i.e., diarrhea. Statistical heterogeneity
2
was evaluated using the I statistic, an estimation of
variation in the effect of treatment beyond chance. An
2
I > 50% was regarded as substantial heterogeneity,
in which case a random effects model was used with
subgroup analysis, otherwise a fixed effects model was
used. A visual appraisal of a Funnel plot was used to
indicate the possibility of publication bias. A P < 0.05
was considered as statistically significant.

RESULTS
The literature search identified 538 records. Forty-one
studies were retrieved after excluding duplicates and
titles that were not relevant to the research questions.
A flow diagram describing the selection of studies is
shown in Figure 1. Twenty-two experimental studies
and four observational cohort studies that met the
[17,18,24-47]
inclusion criteria were used for this review
.
Characteristics of these studies are presented in
Table 1. Eight studies were conducted on critically
ill patients, 16 in mixed wards inclusive of medical,
surgical and geriatrics wards, two in outpatient
clinics, and two included studies did not explicitly
mention the departments/units where the patients
were hospitalized. SIGN methodological assessment
classified two studies as unacceptable, which were
therefore not used in this review.
Most studies that investigated fiber supplementation
in EN used soy polysaccharide (n = 7), followed by
mixed fiber (n = 6), partially hydrolyzed guar gum
(n = 3), psyllium (n = 3), oat and soy fiber (n =
2), FOS (n = 1), inulin (n = 1), banana flakes (n =
1), and galactomannan (n = 1); one study did not
mention the type of fiber used. Fiber was administered
as an integrated component of the enteral formula
in 14 studies, and added as supplementation in 10
studies. Two studies used fiber containing enteral
formula with additional fiber supplementation as part

Data extraction and outcome measures

Following the initial search, reference lists were
imported to reference manager software (EndNote
version 7.1; Thomson Reuters Corp., New York, NY,
United States). Two reviewers extracted the data from
each selected study, including: population descriptions
(location, inclusion and exclusion criteria, method of
recruitment, and consent), methodology (aim, design,
study duration, and ethical approval), risk of bias
assessment, participants (number of randomized,
withdrawals and exclusions, and characteristics of the
study participants), interventions (timing and delivery
of EN, formula used, and fiber dosage and type), and
outcomes (diarrhea incidence, fecal microbiota, and
SCFA concentrations).

Quality assessment

Two reviewers independently assessed the methodological
quality of the included studies using the Jadad Scale
for Reporting Randomized Controlled Trials and the
Scottish Intercollegiate Guidelines Network (SIGN)
Critical Appraisal of The Medical Literature; disputes were
resolved by discussion. The Jadad Scale considers criteria
relating to randomization, blinding, withdrawals, and
[22]
dropouts . Scores ranging from 0 to 5 were given
based on fulfillment of criteria addressed, with a higher

WJG|www.wjgnet.com
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529 records identified through database searching
(MEDLINE, EMBASE, Cochrane Library, CINAHL, Academic Search Premier, Web of Science)

447 records after duplicates
removed

9 additional records identified
through other sources

456 records screened on basis
of title and/or abstract

415 records excluded due to:
Irrelevant reports
Animal/in vitro studies
Review/meta-analysis
Subjects were children
Subjects were healthy people

41 full-text articles assessed
for eligibility

26 studies included in
qualitative synthesis

15 full-text articles excluded due to:
Full text not available
Full text in foreign language
Study design
No outcome measured
Intervention was synbiotics
Subjects not on exclusive EN
Poor methodology quality

14 studies included in quantitative
synthesis (meta-analysis)

Figure 1 Flow diagram of included and excluded studies for the systematic review. EN: enteral nutrition.
[17,28]

of the intervention
, for which diarrhea incidence
among adult patients receiving EN ranged from 10.5
to 90.0%. There was variability in the definition of
diarrhea among studies, taking into account partly or
all of the stool properties: volume, consistency, and
frequency. Diarrhea definitions were based on diarrhea
score, number of liquid stools per day and/or volume,
number of loose or watery stools, with a scale based on
consistency and frequency, and use of stool chart, i.e.,
Bristol and King’s stool chart.
Fourteen experimental studies with data on
diarrhea incidence during EN (fiber-containing EN
vs fiber-free EN) were included for meta-analysis.
As shown in Figure 2, pooling of the studies under
a random effects model confirmed the protective
effect of fiber in reducing incidence of diarrhea
among adult patients requiring EN (P < 0.01).
Subgroup analysis was conducted due to statistically
2
significant heterogeneity of the data (I = 54%).
The analysis revealed homogeneity among studies
2
conducted in non-critically ill patients (I = 28%), but
studies conducted among critically ill patients were
2
heterogeneous (I = 52%). Additionally, a positive
effect of fiber supplementation during EN on reducing
the incidence of diarrhea was not seen in the critically
ill patients, but was significant in the non-critically ill

WJG|www.wjgnet.com

patients (P < 0.01).
Asymmetry presentation of the funnel plot in Figure
3 revealed that inter-study heterogeneity existed and
this may be an indication of potential publication bias.
Of the 26 studies investigating the effect of fiber in
EN on the three main outcomes, only eight studies
had prebiotics in the intervention. An additional metaanalysis failed to indicate any protective effect of
prebiotic supplementation in EN against the incidence
of diarrhea (Figure 4).
The effect of fiber supplementation in EN
towards fecal microbiota was only investigated in
[17,18,40,44]
four studies
(Table 2). Only one study had
shown a significant increase in total bacteria when
patients were given fiber (mixed fiber with prebiotics)[18]
supplemented EN . Likewise, the same study found
no changes in regard to the composition of the
dominant bacteria group (gram positive/negative,
aerobic and anaerobic). On the contrary, the study
[40]
by Nakao et al
reported a significant decrease in
aerobic bacteria with galactomannan supplementation.
There were no reports of significant changes in fecal
bifidobacteria concentrations in patients receiving
[17,18,44]
fiber-supplemented EN
.
Five studies investigated the effect of fiber
[17,18,34,40,46]
supplementation in EN on SCFAs
(Table
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Table 1 Characteristics of included studies (1990-2013)
Ref.

Study design

Dobb et al[24], 1990
Shankardass et al[25], 1990

Guenter et al[26], 1991
de Kruif et al[27], 1993
Collier et al[28], 1994

Homann et al[29], 1994
Zarling et al[30], 1994

Reese et al[31], 1996

Heather et al[32], 1991

Belknap et al[33], 1997
Sobotka et al[34], 1997

Emery et al[35], 1997
Khalil et al[36], 1998

Cockram et al[37], 1998

Schultz et al[38], 2000

Spapen et al[39], 2001

Nakao et al[40], 2002
Rushdi et al[41], 2004
Vandewoude et al[42], 2005

Schneider et al[18], 2006

Shimoni et al[43], 2007

Wierdsma et al[44], 2009

Chittawatanarat et al[45], 2010

Study population

91 adult patients in ICU, The Royal
Perth Hospital, Australia
28 long-term EN patients, Multicenter:
Chedoke-McMaster Hospital, Queen
Elizabeth Hospital, Riverdale Hospital,
Sunnybrook Medical Centre, University
of Toronto, Toronto, Ontario, Canada
Non-RCT
100 ICU patients, Graduate Hospital
Pennsylvania, United States
RCT
60 surgical patients, University Hospital,
Netherlands
Pre-post
57 surgical patients, Regional Medical
observational
Centre, Memphis Tennessee, United
study
States
100 surgical and medical patients,
Double-blind
RCT
Germany
Cross-over RCT 10 recovering stroke patients, Extended
Care facilities, Hines VA Hospital,
Illinois, United States
Double-blind
80 surgical patients (head and neck
RCT
cancer), University of Iowa Hospital,
United States
Double-blind
RCT
Double-blind,
cross-over RCT

RCT

49 mixed wards patients, Portland
Veterans Affairs Medical Centre,
Portland, United States
RCT
60 medical, surgical, and ICU patients,
Single-blind, Department of Veterans Affairs Medical
pre-post single
Center, Oklahoma, United States
group trial
9 patients, Charles University, Hradec
Krdlove, Czech Republic
RCT

Dose and type of fiber

Study duration

SIGN
category

Jadad
score

High
quality
Acceptable

4

Soy polysaccharide, 14.4 Not mentioned Acceptable
g/L
Soy polysaccharide, 20
5d
Acceptable
g/L
NA
Soy polysaccharide, 21 Not mentioned
g/L

0

Soy polysaccharide, 21 Max of 18 d/
g/L
discharge ICU
Soy polysaccharide, 12.8
12 wk
g/1000 kcal

Partially hydrolyzed
guar gum, 20 g/L
Oat and soy fiber, 14.4
g/L
Soy polysaccharide, 7 or
14 g/L

Psyllium, 15 g/d

Psyllium hydrophilic
mucilloids, 14 g/d
Inulin 15 g/L



3
0

10 d

Acceptable

2

23 d

Acceptable

2

Until patient
changed
to oral/
discharged
6d

High
quality

5

Acceptable

2

7d
2 wk

Acceptable
Acceptable

3
0

Acceptable

0

Acceptable

2

Acceptable

2

High
quality

4

High
quality

4

Acceptable

0

High
quality
Acceptable

5

High
quality

3

Acceptable

1

Acceptable

3

High
quality

4

31 ICU patients, Pennsylvania Hospital, Banana flakes, 1.5 g/d
7d
United States
Single-blind 16 surgical patients, National University
Oat and soy
10 d
RCT
Hospital, Singapore
polysaccharides, 14.4
g/L
Single-blind
79 hemodialysis patients from three
3 wk
FOS, 15.4 g/L
RCT
outpatients hemodialysis clinics, United
States
Double-blind, 2 44 critically ill patients, Maine Medical
Mixed fiber1 and
9d
´ 2 factorial RCT
Center, Portland, United States
pectin, up to 17 g/day,
inclusive of 10 g/L FOS
21 d /
Double-blind,
25 critically ill patients, Academic
Partially hydrolyzed
RCT
Hospital, Vrije, Brussels, Belgium
guar gum, 22 g/L
withdrawal of
EN
Pre-post single 20 geriatric patients, Nagoya University Galactomannan, 7-28
6 wk
group trial
Hospital, Japan
g/d
Double-blind
20 critically ill patients, Teaching
Guar gum, 22 g/L
4d
RCT
Hospital, Cairo University, Egypt
RCT
172 geriatric patients, Universitair
Mixed fiber2, 30 g/d Not mentioned,
Centrum Geriatrie, Belgium
inclusive of inulin
measured
weekly
15 long-term EN patients, University
Double-blind,
Mixed fiber3, 15 g/L
5 wk
cross-over, RCT
Hospital, Nice, France
inclusive of 3.45 g/L of
FOS
Non-RCT
148 elderly patients from
Soy polysaccharides,
5d
general internal medicine wards,
13.6 g/1000 kcal
Gastroenterology Laniado Hospital,
Natanyia, Ramat Aviv, Israel
Double-blind 19 patients, Outpatients Clinic of the VU Mixed fiber1, 17.6 g/L
8 wk
RCT
University Medical Centre, Amsterdam, inclusive of 7 g of FOS
The Netherlands
14 d, ≥ 5 d
Double-blind
34 septic patients in ICU, Maharaj
Mixed fiber2, 15.1 g/L
RCT
Nakorn Chiang Mai Hospital, Thailand inclusive of 5.3 g of FOS
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Kato et al[46], 2012
Bittencourt et al[47], 2012

Majid et al[17], 2013

15 patients from medical wards of
Pre-post single
group trial
Kameyama Kaisei Hospital, Japan
Sequential and 110 adult patients, São Joaquim Hospital
observational
of Beneficência Portuguesa, Brazil
study
Double-blind
22 critically ill patients, Guy’s and
RCT
St Thomas’ NHS Foundation Trust
and King’s College Hospital NHS
Foundation Trust, London, United
Kingdom

Psyllium, 5.2 g/d

4 wk

Acceptable

0

Soluble and insoluble
fiber3, 15 g/L

≥5d

NA

0

Mixed fiber4, 15 g/L
and additional 7 g/d
oligofructose/inulin

7-14 d

High
quality

5

1

Oat, soy polysaccharide, gum arabic, cellulose, and FOS; 2Cellulose, hemicellulose A, pectin, hemicellulose B, and inulin; 3Cellulose, lignin, hemicellulose,
pectin, and FOS; 4Soy polysaccharide, alpha-cellulose, arabic gum, inulin, oligofructose, and resistant starch. EN: Enteral nutrition; FOS: Fructooligosaccharides; ICU: Intensive care unit; RCT: Randomized controlled trial; SIGN: Scottish Intercollegiate Guidelines Network.

Table 2 Studies investigating the effect of fiber supplementation in enteral nutrition on fecal microbiota
Ref.
Nakao et al[40], 2002
Schneider et al[18], 2006

Wierdsma et al[44], 2009

Majid et al[17], 2013

Total microbiota
Dominant group
count
No change
↓ in aerobic bacteria
↑
No change in composition of
aerobic and anaerobic, gram
positive and gram negative
bacteria
Not measured

No change

Not measured

Bifidobacteria

Others

Not measured
No change

Not measured
↑ in the numbers of enterococci at the
end of the fiber-free EN

↓ in patients compared to healthy
controls
Concentration remained stable in
the FOS group but ↓ in the non-FOS
group during intervention
No change

No change

↑ in the numbers of bacteroides at the
end of the mixed fiber EN
Not measured

↓ Faecalibacterium prausnitzii
and Bacteroides-Prevotella in the
prebiotics group

EN: Enteral nutrition; FOS: Fructo-oligosaccharides.

Table 3 Studies investigating the effect of fiber supplementation in enteral nutrition towards short-chain fatty acids
Ref.

Total SCFA

Acetate

Propionate

Butyrate

Sobotka et al[34], 1997
Nakao et al[40], 2002
Schneider et al[18], 2006
Kato et al[46], 2012
Majid et al[17], 2013

No change
No change
↑
↑
No change

No change
↑
↑
↑
No change

No change
↑
No change
No significant amount detected
No change

No change
No change
↑
No significant amount detected
No change

EN: Enteral nutrition; SCFA: Short-chain fatty acid.

3). Fiber supplementation increased total SCFA in
[18,46]
two studies
, whereas three studies found no
[17,34,40]
changes in the SCFA concentration
. In addition,
prebiotic supplementation in EN did not increase the
[17,34]
concentration of SCFA
, with the exception of one
[18]
positive result .

emerged as the most extensively studied fiber in EN
for patients. Likewise, it is also the most common
fiber added in the enteral formula. The mechanisms
of action for minimizing diarrhea incidence include the
[48]
[49]
ability of fiber to hold water , increase bulk , and
[12]
improve gut barrier function . However, this effect of
[13]
fiber varies based on the type of patients studied .
Subgroup analysis conducted in this current review
shows that the incidence of diarrhea was only reduced
in non-critically ill patients, consistent with previous
[13,21]
reviews
. It is possible that the severity of illness
and the antibiotics therapy undertaken by the critically
ill patients counters the beneficial effect of fiber
supplementation. The use of antibiotics or antifungal
drugs is an independent factor that contributes to

DISCUSSION
The results of this updated meta-analysis of
prospective studies confirm previous evidence showing
that fiber supplementation decreases diarrhea
[13]
incidence for adult patients requiring EN . The dosage
of fiber used in the included studies ranged from 5.2
[41,46]
to 39.0 g/d
. In this review, soy polysaccharide
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Fiber
Fiber-free
Odds ratio
Study or subgroup
Events Total Events Total Weight M-H, Random, 95%CI
1.3.1 critically Ⅲ patients
Belknap et al , 1997
8
37
7
23
6.9%
0.63 [0.19, 2.06]
Chittawatnarat et al , 2010
4
17
8
17
5.6%
0.35 [0.08, 1.51]
Dobb and Towler, 1990
16
45
13
46
8.3%
1.40 [0.58, 3.40]
Guenter et al , 1991
13
50
17
50
8.5%
0.68 [0.29, 1.61]
Schultz et al , 2000
1
11
1
11
2.3%
1.00 [0.05, 18.30]
Schultz et al , 2000
4
11
1
11
3.1%
5.71 [0.52, 62.66]
Schultz et al , 2000
6
11
1
11
3.1%
12.00 [1.12, 128.84]
Spapen et al , 2001
6
13
11
12
3.2%
0.08 [0.01, 0.79]
Subtotal (95%CI)
195
181 40.9%
0.89 [0.41, 1.92]
Total events
58
59
2
2
2
Heterogeneity: Tau = 0.55; χ = 14.45, df = 7 (P = 0.04); I = 52%
Test for overall effect: Z = 0.29 (P = 0.77)
1.3.2 not critically Ⅲ patients
Cockram et al , 1998
3
26
3
26
4.8%
Collier et al , 1994
6
57
11
51
7.4%
de Kruif et al , 1993
8
30
14
30
7.3%
Homann et al , 1994
2
15
6
15
4.5%
Khalil et al , 1998
1
8
2
8
2.6%
Reese et al , 1996
5
27
11
28
6.6%
Reese et al , 1996
5
25
11
28
6.6%
Sharkandass 1990
6
28
26
28
4.8%
Shimoni et al , 2007
11
41
20
37
8.0%
Shimoni et al , 2007
4
37
10
33
6.4%
Subtotal (95%CI)
294
284 59.1%
Total events
51
114
2
2
2
Heterogeneity: Tau = 0.18; χ = 12.54, df = 9 (P = 0.18); I = 28%
Test for overall effect: Z = 4.60 (P < 0.00001)

1.00
0.43
0.42
0.23
0.43
0.35
0.39
0.02
0.31
0.28
0.31

[0.18,
[0.15,
[0.04,
[0.04,
[0.03,
[0.10,
[0.11,
[0.00,
[0.12,
[0.08,
[0.19,

Odds ratio
M-H, Random, 95%CI

5.48]
1.26]
1.23]
1.41]
5.98]
1.20]
1.33]
0.11]
0.80]
1.00]
0.51]

Total (95%CI)
498
465 100.0%
0.47 [0.19, 0.51]
Total events
109
173
2
2
2
Heterogeneity: Tau = 0.18; χ = 36.81, df = 17 (P = 0.004); I = 54%
Test for overall effect: Z = 3.03 (P = 0.002)
2
2
Test for subgroup differences: χ = 5.13, df = 1 (P = 0.02); I = 80.5%

0.01

0.1
Favours fiber

1

10

100

Favours fiber-free

Figure 2 Meta-analysis of the effect of fiber supplementation in enteral nutrition on incidence of diarrhea.
0

SE (log[OR])

significant implications for health care professionals,
and advocates the use of fiber-containing over fiberfree enteral formulas to other groups of patients.
Prebiotic components of fiber meet three distinct
criteria: (1) are resistant to gastric acidity, hydrolysis
by mammalian enzymes, and gastrointestinal
absorption; (2) can by fermented by intestinal
microbiota; and (3) selectively stimulate the growth
and/or activity of intestinal bacteria associated with
[52]
health and well-being . Our results show that
prebiotic supplementation in enteral formulas did not
minimize the incidence of diarrhea in adult patients
receiving EN. The prebiotic dosage reported by studies
included in this meta-analysis ranged from 5.3 to 15.4
[37,45]
g/L of FOS
. Two of the three studies included in
the meta-analysis were conducted in an intensive care
unit setting, which may explain the lack of a significant
benefit from prebiotic supplementation in EN for
diarrhea.
Ingested fiber influences the intestinal microbiota
by providing the required substrate for colonic
fermentation, and consequently assists in microbiota
proliferation. Over the years, reports revealed that the
introduction of prebiotics in healthy humans increases

Subgroups
Critically Ⅲ patients
Not critically Ⅲ patients

0.5

1

1.5

2
0.01

0.1

1

10

100

OR

Figure 3 Funnel plot for the effect of fiber supplementation in enteral
nutrition on incidence of diarrhea.
[50]

higher prevalence of diarrhea in critically ill patients .
Moreover, critically ill patients often suffer from
gastrointestinal dysfunction with abnormal motility
[51]
patterns and impaired barrier integrity . Although
the potential benefits are not clearly observed in the
critically ill patients, the main finding of this review has
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Prebiotics
Study or subgroup
Events Total
Chittawatnarat et al , 2010
3
17
Cockram et al , 1998
4
26
Schultz et al , 2000
6
11
Schultz et al , 2000
1
11

Prebiotics-free
Events Total Weight
8
17
32.7%
3
26
29.4%
1
11
21.3%
1
11
16.6%

Total (95%CI)
65
65 100.0%
Total events
14
13
2
2
2
Heterogeneity: Tau = 1.12; χ = 6.28, df = 3 (P = 0.10); I = 52%
Test for overall effect: Z = 0.25 (P = 0.81)

Odds ratio
M-H, Random, 95%CI
0.35 [0.08, 1.51]
1.00 [0.18, 5.48]
12.00 [1.12, 128.84]
1.00 [0.05, 18.30]

Odds ratio
M-H, Random, 95%CI

1.20 [0.28, 5.14]
0.01

0.1

1

Favours fiber

10

100

Favours fiber-free

Figure 4 Meta-analysis of the effect of prebiotics supplementation in enteral nutrition on incidence of diarrhea.

the concentrations of bifidobacteria when EN is given
[16]
as the sole source of nutrition . However, the effect of
fiber and prebiotic supplementation on fecal microbiota
in adult patients receiving EN could not be concluded
[17,18,40,44]
due to conflicting findings
. These inconsistent
results might be due to the heterogeneity of study
populations, e.g. the inclusion of stable and critically ill
patients. Additionally, concurrent use of antibiotics with
EN might alter the colonic microbiota composition.
Most antibiotics alter the bacterial composition of gut
microbiota as reflected by the suppression of anaerobic
bacteria and an increased incidence of Clostridium
[10]
difficile-associated diseases . However, by controlling
the confounding factor, antibiotics therapy remains
difficult, as it is part of a medical treatment received
by patients who are critically ill. The range of prebiotics
dosages (5.20-13.75 g/d) may also have contributed
to the lacking of a bifidogenic effect. Healthy
people require 10 g of prebiotics to increase fecal
[53]
bifidobacteria concentration , thus patients might
require a higher dosage to exert such an effect. Most
studies that investigated prebiotics were conducted in
patients receiving EN supplemented with a mixture of
various types of fiber (inclusive of prebiotics) instead
of a single source of fiber; only two studies used FOS
[34,37]
as its sole source of fiber in the intervention
.
Due to the limited numbers of RCTs, a meta-analysis
investigating the role of fiber, specifically prebiotics on
fecal bifidobacteria, other microbiota, and SCFAs, could
not be conducted.
Fermentation of fiber yields SCFAs, which are a
source of nutrients for colonic mucosal cells. Therefore,
the luminal acidity produced by the increased
concentrations of SCFAs helps maintain an environment
with a low pH for the colonic microbiota, subsequently
[19]
preventing an enteropathogenic infection . While
provision of fermentable fiber increases SCFAs in healthy
[54]
humans , mixed results emerged in this review for
studies investigating the effect of fiber supplementation
in EN in patients. Despite two studies displaying no
changes in SCFA concentrations, a significant increase in
SCFA concentrations was observed in studies conducted
on stable patients (geriatrics, long-term EN, and
[18,40,46]
medical patients)
. Similarly, supplementation of
fiber in EN given to the critically ill patients did not cause
[17]
an increase in the SCFA concentration . According to
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a recent study, critically ill patients suffered from a low
SCFA concentration as compared to healthy individuals,
possibly due to the reduction in total obligate anaerobes
[55]
throughout the intensive care unit admission .
Moreover, fiber fermentation varies depending on the
[56]
source of fibers used in the studies ; different fibers
yield different concentrations of total SCFA.
The main limitation of this review is the hetero
geneity of the patients, such as the inclusion of
patients with varying severity of illness, mainly the
critically ill and the non-critically ill patients, and
the use of antibiotics, which could confound the
results. However, these factors are inevitable when
conducting research in patients. Secondly, this review
also lacks uniformity with regard to the definition
[57,58]
of diarrhea
, for which objective and subjective
considerations might influence the results of the
studies in terms of the incidence of diarrhea. As such,
the use of a validated tool in defining diarrhea should
be considered in future research. Some studies were
excluded from the meta-analysis, as the definition
of diarrhea was not mentioned explicitly despite
indicating a measurable outcome. Lastly, this review
only incorporates publications written in English, and
therefore may introduce language bias to the review.
This systematic review demonstrates that fiber
assists in minimizing diarrhea in adult patients
receiving EN, particularly those who are not critically ill.
However, prebiotics (part of the fiber component) may
not provide the same impact as fiber based on current
evidence. Therefore, the alteration of microbiota and
SCFAs using fiber and/or prebiotics in minimizing
diarrhea remains inconclusive.

COMMENTS
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Background

Enteral nutrition (EN) provides nutrients crucial for patient recovery. However,
diarrhea is one of the common complications of EN. Fiber supplementation in
EN has been shown to regulate bowel function. The undigested fiber increases
proliferation of colonic microbiota, including bifidobacteria, and its fermentation
yields short chain fatty acids (SCFAs), which enhance the absorption of water
and sodium in the colon.

Research frontiers

Even though fiber is considered to improve diarrhea during EN, the effect of
prebiotics remains unknown. To the best of our knowledge, this is the first
systematic review to investigate the effect of both fiber and prebiotics in
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minimizing diarrhea in EN. Additionally, the impact of fiber supplementation in
EN on fecal microbiota and SCFA was also explored.

Innovations and breakthroughs

11

Fiber added in EN has been shown to reduce the incidence of diarrhea in noncritically ill, tube-fed patients. This effect can be due to alterations in SCFAs
and colonic microbiota. However, such an effect was not seen if prebiotics
are added in EN, despite the fact that prebiotics increase bifidobacteria
concentrations in healthy human subjects who consumed at least 10 g/d. Thus,
the evidence to support the use of fiber and/or prebiotics in the manipulation of
fecal microbiota and SCFA in patients receiving EN is limited.

12
13

Applications

Fiber-containing enteral formulas should be considered for patients receiving
EN to help minimize diarrhea, and the use of prebiotics as first-line feeding
management requires further scientific evidence.

Terminology

14

Prebiotics are selectively fermented ingredients that allow specific changes,
both in the composition and/or activity of the gut microbiota, thereby conferring
benefits upon host well-being and health.

Peer-review

This is a good review in which the authors conducted meta-analyses of the
effects of fiber or prebiotic supplementation on diarrhea observed in patients
receiving EN. It was concluded that fiber alleviates diarrhea in non-critically ill
patients, and prebiotics may not provide the same impact as fiber, based on
the current evidence. The results are interesting and suggest that the alteration
of microbiota and SCFAs using fiber and/or prebiotics in minimizing diarrhea
remains inconclusive.
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Treatment of esophagogastric junction carcinoma: An
unsolved debate
Michele Orditura, Gennaro Galizia, Eva Lieto, Ferdinando De Vita, Fortunato Ciardiello
strategies for different types of AEG cancer are now
fairly standardized, and multidisciplinary strategies
using chemotherapy or chemoradiotherapy may
improve the outcome of these patients. Here we briefly
discuss the keypoints, main topics, and critical issues,
according to accumulating evidence and taking into
account our own experience.
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Core tip: Barrett’s esophagus (BE) associated with
dysplasia is the main risk factor for the development
of esophagogastric junction adenocarcinoma (AEG).
Currently, screening programs to individuate and
eradicate BE represent the best way to reduce AEG
cancer. We aim to discuss several endoscopic approaches,
surgical strategies for different types of AEG cancer,
and multidisciplinary strategies using chemotherapy or
chemoradiotherapy may improve the outcome of AEG
patients.
Orditura M, Galizia G, Lieto E, De Vita F, Ciardiello F.
Treatment of esophagogastric junction carcinoma: An unsolved
debate. World J Gastroenterol 2015; 21(15): 4427-4431
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4427.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4427

Abstract
The incidence of esophagogastric junction adeno
carcinoma (AEG) is increasing worldwide. Barrett’s
esophagus (BE) associated with dysplasia is the main
risk factor for the development of cancer. Currently,
screening programs to individuate and eradicate BE
represent the best way to reduce AEG cancer. Several
endoscopic approaches are here discussed. Surgical
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INTRODUCTION
The incidence of esophagogastric junction carcinoma
has dramatically increased worldwide, partly due to
widespread occurrence of gastroesophageal reflux,
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Barrett’s esophagus (BE), and Helicobacter pilory
[1]
eradication . Despite a more tailored approach
and innovative multimodality treatments, prognosis
[2]
remains unsatisfactory .
In 1998, Siewert classified for the first time three
different cancers originating from 5 cm proximal to 5
[3]
cm distal of the anatomic cardia . This classification
has been adopted by the International Gastric Cancer
Society and by the International Society for Disease
of the Esophagus, and helped clarify that different
approaches are needed for the different types of
cancer.
Adenocarcinoma of the esophagogastric junction
(AEG) type Ⅰ is esophageal cancer located 1-5 cm
above the EGJ, and is prevalent in women. It arises
from an area with specialized intestinal metaplasia
(mainly Barrett’s cancer) and spreads above and below
the diaphragm by the lymphatic route.
Barrett’s esophagus, defined as metaplasia of the
esophagus epithelium, is the main risk factor for the
development of esophageal cancer, along with the
presence and degree of dysplasia. The annual rate of
neoplastic progression to adenocarcinoma for patients
with low grade dysplasia (LGD) and non-dysplastic BE
[4]
was 0.12% in the most recently published study ,
and this risk increased up to 6% in patients with high
[5]
grade dysplasia (HGD) .
In contrast, AEG type Ⅱ (so called true carcinoma
of the cardia) is associated with BE in very few
cases; it arises from a metaplasic area of the cardial
epithelium and is localized within 1 cm proximal and 2
cm distal to the esophagogastric junction. Finally, AEG
type Ⅲ is a subcardial gastric carcinoma infiltrating the
EGJ or the distal esophagus from below, and lies 2-5
cm distal to the EGJ. Overall, advanced type Ⅱ and,
particularly, type Ⅲ cancer display worse prognosis
than type Ⅰ.

In recent years, a number of strategies of endoscopic
ablation have been proposed for the treatment of
dysplastic BE, including photodynamic therapy (PDT),
RFA, argon plasma coagulation, electrocoagulation,
and cryoablation, with conflicting results. In a recent
head-to-head trial, RFA was more effective than
PDT in terms of complete eradication (89% vs 54%)
and complete reversal of intestinal metaplasia (51%
vs 39%), with a low rate of complications (4% vs
31.2%); in addition, costs roughly halved using RFA
[10]
when compared to PDT . In contrast, the available
data on other endoscopic modalities are less robust.
The optimal treatment of LGD BE is still unclear, as
reflected by contrasting recommendations from different
[11,12]
professional societies
. In a recent multicenter phase
Ⅲ trial comparing RFA vs endoscopic surveillance, a
[13]
significant benefit was noted in the ablation group .
For patients suffering from BE with HGD and very
low (T1a) cancer, lymph node involvement is extremely
[14-16]
[17]
rare
, despite recently conflicting observations .
For these patients, either endoscopic treatment or
surgery is appropriate, since randomized clinical trials
comparing surgery vs EMR are still pending. Besides, a
remarkable shift from surgery to endoscopic treatment
has been observed in the last recent years. Esophageal
resection should be reserved for submucosal involvement
(guideline-recommended therapy); of note, since a
subgroup of patients with T1b cancer (well/moderated
grade of differentiation, ≤ 1.5 cm, no ulcer, invasion
of the upper third of the submucosal layer ≤ 500 μm,
no lymph-vascular invasion) has a very low risk of
lymph node dissemination, treatment may be as for
[18]
T1a cancer . Clearly, in such a context, pathologist
[19]
accuracy is essential .
Finally, the goal of endoscopic treatment is complete
removal or eradication of early stage disease (Tis/T1a)
and preneoplastic tissue (BE), with subsequent ablative
therapy of residual BE associated with Tis or T1a
[9]
following mucosal resection .

ERADICATION OF BARRETT’S
ESOPHAGUS

SURGERY

High rates of disease eradication may be obtained
with endoscopic mucosal resection (EMR), although
methacronous lesions may become apparent in onethird of patients during follow-up after focal resection;
in addition, the rate of stenosis requiring dilation
exceeds 50%, particularly in patients treated with
[6,7]
consecutive endoscopies , the so-called stepwise
radical endoscopic resection (SRER). Endoscopic
resection associated with radiofrequency ablation (RFA)
may be preferred over SRER in patients with BE and
[8]
HGD and/or early cancer . Endoscopic submucosal
dissection is mainly undertaken in Asian countries,
may result in high curative resection rates and low
rates of recurrence, but requires an adequate learning
curve. However, following EMR, the remaining Barrett
segment should be eradicated regardless of whether or
[9]
not it includes the presence or absence of dysplasia .

With regard to surgical strategies, AEG type Ⅰ cancer
should be treated with en bloc transthoracic or
transhiatal resection, depending on the extension
of the tumor and associated Barrett’s disease. The
transthoracic approach is most beneficial especially in
any TN3 (ⅢC according to TNM Staging System) AEG
type Ⅰ cancer, although the extent of lymphadenectomy
(two-field vs three-field LAD) is still one of the hotspots
[20,21]
under discussion
. If there is a concern with possibly
positive celiac lymph nodes, because randomized
trial have demonstrated identical survival curves for
esophageal cancer patients with regional or celiac lymph
node metastases, surgery should not be denied in any
[22]
case .
The standard surgical approach for type Ⅱ and
type Ⅲ AEG cancers contemplates an extended total
gastrectomy, with standard D2 lymphadenectomy, and,
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in type Ⅱ, transhiatal resection of distal esophagus,
and en bloc lymphadenectomy of node stations 19,
20, 110, 111, according to the Japanese Gastric
[23]
Cancer Association guidelines . However, modified
D2 lymphadenectomy (so called D1+, excluding
splenectomy and pancreasectomy, and dissection along
the proper hepatic artery) has been proposed to reduce
the postoperative complication rate with no detrimental
effects on complete oncologic clearance, however, this
[24]
is a still an unresolved issue . In our experience, such
a modified D2 dissection was demonstrated to be safe
and to yield the same oncologic adequacy as formal D2
[25]
dissection in gastric cancer patients . Finally, in type
Ⅱ and Ⅲ early cancers, recent evidence suggests that
more limited operations (i.e., proximal gastric resection
with D1+ lymphadenectomy) may be useful to avoid
postgastrectomy syndrome, without impairment of
[26]
oncological adequacy . Finally, a minimally invasive
approach may reduce postoperative morbidity and
mortality rates, which are indeed still high, particularly
[27,28]
in low volume hospitals
.

OS and PFS, with an estimated 25% reduction in the
risk of death. However, only 42% of patients enrolled
in the perioperative group completed the pre-planned
[33]
treatment protocol .
Finally, the results of a large clinical trial carried
out in the United Kingdom have been made available
a few months ago. Four hundred consecutive pa
tients (approximately 70% were GEJ type Ⅰ or Ⅱ)
were treated with preoperative CT (cisplatin and
5-fluorouracil, or ECF, or ECX). OS was shown to be
significantly prolonged in patients with downstaged
[34]
tumors .
The potential advantage deriving from preoperative
CRT is suggested by several phase Ⅱ studies and by
subgroup analysis of four randomized trials, in which
patients with all types of esophageal cancer received
CRT followed by surgery or surgery alone. However,
the statistical power of these trials was weak because
[35-38]
of the low numbers of true GEJ cancers
.
In the German study, 119 patients with GEJ cancer
(uT3-T4 NxM0) were randomly assigned to receive
either CRT (cisplatin, 5-fluorouracil, and leucovorin PFL - followed by cisplatin and etoposide, plus a total
dose of 30 Gy of radiation) and surgery or CT plus
surgery. Although the study was closed earlier than
planned without reaching a statistically significant
survival benefit, outcomes were better in the CRT and
surgery arm in terms of 3-year survival (47.4% vs
27.7%) and rates of pathologic complete response
(pCR: 15.6% vs 2%) and tumor-free lymph nodes
[39]
(64% vs 37.7%) .
Another milestone phase Ⅲ study was the CROSS
trial, in which 366 esophageal or GEJ cancer patients
received CRT (weekly carboplatin and paclitaxel, plus
41.4 Gy of radiation) followed by surgery or surgery
alone. Median OS was significantly longer in the CRT
and surgery arm than in the surgery alone group (49.4
mo vs 24.0 mo, respectively); in addition, the rate of
pCR was 29% following multimodal therapy. Of note,
[40]
only 20% of the patients had a true GEJ cancer . In
our recently published experience, preoperative CRT
(with FOLFOX regimen and 45 Gy of radiation) was
shown to be safe in 41 GEJ patients, albeit efficacy
[41]
was mild .
Finally, a recent metanalysis shows that in patients with
adenocarcinoma of the esophagus and GEJ, preoperative
CT improves OS (HR = 0.83; P = 0.01) when compared
to surgery alone. The greater effectiveness of the
treatment was, however, observed with CRT with an HR
[42]
of 0.75 .

CHEMOTHERAPY AND
CHEMORADIOTHERAPY
The role of multidisciplinary approach for GEJ cancer
is still a matter of debate. Although the impact of
chemotherapy (CT) on pre- and perioperative treatment
of esophageal and gastric cancer has been extensively
[29,30]
studied
, two randomized trials have de facto
changed the daily practice in the US and Western Europe.
Furthermore, a recent metanalysis on 14 trials with a
total number of 2422 patients evaluated surgery vs
preoperative CT or chemoradiotherapy (CRT). This study
showed a significant survival benefit for preoperative
treatment over surgery alone with an hazard ratio (HR)
of 0.82 and a 5-year absolute overall survival (OS)
[31]
gain of 9% (23% vs 32%) .
In the FNCLCC and FFCD trial, 224 resectable
esophageal, GEJ, and gastric cancer patients (more
than 60% of patients were GEJ) were randomized
to either upfront surgery or perioperative CT (two or
three cycles of cisplatin and 5-fluorouracil) and surgery
to assess the benefits in terms of OS and diseasefree survival (DFS) yielded by CT. Unfortunately, the
study was closed earlier due to difficulties in patient
enrollment, although it clearly demonstrated a better
5-year OS and DFS in the CT-treated arm (38% vs
24%, and 34% vs 19%, respectively). It should be
noted, however, that 20% of patients receiving CT
experienced grade 3-4 hematological toxicity, and
about half of the patients randomized to perioperative
[32]
treatment did not receive post-surgical therapy .
The other high impact study was the MAGIC trial,
in which 503 patients (26% of them were GEJ cancer)
were randomized to receive 3 cycles of ECF (epirubicin,
cisplatin, and 5-fluorouracil) before and after surgery
or surgery alone. CT significantly prolonged the 5-year

WJG|www.wjgnet.com

CONCLUSION
Barrett’s esophagus is a preneoplastic lesion and can
progress to EGJ cancer when HGD is present. Significant
disagreement exists in the management of Barrett’s
disease. Endoscopic treatment, with or without the aid
of ablative techniques, has gained broad consensus so
as to be considered as effective as surgery for the cure
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of BE with LGD and HGD in professional guidelines.
Although surgical procedures of initial and locally
advanced EGJ cancer are fairly standardized, the same
cannot be said for the role of pre- and perioperative
CT and CRT. Few clinical trials with few true EGJ cancer
patients have been carried out thus far; therefore,
definitive conclusions on the role of radiation and on
the best implementable CT protocol cannot be drawn.
Currently, we can only affirm that survival of patients
with CT-downstaged disease may be prolonged.
Design of large trials with homogeneous series and
homogeneous therapies, focusing on predictive factors
of response to better select resectable GEJ cancer
patients, may definitively answer currently unsolved
questions.
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EDITORIAL

Noninvasive imaging assessment of non-alcoholic fatty liver
disease: focus on liver scintigraphy
Cristiane Valle Tovo, Angelo Zambam de Mattos, Gabriela Perdomo Coral, Fernanda Schild Branco, Eiji Suwa,
Angelo Alves de Mattos
computed tomography, and magnetic resonance imaging.
Although these methods are reliable for the noninvasive
detection of moderate to severe fatty changes in the
liver, they are not reliable for detecting nonalcoholic
steatohepatitis (NASH) and fibrosis. New imaging
technologies, such as US-based transient elastography,
acoustic radiation force impulse and magnetic resonancebased elastography, can reportedly be used to deter
mine the severity of liver fibrosis associated with NASH.
In this context, the field of nuclear medicine through
liver scintigraphy has recently been proposed, and is
being explored for use in the diagnosis of NASH. More
importantly, nuclear medicine may contribute to the
distinction between simple steatosis and NASH. For
example, the enhanced release of cytokines and the
decrease in the phagocytic activity of Kupffer cells play
important roles in the pathogenesis of NASH. Removal
of technetium-99m colloid from circulation by Kupffer
cell phagocytosis therefore provides a valuable imaging
technique. Thus, nuclear medicine is poised to provide
useful tools for the evaluation of patients with NAFLD.
However, the evidence is still scarce, and more studies
with larger samples are needed to identify their role
before they are used in clinical practice.
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Core tip: Noninvasive methods used to diagnosis nonal
coholic fatty-liver disease (NAFLD) include ultrasonography
(US), computed tomography, and magnetic resonance
imaging. Although these methods are reliable for the
noninvasive detection of moderate to severe fatty
changes in the liver, they are not reliable for detecting
nonalcoholic steatohepatitis and fibrosis. New imaging
technologies, such as US-based transient elastography,

Abstract
Noninvasive diagnoses of nonalcoholic fatty-liver disease
(NAFLD) involve the use of serologic markers and imaging
methods, such as conventional ultrasonography (US),
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acoustic radiation force impulse and magnetic resonancebased elastography, may be used to determine the
severity of liver fibrosis. Liver scintigraphy has recently
been proposed to evaluate the diagnosis of nonalcoholic
steatohepatitis, and has potential for the evaluation of
patients with NAFLD.

ULTRASONOGRAPHY
Ultrasonography (US) US is a noninvasive imaging
method used to detect NAFLD, particularly hepatic
[9]
steatosis . US shows a sensitivity for detecting
steatosis of between 60% and 94%, depending on
[10]
steatosis degree . One study reported a sensitivity of
US of 91% and specificity of 93% in 235 patients with
[11]
≥ 30% steatosis on biopsy . In the same manner,
[12]
a prospective study by Dasarathy et al
reported
90% sensitivity with US when steatosis was > 20%
on biopsy. However, the sensitivity is low when the
[12,13]
degree of steatosis is < 20%-30%
. Moreover,
the sensitivity and specificity of US are considerably
[14]
reduced in the presence of obesity . de Moura
[15]
Almeida et al
found a sensitivity of 64.9% using US
for the diagnosis of hepatic steatosis in 105 severely
obese patients. The presence of underlying chronic
liver diseases can also reduce the accuracy of US in
the diagnosis of hepatic steatosis, as hepatic fibrosis
[16]
can increase liver echogenicity . Another limitation of
US is that it cannot be used to quantify the amount of
fat or provide a differential diagnosis between simple
steatosis and NASH. Moreover, it is operator dependent
[17]
with significant intra- and inter-observer variability .

Tovo CV, de Mattos AZ, Coral GP, Branco FS, Suwa E, de
Mattos AA. Noninvasive imaging assessment of non-alcoholic
fatty liver disease: Focus on liver scintigraphy. World J
Gastroenterol 2015; 21(15): 4432-4439 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4432.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4432

INTRODUCTION
Nonalcoholic fatty-liver disease (NAFLD) is the most
common form of chronic liver disease in developed
countries. It can present as simple steatosis, which
does not progress to more advanced disease and with
a better prognosis, or as nonalcoholic steatohepatitis
(NASH), which can progress to cirrhosis and hepatocellular
[1-3]
carcinoma
. Moreover, patients with NASH have
an especially high death rate due to associated car
diovascular disease, extrahepatic cancer, and liver
[4]
disease . In a recent retrospective cohort study that
followed-up patients with biopsy-proven NAFLD for 150
mo, a global death rate of 39.8% was observed, mainly
[5]
due to these associated conditions . Furthermore,
although overall and cardiovascular mortalities were
similar between steatosis and NASH patients, liverrelated deaths were six times more frequent in patients
with NASH. Therefore, the assessment of liver disease
severity and identification of patients with NASH is of
utmost importance.
Liver biopsy is the gold standard to distinguish
among the different presentations of NAFLD, but it is an
invasive procedure associated with severe complications
in 0.3%-3.0% of cases, and leads to death in 0.01%
[4,6-8]
of cases
. In addition, biopsy findings may be
misrepresentative, causing misdiagnosis depending on
the experience of the pathologist. Therefore, there is
ongoing interest in developing noninvasive methods for
diagnosing NAFLD and its various forms of presentation.
The noninvasive methods currently in use, including
serologic markers, are intended for diagnosis of patients
with NASH and those with fibrosis. Conventional imaging
methods are reliable for the detection of moderate to
severe fatty changes in the liver, though they are not
reliable for detecting NASH and fibrosis. New imaging
technologies show promise for determining the severity
of liver fibrosis associated with NASH. In this context,
the field of nuclear medicine through liver scintigraphy
has been proposed and is also being explored.

WJG|www.wjgnet.com

COMPUTED TOMOGRAPHY
The capability of diagnosing hepatic steatosis with
computed tomography (CT) is similar to that of US.
Unenhanced CT shows low attenuation of the steatotic
liver in contrast to the spleen, and the severity of
steatosis correlates with the liver-spleen attenuation
[18,19]
ratio
. However, misdiagnosis can occur when
other diffuse liver conditions are present, such as
[20]
hemochromatosis . Furthermore, CT cannot detect
the degree of fibrosis, and cannot distinguish NASH
[21]
from simple steatosis . With the additional issue of
radiation exposure, CT is not an appropriate modality
for routine diagnosis.

MAGNETIC RESONANCE IMAGING
Conventional magnetic resonance imaging (MRI) is
an accurate and comparatively superior technique
[22]
to US for detecting minor steatosis . As water
and fat protons produce different frequencies in a
magnetic field, MRI can be used to qualitatively and
quantitatively diagnose fatty infiltration. The most
commonly used quantitative method is the so-called
in- and out-phase imaging, in which the signal from
fat protons is added or subtracted, respectively,
from the signal from protons in water. Reduction of
the out-phase signal on T1-weighted images is an
accurate predictor of hepatic fat content compared
[23]
with the histologic assessment . Although many
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MRI techniques have been developed to improve its
performance in the diagnostic spectrum of NAFLD and
provide a quantitative assessment of hepatic fatty
[23-25]
infiltration
, these methods are limited in their
[24]
ability to detect coexisting inflammation or fibrosis .
Moreover, MRI is costly, time consuming, and motion
artifacts, such as from respiration, can affect image
[26,27]
quality
.
Magnetic resonance-based proton magnetic reso
nance spectroscopy (1H-MRS) provides a quantitative
biomarker of liver fat, termed proton density fat
fraction, which enables identification of tissues that
contain a significant proportion of intracellular lipids.
Furthermore, 1H-MRS facilitates examination of
resonance frequencies of all hydrogen nuclei (protons)
within a region of interest. Although the absolute
differences in resonance frequencies with this method
are quite small, they can be separated along a
spectrum. The concentration of any given molecule in
a sample is represented by the area under the specific
resonance peak within the spectrum. Quantification
of hepatic fat requires evaluation of the two dominant
peaks within the unsuppressed MR spectrum, namely
[28]
water at 4.7 ppm and lipids at 1.0-1.5 ppm . Livers
with fatty infiltration show an increased intensity within
the lipid resonance peak. As 1H-MRS allows direct
measurement of the area under the lipid resonance
curve, it may also provide a quantitative assessment
[28]
of fatty infiltration of the liver . Although results from
this method correlate well with those obtained by CT
[25,29,30]
and liver biopsy
, 1H-MRS remains a research
tool, despite the fact that MRI scanners have 1H-MRS
[31,32]
capabilities
.
An additional magnetic resonance-based technique
uses gadolinium-ethoxybenzyl-diethylenetriamine
pentaacetic acid (Gd-EOB) as a contrast agent. As this
contrast agent is partially secreted by hepatocytes into
the bile duct, it can be used to assess liver function
[33]
and liver fibrosis . However, there are no studies to
date evaluating its use in the diagnosis of NAFLD.

kg/m was found to be an independent risk factor for
failure of the method, and successful measurements
were obtained using a standard probe in only 75%
2[36]
of patients with a BMI ≥ 28 kg/m
. Because of
the poor accuracy of this probe in detecting liver
fibrosis in overweight/obese patients, a larger probe
(XL) has been developed, and failure occurred less
frequently with this new probe than with the standard
[37]
probe (1.1% vs 16.0%) . Although the probes have
comparable accuracy, lower liver stiffness cutoffs are
necessary when the XL probe is used. Liver stiffness
measurement is possible in 91.2% of patients with
[38]
comparable diagnostic accuracy . In clinical practice,
the standard probe could be used as a first step
for liver stiffness measurement, and the XL probe
reserved for when invalid or unreliable measurements
are obtained. This result could be useful for the
assessment of liver fibrosis in NAFLD and/or obese
patients.
A recent meta-analysis evaluated the use of several
[35]
noninvasive methods for the diagnosis of NAFLD .
Favorable results were obtained by many of the included
[36,39-45]
studies
that compared TE with liver biopsy.
All studies had high-quality data, similar baseline
characteristics, used similar cutoffs, with no heterogeneity
factors identified. The overall results suggested that
TE enables the diagnosis of F3 (85% sensitivity, 82%
specificity) and F4 (92% sensitivity, 92% specificity),
with moderate accuracy for F2 (79% sensitivity, 75%
[35]
specificity) stage fibrosis .
Obesity is the main reason for failure of TE, which
[46,47]
can be overcome using the XL probe
. Thus, TE is
useful as a screening test to exclude advanced fibrosis,
with high negative predictive value (NPV) and modest
positive predictive value (PPV). Liver biopsy may be
considered in NAFLD patients with liver stiffness of ≥
[36]
7.9 kPa .
Although TE has emerged as a useful tool for the
assessment of liver fibrosis, it also suffers from several
limitations. For example, the technique is limited
to imaging within an acoustic window through an
intercostal space, thereby only allowing a small portion
[48]
of the liver to be examined . Additionally, TE should
be carefully applied when used as an alternative
measurement of liver stiffness instead of liver biopsy,
as liver stiffness measurements can be influenced by
conditions such as steatosis, obesity, lower degrees
of hepatic fibrosis, necroinflammation of hepatocytes,
cholestasis, elevated central venous pressure, and
[49]
even postprandial conditions .

US-BASED TRANSIENT ELASTOGRAPHY
Transient elastography (TE) (FibroScan; Echosens, Paris,
France) uses ultrasonic elastography principles for the
noninvasive assessment of liver fibrosis. This technique
applies low-frequency shear waves created by a
vibrating probe to the skin overlying the liver. The shear
wave velocity of ultrasound signals is used to calculate
[34]
the elastic modulus, expressed in kilopascals (kPa) .
A meta-analysis showed that the mean areas under the
receiver operating characteristic curves (AUROCs) for
the diagnosis of significant fibrosis, severe fibrosis, and
cirrhosis were 0.84 (95%CI: 0.82-0.86), 0.89 (95%CI:
0.88-0.91), and 0.94 (95%CI: 0.93-0.95), respectively,
[34]
independent of the cause of the liver disease .
However, there is ongoing debate regarding the
diagnostic accuracy and feasibility of TE, especially
[35]
in obese patients . A body mass index (BMI) > 28
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ACOUSTIC RADIATION FORCE IMPULSE
Acoustic radiation force impulse (ARFI) is a form of
tissue elastography integrated within a conventional
high-end ultrasound machine (S 2000; Siemens,
Munich, Germany). With this method, the elasticity
of the liver is calculated from short-duration acoustic
pulses of a fixed frequency targeted to one region. As
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[35,50]

with TE, the result is expressed in kPa
.
ARFI has been suggested for patients with a high
[51]
BMI , which can affect the accuracy of liver stiffness
measurements. AUROCs reported with ARFI for the
diagnosis of F3-F4 in NAFLD ranged from 0.74 to
[43,50,52,53]
0.97
. One study evaluating liver stiffness in 54
patients with biopsy-confirmed NAFLD and 10 healthy
volunteers found a significant correlation between
[43]
ARFI and TE . Furthermore, there was a significant
positive correlation between ARFI and severity of liver
fibrosis in patients with NAFLD, and the results were
[43]
similar to those of TE . Another study evaluating
172 NAFLD patients used a predictive shear stiffness
threshold of 4.24 kPa and found that shear stiffness
distinguished low (0-2) from high (3-4) fibrosis stages
with a sensitivity and specificity of 90% (AUROC of
[50]
2
0.90) . In that study, BMI > 40 kg/m was not a
limiting factor for ARFI imaging, and no correlation was
noted between BMI and shear stiffness. As a result, the
authors concluded that ARFI is a promising imaging
modality for detecting advanced fibrosis in patients
[50]
with obesity-related liver disease . TE and ARFI using
the standard or the XL probes were also compared
for the diagnosis of liver fibrosis in 61 patients with
[53]
NAFLD/NASH . Liver steatosis was evaluated using
a controlled attenuation parameter, which correlated
with liver histology. Although histologic liver fibrosis
significantly correlated with TE results, the ARFI results
did not.
[54]
Sporea et al
found that F2 fibrosis could be
detected using a combination of the two elastography
methods (ARFI and TE) with 60.5% sensitivity, 93.3%
specificity, 96.8% PPV, 41.4% NPV, and 68% accuracy,
with 84.9% sensitivity, 94.4% specificity, 84.9%
PPV, 94.4% NPV, and 91.8% accuracy for predicting
cirrhosis. Thus, the authors suggest that the use
of TE in combination with ARFI is highly specific for
predicting significant fibrosis, and may decrease the
need for liver biopsy.
Supersonic shear wave imaging is another method
that has been used in the evaluation of liver fibrosis. It
is a new, shear wave-based US elastography technique
that employs a larger, fan-shaped region of interest
[49]
than other modalities . Liver stiffness measurements
were obtained using supersonic shear wave imaging
[55-57]
in patients with many chronic liver diseases
. The
findings indicate that it is a fast, simple and reliable
method for noninvasive assessment of liver fibrosis,
comparable to TE and ARFI. However, there are no
studies at present that have reported evaluation of this
method in patients with NAFLD.

resonance-based elastography (MRE) is superior to
[59]
TE for diagnosing each stage of fibrosis , and has
[60]
good accuracy for diagnosing NASH . Although this
technique is expensive and not widely available, it may
be useful for early detection of NASH in patients with
NAFLD, as necroinflammation and fibrosis have similar
[60,61]
effects on hepatic stiffness
. In contrast, simple
steatosis does not result in any significant increase
[62]
in stiffness . The shear wave length in fibrotic liver
is much longer than it is in healthy liver, and the
elastograms show that fibrotic liver is much stiffer than
[63]
healthy liver .
MRE can be performed before or after the
intravenous gadolinium injections that are routinely
[58]
used for liver studies. Yin et al
showed that liver fat
content, as estimated using a conventional in- and outof-phase imaging technique, did not affect the MRE
assessment of hepatic fibrosis. They also found that
MRE discriminates between patients with moderate
and severe fibrosis (grades 2-4) and those with mild
fibrosis (sensitivity 86%, specificity 85%). Loomba
[64]
et al
prospectively assessed the accuracy of MRE
for predicting advanced fibrosis in 117 patients with
biopsy-proven NAFLD; a threshold of > 3.63 kPa had a
sensitivity of 86%, specificity of 91%, PPV of 68%, and
NPV of 97%. Simple steatosis can be differentiated
from NASH with an accuracy of 93% using a cutoff
[20]
value of 2.74 kPa , whereas NASH with advanced
fibrosis can be detected with 95.4% accuracy using a
[65]
cutoff value of 4.15 kPa .
The most frequent reason for technical failure in
MRE is hepatic iron overload, which can decrease
hepatic signal intensity in gradient echo-based MRE
[61]
sequences to unacceptably low levels . However,
MRE can be performed in obese patients, as it is not
affected by the degree of fatty change in the liver or
[62]
amount of subcutaneous fat . Further studies are
needed to assess cost-effectiveness of using MRE
over other available modalities for the diagnosis of
advanced fibrosis in patients with NAFLD.

LIVER SCINTIGRAPHY
Xenon-133 is a highly fat-soluble gas that concentrates
in fat tissue, and thus was evaluated for use in the
[66]
diagnosis of fatty liver . In a retrospective study of
258 patients suspected of having NAFLD, Al-Busafi
[66]
et al
compared the characteristics of Xenon-133
liver scans to US; of the 35/43 (81.4%) patients with
biopsy-confirmed NAFLD, Xenon-133 scanning had
a sensitivity of 94.3% and a specificity of 87.5%,
compared to 62.9% and 75.0%, respectively, obtained
with US. Furthermore, scintigraphy was accurate in
a subset of overweight patients, with a sensitivity of
93.8% and a specificity of 100%. The results of this
study found that the degree of steatosis as defined by
Xenon-133 liver scans was strongly and significantly
correlated to the histologic degree. Finally, all patients
with advanced fibrosis had positive Xenon-133 scans,

MAGNETIC RESONANCE-BASED
ELASTOGRAPHY
MRE is a phase contrast-based MRI technique that
produces an image using a propagating shear
[58]
wave . Preliminary studies suggest that magnetic
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[67]

the findings reported by Kikuchi et al , a high liver/
spleen uptake ratio would rule out NASH, and patients
with a low ratio could be referred for liver biopsy to
confirm the diagnosis. However, only the one paper
with a limited number of patients has been reported,
and there are no data comparing the results with other
methods.
Mitochondrial function of myocardium and skeletal
99m
muscle can be assessed with
Tc-m-2-methoxyisobutyl-isonitrile (MIBI) scintigraphy. Considering that
hepatic mitochondrial abnormalities contribute to the
[69]
pathogenesis of NASH, Masuda et al
hypothesized
99m
that
Tc-MIBI uptake would be reduced in the liver
of patients with NASH compared to those with simple
steatosis. In their study, 26 cases with biopsy-proven
NAFLD were classified as definitive NASH, borderline
NASH, and non-NASH based on the NAFLD activity
[68]
score , and liver fibrosis was classified according
[70]
99m
to Brunt et al . Patients were subjected to
TcMIBI liver and heart scintigraphy, and hepatic uptake
was calculated as the ratio of mean counts per pixel
within the right upper lobe, to correlate with the
region of liver biopsy. A region of the same size in
the anterolateral wall of the left ventricle of the heart
was measured in order to avoid the influence of the
uptake of the left lobe of the liver. Using these values,
the liver/heart uptake was calculated and used as
an indicator of intrahepatic uptake, as there was no
[69]
suspicion of heart disease among patients . Their
99m
results showed that intrahepatic uptake of
Tc-MIBI
in patients with NASH was significantly lower than that
of patients with simple steatosis (1.42 ± 0.41 and 1.56
± 0.20 in patients with definitive and borderline NASH
vs 2.07 ± 0.29 in non-NASH patients). Moreover, the
liver/heart uptake ratio was significantly correlated
to the NAFLD activity score. This study demonstrates
99m
that
Tc-MIBI scintigraphy can distinguish NASH
from simple fatty liver in a noninvasive manner, while
providing a nonsubjective numerical result. In addition,
there is no additional cost to obtain a liver/heart
99m
uptake ratio in patients for whom
Tc-MIBI heart
scintigraphy is recommended based on cardiologic
indications. However, the technique might be biased if
heart uptake is impaired by non-diagnosed ischemic
heart disease, which frequently occurs in NAFLD
[4]
patients .

Table 1 Advantages and disadvantages of imaging methods in
the identification of the spectrum of nonalcoholic fatty-liver
disease
Imaging
method

Accuracy

US
CT
MRI
TE
ARFI
MRE
Scintigraphy

Steatosis

NASH

Fibrosis

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

0
0
0
0
0
+
++

0
0
0
++
++
+++
0

Risk

Cost

0
+++
++
0
0
++
+

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

ARFI: Acoustic radiation force impulse; CT: Computed tomography;
MRE: Magnetic resonance-based elastography; MRI: Magnetic resonance
imaging; NASH: Nonalcoholic steatohepatitis; TE: Transient elastography;
US: Ultrasound; 0: Absent; +: Low; ++: Intermediate; +++: High.

and all patients with moderate or severe steatosis
measured by scintigraphy were diagnosed with NASH
upon biopsy. However, this method is only able to
detect steatosis, and cannot be sued to distinguish
[66]
between subtypes of NAFLD .
Nevertheless, nuclear medicine may have a larger
contribution regarding the distinction between simple
steatosis and NASH. For example, the enhanced release
of cytokines and the decrease in the phagocytic
activity of Kupffer cells play important roles in the
pathogenesis of NASH. Kupffer cells can be imaged
using radioactive colloids, as they remove technetium99m
99m ( Tc) colloid from circulation by phagocytosis.
[67]
99m
Kikuchi et al
evaluated
Tc-phytate scintigraphy
in 29 patients with NASH and 8 patients with simple
steatosis, diagnosed through liver biopsy according
[68]
to criteria previously published by Kleiner et al .
They measured mean radioactive counts per area in
liver, heart, and spleen to calculate liver/spleen and
spleen/heart uptake ratios. Patients with NASH had
significantly lower liver/spleen uptake ratios than
patients with simple fatty livers, with an AUROC of
0.819 that was independently associated to NASH in
multivariable logistic regression. With a cutoff point
of 2.93, the liver/spleen uptake ratio predicted NASH
with a specificity of 75.0%, a sensitivity of 99.9%,
and positive and negative predictive values of 93.5%
and 99.9%, respectively. Steatosis could also be
distinguished from early stages of NASH (stages 0 and
1) using the liver/spleen uptake ratio. The spleen/heart
uptake ratio was also significantly associated with
[67]
NASH, with higher ratios in patients with NASH .
99m
We consider
Tc-phytate scintigraphy an interesting
method for the evaluation of NAFLD because it is
noninvasive, relatively inexpensive, and widely available.
As it provides a numerical result (i.e., the liver/spleen
uptake ratio), the diagnosis of NASH is less subjective
than for other imaging techniques. Moreover, it can be
used to distinguish fatty liver from NASH, even in earlier
stages. Finally, if studies in other populations validate
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CONCLUSION
Table 1 summarizes the main advantages and dis
advantages of the various imaging modalities for NAFLD
diagnoses. New imaging methods offer promise for
exclusion of advanced liver fibrosis and cirrhosis in
NAFLD patients, but additional studies are needed to
identify their role in prognostication and monitoring of
NAFLD patients before they are used in clinical practice.
Nevertheless, nuclear medicine affords exciting potential
for the evaluation of patients with NAFLD.
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THERAPEUTICS ADVANCES

Technical and instrumental prerequisites for single-port
laparoscopic solo surgery: state of art
Say-June Kim, Sang Chul Lee
devices provides fixed and stable operative images that
are under the control of the operator. Therefore, SPSS
primarily benefits from the provision of the operator’s
eye-to-hand coordination. Because SPSS is an intuitive
modification of SPLS, the indications for SPSS are the
same as those for SPLS. Though SPSS necessitates
more actions than the surgery with a human assistant,
these difficulties seem to be easily overcome by the
greater provision of static operative images and the
need for less lens cleaning and repositioning of the
camera. When the operation is expected to be difficult
and demanding, the SPSS process could be assisted by
the addition of another instrument holder besides the
camera holder.
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Core tip: Solo surgery occurs when one surgeon operates
with only a scrub nurse. The use of a mechanical
camera holder makes such surgery possible. Solo
surgery is particularly useful when it is applied to singleport laparoscopic surgery (SPLS); it is then termed
single-port solo surgery (SPSS). SPSS facilitates a better
operative environment than does SPLS by allowing fixed
and stable images under the operator’s direct control.
SPSS indications include SPLS indications, after the
technique has been mastered. Moreover, total skin-toskin SPSS could be easily realized by the extraperitoneal
application of a retractor system that facilitates incision
making and peritoneal opening.

Abstract
With the aid of advanced surgical techniques and
instruments, single-port laparoscopic surgery (SPLS)
can be accomplished with just two surgical members:
an operator and a camera assistant. Under these
circumstances, the reasonable replacement of a human
camera assistant by a mechanical camera holder has
resulted in a new surgical procedure termed singleport solo surgery (SPSS). In SPSS, the fixation and
coordinated movement of a camera held by mechanical
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resection, right hemicolectomy, low anterior resection,
total proctocolectomy, combined abdominoperineal
resection and cholecystectomy, pancreatectomy and
live kidney donor nephrectomy. When a challenging
operation was expected, the solo surgery could be
assisted by an instrument holder in addition to the
[1]
camera holder . In our experience, the indications
for SPSS are the same as those for SPLS, once the
operator has overcome the learning curve for SPSS,
because SPSS was not designed to discomfort SPLS,
but to comfort SPLS.

INTRODUCTION
Surgical techniques have been continually evolving
and are currently evolving in the direction of increasing
radicality as well as cosmetic effects. Whereas
meticulous lymph node dissection for cancer surgery
represents the pursuit for radicality, the introduction
of laparoscopic surgery represents the pursuit for
cosmetic effects. Interestingly, these efforts have
resulted, perhaps inevitably, in the reduction of human
resources during operations.
The reduction of human resources during operations
can be attributed to the advanced surgical techniques
and instruments. Laparoscopic surgery usually
requires two or three surgical assistants. Recently, the
introduction of single-port laparoscopic surgery (SPLS)
has further reduced the number of the surgical members;
in SPLS, a greater dependence of an operator usually
negates the need for a human assistant holding an
instrument except for the camera. Therefore, SPLS
usually requires just two surgical members, such as an
operator and a camera assistant. This environment
orchestrated by SPLS opened the possibility of solo
surgery.
Solo surgery can be defined as a practice in which a
surgeon operates alone, without other surgical members
[1]
except for a scrub nurse . Several mechanical camera
holders have been invented to facilitate solo surgery.
The fixation and coordinated movement of a camera
held by mechanical devices makes it possible to
perform solo surgery. In SPLS, the operating surgeon
governs the whole operative process through bimanual
manipulation, while an assistant guides the laparoscopic
camera. Therefore, the simple replacement of a
human assistant by a mechanical camera holder in
SPLS makes solo surgery possible. We herein termed
the SPLS driven by solo surgery as single-port solo
surgery (SPSS); therefore, solo surgery includes
SPSS. Currently, SPSS has been rarely reported, and
thus, the role of SPSS in surgical operations should be
determined.

Advantages and disadvantages of solo surgery

Solo surgery is achieved by utilizing a camera holder
rather than a human camera assistant. Since the
manipulation of the laparoscope is at the operator’s
will, solo surgery can overcome the main disadvantage
of laparoscopic surgery; namely, the dissociation
between the operator’s eye and hand. Laparoscopy has
revolutionized surgical operations by providing a novel
way to reach target organs. Thereby, it significantly
reduces abdominal wall injuries and speeds the patient’
s recovery. However, in contrast to open surgery, in
laparoscopic surgery, the surgeon cannot control the
operative field for himself or herself. This indirect way
of observing and manipulating hinders coordinated
surgical procedures, especially in challenging and
complicated operations. Laparoscopy can sometimes
lead to communication problems between the surgeon
and the assistant and to unstable camera images
when the assistant has to stand fixed for a long time.
It has been reported that unsteady camera images
directly hinder the performance of goal-directed hand
[2]
movements . Solo surgery provides fixed and stable
images under the direct control of the operator himself
or herself. Therefore, solo surgery can be the best way
to overcome these shortcomings.
In addition, solo surgery helps economize staff
numbers, thus helping to reduce health care costs.
In South Korea and certain other countries, a decline
in residency applications to surgical departments
has produced manpower shortages in a number of
hospitals. Under these circumstances, solo surgery
paves the way for accommodating larger numbers
of operations with limited manpower. Moreover, solo
surgery provides sufficient room for an operating
surgeon. The shortcomings of SPLS are related not
only to the crowding and clashing of instruments but
also to the discomfort that arises from being obliged to
share a small space with an assistant. In solo surgery,
the surgeon can freely use the available space, which
not only provides a comfortable environment but also
enables the surgeon to perform various procedures
freely and conveniently (Figure 1).
There are several considerations in performing solo
surgery. The most serious shortcoming of solo surgery
is the potential for time lags between an emergency
arising and its surgical control, which can be delayed

Indications for SPSS

Initially, SPSS can be applied to operations accom
plished within a single abdominal quadrant, because
these kinds of operations do not require the camera
to be frequently repositioned. Such operations
include appendectomies, cholecystectomies, and
splenectomies. Moreover, as operators’ experience
increases, SPSS indications could be extended to
include trans-quadrant operations and even surgeries
for malignant diseases. Our institution initiated SPLS
in October 2008 and SPSS in September 2012. During
that time, we have performed a number of operations
using the SPSS technique, including small bowel
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Figure 1 Operative illustrations comparing single-port laparoscopic surgery and single-port solo surgery. Compared with SPLS, SPSS enables the solo
surgeon to use the available space more freely. SPLS: Single-port laparoscopic surgery; SPSS: Single-port solo surgery.

solo surgery describes the surgery in which total,
skin-to-skin involvement of solo procedure is used,
and partial solo surgery describes the surgery in
which solo surgery is only a part (i.e., laparoscopic
surgery) of the total operation. Therefore, total solo
surgery includes solo performance of extraperitoneal
procedures, including incision making and peritoneal
opening. For this purpose, operators can use the Lone
Star Retractor System (Cooper Surgical, Trumbull, CT)
with 3-mm sharp disposable hooks (Cooper Surgical)
[3]
(Figure 2) . The Lone Star Retractor System is a selfretaining retractor that was originally designed for the
superior visualization of anal procedures (e.g., anorectal
anastomoses), and it can therefore successfully
replace human personnel who help visualize optimal
skin incision. Just as a camera holder is used for the
intraperitoneal procedures, so the Lone Star retractor
provides sufficient operative vision for extraperitoneal
procedures in total solo surgery.

Figure 2 Utilization of a Lone Star Retractor System for umbilical access
during single-port solo surgery. SPSS: Single-port solo surgery.

due to later arrival of surgical personnel. To cope
with unexpected emergencies, there should be an
agreement of temporal (the time interval before the
arrival of surgical members) surgical assistance by the
personnel in an operating room. Next, the positioning
of the fixed camera holder itself occasionally hinders
the operative procedure, which can be overcome by
repositioning. Finally, solo surgery obligates the solo
surgeon to make important surgical decisions alone
during surgery by disallowing discussion between
surgical members, allows the solo surgeon feel
loneliness, and does not provide appropriate residency
training.

Passive camera holder

Camera holders utilized during solo surgery can be
divided into passive and active camera holders; the
former are manually controlled and the latter are
[1]
driven by electrical motors . A passive camera holder
is composed of several bars connected by a ball-joint
system. Its base is anchored to the operating table
rail, and its tip usually grasps the camera by a clamp.
When using passive camera holders, it is important
to determine whether single-handed repositioning is
possible, as that increases operative convenience.
Passive camera holders can be subdivided according
to whether or not they enable single-handed repositioning
(Figure 3). Passive camera holders that enable singlehanded repositioning include Unitrac (AESCULAP,
[4,5]
[6]
Tuttlingen, Germany) , Endofreeze (AESCULAP) ,

INSTRUMENTAL EQUIPMENT
Lone star retractor

According to the proportion of solo procedures needed
for a surgical procedure, solo surgery can be divided
into total solo surgery and partial solo surgery. Total
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Figure 3 Passive camera holders. They can be subdivided into products that facilitate single-handed repositioning (A-C) and the products that do not (D-F).
A: Unitrack (AESCULAP, Tuttlingen, Germany); B: Endofreeze (AESCULAP); C: Laparostat (CIVCO, Carolville, IA); D: Martin arm (Gebuder Martin, Tuttlingen,
Germany); E: Karl Storz Holding system (Karl Storz, Tullingen, Germany); F: Assisto (GEOMED, Tuttlingen, Germany).
[7]

and Laparostat (CIVCO, Carolville, IA) . The ball joints
enabling single-handed repositioning are pneumatically
blocked, making it possible to reposition them with just
one hand. The reposition is usually accomplished by
pressing a button or by providing adjustable friction.
In addition, passive camera holders that do not
allow single-handed repositioning include Martin arm
[4,8,9]
(Gebuder Martin, Tuttlingen, Germany)
, Karl Storz
[10]
Holding systems (Karl Storz, Tullingen, Germany) ,
[11]
and Assisto (GEOMED, Tuttlingen, Germany) . After
repositioning, they should be manually locked using a
knob; one hand releases the brake and the other hand
repositions the holder.
Regardless of whether single-handed repositioning is
possible, releasing and repositioning the holder can be
troublesome during operative procedures. However, there
are reports that these activities do not prolong operation
[8,12]
times
, which may be attributed to a highly reduced
[8,12]
number of camera movements
and to the provision
[9,12]
of a more stable image
. The operative procedure
cannot be advanced during camera repositioning either
by a human assistant or by a passive holder. Therefore,
surgeons indicate that the time interval consumed for
repositioning the camera does not prevent the coordinated
process of operation.

A number of user interfaces have been developed
to replace the manual release of the camera holder
during repositioning, including head movements, voice
[13-15]
control, and finger- and foot activated switches
.
These are convenient ways of controlling the camera;
however, they may be less intuitive and slower than
passive holders because one controlling activity allows
just one degree of freedom.
One of the well-known active camera holders is
the AESOP robot (Automated Endoscopic System
for Optimal Positioning robot; Computer Motion,
[8,12,14-20]
Coletta, CA)
. It consists of a robotic endoscopic
positioning system with an elbow-shaped arm capable
of moving the endoscope driven by hand, foot, or voice
[8]
control (Figure 4A). Another representative active
camera holder that incorporates an electromechanical
arm is the EndoAssist (Armstrong Healthcare Ltd, High
[8,15,21]
Wycombe, United Kingdom)
. The EndoAssist
uses a head-motion navigation system (Figure 4B).

Instrument holder

Complicated laparoscopic solo surgery procedures can
be assisted by another instrument holder in addition to
a camera holder. Because the retracting procedure is
static, it seems appropriate to use a passive holder for
the retraction. In solo surgery using two passive holders,
operators should pay attention to the positioning of these
holders because the fixation of the camera holders
occasionally hinders the convenience of the operative
procedure.

Active camera holder

An active camera holder is a motorized camera holder
that is typically composed of a machine body and an
arm. Various user interfaces determine the way of
controlling the electric motor. These holders are not
completely autoclavable because of their large capacity
and the built-in motor; therefore, during surgery, they
are used wrapped with sterile drapes except for the
autoclavable portion.
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A

B

AESOP

At this time, two or three transfascial stay sutures are
pre-established to facilitate later fascial closure at the
end of surgery.
For performing SPSS, one can choose any type
of single-port designed for SPLS to one’s taste. We
typically used Glove port (431AT-2W; Nelis, Bucheon,
South Korea). After the establishment of the single
port, the abdomen is insufflated with CO2 to a pressure
of 12 mmHg. Then, the solo surgeon installs active
or passive camera holder. In our institution, we used
a passive camera holder (Karl Storz Holding Systems
combining 28172 HR, 28172 HA, and 28172 UL). It
has a lockable joint mechanism and five joint functions,
which ensure exact positioning of the instrument.
The standard laparoscopic 5-mm camera (Full HD
Laparoscope 5 mm; AESCULAP) is attached to the
camera holder. After attainment of best surgical vision,
the laparoscope is fixed using the camera holder (Figure
5A). Thereafter, the solo surgeon can perform the
surgical procedure with a bimanual maneuver (Figure
5B). The following surgical procedure does not differ
significantly from SPLS. Likewise, throughout the full
skin-to-skin procedure, only one surgeon is involved in
the procedure.

EndoAssist

Figure 4 Active camera holders. A: AESOP robot (Automated Endoscopic
System for Optimal Positioning robot; Computer Motion, Coletta, CA); B:
EndoAssist (Armstrong Healthcare Ltd, High Wycombe, United Kingdom).
AESOP and EndoAssist act according to voice and head-motion signals,
respectively.

A

B

Surgical outcomes of solo surgery: Related studies

Passive camera holders were compared with human
[9,12]
[8]
camera assistants in clinical
and phantom experi
ments with no significant differences in the operation
time. However, it was reported that the time related
to setting up and breaking down was prolonged in the
passive holder group.
There have been also several studies comparing
laparoscopic surgery assisted by either a human assistant
[12-14,19,20,22-24]
or an active camera holder in clinical
and
[8,25]
phantom experiments
. The operator was more
aware of the fact that he or she was focused on the
operation using the active camera holder, possibly
due to fewer lens cleanings, and the operation time
with the active holders was at best equal to those with
human assistants. However, set-up and break-down
time was prolonged in the active holder group. The
use of active holders was also supported by a number
of papers in terms of efficiency, safety, and provision of
[12,16,22]
stable operative images
. In a study, two active
holders - AESOP and Endosista - were compared, and
AESOP was found to be quicker and more accurate in
[15]
repositioning .
Active and passive camera holders and human
assistants were also compared. In a study comparing
active (AESOP) and passive (PASSIST) camera holders
and human assistants, both holders resulted in a
[12]
similar operative proficiency and operation time . In
addition, the use of these camera holders significantly
decreased the number of camera repositioning actions
compared to human assistance. In a laboratory setting
of phantom cholecystectomy, the human assistant
groups showed the shortest operation time, and the

Figure 5 Preparation and performance of single-port solo surgery. A: After
the placement of a single port, the laparoscope is attached to the mechanical
camera holder (Karl Storz holding system); B: The operation is carried out by a
single surgeon after attainment of a stable visual field by the laparoscope fixed
by the mechanical camera holder.

solo surgeon. Only one operative monitor is required
for SPSS; the monitor is placed on the opposite site of
the operator (Figure 1).
After routine painting and draping of the patient,
a vertical 10-mm long transumbilical skin incision
is made. Thereafter, a Lone Star retractor (3307G,
Cooper Surgical, Trumbull, CT) is applied on the skin
(Figure 2). The Lone Star Retractor System consists
of self-retaining retractor rings and elastic stays.
After putting the Lone Star Retractor centered in the
umbilicus, the first stay (3311-8G, 3-mm sharp hook,
Cooper Surgical) is placed. The stay is pulled in the
desired direction with the desired tension and is then
placed in one of the slots of the retractor. Likewise,
four stay sutures are placed counter-directionally to
maximally expose the fascial layer of the umbilicus.
With the fully exposed fascial layer, the fascia is
transversely incised and the peritoneum is entered.

WJG|www.wjgnet.com

4444

April 21, 2015|Volume 21|Issue 15|

Kim SJ et al . Single-port solo surgery
passive holder group (Tiska and Martin arm) ranked
next; the active holder groups (AESOP, Endosista,
[8]
and FIPS) showed the longest operation time . The
authors concluded that the combination of two passive
holders, one for the scope and one for the instrument,
is the optimal combination for cholecystectomy during
solo surgery.

7

CONCLUSION

10

8

9

As the SPLS technique has been widely performed,
SPSS indications have been extended to include
operations covering multiple quadrants and even
malignant diseases. Solo surgery using either active or
passive holders is intuitive and proficient by allowing
eye-and-hand coordination, and provide more static
and stable operative images compared to surgery
performed with human assistants. Although solo
surgery necessitates more actions and longer operative
times than surgery with human assistants, these
difficulties seemed to be outweighed by the greater
provision of stable operative images and a reduced
need for lens cleaning and camera repositioning
actions. When a challenging operation is encountered,
the solo surgery could be assisted by the addition of
another instrument holder besides a camera holder.
To date, the use of a passive rather than an active
camera holder seems to be the most beneficial,
considering the relative advantages in terms of cost,
convenient usage, and equivalent surgical outcomes.
Regarding passive camera holders, we recommend the
use of holders that enable single-handed repositioning
because of their convenience. Moreover, total skinto-skin solo surgery could be easily realized by the
extraperitoneal application of the Lone Star Retractor
system, which facilitates incision making and peritoneal
opening.

11

12

13

14

15

16

17
18
19

REFERENCES
1

2
3
4
5

6

Jaspers JE, Breedveld P, Herder JL, Grimbergen CA. Camera and
instrument holders and their clinical value in minimally invasive
surgery. Surg Laparosc Endosc Percutan Tech 2004; 14: 145-152
[PMID: 15471021]
Mohrmann-Lendla H, Fleischer AG. The effect of a moving
background on aimed hand movements. Ergonomics 1991; 34:
353-364 [PMID: 2055220 DOI: 10.1080/00140139108967319]
Lone Star Retractor System. 2014, December 11. Available from:
URL: http://coopersurgical.com/Our-Brands/Lone-Star-RetractorSystem
Melzer A, Buess G, Cuschieri A. Instrument for endoscopic
surgery. In: Cuschieri A, editors. Operative manual of Endoscopic
Surgery 1992; 14-36
Lee YS, Jeon HG, Lee SR, Jeong WJ, Yang SC, Han WK. The
feasibility of solo-surgeon living donor nephrectomy: initial
experience using video-assisted minilaparotomy surgery. Surg
Endosc 2010; 24: 2755-2759 [PMID: 20383533 DOI: 10.1007/
s00464-010-1040-z]
Arezzo A, Schurr MO, Braun A, Buess GF. Experimental
assessment of a new mechanical endoscopic solosurgery system:
Endofreeze. Surg Endosc 2005; 19: 581-588 [PMID: 15759198
DOI: 10.1007/s00464-003-9132-7]

WJG|www.wjgnet.com

20

21

22

23

24

4445

Laparostat. 2014, December 11. Available from: URL: https://
www.yumpu.com/no/document/view/20462143/laparostattm-kitcivco-medical-solutions
Arezzo A, Ulmer F, Weiss O, Schurr MO, Hamad M, Buess GF.
Experimental trial on solo surgery for minimally invasive therapy:
comparison of different systems in a phantom model. Surg Endosc
2000; 14: 955-959 [PMID: 11080411]
Laporte E, Arner, AM, Garcia San Pedro A. Usefulness of a arm
supporting the camera of video-endoscopy. A comparative study
with manual guidance: Proceedings 9th Int Congr EAES, 2001
KARL Storz Holding systems. 2014, December 11. Available from:
URL: https://www.karlstorz.com/cps/rde/xbcr/karlstorz_assets/
ASSETS/2193450.pdf
Robotics in endoscopic surgery: can mechanical manipulators
provide a more simple solution for the problem of limited degrees
of freedom? Minim Invasive Ther Allied Technol 2001; 10: 289-293
[PMID: 16754031 DOI: 10.1080/136457001753337456]
den Boer KT, Bruijn M, Jaspers JE, Stassen LP, Erp WF, Jansen
A, Go PM, Dankelman J, Gouma DJ. Time-action analysis of
instrument positioners in laparoscopic cholecystectomy. Surg
Endosc 2002; 16: 142-147 [PMID: 11961625 DOI: 10.1007/
s004640090127]
Gillen S, Pletzer B, Heiligensetzer A, Wolf P, Kleeff J, Feussner
H, Fürst A. Solo-surgical laparoscopic cholecystectomy with a
joystick-guided camera device: a case-control study. Surg Endosc
2014; 28: 164-170 [PMID: 23990155 DOI: 10.1007/s00464-0133142-x]
Kalteis M, Pistrich R, Schimetta W, Pölz W. Laparoscopic
cholecystectomy as solo surgery with the aid of a robotic camera
holder: a case-control study. Surg Laparosc Endosc Percutan
Tech 2007; 17: 277-282 [PMID: 17710048 DOI: 10.1097/
SLE.0b013e31806030ae]
Yavuz Y, Ystgaard B, Skogvoll E, Mårvik R. A comparative
experimental study evaluating the performance of surgical robots
aesop and endosista. Surg Laparosc Endosc Percutan Tech 2000;
10: 163-167 [PMID: 10872979]
Merola S, Weber P, Wasielewski A, Ballantyne GH. Comparison
of laparoscopic colectomy with and without the aid of a robotic
camera holder. Surg Laparosc Endosc Percutan Tech 2002; 12:
46-51 [PMID: 12008762]
Roe DB, Wang Y. A voice-controlled network for universal control
of devices in the OR. Minim Invasive Ther Allied Technol 2000; 9:
185-191 [PMID: 20156013 DOI: 10.1080/13645700009169646]
Sackier JM, Wang Y. Robotically assisted laparoscopic surgery.
From concept to development. Surg Endosc 1994; 8: 63-66 [PMID:
8153867]
Fujii S, Watanabe K, Ota M, Yamagishi S, Kunisaki C, Osada
S, Ike H, Ichikawa Y, Endo I, Shimada H. Solo surgery in
laparoscopic colectomy: a case-matched study comparing robotic
and human scopist. Hepatogastroenterology 2011; 58: 406-410
[PMID: 21661404]
Proske JM, Dagher I, Franco D. Comparative study of human and
robotic camera control in laparoscopic biliary and colon surgery.
J Laparoendosc Adv Surg Tech A 2004; 14: 345-348 [PMID:
15684779 DOI: 10.1089/lap.2004.14.345]
Gilbert JM. The EndoAssist robotic camera holder as an aid to the
introduction of laparoscopic colorectal surgery. Ann R Coll Surg
Engl 2009; 91: 389-393 [PMID: 19409150 DOI: 10.1308/0035884
09X392162]
Aiono S, Gilbert JM, Soin B, Finlay PA, Gordan A. Controlled trial
of the introduction of a robotic camera assistant (EndoAssist) for
laparoscopic cholecystectomy. Surg Endosc 2002; 16: 1267-1270
[PMID: 12235507 DOI: 10.1007/s00464-001-9174-7]
K i m u r a T , U m e h a r a Y, M a t s u m o t o S . L a p a r o s c o p i c
cholecystectomy performed by a single surgeon using a visual field
tracking camera: early experience. Surg Endosc 2000; 14: 825-829
[PMID: 11000362]
Niebuhr H, Born O. [Image tracking system. A new technique for
safe and cost-saving laparoscopic operation]. Chirurg 2000; 71:
580-584 [PMID: 10875019]

April 21, 2015|Volume 21|Issue 15|

Kim SJ et al . Single-port solo surgery
25

Buess GF, Arezzo A, Schurr MO, Ulmer F, Fisher H, Gumb
L, Testa T, Nobman C. A new remote-controlled endoscope

positioning system for endoscopic solo surgery. The FIPS endoarm.
Surg Endosc 2000; 14: 395-399 [PMID: 10790562]
P- Reviewer: Iso Y, Karakus OZ, Surlin V S- Editor: Ma YJ
L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

4446

April 21, 2015|Volume 21|Issue 15|

World J Gastroenterol 2015 April 21; 21(15): 4447-4456
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i15.4447

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
2015 Advances in Liver Transplantation

Management of hepatitis C infection before and after liver
transplantation
Stefano Fagiuoli, Roberto Ravasio, Maria Grazia Lucà, Anna Baldan, Silvia Pecere, Alessandro Vitale, Luisa Pasulo

Abstract

Stefano Fagiuoli, Maria Grazia Lucà, Anna Baldan, Silvia
Pecere, Luisa Pasulo, Gastroenterology and Transplant
Hepatology, Papa Giovanni XXIII Hospital, 24127 Bergamo,
Italy
Roberto Ravasio, PHarmES Milano, 20133 Milano, Italy
Alessandro Vitale, Liver Transplantation and Hepatobiliary
Surgical Unit, Padua University Hospital, 35122 Padua, Italy
Author contributions: All authors made substantial contri
butions to analysis and interpretation of data, drafting the article
or making critical revisions related to important intellectual
content; and gave final approval of the version of the article to
be published.
Conflict-of-interest: Stefano Fagiuoli has lectured or been
involved in Advisory boards for MSD, Gilead, BMS, Janssen,
Bayer, Roche, Novartis, Biotest, Kedrion and Abbvie. Roberto
Ravasio, Maria Grazia Lucà, Anna Baldan, Silvia Pecere,
Alessandro Vitale and Luisa Pasulo, have no interests which
might be perceived as posing a conflict or bias.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dr. Stefano Fagiuoli, U.S.C Gastro
enterology and Transplant Hepatology, Papa Giovanni XXIII
Hospital, Piazza OMS, 1, 24127 Bergamo,
Italy. sfagiuoli@hpg23.it
Telephone: +39-035-2673459
Fax: +39-035-2674964
Received: December 19, 2014
Peer-review started: December 21, 2014
First decision: January 22, 2015
Revised: February 11, 2015
Accepted: March 12, 2015
Article in press: March 12, 2015
Published online: April 21, 2015

WJG|www.wjgnet.com

Chronic hepatitis C (CHC) is the most common indication
for liver transplantation (LT). Aggressive treatment
of hepatitis C virus (HCV) infection before cirrhosis
development or decompensation may reduce LT need
and risk of HCV recurrence post-LT. Factors associated
with increased HCV risk or severity of recurrence include
older age, immunosuppression, HCV genotype 1 and
high viral load at LT. HCV recurrence post-LT leads to
accelerated liver disease and cirrhosis development
with reduced graft and patient survival. Currently,
interferon (IFN)-based regimens can be used in dualagent regimens with ribavirin, in triple-agent antiviral
strategies with direct-acting antivirals (e.g. , protease
inhibitors telaprevir or boceprevir), or before transplant
in compensated patients to reduce HCV viral load to
prevent or reduce the risk of post-LT recurrence and
complications; they cannot be used in patients with
decompensated cirrhosis. IFN-based regimens are used
in less than half of HCV-infected patients waiting for
LT due to extremely low efficacy and poor tolerability.
However, antiviral therapy is indicated after LT in patients
with histologically confirmed CHC despite tolerability
issues. Improvements in side effect management have
increased survival in patients achieving therapeutic
targets. HCV treatment pre- and post-LT results in
significant health care costs especially when lack
of efficacy leads to disease worsening, although
studies have shown sofosbuvir treatment before LT
vs conventional post-LT dual antiviral is cost effective.
The suboptimal efficacy and tolerability of IFN-based
therapies, plus the significant economic burden, means
the need for effective and well tolerated IFN-free antiHCV therapy for pre- and post-LT remains high.
Key words: Hepatitis C virus; Orthotopic liver trans
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treatment after LT is poorly tolerated due to severe side
effects (particularly anemia and infections) resulting in
[6]
poor outcomes . Hence, while major advances have
been seen in the treatment of CHC in immunocompetent
patients, outcomes in immunosuppressed LT recipients
[6]
are still far from optimal , and the need for effective
and well tolerated anti-HCV therapy both pre- and postLT remains high.
This narrative review examines the clinical app
roach, efficacy, tolerability and pharamacoeconimcs of
antiviral therapy, as well as novel therapies, in patients
with CHC in the LT setting.

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

Core tip: This paper discusses alternative treatment
options for patients with hepatitis C virus (HCV)
undergoing liver transplantation (LT), particularly those
with decompensated cirrhosis in whom interferon
(IFN)-based therapy is contraindicated. Virtually all
patients undergoing LT experience HCV recurrence
leading to accelerated liver disease and cirrhosis
development with reduced graft and patient survival.
Novel IFN-free antiviral therapies featuring better
efficacy and tolerability in such patients shall increase
sustained virologic response rates while decreasing
side effects and drug interactions, thus preventing
progression of HCV-related liver disease, decreasing
the general costs associated with both HCV treatment
and worsening of patient health.

Methodology

Papers included in this narrative review were identified by
an electronic search of PubMed; search terms included
“hepatitis C virus”, “cirrhosis”, “liver transplantation”,
“hepatic transplantation” and “interferon-free treatment”.
Relevant studies (those relating to human subjects)
were then selected from the results, and from biblio
graphies of relevant reviews and the author’s own
experience. For the purposes of this review, the results
from the literature search were group into 8 sections/
discussion points: (1) patient screening/eligibility;
(2) response to therapy and mortality; (3) efficacy
of therapy; (4) tolerability; (5) novel therapies; (6)
pharmacoeconomics of treatment; and (7) conclusions.

Fagiuoli S, Ravasio R, Lucà MG, Baldan A, Pecere S, Vitale
A, Pasulo L. Management of hepatitis C infection before
and after liver transplantation. World J Gastroenterol 2015;
21(15): 4447-4456 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i15/4447.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4447

ELIGIBILITY FOR ANTIVIRAL THERAPY
The most reliable way to prevent post-transplantation
HCV-recurrence is to cure the infection before LT.
Unfortunately antiviral therapy is not feasible in
approximately half of HCV infected patients requiring
[1,10]
LT, due to the contraindications mentioned above
.
In addition, sustained virologic response (SVR) rates
are typically lower in cirrhotic patients, especially in
those infected by genotype-1 HCV.
Therefore, patients must be carefully selected for
IFN-based treatment. Patients eligible for antiviral
therapy prior to LT include those with maintained
liver function (Child-Pugh A cirrhosis) and some with
Child-Pugh stage B cirrhosis (albumin > 3.5 g/dL and
3
[11,12]
> 100000/mm platelets
who have predictors of
[1]
good response . In these patients, treatment should
be started promptly, with the aim of achieving SVR to
[1]
avoid LT or post-LT HCV recurrence .
Until 2011, dual IFN-based therapy such as pegylated
interferon alpha (PEG-IFNα) plus ribavirin (RBV) was
standard HCV treatment for all patients. Since the
introduction in 2011 of the first two direct-acting
antiviral agents (DAAs), the protease inhibitors (PIs)
telaprevir (TVR) and boceprevir (BOC), triple therapy (TVR
or BOC plus PEG-IFN plus RBV) has become standard
treatment in eligible patients with HCV genotype 1
[1]
infection .
Reviews on first generation PIs used in the pre- and
post-transplant setting reported higher SVR rates vs

INTRODUCTION
In Europe, approximately 8 million people are infected
[1]
with hepatitis C virus (HCV) . Untreated chronic
hepatitis C (CHC) leading to cirrhosis, and, ultimately,
end-stage liver disease (ESLD), is the most common
indication for orthotopic liver transplantation (LT);
CHC accounts for approximately 28%-40% of all LTs
[2]
according to 2011 United States data . In Italy, HCV[3]
related ESLD accounts for 30%-40% of LTs .
HCV infection recurs virtually universally after LT and
histologically documented CHC develops in approximately
[4]
70% of patients during the first year after LT . Factors
associated with increased risk and/or severity of HCV
infection recurrence include donor and recipient age,
quality of the graft, immunosuppression, HCV and IL28B
[1,5]
genotypes, viral load, and cytomegalovirus infection .
Aggressive HCV treatment before development of
cirrhosis or hepatic decompensation can prevent the
need for transplantation or reduce the risk of post-LT
[1,5,6]
recurrence
. HCV recurrence post-LT can lead to
accelerated liver disease: 20%-30% of patients with
recurrent HCV develop cirrhosis in the graft liver within
5 years, with significantly reduced allograft and patient
[7,8]
survival .
At present, interferon (IFN)-based regimens are
contraindicated in many patients with cirrhosis and
[9]
in all with decompensated disease . IFN-based HCV
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[18]

PEG-IFN/RBV even in patients with advanced disease.
However, side effects and drug-drug interactions will
possibly hamper and limit their use in both transplant
scenarios; thus, a careful selection and monitoring of
[13,14]
patients will be crucial
.

for ≥ 48 wk . However, extending treatment to
beyond 48 wk might be a concern due to tolerability
issues, with higher treatment discontinuation rates
[19-21]
reported
. Furthermore, in the LT setting, many
patients do not achieve an SVR even with 48 wk’
treatment. More effective agents would allow shorter
treatment regimens.

RELATIONSHIP BETWEEN ANTI-HCV
THERAPY RESPONSE AND MORTALITY

Pre-LT antiviral therapy

Pre-LT antiviral therapy reduces the risk of post[5]
LT HCV recurrence . All patients with detectable
HCV at the time of transplantation will develop an
infection post-transplant, leading to CHC in most
patients and cirrhosis in 5%-30% and progressive
graft failure and death at 3 years in 27% and 34%,
[10,22-24]
respectively
. Therefore, virus eradication or an
undetectable HCV viral load before LT dramatically
[1,5,7]
improves patient prognosis
. Unfortunately,
patients with progressive CHC needing LT often have
other factors associated with poor or slow response
to IFN-based treatment (e.g., older age, male gender,
chronic alcohol consumption, obesity, type 2 diabetes
and immunosuppression, hypersplenism) and worse
[1]
tolerance to therapy .
A study evaluating the efficacy of IFNα-2b 3 MU/d
and RBV 800 mg/d to prevent HCV recurrence in 30
HCV-cirrhotic patients awaiting LT showed an SVR in
9 patients (30%) and non-response in 21. A viral load
decrease ≥ 2 log at week 4 was the strongest predictor
of virological response. Of the nine responders who
underwent LT, six remained free of infection at median
[9]
46-wk follow-up .
In another study which evaluated the effectiveness,
tolerability, and outcome of a low accelerating dose
regimen of antiviral therapy in the treatment of
patients with advanced HCV (63% with cirrhosis,
mean Child-Pugh score 7.4 ± 2.3), 46% were HCV
RNA-negative at EOT and the SVR rate was 24% (13%
[25]
and 50% in genotype 1 and non-1; P < 0.0001 .
In a long-term follow-up, 12/15 (80%) of those
with undetectable HCV-RNA before transplantation
[25]
remained HCV-negative ≥ 6 mo or post-LT . In a
randomized controlled trial in 79 HCV-infected patients
waiting for LT, 59 received PEG-IFN/RBV initiated at
0.75 μg/kg per week per 600 mg/d and escalated to
the maximal tolerated dose, and 20 were untreated
[26]
controls . The combined virologic response [CVR;
pre-LT SVR and post-LT virologic response (pTVR)]
rates in the intent-to-treat analysis were 19% in the
treated group and 6% for control (P = 0.29). The
difference was significant in the per protocol analysis
(22% vs 0%, P = 0.03) and the pTVR rate increased
[26]
with treatment duration (P = 0.01) .
Currently, there are no published studies on the
use of PI-based regimens TVR and BOC in patients
[1]
with very advanced liver disease prior to LT .
A small study presented in abstract form at EASL
2014, showed that unspecified triple therapy in

SVR is the most widely accepted indication of clinical
response in HCV infection and offers a surrogate
marker of cure. SVR can be achieved as early as
12 wk after the start of treatment. However, the
gold standard definition worldwide is the absence of
detectable HCV-RNA in the serum after 24 wk from
[1]
the end of treatment (EOT) . In patients awaiting
LT, achieving SVR reduces the risk of graft reinfection
and consequently is predictive of a reduced risk of
[1]
retransplantation . The relationship between SVR
and reduced liver-related mortality rate in LT has been
[15-17]
shown in several studies
. A meta-analysis showed
that achieving SVR is associated with substantially
lower liver-related morbidity and mortality (RR = 0.23;
[16]
95%CI: 0.10-0.52) . The risk of HCC and hepatic
decompensation is also lower in patients achieving an
[15,16]
SVR vs those who have failed treatment
. In a large
long-term mortality study in 530 patients with CHC
and advanced fibrosis receiving IFN-based treatment,
36% achieved an SVR and the 10-year cumulative allcause mortality rate was 8.9% in patients with SVR
and 26.0% in those without (P < 0.001; HR = 0.26;
[17]
95%CI: 0.14-0.49) .

EFFICACY OF ANTIVIRAL THERAPY IN
THE LT SETTING
Due to a wide range of demographic, disease-related,
genetic and treatment-related factors, response rates
with anti-HCV treatment vary enormously in the pre[1]
and post-LT setting .

Duration of current antiviral therapy

Selecting the appropriate duration of treatment in a
single patient for the achievement of SVR is a crucial
issue and it is guided mainly by liver disease severity,
the viral genotype, and on-treatment early virologic
[1]
responses (EVRs; weeks 4 and 12) .
Host polymorphisms located upstream of the
IL28B gene are associated with a high chance of rapid
virological response (RVR) and SVR with PEG-IFNα/
RBV in HCV genotype 1-infected patients. Genotyping
of IL-28B polymorphisms may be useful for predicting
treatment outcome as well as estimating the optimal
duration of PEG-IFN/RBV combination therapy for viral
eradication; patients with a favorable IL28B genotype
receiving treatment for a standard duration, and those
with an unfavorable genotype receiving treatment
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Triple therapy regimens

selected HCV-cirrhotic patients on the LT waiting list
prevented re-infection post-LT in 7 of 8 patients and
[27]
none developed rejection .

Triple therapy is recommended in patients with his
[1]
tologically proven CHC and HCV genotype 1 . Studies
and case reports of triple therapy are summarized in
Table 1. Of note, treatment durations were generally
shorter than for dual therapy but many of the studies
and case reports did not report SVR rates.
In a cohort study of LT recipients with HCV recurrence,
12 wk’ BOC or TVR therapy, an SVR12 (undetectable
HCV RNA 12 wk after EOT) was achieved in 71% (5/7)
and 20% (1/5), with BOC and TVR, respectively (P =
0.24). Increased risk of anemia, drug-drug interactions
[37]
and infections require close monitoring .

Post-LT antiviral therapy

There is a lack of consensus as to when antiviral
therapy should be initiated following transplantation.
There are three common approaches to treat HCVrecurrence after LT: (1) pre-emptive treatment given
to all patients at or immediately after LT; (2) early
treatment of acute hepatitis; and (3) and treatment
[3,28-30]
of established CHC
. Since only 30% of patients
will progress to cirrhosis, the pre-emptive approach
is unjustified in the majority of patients and too
risky for critical patients; therefore, this approach
is not recommended. Some studies suggest that
early treatment of acute hepatitis is a safe approach
[28]
resulting in one third of patients achieving an SVR ,
while studies investigating treatment response in
[30]
established hepatitis show SVR rates from 21%-67% .

TVR and BOC-based therapy

A 12-wk pilot study showed that TVR-based triple
therapy was effective in post-LT patients with HCV
[38]
genotype 1 . TVR/PEG-IFN/RBV therapy, plus
immunosuppressive therapy, was effective within 4-12
wk in 8/9 patients and drug interactions and adverse
[38]
events (AEs) were managed adequately . In a
retrospective follow-up study, 5/9 patients completed
the full 48 wk’ therapy and five achieved SVR (including
one patient who received < 48 wk treatment);
management of drug-drug interactions and severe AEs
[38]
was challenging, but feasible .
TVR has been used successfully for post-LT HCV
[39-43]
treatment in combination with PEG-IFNα/RBV
,
[44]
and with TAC . In a case series of 12 post-LT patients
with HCV genotype 1 receiving CyA, TVR/PEG-IFN/
RBV was effective and safe; the main AE, anemia,
[39]
was manageable . Two post-LT studies in patients
with recurrent HCV genotype 1 showed that TVR triple
therapy was effective and well tolerated in the majority
[42]
of patients used with CyA (n = 7) and with TAC and
[40]
everolimus (n = 6) . A case report also showed that
TVR/TAC + PEG-IFN/RBV in two patients post-LT, one
with cholestatic hepatitis and one with aggressive HCV
recurrence (genotypes not reported) was safe with
[44]
careful monitoring and tacrolimus dose adjustment .
Recent interim data from the telaprevir phase 3
replace study in treatment-naive stable LT patients
with HCV genotype 1, showed TVR/PEG-INF/RBV
[41]
resulted in an SVR12 in 19 of 32 patients (59.6%) .
In a retrospective analysis of data from 14 HCV
G1 patients treated for HCV recurrence after LT with
TVR/PEG-IFN/RBV triple therapy [mean treatment
duration 47 (2-168) mo], 35.7% (5/14) achieved SVR
24 but severe side effects were common with four
patients discontinuing therapy due to infections (n = 2),
hematologic side effects (n = 1) and intolerance (n =
[27]
1) .
PI-based triple therapies have also been used
successfully in HCV/HIV co-infected patients with HCV
recurrence after LT. In a small study TVR or BOC-based
triple therapy, 2 of 7 patients achieved an SVR24, side
effects (most commonly anemia) and drug interactions

Identification of predictive factors for cirrhosis

After LT, the amount of necroinflammatory activity
in the transplanted organ, as well as the degree of
fibrosis at 12 mo, are predictors of poor outcomes;
necroinflammation being predictive of eventual
cirrhosis, and fibrosis score of ≥ 2 being predictive
[31,32]
of death
. Severe aggressive HCV infection can
occur within 6 mo of LT and is associated with a rapid
[7,23,31,32]
progression to graft failure
.

Dual therapy

Standard anti-HCV therapy in post-LT patients with HCV
genotype 2/3 (dual PEG-IFN/RBV therapy, for 24-72
wk) has been shown to provide SVR in 30%-60%
of patients depending primarily on population and
[33,34]
treatment duration
.
In a cohort study of 30 consecutive patients (77%
genotype 1) with post-LT HCV recurrence, treated with
48 wk’ PEG-IFNα2a 180 μg/wk plus RBV 10 mg/kg per
day regardless of genotype, and immunosuppression
with a calcineurin inhibitor [tacrolimus (TAC) or
cyclosporine (CyA)] and corticosteroid ± mycophenolate
mofetil, 19 patients completed 48 wk of treatment. EOT
[33]
virologic response was 73% and SVR was 60% . This
was substantially higher than the 33% SVR rate seen in
another cohort study of dual PEG-IFN 0.8-1.6 μg/kg per
week plus RBV 800-1200 mg/d in 16 patients with postLT recurrent HCV. In 12 out of 16 patients completing
the full 12 mo treatment, 4 achieved an SVR and had
stable or improved liver disease grading and staging
[34]
scores .
Studies have reported improved SVR in post-LT
CHC patients failing PEG-IFN-alpha2b and switched
[35]
to PEG-IFN-α2a-based therapy ; but de novo
autoimmune hepatitis has also been reported with this
[36]
switch of therapy .
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Table 1 Summary of clinical studies of triple therapy for recurrent hepatitis C virus infection before and after liver transplantation
n

Study

Design

Before liver transplantation
Curry et al[56]
61
OL study

After liver transplantation
Coilly et al[37]
37 Cohort study

Treatment

Duration

Genotype

Immuno
suppressant

Efficacy

Tolerability

Other

SOF (400 mg)/
RBV

48 wk

1 (n = 45)
2 (n = 8)
3 (n = 11)
4 (n = 1)

PRED
TAC
MMF

pTVR12: 70%

2 pts discontinued due to AE
(pneumonitis,
sepsis/acute renal
failure)
11 (18%) pts had
SAEs

1 treatmentrelated death
(sepsis) and 4
non-treatment
related deaths
(pneumonitis,
liver graft failure, cariogenic
shock, sepsis)

BOC/PEGIFN/RBV (n
= 18) TVR/
PEG-IFN/
RBV (n = 19)

12 wk

1

CyA (n = 22) Complete virological Therapy disconTAC (n = 15) response: BOC 89%
tinuation in 16
and TVR 58% (P =
(lack of efficacy
0.06)
11, AEs 5). InfecSVR: BOC 71% and
tions in 27%, 3
TVR 20%
(8%) fatal
Most common
AE anemia (92%),
treated with EPO
and/or a RBV
dose reduction;
35% required red
blood cell transfusions
CyA (n = 4) 4/9 pts HCV RNA
Hematological
TAC (n = 4)
negative at wk 4
AEs requiring
SIR (n = 1)
RBV dose reductions, EPO or
transfusions in
2/3rds of pts
CyA (n = 4) SVR at wk 24 after 2 pts discontinued
TAC (n = 4)
EOT in 5/9
due to AEs
SIR (n = 1)

CyA and TAC
dose reductions required

Werner et al[38]

9

Pilot study

TVR/PEGIFN/RBV

12 wk

1

Werner et al[70]

9

Long-term
follow-up

TVR/PEGIFN/RBV

1

Rogers et al[44]

2

Case report

TVR/PEGIFN/RBV

48 wk (=
24 wk
followup after
EOT)
NS

NS

TAC

Burton and Everson[39] 12 Retrospective

TVR/PEGIFN/RBV

12 wk

NS

CyA

Pungpapong et al[42]

7

OL study

TVR/PEGIFN/RBV

12 wk

1

CyA

de Oliveira Pereira et al[40]

6

OL study

TVR/PEGIFN/RBV

5 wk

1

CyA

Reddy and Everson[46]

1

Case report

BOC/PEGIFN/RBV

32 wk

1

TAC

Sam et al[47]

3

Case report

BOC (800 mg
q8h)/PEGIFN/RBV

19 d

NS

CyA
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Dose reductions in all
patients (CyA,
2.5-fold; SIR,
7-fold; and
TAC, 22-fold)
5/9 completed 48 wk’
therapy

HCV RNA undetectNS
TAC dose
able at 10 wk in 1 pt
adjustment
(NS in pt 2)
required
Wk 4: 11/12 pts
Anemia; 5 pts
2 pts develhad HCV RNA < 43 required transfuoped TVR
IU/mL
sion
resistance
83% HCV RNA < TVR discontinued Graft rejection
1000 IU/mL at wk 4
due to severe
in 1 pt
anemia in 12 pt; 5
CyA dose
pts required EPO adjustment
and 2 filgrastim
required
2 pts achieved SVR Tolerated in 5/6
NR
at 5 wk (one was
pts; 1 pt disconpersistent at 12 wk) tinued due to rash
and headache
HCV RNA undetect- AEs: fatigue, aneTAC dose
able at wk 12 of TT mia, and syncope,
reduction
requiring hospital admission.
Anemia managed
with RBV dose
reduction, EPO
and transfusion
NS
NS
Minor
increased
CyA concentrations,
requiring dose
adjustments
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Schilsky et al[48]

3

Case report

BOC (800 mg
q8h)/PEGIFN/RBV

19 d

NS

CyA

Forns et al[54]

87

NS

SOF (400 mg)/
RBV ± PEGINF

48 wk

1 (n = 72)
2 (n = 2)
3 (n = 6)
4 (n = 3)
Mixed (n = 4)

NS

Samuel et al[1]

40

OL study

SOF (400 mg)/
RBV

24 wk

1 (n = 22)
2 (n = 11)
3 (n = 6)
4 (n = 1)

NS

1 pt achieved unde- Fatigue (did not
tectable HCV-RNA
require disconand one achieved
tinuation)
> 2log decrease by
day 19; significant
improvement in liver
tests
Histological improvement only in pt 3
SVR at 12 wk:
SAEs reported by 13 pts (17%)
SOF/RBV 54% and 33% of pts (none dead, all due
SOF/RBV/PEG-INF
attributable to to progression
44%
study drug)
of liver disease
or associated
complications
HCV RNA undetect- 2 pts discontinued
able at wk 4 in all pts due to pneumo27 pts out of 35
nia and HCV
achieved SVR at 4 wk
progression
AEs: fatigue,
headache, arthralgia, diarrhea

AE: Adverse event; BOC: Boceprevir; CHC: Chronic hepatitis C; CyA: Cyclosporine; EOT: End of therapy; EPO: Erythropoietin; HCV: Hepatitis C virus; LT:
Liver transplantation; MMF: Mycophenolate mofetil; NA: Not applicable; NS: Not stated; pbo: Placebo; PEG-IFN: Pegylated interferon; PRED: Prednisone;
pts: Patients; pTVR12: Post-transplant virologic response 12 wk after transplant; RBV: Ribavirin; SAEs: Serious adverse events; SIR: Sirolimus; SOF:
Sofosbuvir; SVR: Sustained virological response; TAC: Tacrolimus; TT: Triple therapy; TVR: Telaprevir.

events both in term of frequency and severity.

with immunosuppressants cyclosporine and tacrolimus
[45]
were easily managed .
Early single-center data have shown efficacy of
BOC in severe recurrent HCV as part of a triple therapy
regimen with PEG-IFN/RBV in three post-LT patients
receiving CyA (two with fibrosing cholestatic hepatitis
[46-48]
and one with stage 2-3 fibrosis)
.

NOVEL THERAPIES
Several DAA-based combination therapies are being
investigated for the treatment of HCV infection in
[1]
the LT setting . The new DAAs act on specific viral
[52]
components ; while the accepted definition of clinical
response with current antiviral treatment is SVR
achievement at 24 wk, for newer DAA agents this has
[53]
been reduced to 12 wk .
Sofosbuvir, a recently-approved nucleotide analogue
inhibitor of the HCV NS5B polymerase enzyme with pangenotypic activity, has been studied in HCV genotypes
1-6 and its efficacy has been established in a wide
[54,55]
range of patients
. A Phase 2 study of sofosbuvir/
RBV was performed in pre-transplant patients with
HCC to evaluate prevention of recurrent HCV following
LT, assessed by post-LT virological response at week
[56]
12 . Of those patients with undetectable HCV-RNA at
the time of transplantation following treatment, 70%
(30/43) had a post-transplant virological response
(ptSVR12). The strongest predictors of post-LT viral
response (i.e., prevention of recurrence) was the
number of days with undetectable HCV RNA prior to
LT. Treatment with sofosbuvir/RBV was well-tolerated,
with only two patients (3%) having an AE that led to
study discontinuation, and none of the AEs leading to
discontinuation were considered related to sofosbuvir
[56]
by the investigators . Although the safety and efficacy
of sofosbuvir is not fully established in post-LT patients,
preliminary results have shown an SVR4 in 77% of
patients who experience recurrent HCV post-LT and
[57]
treated with sofosbuvir/RBV for 24 wk . Moreover,

TOLERABILITY OF IFN AND PIS IN THE
PRE-AND POST-LT SETTING
IFNs are associated with poor tolerability in many
patients in the pre- and post-LT settings and so their
[10]
use requires very careful monitoring . Dose reductions
and treatment discontinuation are required in > 50% of
[1]
patients .
In patients with cirrhosis (particularly in those with
decompensated cirrhosis), IFN/RBV becomes an even
less well tolerated treatment, being contraindicated in
those with Child-Pugh C cirrhosis due to a high risk of
[1,9,10,49,50]
life threatening conditions
. The occurrence of
hematological adverse events with IFN/RBV regimens
increases with severity of liver disease due to portal
hypertension; close monitoring and dose modifications
[1]
are required to minimize cytopenic effects . Growth
factors and transfusion are often required to allow
[1,6,51]
effective IFN doses to be continued
.
In the post-LT setting, TVR and BOC exhibit hema
tologic toxicity, renal dysfunction and an increased risk
[1]
of severe infections . However, most of the data to
date is in triple therapy regimens with PEG-IFN and RBV
and thus it is possible that the origin of most AEs can
be attributed to IFN/RBV; nonetheless, the addition of
PI most definitely contributes to the worsening of the
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dual-therapy regimen with sofosbuvir and the NS5Ainhibitor daclatasvir has been described in a postLT patient with severe recurrent cholestatic hepatitis
C leading to rapid and sustained suppression of HCV
[58]
replication .
Sofosbuvir was provided in an approved com
passionate use protocol to treat patients with severe
recurrent HCV infection following LT, including patients
with fibrosing cholestatic hepatitis and life expectancy
< 1 year. The regimen included sofosbuvir 400 mg/d
for up to 48 wk, with appropriate doses of RBV ± PEG[54]
IFN at the physician’s discretion . SVR12 rates were
54% with sofosbuvir + RBV and 44% for those treated
with sofosbuvir + RBV + PEG-IFN, and treatment
resulted in notable clinical improvement and/or disease
[54]
stabilization .
The use of sofosbuvir 400 mg/d + daclatasvir 60
mg/d was also evaluated in a compassionate use
program in 12 patients with HCV recurrence after LT
and was shown to achieve SVR4 in 82% and SVR12 in
100% with improvement in liver-related assessments
[59]
in the majority of patients at week 12 . Combination
daclatasvir/simeprevir/RBV is being investigated in
post-LT patients with HCV G1b infection (ClinicalTrials.
gov NCT01938625). Other agents in development for
use post-LT include silibinin-an HCV RNA polymerase
inhibitor - in development for treatment/prevention of
[60-62]
HCV (with PEG-IFN ± RBV) post-LT
.
A DAA-based IFN-free regimen is being investigated
in an ongoing open-label phase 2 study; 24 wk’
treatment with the combination ABT-450/ritonavir/
ombitasvir + HCV non-nucleoside inhibitor dasabuvir
± RBV is being investigated in a study of 34 adult noncirrhotic LT recipients with recurrent HCV G1 infection;
the interim data are promising, showing that all 34
patients achieved an RVR and of the 13 patients who
have completed the full treatment course, the SVR4
rate was 92% (12/13) with no episodes of acute
[63]
rejection .
The first case of a patient with fibrosing cholestatic
hepatitis C after LT treated with sofosbuvir and
[64]
simeprevir was presented at EASL 2014 . A 59-yearold woman switched from PEG-IFN/TVR/RBV due to
severe side effects to sofosbuvir and simeprevir + RBV
achieved undetectable HCV after 8 wk’ treatment with
the added benefit of normalized liver parameters and
no serious side effects, indicating that this regimen
may be an option for difficult to treat patients with
[64]
severe CHC after LT .
Due to an optimal tolerability and safety profile and
an absence of relevant drug-to-drug interactions, IFNsparing DAAs (such as protease inhibitors, polymerase
or other non-structural proteins inhibitors) represent
a new era in HCV-associated liver disease. Indeed
SVR rates of 90%-95% have been observed in preand post-LT, thus providing extraordinary tools in
the management of both pre- and post-transplant
HCV infection. The next steps for this new form of
treatment is to establish which strategy is most cost-
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effective in tackling hepatitis C: preventing graft
infection by treating patients before LT or treating
hepatitis C recurrence after LT.

PHARMACOECONOMIC
CONSIDERATIONS
Economic analyses show that average annual costs for
compensated or decompensated cirrhosis are €20000
[65]
and €60000, respectively . LT-associated costs are
[66]
even higher (about €150000 annually) . Prompt and
targeted HCV treatment could decrease transplant
risk or post-LT relapse rate, and limit CHC treatment
costs. Since hepatitis is progressive, the costs incurred
for treatment of associated clinical consequences will
[67]
increase depending on the worsening pathology .
A US retrospective analysis in > 50000 HCV patients,
compensated cirrhosis and ESLD led to 32% and 247%
increases in treatment costs/month, respectively, vs no
[18]
cirrhosis, independent of age and comorbidity .
Indirect costs due to lost work productivity also
have to be considered. According to European survey
results, HCV patients are characterized by greater
lost work productivity than the healthy population
[24]
(P < 0.05) . Similar results from an observational,
[68]
multicenter cost-of-illness study in Italy
showed
direct correlation between liver disease progression
and increase in the monthly average costs/patient: €
240 for CHC treatment, €500 for cirrhosis treatment, €
[68]
1230 for HCC, and €2680 for LT . Average lost work
productivity was 8 d/year/patient, with high variability
depending on the health status of the patient (5-21
[68]
d/year/patient for non-cirrhotic CHC, HCC, and LT) .
It is clear that discussion of treatment costs for
management of CHC patients waiting for LT includes
costs associated with antiviral therapy, hospitalization,
additional therapies to treat side effects, and monitoring.
Pre-LT, using antiviral therapy required a constant
monitoring of patient condition and continuous dosage
corrections. The administration of growth factors,
like erythropoietin and filgrastim, is often needed to
control hematological side effects. In addition, higher
healthcare costs due to low efficacy of dual therapy
should be considered. In fact, the low SVR rate
achieved with the dual therapy could cause subsequent
relapse in transplanted patients with a resulting
worsening of clinical condition (fibrosis, cirrhosis,
second transplantation, etc.) and further increase in
health care costs.
In a recent phase Ⅱ trial of sofosbuvir/ribavirin
antiviral treatment in pre-LT patients with compensated
cirrhosis (all genotypes, HCV RNA < 25 UI/mL pre-LT),
there was good tolerability, and HCV recurrence was
prevented in 70% of patients who had HCV RNA <
[56]
lower limit of quantification (LLOQ) at transplant .
These clinical results, which led to the European
approval of sofosbuvir also for pre-LT HCV treatment,
were used for a cost-effectiveness model applied to
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the Italian healthcare system which demonstrated the
[69]
effectiveness of sofosbuvir/RBV in these patients .
The model compared sofosbuvir/RBV as prophylactic
therapy before LT or conventional post-LT dual antiviral
therapy. The results showed sofosbuvir as a costeffective strategy with a cost per QALY (quality adjusted
life-year) of €31895 compared to conventional post-LT
dual antiviral therapy.
Cost estimation for post-transplant antiviral therapy
is similar and includes antiviral therapy, side effect
management, drug interactions and monitoring. Low
therapy effectiveness leads to worsening of the clinical
condition, and increased health care costs.

5

6

7
8

CONCLUSION

9

IFN-based dual or triple-drug antiviral strategies for
HCV are useful before transplant to reduce HCV viral
load in order to prevent or reduce the risk of postLT recurrence and complications. However, they can
only be used in about half of HCV-infected patients
who are candidates for LT. After LT, use of currently
approved agents is limited due to tolerability issues,
contraindications and other issues.
The future availability of new IFN-free antiviral
therapy could change the present clinical and
economic scenario considerably. The better efficacy
and tolerability of novel regimens could increase SVR
rates and decrease side effects, drug interactions and
prevent worsening of CHC, decreasing costs associated
with HCV treatment in transplanted patients and
worsening of patient health. This conclusion needs to
be confirmed by more in-depth economic studies.
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TOPIC HIGHLIGHT
2015 Advances in Inflammatory Bowel Disease

Tools for primary care management of inflammatory bowel
disease: Do they exist?
Alice L Bennett, Pia Munkholm, Jane M Andrews
Inflammatory bowel disease (IBD) is one such chronic
disease. Despite specialist care being essential, much
IBD care could and probably should be delivered in
primary care with continued collaboration between
all stakeholders. Whilst most primary care physicians
only have few patients currently affected by IBD in
their caseload, the proportion of patients with IBDrelated healthcare issues cared for in the primary
care setting appears to be widespread. Data suggests
however, that primary care physician’s IBD knowledge
and comfort in management is suboptimal. Current
treatment guidelines for IBD are helpful but they are
not designed for the primary care setting. Few nonexpert IBD management tools or guidelines exist
compared with those used for other chronic diseases
such as asthma and scant data have been published
regarding the usefulness of such tools including IBD
action plans and associated supportive literature. The
purpose of this review is to investigate what nonspecialist tools, action plans or guidelines for IBD are
published in readily searchable medical literature and
compare these to those which exist for other chronic
conditions.
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Core tip: Much inflammatory bowel disease (IBD) care
could be delivered in the outpatient setting by primary
care physicians. Whilst guidelines for IBD treatment
exist, they are intended to support specialist practice
and are not designed to use in the primary care
setting. Our systematic reviewed found that a striking
paucity of IBD outpatient supportive/educational tools
for primary healthcare practitioners currently exists.
This is despite good evidence of acceptability and
usefulness of such tools in other chronic diseases.

Abstract
Healthcare systems throughout the world continue
to face emerging challenges associated with chronic
disease management. Due to the likely increase in
chronic conditions in the future it is now vital that
cooperation and support between specialists, generalists
and primary health care physicians is conducted.
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Developing and evaluating IBD-specific tools for
primary care use may improve health outcomes and
reduce healthcare costs.

found that general practitioner’s IBD knowledge and
[11]
comfort in management is suboptimal , yet expecting
them to adopt detailed guidelines such as the ECCO
ones, is unrealistic.
In other chronic diseases such as asthma, diabetes
mellitus (DM) and congestive cardiac failure (CCF),
management tools and action plans have been developed
[14-16]
to support non-specialist management
. However,
to our knowledge, few non-expert management tools
or guidelines exist for IBD and scant data have been
published regarding the usefulness of such tools including
IBD action plans and associated supportive literature.
Importantly, a Canadian National Physician Survey in
[17]
2010
found that 46% of family physicians use flow
sheets and checklists for many conditions, and that
more than half of physicians who do not have or use
these tools indicated that tools such as these would be
beneficial to their practice.
The current study therefore sought to perform a
systematic review of the literature to: (1) investigate
what tools, action plans or guidelines for the asse
ssment and management of IBD are published for
health professionals other than gastroenterologists
(i.e., non-specialists) in readily searchable published
medical literature; and (2) compare what resources are
available for IBD to those which exist for other chronic
conditions such as asthma, DM and CCF.

Bennett AL, Munkholm P, Andrews JM. Tools for primary care
management of inflammatory bowel disease: Do they exist?
World J Gastroenterol 2015; 21(15): 4457-4465 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i15/4457.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i15.4457

INTRODUCTION
Healthcare systems throughout the world continue to
face emerging challenges associated with delivering
[1]
quality, yet affordable, care for chronic disease .
In Australia alone, 77% of citizens reported one or
more long-term health problems and more than
half of those aged 65 years and older had five or
[2]
more conditions . Driven by past achievements in
treating and preventing deaths from acute illness,
combined with greater longevity, “modernization” of
lifestyle and increasing exposure to many risk factors
[3]
for chronic disease , the number of people with
chronic conditions will continue to rise. This changing
epidemiology in health care needs is creating a new
emphasis on chronic disease management. This
requires increasingly complex health care systems and
timely and reliable communication, cooperation and
support between specialists, generalists and primary
health care physicians.
Inflammatory bowel disease (IBD) commonly
refers to ulcerative colitis (UC) and Crohn’s disease (CD)
and is a complex, relapsing and remitting disorder of
the gut and a good example of a chronic condition.
Despite specialist care being essential, particularly
for the more severe IBD phenotypes, much IBD care
could and probably should be delivered in primary
care. Certainly in several countries worldwide this is
already occurring. However, multi-disciplinary mana
gement and continued collaboration between all
stakeholders is also crucial to optimal patient outcomes
including induction and maintenance of remission
and prevention of disease associated complications.
Treatment guidelines for IBD, both UC and CD, are
[4-8]
clearly outlined by several groups
including the
[9,10]
European Crohn’s and Colitis Organisation (ECCO)
,
however, these guidelines are detailed and complex as
they are intended to support specialist, referral level
practice. Thus, whilst existing guidelines are helpful,
they are not designed for the primary care setting. The
epidemiology of IBD is such that most primary care
physicians only have 2-10 people currently affected
[11]
by IBD in their caseload . Despite the low individual
case numbers however, the proportion of patients with
IBD-related healthcare issues cared for in the primary
[12,13]
care setting appears to be widespread
. One study
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LITERATURE SEARCH
A systematic review was performed using PubMed,
EMBASE and Ovid Medline databases on May 19 2014
with the following search string: (“Inflammatory Bowel
Disease” or “ulcerative colitis” or “Crohn’s disease”)
and (“non-specialist” or “primary care physician”
or “general practitioner” or “family physician”) and
(“Guidelines” or “Management” or “tool”). When the
database allowed we exploded terms to be more
inclusive. There was no publication date, publication
language or publication status restriction.
This search was then repeated on June 10, 2014
with the assistance of an experienced research librarian
at the University of Adelaide to ensure no relevant
articles were missed. The search was performed
on PubMed with the following more detailed search
strategy: IBD [MH] or IBD*[TW] OR IBD[TW] OR
Ulcerative Colitis[TW] OR CD[TW] OR CD[TW]))
and (General Practi*[TW] or GP[TW] or GPs[TW] or
Physicians, Family[MH] or Family Physician*[TW]
or Physicians, Primary Care[MH] or Primary care
physician*[TW] or Non-specialist*[TW] or General
practice[MH] or Family practice[TW])) and (Practice
Guideline [PT] or Guideline* [TW] or Manag* [TW] or
Action plan*[TW] or Tool* [TW]. Titles of all articles
were reviewed from both searches and abstracts of
those which appeared suitable were read. Articles were
selected if they outlined IBD management guidelines
or discussed IBD educational tools which provided
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Independent literature
search
May 19 2014

Assisted literature
search
June 10 2014

Records identified through
EMBASE Database searching
(n = 456)

Records identified through
PubMed database searching
(n = 143)

Records identified through
Ovid Medline database searching
(n = 31)

Records identified through
PubMed database searching
(n = 88)

Articles included after title
screen
(n = 2)

Articles included after title
screen
(n = 3)

Articles included after title
screen
(n = 2)

Articles included after title
screen
(n = 4)

Articles after duplicates
removed - final selection
(n = 4)

Figure 1 Literature search.

information regarding assessment and treatment of
such patients. These tools were required to be directed
at “non-specialists” and not at gastroenterologists.
To compare results between IBD and other chronic
medical conditions, the search was repeated on
PubMed using the detailed search strategy compiled
with the research librarian. The term “IBD” was
replaced by “Asthma[MH]”, “Diabetes Mellitus[MH]”
and “Congestive Cardiac Failure[MH]”. A further, more
specific search was conducted using Ovid Medline with
the terms “action plan” AND “Inflammatory Bowel
Disease”. This search was then repeated for the same
three other chronic diseases. An action plan was
defined as a written set of instructions prepared by
the doctor that aims to help the patient or their carer
recognize worsening of the relevant chronic disease
and also then gives clear instructions on what to do in
response to this. Articles were only chosen if they had
the search term “action-plan” in the title.

in English; however both papers discussed guidelines
that were not solely focused on primary physician
care. They were based upon guidelines for specialists,
surgeons and primary care physicians as opposed to the
first two articles where the focus was upon primary care
physicians.

OTHER CHRONIC DISORDERS
LITERATURE SEARCHES
In the comparative initial literature searches, a total
of 982 asthma, 1709 diabetes, and 406 CCF asthma
articles were identified. Screening by title and limiting
the search to the past five years resulted in 11, 10 and
7 articles respectively, as shown in Table 2.

“ACTION PLAN” LITERATURE SEARCHES
A total of 278 articles were identified from the search
when using the search terms “asthma” and “action
plan”. Fifty relevant articles remained after screening
by title. This compared to no relevant articles regarding
action plans for IBD, Diabetes Mellitus and CCF
remaining after title screen from 1, 49 and 7 articles
respectively. Detailed results obtained following the
search for action plans are shown in Table 3.

IBD FOCUSED LITERATURE SEARCHES
A total of 630 articles were identified by the initial
literature search (Figure 1). Screening by title excluded
627 articles, leaving three articles to review. The
repeated search performed with the assistance of a
research librarian returned 88 articles. Screening by
title excluded 84 articles, leaving 4 articles to review.
Three articles had originally been identified in the initial
search, leaving one additional article.
A summary of the articles is shown in Table 1. The
[12,13]
first two articles
appeared to be ideally suitable for
our search; however, the full-text article was not available
[14,15]
in English. The remaining two articles
were written
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DISCUSSION
Here we show that despite IBD being a worldwide
[47,48]
chronic condition with increasing incidence
, there
is a near complete absence in the literature of tools to
assist primary care doctors in delivering appropriate,
evidence-based care. This is in contrast to the situation
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Table 1 Article summary
Title

Author

Country

Inflammatory bowel disease: A «survival kit» for general Kesseler Brondolo et al[18] Switzerland
practitioners
Clinical practice guideline on diagnosis and treatment of
Preiss et al[19]
Germany
Crohn’s disease - summary for the general practitioner
Production and evaluation of guidelines for the management
Read et al[20]
United
of inflammatory bowel disease: The Leicester experience
Kingdom
1
Evidence-based clinical practice guidelines for Crohn’s disUeno et al[21]
Japan
ease, integrated with formal consensus of experts in Japan

Language

Journal

Year

French

Revue Medicale Suisse

2010

German

Medizinische Klinik

2009

English

Postgraduate Medical Journal

1999

English

Journal of Gastroenterology

2013

1

Additional article found by supervised search with librarian.

Table 2 Comparison search of educational tools and guidelines for other chronic diseases
Title

Author

Country

Asthma
[Allergic asthma in adults: diagnosis and clinical management]
Allali et al[14]
Switzerland
Guideline for the management of acute asthma in children: 2013
Kling et al[22]
South Africa
update
[On general practitioners' care of patients with asthma]
Von Voshaar et al[23]
Germany
[Guidelines for “Asthma in children (ages 0-19)” for youth healthcare] Breuning-Boers et al[24] The Netherlands
An asthma action plan created by physician, educator and patient
Gupta et al[25]
Canada
online collaboration with usability and visual design optimization
[Management of acute asthma]
Saulnier et al[26]
France
[Management of asthma in primary care medicine]
Pasche et al[27]
Switzerland
Guideline for the management of chronic asthma in children--2009
Motala et al[28]
South Africa
update
Development of an electronic pictorial asthma action plan and its
Roberts et al[29]
United Kingdom
use in primary care
[Asthma and pregnancy. Review of the current literature and management
Piette et al[30]
Belgium
according to the GINA 2006-2007 guidelines]
Summary of the 2008 BTS/SIGN British Guideline on the management
Levy et al[31]
United Kingdom
of asthma
Diabetes mellitus
[Practice guideline. Diagnosis and treatment of type 2 diabetes
Gil-Velázquez et al[15]
Mexico
[1]
mellitus]
Intensification of insulin therapy in patients with type 2 diabetes
Abrahamson et al[32]
United States
mellitus: An algorithm for basal-bolus therapy
Managing chronic kidney disease in type 2 diabetes in family practice
Scott et al[33]
United States
Insulin management of type 2 diabetes mellitus
Petznick[34]
United States
Type 2 diabetes mellitus: practical approaches for primary care
Gavin et al[35]
United States
physicians
Incretins: Clinical perspectives, relevance, and applications for the
Unger[36]
United States
primary care physician in the treatment of patients with type 2
diabetes mellitus
[Management of type 2 diabetes in 2010. Insulins and injectable
Renneboog[37]
Belgium
drugs: Role of the general practitioner]
Type 1 diabetes in children - emergency management
Siafarikas et al[38]
Australia
Type 2 diabetes: An expanded view of pathophysiology and therapy
Unger et al[39]
United States
Practical guidance to insulin management
Meneghini et al[40]
United States
Congestive cardiac failure
Management of heart failure
Krum et al[16]
Australia
Effective strategies to improve the management of heart failure
Mills et al[41]
United States
End stage heart failure patients - palliative care in general practice
Davidson et al[42]
Australia
Echocardiography in heart failure - a guide for general practice
Prior and Coller[43]
Australia
Heart failure management - a team based approach
Stewart[44]
Australia
Chronic heart failure - management in general practice
Charles[45]
Australia
1st national guideline for chronic heart failure. Essential responsibilities
Aumiller[46]
Germany
for the family practitioner
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Language

Journal

Year

French
English

Rev Med Suisse
S Afr Med J

2013
2013

German
Dutch
Asthma

MMW Fortschr Med
Ned Tijdschr Geneeskd
Respiration

2012
2012
2012

French
French
English

Rev Mal Respir
Rev Med Suisse
S Afr Med J

2012
2010
2009

English

Patient Educ Couns

2010

French

Rev Mal Respir

2009

English

Prim Care Respir J

2009

Spanish Rev Med Inst Mex Seguro 2013
Soc
English
Ann Med
2012
English
English
English

J Natl Med Assoc
Am Fam Physician
J Am Osteopath Assoc

2011
2011
2011

English

Mayo Clin Proc

2010

French

Rev Med Brux

2010

English
English
English

Aust Fam Physician
Postgrad Med
Prim Care Diabetes

2010
2010
2010

English
English
English
English
English
English
German

Med J Aust
Prim Care
Aust Fam Physician
Aust Fam Physician
Aust Fam Physician
Aust Fam Physician
MMW Fortschr Med

2013
2012
2010
2010
2010
2010
2010
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majority of patients affected by UC do not require
immunomodulator therapy, with 5-aminosalicylic
acid (5ASA) formulations proven to be effective for
[59]
[60]
the induction
and maintenance
of remission in
patients with mildly to moderately active disease.
Consequently primary care physicians are already
managing a substantial proportion of IBD (although
only a few patients each), so why are there not tools
to help them?
A local example of such outpatient care can be
taken from two South Australian (SA) tertiary IBD
centers at the Royal Adelaide Hospital (RAH) and
Flinders Medical Centre (FMC). A recent interrogation
of their respective IBD databases revealed 1100
RAH and 1300 FMC patients with IBD. Given that
approximately 4700 people are estimated to have IBD
[56]
in SA based upon 2005 statistics , approximately 50%
are having care either entirely through private specialists
or predominantly via primary care physicians, general
surgeons and rural physicians. Furthermore, those
who are on the IBD databases are often also regularly
seen by primary care physicians for minor issues also,
especially those located outside of metropolitan regions.
Internationally, an English general practice cohort
found that in the first 12 mo after diagnosis there was
a mean ± SD of 3.94 ± 3.15 specialist consultations,
together with 3.34 ± 3.55 GP consultations specifically
related to IBD, and that 55.4% UC and 43.0% of CD
patients had been discharged from specialist follow[12]
up . Another United Kingdom study showed that
about 32% of patients were under the care of a GP
[13]
alone . Patients appear to receive some or much
care at a primary healthcare level and so we need to
ensure this care is delivered well.

Table 3 Articles relating to disease management “action
plans”
Chronic disease
Asthma
Congestive cardiac
failure
Diabetes
Inflammatory
bowel disease

Articles identified
following search

Remaining articles
following title screen

278
7

50
0

49
1

0
0

for other chronic disorders such as asthma, DM and
[49-51]
CCF (diseases with high prevalence rates
), where
such tools are readily found and moreover, at least for
asthma, action plans are also easily discovered.
This issue was addressed in a paper by the ECCO
Quality of Health Care group, regarding optimization
of quality of health care in IBD through one avenue
[52]
of a consensus of simple guidelines for GP’s ,
and a booklet has been produced by the American
Gastroenterology Association outlying IBD patient’s
self-management strategies through the use of “action
[53]
plan tools” . These documents however, were not
found through the systematic review indicating the
need for a broader exposure. The articles do however
give an evidence base to support the development of
the proposed tools in the future.
IBD, both UC and CD predominantly have their
4
onset in paediatric or young adult years . It is currently
observed largely in the developed countries of the
world with data showing the highest prevalence
values for IBD exist in Europe (UC, 505 per 100000
persons; CD, 322 per 100000 persons) and in North
America (UC, 249 per 100000 persons; CD, 319
[54]
per 100000 persons) . However, the prevalence
is rising rapidly in other nations, especially in Asia,
[55]
as they become more “westernized” . By 2020,
the number of people with CD and UC in Australia
alone is projected to increase by 19.6% and 25%
[56]
respectively , and this increasing prevalence is
being mirrored around the world. Although various
phenotypes exist, in both UC and CD, intermittent
flares occur, requiring medication adjustments,
specialist visits, hospitalizations and also operations
with 50%-80% of CD patients ultimately requiring
surgery for complications such as fistulas, strictures,
[57]
abscesses and perforations . Despite this, the vast
majority of care occurs in the outpatient setting
with various models of care involving primary care
physicians, surgeons and gastroenterologists in
varying roles, existing.
Two general practitioner studies reported that in
[12]
a population of IBD patients, between 30%
and
[58]
70%
of patients were under specialist care. This
suggests that a large proportion of people with IBD
are predominantly managed in primary care. The
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ESTIMATE OF INDOLENT AND MILD IBD
COURSES
Currently, treatment via primary care doctors would be
appropriate for patients with indolent to milder disease
[61,62]
courses
. These patterns have been evidenced in
[63,64]
older epidemiological cohorts from Copenhagen
during therapy with 5ASA and steroids and confirmed
[63]
in Europe when immunological therapy was possible .
[56]
Calculations were then presented at thesis . The proof
that indolent to mild IBD disease exist in larger scale
has been evidenced in unselected cohorts showing
that indolent, mild-moderate and severe disease in UC
and CD followed in Copenhagen from diagnosis and
subsequent 8 years respectively shows 21%, 70%
and 9% in UC (Figure 2) and 44%, 36% and 20% in
[64]
[63]
CD
(Figure 3). Burisch
recently showed in new
epidemiologic cohorts in Europe that 15% UC patients
vs 9% CD patients run a severe and aggressive course
after 1 year with the IBD diagnosis. The indolent to mild
cases are ideal for handling predominantly in primary
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100%
90%

9%

Active

Table 4 Health issues potentially addressed by primary care
physicians

Moderate
Mild

80%

Management of non-IBD related illnesses
Monitoring/treating IBD related compilations
Osteoporosis
Iron deficiency
Cardiovascular disease
Cancer
Preventative medicine
Vaccinations
Pap smears
Quit smoking
Skin checks (associated non-melanoma skin cancer risk with thiopurine
use)
Addressing psychosocial confounding factors
Sexual health
Reproductive health
Psychological health
Medication compliance
Prompt recognition of IBD relapse and/or acute severe colitis

70%
60%
50%

70%

40%
30%
20%
10%

21%

0%
UC

Figure 2 Ulcerative colitis disease severity in a copenhagen cohort. 1157
ulcerative colitis phenotypes, 8 years after diagnosis in an inception cohort
1962-1987, Copenhagen. 5-aminosalicylic acid and steroids therapy were
available[64]. UC: Ulcerative colitis.
Aggressive: Relapse every year

IBD: Inflammatory bowel disease.

Moderate: Half of the year in remission
Indolent: Relapse free since diagnosis or majority of years in remission

intervention. For those who do however, this does not
preclude their primary care doctors from meaningfully
contributing to their care.
Few would argue that IBD patients should be
managed without some specialist review or input into
their care as data has shown that IBD patients who
were treated by an IBD-non specialist are more likely
[65]
to have uncontrolled diseases status . However,
there are a number of ways in which better primary
physician care would enhance IBD outcomes, and
these practitioners are ideally situated to follow up IBD
patients more. If they were also supported by clinical
tools, better IBD management is likely to be possible.
Specialist care is often limited by financial costs,
waiting times to access specialists, lack of specialist
services in region and distance to specialist services.
Economically, primary care physicians can provide
a more efficient service by being located closer to
patients, having reduced fees and being able to
address other healthcare issues during standard
review. It therefore makes sense to give them tools to
support them in providing better IBD care.

100%
90%

20%

80%
70%
60%

36%

50%
40%
30%
20%

44%

10%
0%
CD

Figure 3 Crohn’s disease severity in a copenhagen cohort. Three hundred
and seventy-three Crohn’s disease phenotypes, 8 years after diagnosis in an
inception cohort 1962-1987, Copenhagen. 5-aminosalicylic acid and steroids
therapy were available[64]. CD: Crohn’s disease.

care.

SPECIALIST CARE
As research continues, additional therapeutic agents
are entering the realm of IBD management. The
choice of therapeutic strategy should be influenced by
the activity, distribution, and pattern of disease and the
balance between drug potency and side-effect profile;
previous response to treatment and the presence
[9]
of extra-intestinal manifestations . Whilst, for IBD
patients with aggressive or refractory disease, highly
specialized knowledge and experience are required
[65]
for providing optimal treatment , in community
based cohorts, a large proportion of patients with UC
never require steroids and nor do many with CD. This
cluster would appear to have a milder phenotype and
consequently does not necessarily require specialist
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PRIMARY CARE PHYSICIAN’S ROLE IN
SHARED CARE OF IBD PATIENTS
With evolving therapeutic strategies in the care of IBD
patients, evidence now suggests that outcomes are
dependent on the quality of management, particularly
[66]
in early years of diagnosis . Early referral to a
gastroenterologist for diagnosis and a structured
[67]
management plan therefore, is vital . However,
referral does not transfer all care of the patient to a
specialist and it is recognized now more than ever
that shared or multidisciplinary care is the key to
achieving optimal health-care outcomes. Opportunities
for primary care physicians to promptly recognize IBD
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relapse and/or acute severe colitis, contribute to other
areas of quality IBD care and to reinforce specialist
management are listed in Table 4.

function, reduced morbidity and utilization of healthcare
[72]
resources . Written actions plans have also been found
[73]
to be acceptable and useful in the setting of COPD
[74]
and asthma .
In conclusion a gap currently exists in the provision
of supportive education tools for primary care
practitioners for IBD outpatient care shown by our
systematic review, which is in contrast to other chronic
diseases. Current levels of non-specialist knowledge
and confidence in treating IBD patients has been shown
in the past to be suboptimal. A large proportion of IBD
care occurs in the outpatient setting and consequently
adequate knowledge of the condition and its basic
management by primary care physicians is important
to improve IBD outcomes and is likely to also be cost
effective. Developing tools that address this issue and
that are critically appraised by those who will use them,
is first step to enhancing this patient care and closing
the gap.

EHEALTH
Other techniques to improve the out-patient mana
gement of IBD patients have also been investigated.
One such strategy has been to focus on improving selfmanagement as this has been demonstrated to improve
outcomes of symptoms, psychological well-being, and
[67]
health-care resource use and to use it as a component
of distance management. eHealth telemedicine itself is
a form of distance management where patients have
the ability to partly self-manage their illness through this
technology. Patients are empowered by using eHealth
tools. Distance management of IBD has been shown
to significantly decrease clinic visit utilization, but at
this stage does not significantly affect relapse rates
[68]
or hospital admission rates . eHealth internet-based
technology is a tool that can be utilized to both promote
and enhance gastrointestinal disease management whilst
[69]
at the same time reduce healthcare costs in IBD . It
would seem likely that combining eHealth support for
patients’ self-management with tools to support their
primary care doctors may synergistically improve nonspecialist IBD care.
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Herbal traditional Chinese medicine (TCM) is used
to treat several ailments, but its efficiency is poorly
documented and hence debated, as opposed to
modern medicine commonly providing effective
therapies. The aim of this review article is to present
a practical reference guide on the role of herbal TCM
in managing gastrointestinal disorders, supported
by systematic reviews and evidence based trials. A
literature search using herbal TCM combined with
terms for gastrointestinal disorders in PubMed and the
Cochrane database identified publications of herbal
TCM trials. Results were analyzed for study type,
inclusion criteria, and outcome parameters. Quality of
placebo controlled, randomized, double-blind clinical
trials was poor, mostly neglecting stringent evidence
based diagnostic and therapeutic criteria. Accordingly,
appropriate Cochrane reviews and meta-analyses
were limited and failed to support valid, clinically
relevant evidence based efficiency of herbal TCM in
gastrointestinal diseases, including gastroesophageal
reflux disease, gastric or duodenal ulcer, dyspepsia, irritable
bowel syndrome, ulcerative colitis, and Crohn’s disease.
In conclusion, the use of herbal TCM to treat various
diseases has an interesting philosophical background
with a long history, but it received increasing skep
ticism due to the lack of evidence based efficiency
as shown by high quality trials; this has now been
summarized for gastrointestinal disorders, with TCM
not recommended for most gastrointestinal diseases.
Future studies should focus on placebo controlled,
randomized, double-blind clinical trials, herbal product
quality and standard criteria for diagnosis, treatment,
outcome, and assessment of adverse herb reactions.
This approach will provide figures of risk/benefit profiles
that hopefully are positive for at least some treatment
modalities of herbal TCM. Proponents of modern herbal
TCM best face these promising challenges of pragmatic
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modern medicine by bridging the gap between the two
medicinal cultures.

contribution to our society with special financial benefits
for herbal TCM producers, providers, and healers.
Considering this economic impact, the resulting costs
as burden for consumers and society have to be
justified.
In this article, we highlight the history and principles
of the ancient TCM philosophy proposed as therapeutic
cornerstones of herbal TCM, which is preferred by some
interested patients as opposed to modern medical
treatment. We focus on gastrointestinal disorders and
the evidence for ancient herbal TCM therapy options.

Key words: Evidence based trials; Traditional Chinese
medicine; Herbal traditional Chinese medicine; Gastro
intestinal disorders
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This review focuses on evidence based
trials of herbal traditional Chinese medicine (TCM)
in managing gastrointestinal disorders and presents
a practical reference guide on its role for treating
these diseases. Overall quality of placebo controlled,
randomized, controlled, double-blind clinical trials
was poor; mostly neglecting stringent evidence based
diagnostic and therapeutic criteria. Accordingly,
appropriate Cochrane reviews and meta-analyses were
limited and failed to support valid, clinically relevant
evidence based efficiency of herbal TCM in most
gastrointestinal diseases, including gastroesophageal
reflux disease, gastric or duodenal ulcer, dyspepsia,
irritable bowel syndrome, ulcerative colitis, and
Crohn’s disease. Despite its interesting philosophical
background with a long history, the general use of
herbal TCM to treat various gastrointestinal diseases
cannot be recommended due to lacking evidence
based efficiency and a negative risk/benefit profile.
Thus, substantial skepticism remains, proposing
future studies with focus on well performed placebo
controlled, randomized, double-blind clinical trials.
Herbal product quality and standard criteria for
diagnosis, treatment, and outcome should also be
considered.

Literature search
Clinical studies for the efficiency of TCM and herbal TCM
were identified by searching PubMed and Cochrane
clinical studies using “traditional Chinese medicine”,
“herbal traditional Chinese medicine” and additional
keywords denoting gastrointestinal symptoms or
diseases of organs such as the gall bladder, liver,
pancreas, esophagus, stomach, small intestine, and
colon. Results were individually checked whether they
described clinical studies with herbal TCM treatment.
In order to identify all relevant publications, PubMed
was additionally searched for all publications with TCM
preparations as described in the clinical studies; again,
search results were individually checked for relevant
clinical studies. The last three volumes of the Journal of
Traditional Chinese Medicine were manually searched
for publications of herbal TCM preparations used in
gastrointestinal diseases. Neither strategy revealed
additional clinical trials.
All results were analyzed whether they reported
clinical studies using accepted diagnostic criteria for
both the presence of the disease and the treatment
effects with herbal TCM preparations. We excluded
all studies without at least one accepted diagnostic
standard (e.g., diagnostic criteria exclusively based
on TCM symptom categorization); we also excluded
studies investigating basic pathological mechanisms
in healthy volunteers, clinical trials using chemically
defined compounds, and clinical trials using nonherbal
treatments such as acupuncture or moxibustion. All
studies with the full text publication in Chinese only
were evaluated by the English language abstract.

Teschke R, Wolff A, Frenzel C, Eickhoff A, Schulze J.
Herbal traditional Chinese medicine and its evidence base
in gastrointestinal disorders. World J Gastroenterol 2015;
21(15): 4466-4490 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i15/4466.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4466

INTRODUCTION
Plants have been used for medicinal purposes long
[1-7]
before recorded history in many parts of the world .
In China, traditional Chinese herbal medicine (TCM)
[2,7]
emerged
and influenced the traditional herbal
[2]
[8]
medicine in Japan , called Kampo medicine , and in
[9]
various other Asian countries such as South Korea .
The overall increasing popularity of herbal TCM led to
substantial interest in laboratory and clinical studies on
herbal TCM to evaluate its efficiency in various ailments
[2-4,7,9-13]
and to elucidate mechanisms of its actions
.
However, ancient herbal TCM is increasingly seen critically
[13]
[14]
due to concerns of efficiency , safety , and herbal
[15-17]
product quality
. Herbal TCM has high economic
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Criteria of study quality

The following criteria were used: characterization of
herbal preparation and comparative treatment, diagnostic
criteria for presence of disease, randomization of
participants, blinding of patients and physicians, criteria
for therapeutic improvement, and statistical evaluation of
data. The levels for individual trials were taken from the
criteria defined by the Oxford Center for Evidence Based
[18,19]
Medicine (EBM)
, with level Ⅰ: randomized clinical
trial; level Ⅱ: non-randomized experimental study;
level Ⅲ: non-randomized non-experimental high quality
study; and level Ⅳ: observation or opinion.
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Table 1 Consolidated standards of reporting trial criteria and level of adherence in herbal traditional Chinese medicine treatment
clinical trials
Item
Group allocation
Hypothesis
Parameter
Patients, Treatment time
Intervention, control
Blinding
Data evaluation

Criterion

Adherence

Randomization
Prospective formulation
Primary, secondary outcome
Selection, rationale for duration
Herbal composition, placebo
Physician, patient blinding
Statistical methods
Data selection

Often claimed; specifics are rarely reported
Rarely reported
Rarely reported; often inclusion of parameters irrelevant to the initial question
Mostly given
Often lacking, even for drugs under consideration
Often lacking
Often lacking. In a lot of publications the reanalysis is impossible or gives different results
Often only report of criteria which are statistically significant. Rarely report of data being
comparable
Often no data for range, standard deviation, confidence interval or relative risk presented
Often no distinction between “in group“ effects and “between group“ effects
Often overoptimistic. Lack of consideration for results not fitting the initial assumption

Data presentation
Interpretation

Conclusions

Data compilation and modification from a previous report[30]. CONSORT: Consolidated standards of reporting trials; TCM: Traditional Chinese medicine.

in guidelines for planning and reporting randomized
[24,30]
clinical trials
. The medical community has
adopted the quality criteria as consolidated standards
of reporting trials (CONSORT) criteria. These criteria
were adapted and used in this review also to assess
the clinical trials or cohort studies included in our
evaluation (Table 1).

EBM
Principles

EBM has been developed to apply the best available
[20]
information to individual clinical problems . Thus,
publications including clinical trials first have to be
evaluated to recognize bias in clinical studies deriving
from inappropriate patient selection, randomization,
treatment parameter identification, data evaluation
[21]
or data presentation ; only unbiased trials may be
used for EBM. The aim of EBM thus is to select the
best patient care based on trusted data; the best
data are results from randomized controlled trials or
[21,22]
clinical controlled trials
. These trials compare the
effects of competing therapy options; ideally, neither
patient nor physician is aware of the treatment nature
[23,24]
(blinding)
. Quite often, no placebo controlled,
randomized, double blinded clinical trial has been
performed for specific problems. In these cases,
clinical decisions must be aided by evidence of a lower
level, i.e., by results from non-randomized clinical
trials or clinical cohort studies; the evaluation of these
studies has to consider the resulting limitations for
open clinical studies. There is consensus that placebo
controlled, randomized, double-blind clinical trials are
the gold standard to obtain valid results of treatment
efficiency.

Cochrane collaboration, consolidated standards of
reporting trials criteria

TCM
General considerations

[25]

Based on the proposition of Archibald Lemon Cochrane ,
EBM groups worldwide founded the Cochrane colla
boration in 1993 to provide systematic reviews for medical
problems in diagnosis and therapy. Randomization and
blinding are a prerequisite for including studies into a
Cochrane review, which also have covered clinical trials
[26-29]
[29]
on TCM
. A more recent study on TCM treatment
uncovered that a large number of “randomized” TCM
studies in effect were not randomized since “the authors
[29]
had misunderstood the randomization procedure” . Both
EBM and the Cochrane collaboration efforts resulted
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[10,31]

TCM comprises various different practices
, including
[10,14,31-37]
[11,31-33]
herbal medicine
, acupuncture
,
moxibustion as a variant of acupuncture with local heat
[31,33]
[31,33]
therapy
, massage
as Tui Na, the therapeutic
[10,13]
[10,31]
massage
, dietary therapy
, physical exercise
[31]
[33]
such as shadow boxing , and Qigong . According to
clinical trials performed in mainland China, the focus
of TCM is on herbal remedies (90.3%), followed by
acupuncture (4.4%), massage (3.8%), moxibustion
[33]
(1.2%), Qigong (0.1%), and other therapies (0.2%) .
TCM has been used by Chinese communities
[2]
from ancient times and dates back more than 2500
[10]
years . A cornerstone of TCM was the introduction
[31]
of acupuncture in Western countries in the 1600s .
Another major contribution of TCM to general health
issues was variolation developed in the 16th century in
[31]
China as a method to immunize against smallpox .
TCM became an integral part of Chinese health care; in
2006, the TCM sector provided health care for over 200
million outpatients and 7 million inpatients, accounting
[31]
for 10%-20% of the health care in China . In the
United States, according to the 2007 National Health
Interview Survey that included a comprehensive survey
on the use of complementary health approaches, an
estimated 3.1 million United States adults had used
[10]
acupuncture in the previous year .
Most of the principles of TCM were derived from
the philosophical ideas developed from Taoism and
[10,31]
Confucianism
. Ancient beliefs on which TCM is
based include: the human body is a miniature version
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of a larger, surrounding universe; harmony between
two opposing forces, called yin and yang, supports
health, and disease results from an imbalance between
these forces; five elements - fire, earth, wood, metal,
and water - symbolically represent all phenomena,
including the stages of human life, and explain the
functioning of the body and how it changes during
disease; Qi, a vital energy that flows through the body,
[10]
performs multiple functions in maintaining health .
The TCM philosophy created curiosity and skepticism
in Western countries, since transparency is lacking.
A pragmatic approach to successfully transfer TCM
philosophy into valid treatment modalities of modern
medicine should postulate clear evidence criteria for
therapeutic efficiency, prove the absence of major
adverse reactions and provide a positive benefit: risk
profile.
In a 2007 review, the quality of reported randomized
controlled trials (RCTs) of TCM efficiency was considered
poor, based on an analysis of trial results published from
[33]
1999 to 2004 . This study identified 37252 Chinese
language articles in TCM journals published in mainland
China. Clinical trials were recognized in 26263/37252
articles, corresponding to 70.5%. Among these 26263
clinical trials, 7422 were initially identified as RCTs,
equivalent to 28.3%, but of the 7422 trials only 1329
[33]
(17.9%) were truly randomized .
Some important methodological components of the
RCTs were incompletely reported, such as sample size
calculation (reported in 1.1% of RCTs), randomization
sequence (7.8%), allocation concealment (0.3%),
implementation of the random allocation sequence (0%),
[33]
and intention to treat analysis (0%) . All reports
were searched according to guidelines of the Cochrane
Centre, and a comprehensive quality assessment of
each RCT was completed using a modified version of
[33]
the CONSORT checklist . Overall, publications of TCM
[32]
[33]
trials are abundant (10000 to 26263 publications),
but their scientific quality is limited.
[33]
The poor quality of many TCM RCTs
was
continuously discussed in various reports during the
[13,31,32,36]
last decades
; most Cochrane systematic
reviews of TCM are inconclusive, due specifically to
poor methodology and heterogeneity of the studies
[13]
reviewed . Similarly, 19/26 acupuncture reviews
concluded that there was not enough good quality trials
[13]
to make a definitive conclusion of its efficiency . This
particular situation is difficult to reconcile when evidence
for efficiency is a crucial criterion. It is well recognized
that planning and performing RCTs, data analysis and
compilation are cumbersome, time consuming, and
[13]
expensive , with additional efforts to be put into
editorial and reviewing work.
Unless strict criteria are applied for clinical trials
of alternative medicinal systems including TCM,
these studies will not be accepted as valid. For most
analyses, including those evaluated in this review,
major quality criteria are violated, including primary
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research hypothesis formulation, clinical inclusion
criteria and outcome parameters, and appropriate
statistical analysis.
Although these quality shortcomings of TCM RCTs
[29,36]
are well recognized
and amply documented, even
recent studies employ a design of treating both verum
and control groups with “established” drugs and adding
[37]
a Chinese herbal preparation in the verum group .
Although this design may have its merits for special
clinical problems like efficiency of comedications, they
do not allow conclusions about the treatment efficiency
of the added herbal preparation.
Another major problem is inconsistent reporting.
Whereas group differences before and after treatment
have to de documented to prove the efficiency of
any treatment (“in group” effects; difference of
change within groups), clinical trials are constructed
to detect differences between groups with different
therapeutic approaches (“between groups” effects,
difference between groups without reference to
treatment). Therefore, results must strictly separate
between the effectivity of a treatment shown by
changes in parameter(s) before and after treatment,
and indicate the difference between groups. Current
clinical studies are designed either to prove superiority
of a new drug, or to show equal effectivity of two
[38]
different drugs (noninferiority design) . Especially for
studies comparing herbal preparations with synthetic
drugs, it seems prudent to begin with a noninferiority
study design; in contrast, nearly all recent Chinese
language studies claim superiority of TCM preparations
to synthetic drugs. This peculiarity is highlighted in
multiple Cochrane reviews of herbal TCM preparations
or acupuncture; these reviews also identify no or a
[26-29,39]
very low number of high quality clinical studies
.

Specific features of herbal TCM
[34-42]

China is rich in plants
, which favored the deve
lopment of a diverse herbal TCM. About 13000 herbal
preparations are used and are listed in the Chinese
[34,38]
Materia Medica (CMM) and are available in China
,
being officially recognized and described in detail
[34,37]
by the Chinese Pharmacopeia
, including herbs
commonly used, regional variations and folk medicine
[37]
variants. The Chinese Materia Medica
is a reference
book that also describes details of thousands of
[10]
plant preparations , including some nonbotanical
[10,34,41,42]
elements (animal parts and minerals)
that are
[34]
incorrectly classified as herbal medicines . Outside of
China, only around 500 Chinese herbs are commonly
[34]
used .
Thousands of medicinal plants in China produce an
abundance of different chemicals. With the nature as
a potent manufacturer of potential drugs, this treasure
has led to the development of some chemically defined
drugs including artemisinin and ephedrine. Failure of
valid clinical studies based on EBM criteria may have
prevented the detection of more pharmacologically
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active principles and compounds, missing the innovation
[41]
power of herbal TCM . This situation is different from
other countries and cultures with herbal traditional
medicine, where plants were used as a source of drugs
and resulted in the development of, e.g., acetylic
salicylic acid, atropine, codeine, colchicine, coumarins,
[41,42]
digoxin, morphine, and quinine
.
The use of herbs is considered an essential part
of the TCM philosophy and its proposed therapeutic
[10]
principles to improve or stabilize health conditions ;
it takes a holistic view involving activating systems
and self-regulating connections enhancing resistance
[43]
to human diseases . TCM philosophy classifies
the causes of illness as symptoms of diseases from
abnormal interactions or imbalances in the human
[44]
system ; published diagnostic criteria, however, are
[31]
poorly defined , difficult to ascertain in a Western
health care setting and substantially different from
the diagnostic approach of Western medicine. Since
functional imbalance and specific manifestations of
disease are described as “syndrome complex”, the
concept of syndrome differentiation is important in the
[44]
TCM diagnostics . Consequently, the use of herbal
TCM initially requires an appropriate recognition of the
patient’s TCM symptoms; the TCM diagnosis should
identify the correct symptom complex, usually by a
TCM practitioner familiar with the principles of herbal
[35]
TCM . Ideally, the TCM provider is a physician, as
in China; qualification requirements may be less
strict in other countries such as Germany, where TCM
providers commonly are nonmedical healers and only
[42]
rarely general practitioners .
Herbal TCM is based on long local experience and
[40]
original treatment principles , described in general
terms without detailed characterization of herbs and
diseases as compared to drug and disease descriptions
[10,40]
by modern medicine
. While modern medicine
was developed from physiology and biochemistry,
the mode of action of modern drugs are understood
at cellular and molecular levels, and the therapeutic
[43]
efficiency is proven by valid studies . For herbal TCM
[40-43]
these criteria do not (yet) apply
.
According to ancient TCM philosophy, in herbal TCM
therapy herbs are prescribed tailored to the patient’s
symptoms, signs and constitution; the original Chinese
formulae are often modified, but details of this tai
[43]
loring are rarely available . As a result, herbal TCM
formulae of modified prescriptions continue to appear
[43]
and are applied without any systematic evaluation .
These highly individualized herbal TCM prescriptions
create problems in clinical trials of herbal TCM pre
parations since EBM criteria are hardly applicable, if
[43]
treatment modalities differ from patient to patient .
Stratification of treatment for study purposes is also
difficult, since most indications and contraindications of
herbal TCM therapies are solely based on experience
[43]
and documented in ancient books .
In line with ancient herbal TCM philosophy,
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numerous herbal TCM products are mixtures of different
[14,39]
[14]
herbs, commonly with up to six herbs
or more ;
typically there is a primary herb referred to as the
“
[39]
[34]
King” or “Monarch”
herb. The other constituents,
[34]
called also “Minister”, “Assistant”, or “Envoy” , are
[34,39]
believed to function as modifiers of toxicity
; to
[14]
synergistically increase the King herb effects ; to
[39]
improve the immune function ; or to strengthen
[39]
certain aspects of actions . Other aspects classify
[40]
herbal TCM as having high, moderate or low toxicity .
[37]
In the Chinese Pharmacopeia , herbs are described
as mildly toxic to highly toxic, with 59 items of CMM
[34,37]
in the latter category
. Since robust experimental
data are lacking, the herbal TCM philosophy related to
toxic elements is elusive; although known for a long
[40]
time , it also appears that the question of herbal
toxicity has not yet been fully appraised. Also, the use
of nonherbal items (animal parts or heavy metals)
as elements of the ancient herbal TCM philosophy is
[10,14,34,40,41]
elusive
; animal parts often used are Bai Hua
She (venom of the Chinese viper Agkistrodon acutus),
Jiang Can (dried larvae of Bombyx Batryticatus,
infected by Batrytis bassiana), Ling Yang Qing Fei
(antelope horn), Liyu Danzhi (carp juice), Quan Xie
(dry polypides of the scorpion Buthus martensii), Sang
Hwang (Phellinus lihnteus, mushroom), Song Rong
(Agaricus blazei, Himematsutake as Japanese Kampo
Medicine, mushroom), Wu Gong (dried polypites of
the centipede Scolopendra subspinipes mutilans), Wu
Shao She (parts of the snake Zaocys dhumnades),
[14,41]
and Yu Dan (fish gallbladder)
.

EBM of reported herbal TCM trials

EBM criteria have rarely been applied in trials of ancient
herbal TCM, as discussed in detail in the present
[13,26-29,31-33,36,40-43]
review with reference to many reports
.
Consequently, efficiency of these treatment modalities
remains unproven and does not warrant a recommendation
for their common use to treat patients, considering also
the known risks including life-threatening hepatotoxic
[39-42]
[42]
reactions
, which should not be downplayed . In
particular, the present data of herbal TCM trials and
risk evaluations provide no evidence for a positive
[42]
benefit/risk profile . The aim should be to initiate
new strategies to integrate herbal TCM into modern
[42,38]
medicine
.

Perspectives of modern herbal TCM

Ancient herbal TCM and modern medicine have evolved
under different empirical, theoretical, philosophical,
and cultural conditions, in an attempt to establish
cornerstones of valid diagnostic and therapeutic
principles and to provide efficient healthcare. However,
mainstream opinion suggests that the current situation
[42]
of ancient herbal TCM is poor and disappointing ,
[10-17,31-36,38-43]
requiring substantial improvements
with
the tentative aim to develop a pragmatic modern
[42,38]
herbal TCM
that meets the needs of modern
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Table 2 Clinical trials with herbal traditional Chinese medicine preparations for gastroesophageal reflux disease and esophagitis
Ref.
Zhang et al[52],
2012

Patients

Intervention

186 pat.; GERD, no
diagnostic criteria

64 pat.; 3 × 6 g
Dalitong + 20 mg
rabeprazole; 4 wk

Control

Outcome

61 pat.; 20 mg rabeprazole
Intervention significantly better;
(control 1)
unclear whether a comparison is
61 pat.; 3 × 10 mg domperidon
within or between groups
+ 20 mg rabeprazole (control
2); 4 wk
Li et al[53], 2011 120 pat.; non- erosive
60 pat.; 3 × 10 g
60 pat.; 3 × 5 mg mosapride
For scores: in-tervention sigreflux disease, no diag- Tongjiang capsules;
citrate; 4 wk
nificantly better - only in PPP
nostic criteria
4 wk
cal-culation; unclear whether a
comparison is within or between
groups
Xu et al[55],
116 pat.; GERD
Integrated Chinese Western medicine, no further Better long term significant effects,
2007
+ Western medicine;
data
no significant short term effects
no further data
Xu et al[56],
78 pat.; laryngopharyn1 dose/d Banxia 2 × 6 g/d Linsang Liyan Wan,
Variety of cumulative scores;
2006
gitis by GERD, ENT
Xiexing Tang; 4 wk
4 wk
treatment is more effective
diag- nostic criteria
Zhong et al[54], 75 pat.; reflux esophagitis 45 pat; 1 dose/d 30 pat; omeprazole 20 mg/d, 8 No difference in cure rate, total
2005
Jiangni Hewei
wk
efficiency, symptoms, gastroscopy
decoction; 8 wk
score. Significantly lower recurrence rate in verum group
Ghen et al[51], 63 pat.; GERD, no diag- 30 pat.; 2 × 100 mL 33 pat.; 2 × 150 mg ranitidine
Unclear whether a comparison
2004
nostic criteria
ZhiZhu pills; 8 wk
+ 2 × 10 mg cisapride; 8 wk
is within or between groups;
“significant improvement in all
criteria”
Hao et al[57],
42 pat.; GERD, diagno- 42 pat.; Yunqitang Ⅰ,
No control therapy given
“Yunqitang is effective” by TCM
Ⅱ, Ⅲ; 4 wk
1998
sis by TCM criteria
scoring system

Remarks
No randomi-zation
criteria → cohort study

Relevant data were not
available; ill defined
scoring system. OR including 1 is significant
Inconsistent data presentation
No comparative treatment
Low patient number

Conclusions cannot be
reproduced

GERD: Gastroesophageal reflux disease; TCM: Traditional Chinese medicine.

medicine and possibly combines the two medicinal
[38,42,44-46]
cultures
by bridging the gap between
[45]
the herbal TCM and Western medicine . Present
shortcomings of ancient TCM include insufficient
EBM based RCTs supporting therapeutic efficiency,
major adverse effects, poor herbal TCM product
quality and lack of innovation power to develop new
drugs from herbal TCM, inadequate standardization,
categorization, and regulation, and intransparent and
not validated diagnostic criteria to establish a clinical
diagnosis.
Therefore, new approaches are necessary to
[38,42]
establish a modern herbal TCM
with its fascinating
and encouraging perspectives, also regarding new
[42]
drugs to be developed from herbs of TCM . These
new approaches should cover herbal TCM products
with proven therapeutic efficiency in line with the
requirements of EBM criteria and a favorable benefit/
[42]
risk profile , ensuring product standardization and
[35,43]
regulatory surveillance
, and an effective ADR
[35]
system to regulatory agencies . Special scrutiny
[35]
should be placed on correctly labeling of ingredients
and absence of toxins (aflatoxins, bacteria, and
[34,41,42]
heavy metals), nonbotanical ingredients
, and
[35,36]
mislabeled herbs
. Until substantial progress is
made establishing a modern herbal TCM, risks should
[42]
be identified, not ignored .

preparations in the clinically relevant gastrointestinal
disorders, thereby excluding diseases such as
[29,47]
[48]
esophageal carcinoma
, gastric carcinoma ,
[49]
[26]
pancreatic carcinoma , or pancreatitis . Our review
covers the main indications gastroesophageal reflux
disease (GERD) and esophagitis, gastritis, gastric and
duodenal ulcer, inflammatory bowel disease, hepatitis,
biliary diseases as well as the common tumor entities
of the colon and liver carcinoma, and the exclusion
diagnoses dyspepsia and irritable bowel syndrome (IBS).

GERD and esophagitis

Since 2000, no Cochrane review covered gastro
esophageal reflux or esophagitis, considering Cochrane
summaries and the search terms “traditional Chinese
medicine” OR “Chinese herbal” AND “esophagitis”
OR “reflux”, except one review on GERD in asthma
[50]
patients ; their trial database presents six relevant
trials, which are included in Table 2. For treatment
of GERD, seven publications compared herbal
[51]
TCM preparations with ranitidine + cisapride ,
[52]
[53]
[54]
domperidone , mosapride , omeprazole , Western
[55]
medicine , or the herbal TCM preparation Lingsan
[56]
Liyan Wan . A seventh study did not specify the
[57]
comparative treatment . Five studies were available
[51,52,54,56,57]
in Chinese only
and were thus evaluated as
[53]
[55]
abstracts; only the studies of Li et al
and Xu et al
were available in an English language version.
In none of these GERD studies, details were given
to diagnostic criteria of modern medicine like the
[58]
Los Angeles classification of severity , the Savary-

GASTROINTESTINAL DISORDERS
We focused on evaluation of the evidence for efficient TCM
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[59]

[60]

Miller-classification , or the MUSE-classification ;
[57]
none described a randomization process. Hao et al
did not use a control group at all but compared the
efficiency of the herbal TCM Yunqitang for patient
groups with differing diagnostic criteria derived from
TCM. Furthermore, no two studies used the same
herbal TCM preparation. Only one publication listed
the ingredients of the intervention herbal TCM Banxia
[56]
Xiexin Tang ; for the other five preparations, no
recipe could be identified.
All studies used “TCM symptom scores“ to measure
the efficiency of the intervention. Again, no publication
[56]
specified these symptom scores, except Xu
who
used a semiquantitative scoring system for laryngitis;
[55]
Xu et al
did not detail the herbal TCM preparation.
No publication reported endoscopic or histologic data,
or results from pH-metry, but all publications claimed
significantly better improvement in symptom scores.
Taken together, no trial can be rated as a ran
domized blinded clinical study, and five studies may
[51,52,54,55,57]
qualify as open cohort studies
. Thus, no
evidence is currently available in GERD trials to support the
equivalency of herbal TCM preparations to established
treatments like proton pump inhibitors (PPI). Similar
[50]
results were obtained by Zhao et al , who reviewed
herbal TCM for nonacute bronchial asthma complicated
by gastroesophageal reflux and also concluded that
currently no proven benefit can be derived from pub
lished studies.

Herbal TCM Wenweishu was evaluated in one study as
verum (in addition to pantoprazole, clarithromycine,
and metronidazole as triple therapy) and found to
improve symptom relief compared to herbal TCM
[62]
therapy only ; in another study, Wenweishu was
used as control therapy tested against the herbal
TCM Yiweikang, and found inferior to the verum in
[63]
symptom relief .
Taken together, no randomized study has been
performed to test herbal TCM preparations head
on against Western gastritis therapy. No study has
tested herbal TCM against PPIs; in recent studies
describing PPI treatment, this drug was given in both
[61,62]
[73]
groups
. Only Chen et al tested herbal TCM Kang
Wei granules against a quadruple therapy and reported
significant better improvement in TCM symptoms,
without providing data for other parameters. Further
ambiguities derive from incomplete description of
symptom scores or a mixture of differences within one
treatment group with differences between verum and
control group.
Future studies should emphasize characterization
of patient diagnoses included in these studies, careful
selection of the control therapy, outcome definition at
the start of the study, and clear data presentation.

Gastric and duodenal ulcers

Efficiency studies of herbal TCM preparations for
patients with gastric or duodenal ulcers have only
rarely been reported. Among 46 PubMed hits, 17
publications were identified (Table 4), which described
clinical studies or clinical reports related to treatment
with herbal TCM; nine trials were identified in the
Cochrane clinical trials database relating to gastric ulcer
and ten trials related to duodenal ulcers. Except Zhou
[77]
et al , all studies are available only in Chinese and
were evaluated from their English language abstracts.
All studies were published in journals devoted to TCM
or Chinese medicine.
[61,62,78-80]
Five trials were published as randomized
;
specific details about blinding were mentioned only
[81]
by Zhou et al , whereas all other studies did not
describe blinding or used a design not amenable to
blinding. Among the 17 trials included in Table 3, the
[81]
study of Zhou et al
was the only one not describing
significantly superior therapeutic effects of herbal
TCM preparations. Four studies included patients with
[61,80,82,83]
duodenal ulcers
, five trials patients with gastric
[62,77,79,84,85]
[78,81,86-90]
ulcer
, and eight studies peptic ulcer
;
the diagnosis was usually proven by endoscopy, for
peptic ulcer the location remains unclear.
Among the studies published before 2008, ten
trials compared herbal TCM preparations against
[82,84]
chemically defined drugs, including famotidine
,
[77,80,90]
[86,87,89,91]
ranitidine
, cimetidine
, and bismuth
[83]
aluminate . All four recent studies used an “add-on”
design, comparing a Western standard treatment with
a herbal TCM preparation added to this regime; this

Gastritis

A PubMed search for clinical trials using the items
“Chinese herbal” AND “gastritis” retrieved 23 results.
Of these, 16 publications were included in Table 3;
[61,62]
only two studies
were reported as randomized
trials. All studies originated in China, and only one
[63]
report was available in English . In nine studies, two
[63-71]
different herbal TCM preparations were compared
,
and in only four trials, herbal TCM preparations were
[72]
compared to Western medications: cimetidine ; triple
[73]
[74,75]
therapy ; and domperidone
. In two studies,
triple therapy was given in both groups, together with
[61]
the herbal TCM preparations Junghua Weikang
or
[62]
Wen Wei Chu . In these 16 trials, 13 different herbal
TCM preparations were tested, the three preparations
[61,74]
[66,73]
Jinghua Weikang
, Kang Wei
, and Wen Wei
[62,63]
Chu
were used twice, and three publications did
[67,72,76]
not specify the herbal TCM preparation used
.
All studies reported significantly better results in
the verum group, nearly always for clinical symptoms.
In most publications, criteria for “total efficiency”
[63,66,71]
were not provided, and some trials
specified
symptoms classified by the TCM system rather than
Western clinical symptoms. In no publication (including
the English ones) were sufficient data given to confirm
the statistical calculations. Herbal TCM Kangwei
granules were tested in two studies against herbal
[66]
[73]
TCM Weifuchun
and bismuth triple therapy .
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Table 3 Clinical trials with herbal traditional Chinese medicine preparations for gastritis
Ref.

Patients

Hu et al[61],
2012

Intervention

Li et al[64],
2011

Li et al[65],
2011

229 pat.; chronic atrophic gastritis

Hu et al[62],
2010

119 pat.; Hua Zhuo Jiedu 110 pat.; Weifuchun tablets; no dose
recipe, no dose given; 2 × 3
given; 2 × 3 mo
mo

642 pat.; chronic gastri- 196 pat.; PCM + Wenweishu 222 pat.; 40 mg bid pantoprazole,
tis or gastric ulcer + H. 224 pat.; PCM + Yangweishu; 500 mg bid clarithromycine, 400 mg
pylori
7d
bid metronidazole (PCM); 7 d
67 pat.; chronic gastritis 42 pat.; 4 × 0.5 g, tid Yiwei25 pat.; 4 caps. tid; Wenweishu; 2
+ TCM symptoms;
kang capsules; 2 mo
mo
gastroscopy

Hu et al[63],
2008

Zeng et al[74],
2006

90 pat.; chronic gastritis

Wu et al[66],
2005

68 pat.; chronic atrophic 36 pat.; Kangwei granules, 2
gastritis + TCM symp× 12 wk. No dose given
toms
98 pat.; chronic gastritis Herbal pairs; patient number,
dose and treatment duration
not given
362 pat.; gastropathy 288 pat.; Kang Wei granules.
with H. pylori infection
No further data given

Xia[67], 2004

Chen et al[73],
2003

80 mg or 160 mg Jinghua
Weikang

Ji et al[68], 1999 226 pat.; gastritis with 136 pat.; Xialian Yiyou capH. pylori infection
sule, 4 wk. Dose not given
Lu et al[69],
75 pat.; chronic atrophic 45 pat.; Wei Shu capsules; 6
1998
gastritis
mo. Dose not given
Zhong et al[70], 202 pat.; chronic gastri1997
tis, intestinal metaplasia
Yin et al[71],
1996

143 pat.; chronic gastritis by EGD, + TCM
symptoms

Li et al[75],
1995

200 pat.; chronic atrophic gastritis

Long et al[72],
1994
Liu et al[76],
1992

Control

565 pat.; gastritis or
LAC (see con- trol), + 3 caps.
30 mg lansopra- zole, 1000 mg
duodenal ulcer, gastros- 2/d Jinghua Weikang, 7 d,
amoxicilline, 500 mg clarithromycopy
then Jinghua Weikang for 14 cine (LAC) 2/d, 7 d, then lansopramore days
zole 30 mg 1/d for 14 more days;
or LAC + 220 mg bismuth citrate
2/d, 7 d, then bismuth citrate for 14
more days
150 pat.; chronic atro120 pat.; Wei Yan serial
30 pat.; Weifuchun pills; no dose
phic gastritis
given, 2 × 3 mo
recipe (WYSR) Ⅰ - Ⅳ; no dose
given, 2 × 3 mo

3 × 10 mg/d domperidone; 14_d.
No group size given
32 pat.; Weifuchun, 2 × 12 wk. No
dose given
Banxia Xiexin Tang decoction, pat.
number, dose and treatment duration not given
74 pat.; triple therapy plus bismuth
(De Nol)

90 pat.; Lizhu Dele capsules, 4 wk.
Dose not given
30 pat.; Wei Ning granules; 6 mo.
Dose not given

117 pat.; modified Shijinzu
85 pat.; Weimeisu, 3 mo; dose not
decoction, 3 mo; dose not
given
given
75 pat.; Piweiping caps. Ⅰ, Ⅱ, 68 pat.; Sanjiu Weitai; 3-6 mo; dose
Ⅲ, Ⅳ; 3-6 mo. Dose not given
not given

Gastrosia con-valescens; no
data of pat. number, dose
and duration
Verru-cous gas-tritis, no Combined TCM + Western
further informa-tion
medicine; no further information
138 pat.; intestinal meta- Xiao Wei Yan powder, 5-7 g/
plasia; 104 pat.; atypical tid; 2-4 mo; no pat. number
metaplasia

Outcome

Remarks

14

C-urea test - no differ- 11 hospitals; data
ence (abstract unclear).
presentation in
Similar efficiency, better abstract unclear.
symptomatic improveAll gastritis
ment (bloating, belching)
patients were
included in the intervention group
WYSR is superior to con- Improved precantrol in total effective rate,
cerous lesions
symptoms, pathology. No
difference in HIF, vEGF
Significantly better:
No rationale or papathological results, tumor rameter selection
markers. No difference in
acid secretion
Better symptom relief,
No parameter for
no difference in H. pylori symptoms given
eradication
Improved symptoms in Diagnostically not
verum; no difference in H. homogenous; conpylori eradication
trol in this group
is verum in 2010
publication[62]
Unclear whether in group Data presentation
or be-tween group differinsufficient
ences
Gastroscopy, pathology
Parameters not
significantly improved,
specified
symptoms n.s.
Treatment is superior
No explanation
given
Improves symptoms of
TCM classification

No data given
for diagnosis,
intervention type
and results

Significant improvement
in clinical symptoms
Atrophy, metaplasia,
No data specificadysplasia significantly
tion
improved
Treatment group signifi- No data specificacantly better
tion
Significantly better cure
rate, symptom score,
biochemical parameter

Some parameters
do not make sense
(lymphocyte
transformation
test, cAMP, DNA)
Domperidon; no data on patient
Significantly superior to
No parameter
number, dose and duration of treatcontrol
specified
ment
Western medicine (furazolidone,
Combination is sigInsufficient data
cimetidine); no further information nificantly better than WM
presentation
alone
No information; not treated?
Verum is effective
No description of
control group

H. pylori: Helicobacter pylori; PCM: Pantoprazole, clarithromycine and metronidazole triple therapy; TCM: Traditional Chinese medicine.
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Table 4 Clinical trials with herbal traditional Chinese medicine preparations for gastric or duodenal ulcers
Ref.

Patients

Hu et al[61],
2012

565 pat.;
duodenal ulcer
or gastritis,
gastroscopy

Hu et al[62],
2010

642 pat.;
chronic gastritis
or gastric ulcer
+ H. pylori
Zhang et al[78], 46 pat.; active
2009
peptic ulcer, no
H. pylori infections
Deng et al[79],
60 pat.; gastric
2007
ulcer, after
1 wk triple
therapy
Lin et al[84],
56 pat.; gastric
2007
ulcer + TCM
symptom
Zhou et al[77],
50 pat.; acute
2007
gastric ulcer +
TCM symptoms
Zhou et al[81],
120 pat.; peptic
2005
ulcer, 10 controls no ulcer
Ji et al[82], 2006 200 pat.; duodenal ulcer
Zhang et al[80], 438 pat.; duo2005
denal ulcer
He et al[85],
120 pat.; gastric
2001
ulcer
Wan et al[86],
200 pat.; peptic
1996
ulcer
Yang et al[87],
150 pat.; peptic
1995
ulcer
Li et al[88], 1995
80 children;
peptic ulcer
Yang et al[83],
80 pat.; duode1994
nal ulcer

Ma and
Guo[89], 1992
Li and Yin[90],
1991
Zhou et al[91],
1991

508 pat.; intractable peptic
ulcer
494 pat. (?);
peptic ulcer
Not defined,
peptic ulcer

Intervention

Control

LAC (see control), + 3 caps. 30 mg lansoprazole, 1000 mg
2/d Jinghua Weikang, 7 d,
amoxicilline, 500 mg clarthen Jinghua Weikang for 14 ithromycine (LAC) 2/d, 7 d,
more days
then lansoprazole 30 mg 1/d
for 14 more days; or LAC +
220 mg bismuth citrate 2/d,
7 d, then bismuth citrate for
14 more days
196 pat.; PCM + Wenweishu
222 pat.; 40 mg bid pan224 pat.; PCM + Yangweishu; 7
toprazole, 500 mg bid
d
clarithromycine, 400 mg bid
metronidazole (PCM); 7 d
Yiqi Huoxue formula +
Omeprazole, 5 wk. No inforomeprazole, 5_wk. No infor- mation on patient number,
mation on patient number,
dosage
dosage
Qifang Weitong powder +
Omeprazole, 5 wk. No
omeprazole, 5 wk. No further
further details
details

Outcome

Remarks

14

C-urea test - no difference (ab11 hospitals; data
stract unclear). Similar efficiency, presentation in abstract
better symptomatic improvement unclear. All gastritis pa(bloating, belching)
tients were included in
the intervention group.
Study also included
under “gastritis”
Better symptom relief, no difference No parameter for sympin eradication
toms given

bFGF, vEGF in-creased in treatment, histological improvement.
No difference in recurrence

Scant data description

Mucosa thickness, glandular mor- Scant data description
phology improved (significant)

26 pat.; Jianwei Yuyang gran- 30 pat.; famotidine + sucral- Compliance, symptom integral
Incomplete results
ule, 4 wk. No further data
fat, 4 wk. No further data sign. better; ulcer healing, clinical
description
effects n.s.
30 pat.; 1 dose/d in 2 × 100 mL 20 pat.; 2 × 300 mg ranitiEffective rate n.s.; cure rate sig- Randomized, statistics
solution; Jianpi Qingre Huayu
dine; 8 wk
nificant better. Sign. differences implausible, irrelevant
recipe; 8 wk
in T lymphocyte subsets
parameters
6 groups, no clear description of treatment (ranitidine,
Jianweiyuyang granules)
100 pat.; 160 mg Jinghua Weikang capsule 3/d; 4 wk

No description of control
group
100 pat.; 20 mg famotidine
2/d; 4 wk

330 pat.; Haigui Yuyang cap108 pat.; ranitidine, 6 wk.
sule, 6 wk. No dose given
No dose given
60 pat.; Qingwei Zhitong pill. 60 pat.; Sifangwei tablet. No
No dose or duration
dose or duration
Yuyang powder, no further Cimetidine, no further data
data
Bushen Kangkui decoction; no
Cimetidine; no further
further details
details
Unspecified treatment for 8 wk
No control
Kuiyangqing pills; duration,
dose not given

260 pat.; 50 g/d Chuanjia
Weidan; 4 wk
354 pat.; Jian Wei Yu Yang
tablets. No further data
Wei Yang An

32 pat.; bismuth aluminate.
No dose, duration

Combination improves symptoms
and syndrome. No effect on ulcer
healing, H. pylori eradication
H. pylori eradication, anorexia,
eructation, incidence of UAW sig.
better, remission, healing n.s.
No difference between groups;
only distension better in verum
Better ulcer healing, no difference
in TCM symptoms
Cure rate n.s., recurrence significantly better
Cure rate n.s., recurrence significantly better
Effective after 8 wk (92% cure
rate)
Effective treatment

No description of
groups and intervention
Only P values are given

“Double blind, double
dummy, randomized”
Unclear description
Scant data presented
Scant data presented
(empirical recipe)
Unclear group description, no parameter for
efficiency, outdated
control therapy

248 pat.; 800 mg/d cimeti- Cure rates similar, H. pylori eradidine; 4 wk
cation, relapse superior
140 pat.; ranitidine, no further Treatment superior in cure rate
data
Cimetidine, no further data Short term effects similar, in long
term Wei Yang An superior

Scant data presented
No data presented

bFGF: Basic fibroblast growth factor; H. Pylori: Helicobacter pylori; PCM: Pantoprazole, clarithromycine, metronidazole; vEGF: Vascular endothelial growth factor.

study design is not suited to elucidate the therapeutic
effect of the added herbal TCM decoction on ulcer
healing. The herbal TCM Jianghua Weikang was
[61,77]
evaluated in two studies
; in both, it improved
bloating and belching, without eradication of H. pylori
infection. The herbal TCM Jianwei Yuyang was studied
[81,84,90]
[90]
in three trials
; whereas Li and Yin
reported
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significant better cure rates compared to ranitidine, Lin
[84]
[81]
et al and Zhou et al mentioned only symptomatic
improvement compared to famotidine, but no control
[81]
treatment could be identified from their abstract .
[61,62,78,79]
All four recent randomized studies
used a
design comparing herbal TCM plus Western medicine
against Western medicine, a study design that cannot
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Table 5 Clinical trials with herbal traditional Chinese medicine preparations for inflammatory bowel disease
Ref.
Liao et al[94], 2009

Han et al[95], 2014

Patients

Treatment

39 pat.;
Crohn’s disease, postoperative
120 pat.; mild
to moderate
UC

21 pat.; poly- glycoside of
Tripterygium wilfordii, 2 wk

60 pat.; Jianpi suppository,
dose not given, 2 × 15 d

Control

Outcome

18 pat.; sal azosulfapyridine, Endoscopic recurrence significant
2 wk
better in treatment group

60 pat.; mesalazine orally,
dose not given

Hemorheology, P-selectin better
improved

He et al[96], 2012

60 pat.; mild
30 pat.; 1 dose Qingchang
30 pat.; 1 g/qid mesalazine, Symptoms sign, coloscopic, pathoto moderate Huashi recipe in 2 × 150 mL, 8
8_wk
logical results n.s.
UC, with inwk
ner DHAS
Fukunaga et al[97], 30 pat.; intrac- 15 pat.; 0.1 g/d Xilei San supp., 15 pat.; pla- cebo supp., 2 wk Verum group with remission P =
2012
table UC
2 wk
0.04 at day 14 and 180. Significant
histology, endoscopy
Zhou et al[98], 2012 53 pat.; mild
27 pat.; Qing-chang Huashi 26 pat.; 4 × 1 g/d mesalazine, Diarrhea, blood, pus in stool sign.
to moderate recipe oral + Guanchang recipe 4 × 0.5 g/d in remission, 3
better
UC, large in- dermal;Fuzheng Qing-chang
mo
testine DHAS recipe oral in remission, 3 mo
Gong et al[92], 2012; 320 pat.; ac- 240 pat.; Fu- fangkushen colon- 80 pat.; mesalazine enteric
Clinical response, remission,
Yang et al[93], 2014 tive UC, with
coated capsule, 8 wk
coated tablets, 8 wk
mucosal healing, Mayo scores n.s.
DHAS
Tong et al[99], 2011 160 pat.; UC
120 pat.; composite sophora
40 pat.; mesalazine slow
Sign. in Chinese symptom score,
with internal
release granules, 8 wk
mucus + pus stool; others n.s.
DHAS
Tong et al[100], 2010 126 pat.; UC, colon-soluble capsules, 8 wk 42 pat.; 4 tbl., mesalazine 3 × No significant differences, with
DHAS
composite sophora colon
/d (3 g/d), 8 wk
tendency for herbal TCM
soluble capsule: 42 pat. 6 caps, 3
×/d; 42 pat. 4 caps., 3 ×/d; 8 w
Ling et al[102], 2010
78 pat.;
A: 26 pat.; herbal TCM oral and 25 pat.; Western medicine; 1
A > B = C: main symptoms,
inflammatory
as enema; B: 27 pat.; enema
mo
coloscopic score, pathology; B > C:
bowel disease
only, 1 mo
tenesms
Chen et al[101], 1994
153 pat.;
Jian Pi Ling tablets; retention
A: Salicylazosulfapyridine
Curative rates, effective rates
intractable UC ene- ma Radix Sophorae Fla(SASP), retention enema
significant better. Immunology
vescentis,
dexamethasone; 3 mo
normalized in verum group
Flos Sophora (RSF-FS) decocB: placebo + RSF-FS, 3 mo
tion; 3 mo

Remarks
No dose given;
3 dropouts, 2
noncompliance
(treatment group)
Randomized;
unclear whether
group differences
exist

No data given for
control group, only
P values
Double blind,
double dummy
Double blind,
double dummy

Randomized controlled trial; scant
data presentation
Doses not given,
claimed double
blind

DHAS: Damp heat accumulation syndrome; TCM: Traditional Chinese medicine; UC: Ulcerative colitis.
[92,95-101]

eight trials considered ulcerative colitis patients
,
[102]
and in one study , patients with inflammatory bowel
disease were included. Five studies used additionally
the “damp heat accumulation syndrome” from the
[92,96,98-100]
Chinese syndrome system
. Six trials were
[92,95,96,98-100]
performed against 4 × 1 g mesalazine
,
[94,101]
two studies against salazosulfapyridine
, and one
[102]
study against an unspecified Western medicine
.
[97]
Only Fukunaga et al used a placebo controlled study
design.
[96]
Except the study of He et al , all other trials were
described as randomized, five of these studies also as
[92,97,99-101]
[100]
blinded
, and only Tong et al
described the
[96,98]
randomization. Qingchang Huashi
and Composite
[99,100]
Sophora
were studied twice. For Composite
Sophora, the group described significant better results
[96]
only for TCM symptoms; for Qingchang, He et al
found no significant changes in symptom scores,
[98]
whereas Zhou et al , adding Guanchang treatment,
reported reduced incidences of diarrhea, blood and pus

prove the efficiency of herbal TCM on ulcer healing.
[80]
Zhang et al
using a comparison of the herbal TCM
Haigui Yuyang capsules against ranitidine for 6 wk did
not find differences in the outcome parameters (Table
4). For symptom relief, some herbal TCM preparations
may be useful. Further studies should focus on patho
logically defined diagnoses, homogenous patient
cohorts, prespecified objective outcome parameters,
and unambiguous data presentation.

Inflammatory bowel disease

Besides infectious diseases, ulcerative colitis and
Crohn’s disease are clinically important gastrointestinal
diseases. In contrast, no review was found in the
Cochrane library using the search items herbal TCM
AND colitis or Crohn’s disease, and only ten clinical
trials were found. In PubMed, this strategy retrieved 29
publications. Ten relevant trials were identified (Table 5),
[92,93]
one trial was published twice
. Only one publication
[94]
specifically included patients with Crohn’s disease ,
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in stool.
Taken together, herbal TCM may offer improvement
in some TCM syndrome scores. But no well conducted
study showed significant superiority; for well designed
studies, improvements were similar between groups.

of the studies included in this analysis, it remained
unclear whether a comparison was done in one
treatment group comparing the patients before and
after treatment, or whether a difference was calculated
between groups after treatment; in the study of Qiu
[122]
et al
, treatment and placebo group description
appears to be switched. Better designed studies like
[106]
good randomization
failed to show differences, as
was the case in nearly all studies from non-Chinese
[112,114,115,117,118]
groups
. Currently, no evidence has
been provided for the efficiency of herbal TCM in viral
hepatitis eradication; however, some studies suggest
improvement in subjective symptoms. It remains
unclear whether this effect can be reproduced.
Overall, no consistent proof for the efficiency of TCM
preparations in acute or chronic hepatitis, or on
[132-138]
amelioration of hepatitis related liver fibrosis
has
been provided.

Hepatitis

PubMed using “herbal TCM” and “hepatitis” identified
63 publications marked as clinical trials. Manual
search identified 28 clinical studies, using established
parameters for disease definition and efficiency
parameters (Table 6). Searching the Cochrane library
for clinical trials retrieved three reviews on herbal
[103]
Chinese medicines and chronic hepatitis B , chronic
[104]
[105]
hepatitis
, and HBV carriers
; 86 clinical trials
were listed, with no additional publication identified
in this search. As Chinese language publications only,
16 articles were available and were evaluated by the
abstract; twelve English language articles, including
[106,107]
one study published in both languages
, were
[108-119]
analyzed in full text. Only twelve publications
did not derive from Chinese hospitals for TCM; all
[114,118,119]
three trials from Western institutions
failed
to determine any positive effects from herbal TCM
mixtures.
[110,120-129]
Eleven studies
used a design in which
a herbal TCM preparation was used in addition to a
[120]
Western medication, such as interferon (IFN)-α
,
[121-123,125,128]
virustatic drugs
, or other not specified
[110,124,126]
“routine treatments”
. Most studies were not
randomized or used ill defined patient cohorts, comprising
chronic hepatitis and liver failure. In most trials, HBV
[124]
patients were included, and only Hu et al
described
a study in HBV patients with acute-on-chronic liver
failure; HCV infected patients were included in four
[112,114,119,130]
studies
, nonalcoholic steatohepatitis patients
[129]
in one trial .
Rarely studies reported on the effects of the same
herbal TCM preparation. Fushen Huayu was investigated
[106,108,117,123]
in three trials with four publications
, salvia
[107,116,131]
injections in three older trials
, and CH100 in
[112,119]
two studies
. No two studies used a comparable
design (for Fushen Huayu one study each compared to
placebo or Heluoshugan, one used an add-on design
to lamivudine), so positive findings have not been
confirmed. As was seen in all other symptoms and
diseases, most of the studies reported superiority of
herbal TCM preparations; however, data presentation
often was incomplete. Add-on design studies with
herbal TCM given in one arm to another drug (virustatic
drugs, IFN) in both arms cannot prove herbal TCM
[110,120-129]
effects on hepatitis
, and one study reports
[113]
inconsistent prevention
. Among other problems
were inappropriate control treatments with polyene
phosphatidylcholine or colchicine, missing composition
of verum or placebo drugs, or small group sizes. A
major problem with interpreting the studies resulted
from incomplete data presentation. In about half
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Biliary diseases

To identify clinical trials with patients suffering from
noninfectious biliary diseases, the key words herbal
TCM and gall bladder, bile, or biliary were used. In
PubMed, 14 publications were identified, from which
six were judged relevant to the review. Six reviews
were found in the Cochrane library; only the study of
[139]
Gan et al
covering cholelithiasis was relevant to
biliary diseases. Among the eight trials identified in
[136,139-145]
[136]
this database (Table 7)
, only one study
was related to noninfectious biliary diseases. Two
[140,141]
studies
described cholelithiasis patients,
[140]
the study by Ma et al
did not mention clinical
parameters and therefore was not included. Four of
[141-144]
the six studies
claimed randomization, and no
study blinded the participants or physicians. Only
[143]
Tong et al
mentioned histological confirmation for
the diagnosis of primary biliary cirrhosis. Four of the
studies used an add-on design with ursodeoxycholic
[142,143,145]
[136]
acid
or a nonspecified Western medicine
[142]
in both groups, and Fuzheng Huayu capsules
,
[143]
[136]
Tongdan decoction
, or Ganyan Ⅳ
given addi
[145]
tionally in the verum group; Jiang et al
did not
specify the herbal TCM preparation used. None of the
studies was well designed or placebo controlled; thus,
no evidence exists for the efficiency of herbal TCM in
[139]
biliary diseases, in accordance with Gan et al .

Colon carcinoma

In PubMed, 75 clinical trial publications were retrieved
using the key words herbal TCM and colon carcinoma;
we excluded all in vitro investigations and trials
investigating pharmacokinetic effects on cytostatic
compounds; only five clinical trials remained with
clinically relevant end points. The Cochrane Library did
not contain a review or clinical trial describing clinical
effects of herbal TCM in colon cancer patients. All
trials were published in Chinese, with only the English
abstract available for evaluation (Table 8). Three
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Table 6 Clinical trials with herbal traditional Chinese medicine preparations for hepatitis
Ref.

Patients

Treatment

Deng et al[108],
2012

180 pat.; liver cir90 pat.; Fuzheng Huayu
rhosis with HBV
tablet, 6 mo
infection
Wang et al[132], 60 pat.; chronic HBV 40 pat.;8 capsules 3 ×/d
2012
infection
Xinganbao capsule, 6 mo
Mao et al[120],
2012

288 pat.; HBeAg
positive

125 pat.; 5_MU IFNα1b
+ Yixuesheng capsules, 3
mo
Zhang et al[121],
164 pat.; HBeAgEntecavir + Shenxian
2012
positive chronic HBV Yiganling, dose and duration missing
Qiu et al[122],
240 pat.; HBeAg10 mg/d adefovir dipiv2012
positive chronic
oxil, duration and patient
hepatitis
number not given

Tang et al[123],
2012

80 pat.; chronic HBV 37 pat.; lamivudine + Fu
hepatitis
Zheng Huayu capsules,
6 mo; later lamivudine
monotherapy indefinitely
Hu et al[124],
98 pat.; acute on
66 pat.; “classic Western
2012
chronic liver failure treatment” + high dose
herbs, 12 wk
Zhou et al[133], 84 pat.; chronic HBV 1 dose 2 ×/d Xiaozhang
2011
hepatitis with cirrecipe; 12 mo
rhosis
Deng et al[130], 24 pat.; chronic HCV 24 pat.; 2.5 g 3 ×/d Sho2011
infection
Sai So To; 12 mo
Tang et al[125], 57 pat.; chronic HBV, Entecavir + Yidu recipe,
2010
HBeAg positive
6 mo. Dose and patient
number not given
Li et al[126], 2010 60 pat.; severe chron- 30 pat.; “conventional
ic HBV infection
integrative medicine” +
Huchang Jiedu decoction
enema 1/d; 3 wk
Liang et al[127],
104 pat.; chronic
54 pat.; routine therapy +
2010
HBV hepatitis
Danqi Huogan capsule; 3
mo; dose not given
Tang et al[109],
208 pat.; chronic
116 pat.; Astragali
2009
viral hepatitis
compound, 2 mo
Chi et al[128],
2009

405 pat.; chronic
HBV infection

Control

Outcome

Anxiety, depression, social deficit
improved; levels of cirrhosis, coagulation, splenomegaly improved
20 pat.; 5 tablets 3
Lowered laboratory values,
×/d Heluo Shugan histological parameters in 21/40
tablet, 6 mo
treatment patients
163 pat.; 5 MU
Significant better treatment at 3
IFNα1b
and 12 mo, not at 24 mo

Remarks

90 pat.; placebo, 6
mo

Entecavir, dose and Unchanged: ALT, undetectable
duration not given virus load; Conversion rate better
in treatment group
10 mg/d adefovir In nearly all comparisons treatment
dipivoxil + Baihua
group is better
Xianglian Detoxification recipe 2 ×/d,
duration and patient
number not given
43 pat.; lamivudine, No differences between groups
indefinitely
for ALT, AST, virus load; better
TGF-b1/BMP-7 ratio; pathology:
treatment group better
32 pat.; “classic
Treatment improves survival,
Western treatment”,
laboratory values improved
12 wk
Fuzheng Huayu
No difference between groups
capsule, 5 pills, 3 ×
/d, 12 mo
No control group
Mixed effects on liver enzymes,
histology, virus load
Entecavir, 6 mo;
No difference in HBeAg converdose and patient sion, HBV-DNA values; improved
number not given ALT, AST, HBV-DNA, symptoms
30 pat.; “convenBetter values than control group
tional integrative for ALT, AST, bilirubin, globulines,
medicine”, 3 wk
endotoxin, prothrombin, cholesterol, calcium
50 pat.; “routine
Improved symptoms and signs,
therapy”, 3 mo,
decreased HK, blood viscosity,
dose not given
plasma viscosity, RBC aggregation
92 pat.; “other drugs Clinical efficiency, seroconversion
in regular clinical
better in treatment group
use”, 2 mo
185 pat.; lamivu- ALT, HBeAg, HBV-DNA suppresdine, 18 mo
sion, mutation in treatment group
better
12 pat.; “routine
Treatment group better in liver
medication”, dose function, laboratory and pathology
and duration not
parameters
given
30 pat.; polyene
Superior in syndrome, function,
phosphatidylchoblood lipids, ultrasound
line capsules, 3 mo
Fufang Huangqi TCM is superior to second (control)
granule, 24 wk
group

22 patients lost in control
group
Insufficient data presentation

Strange definition of treatment and control group,
unclear whether differences
within a group or between
groups were compared

Herbs selected by personal
preference, no randomization
Indirect comparison, unclear
presentation of results
Cohort study
7 dropouts, no distribution
given; different data for HBVDNA; no percentages given

Unfamiliar parameters, no
specific data given
Unspecified controls, no
percentages and SD

220 pat.; lamivudine +
Numbers don't add up
Chai Shao Liu Jun Tang,
18 mo
Xiao et al[110],
57 pat.; chronic HBV 45 pat.; routine medicaSmall control group
2007
infection + cirrhosis tion + Kang Gang Qian
granule, dose and duration not given
Wang[129], 2007
80 pat.; NASH
50 pat.; Yiqi Huoxue reci
Randomized according to
pe + polyene phosphatitheir visit; no values given
dylcholine capsules, 3 mo
Yang et al[111],
115 pat.; HBeAg or Fufang Huangqi granule
In results the group assign2006
HBV-DNA positive
+ lamivudine, 24 wk
ment is unclear
hepatitis
Mollison et al[112], 97 pat.; chronic HCV
61 pat.; CH100 herbal
30 pat.; placebo
No difference on viral titer, liver
Reduced pain in CH100
2006
hepatitis
remedy, 24 wk; 24 wk
for 24 wk, 24 wk
enzymes
group, quality of life paramfollow-up
follow-up
eters similar
Chen et al[113],
90 pat.; HBV-DNA, 49 pat.; Bu Shen Granule 41 pat.; lamivudine,
Clinical parameters are signifiThe calculations appear to
2006
HBsAg, HBeAg posi- (BSG) + Marine Injection,
1 yr
cantly better; reverse ratios are n.s. be skewed (42.6 to 61 - n.s.;
tive
1 yr
42.6%-36.2% sign)
Liu et al[106],
216 pat.; chronic
110 pat.; 5 × 1.6 g 3 ×/d 106 pat.; 5 × 0.93 g 3 No difference in fibrotic scores, Randomized, comparison of 2
2005
HBV infection with Fuzhenghuayu capsule, ×/d Heluoshugan suppresses inflammation, improves herbal TCM preparations
liver cirrhosis
24 wk, 12 wk follow-up
capsule, 24 wk, 12
fibrosis “reverse rate”
wk follow-up
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Ye et al[131], 2005 120 pat.; HBV plus 60 pat.; decompensated:
60 pat.; compenDose dependent improvement in
No exact data given
cirrhosis, 60 pat. 8, 16 or 24 mL Salvia injecsated:
all signs, symptoms and lab values
compensated, 60
tion, 60 d
8, 16, 24 mL Salvia Compensated cirrhosis > decomdecomp
injection, 60 d
pensated
Yang et al[138], 60 pat.; hepatic fibro30 pat.; 654-2
30 pat.; routine
Significant improvement in treatNo specific data provided
2003
sis and jaundice
treatment, 3 mo
ment group in clinical and lab
values
injection, “Gan Xian Tui
Huang recipe”, no dose, 3
mo
Long et al[134],
120 pat.; chronic
60 pat.; 100 mg/d matrine 60 pat.; convention- Significant: symptoms and signs,
Unclear, whether within or
2004
HBV
i.m., + conventional liver al liver protection:
liver function, serum conversion in between group differences
protection; 90 d
glucurone, inosine,
HBeAg, HBV-DNA
are reported
Vit B compound,
caryophyllene
Jakkula et al[114], 45 pat.; chronic HCV 10 g/d fixed comb of 10 10 g/d placebo, 12 No difference for symptoms, labo2004
infection, fatigue
herbs; 12 wk
wk
ratory values, virus load
Zhang et al[115], 50 pat.; chronic HBV 36 pat.; 2 ×/d Zhaoyang- 14 pat.; 3 mU IFN No effect on serum enzymes, virus Not blinded; IFN dose given
2004
infection with cirrhowan oral, 3 mo
i.m., 3/wk, 3 mo
reduction, significant changes in
incorrectly (3 MU)
sis
lymphocyte subtypes, complement
Li et al[135], 2003 56 pat.; HBV infec- 30 pat.; Da Ding Feng Zhu 26 pat.; colchicine, 3 Effective for hyaluronic acid, proInappropriate control, no
tion, liver fibrosis decoction, 3 mo; dose not mo; dose not given collagen Ⅲ, collagen Ⅳ-C, laminin
percentages given
given
Liu et al[116],
2002

77 pat.; chronic HBV 30 pat.; 2 × 3 tabl./d, each 30 pat.; placebo, 6
Lower US score, claim of better
17 pat. excluded; unclear apwith fibrosis
30 mg salvianolic acid B +
mo
reduction in fibrosis
plication, calculations cannot
1 MU IFNa 1/d for 1 mo,
be reproduced
then 3/wk; 6 mo
Chen et al[117], 94 pat.; HBsAg pos.
45 pat.; 400 mg kurori- 49 pat.; 3 MU IFNα, No significant difference (CR 31%
2000
none i.m./d, 3 mo
1 mo 1/d, then
treatment, 45% IFN)
3/wk for 2 mo
Akbar et al[118],
20 pat.; Child A
9 pat.; 3 × 7.5 mg HpPro
11 pat.; mix of
Significant lower AST and ALT
Crossover design, no control
1998
chronic hepatitis
oral, 1 wk
known drugs, 1 wk
only at some time points
specified
Batey et al[119], 44 pat.; chronic HCV
20 pat.; 5 tbl. 3 ×/d
20 pat.; 5 tbl. 3 ×/d
ALT improvement significant
4 dropouts; scant data presen1998
CH-100, 6 mo
placebo, 6 mo
tation
Hu et al[136],
116 pat.; CAH with
60 pat.; Ganyan Ⅳ
56 pat.; Western
Decreased jaundice, ALT
No data given, only percent1996
bilirubinemia
medicine
ages
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CAH: Chronic active hepatitis; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH:
Nonalcoholic steatohepatitis; TCM: Traditional Chinese medicine; US: Ultrasound.
[146-148]

[152,153]

studies
included colon carcinoma patients only,
[149]
whereas Guo
evaluated intestinal cancers, and
[150]
Li
evaluated patients with digestive tract cancers.
[147-150]
In four studies
, a herbal TCM preparation was
[146]
added to standard chemotherapy; Zhou
treated
colon cancer patients either with the proprietary Zhao
Weitiao No 3 preparation alone or in combination with
oxaliplatin + 5-FU. All five studies found improvement
in symptoms, whereas tumor size or recurrence was
[146]
only described by Zhou
with smaller tumors in the
chemotherapy group. Herbal TCM preparations are not
effective against colon carcinoma; they may provide
some symptomatic relief especially for symptom
[147]
scores in the Chinese symptom score systems .

studies
are included in Table 9; both studies
investigated the use of Sho Saiko To, a herbal mixture
with antitumor activity in vitro, to prevent HCC
development in liver cirrhosis patients.
[154-158]
Recent trials investigated the palliative use
,
or the adjuvant use of herbal TCM preparations after
[152,159-163]
curative treatment
; more than half of the 23
studies used an add-on design with all patients treated
[159,164-167]
[152,160,161]
with TACE
, microwave ablation
, or
[159,162]
surgery
, and the verum group additionally received
herbal TCM preparations. There was no treatment in the
[167]
control group in the study of Lin et al
and some older
[152,168,169]
studies
.
Besides Sho Saiko To, studied as a chemopre
[152]
ventive agent , only Ganji decoction was evaluated
[164]
[165]
twice by Tian et al
and Wang et al . Both studies
used an identical design with four weeks courses of
TACE plus Ganji decoction in the treatment group;
[164]
Tian et al
reported a better tumor regression in
the control group, but better survival in the treatment
[165]
group, whereas Wang et al
published an improved
long-term survival. Older studies reported significantly
better outcome in the treatment groups, but
clinical trials with larger cohorts and better design

Hepatocellular carcinoma

A PubMed search using the key words TCM and
hepatocellular carcinoma (HCC) retrieved 36 results,
21 of which were judged relevant. One recent
clinical study with Jinlong capsules containing herbal
[151]
preparations plus snake parts was excluded
. The
Cochrane library did not list a relevant review; ten
trials are quoted in the Cochrane library, all of them
already retrieved by the PubMed search. Two other
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Table 7 Clinical trials with herbal traditional Chinese medicine preparations for biliary diseases
Ref.
Wu et al[142],
2012

Patients

Treatment

Control

Outcome

Remarks

80 pat.; PBC

40 pat.; UDCA, Fuzheng 40 pat.; UDCA, no dose; Significant: itching, fatigue, liver Most parameters significant
Huayu capsule; no dose;
48 wk
enzymes, IgG, IgM, antibodies,
only at one of four time
48 wk
blood flow
points
Tong et al[143], 60 pat.; PBC, histol- 30 pat.; UDCA, Tongdan 30 pat.; UDCA, no dose; IgM, IgG decreased after 2 yr, less No percentages, no scoring
2012
ogy
decoction; no dose; 24 wk
24 wk
inflammation after 3 yr
system
Qi et al[144],
160 pat.; chronic
80 pat.; Dan An Tang, no 80 pat.; Xiao Yan Li Dan Tr.: total effective rate 95%, control Dan An Tang: cholecystitis
2009
cholecystitis
dose, no duration
Pian, no dose, no duration
80% significant
relieving; Xiao Yan bile
draining
Jiang and
16 pat.; PBC
No pat. number; UDCA + No pat. number; UDCA, No results that can be interpreted Conclusions not based on
He[145], 2003
“some Chinese herbs”, no no dose, no duration
results. Clinical observation
duration, no dose
Hu et al[136],
116 pat., CAH with
60 pat.; Ganyan Ⅳ
56 pat.; Western medicine
Decreased jaundice, ALT
No actual data given, only
1996
bilirubinemia
percentages
Cui et al[141],
89 pat.; extrahepatic No pat. number; Li Dan No pat. number; “control Herbal TCM better for incomplete
No data presented
1989
jaundice
Ling; no dose, or duration
group”; no dose, or
obstruction, worse for complete
duration
PBC: Primary biliary cholangitis; TCM: Traditional Chinese medicine; UDCA: Ursodeoxycholic acid.

Table 8 Clinical trials with herbal traditional Chinese medicine preparations for colon carcinoma
Ref.

Patients

Zhou et al[146], 163 pat.; colon carci2009
noma, no information
on stage

Treatment

Control

Outcome

Remarks

105 pat.; 40 mL/d Zhao's Weitiao
No. 3, 30 d = 1 cycle, 4-6 cycles

58 pat.; 40 mL/d
For tumor mass, CEA control
Assignment according
Zhao's Weitiao
is better, for symptom and QoL to patients wish; OLF:
No. 3 + OLF
treatment is better
oxaliplatin, 5-FU +
protocol, cycles as
leucovorin. Conclusions
treatment
incorrect
Liu et al[147],
64 pat.; colon carci43 pat.; chemotherapy + Jianpi
21 pat.; chemo- Remission 39.5% treatment, 33.3
Randomized study;
2005
noma postoperatively
Huoxue herbs, 3 mo, no dose
therapy, 3 mo control; Pi deficiency treatment P effects only in Chinese
given
< 0.01
symptoms
Guo[149], 1999 68 pat.; large intestinal 38 pat.; chemotherapy + Fu Zheng 30 pat.; chemo- Physical strength, survival time, No specific data given
cancer
Yiai decoction, no dose, duration therapy, no dose,
rate, recurrence sign better
duration
Cao et al[148],
79 pat.; diverse adLAK/IL-2 + Lycium Barbarum
LKA/IL-2
Response rate, remission, NK,
4 dropouts. No specific
1994
vanced carcinoma incl. polysaccharides; no dose, duration
LAK cell activity sign. better
data
colon carcinoma
Li[150], 1992
176 pat.; malignant tu- Chemotherapy + Shen Qi injecChemotherapy, No leukocyte decrease, improved No specific data given
mor of digestive tract
tion, no further details given
no further details cellular immunological function
given
LKA: Lymphokine activated killer cells; OLF: Oxaliplatin, leucovorin, 5-fluorouracil; QoL: Quality of life.

[185]

cannot confirm anticarcinogenic effects of herbal
TCM. Most studies describe symptomatic relief and
[154,161,165-167,170-172]
improvement in the quality of life
. Herbal
TCM preparations may improve some subjective
[172-176]
symptoms
. This effect is seen with all 16 des
cribed herbal TCM preparations as well as in the four
[166,170]
studies using individual
or nonspecified herbal
[162,173]
TCM preparations
, so no active ingredient has
yet been identified.

control group
, and one study did not report on
[186]
control patients . Whereas only Xiao Pi-I was tested
[177,181,183]
in three trials as herbal TCM preparation
,
domperidone was used as control drug in five
[179,181,183,187,188]
[177]
studies
, only Liu et al
tested against
mosapride. In two trials, two different herbal TCM
[182,189]
preparations were compared
. The diagnostic
criteria for functional dyspepsia were not consistent;
[178,180,182,189]
four trials used TCM scoring systems
,
[179,188]
two studies
considered anxiety or depression
[177]
comorbidity, and Liu et al
and other article preferred
gastric dyskinesia criteria. No study employed scores
like the Glasgow dyspepsia severity score of modern
[190]
medicine .
In accordance with the results of a Cochrane review
[190,191]
of Xiaoyao San for dyspepsia
, some herbal
TCM preparations may provide benefit for functional
[179]
dyspepsia patients. Xiao et al
showed superiority

Dyspepsia

A PubMed search for herbal TCM and dyspepsia
retrieved 25 clinical trials; the Cochrane database
identified 18 clinical trials. Thirteen clinical trials and
cohort studies are included in Table 10; twelve trials
originated in China, and one in Japan. Seven studies
[177-183]
randomized the participants
, four studies used
[178,180,184]
a placebo controlled design
, or an untreated
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Table 9 Clinical trials with herbal traditional Chinese medicine preparations for primary hepatocellular carcinoma
Ref.

Patients

Treatment

Huang et al[154], 2013

68 pat.; HCC,
32 pat.; BST + Xiaoaiping inj.,
stage ⅢA, ⅢB,
dose not given, 30 d
palliative treatment
Zhai et al[159], 2013 379 pat.; HCC af- 185 pat.; 50 mL/d Cinobufacini
ter hepatectomy injection 10 d/mo, 12 mo + 4.5
g bid Jie Du granule, 6 mo
Zhao et al[160], 2012
60 pat.; HCC, 30 pat.; Fuzheng Yiliu recipe, 6
after microwave
mo, dose not given
ablation therapy
Tian et al[164], 2010 97 pat.; primary 49 pat.; TACE + Ganji DecocHCC or CCC
tion; dose not given, 4 wk;
multiple cycles
Yen et al[155], 2009
42 pat.; unresect- 42 pat.; 750 mg capecitabine +
Saif et al[158], 2010
able HCC
PHY906
Wang et al[165], 2009 77 pat.; advanced 40 pat.; TACE + Ganji recipe,
HCC
dose not given, 4 wk (1 course)
Hou and Lu[166],
2009
Chen et al[170], 2007
Wu et al[171], 2005

Lao[174], 2005

67 pat.; mid
advanced HCC
82 pat.; HCC,
after TACE
61 pat.; HCC

122 pat.; HCC,
after TACE

35 pat.; TACE (gemcitabin,
cisplatin) + TCM according to
symptoms; 4 wk
45 pat.; complex prescription
of Chinese crude drugs, 4 wk
33 pat.; local DDP application
(TACE?) + Xiaoshui decoction,
2 mo
62 pat.; 150 mg/d matrine
injection, 2 wk

Lin et al[172], 2005

72 pat.; HCC Ⅱ 36 pat.; 20 mL Shenqi mixture,
or Ⅲ; with histol3 ×/wk, 1 mo
ogy and microwave coagulation
Feng et al[161], 2005
80 pat.; HCC
20 pat.; dexamethasone + ginafter TACE
senosides, dose, duration not
given
Lin et al[167], 2005

Zhang et al[175],
2004

Chen et al[156], 2003

85 pat.; middle
advanced HCC

52 pat.; TACE with HCPT, +
Shentao Ruangan pill

65 pat.; ad vanced
HCC

32 pat.; regular protective
therapy + Jia Wei Si Jun Zi
Tang; no dose or duration

100 pat.; moderate and advanced
HCC
Shao et al[176], 2001
60 pat.; middle
advanced
liver cancer; after
TACE
Xu et al[173], 2001
120 pat.; HCC,
after resection

50 pat.; Cino bufacini injection,
no further information
30 pat.; Gan'ai No. Ⅰ and No.
Ⅱ, no dose or duration given

Control

Outcome

Remarks

36 pat., BST

RECIST, immune function, China classification system.
QoL Karnofsky scale: signifi- Kaplan-Meyer: First 20 wk no
cant for immune function,
difference (-40%)
immediate therapeutic effect
190 pat.; TACE pira- Herbal TCM prolongs time 5 dropouts for ITT in verum,
rubicin, mitomycin
to recurrence (P = 0.048) 6 dropouts in control. After 14
C, once
mo, no further difference
30 pat.; additional Liver function, fibrosis, im- Data given only for lymphocytes
treatment
mune function improved
48 pat.; TACE with Tumor regression in control
Intervention: no cytostatic
mitomycin C, THP, better; survival better in test agents in TACE. No Kaplan
5-FU
group
Meier shown
Dose escalation
Improved survival to hisNo histology
study
torical control (?)
37 pat.; TACE
Survival not different at 3
mo, thereafter different; QoL
improved
32 pat.; TACE (gem- QoL, CT/MRT, immune
Ambiguous data presentation
citabin, cisplatin)
system. No differences
described
37 pat.; routine liver
Symptoms improved in
No differentiation of drugs
protection, 4 wk
therapy group
28 pat.; DDP appliAscites, QoL, survival,
Unclear basic treatment (DDP)
cation (TACE?)
symptoms: all significant,
except QoL
60 pat.; “some other Enzyme levels are increased, TACE not speci-fied; effects
hepatinica”, 2 wk
no clear group allocation
between groups not clearly
described
36 pat.; no additional Significant: cure rate, Kar- Microwave treatment: 2 times
treatment
nofsky score, lymphocytes,
60 W, 800 s 1/wk
AFP, Chinese symptom
score
20 pat.; each dexa- Treatment lowered nausea, TACE not specified; no nummethasone, ginsen- vomiting, fever, pain, bone
bers given
osides or placebo; no
marrow inhibition
dose, no duration
33 pat.; TACE with No difference: tumor size; HCPT: hydroxy- camptothecine
HCPT
significant: survival, Chinese
symptom score
33 pat.; regular
Sigificant improvement in
ICGR15: indocyanine green
protective therapy; treatment group; “superior retention 15 min; intervention
no dose or duration
in curative effect”
treatment mentioned, but not
described
50 pat.; no further Every parameter improved
No individual parameter
information
in Cinobufacini injection
reported
group
30 pat.; no further
Improved survival, recurNo treatment details
details
rence rate, tumor shrinking,
AFP, leukocytes

61 pat.; herbal TCM for Chi59 pat.; no further
ALT, AST, albumin, γ-GT,
Unclear whether within or
nese symptoms, no type, dose,
treatment
bilirubin improved
between group differences
duration
were reported
Wang[162], 1998
108 pat.; HCC
40 pat.; each herbal TCM
40 pat.; no further
Survival rate, short term No specific data, no treatment
embolism chemo- preparations, no type duration,
treatment
effects significant
details
therapy
dose
Zheng et al[163],
106 pat.; HCC
56 pat.; embolization with
50 pat.; emboliza- All clinical parameters better
1998
Bletilla striata angioembolus, tion with Gelfoam,
than in control
follow-up 4 yr
follow-up 4 yr
Han et al[169], 1997
HCC with
Xuefu Zhuyu decoction, no
No treatment
Survival significantly
“showed coordinate effect
radiotherapy,
details on pat. number, dose,
improved, metastasis not
with radiotherapy”
no further data
duration
improved
available
Peng et al[157], 1993 Late stage HCC
4–8 mL Salvia miltiorrhizae
No treatment deSign. difference between
No description of treatment
composita; no pat. number
scription given
groups
and results
given
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Oka et al[152], 1995

260 pat.; HCC in 130 pat.; conventional drugs +
cirrhosis
7.5 g/d Sho Saiko To (TJ-9), 5
yr
Yamamoto et al[153], 260 pat.; HCC
130 pat.; 7.5 g/d of Sho Saiko
1989
in cirrhosis,
To, 34 mo
matched pairs

Survival prolonged (n.s., P = Randomized, prospective, not
0.053), for HBs-negative pat.
blinded
significant
130 pat.; convenSign. lower incidence of
tional medicine, 34
HCC (9 vs 17)
mo
130 pat.; no treatment

BST: Best supportive treatment; CCC: Cholangiolarcellular carcinoma; HCPT: Hydroxycamptothecine; HCC: Hepatocellular carcinoma; QoL: Quality of
life; RECIST: Response Evaluation Criteria In Solid Tumors; TACE: Transarterial chemoembolization; THP: Tetrahydropyranyladriamycine.

Table 10 Clinical trials with herbal traditional Chinese medicine preparations for dyspepsia
Ref.

Patients
[177]

Liu et al
2013

Treatment

Control

,

180 pat.; functional 90 pat.; Xiao Pi-Ⅱ, 100 mL, 3 90 pat.; 5 mg modyspepsia (FD), as
×/d, 2 wk
sapride 3 ×/d, 2 wk
postprandial distress
syndrome
Zhang et al[178],
162 pat; FD with
108 pat.; gastrosis No.1 com- 54 pat.; placebo, no
2013
spleen deficiency and pound, no dose; 4 wk, 4 wk
dose, 4 wk
qi stagnation
follow-up
Xiao and Li[179], 89 pat.; FD + anxiety
23 pat.; modified Banxia
22 pat.; domperi2013
or depression
Houpo decoction (MBHD);
done, no dose; 22
no dose given; 4 wk
pat., St. John’s Wort,
no dose; 4 wk each
Zhang et al[181], 160 pat.; FD + spleen 106 pat.; Liu Jun Zi decoction 54 pat.; placebo in
2013
deficiency and qi stag- in 2 × 150 mL water; 4 wk, 4 2 × 150 mL water; 4
nation
wk follow-up
wk, 4 wk follow-up
Li et al[187], 2013

134 pat.; FD

Fan et al[180],
2012

170 pat.; FD

66 pat.; Xiaopi-I, no dose
given, 4 wk

68 pat.; 10 mg 3 ×/d
domperidone; 4 wk

Unknown number; indi34 pat.; domperidone
vidual therapy by Chinese or esomeprazole, no
medical syndrome ty- ping;
dose, 4 wk?
no dose, 4 wk
163 pat.; FD + spleen 83 pat.; IFC-A pills, 6 g/tid, 4
80 pat.; IFC-S, 6
deficiency and qi stagwk
g/tid, 4 wk
nation, Rome Ⅱ
63 pat.; FD
33 pat.; Hewei Xiaopi cap30 pat.; domperisule, dose not given, for 4 wk done, dose not given,
4 wk

Wu et al[182],
2011
Xia et al[183],
2008

Gao et al[186],
2007

Zhao and
Gan[188], 2005

Ge et al[189],
2002

32 pat.; FD, dyskinesia Qingre Liqi granule; no dose
given, 6 d

73 pat.; FD + depression, anxiety

100 pat.; functional
dyspepsia, TCM
symptom
64 pat.; FD

Gu et al[185],
1998
Tatsuta and
Ishii[184], 1993

No control group

Unknown number, Xinwei
decoction,unknown dose, 8
wk

Unknown number,
domperidone or
placebo, unknown
dose, 8 wk
50 pat.; Jian Weishu capsules, 50 pat.; Jian Weishu
decocted separately
capsules, decocted
together
20 pat.; 3 × 100 mL/d Wei- 44 pat.; no treatment
huigui decoction; 14 d

42 pat.; chronic idiopathic
dyspepsia

22 pat.; Liu Jun Zi Tang
(TJ-43) 2.5 g 3 ×/d; 7 d

20 pat.; placebo, no
dose given, 7 d

Outcome

Remarks

3D-ultrasound, question- Not blinded, gastric emptying by
naire: bloating, eructation,
3D-ultrasound, randomized
gastric liquid emptying
rate fullness P < 0.05
Symptomatic improveNo scores given; randomized
ment (P < 0.01)
Domperidon + St. John’
s Wort most effective,
domperidone ineffective.
Few significant differences
(MBHD vs domperidone)
Dyspepsia symptom
score, barium emptying
markers; TCM group P <
0.01
Not visible whether there
were differences between
groups
Symptom score, healing
rate, effectivity, SF-36
score, physical and mental
component summary: n.s.
IFC-A better than IFC-S
on symptom scale (authors
scale)
Clinical symptoms-n.s.;
EGG: less waves in treated
group, 41.9 ± 18.2 vs 50.9 ±
16.0
All parameters improved,
correlation between
gastric emptying time and
symptoms
Symptom score, total
effectivity in TCM sign.
better than domperidone,
this better than placebo
No difference in effects

Improves clinical symptoms, gastric emptying
time, no data
No change in pain, sign
for fullness, heartburn,
belching and nausea

HAMA, HAMD, FD symptom
scoring system, randomized

7 dropouts (5 verum, 2 placebo).
Careful conclusions, appropriate,
randomized
6 dropout verum, 8 dropout
domperidone, randomized
16 drop outs in verum, 4 drop
outs in control. Conclusions are
not supported
Randomized, double blind. 3
drop outs. Drug difference Citrus
aurantis vs Camellia sinensis
Clinical symp-toms, electrogastrogram randomized

Cohort study

Curing rate in TCM 70%

Claims effectiveness of the herbal
TCM preparation

Gastric emptying by acetaminophen serum conc. No changes in
pain at all. Randomized

EGG: Electrogastrogram; FD: Functional dyspepsia; HAMA: Hamilton anxiety scale; HAMD: Hamilton depression scale; MBHD: Modified Banxia Houpo
decoction; SF36: Short Form 36 life scale questionnaire.
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Table 11 Clinical trials with herbal traditional Chinese medicine preparations for irritable bowel syndrome
Ref.

Patients

Treatment

Control

Su et al[200], 2013

240 pat.; IBS-D, Rome
Ⅲ criteria

120 pat.; modified Sishen Wan,
dose not given, 4 wk

120 pat.; Chao Maiya,
dose not given, 4 wk

Bian et al[202],
2013

120 pat.; IBS-C, Rome
Ⅲ

60 pat.; 7.5 g bid Ma Zi Ren
Wan,18 wk

60 pat.; placebo, 18 wk

Huang et al[210],
2011

90 pat.; lBS-C, long
term care

45 pat.; 1.5 (mild), 3 (moderate) 45 pat.; placebo (no deor 4.5 g/d (severe) CCH1 pow- tails), 8 w. 31 remainder, 8 wk. 27 remaining at 12 wk
ing after 12 wk

Cheng et al[203],
2011

60 pat.; Hemp Seed pill 7.5
g/bid, 8 wk, follow-up 8 wk

Zhang et al[197],
2010

360 pat.; IBS-D

Jia et al[204], 2010

132 pat.; constipation
with conventional and
TCM criteria
80 pat.; functional
constipation

40 pat.; Jianpi Tiaogan Wen
Shen recipe, dose not given, 4
wk
180 pat.(?); Chinese medicinesyndrome differentiation
therapy, dose not given, 4 wk
44 pat.; 70 mg tid Yun Chang
capsule, 2 wk

120 pat.; IBS-C, excessive constipation by
Rome Ⅲ and TCM
Gao et al[207], 2010
80 pat.; IBS-D

Zhang[212], 2009

Pan et al[195], 2009 120 pat.; IBS-D Rome
Ⅲ

43 pat.; 105 mg tid YCC
40 pat.; 5 g/d compound
plantain-senna
Granule, 2 wk
80 pat.; 2 pkg/d Tongxie Yaofang granules, 4 wk

Gao et al[205], 2009

104 pat.; IBS-D

78 pat.; 4 caps. tid Changjishu

Wu and
Zhang[198], 2008

125 pat.; IBS-D

Soft elastic capsule, 3 wk
2 groups:

Lv and Wang[201],
2008

58 pat.; IBS-C

TCM therapy not specified,
TCM selected patented herbs,
dose and number not given; 4
wk
30 pat.; Tongyouqing, no dose
given, 4 wk
105 pat.; 20 g/d Forlax, 2 wk

Wang et al[214],
2007

216 children; with
constipation

60 pat.; placebo
(Dextrin, tea essence,
gardenin, caramel)
40 pat.; pinaverium
bromide, dose not
given, 4 wk
180 pat. (?); pinaverium bromide, dose
not given, 4 wk
44 pat.; placebo tid 2
wk

Outcome

Remarks

Significant better in treatment Randomized; 4 dropgroup for effective rate, cure
outs in therapy, 12
rate, recurrence
dropouts in placebo;
cure rate defined as
lack of symptoms
After 10 wk good effect, de- Randomized, blindclining afterwards
ed; well conducted
study
After 4 and 8 wk: increased Randomized, double
bowel movement, reduced en- blind, placebo conema use, rescue laxative. After trolled. 12 dropout
12 wk: only reduced rescue
CCH1, 11 dropouts
laxative
placebo; 9 withdrawals
During treatment sign imRandomized, double
provement, after follow-up n.s. blind. 7-10 dropouts.

No difference in effective rate, 3 dropouts in verum,
cure rate; less mucus, better 4 dropouts in control
long term of verum (P < 0.01)
TCM significantly superior
No information on
dropout, dose, symptom scores
Symptom score improvement
11 dropouts; well
in both YCC groups, no dose
designed study
difference
40 pat.; 5 g/d starch Stool frequency and property,
placebo, 2 wk
clinical symptom scores, transit time sign. improved
40 pat.; 3 × 2 tbl/d
No difference in symptoms;
Miyarisam is deMiyarisam, 4 wk
sign. increase in mast cell
scribed as placebo; 3
activation (6 pat. per group) dropouts in intervention group
26 pat.; 3 caps. tid
All clinical scores sign. imglutamine compound
proved
enteric capsule, 3 wk
pinaverium 50 mg,
SF 36: in 6 of 8 scores TCM
oryzanol 10 mg, and
superior
bifid triple viable 420
mg, 3/d, 4 wk
28 pat.; 6 mg qid tegas- Symptom score better in treatScant data
erod maleate; 4 wk
ment group

Significant: bowel movement,
stool consistency, complete
clinical remission, abdominal
pain
Zhang et al[206],
198 pat.; IBS
66 pat.; 1.2 g tid Dinggui oil, 2 66 pat.; 5 g tid placebo, High dose is effective (54%
Randomized double
2007
wk;
2 wk
effective), low dose 28.8%,
blind, placebo conplacebo 21.9%
trolled
Wang et al[209],
60 pat.; IBS-D, Rome Ⅱ 66 pat. 0.8 g tid Dinggui oil, 2
30 pat.; 3 × 5 g/d
NPIS scale: improvement in Randomized, double
2006
wk
placebo, 3 wk
some pain parameters
blind, well controlled
30 pat.; 3 × 5 g/d Tong Xiening
study
granule, 3 wk
Leung et al[196],
119 pat.; IBS-D, Rome 60 pat.; Tong Xie Yao Fang, no
59 pat.; placebo, no
Significant improvement in
14 (verum) 10
Ⅱ, + TCM criteria
2006
dose; 8 wk; 8 wk follow-up
dose; 8 wk, 8 wk
bowel frequency, initial pain dropouts; randomfollow-up
relief; other parameters (BSS,
ized, blinded, well
SF36) n.s.
conducted
Yu et al[216], 2005 47 pat.; IBS-C, Rome 24 pat.; 2 × 100 mL/d modified
23 pat.; 3 × 10 mg
Symptom score, rectal toler- Cisapride as control
Shen et al[208],
criteria
Sinisan, 8 wk
cisapride tabl., 8 wk
ance vol. sign. improved
improves gastric
2003
45 pat.; IBS-D
No number; compound Changji- No number; pinaveriDefecation episodes, stool
emptying
tai; no dose, no duration
um bromide, no dose, quality, tenesms, distension
Statistics not reprono duration
sign. better (83% > 73%)
ducible
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Bensoussan[193,194],
2001

116 pat.; IBS, Rome
criteria

38 pat.; individualized herbs, 43 35 pat.; placebo; 16 wk Both treatment groups better
pat. standard formula; 16 wk
than placebo on key outcome
parameters; no difference
between treatment groups

Proof of principle
study

BSS: Bowel symptom score; FD: Functional dyspepsia; IBS-D: Irritable bowel syndrome, diarrhoeic type; IBS-C: Irritable bowel syndrome, constipation
type; NPIS: Numeric pain intensity scale; SF-36: Short Form 36 life style questionnaire; TCM: Traditional Chinese medicine; YCC: Yun Chang capsule.

of St. John’s Wort extract over modified Banxia
Hupo decoction in dyspepsia patients with anxiety or
depression; other publications reported improvement
in all scores and symptoms, measured without
[189]
adequate data presentation .

CONCLUSION
The use of herbal TCM to treat various diseases has an
interesting philosophical basis with a long history, but
its negative benefit/risk profile has raised objections
about its efficiency. This also has been confirmed
for gastrointestinal disorders in the present review,
even when analyzing all published clinical trials, since
placebo controlled, randomized, double blinded trials
are lacking for nearly all preparations and indications.
The quality of these studies overall is poor and does
not allow a recommendation for its general use in
gastrointestinal diseases. Future clinical studies should
adhere to accepted standards of placebo controlled,
randomized, double-blind clinical trials, also considering
issues of herbal product quality and standard criteria of
diagnoses and treatment endpoints. A modern herbal
TCM should meet these requirements of modern
medicine and bridge the gap between these two
medicinal cultures.

IBS

Besides dyspepsia, IBS is a diagnosis of exclusion with
abdominal pain rather than eructation. IBS is clinically
subdivided with diarrhea or constipation as symptoms;
therefore, PubMed and Cochrane libraries were
searched for IBS with both diarrhea and constipation.
For herbal TCM and constipation, three Cochrane
[192]
reviews are identified, with Liu et al
analyzing
clinical trials of constipation and herbal medicines in
general. Additionally, 33 clinical trials are included in
the database. A PubMed search with IBS and herbal
TCM identified 20 publications, with eleven relevant
publications. Searching for constipation identified 51
publications; eight of them were judged relevant (Table
11). All relevant clinical trials for IBS and herbal TCM
were found both in PubMed and Cochrane database
[193,194]
searches. Bensoussan et al
studied Chinese
patients in Sydney; whereas all other trials were
performed in China, mostly in TCM hospitals.
Except Tong Xie Yao Fang which was used in two
[195,196]
trials
, no herbal TCM preparation was studied
[193,197,198]
more than once. Three trials
did not specify
the type of herbal TCM preparation used. IBS - like
dyspepsia - is a diagnosis of exclusion; for classification
[199]
ROME criteria of Western medicine
can be used;
[193,195,196,200-204]
this has been confirmed for nine studies
;
also in nine trials, TCM symptom definitions have
[193,196,198,200,203-206]
been used as inclusion criteria
. Most
studies were reported as randomized (15/19 studies)
and blinded (11/19 studies). Whereas 7/8 studies
in IBS constipation type were placebo controlled,
[197,198,207,208]
[200]
[195]
pinaverium
, Chao Maiya , Miyarisam ,
[205]
and glutamine compound
were used as control
[192]
treatment in IBS with diarrhea. Liu
could not
identify valid evidence for herbal TCM preparations
being effective in constipated IBS patients. Most
studies found some symptomatic improvement during
[195,196,203,204,206,207,209,210]
the treatment period
, including
[193,194,211]
the Australian study
. However, since this
effect was seen with all preparations, especially in
[212-216]
older studies
, it may be speculated that this
improvement is not due to specific herbal preparations
but mediated by nonspecific factors.
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REVIEW

Role of associating liver partition and portal vein ligation for
staged hepatectomy in colorectal liver metastases: A review
Kristina Hasselgren, Per Sandström, Bergthor Björnsson
decrease the tumor with neoadjuvant chemotherapy
and to increase the FLR. An accepted strategy to
increase the FLR is portal vein occlusion (PVO). A
concern with this strategy is that a large proportion of
patients will never be operated because of progression
during the interval between PVO and resection. ALPPS
(associating liver partition and portal vein ligation
for staged hepatectomy) is a new procedure with a
high resection rate. A concern with this approach is
the rather high frequency of complications and high
mortality, compared to PVO. In this review, it is shown
that with ALPPS the resection rate was 97.1% for
CRLM and the mortality rate for all diagnoses was 9.6%.
The mortality rate was likely lower for patients with
CRLM, but some data were lacking in the reports. Due
to the novelty of ALPPS, the indications and technique
are not yet established but there are arguments for
ALPPS in the context of CRLM and a small FLR.
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Core tip: Associating liver partition and portal vein
ligation for staged hepatectomy (ALPPS) has emerged
as a new method for patients with comprehensive
liver metastases and a small future liver remnant. This
review is an attempt to clarify the role of ALPPS in the
context of colorectal liver metastases (CRLM). In this
review, it is shown that the resection rate was 97.1%.
The mortality rate was 9.6%. However, ALPPS is a
new procedure, and the indications and diagnoses for
which ALPPS is most suited are not yet clear. There
are indications that ALPPS is particularly suited to the
context of CRLM.

Abstract
Colorectal cancer is the third most common cancer in
the Western world. Approximately half of patients will
develop liver metastases, which is the most common
cause of death. The only potentially curative treatment
is surgical resection. However, many patients retain
a to small future liver remnant (FLR) to allow for
resection directly. There are therefore strategies to
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patients can be operated on up front in one stage,
while others require augmentation of the FLR.
Increasing the size of the FLR can be achieved with
portal venous embolization (PVE) or portal venous
ligation (PVL). One of these methods, portal vein
occlusion (PVO), is often combined with two-stage
surgery and has been a mainstay of treatment for
patients with small FLRs.
PVE is technically feasible in almost 99% of
patients, with a low risk of complications. FLRs increase
by a median of 40%-62% after a median of 34-37
d. After PVE, 72.2%-80% of patients can proceed
to surgery. Up to 20%-27.8% have progression of
metastasis and are therefore not resectable. The
complication rate after resection was 57.7%, and the
[2,10]
90-day mortality was 8.6%
.
PVL and two-stage resection result in an FLR
increase by a median of 30%-43.1% after a median of
37-57.9 d. The resection frequency is 62.5%-87% with
93.3% radical resection. Postoperative complications
occurred in 25%-57.9%, and the reported mortality
[11-13]
rate was 5.3%-10%
. Over the median follow-up
[13]
of 17 mo, 66.7% experienced recurrence .
One major concern with PVO and resection is that
the growth rate is usually slow and there is a risk of
tumor progression. These factors have resulted in a
[2,10,14-17]
52%-80% resection rate
.
PVO in CRLM induces growth of the FLR but can also
induce progression of metastases in both embolized
and non-embolized liver tissue. The risk of progression
is most likely decreased with chemotherapy, and
the risk can probably be further reduced with beva
[2,18,19]
cizumab
.
A concern with PVO and two-stage hepatectomy
is that the growth of the FLR is variable and, in some
cases, might be insufficient. A rather large number
of patients will never be resected with this traditional
approach; therefore, the associating liver partition and
portal vein ligation for staged hepatectomy (ALPPS)
approach could be an option for rescue in patients
failing PVE/PL or as a direct method in patients with
small FLRs.
The first ALPPS treatment was conducted in
[20]
2007 . This new method of treating an extensive
tumor burden in the liver has not been standardized
and has varied in both technical and anatomical
approaches. The common technical principle for ALPPS
is two-step resection. During the first procedure, there
is parenchymal dissection of the liver (in situ split)
between the lateral and medial sectors of the left
hemi-liver, combined with ligation of the right portal
vein, as well as of the portal branches to segments
4A and 4B. During the second procedure, the right
artery and bile duct are transected, and the diseased
hemi-liver is resected. Other combinations, involving
isolation of part of the liver (by in situ split) with intact
portal blood flow from parts of the liver that only have
arterial blood flow, have been described. Because this
is a novel treatment, the indications have yet to be

LIVER METASTASES IN COLORECTAL
CANCER
Rate, survival

Colorectal cancer (CRC) is the third most common
cancer in the Western world. approximately half of the
patients with CRC will develop liver metastasis (CRLM),
which is the main cause of death in patients with
[1]
CRC . Resection is the only treatment with curative
potential, and it is warranted if radical resection can be
achieved, leaving a sufficient future liver remnant (FLR)
and if the patient’s physiological status is acceptable
[2,3]
for surgery(2) .
For primary resectability, the FLR should be at least
20% in patients without intrinsic liver disease or who
[1,3-5]
have not received neoadjuvant chemotherapy
.
After chemotherapy, the FLR should be at least
[1,5]
[1]
30%
and at least 40% in patients with cirrhosis .
Postoperative liver function is dictated by volume,
[3,4]
circulation and degree of fibrosis . The frequency
of upfront resectable CRLM is unfortunately only
[4]
approximately 20% . The remaining 80% are defined
as non-resectable at presentation. Primary nonresectable metastases occur when the FLR is too small
for resection or the location of the metastasis interferes
with the main vascular or biliary structures of the liver.
These patients are usually treated with chemotherapy
to down-size the metastatic burden and to convert the
disease into a situation that is amenable to surgical
treatment. With this strategy, up to 50% of the
[2]
patients have become resectable after downsizing .
Radical resection of liver metastases have an up
to 58% 5-year survival rate and a 10-year survival
[3,4,6-8]
rate of up to 36%
compared to 5%-10% with
[4]
chemotherapy alone . The disease-free 5-year survival
rate was 22%, and 10-year disease-free survival
[8]
rate was 19% after surgical resection. Negative
prognostic factors include, for example, bilobar
metastases and the diagnosis of liver metastasis within
12 mo from the diagnosis of the primary tumor. The
prognostic value of the size of the metastasis was not
[9]
clear .
More than half of patients operated on for CRLM
will progress with new liver metastases after resection;
however, the 5-year survival rate after reresection
was comparable to the survival rate after the first liver
[3]
resection for CRLM .
Regardless of whether the patient undergoes downsizing oncological treatment or not, patients with an
FLR close to or less than the lower limit constitute a
special challenge to the liver surgeon. Some of these
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three or more patients were selected, resulting in 9
[20,21,24,25,37-41]
reports
. Some patients appeared in more
than one report, and in such cases, the latest report
was included.

Table 1 Diagnoses and number of patients with each
diagnosis
Diagnosis

Number

CRLM
Liver metastasis
CCA including Klatskin
HCC
Gallbladder cancer
Sarcoma
Malignant epithelioid hemangioendothelioma
Cystic liver disease
Metastatic ovarian cancer
Metastatic gastric cancer
GIST
Barrett-Ca

68
39
32
8
2
2
1
1
1
1
1
1

RESULTS
A total of 160 patients who were operated on using
the ALPPS procedure were identified in 9 published
reports, and they consisted of 91 men and 66 women,
[20,21,24,25,37-41]
age 20-83 years old
. The most frequent
diagnosis was colorectal liver metastases (n = 71),
followed by primary liver tumors (n = 40) and liver
metastasis without a specified primary tumor (n =
39), which were almost equally frequent. Two reports
included ALPPS performed in the context of only
[25,40]
CRLM
, while the others included mixed diagnoses.
Two patients with CRLM did not proceed to the second
[24]
operation because of disease progression , and
another two patients did not proceed to the second
[37]
operation due to fatal complications . These 4
patients are included in the review. Three patients with
CRLM were not included in the review although they
completed both operations because they were not
[25]
described in the paper . A total of 68 patients with
CRLM are therefore included in this report (Table 1).

CRLM: Colorectal liver metastases; CCA: Cholangiocarcinoma; HCC:
Hepatocellular carcinoma; GIST: Gastrointestinal stromal tumor.

defined and opinions vary. ALPPS has been used as a
salvage procedure after failed PVO, as well as up front
in patients with extensive liver metastasis or primary
tumors.
ALPPS could be indicated when the FLR is smaller
than 20%-30% of healthy liver or smaller than
30%-40% after chemotherapy, in cholestasis or when
[20-23]
the FLR/BWR is smaller than 0.5 or 0.8, respectively
.
The interval between step one and step two varies from
[24]
[25]
7.5 d to at most 40 d .
Some reports have suggested that the current
role of ALPPS is for rescue in patients with insufficient
growth of the FLR after PVO. The procedure can be
performed as a parenchymal transection or as portal
[26-28]
ligation and parenchymal transection
.
Concerns have been raised about the safety of
ALPPS, given the rather high frequency of complications
reported initially and the unknown long-term oncological
[29-34]
results
. Another concern has been that the function
[35]
of the FLR might not be correlated with the volume .
Concerns have also been raised regarding the risk with
tumors close to the right portal vein and that dissection
in close proximity to the tumor could possibly jeopardize
[36]
the oncologic results . An argument for two-stage
hepatectomy and PVO is that it is a well-known procedure
and that the longer interval is beneficial for de-selecting
patients with more aggressive tumors who likely will not
[30,34]
benefit from surgery
.
This review was conducted to evaluate the role of
ALPPS, so far, in the context of CRLM.

Neoadjuvant chemotherapy

Most of the included papers were unclear regarding
whether chemotherapy was administered as neoa
djuvant or as down-sizing treatment; therefore, we
used the term neoadjuvant. Sixty-four patients received
neoadjuvant chemotherapy, and 33 of these patients
were specified to be patients with CRLM. Of all of the
patients with CRLM, 78.6% received chemotherapy.
For patients with CRLM the most common regimen
was FOLFOX (n = 16), combined with monoclonal
antibodies for 5 patients; 2 patients received cetuximab,
and 3 received patients bevacizumab. Five patients
received FOLFIRI, combined with cetuximab (n = 1)
or bevacizumab (n = 3). In one report (5 patients with
CRLM), the chemotherapy regimen was not specified,
and in one report, the number of patients who received
neoadjuvant chemotherapy was not specified (26
[20,21,24,25,38,40,41]
patients with CRLM)
. In three reports,
the number of cycles were specified within the range of
[20,24,41]
1-38 cycles, for a median of 8 cycles
. No reports
clearly specified that neoadjuvant chemotherapy
was performed to down-size. Two reports stated the
[25,39]
numbers and sizes of metastases
(Table 2).

Search

A search in the PubMed database was undertaken,
using the following search terms: ALPPS, associating
liver partition and portal vein ligation in staged
hepatectomy, and in situ split. The same reports were
found via alpps.net, and using the same search terms,
129 reports were found. The search was conducted
on September 29, 2014. Reports not about ALPPS
were excluded, as were case reports. Reports with
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Indications for ALPPS and preoperative FLR

Indications were expressed either in terms of
[20,41]
volume
or in the assessment of an otherwise
[25,37]
unresectable tumor
. ALPPS was deemed indicated
when the FLR/TLV was less than 25%, the FLR/BWR
was less than 0.5 in patients with a healthy liver, or
the FLR was less than 30%. After chemotherapy or
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Table 2 Age, sex and American Society of Anesthesiologist physical status classification system of patients in the included papers,
number of patients with colorectal liver metastases and chemotherapy
Ref.

Age (median
and range)

Sex

63 (32-75)

Torres et al[37]
Oldhafer et al[25]
Ratti et al[24]

57.3 (20-83)
65 (52-81)
61 (45-72)

7 ASA 2, 1 ASA 3

5

Nadalin et al[21]
Ielpo et al[38]
Schadde et al[39]
Gauzolino et al[40]
Troja et al[41]

67 (43-80)
7 M, 8 F 10 ASA 2, 3 ASA 5
58.5 (56-63)
2 M, 4 F
57 (48.5-65) 29 M, 19 F 40 ASA 1-2, 8 > 2
52.5 (49-67)
3 M, 1 F
65 (38-72)
4 M, 1 F

5
5
26
4
2

Schnitzbauer et al[20]

ASA

Number of patients
with CRLM

Neoadjuvant chemotherapy

14 M, 11 F

14

22 M, 17 F
4 M, 3 F
6 M, 2 F

7

11 CRLM (7 folfox, 1 folfox + cetuximab, 1 folfox + bevacizumab, 1 xeliri + cetuximab, 1 xelox), 1 gastric cancer (flot3)
Not specified
2 (folfox + bevacizumab, folfiri + bevacizumab/HD-5FU)
5 CRLM (folfiri + bevacizumab, folfox + bevacizumab, folfiri
+ cetuximab, folfiri, folfox + cetuximab)
5 CRLM (4 folfox, 1 folfiri)
5 CRLM, regimen not specified
28, diagnosis and regimen not specified
2 oxaliplation, 2 irinotecan
1 CRLM (folfiri + bevacizumab), 1 (imatinib/sunitinib, 1
cisplatin/5-FU)

CRLM: Colorectal liver metastases; CCA: Cholangiocarcinoma; HCC: Hepatocellular carcinoma; GIST: Gastrointestinal stromal tumor; ASA: American
Society of Anesthesiologist physical status classification system; M: Male; F: Female.

[24]

in patients with fibrosis or cholestasis, the limit was
[21]
higher, at 30%-40% . There were no differences in
the requirements for the volume of the FLR depending
[34-38]
on diagnosis
.

one paper . Whether the portal vein, hepatic artery
and bile duct to segment 4 were transected depended on
whether resection, as extended right hemihepatectomy
or not, was conducted, which was described in all of the
papers. How parenchymal dissection was conducted was
specified in three papers. The transection was described
[37]
as total or nearly total in two papers and complete in
[25]
one . To prevent adhesion between the two hemi-livers,
[20,25,40]
[25]
[21]
a plastic bag
, a collagen
or silicon
sheet, a
[24]
[41]
bioactive sealant
or omentoplasty
was used. The
use of a drain after step 1 was described in four of the
[21,24,37,38]
papers
.
After evaluation with CT and when the FLR gained
a sufficient volume, step 2 was conducted. The exact
criteria for FLR size to perform step 2 were described
[21,24,38]
in three papers
. The common principle was
transection of right hepatic artery, bile duct and hepatic
vein, and regarding this step, no significant differences
were described.

Volumetry

The volume of the FLR was mostly expressed in terms
of percentage of the TLV; in one report, the quotas for
the FLR and BWR were stated, and in some reports,
the values for the pre- and postoperative FLR were
not reported. The preoperative median volume of the
FLR ranged between 22% and 27.8%, and the lowest
reported volume ranged between 13.1% and 19%.
The postoperative median volume of the FLR ranged
between 33% and 46.9%. The median increase in
FLR ranged between 65% and 110.3%. The interval
between step 1 and step 2 ranged from 6 to 40 d, with
[20,21,24,25,37-41]
a median interval of 6-15.3 d (Table 3)
.

Surgical technique

Complications

All of the procedures were conducted as open surgery,
except for two patients in whom both steps were
[37]
conducted laparoscopically . Common principles
during the first step are examination of the abdominal
cavity to exclude metastases and intra-operative
ultrasound of the liver. Thereafter, identification of the
portal vein, hepatic artery and bile duct is undertaken.
The right portal vein is divided, and the hepatic artery
and bile duct are marked with vessel loops to ensure
identification during step 2. The liver parenchyma is
then transected.
The differences in technique regard, in essence,
how mobilization of the liver is conducted. The hanging
maneuver during mobilization has been described in
[21,25,40]
tree papers
. There have also been differences
in whether the hepatic veins are transected during the
first step. Transection of the middle hepatic vein was
[21,37]
described in two papers
, whereas dividing the
[24,25]
minor retrohepatic veins was described in two
and
transection of the minor hepatic veins was described in
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How complications were reported varied, although the
complications were mostly reported according to the
[42]
Clavien-Dindo grading system . It was not possible
from all of the reports to determine which diagnoses
had which grade of complications.
A total of 211 complications were reported in 157
patients. In some reports, all of the complications were
reported, not only the highest grade according to the
Clavien-Dindo score; in other reports, complications
were stated if they occurred after step 1 or step 2. Of
all of the patients with complications, 15 were specified
as patients with CRLM. The total mortality rate was
9.6% (n = 15). Of these patients, 4 were specified
as having CRLM. In some papers, the diagnoses with
complications or that resulted in mortality were not
specified (Table 4).

Radicality

Radicality, R0, was achieved in 101 patients and R1 in
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Table 3 Pre- and postoperative volume of future liver remnant, increase of future liver remnant and time for increase
Ref.

Preoperative volume of FLR
[20]

Schnitzbauer et al
Torres et al[37]
Oldhafer et al[25]
Ratti et al[24]
Nadalin et al[21]
Ielpo et al[38]
Schadde et al[39]
Gauzolino et al[40]
Troja et al[41]

1

1

Postoperative volume of FLR

FLR/BWR 0.38 (0.25-0.49)
23.8% (13.1-37.2)
22% (16-27)
22.6% (15.7-29.2)
23% (18-29%)
31% (20-47)
-

FLR/BWR 0.61
36.7% (22.4-59.5)
33% (31-40)
36.3% (30-59.2)
41% (34-47%)
43.5% (32-52)
-

Increase

Time

74% (21-192)
83% (47-211.9)
65% (16-97)
87.2% (23.8-161)
95.5% (56-214)
77.4% (52.8-101.7)
-

9 (5-28)
14.1 (5-30)
13 (10-40)
7.5
10 (8-16)
15 (12-21)
14 (14-21)

1

The future liver remnant (FLR) is expressed as a percentage of the TLV.

Table 4 Number of patients in each report and distribution of postoperative complications
Ref.
Schnitzbauer et al[20]
Torres et al[37]
Oldhafer et al[25]
Ratti et al[24] after step 1
After step 2
Nadalin et al[21] after step 1
After step 2
Ielpo et al[38]
Schadde et al[39]
Gauzolino et al[40]
Troja et al[41]

Number of patients

Grade Ⅰ

Ⅱ

Ⅲ

Ⅳ

Ⅴ

25
39
7
8

12

13
41
1

6 Ⅲa, 8 Ⅲb
11

3 Iva, 5 Ⅳb
-

31
5

15
15
6
48
4
5

2

11

2
3 Ⅲa
3 Ⅲa, 2 Ⅲb
5 Ⅲa, 4 Ⅲb

12 (Ⅰ/Ⅱ)
16 Ⅰ/Ⅱ
3

1
2
7
2 Ⅳa

3

2
3

1 Ⅲb
1

4
11

1

1

Patients with CRLM; 218 patients had significant morbidity; 3After step 1: 21 complications, 7 with grade Ⅲb or higher; after step 2: 35 complications, 13
with grade Ⅲb or higher.

4 patients. In two reports, with a total of 45 patients,
the radicality of resection was not specified.

patients with other diagnoses, as well as those with
CRLM, and all of the studies have been retrospective
in nature. At times, patients with CRLM could not be
separated from others when outcomes are presented.
In addition, some of the patients were included in
more than one report.
In the present review, it was found that 78.6%
of the patients with CRLM received neoadjuvant
chemotherapy. Nine (27%) patients also received
antibodies, which could indicate that the treatment
was administered for downsizing purposes. Firm
conclusions about complication rates were not possible
to draw because in some reports, more than one
complication for each patient was recorded, and in
other papers, complications after step 1 and after step
2 were recorded. In this review, the mortality rate
was as high as 9.6%, which is higher than with PVO,
[39]
which has a mortality rate of approximately 6% .
However, the resection rate for patients with CRLM
is 97.1%, compared to approximately 60%-66% for
[13,39,43,44]
PVO
. Thus, ALPPS seems to offer benefits
in the form of more patients being able to undergo
liver resection, with the cost of increased mortality.
Currently, there is no reliable method to distinguish
those patients who might not benefit from PVE;
therefore, it is impossible to say whether the relatively
high mortality occurred in a subgroup of patients who
otherwise would not have been assessed as resectable.

Follow-up

Follow-up was reported from all of the centers except
[24,37]
for two, with a total of 47 patients
. The median
follow-up ranged between 3 and 17 mo (1-33 mo).
Over the follow-up, a total of 38 patients had
recurrence, and of these patients, 9 were specified as
patients with CRLM. Five patients died, and of these 5,
3 patients were reported as having CRLM. Of the 110
patients for whom follow-up was reported, 56 (50.9%)
[20,21,25,38-41]
patients were still alive without recurrence
.
In conclusion, ALPPS was performed in 157 patients,
for a resection rate of 97.5%. Sixty-eight of these
patients had CRLM, and they had a resection rate
of 97.1%. Thirty-three (78.6%) of the patients with
CRLM received neoadjuvant chemotherapy. The
mortality rate was 9.6%. R0 was achieved in 96.2% of
the patients in whom radicality was reported. During
the follow-up, 38 patients experienced recurrence, and
5 died. Fifty-six patients survived without recurrence.

DISCUSSION
Drawing firm conclusions about the role of ALPPS in
CRLM, based on the present literature, is complicated.
Most of the reports regarding ALPPS have involved
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Surgical treatment for CRLM has evolved from being a
rare chance offered to the minority of patients to being
a realistic treatment for many of these patients. One
of the great challenges in this patient group consists
of patients with small FLRs. Until recently, the only
treatment modality offered to this sub-cohort was PVO
with or without two-stage hepatectomy.
The recurrence rate was 24.2% during the followup, which was of variable length between reports,
and some patients experienced recurrence shortly
[39]
after ALPPS. In the report by Schadde et al , the
recurrence rate after 1 year of follow-up for ALPPS was
54%, compared to 52% for PVO. The long-term results
for ALPPS are not clear due to the novelty of the
method. After two-stage hepatectomy and PVO, the
[3]
5-year survival rate was approximately 42%-50% .
However, the recurrence rate has been reported to be
[13]
as high as 76.9% after only 17 mo of follow-up .
The role of ALPPS is not yet clear; perhaps it is
most suitable for patients with CRLM, although in the
present review, there were other diagnoses included.
One argument for its suitability in CRLM is that it might
be possible to downsize the tumor before resection
for these patients, in combination with neoadjuvant
[45]
chemotherapy . One argument against ALPPS in
the context of primary liver tumors is that these
tumors often present with cholestasis, requiring biliary
draining before surgery, which increases the risk of
bacteria in the biliary tree, which can increase the risk
of postoperative infections.
Not only is ALPPS performed for a patient group
with advanced malignancy and marginal liver function,
but the technique has also not been standardized,
making interpretation of the limited results at hand
uncertain. There are variants of ALPPS in which the
right hemi-liver as well as the lateral sector of the left
hemi-liver are removed, leaving only segments Ⅰ and
[46]
Ⅳ as FLRs . In addition, what have been described
as “left ALPPS”, “right ALPPS” and “rescue ALPPS” all
offer different scenarios, compared to the original right
[40]
trisectionectomy . A variant of ALPPS that has been
reported to have a lower frequency of complications
and, at the same time, sufficient growth of the FLR is
ALTPS (associated liver tourniquet and portal ligation
[47]
for staged hepatectomy) . Instead of dividing the
liver parenchyma, a tourniquet is placed along the line
of future resection to prevent blood from flowing from
the FLR to the part of the liver that will be removed.
There have also been cases in which the first stage
[48]
was performed laparoscopically . Regardless of the
surgical technique used and the part of the liver that
constitutes the FLR, concerns have been raised about
the risk of tumor spread during the first operation, and
it has been suggested that this risk could be decreased
[49]
with the anterior approach .
One aspect about which data have been lacking is
ablative therapies, such as radio-frequency ablation
(RFA) and percutaneous ethanol infiltration (PEI),
combined with ALPPS. In none of the included reports
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was local ablation described as a complement to
resection. In addition, data combining local ablation
in classical two-stage resection have also been scant.
One possible explanation for this finding might be
that resection is the procedure of choice for curative
treatment and that local ablative treatment plays a
larger role in patients assessed as non-operable. Local
ablative therapies had a higher frequency of recurrence
[50,51]
than resection
.
It has yet to be established where on the surgical
landscape for patients with small FLRs this procedure
should be placed. One group of patients who might
be especially suitable for ALPPS would be those with
insufficient growth of the FLR after PVO (salvage
ALPPS). There is, however, no defined interval for how
long one should wait for the FLR to obtain sufficient
volume. To be able to determine earlier whether the
patient will obtain a sufficient FLR, the concept of
kinetic growth rate (KGR) or degree of hypertrophy
[52]
(DH) has been suggested . Growth rate is a predictor
of postoperative liver failure. Patients with low KGRs
are unlikely to benefit from PVO only and could thus
be candidates for ALPPS. Another group of patients
who might be especially suitable for ALPPS are those
with “extremely low” FLRs, who, given the boundaries
of growth achieved with PVO, are unlikely to reach the
limit deemed necessary for resection. This group has
not been defined earlier, and it is likely that it includes
patients who have been categorized as not resectable
from the beginning and thus have not been offered
PVO. Given that ALPPS seems to be able to achieve a
greater increase in FLR size than PVO alone, this group
could consist of patients with CRLM who had not been
treatable earlier but now might be. Finally, the largest
question that remains to be solved is whether PVO
without in situ split of the liver can now be retired and
whether ALPPS should be used up front for all patients
with CRLM that require growth of the FLR.
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Abstract
AIM: To verify the hypothesis that caspase-8 (Casp8),
which regulates cellular apoptosis and necroptosis, is
critically involved in enterocyte migration.
METHODS: Casp8-silenced Caco2 cells were used
in migration assays. In addition, enterocyte-specific
+/∆int
Casp8 heterozygous (Casp8
) or homozygous
∆int
knockout mice (Casp8 ) were generated by crossing
genetically modified mice carrying loxP recombination
sites in intron 2 and 4 of the murine Casp8 gene with
transgenic animals expressing a cre-transgene under
control of the villin promoter in a pure C57/BL6 genetic
background. The nucleoside analog BrdU was injected
+/∆int
∆int
i.p. in male Casp8
and Casp8
animals 4 h, 20
h, or 40 h before performing morphometric studies.
max
Locations of anti-BrdU-immunostained cells (cell )
in at least 50 hemi-crypts of 6 histoanatomically
distinct intestinal mucosal regions were numbered and
extracted for statistical procedures. For the mice cohort
(n = 28), the walking distance of enterocytes was
max
evaluated from cell
within crypt (n = 57), plateau
(n = 19), and villus (n = 172) positions, resulting
in a total of 6838 observations. Data analysis was
performed by fitting a three-level mixed effects model
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to the data.

cellular migration along the crypt-villus axis (CVA) in
the small intestine or crypt-plateau axis (CPA) in the
[1,2]
large intestine . In a previous study, migration and
time course of migration/proliferation in intestinal
mucosa were characterized and visualized using the
[3]
bromodeoxyuridine (BrdU) approach . It is assumed
[4]
that about 1400 cells per villus are peeled within 24 h .
Enterocyte migration is essential in intestinal homeostasis
and intestinal restitution, which is known to play a pivotal
role in intestinal healing after inflammation-related or
[5,6]
non-inflammation-related mucosa .
Cellular migration is a complex phenomenon
with diverse types of cell movements ranging from
[7]
single cell to collective cell migration . Individual
cell movement is categorized as mesenchymal or
[8]
amoeboid, with a continuum between these extremes .
Molecular mechanisms, best investigated in fibro
blasts, driving cellular migration include cellular
polarization with G-protein-mediated local increase in
phosphatidylinositol-3,4,5-triphosphate, and activation
[9,10]
of Rho GTPases, e.g., Rho, Rac, and Cdc42
. Rho
GTPases are active in actin polymerization together with
WASP/WAVE and Arp2/3-complex forming lamellipodia,
[11,12]
filopodia, podosomes, or invadopodia
. In addition,
formation of cellular protrusions is associated with
establishment and reconfiguration of cell matrix
[8]
adhesions and intercellular contacts . Migration-related
re-configuration of adhesions includes lysis of contacts
by myosin Ⅱ contraction, protein dephosphorylation by
calcineurin and others, re-organization of microtubules,
[13]
and finally adhesiolysis by calpain-2 (Cpn2) .
Activation of small GTPases and Cpn2 by Caspase-8
(Casp8) results in disruption of the Cpn2/calpastatin
[14,15]
complex and promotes cell migration
. In turn, Cpn2
may trigger activation of Casp8 through proteolytic
cleavage of immature pro-caspase-8 molecules via the
amyloid-beta-peptide and CD95 pathways, along with
[16]
degradation of FLICE-inhibitory protein-small .
Casp8, a protease with a cysteine residue in its
active side, is critically involved in diverse forms of
cell death. Predominantly, Casp8 acts as the apical
initiator caspase driving extrinsic, death-receptormediated apoptosis, and also prevents an alternative
[6]
mode of cell death termed necroptosis . In addition,
Casp8 was found to promote cell migration and cell[17]
matrix adhesion . The processing of Casp8, which
is controlled in part by tyrosine phosphorylation, is
considered an important switch deciding between
[18]
migration/adhesion and cell death mechanisms .
Recently, development of severe intestinal inflammation
similar to Crohn’s disease with depletion of Paneth
cells and a reduced number of goblet cells has been
[19]
described in intestinal Casp8-knockout mice . In this
study, the inflammatory intestinal phenotype of Casp8knockout mice was due to impaired antimicrobial
immune functions of the intestinal epithelium, but
migration of intestinal epithelia was not investigated.
However, migration of enterocytes is assumed as crucial

RESULTS: In cell culture experiments with Caco2
cells, Casp8 knockdown efficiency mediated by RNA
interference on Casp8 transcripts was 80% controlled
as determined by Western blotting. In the scratch
assay, migration of Casp8-deleted Caco2 cells was
significantly diminished when compared with controls
∆scramble
∆int
(Casp8
and Caco2). In BrdU-labeled Casp8
max
mice, cell locations were found along the hemi-crypts
+/∆int
in a lower position than it was for Casp8
or control
(cre-negative) animals. Statistical data analysis with
a three-level mixed effects model revealed that in the
six different intestinal locations (distinct segments of
the small and large intestine), cell movement between
the three mice groups differed widely. Especially in
duodenal hemi-crypts, enterocyte movement was
max
different between the groups. At 20 h, duodenal cell
∆int
location was significantly lower in Casp8 (25.67 ±
+/∆int
2.49) than in Casp8
(35.67 ± 4.78; P < 0.05) or
control littermates (44.33 ± 0.94; P < 0.01).
CONCLUSION: Casp8-dependent migration of
enterocytes is likely involved in intestinal physiology
and inflammation-related pathophysiology.
Key words: Barrier function; Caspase 8; Cell migration;
Inflammatory bowel disease; Intestinal morphogenesis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Caspase 8 (Casp8) is involved in necroptosis
and apoptosis of enterocytes. In addition, Casp8 is
thought to be a mediator of cellular migration. Using
cell culture experiments, migration of Casp8-deleted
Caco2 cells is diminished. In vivo , enterocyte migration
is significantly impaired in Casp8-deficient mice. The
phenomenon is especially found along the duodenal
crypt-villus axis. It is suggested that Casp8-dependent
enterocyte migration could be involved in intestinal
physiology and pathophysiology.
Kaemmerer E, Kuhn P, Schneider U, Jeon MK, Klaus C,
Schiffer M, Weisner D, Liedtke C, Jäkel J, Kennes LN, Hilgers
RD, Wagner N, Gassler N. Intestinal genetic inactivation
of caspase-8 diminishes migration of enterocytes. World J
Gastroenterol 2015; 21(15): 4499-4508 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4499.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4499

INTRODUCTION
The intestinal mucosa includes a highly specialized
surface epithelium with enterocytes, goblet cells,
enterochromaffin cells, and Paneth cells. The continuous
renewal of surface lining epithelia is associated with
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Table 1 Synopsis of primer sets
Gene

Forward Primer

Human caspase-8
Mouse tumor necrosis factor-α
Mouse interleukin-1b
Human caspase-8 small interfering RNA

in the pathogenesis of intestinal epithelial wound healing
[20,21]
and inflammatory bowel disease
.
We hypothesized that enterocyte migration is
hampered in intestinal Casp8-knockout mice, which
could promote development of the inflammatory
phenotype.

chemiluminescence (Pierce Biotechnology, Rockford, IL,
United States).

Migration assay of cultured cells

Confluent Caco2 mono-layers in 6-well plates either
treated with siRNAs to knockdown Casp8 or negative
siRNA were subjected for the scratch-based migration
[25]
assay . Random migration of cells in the scratch area
(about 0.5 mm) was documented by imaging at three
intervals (0 h, 6 h, and 24 h) with a 10 × objective.
Measurements of scratch sizes were performed three
times and independent triplicates were used.

MATERIALS AND METHODS
Cell culture, transfection, and gene silencing

For cell culture experiments, the established cell line
Caco2 (ATCC: HTB-37), derived from a colorectal
adenocarcinoma (TP53 and APC mutated), was cultured
[22]
as previously described . For RNA interference on
Casp8 transcripts, small interfering RNAs (siRNAs)
and negative siRNAs as non-silencing control (for
sequences see Table 1) were used (both from Qiagen,
Hilden, Germany). Cells were transfected with 5 nM
Lipofectamine (Invitrogen of Thermo Fisher Scientific,
Waltham, MA, United States) following manufacturer’s
recommendations. Knockdown efficiency was evaluated
by quantitative real-time (qRT)-PCR and Western blot
analysis.

Intestinal Casp8-knockout mice

For the present study, genetically modified mice
carrying loxP recombination sites in intron 2 and 4 of the
murine Casp8 in a pure C57/BL6 genetic background
[26]
as described recently were used . These animals
were crossed with transgenic animals expressing a
cre-transgene under control of the villin promoter,
[27]
which is expressed in enterocytes , to generate
+/∆int
enterocyte-specific Casp8 heterozygous (Casp8
)
∆int
or homozygous knockout (Casp8 ) mice. Animal
∆int
experiments were performed in male Casp8
mice.
+/∆int
As controls, heterozygous mice (Casp8
) and cref/f
negative littermates (Casp8 ) were used. All animals
were maintained in a temperature-controlled room with
12-h light/dark cycle at the core facility of the University
∆int
Hospital Aachen. Induction of Casp8 was confirmed
by genotyping as well as measurement of Casp8
[26]
mRNA and protein following standard protocols . For
each condition, a minimum of three mice per group
were included in the study. The mice received a 30
μg/g single i.p. injection of the nucleoside analog BrdU
(Applichem, Cheshire, CT, United Kingdom) 2 h, 20 h,
or 40 h before sacrificing. All procedures were approved
by the Authority for Environment Conservation and
Consumer Protection of the State North Rhine-Westfalia
(LANUV, Germany).

RNA isolation, cDNA synthesis, and qRT-PCR

The Chomczynski procedure was used for isolation
[23]
of total RNAs and proteins . RNA integrity was
determined using standard procedures. Superscript
Ⅲ reverse transcription reagents (Invitrogen) were
used for cDNA synthesis. Expression of specific mRNA,
including Casp8, tumor necrosis factor (TNF)-α, and
interleukin (IL)-1β (for primers see Table 1), was
analyzed by qRT-PCR using an IQ 5 detection system
(Bio-Rad Laboratories, Hercules, CA, United States)
followed by data analysis according to the ∆∆ct
[24]
method .

Protein isolation and Western blot

Extracted proteins were solubilized in 2 × Laemmli
buffer, separated with SDS-PAGE, and electrotransferred
to a PVDF Immobilon-P membrane (Millipore Corp.,
Billerica, MA, United States). The following primary
antibodies were used: anti-human Casp8 (Alexis/Enzo,
Lörrach, Germany), anti-human beta actin (A5441;
Sigma-Aldrich, St. Louis, MO, United States), and antiproliferating cell nuclear antigen (PCNA) (Invitrogen).
Secondary HRP-conjugated antibodies were purchased
from Santa Cruz Biotechnology (Dallas, TX, United
States) (1:10000) and visualized with enhanced
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Reverse Primer

5’-GGATGAGGCTGACTTTCTGC-3’
5’-CACTTCAGTCAGGATGGTGAGA-3’
5’-CAGTCTGCAGGGAGTGTGAA-3
5’-CACGCACTGGAAGTGTGTCT’-3
5’-GCCCATCCTCTGTGACTCAT-3’
5’-AGGCCACAGGTATTTTGTCG-3’
Sense 5’-GUUCCUGAGCCUGGACUACTT-3’
Antisense 5’-GUAGUCCCAGGCUCAGGAACTT-3’

Tissue preparation

After sacrificing, small and large intestines were
isolated and the different parts of the small (duodenum,
jejunum, and proximal and distal ileum) and large
intestine (proximal and distal colon) were dissected.
The tissues were fixed for 24 h in neutral buffered
formalin and automatically processed to paraffinembedded tissue blocks following routine procedures.
Orthogonal orientation of tissues in paraffin was
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Statistical analysis

visually controlled under a binocular loupe. From
each tissue, sections of 3-5 μm were cut and stained
with hematoxylin eosin and examined under a Nikon
Eclipse 80i (Nikon Corp., Tokyo, Japan) for suitability in
morphometric procedures.

In the in vivo experiments, a total of 28 mice were
subdivided into a minimum of three mice per group
+/∆int
∆int
f/f
(Casp8
, Casp8 , and Casp8 ) and the three
incubation times (2 h, 20 h, or 40 h); four mice
+/∆int
were included in the Casp8
group at 20 h of
incubation. In all other conditions, mice died during the
experiments and an increase in the minimal number of
three per group and incubation time was not possible.
For the mice cohort (n = 28) three statistical levels
were evaluated. Up to 56 hemi-crypts (minimum 50
hemi-crypts; level one) at six locations of the bowel
(duodenum, jejunum, proximal and distal ileum,
proximal and distal colon; level two) per mouse (level
three) were investigated. The “walking distance of
enterocytes” was evaluated from the maximal position
of BrdU-stained cells within crypt (57 positions),
plateau (19 positions), and villus (172 positions),
resulting in a total of 6838 observations. Final data
analysis was performed by fitting a three level mixed
effects model to the data using SAS 9.3 (TSM12, 64
bit; SAS Insitute Inc., Cary, NC, United States). Data
were illustrated by dot plots. Calculated data from
densitometry or cell imaging were processed with
the ImageJ Quant 5.1 software (National Institutes
of Health, United States; http://rsb.info.nih.gov/ij).
Two-tailed paired Student’s t tests were used for
further data analysis, and P < 0.05 was considered as
significant for all analyses.

Tissue morphometry

The definitions of mucosal parameters for the small
or large intestine were adapted from a previously
[28]
published study . In all tissues, 50 hemi-crypts were
identified for further morphometric analysis. Criteria
for a small intestinal hemi-crypt were defined as
following: (1) single epithelial layer is visible from crypt
basis to villus tip; (2) crypt basis without distension;
(3) open crypt lumen; (4) plateau is visible between
crypt and villus; (5) villus height 3/4 to 2/3 of the total
CVA; and (6) lamina propria mucosae is visible in each
villus. Morphologic criteria for the definition of large
intestinal hemi-crypts were: (1) nuclear maturation
with round nuclei of crypt lining epithelial cells and
elongated nuclei in epithelial cells at the mucosal
plateau; (2) mitotic figures only in the lower 1/4 to 1/5
of crypts; and (3) crypt basis without distension.

Immunohistochemistry

Serial sections of intestinal mice tissues were im
munostained either for BrdU or Ki67 protein. Nonserial sections of intestinal tissues were used for antiCD11 immunostaining (550282; BD Biosciences;
Franklin Lakes, NY, United States). After heat-induced
antigen retrieval with citrate buffer (pH 6) and blocking
of endogenous peroxidase, anti-Ki67 immunostaining
(RM9106; Thermo Fisher Scientific) was performed
following manufacturer’s recommendations. For
detection, a horseradish peroxidase-labeled anti-rabbit
polymer (ImmPress anti-rabbit; Vector Laboratories Inc.,
Burlingame, CA, United States) with diaminobenzidine
as a chromogen (Vector) were used. In mice tissues,
DNA-incorporated BrdU was detected with an antiBrdU antibody (GE Healthcare, Little Chalfont,
Buckinghamshire, United Kingdom). For detection,
the mouse-on-mouse kit and diaminobenzidine (both
from Vector) were applied. CD11 immunostaining was
visualized with streptavidin-conjugated Cy3 (016 160
084; Jackson ImmunoResearch Laboratories Inc., West
Grove, PA, United States).

RESULTS
Caco2 migration is reduced after siRNA-mediated Casp8
knockdown
In Caco2 cells, Casp8 knockdown was performed
using RNA interference against Casp8 transcripts.
Knockdown efficiency was about 80% as determined
by Western blotting (Figure 1A). Loss of Casp8 was
not associated with differences in cell proliferation as
determined by analysis of PCNA, a cell cycle-related
protein essential for cellular DNA synthesis (Figure
1B). Migration of Casp8 siRNA-treated Caco2 cells was
significantly diminished when compared with controls
(P < 0.05) (Figure 1C). Six hours after scratching,
∆Casp8
80% of the primary scratch was open in Caco2
,
∆scramble
but only 32% in Casp8
. Twenty-four hours after
scratching, the scratch was closed in control cells
∆scramble
(Casp8
), but persisted to 29% of the primary
scratch in the knockout. Examples are illustrated in
Figure 1D-I.

Measurement of cell migration in murine intestinal
mucosa

Immunostained cells were numbered in at least 50
hemi-crypts of each intestinal segment according
[4]
to previous studies . All positive immunostained
cells were characterized with “1”, and all negative
cells with “0”. Blinded numbering was independently
performed using a Nikon Eclipse 80i (Nikon) by two
morphologically experienced investigators (Kuhn P and
Gassler N).
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Inflammatory intestinal phenotype of Casp8∆int mice
∆int

At four weeks of age, the body weight of Casp8 mice
+/∆int
was reduced compared to control littermates (Casp8
f/f
∆int
and Casp8 ). Histologic analysis of Casp8 intestinal
tissues showed inflammation in the small intestine with
∆int
disturbances of the CVA. Hallmarks of the Casp8 -
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Figure 1 Migration of caspase-8 (Casp8)-deleted Caco2 cells is diminished. A: Western blots Casp8 protein and densitometric analysis after treatment of Caco2
cells with small interfering RNAs (siRNAs) interfering with Casp8 transcripts or with negative control siRNA (∆scramble); B: Measurement of cellular proliferation
by proliferating cell nuclear antigen (PCNA) expression in Caco2 cells with siRNA interfering with Casp8 transcripts or with negative control siRNA; C: Migration of
Casp8 siRNA-treated Caco2 cells and scramble controls at 6 h and 24 h after scratching; D-F: Control siRNA-treated Caco2 cells at 0 h (D), 6 h (E), or 24 h (F) after
scratching; G-I: Casp8 siRNA-treated Caco2 cells at 0 h (G), 6 h (H) or 24 h (I) after scratching.

related tissue damage included marked reduction of
Paneth cells with storage of nuclear remnants in crypts
and sometimes crypt elongation. The changes were
most prominent in the jejunum and ileum. In contrast
to the small intestine, histomorphologic findings in the
large intestine were uncharacteristic and not sufficient
∆int
to define a strong colorectal Casp8 phenotype (Figure
∆int
2). The inflammatory intestinal phenotype of Casp8
mice was paralleled by an increased expression of TNF-α
and IL-1β mRNA in small and large intestine of when
+/∆int
f/f
compared with Casp8
and Casp8 mice (all P <
0.05). In addition, stronger anti-CD11 immunostaining
∆int
was found in the small intestine of Casp8 mice when
∆int
compared with control mice. Essentials of the Casp8
[19]
phenotype were identical to already published data .

3).
∆int

Enterocyte migration is diminished in Casp8∆int mice

Migration of enterocytes in vivo was evaluated with
∆int
+/∆int
f/f
the BrdU assay. Casp8 , Casp8
, and Casp8
mice were sacrificed 2 h, 20 h, or 40 h after BrdU
application. The outermost BrdU-labelled/stained cells
max
(cell ) in the hemi-crypts of different segments of
small as well as large intestine were numbered (Figure

WJG|www.wjgnet.com

max

In the intestinal mucosa of Casp8
mice, cell
location was found along the CVA/ CPA, sometimes
+/∆int
f/f
in a lower position than it was in Casp8
or Casp8
controls. Fitting the three-level mixed effects model to
the data showed that 39% was due to the variation
between mice, but 44% was dependent on the six
intestinal locations. Cell movement between the three
groups of mice (28 mice valid model) was significantly
different concerning the incubation time (df = 15; DDF =
74; F = 4.03; P < 0.01) and depended on the locations
from the incubation time (df = 10; DDF = 74; F = 44.20;
P < 0.01). In addition, the cell movement differed in the
six locations among the groups (df = 10; DDF = 74; F
= 2.88; P < 0.01). Among the groups, cellular migration
was dependent on the incubation time (df = 3; DDF
= 15; F = 13.79; P < 0.01). In a full model view, cell
movement was different among the groups (df = 2; DDF
= 15; F = 7.21; P < 0.01), the incubation time (df = 2;
DDF = 15; F = 302.43; P < 0.01), and the location (df
= 5; DDF = 74; F = 158.6; P < 0.01), indicating group,
incubation time, and location as different variables. At
max
20 h, duodenal cell
location was significantly lower in
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A
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Figure 2 Intestinal phenotype of Casp8∆int mice. Morphologic pattern of A: Small intestinal; B: Large intestinal architecture in Casp8f/f mice; C: Small intestinal; D:
Large intestinal architecture in Casp8+/∆int mice; E: Small intestinal; F: Large intestinal architecture in Casp8∆int mice. Paneth cells are marked by arrows (hematoxylin
and eosin,100 × magnification). Casp8: Caspase-8.
∆int

+/∆int

f/f

Casp8 than in Casp8
(P < 0.05) or Casp8 (P <
0.01) mice. In this position, the difference between both
controls was not significant (Figure 4).
max
At 2 h after BrdU injection, no differences in cell
location were found among the groups throughout the
intestine. In order to further characterize this finding,
anti-Ki67 immunostaining was performed. Distribution
of anti-Ki67-immunostained cells was quite similar to
the 2 h anti-BrdU immunostaining.

demonstrated, indicating a role for this protease in cell
[18]
migration . In a recent study, intestinal loss of Casp8
was shown to be crucial for the development of terminal
[19]
ileitis resembling Crohn’s disease . In the present
study, we hypothesized that Casp8 knockdown would
be associated with disturbed enterocyte migration,
which could be tested in cell culture experiments and a
∆int
Casp8 mouse model.
We demonstrate that siRNA-mediated inhibition of
Casp8 in Caco2 cells results in diminished cell migration.
This finding is in line with previous observations that
Casp8 is able to promote cell migration and stabilizes
[15,17]
cell-matrix adhesions
. In these studies, several
types of established cell lines were investigated, including
[15]
epithelial cells (e.g., A549 lung carcinoma cells) . In
A549 as well as Caco2 cells, loss of Casp8 diminished
cell migration, indicating that the epithelial character
does not contradict a Casp8-related function in cellular

DISCUSSION
Enterocyte migration, which is essential for integrity
and maintenance of the intestinal mucosal border, is
a complex phenomenon established and regulated
by a plethora of molecular pathways and structural
[5,6,8]
components
. In previous studies, apoptosis/
necroptosis-independent functions of Casp8 have been
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Ki67

BrdU 2 h

BrdU 20 h

BrdU 40 h

Wild type

+/△int

Casp8

Casp8

△int

Figure 3 Morphometry examples of small and large intestinal tissues. Small or large intestinal tissue sections of Casp8f/f, Casp8+/∆int, and Casp8∆int mice were
anti-Ki67 (left) or anti-BrdU (right) immunostained. BrdU was injected 2 h, 20 h, or 40 h before sacrificing mice. Examples of cellmax locations in the small or large
intestine are highlighted with a red dot (200 × magnification). Casp8: Caspase-8.

demonstrated as essential for phenotypic expression,
∆int
but Casp8 -related disorders in enterocyte migration
were not addressed.
max
Cell
location 2 h after BrdU injection was not
different among the groups and was identical to antiKi67 immunostaining. This indicates that assessment
of epithelial cell migration with the BrdU approach
within 2 h after BrdU injection is not possible. In
∆int
Casp8
mice, migration of enterocytes was reduced
20 h and 40 h after BrdU application. The phenomenon
was preferentially visible in proximal small intestinal
segments, i.e. duodenal mucosa, but not significantly
expressed in the colon. Migration distance in the CVA

migration. For the present studies, a sufficient small
intestinal cell line was not available. Therefore the studies
were conducted with the permanent cell line Caco2.
The cell culture-based finding that loss of Casp8
diminishes cellular migration, was further substantiated
∆int
in vivo by characterization of Casp8
mice with
the BrdU assay. This technique is well established
for measurement of epithelial cell migration and
[3]
proliferation . In addition to the BrdU assay, antiKi67 immunostaining was used to determine cellular
∆int
proliferation. Our Casp8 animal model demonstrates a
[19]
histomorphologic phenotype as previously described .
[19]
In the study by Günther et al , loss of Paneth cells was
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Figure 4 Tissue-specific analysis of enterocyte migration. Cellmax locations (enterocyte migration) in six histoanatomically distinct intestinal mucosal regions in
cre-negative Casp8f/f (f/f), heterozygous Casp8+/∆int (+/∆int), and homozygous-knockout mice Casp8∆int (∆int) at 2 h, 20 h, or 40 h after BrdU injection.

is longer than in the CPA, which could be crucial to
explain why the absence of Casp8 only significantly
affects small bowel epithelial cell migration. A
breakthrough to understand the underlying molecular
mechanisms could be an expression study of Casp8related targets in enterocytes isolated from the small
or large intestine.
In general, defective epithelial maturation,
migration, and intercellular junctions, as well as dis
turbed host-microbiota homeostasis, are essential
in the pathogenesis of intestinal barrier defects and
[29,30]
∆int
inflammatory bowel diseases
. In Casp8
mice,
loss of Paneth cells is suggested to be essential
∆int
in the pathogenesis of Casp8 -related intestinal
[19]
inflammation . In normal tissues, long villi and
only few Paneth cells are found in the proximal small
intestine, but short villi and an increased number
of Paneth cells are normally seen in the terminal
ileum. Accordingly, it is reasonable to assume that
∆int
the inflammatory intestinal phenotype of Casp8

WJG|www.wjgnet.com

mice in the duodenum is mainly evoked by migration
defects, whereas ileal inflammation is preferentially
determined by loss of Paneth cells. The study by
[19]
Günther et al
supports this assumption because in
the terminal ileum, increased Paneth cell death and
severe intestinal inflammation were found. It could be
∆int
hypothesized that Casp8 -related migration defects
are mostly involved in the pathogenesis of mucosal
inflammation in the proximal small intestine, but not in
the colon.
In conclusion, our study demonstrates that Casp8 is
partially involved in migration of enterocytes along the
∆int
CVA/CPA. In the proximal small intestine, the Casp8
inflammatory phenotype is more likely determined by
an injured epithelial migration than Paneth cell loss.
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pathophysiologic concepts of intestinal barrier configuration and chronic
inflammatory bowel disease.
Casp8 is a cysteine protease involved in several forms of cell death, including
apoptosis and necroptosis. It has been suggested that disturbed intestinal
Casp8 expression is involved in the pathogenesis of chronic inflammatory
bowel disease.
Using cell culture and Casp8-knockout mice, the authors demonstrate that
loss of Casp8 decelerates migration in the crypt-villus and crypt-plateau axis
and reduces cell migration of Casp8-deficient Caco2 cells. The work is well
conducted and the results are clear and convincing.
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AIM: To explore the feasibility of non-invasive quan
titative estimation of portal venous pressure by
contrast-enhanced ultrasound (CEUS) in a canine
model.
METHODS: Liver fibrosis was established in adult
canines (Beagles; n = 14) by subcutaneous injection
of carbon tetrachloride (CCl 4 ). CEUS parameters,
including the area under the time-intensity curve and
intensity at portal/arterial phases (Q p/Q a and I p/I a,
respectively), were used to quantitatively assess the
blood flow ratio of the portal vein/hepatic artery at
multiple time points. The free portal venous pressures
(FPP) were measured by a multi-channel baroreceptor
using a percutaneous approach at baseline and 8, 16,
and 24 wk after CCl4 injections in each canine. Liver
biopsies were obtained at the end of 8, 16, and 24 wk
from each animal, and the stage of the fibrosis was
assessed according to the Metavir scoring system. A
Pearson correlation test was performed to compare the
FPP with Q p/Q a and I p/I a.
RESULTS: Pathologic examination of 42 biopsies from
the 14 canines at weeks 8, 16, and 24 revealed that
liver fibrosis was induced by CCl 4 and represented
various stages of liver fibrosis, including F0 (n = 3),
F1 (n = 12), F2 (n = 14), F3 (n = 11), and F4 (n = 2).
There were significant differences in the measurements
of Q p/Q a (19.85 ± 3.30 vs 10.43 ± 1.21, 9.63 ± 1.03,
and 8.77 ± 0.96) and I p/I a (1.77 ± 0.37 vs 1.03 ± 0.12,
0.83 ± 0.10, and 0.69 ± 0.13) between control and
canine fibrosis at 8, 16, and 24 wk, respectively (all P
< 0.001). There were statistically significant negative
correlations between FPP and Q p/Q a (r = -0.707, P
< 0.001), and between FPP and I p/I a (r = -0.759, P
< 0.001) in the canine fibrosis model. Prediction of
elevated FPP based on Q p/Q a and I p/I a was highly
sensitive, as assessed by the area under the receiver
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operating curve (0.866 and 0.895, respectively).

parameters for the evaluation of portal hypertension,
such as velocity of the portal blood flow, direction of
the portal flow, hepatic vein waveforms, pulsatility
index, and resistance index of hepatic and splenic
arteries. However, all of these parameters have a
poor linear relationship with portal venous pressure.
Thus, the unreliability and non-reproducibility of the
ultrasound technique limits its clinical utility for the
assessment of portal hypertension status.
Newly-developed ultrasound contrast agents and
contrast-enhanced ultrasound (CEUS) techniques now
provide hemodynamic parameters regarding blood
circulation and tissue perfusion. As microbubble-based
ultrasound contrast agent is neither discharged from
the capillaries nor diffused into the interstitium, the
signal intensity of CEUS is related to the concentration
of the agent within the blood vessel. Investigators have
found that several CEUS features, such as the arrival
time of the contrast agent to the hepatic vein and the
quantitative analysis of the enhancement level of the
liver parenchyma, may be useful for indirect assessment
[6-9]
of liver cirrhosis and portal hypertension .
To validate a new imaging technique for the
measurement of portal pressure, a large animal
model with chronic liver disease is necessary. The
canine animal model, where liver fibrosis and cirrhosis
is induced by carbon tetrachloride (CCl4), is often
currently used to study hemodynamic changes of portal
hypertension. Furthermore, the canine model is similar
to human liver cirrhosis in serologic and pathologic
physiology. Studies have demonstrated that canines
develop liver fibrosis with elevation of portal pressure
[10]
within 3-6 mo after injection of CCl4 .
In this study, portal pressure was quantitatively
estimated with CEUS in the hepatic fibrosis canine
model and compared to catheter-based portal pressure
measurement as the gold standard.

CONCLUSION: CEUS is a potential method to
accurately, but non-invasively, estimate portal venous
pressure through measurement of Q p/Q a and I p/I a
parameters.
Key words: Animal model; Contrast-enhanced ultrasound;
Liver fibrosis; Noninvasive technique; Portal venous
pressure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The measurement of portal pressure plays
an important role in the evaluation of liver disease
progression. Contrast-enhanced ultrasound techniques
can provide hemodynamic parameters of blood
circulation and tissue perfusion. The introduction of
the area under the time-intensity curve and intensity
at portal/arterial phase parameters has obvious
advantages over absolute values, such as peak intensity,
as the approach reduces other sources of interference.
These parameters were negatively correlated with
free portal pressure, supporting the use of contrastenhanced ultrasound as a method to non-invasively
estimate portal pressure.
Zhai L, Qiu LY, Zu Y, Yan Y, Ren XZ, Zhao JF, Liu YJ, Liu
JB, Qian LX. Contrast-enhanced ultrasound for quantitative
assessment of portal pressure in canine liver fibrosis. World J
Gastroenterol 2015; 21(15): 4509-4516 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4509.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4509

INTRODUCTION
Portal hypertension is a severe complication of chronic
liver disease and cirrhosis that causes many clinical
abnormalities due to hemodynamic changes in portal
pressure. Measurement of portal venous pressure
therefore plays an important role in the evaluation of
[1]
liver disease progression .
There are two reliable methods for accurately
evaluating portal pressure: hepatic venous pressure
gradient (HVPG) and free portal pressure (FPP)
[2]
measurements . However, both methods are performed
under invasive procedures and cannot be routinely used
for assessing and monitoring the progression of chronic
liver disease. Therefore, a non-invasive and more reliable
method to quantitatively evaluate portal pressure would
present distinct advantages for patient evaluation over
time.
Conventional grey scale ultrasound is the firstline imaging modality in the screening of portal
[3-5]
hypertension . The enlargement of the portal vein
is a simple indicator for a clinical diagnosis of portal
hypertension. Doppler ultrasound can provide valuable
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MATERIALS AND METHODS
Ethics statement

The study was reviewed and approved by the Beijing
Friendship Hospital Institutional Review Board (Beijing,
China). All procedures involving animals were reviewed
and approved by the Institutional Animal Care and
Use Committee of Beijing Friendship Hospital (IACUC
protocol number: 12-5001). Animals were housed in
the animal facility at the Beijing Friendship Hospital
and maintained under constant conditions at room
temperature (20 ± 2 ℃) and a relative humidity of
65% ± 10%. Animals were fed commercial canine
food with access to tap water, and were quarantined
for a two-week period before the study began.

Animal model

Healthy adult Beagles (n = 14; 7 males and 7 females;
weight: 10.5-14.5 kg) were obtained from the Beijing
Rixin Technology Company (Beijing, China). To establish
the liver fibrosis model, the animals received a
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of CEUS for both ROIs were generated simultaneously
with QLAB software on the IU22 system. The quality of
the fit for the TICs was over 80%.
Because the liver has two independent blood
supply systems (the hepatic artery and the portal
vein) the arterial and portal phases cannot be clearly
differentiated on the TIC of hepatic parenchyma.
Thus, the computed tomography (CT) method for the
evaluation of portal hypertension was adapted [i.e.,
the time to maximum adjacent organ (splenic or renal
cortical) enhancement as the demarcation point for
[11]
the hepatic artery and portal vein phases] . The time
point when peak renal intensity was reached was used
as the demarcation between the hepatic arterial and
portal venous phases on the TIC. The TIC parameters
for liver-kidney sectional imaging were defined as
follows: (1) time of the hepatic arterial phase (Ta):
the time when the renal intensity had reached the
peak on the TIC; (2) intensity of the hepatic arterial
phase (Ia): intensity at the time of Ta on the TIC of
the hepatic parenchyma; (3) intensity of the hepatic
parenchyma (Ipeak): maximum intensity from the
TIC of the hepatic parenchyma; (4) peak time of the
hepatic parenchyma (Tpeak): time when the TIC
arrived at Ipeak; (5) intensity of the portal venous
phase (Ip): Ipeak-Ia, representing the continuously
increasing intensity during the portal venous phase;
(6) Qp/Qa: area under the curve of the portal venous
Tpeak
Ta
phase/hepatic arterial phase =∫Ta
I(t)dt/∫0 I(t)dt
representing the proportion of portal vein and hepatic
arterial perfusion; and (7) Ip/Ia: intensity of the portal
venous phase/hepatic arterial phase.

Figure 1 Contrast-enhanced ultrasonography of the right lobe of the liver
and the upper pole of the kidney in a sagittal view. The region defined in
yellow is the region of interest (ROI) of the hepatic parenchyma, with the region
in red being the ROI of the renal cortex.

subcutaneous injection of 60% CCl4 olive oil emulsion
on the dorsal area of the body at a dose of 1.0-1.5
mL/kg every 7 d. Penicillin (40 U/g, i.m., q.d.) was
administered on the first three consecutive days to
prevent infection. After the injection, all animals were
fed with granule feedstuff mixed with 10% lard. The
amount of granule feedstuff was 15 g/kg per day for
the first three days, but then left uncontrolled between
the fourth and seventh days. The animal experiment
lasted six months.

CEUS technique and measurement

CEUS was performed with an IU22 system (Philips
Healthcare, Amsterdam, Netherlands) and a 2-5 MHz
broadband convex array transducer. Real-time harmonic
contrast imaging with a mechanical index of 0.06 was
utilized. The depth of the image was maintained at 8-10
cm, and all parameters were consistent for all animals.
The second-generation contrast agent SonoVue (Bracco
Diagnostic Inc., Milan, Italy), which contains sulfur
hexafluoride-filled microbubbles, was used for CEUS
imaging of the liver and renal parenchyma.
The animals were anesthetized with pentobarbital
sodium (30 mg/kg) through a 20-gauge catheter in an
auricular vein after fasting for 12 h. All imaging was
performed in the supine position. After conventional
B-mode and color Doppler imaging was performed,
the probe was placed in the subcostal position to
display the portal vessels in the liver-kidney section. A
bolus of SonoVue (0.5 mL) was then administered and
immediately followed by an injection of normal saline (5
mL). The time for the agent to arrive at the kidney and
liver was recorded with the timer on the ultrasound
system. The real-time contrast imaging clips were
stored in the built-in hard drive for later measurement
and analysis.
In the liver-kidney section, the regions of interest
(ROIs) were set on the hepatic parenchyma and
the renal cortex (Figure 1). The ROIs were carefully
placed on each section of the liver in order to avoid
intrahepatic large vessels. Time-intensity curves (TICs)
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Free portal pressure measurement

All animals underwent portal pressure measurements
immediately following CEUS. Free portal venous
pressure (FPP) was measured with a multi-channel
physiologic signal acquisition system equipped with a
baroreceptor (RM6240; Chengdu Instrument Factory,
Chengdu, China). Measurements were made with a
percutaneous approach at the baseline and 8, 16,
and 24 wk after the induction of liver fibrosis in each
canine. Under general anesthesia, a 21-gauge needle
over a guide wire was inserted into the right branch
of the portal vein. The needle core was removed and
connected to the baroreceptor. The pressure tracing
was recorded for 45-60 s in order to obtain a stable
measurement and demonstrate respiration fluctuation.
FPP was defined as the mean of five consecutive
waveforms.

Liver biopsy

After the FPP measurement, all animals underwent
percutaneous biopsy of the right lobe of the liver
under ultrasound guidance in the same experiment.
Two core specimens > 1.5 cm in length were obtained
from each animal with an 18-gauge needle biopsy
device (BARD Magnum; BARD Inc., Tempe, AZ, Unites
States). Biopsies were pathologically evaluated, and
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Table 1 Pathologic staging of liver biopsies from the canine
model
Stage

8 wk

th

16 wk

th

24 wk

th

Total

F0
F1
F2
F3
F4
Total

3
9
2
0
0
14

0
3
8
3
0
14

0
0
4
8
2
14

3
12
14
11
2
42

Ipeak

Ia

Q a Ta

Table 2 Free portal pressure and contrast-enhanced ultrasound
parameters in normal and treated canines (n = 14)
Time in weeks

FPP in cm H2O

Q p/Q a

I p/I a

10.26 ± 2.12
18.31 ± 3.17
28.20 ± 2.57
36.30 ± 2.21
< 0.001

19.85 ± 3.30
11.32 ± 0.92
9.43 ± 0.85
7.27 ± 0.81
< 0.001

1.77 ± 0.37
1.04 ± 0.12
0.85 ± 0.07
0.66 ± 0.13
< 0.001

Normal
8
16
24
P

Qp

Tpeak

Figure 2 Time-intensity curve of normal canine hepatic parenchyma and
renal cortex in the liver-kidney section. The red line represents the timeintensity curve (TIC) of the renal cortex and the yellow line represents the
TIC of hepatic parenchyma. “Ta” represents the time at which renal intensity
reaches the peak of the TIC. “Ia” represents the intensity at the time of Ta in
the TIC of the hepatic parenchyma. Ipeak and Tpeak represent the maximum
intensity of the TIC of the hepatic parenchyma and the time at which the TIC
arrives at Ipeak, respectively. The area under the curve of portal venous time
and the hepatic arterial time are expressed as Qp and Qa, respectively.

Ip/Ia: Intensity of the portal venous phase/hepatic arterial phase; Qp/Qa:
Area under the curve of the portal venous phase/hepatic arterial phase.
FPP: Free portal pressure.

Ipeak

hepatic fibrosis was classified according to the Metavir
scoring system as follows: F0, no fibrosis; F1, portal
fibrosis without septa; F2, portal fibrosis and few
septa; F3, numerous septa without cirrhosis; and F4,
[12]
cirrhosis .

Ia

Statistical analysis

Qa

Quantitative variables are expressed as the mean
± SD. The repeated measures analysis of variance
was utilized to compare FPP and CEUS parameters
at multiple time points in all canines. A Pearson
correlation test was used to compare Ip/Ia and Qp/
Qa with FPP for all canines. P < 0.05 was considered
statistically significant.

Tpeak

Figure 3 Time-intensity curves of the hepatic parenchyma and the renal
cortex in the liver-kidney section of the canine model at 24 wk. The red
and yellow lines represent the time-intensity curves (TICs) of the hepatic
parenchyma and the renal cortex, respectively, in a treated animal. Points on
the curve are highlighted where the data for the parameters indicated were
derived. “Ta” represents the time at which renal intensity reaches the peak of
the TIC. “Ia” represents the intensity at the time of Ta in the TIC of the hepatic
parenchyma. Ipeak and Tpeak represent the maximum intensity of the TIC
of the hepatic parenchyma and the time at which the TIC arrives at Ipeak,
respectively. The area under the curve of portal venous time and the hepatic
arterial time are expressed as Qp and Qa, respectively. The proportion of
hepatic arterial infusion increased, and Qp/Qa and Ip/Ia were reduced.

RESULTS
Pathologic examination of liver biopsies (n = 42)
obtained from animals at 8, 16, and 24 wk revealed
that different stages of liver fibrosis were successfully
created in 14 canines. Fibrosis in the canine liver
biopsies was staged according to the Metavir scoring
system as follows: F0 (n = 3), F1 (n = 12), F2 (n =
14), F3 (n = 11), and F4 (n = 2) (Table 1). Although
all stages of fibrosis were represented, cirrhosis was
evident in only two cases.
The values of FPP increased gradually in the 14
canines over the 24-wk period. There were significant
differences for FPP at 8, 16, and 24 wk compared to
baseline FPP values from the canines (P < 0.001) (Table
2).
The TICs obtained from baseline and at 24 wk (F4)
of induced fibrosis are presented in Figures 2 and 3.
The duration of the hepatic arterial phase was shorter
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Qp
Ta

in liver fibrosis than the duration of the portal venous
phase of the baseline liver (Figure 2). In the liver
fibrosis model, the duration of the hepatic arterial phase
increased while the duration of portal venous phase
decreased (Figure 3). Qp/Qa and Ip/Ia declined in the
canine model, and there were significant differences at 8,
16, and 24 wk compared to the baseline (Table 2).
There was a statistically significant negative
correlation between FPP and Qp/Qa (r = -0.707; P <
0.001), and between FPP and Ip/Ia (r = -0.759; P <
0.001) in the canine model. Linear regression equations
were y = -4.556x + 71.14 and y = -32.828x + 55.82,
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Figure 6 Receiver operating characteristic curve showing that the
prediction of elevated portal pressure (free portal pressure ≥ 18 cmH2O)
based on the area under the curve of the portal venous phase/hepatic
arterial phase was 0.866.

Q p/Q a

Figure 4 Relationship between the area under the curve of the portal
venous phase/hepatic arterial phase (Qp/Qa) and free portal pressure in
the canine model. Free portal pressure measurements from model animals
at all time points were plotted as a function of Qp/Qa in order to assess the
relationship between the two parameters.
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Figure 7 Receiver operating characteristic curve showing that the
prediction of elevated portal pressure (free portal pressure ≥ 18 cmH2O)
based on the intensity of the portal venous phase/hepatic arterial phase
was 0.895.
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0.40

0.60

0.80

1.00

1.20

1.40

Ip/Ia

portal pressure: HVPG and FPP measurements.
Measurement of the HVPG has been accepted as
the gold standard for assessing the degree of portal
[13-16]
hypertension
. The HVPG displays the difference
in pressure between a free position and a wedged
position in the hepatic vein. It also actually reflects the
sinusoidal pressure, but it is not routinely performed
due to its invasive nature and the special equipment
and technical expertise that are required. While FPP is a
measurement that directly reflects the portal pressure,
it is also obtained intraoperatively and, therefore, not
feasible for repeated assessment in a clinical setting.
In addition, FPP cannot be used to determine the
portal pressure in the early stages of liver disease and
so is inappropriate for monitoring disease progression.
In this study, ultrasound-guided transportal puncture
was used to measure FPP. This method is simple,
easy to perform, and can be conducted repeatedly
over the course of disease progression. Furthermore,
the baroreceptor used in this study is more sensitive
than the traditional catheter. FPP in the canine model

Figure 5 Relationship between the intensity of the portal venous phase/
hepatic arterial phase (Ip/Ia) and free portal pressure in the canine model.
Free portal pressure measurements from model animals at all time points were
plotted as a function of Ip/Ia in order to assess the relationship between the two
parameters.

respectively (Figures 4 and 5).
The utility of the CEUS measurements in the
prediction of elevated FPP was evaluated by the area
under the receiver operating characteristic curves:
Qp/Qa was 0.866 for elevated portal pressure (FPP
≥ 18 cm H2O) and 0.895 for Ip/Ia (Figures 6 and 7).
The sensitivity and specificity of Qp/Qa were 76 and
86%, and 85 and 87%, respectively, for Ip/Ia. These
results indicated that Qp/Qa and Ip/Ia were favorable
predictors for elevated portal pressure in liver fibrosis.

DISCUSSION
There are two reliable methods for accurately evaluating

WJG|www.wjgnet.com
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increased gradually as the experiment progressed and
FPP was successfully measured in all canines.
CEUS provides hemodynamic information on blood
circulation and tissue perfusion. Several previous
studies have suggested that the severity of portal
hypertension in patients with chronic liver disease is
strongly correlated with a variety of CEUS features,
such as arrival time and transit time of the hepatic
[17,18]
vein
. However, other investigators question
the approach, and suggest that CEUS has no clear
diagnostic value, particularly for mild and moderately
[19]
elevated portal pressure . The CEUS methodology
has recently expanded the potential for hemodynamic
[20]
studies performed in the United States . The Ip/Ia
and Qp/Qa proposed in this study are new CEUS
features for evaluating the blood flow ratio of the portal
vein/hepatic artery. Quantitative analysis of CEUS is
affected by many factors, including probe frequency,
mechanical index, analysis software, concentration of
the agent, and the area, shape, depth, and position
of the ROI. In order to reduce the influence of these
other factors, the introduction of Ip/Ia and Qp/Qa
parameters, which are obtained from the same area,
has obvious advantages over such absolute values
as peak intensity. The ratio eliminates the influences
mentioned above and reflects the theoretic significance
of hepatic parenchymal perfusion parameter ratio
changes.
Both the portal vein and the hepatic artery feed the
hepatic blood supply. Scholars believe that there is a
significant correlation between intrahepatic blood flow
[21]
and portal pressure . Current research indicates that
the initiating factor in portal hypertension is increased
resistance in the portal vein. Over the course of
chronic liver disease, various factors lead to increased
intrahepatic vascular resistance, such as the deposition
of collagen fibers, the elastic decline of liver sinusoidal
endothelial cells, the transformation of stellate cells
into fibroblasts, and microthrombosis in the distal
[22,23]
vein
. Moreover, intrahepatic hemodynamic
changes, such as arteriovenous or portovenous
shunting and the arterialization of capillary beds in the
[24-26]
liver, also contribute to high portal pressure
. All of
the above factors lead to a reduction in the amount of
portal blood flow. Meanwhile, a compensatory increase
in the blood flow of the hepatic artery, due to the
buffer response, increases the proportion of the blood
[27,28]
flow in the hepatic artery
. The histopathologic
changes in the canine model induced by CCl4 are
similar to human liver fibrosis and cirrhosis. Previous
studies in canine models revealed that, in the early
stages of liver fibrosis, the possible cause of elevated
portal pressure was increased resistance of the blood
stream due to sinusoid capillarization and activation
[10]
of hepatic stellate cells . Our data, wherein Qp/Qa
and Ip/Ia declined, support these findings; the blood
flow ratio of the portal vein/hepatic artery decreased,
while the portal pressure increased, which is consistent
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with the histopathologic and hemodynamic changes of
increasing portal pressure as mentioned previously. As
liver fibrosis progressed and portal pressure increased,
the TIC pattern from the liver parenchyma later in the
experiment was almost the same as that of the renal
cortex as, under these conditions, liver parenchyma
infusion is mainly from the hepatic artery.
In the present study, established CT methods were
adapted for evaluation of portal hypertension. Some
investigators who have previously used CT perfusion
imaging concluded that, as the portal pressure
increased, hepatic arterial blood flow increases while the
[11,29]
portal venous blood flow decreases
. The correlation
between the parameters of spiral CT perfusion imaging
and portal vein pressure in normal canines has been
evaluated, and the results demonstrated that portal
pressure was negatively correlated with portal venous
[30]
perfusion . Although CT has certain advantages in the
evaluation of portal hypertension, the technique also
has limitations. First, the frame rate is too low, making
boundaries for the hepatic artery and portal venous
perfusion phase inaccurate. Second, the iodinated
contrast agent will diffuse from the capillary walls into
the tissue space and impact the accuracy of portal
venous perfusion phase detection. In contrast, CEUS
has high temporal resolution, with a frame rate of 10
frames per second or more, and can more accurately
distinguish enhanced phase, speed, and intensity
between the hepatic artery and the portal vein.
The present study has some limitations. First, the
number of experimental animals was limited. Second,
measurements were conducted under anesthesia,
meaning that respiratory motion artifacts of CEUS
images may have affected the accuracy of the TICs. This
particular issue was overcome in part by maintaining
a low breathing amplitude in order to limit the range
of movement, leading to a TIC quality of fit of over
80%. Finally, few biopsies were staged as F4. In the
future, more biopsies representing each stage should be
obtained in order to rigorously assess the utility of the
CEUS measurements.
In conclusion, CEUS is a potential method to
quantitatively and non-invasively estimate portal
venous pressure via determination of Qp/Qa and Ip/Ia
parameters. Animal experiments demonstrated that
Qp/Qa and Ip/Ia were favorable predictors for elevated
portal pressure in liver fibrosis, which can provide the
basis for effectively measuring portal pressure levels
during the progression of chronic liver disease. More
measurements in larger cohorts are needed in order to
confirm these preliminary results, as well as to further
demonstrate clinical utility.
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pressure (FPP) measurements are currently the two most reliable methods for
accurately evaluating portal pressure, but are only performed under invasive
procedures. Therefore, a non-invasive method to evaluate portal pressure over
time would present distinct clinical advantages. The hepatic blood supply is
fed by both the portal vein and hepatic artery. Current research indicates that
the initiating factor in portal hypertension is increased resistance of the portal
vein, which leads to a reduction in the amount of portal blood flow. Contrastenhanced ultrasound (CEUS) techniques can provide the hemodynamic
parameters of blood circulation and tissue perfusion. Thus, the aim of this
study was to verify whether there is a significant correlation between CEUS
parameters and portal pressure.

6

7

Research frontiers

8

The authors aimed to establish a canine liver fibrosis model and investigate
the feasibility of a non-invasive quantitative estimation of portal pressure
with CEUS during the development of liver fibrosis. The intensity and area
under the curve of the portal venous phase/hepatic arterial phase (Ip/Ia and
Qp/Qa, respectively) parameters used in this study are new CEUS features for
evaluating the blood flow ratio of the portal vein/hepatic artery.

9

Innovations and breakthroughs

The introduction of Ip/Ia and Qp/Qa parameters has obvious advantages over
such absolute values as peak intensity, as this approach reduces the influence
of numerous factors that affect CEUS. This study demonstrates for the first time
a statistically significant negative correlation of FPP with Ip/Ia and Qp/Qa in the
progression of liver fibrosis in a canine model.

10

Applications

11

Based on the results of the correlation of FPP with Ip/Ia and Qp/Qa, this
study supports CEUS as a potential method to non-invasively estimate portal
pressure via the measurement of Qp/Qa and Ip/Ia parameters.

12

Terminology

CEUS is the use of intravenous microbubble contrast agents in ultrasonography.
The use of such contrast agents has been shown to improve the charac
terization of the vasculature inside the organ of interest and provide the
hemodynamic parameters of blood circulation and tissue perfusion. The Ip/Ia
and Qp/Qa proposed in this study are CEUS parameters for evaluating the
blood flow ratio of the portal vein/hepatic artery.
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Peer-review
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This manuscript demonstrates new methods for CEUS detection of fibrosis
in vivo. This is a non-invasive method combined with computed tomography
and known parameters, such as FPP, Qp/Qa, and Ip/Ia. Previous publications
have demonstrated that portal pressure was negatively correlated with portal
hypertension. However, accuracy could be improved. In this study, the authors
introduce CEUS with a higher temporal resolution to resolve the problem. The
paper is well-written and includes crucial information concerning fibrosis.
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Abstract
AIM: To investigate the molecular mechanism for
regulation of cholesterol metabolism by hepatitis C
virus (HCV) core protein in HepG2 cells.
METHODS: HCV genotype 1b core protein was cloned
and expressed in HepG2 cells. The cholesterol content
was determined after transfection. The expression of
sterol regulatory element binding protein 2 (SREBP2)
and the rate-limiting enzyme in cholesterol synthesis
(HMGCR) was measured by quantitative real-time
PCR and immunoblotting after transfection. The
effects of core protein on the SREBP2 promoter and
3’-untranslated region were analyzed by luciferase
assay. We used different target predictive algorithms,
microRNA (miRNA) mimics/inhibitors, and site-directed
mutation to identify a putative target of a particular
miRNA.
RESULTS: HCV core protein expression in HepG2 cells
increased the total intracellular cholesterol level (4.05
± 0.17 vs 6.47 ± 0.68, P = 0.001), and this increase
corresponded to an increase in SREBP2 and HMGCR
mRNA levels (P = 0.009 and 0.037, respectively) and
protein expression. The molecular mechanism study
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revealed that the HCV core protein increased the expression of SREBP2 by enhancing its promoter activity
(P = 0.004). In addition, miR-185-5p expression was
tightly regulated by the HCV core protein (P = 0.041).
Moreover, overexpression of miR-185-5p repressed the
SREBP2 mRNA level (P = 0.022) and protein expression. In contrast, inhibition of miR-185-5p caused upregulation of SREBP2 protein expression. miR-185-5p
was involved in the regulation of SREBP2 expression
by HCV core protein.

that encodes a large polyprotein of 3000 amino acids.
After translation, this polyprotein is processed to the
viral structural (core, E1, E2, and possibly P7) and
non-structural (NS2, NS3, NS4A, NS4B, NS5A, and
[4]
NS5B) proteins . The HCV core protein is thought
to be a pathogenic factor for inducing steatosis,
[5]
hepatocellular carcinoma, and oxidative stress .
Several studies have reported that lipid accumulation
can be induced by the core protein in transgenic mouse
models and cell culture, suggesting that the HCV core
protein is sufficient to induce a lipid accumulation in
[6]
hepatocytes .
The sterol response element binding protein (SREBP)
family of proteins, including SREBP1a, SREBP1c, and
[7]
SREBP2, are major regulators of lipid metabolism .
SREBP1c is mainly involved in the lipid synthesis path
[8]
way by regulating related genes , whereas SREBP2
[9]
specifically regulates cholesterol homeostasis . In the
liver, cholesterol synthesis is controlled by the microsomal
HMG-CoA reductase (HMGCR). HMGCR regulates
the rate-limiting step in cholesterol biosynthesis by
converting HMG-CoA to mevalonate. Results from
transgenic mice suggest that overexpression of SREBP2
[10]
increases the mRNA level of HMGCR . The influence
of the HCV core protein on this transcription factor
could contribute to the development of HCV-associated
steatosis.
MicroRNAs (miRNAs) are about 22 nucleotide
single-stranded small noncoding RNAs. miRNAs can
suppress target gene expression by imperfect pairing
to miRNA response elements (MREs) within the 3’
-untranslated regions (UTRs). miRNA regulation results
in the inhibition of target gene expression through
[11]
mRNA degradation and/or translational inhibition .
The pathogenesis of HCV-induced steatosis remains
largely unknown. In this study, we investigated the
relationship between host genes and the HCV core
protein to reveal the molecular pathogenic mechanism
of HCV-induced steatosis.

CONCLUSION: HCV core protein disturbs the chole
sterol homeostasis in HepG2 cells via the SREBP2
pathway; miR-185-5p is involved in the regulation of
SREBP2 by the core protein.
Key words: Cholesterol; Hepatitis C virus core protein;
miR-185-5p; Steatosis; Sterol response element binding
proteins
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we investigated the regulation
relationship between hepatitis C virus (HCV) core
protein and sterol regulatory element binding protein
2 (SREBP2). The microRNA miR-185-5p was confirmed
in the regulation of SERBP2 expression, and it was the
target for HCV core protein. The regulation relationship
between HCV core, miR-185-5p and SREBP2 was
established at transcriptional, post-transcriptional, and
translational levels.
Li M, Wang Q, Liu SA, Zhang JQ, Ju W, Quan M, Feng SH,
Dong JL, Gao P, Cheng J. MicroRNA-185-5p mediates regulation
of SREBP2 expression by hepatitis C virus core protein. World
J Gastroenterol 2015; 21(15): 4517-4525 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4517.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4517

MATERIALS AND METHODS

INTRODUCTION

Cell culture

HepG2 cells were incubated in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% fetal bovine
serum (Life Technologies of Thermo Fisher Scientific,
Waltham, MA, United States) at 37 ℃ in a humid
atmosphere of 5% CO2.

Liver steatosis is defined as accumulation of lipid in
the liver. In patients with chronic hepatitis C (CHC),
it is frequently found as a histologic appearance.
Epidemiologic studies revealed that hepatitis C virus
(HCV) infection is a primary cause of liver steatosis.
It was reported that prevalence of steatosis is much
higher (up to 2.5 times) in CHC than in other liver
diseases, such as autoimmune liver diseases (17%) and
[1]
hepatitis B infection (26%) . Steatosis is correlated
with the effect of interferon treatment, fibrosis, and
[2]
the development of hepatocellular carcinoma . So
both pathogenesis study and new drug development
are important against HCV infection.
HCV belongs to the Flaviviridae family. The HCV
genome has a positive single-stranded RNA genome
[3]
of 9.6 kb . It contains a single open reading frame

WJG|www.wjgnet.com

Plasmid construction

The HCV core fragment of genotype 1b (573 bp) was
cloned from the template of a full-length HCV cDNA by
PCR. The primers used for PCR amplification were as
follows: forward 5’-ctcgagCCATGAGCACGAATCCTAAAC-3’
and reverse 5’-ggatccGGCGGAAACTGGGATGGT C-3’. The
amplified product was digested with BamHI and XhoI
and inserted into BamHI- and XhoI-digested pcDNA3.1/
myc-His(-) vector.
The promoter region of SREBP2 (from nucleotide
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Table 1 Primers used for mutagenesis
Mutant binding site
a

5'-3'
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

b
c
d

CCTTCCTGAGTTTCGCGCGCCTGAACCCTACTCTC
GAGAGTAGGGTTCAGGCGCGCGAAACTCAGGAAGG
CTCTCCTGAACCCTACGCGCGCCTTTTTGCTTCCTC
GAGGAAGCAAAAAGGCGCGCGTAGGGTTCAGGAGAG
CTGTAGCGTCTTGATGCGCGCCCTGGGTCTGCG
CGCAGACCCAGGGCGCGCATCAAGACGCTACAG
CTCTCTCTCGATTTCTCGCGCGCCCCCTCAGCATC
GATGCTGAGGGGGCGCGCGAGAAATCGAGAGAGAG

“G” denotes mutation sites.

-933 to +263) was cloned from the genomic DNA
of HepG2 cells using primers as follows: forward, 5’
-gagctcTGATCCCATGGTATTCCATCG-3’; reverse, 5’
-gctagcACCACTCACC GTCGATGTCT-3’. The PCR
product was digested with SacI and NheI and inserted
into SacI- and NheI-digested pGL4.10 vector (Promega,
Madison, WI, United States) after sequencing.

amplification (4367659; Applied Biosystems of Thermo
Fisher Scientific). The relative mRNA levels of SREBP2
and HMGCR were measured using the comparative
Ct method (∆∆Ct) with β-actin as the internal control.
The following primers were used for PCR amplification:
SREBP2, sense 5’-CCCTTCAGTGCAACGGTCATTCAC-3’
and antisense 5’-TGCCATTGGCCGTTTGTGTC-3’;
HMGCR, sense 5’-CTTGTGTGTCCTT GGTATTAGAGC-3’
and antisense 5’-ATCATCTTGACCCTCTGAGTTACAG-3’;
β-actin, sense 5’-CATCCGCAAAGACCTGTACGC-3’ and
antisense 5’-AGTACTTGCGCTCAGGAGG AG-3’ (Sangon,
Shanghai, China).

Cloning and mutagenesis of SREBP2 3’-UTR seed
regions

To generate a luciferase reporter to determine the
miRNA activity, the 3’-UTR (3596-4306; 776 bp) of
SREBP2 was cloned by PCR using the following primers:
forward, 5’-gctagcGCAGATGATTGTTAAGCTG-3’;
reverse, 5’-ctcgagGGAAGGAACAGGACAATT-3’.
The genomic DNA of HepG2 cells was used as the
template. After digestion with NheI/XhoI, the PCR
product was inserted into the pmirGLO reporter
construct (Promega) at the NheI/XhoI restriction site
after sequencing. Mutations of the seed region binding
sites were generated by Pfu DNA polymerase (M7741;
Promega) and DpnI (Promega). Three nucleotides in
the 3’-UTR (binding for miR-185-5p) of the SREBP2
gene were mutated (T to G) by PCR. Wild-type and
mutant constructs were confirmed by sequencing. The
primers used for mutagenesis are shown in Table 1.

microRNA isolation and quantitation

Total RNAs including miRNAs were isolated with the
mirVana miRNA Isolation Kit (AM1560; Ambion of
Thermo Fisher Scientific) according to the manu
facturer’s instructions. The high-capacity cDNA reverse
transcription kit (4368814; Applied Biosystems) and
TM
Bulge-Loop miRNA qRT-PCR Primer Set (MQP-0105;
Ribobio, Guangzhou, China) were used to convert
selected miRNAs to cDNAs. Expressions of selected
®
miRNAs were analyzed by qRT-PCR using Power SYBR
Green PCR Master Mix (4367659; Applied Biosystems).
RNU6B was used to normalize the mature miRNAs
expression levels (MQP-0105; Ribobio).

Determination of intracellular total cholesterol

Western blotting

After seeding in a 6-well culture plate, HepG2 cells were
incubated in DMEM containing 10% fetal bovine serum
until reaching 70%-80% confluency. After quantifying
the cell number, a Cholesterol/Cholesteryl Ester
Quantitation Kit (K603-100; Biovision, Inc., Milpitas,
CA, United States) was used to extract and measure
the intracellular TC according to the manufacturer’
s instructions. The intracellular total cholesterol (TC)
6
quantity was expressed as μg/10 cells.

Cell extracts were isolated in lysis buffer (150 mmol/L
NaCl, pH 7.5, 1 mmol/L EDTA, 50 mmol/L Tris-Cl,
10% glycerol, 1% NP-40, and protease inhibitors) for
30 min on ice. The Pierce BCA assay (23225; Pierce
Biotechnology, Inc., Rockford, IL, United States) was
used to determine the protein concentration. Samples
(100 μg) were separated on 10% SDS-polyacrylamide
gels and then transferred to polyvinylidene fluoride
membranes (Millipore, Billerica, MA, United States).
The membranes were incubated with anti-β-actin
(sc-47778; Santa Cruz Biotechnology, Inc., Dallas,
TX, United States), anti-SREBP2 (ab30682; Abcam,
Cambridge, United Kingdom), anti-HMGCR (AP6577c;
Abgent, San Diego, CA, United States), or anti-His
(sc-803; Santa Cruz Biotechnoogy, Inc.) antibodies
in blocking buffer for 2 h at room temperature. After
the membranes were incubated with secondary

RNA preparation, reverse transcription, and quantitative
real-time-PCR

RNA was isolated from HepG2 cells using a Total RNA
Kit (R6834; Omega Bio-Tek, Inc., Norcross, GA, United
®
States), and then converted into cDNA by PrimeScript
RT Reagent Kit (DRR027A; TaKaRa, Shanghai, China).
One-fourth of the cDNAs were subjected to qRT-PCR
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antibodies, the enhanced chemiluminescence system
(32209; Thermo Fisher Scientific) was used to detect
the immunoreactive bands.

of the HCV core protein on SREBP2 and HMGCR were
investigated. The results showed that core protein
increased both the mRNA level (P = 0.009 and 0.037,
respectively; Figure 1C) and the protein expression
(Figure 1D) of SREBP2 and HMGCR. To explore the
mechanism by which HCV core protein upregulates
SREBP2 and induces steatosis, the impact of core
protein on SREBP2 promoter activity was investigated.
The results from the luciferase assay indicate that the
SREBP2 promoter activities were enhanced in coreexpressing cells (P = 0.004; Figure 1E).

Luciferase-reporter assay

Transfection assays were performed using jetPRIME™
(Polyplus-transfection Inc., Illkirch, France). Either
pGL4.10-SREBP2-P (250 ng) or pmirGLO-SREBP2 3’
-UTR (250 ng) and the Renilla luciferase vector (pRLTK; 25 ng) were transfected into HepG2 cells 24 h
after seeding in a 48-well culture plate. For some
experiments, HepG2 cells were co-transfected with
pcDNA3.1/myc-His(-)-core with or without miR-1855p mimic/inhibitor, whereas the pcDNA3.1/myc-His(-)
empty vector and the indicated miR-185-5p negative
control were used to normalize the amount of DNA.
The cells were harvested and then lysed using the
passive lysis buffer (E1941; Promega) at 24 h or 48 h
after transfection. A microplate luminometer was used
to measure SREBP2 promoter activity and/or SREBP2
3’-UTR activity in some experiments according to the
manufacturer’s instructions for the Dual-LuciferaseReporter Assay System (E1910; Promega). The miR185-5p mimics/inhibitors and the corresponding
negative controls were transfected according to the
manufacturer’s protocols (4464014/4464009; Life
Technologies).

HCV core protein decreases the expression of miR-1855p

miRNAs have been recently suggested to regulate
lipid metabolism genes involved in fatty acid oxidation
[12]
and cholesterol homeostasis post-transcriptionally .
So we proposed that miRNAs may be involved in the
regulation of SREBP2 expression by the HCV core
protein. To examine whether miRNAs indeed bind to
its putative binding sites on the SREBP2 3’-UTR, the
pmirGLO-SREBP2 3’-UTR luciferase-reporter construct
was transfected into HepG2 cells, and luciferase
activity was determined. In pmirGLO-SREBP2 3’-UTRtransfected cells, luciferase activity was repressed
significantly compared with the controls, suggesting
that certain miRNAs may be involved in the regulation
of SREBP2 expression (P < 0.001; Figure 2A). In cells
overexpressing core protein, the luciferase activity of
SREBP2 3’-UTR was partially restored (P = 0.001).
Five miRNAs were predicted to target SREBP2 by a
target prediction algorithm (http://www.microrna.
org/), including miR-542-3p, 24-3p, 185-5p, 874, and
543. Of these, miR-185-5p (previous ID: miR-185)
was also predicted by DIANAmicroT_v3_targets,
Targetscan, PITA, and miRDB, to regulate SREBP2
(Table 2). In addition, miR-185-5p is evolutionarily
[13]
conserved throughout vertebrates . Moreover, miR185-5p was downregulated by HCV core protein (P
= 0.041; Figure 2B), suggesting that misregulation
of miR-185-5p by HCV core protein may be an event
responsible for SREBP2 overexpression.

Statistical analysis

Data analysis from three independent experiments
was performed by the paired Student’s t test. All
data are presented as the means ± SE. P < 0.05
was considered statistically significant. The statistical
method evaluate by the author Min Li.

RESULTS
HCV core protein increased intracellular TC
concentration

To investigate the effects of HCV core protein on
lipid metabolism, we cloned the HCV core gene from
CHC patients of genotype 1b. Western blotting was
performed to confirm whether HCV core protein was
expressed or not. The results indicated that HCV core
protein was expressed successfully after transient
transfection in HepG2 cells (Figure 1A). In HepG2
cells expressing core protein, the intracellular TC was
significantly increased (P = 0.001; Figure 1B).

miR-185-5p targets the 3’-UTR of SREBP2

miRNAs can pair imperfectly to MREs within 3’-UTRs
of target mRNAs to suppress gene expression posttranscriptionally. Bioinformatics analyses revealed that
there are at least four putative MREs for miR-1855p within the SREBP2 3’-UTR. A mutagenesis assay
indicated that mutation of the seed sequence binding
sites for miR-185-5p in the SREBP2 3’-UTR (SREBP2 3’
-UTR-mut a and c) caused a restoration of luciferase
activity, even approaching that of the wild-type 3’-UTR
(P = 0.033; Figure 3A). Thus, a specific interaction
between the SREBP2 3’-UTR and miR-185-5p was
confirmed. In contrast, compared with the luciferase
activity of wild-type SREBP2 3’-UTR, overexpression
of miR-185-5p caused a more drastic repression (P

HCV core protein increases SREBP2 gene expression

Further results suggested that the expression of
several lipid-associated genes were upregulated by
the HCV core protein, including SREBP1c, SREBP2,
HMGCR, HMGCS, and Sirt1 (data not shown). As
SREBP2 has been reported to play a key role in
cholesterol metabolism, and HMGCR acts not only as
the rate-limiting enzyme in cholesterol synthesis, but
also a predominant target gene of SREBP2, the effects
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Figure 1 Hepatitis C virus core protein upregulates expression of sterol regulatory element binding protein 2 and intracellular total cholesterol levels in
HepG2 cells. A: HCV genotype 1b core protein was transfected into HepG2 cells and determined by Western blot 48 h after transfection; B: Intracellular TC levels
were determined at 72 h after core protein transfection (n = 3, bP < 0.01); C: HCV core protein or a control vector was transfected into HepG2 cells. At 24 h after
transfection, total RNA was isolated. Then quantitative PCR was performed to determine the relative mRNA levels of SREBP2 and HMGCR. β-actin was used as
the internal control (n = 6, aP < 0.05, bP < 0.01 core vs control); D: HCV core protein or a control vector was transfected to HepG2 cells and SREBP2 and HMGCR
expressions were analyzed by Western blot after 48 h; E: The -933 to +263 region of human SREBP2 promoter was amplified using genomic DNA isolated from
HepG2 cells as template and cloned into pGL4.10 empty vector, named as SREBP2-P. The luciferase activity of SREBP2-P was determined 24 h after transfection
with/without core protein expression (n = 3, bP < 0.01 core vs control). HCV: Hepatitis C virus; SREBP2: Sterol regulatory element binding protein 2; TC: Total

= 0.021; Figure 3B). Finally, we investigated the
influence of miR-185-5p on SREBP2 mRNA levels
by qRT-PCR in the HepG2 cells. Overexpression of
miR-185-5p mimics resulted in significantly reduced
SREBP2 mRNA levels (P = 0.022; Figure 3C). Western
blot analysis indicated that SREBP2 protein expression
was also reduced in miR-185-5p-overexpressing
cells (Figure 3D). However, the miR-185-5p inhibitor
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enhanced SREBP2 protein expression (Figure 3E),
indicating that the SREBP2 mRNA and protein
expression are regulated by miR-185-5p in HepG2
cells. In the HepG2 cell line, the effect of the miR-1855p inhibitor was not as strong as the mimic, because
the endogenous miR-185-5p expression level was
[14]
low in this cell line . Overall, miR-185-5p negatively
regulated SREBP2 expression as a result of interaction
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Table 2 Predicted miRNAs to target sterol regulatory element binding protein 2 by target prediction algorithms
DIANAmicroT_v3_targets
Has-miR-98
124
185
506
650
940
331-3p
532-3p
let-7a
let-7b
let-7c
let-7e
let-7f
let-7g
let-7i

Targetscan
24
185
193
370
379
539
543
544
873
874
882
1554
3473
3529
4306

4644
1193-5p
125a-3p
193-3p
193b
24-3p
24ab
296-3p
324-5p
539-5p
542-3p
544-3p
544ab

Microrna. org

miRDB

542-3p
24
185
543
874

4279
4306
4644
149-3p
185-5p
1915-3p
4446-3p
4628-3p

PITA
423-5p
185
298
346
448
608
612
637
638
650
877
921
939
1268
1269

1275
1303
1207-5p
1207-5p
296-3p
296-5p
664b
671-5p

miRNA: MicroRNA; SREBP2: Sterol regulatory element binding protein 2.

with the SREBP2 mRNA 3’-UTR, which lead to reduced
SREBP2 mRNA and protein levels.

to develop new strategies to eradicate this virus
completely. Results from HCV core transgenic mice
[6]
have revealed that the core protein induces steatosis .
The pathogenic mechanism of HCV-induced lipid
accumulation is multifactorial. As reported, HCV disturbs
lipid homeostasis mainly in three aspects: impairing
secretion of lipoprotein, increasing lipogenesis, and
[16]
impairing fatty acid degradation . However, how HCV
modulates hepatic cholesterol metabolism remains
largely unknown. It is possible that the lipid droplets
contain large amounts of cholesterol, but research data
regarding the cholesterol content in livers with HCV
infection are limited.
In order to investigate the changes of cholesterol
metabolism caused by HCV infection, researchers have
studied many key enzymes involved in the cholesterol
and fatty acid metabolism. It was reported that HCV
core protein enhanced the transcriptional activity of
SREBP1 and PPARγ, inducing hepatic lipid accumulation
[17]
[18]
in cultured cells . Data from Fujino et al
revealed

HCV core protein increases the expression of SREBP2
via miR-185-5p

In addition, the miR-185-5p mimic inhibited the
luciferase activity, which was enhanced by HCV core
protein (P = 0.024; Figure 4A). Moreover, the HCV
core protein upregulated the expression of SREBP2,
which was repressed by the miR-185-5p mimic (P =
0.034; Figure 4B), further indicating that miR-185-5p
involves the upregulation of SREBP2 by the HCV core
protein.

DISCUSSION
HCV utilizes host lipids to complete its life cycle, so
chronic HCV infection is closely associated with lipid
[15]
disorder . Accordingly, it is necessary to understand
the lipid disturbance in patients with CHC in order
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[20]

cells. Similarly, Woodhouse et al reported firstly that
cholesterol content in an HCV-infected Huh-7.5 cell
line was increased by 56% compared with controls.
We concluded that the HCV core protein upregulated
SREBP2 and HMGCR expression, resulting in increased
intracellular cholesterol synthesis. The present study
clearly demonstrates that HCV core protein plays an
important role in cholesterol metabolism, and may be
one of the mechanisms of steatosis induced by HCV
infection. The transcription factor SREBP2 and the
rate-limiting enzyme for cholesterol synthesis HMGCR
are involved in the regulation of enhanced cholesterol
synthesis induced by the HCV core protein.
Recent researchers have identified miRNAs as
potent regulators of lipid metabolism genes, including
[21]
cholesterol homeostasis . These new data suggest
that miRNAs play important roles in the regulation

that in HCV-infected human liver, the mRNA levels
of HMGCR, HMGCS, and squalene synthase were all
significantly upregulated compared with controls.
SREBP2 is the primary means to regulate de novo
[7,19]
cholesterol synthesis in the liver
. In our study, it
was found that HCV core protein activates transcription
activity of the SREBP2 gene promoter. HMGCR is the
key target regulated by SREBP2. The level of HMGCR
mRNA is increased in transgenic mice overexpressing
[10]
SREBPs . Thus, we speculate that HMGCR expression
level in core-expressing cells could be affected. It is
clearly demonstrated that the mRNA and protein levels
of HMGCR were significantly upregulated in HepG2 cells
expressing the HCV core protein, while SREBP2 mRNA
and protein levels were also significantly enhanced.
At the same time, intracellular TC concentration was
significantly elevated compared with control HepG2
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of cholesterol metabolism. miR-185-5p is described
firstly as a regulator in cancer progression. For
instance, overexpression of miR-185-5p suppressed
the migration and invasiveness of LNCaP prostate
[22]
cancer cells . While more and more evidence reveals
the connection between miR-185-5p and cancer, its
role in regulating lipid metabolism remains poorly
understood. More recently, it has been reported
that in human hepatic cells, HDL-cholesterol uptake
could be repressed by miR-185-5p selectively by
[23]
inhibiting the expression of scavenger receptor B I .
This is the only report linking miR-185-5p to lipid
metabolic regulation. On the other hand, miRNAdependent SREBP2 post-transcriptional regulation is
[14]
being explored. Yang et al
reported that miR-185
is involved in de novo cholesterol biosynthesis and
LDL uptake, and miR-185-dependent regulation of
SREBP2 requires SREBP1c for function. Consistently,
we identified in our study SREBP2 as a target of miR185-5p from multiple aspects (including at the mRNA
level, protein expression, and structural basis). In
other words, miR-185-5p negatively regulates SREBP2
expression as a result of interaction with the SREBP2
mRNA 3’-UTR, reducing SREBP2 mRNA and protein
expression. These results complement and support
each other, albeit with different focus points.
As mentioned above, HCV induces liver steatosis to
enhance its replication. A series of evidence has been
reported that HCV replication is suppressed in vitro by
[24]
statins, competitive inhibitors of HMGCR . Data from
[25]
[26]
Kapadia et al and Sidorkiewicz et al also revealed
that host cholesterol metabolism was indispensable
for HCV to complete its life cycle. Therefore, for
CHC patients, it is necessary to monitor and control
cholesterol metabolism to tackle this viral infection. In
this study, we demonstrate that the HCV core protein
controls cholesterol homeostasis by regulating SREBP2
expression, and in this course, miR-185-5p plays
an important role. The downregulation of miR-185-
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5p expression by the core protein will be confirmed
further by in vitro HCV infection models (HCVcc
model) or clinical samples in the future work. Best of
all, the results presented in this study provide a new
insight into the mechanism of hepatic steatosis by HCV
infection.

COMMENTS
COMMENTS
Background

Liver steatosis is the accumulation of lipid in the liver and is a frequent histologic
finding in chronic hepatitis C (CHC). Hepatitis C virus (HCV) infection is a major
cause of hepatic steatosis. The HCV core protein is known as an inducer of
steatosis. The sterol response element binding proteins (SREBPs) play an
important role in regulation of lipid synthesis and cholesterol metabolism. The
influence of the HCV core protein on this transcription factor could play an
important role in the development of steatosis during HCV infection. However,
the pathogenesis of liver steatosis induced by HCV and its implications in the
prevention and treatment of CHC remain largely unknown.

Research frontiers

In this study, the authors investigated the regulation of expression of host genes
by HCV core protein to reveal the molecular pathogenesis of HCV-induced
steatosis.

Innovations and breakthroughs

This paper focuses on the intracellular cholesterol regulation by HCV core
protein via SREBP2. The regulation relationship between HCV core protein and
SERBP2 was established. The microRNA miR-185-5p was confirmed in the
regulation of SERBP2 expression, and miR-185-5p was the target for HCV core
protein. The authors also established the relationship among the HCV core
protein, miR-185-5p, and SREBP2 at transcriptional, post-transcriptional, and
translational levels.

Applications

HCV core protein controls cholesterol homeostasis through regulating SREBP2
expression, and in this course, miR-185-5p plays an important role. The results
suggest that SREBP2 and miR-185-5p may represent a new potential target in
the pathogenesis of HCV infection.

Terminology

Liver steatosis is defined as accumulation of lipid in the liver. Epidemiologic
studies revealed that HCV infection is a primary cause of liver steatosis.
miRNAs are about 22 nucleotide single-stranded small noncoding RNAs.

Peer-review

In this manuscript, the author analyzed the mechanism that HCV core protein
can increase intracellular cholesterol synthesis. HCV can regulate SREBP2
expression via miRNA-185-5p. That is, HCV core decreased miR-185-5p, which

4524

April 21, 2015|Volume 21|Issue 15|

Li M et al . HCV core protein upregulates SREBP2 via miR-185-5p
was suggested to be responsible for the augmentation of SREBP2 levels. The
overall findings are novel and represent a new approach to tackle HCV-induced
steatosis
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AIM: To investigate the effect of alternol on pancreatic
cancer cells.
METHODS: Pancreatic cancer cells PANC-1 and BxPC3
were treated with various concentrations of alternol for
24, 48 and 72 h. Cell proliferation was measured by
cell counting. Cell cycle distribution and mitochondrial
membrane potential were determined by flow cytometry.
Apoptosis was determined by a TdT-mediated dUTP nick
end labeling assay and Hoechst staining. Expression of
caspase 3, Bcl-2, p53 and p21 was measured by western
blotting.
RESULTS: Alternol showed dose- and time-dependent
inhibition of the proliferation of PANC-1 and BxPC3 cells
in vitro . Alternol induced apoptosis and cell cycle arrest
at S phase and decreased mitochondrial membrane
potential. Alternol activated caspase 3, upregulated
p53 and p21 expression, and downregulated Bcl-2
expression in a dose-dependent manner.
CONCLUSION: Our results suggested that alternol is a
candidate for treatment of pancreatic cancer.
Key words: Pancreatic cancer; Alternol; Chemotherapy;
Cell cycle; Apoptosis
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Core tip: Pancreatic cancer is an aggressive disease
with a 5-year survival < 5%. Alternol has shown
anti-cancer activity against various types of cancer
cells. The aim of this study was to investigate the
effect of alternol on pancreatic cancer cells. Alternol
inhibited proliferation of PANC-1 and BxPC3 cells. It

4526

April 21, 2015|Volume 21|Issue 15|

Cong PF et al . Alternol and pancreatic cancer

induced apoptosis and cell cycle arrest and decreased
mitochondrial membrane potential. Alternol activated
caspase 3, upregulated p53 and p21 expression,
and downregulated Bcl-2 expression. In summary,
we concluded that alternol may provide an effective
regimen for the treatment of pancreatic cancer.

of pancreatic cancer cells. To explore the underlying
molecular mechanisms, we also analyzed the expression
of proteins related to apoptosis using western blotting.

MATERIALS AND METHODS
Reagents

Alternol was obtained from Strand Biotechnology
Institute of Research, Shantou, China. TdT-mediated
dUTP nick end labeling (TUNEL) kit and JC-1 were
purchased from Beyotime (Jiangsu, China). Anti Bcl-2,
caspase-3, p53, p21, β-actin primary and secondary
antibodies (i.e., goat anti-rabbit IgG horseradish
peroxidase conjugate), were purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, United States).
Enhanced chemiluminescence detection reagents
were purchased from Amersham Biosciences (Little
Chalfont, Bucks, United Kingdom). RPMI 1640 and
fetal bovine serum (FBS) were purchased from Gibco
Life Technologies (Paisley, United Kingdom). Propidium
iodide (PI), Hoechst 33258, dimethyl sulfoxide (DMSO)
and other reagents were purchased from Sigma (St
Louis, MO, United States).
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INTRODUCTION
Pancreatic cancer is an aggressive disease with about
44000 new cases and 38000 deaths annually in the
United States alone. It represents the fourth-leading
cause of cancer mortality worldwide. Despite advances
in the understanding of its underlying biology and
improvement in imaging modalities, the prognosis
for pancreatic cancer remains poor. For all stages
combined, its 1-year survival rate is 19% and 5-year
survival rate is < 5%. Less than 20% of patients have
resectable tumors at the time of initial diagnosis. The
fact that the majority of patients are diagnosed at an
advanced stage explains the bare improvement in the
[1-4]
survival rate over the past 30 years . At present,
radical surgery offers the only curative treatment for
pancreatic cancer. Alternative or combined treatment
consists of adjuvant or neoadjuvant chemotherapy
[5-7]
with or without radiotherapy . Palliative treatment
for locally advanced disease may benefit health status
and quality of life. Single-agent gemcitabine has been
the main stay of treatment for advanced pancreatic
cancer. Since 2010, new combination chemotherapy
regimens have offered a chance of improved survival
[8,9]
compared with gemcitabine alone . However, since
this disease is notoriously chemo- and radioresistant,
more effective therapeutic agents are desirable.
With a molecular weight of 352, alternol is a novel
compound isolated from the fermentation product of a
novel microorganism mutant strain Alternaria alternata
var. monosporus, which was obtained from the bark
of yew trees in Kunming, China. Previous studies have
shown that alternol can inhibit cell proliferation and
induce apoptosis of tumor cells derived from mouse
lymphocyte leukemia, melanoma cells, and human
[10-14]
gastric carcinoma and prostate cancer
. It can
also inhibit migration and invasion of hepatocellular
[15,16]
carcinoma and melanoma cells
. However, the
effect of alternol on pancreatic cancer cells has not yet
been explored.
In the present study, we investigated the effect of
alternol on the proliferation, cell cycle and apoptosis
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Cell culture

PANC-1 and BxPC3 pancreatic cancer cells were
obtained from Shanghai Institute of Biological Sciences
(Chinese Academy of Sciences, China) and maintained
in RPMI 1640 supplemented with 10% FBS, 100 U/mL
penicillin G and 100 µg/mL streptomycin. Cell cultures
were maintained in a 5% CO2 humidified atmosphere
at 37 ℃.

Cell viability assay

Viability of PANC-1 and BxPC3 cells was evaluated
by counting the number of viable cells at 24, 48 and
72 h after addition of alternol. The cells were stained
with trypan blue and counted under a hemocytometer.
The y axis represents the death rate of viable cells
normalized to those of the controls (0.5% DMSO),
while the x axis represents the concentration of
alternol. The final concentration of 0.5% DMSO
showed no inhibition of cell growth. At least three
replicate experiments were performed.

Cell cycle analysis

The cell cycle was analyzed with flow cytometry. Cells
5
(7 × 10 ) were incubated with alternol or vehicle,
collected by gentle trypsinization, centrifuged at 1000
rpm for 5 min, and resuspended in phosphate-buffered
saline (PBS), fixed by drop-wise addition of ice-cold
70% ethanol, and stored at -20 ℃ overnight. Prior to
use, they were washed with PBS and resuspended
in PBS containing 100 μg/mL PI (Sigma), 50 μg/mL
ribonuclease A, and 0.1% Triton X-100 in the dark
for 30 min. Flow cytometry was carried out on a
FACScalibur instrument using a ModFit program
(Becton Dickinson, San Jose, CA, United States).
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Hoechst 33258 staining

with appropriate primary antibodies overnight at 4 ℃.
It was then incubated with a horseradish-peroxidaseconjugated secondary antibody and detected with
enhanced chemiluminescence. β-Actin was detected on
the same membrane and used as the loading control.

5

PANC-1 and BxPC3 cells (3.5 × 10 ) were grown
on coverslips placed in six-well plates. After alternol
treatment, the cells were fixed with methanol and
acetic acid (3/1, v/v) at 4 ℃ for 15 min, blocked with
5% bovine serum albumin for 30 min, and stained
with Hoechst 33258 at 37 ℃ for 15 min in the dark.
After repeated washing in PBS, they were mounted
in 50% glycerol in PBS. The processed cells were
observed under a fluorescence microscope (Olympus,
Tokyo, Japan).

Statistical analysis

All values were expressed as mean ± SE. One-way
analysis of variance followed by least significant
difference t-test was used to compare the differences
between the groups. A two-sided P value < 0.05 was
considered to be statistically significant.

TUNEL assay

Apoptotic cells was analyzed with a TUNEL assay,
which consisted of addition of apoptotically fragmented
DNA to the 3’ terminus by terminal deoxynucleotidyl
transferase followed by fluorescence labeling. PANC-1
and BxPC3 cells were grown on coverslips at 3.5 ×
5
10 /well in six-well plates and exposed to alternol for
24 h. Apoptotic cells were detected using a One Step
TUNEL Apoptosis Assay Kit (Beyotime Biotech, Jiangsu,
China). The cells were observed under a fluorescence
microscope.

RESULTS
Inhibition of growth of pancreatic cancer cells

To determine the effect of alternol on pancreatic
cancer cells, PANC-1 and BxPC3 cells were treated
with alternol for 24, 48 and 72 h. Cell viability was
measured by cell counting. As shown in Figure 1A and
B, alternol inhibited the proliferation of PANC-1 and
BxPC3 cells in a dose- and time-dependent manner.
The IC50 for PANC-1 and BxPC3 cells was 8.09 ± 0.1
and 8.19 ± 0.2 μmol/L at 24 h, 5.91 ± 0.19 and 6.19
± 0.2 μmol/L at 48 h, and 4.27 ± 0.11 and 4.46 ± 0.19
μmol/L at 72 h, respectively.

Measurement of mitochondrial membrane potential

Changes in the mitochondrial membrane potential
(MMP) were analyzed by JC-1 staining. JC-1 is
a cationic dye that exhibits potential-dependent
accumulation in mitochondria, and can be indicated
by a fluorescence emission shift from green (525
nm) to red (590 nm). Consequently, mitochondrial
depolarization can be indicated by a decrease in the
red/green fluorescence intensity ratio. The potential
sensitive color shift is due to concentration-dependent
formation of red fluorescent J aggregates. All
measurements were performed using a FACScalibur
flow cytometer. Human PANC-1 and BxPC3 cells (7 ×
5
10 ) were incubated with alternol for 24 h. The cells
were collected and washed with cold PBS. The cells
were centrifuged at 1000 rpm for 5 min, resuspended
in PBS, incubated with 5 µg/mL JC-1 for 20 min at
37 ℃ in the dark, and immediately analyzed with a
FACScalibur flow cytometer.

Effect of alternol on the cell cycle of pancreatic cancer
cells

For cell cycle analysis, PANC-1 and BxPC3 cells were
treated with increased doses of alternol or vehicle
for 24 h and analyzed by flow cytometry. Cell DNA
was stained with PI, and the proportion of cells in
various phases of the cell cycle was determined by
flow cytometry. The population of cells in G1 phase
decreased and that in S phase increased in a dosedependent manner (Figure 2). For the PANC-1 cells,
the percentage of cells in G1 phase decreased from
69.28% ± 4.16% to 44.29% ± 12.25%, while those
in S phase increased from 17.25% ± 2.14% to
40.55% ± 3.65%. For the BxPC3 cells, the percentage
of cells in G1 phase decreased from 87.16% ± 1.78%
to 29.35% ± 4.67%, while those in S phase increased
from 11.67% ± 2.77% to 44.41% ± 9.8%.

Western blotting

Effect of alternol on apoptosis of pancreatic cancer cells

6

Cells (1 × 10 /well) seeded in six-well plates were
treated with alternol or vehicle control. The medium
was aspirated, and the cells were washed with cold
PBS. The cells were lysed in lysis buffer supplemented
with proteases and phosphotase inhibitors on ice
for 20 min and scraped. The lysate was collected by
centrifugation at 3000 × g for 10 min at 4 ℃. The
supernatant (cell lysate without nucleoli) was stored
at -20 ℃ . For western blotting, 25-50 μg protein
was resolved by 12% PAGE and transferred to a
polyvinylidene difluoride membrane. The blotting was
blocked with buffer (5% nonfat dry milk/0.1% Tween
20 in TBS) for 1 h at room temperature, and incubated
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To explore whether alternol could induce apoptosis of
pancreatic cancer cells, the PANC-1 and BxPC3 cells
were exposed to various concentrations of alternol
for 24 h, and apoptosis was measured by TUNEL
assay. As shown in Figure 3, alternol treatment has
induced apoptosis in a dose-dependent manner, with
the proportion of apoptotic cells ranging from 5.04%
± 0.86% for the controls to 54.39% ± 2.7% at 10
μmol/L alternol for the PANC-1 cells, and from 1.64%
± 0.25% for the controls to 51.5% ± 0.75% at 10
μmol/L alternol for the BxPC3 cells (P < 0.01).
After treating the cells with alternol for 24 h, marked
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Figure 1 Effect of alternol on viability of pancreatic cancer cells. PANC-1 (A) and BxPC3 cells (B) at 7 × 105 cells/well are cultured with alternol (0, 1.25, 2.5, 5
and 10 μmol/L) for 24, 48 and 72 h in RPMI 1640/10% FBS. Cell viability was determined daily by cell counting. Each point represents the mean of three independent
experiments. bP < 0.01 vs controls.

morphological changes suggestive of apoptosis, including
condensation of chromatin, nuclear fragmentations
and apoptotic bodies, were clearly seen upon Hoechst
33258 staining. Alternol treatment induced apoptosis
in a dose-dependent manner, with the percentage of
apoptotic cells ranging from 4.27% ± 0.34% for the
control cells to 45.47% ± 0.59% at 10 μmol/L alternol
in the PANC-1 cells, and from 5.36% ± 0.12% in the
control cells to 39.67% ± 0.4% at 10 μmol/L alternol in
the BxPC3 cells (P < 0.01) (Figure 4).

dependent manner (Figure 6A and B).

DISCUSSION
Alternol is a novel compound isolated from cultured
microorganisms from yew bark, and has an inhibitory
[11-16]
effect on various cancer cells
. In the present
study, we demonstrated that alternol inhibited the
growth of pancreatic cancer cells in vitro in a dose- and
time-dependent manner, which suggests a potential
role in the treatment of pancreatic cancer.
As shown by flow cytometry, alternol treatment
led to accumulation of cells at S phase (Figure 2),
and alternol-induced apoptosis increased in a dosedependent manner (Figure 3). Typical morphological
changes of apoptosis were apparent (Figure 4).
These suggested that the inhibitory effect of alternol
on PANC-1 and BxPC3 cells was probably through
induction of cell cycle arrest and apoptosis.
Mitochondria are involved in various cell functions,
including differentiation, cell signaling, cell growth,
cell death and control of the cell cycle. Mitochondrial
disruption may involve changes in MMP and alterations
in the oxidation-reduction potential. Changes in MMP
are thought to be due to opening of the mitochondrial
permeability transition pore, which allows passage of
[17,18]
ions and small molecules
. Therefore, we used JC-1
[19]
dye
to measure the changes in MMP in alternoltreated cells. We found that red/green fluorescence
intensity ratio significantly decreased in PANC-1 and
BxPC3 cells treated with alternol compared with control
cells (Figure 5). This suggests that alternol-induced
apoptosis is caused by mitochondrial depolarization in
both cells.
p53 is a tumor suppressor gene that encodes a
DNA-binding transcription factor that induces cell
growth arrest, senescence and cell death by apoptosis
upon cellular stress. p53 can regulate several genes,
including p21 that blocks cell cycle progression and
[20,21]
Bax that promotes apoptosis
. Mutations of the p53
gene have been detected in various human tumors,

Effect of alternol on MMP

Changes in MMP are critical for progression of intrinsic
apoptosis. To determine whether alternol-induced
apoptosis was mediated by the mitochondriondependent pathway, we used JC-1 as a mitochondrial
depolarization indicator to detect changes in the MMP
of living cells. As shown in Figure 5, the red/green
fluorescence intensity ratio decreased significantly in
both types of cells treated with alternol compared with
the controls, indicating that alternol decreased MMP
(Figure 5).

Effect of alternol on expression of Bcl-2 and caspase 3

To explore the mechanism of alternol-induced
apoptosis, we examined the levels of apoptosis-related
proteins in alternol-treated cells. Alternol suppressed
expression of Bcl-2 and activated expression of
caspase-3 in a dose-dependent manner (Figure 6A and
B). For both PANC-1 and BxPC3 cells, treatment with
10 μmol/L alternol for 24 h significantly downregulated
expression of Bcl-2 and pro-caspase 3.

Effect of alternol on expression of p53 and p21

Loss of function of p53 has remained a critically
important aspect of human cancer development.
As a potent inhibitor of cell growth, p53 protein can
arrest the progression of cell cycle at several points
and induce apoptosis of cells undergoing uncontrolled
growth. As shown in Figure 6, alternol treatment
upregulated expression of p53 and p21 in a dose-
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Figure 2 Effect of alternol on cell-cycle distribution. PANC-1 and BxPC3 cells (7 × 105) were treated with 0, 2.5, 5 and 10 μmol/Lof alternol and analyzed at 24 h
by flow cytometry. The data are representative of three independent experiments. aP < 0.05, bP < 0.01 vs controls.
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Figure 3 Apoptosis measured by TUNEL assay. PANC-1 and BxPC cells were treated with 0, 2.5, 5 and 10 μmol/L alternol for 24 h and stained with TUNEL. The
pictures are representative of three independent experiments. bP < 0.01 vs controls.

including over half of pancreatic adenocarcinomas.
Restoration of p53 function in such tumor cells may
induce robust cell death, allowing efficient eradication
of the tumor. Targeting of mutant p53 in tumors is a
rapidly developing field at the forefront of translational
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cancer research. Various approaches have led to
the identification of small molecules that can rescue
[22,23]
mutant p53
. In the present study, we found that
alternol increased the abundance of p53 and p21
proteins in a dose-dependent manner (Figure 6).
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Figure 4 Apoptosis observed by Hoechst 33258 staining. PANC-1 and BxPC3 cells were treated with 0, 2.5, 5 and 10 μmol/L of alternol for 24 h. The pictures are
representative of three independent experiments. bP < 0.01 vs controls.
[18,24,25]

The Bcl-2 family of proteins comprises
antiapoptotic members such as Bcl-2, Bcl-XL and
Mcl-1, and proapoptotic proteins such as Bax, Bak
and Bad. Imbalances in the ratio of antiapoptotic vs
proapoptotic Bcl-2 family proteins are found in several
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human cancers including pancreatic carcinoma
.
To explore whether alternol can trigger an intrinsic
apoptotic cascade in PANC-1 and BxPC3 cells, we
examined expression of Bcl-2 protein with western
blotting. Expression of Bcl-2 gradually decreased in
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Figure 5 Decrease of mitochondrial membrane potential by alternol treatment in pancreatic cancer cells. MMP was assessed by measuring fluorescence
intensity of a membrane-potential-dependent dye JC-1 with flow cytometry. PANC-1 and BxPC3 cells were treated with 0, 2.5, 5 and 10 μmol/L alternol for 24 h. Data
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Figure 6 Western blot analysis of Bcl-2, p53, p21 and caspase 3 expression. PANC-1 (A) and BxPC3 cells (B) were treated with 0, 2.5, 5 and 10 μmol/L of
alternol for 24 h. The cells were harvested and processed for western blotting. β-Actin was used as the internal control. The pictures are representative of three
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apoptosis using western blotting.

alternol-treated cells in a dose-dependent manner,
suggesting that alternol induces apoptosis through the
intrinsic pathway.
Caspases are a family of cysteine proteases that
plays a central role in apoptotic signaling. Activation of
caspase cascades has been demonstrated in apoptosis.
Our study showed that alternol treatment caused a
dose-dependent decrease in expression of pro-caspase
3 protein in pancreatic cancer cells (Figure 6).
Our results show that alternol inhibits the growth of
pancreatic cancer cells via cell cycle arrest and apoptosis
induction. Alternol therefore has the potential to be
developed as a therapeutic agent for pancreatic cancer.

Applications

Alternol can inhibit the growth of pancreatic cancer cells via cell cycle arrest
and apoptosis induction.

Peer-review

The authors investigated the effect of alternol on pancreatic cancer cells, and
they demonstrated that alternol inhibited the growth of pancreatic cancer cells
via cell cycle arrest and apoptosis induction. The present data suggest that
the agent has the potential to be developed as an anti-tumor agent for the
treatment of pancreatic cancers.

REFERENCES
1

COMMENTS
COMMENTS

2

Background

At present, radical surgery offers the only curative treatment of pancreatic
cancer. Alternative or combined treatment consists of adjuvant or neoadjuvant
chemotherapy with or without radiotherapy.

3

Research frontiers

With a molecular weight of 352, alternol is a novel compound isolated from
the fermentation products of a novel microorganism mutant strain Alternaria
alternata var. monosporus, which is obtained from the bark of yew trees in
Kunming, China. It can also inhibit the migration and invasion of hepatocellular
carcinoma and melanoma cells. Alternol has shown anti-cancer activity against
various types of cancer cells.

4

Innovations and breakthroughs

The authors investigated the effect of alternol on the proliferation, cell cycle
and apoptosis of pancreatic cancer cells. To explore the underlying molecular
mechanisms, the authors also analyzed the expression of proteins related to

WJG|www.wjgnet.com

5

4534

Bardou M, Le Ray I. Treatment of pancreatic cancer: A narrative
review of cost-effectiveness studies. Best Pract Res Clin
Gastroenterol 2013; 27: 881-892 [PMID: 24182608 DOI: 10.1016/
j.bpg.2013.09.006]
Gnoni A, Licchetta A, Scarpa A, Azzariti A, Brunetti AE, Simone
G, Nardulli P, Santini D, Aieta M, Delcuratolo S, Silvestris N.
Carcinogenesis of pancreatic adenocarcinoma: precursor lesions. Int
J Mol Sci 2013; 14: 19731-19762 [PMID: 24084722 DOI: 10.3390/
ijms141019731]
Li D, Sun X, Zhang L, Yan B, Xie S, Liu R, Liu M, Zhou J. Histone
deacetylase 6 and cytoplasmic linker protein 170 function together to
regulate the motility of pancreatic cancer cells. Protein Cell 2014; 5:
214-223 [PMID: 24474193 DOI: 10.1007/s13238-013-0010-3]
Antoniou G, Kountourakis P, Papadimitriou K, Vassiliou V,
Papamichael D. Adjuvant therapy for resectable pancreatic
adenocarcinoma: review of the current treatment approaches
and future directions. Cancer Treat Rev 2014; 40: 78-85 [PMID:
23810287 DOI: 10.1016/j.ctrv.2013.05.008]
Wolfgang CL, Herman JM, Laheru DA, Klein AP, Erdek MA,
Fishman EK, Hruban RH. Recent progress in pancreatic cancer. CA
Cancer J Clin 2013; 63: 318-348 [PMID: 23856911 DOI: 10.3322/

April 21, 2015|Volume 21|Issue 15|

Cong PF et al . Alternol and pancreatic cancer

6

7

8

9

10

11

12
13

14

caac.21190]
Herman JM, Fan KY, Wild AT, Hacker-Prietz A, Wood LD,
Blackford AL, Ellsworth S, Zheng L, Le DT, De Jesus-Acosta A,
Hidalgo M, Donehower RC, Schulick RD, Edil BH, Choti MA,
Hruban RH, Pawlik TM, Cameron JL, Laheru DA, Wolfgang CL.
Phase 2 study of erlotinib combined with adjuvant chemoradiation
and chemotherapy in patients with resectable pancreatic cancer. Int J
Radiat Oncol Biol Phys 2013; 86: 678-685 [PMID: 23773391 DOI:
10.1016/j.ijrobp.2013.03.032]
Kim EJ, Ben-Josef E, Herman JM, Bekaii-Saab T, Dawson LA,
Griffith KA, Francis IR, Greenson JK, Simeone DM, Lawrence TS,
Laheru D, Wolfgang CL, Williams T, Bloomston M, Moore MJ, Wei
A, Zalupski MM. A multi-institutional phase 2 study of neoadjuvant
gemcitabine and oxaliplatin with radiation therapy in patients with
pancreatic cancer. Cancer 2013; 119: 2692-2700 [PMID: 23720019
DOI: 10.1002/cncr.28117]
Von Hoff DD, Ervin T, Arena FP, Chiorean EG, Infante J, Moore
M, Seay T, Tjulandin SA, Ma WW, Saleh MN, Harris M, Reni M,
Dowden S, Laheru D, Bahary N, Ramanathan RK, Tabernero J,
Hidalgo M, Goldstein D, Van Cutsem E, Wei X, Iglesias J, Renschler
MF. Increased survival in pancreatic cancer with nab-paclitaxel plus
gemcitabine. N Engl J Med 2013; 369: 1691-1703 [PMID: 24131140
DOI: 10.1056/NEJMoa1304369]
Ma WW, Hidalgo M. The winning formulation: the development
of paclitaxel in pancreatic cancer. Clin Cancer Res 2013;
19: 5572-5579 [PMID: 23918602 DOI: 10.1158/1078-0432.
CCR-13-1356]
Yeung ED, Morrison A, Plumeri D, Wang J, Tong C, Yan X, Li
J. Alternol exerts prostate-selective antitumor effects through
modulations of the AMPK signaling pathway. Prostate 2012; 72:
165-172 [PMID: 21538425 DOI: 10.1002/pros.21417]
Liu X, Wang J, Sun B, Zhang Y, Zhu J, Li C. Cell growth inhibition,
G2M cell cycle arrest, and apoptosis induced by the novel compound
Alternol in human gastric carcinoma cell line MGC803. Invest
New Drugs 2007; 25: 505-517 [PMID: 17619824 DOI: 10.1007/
s10637-007-9057-4]
Liu L, Zhang B, Yuan X, Wang P, Sun X, Zheng Q. Alternol induces
an S-phase arrest of melanoma B16F0 cells. Cell Biol Int 2014; 38:
374-380 [PMID: 24352978 DOI: 10.1002/cbin.10226]
Liu ZZ, Zhu J, Sun B, Liu S, Geng S, Liu X, Li CL. Alternol
inhibits proliferation and induces apoptosis in mouse lymphocyte
leukemia (L1210) cells. Mol Cell Biochem 2007; 306: 115-122
[PMID: 17713842 DOI: 10.1007/s11010-007-9560-0]
Tang Y, Chen R, Huang Y, Li G, Huang Y, Chen J, Duan L, Zhu BT,
Thrasher JB, Zhang X, Li B. Natural compound Alternol induces
oxidative stress-dependent apoptotic cell death preferentially in

15

16

17

18

19

20
21

22
23

24

25

prostate cancer cells. Mol Cancer Ther 2014; 13: 1526-1536 [PMID:
24688053 DOI: 10.1158/1535-7163.MCT-13-0981]
Zhu XL, Wang YL, Chen JP, Duan LL, Cong PF, Qu YC, LiLing J, Zhang MX. Alternol inhibits migration and invasion of
human hepatocellular carcinoma cells by targeting epithelial-tomesenchymal transition. Tumour Biol 2014; 35: 1627-1635 [PMID:
24078466 DOI: 10.1007/s13277-013-1224-y]
Wang Z, Wang D, Liu L, Guo D, Yu B, Zhang B, Han B, Sun X,
Zheng Q. Alteronol inhibits the invasion and metastasis of B16F10
and B16F1 melanoma cells in vitro and in vivo. Life Sci 2014; 98:
31-38 [PMID: 24412388 DOI: 10.1016/j.lfs.2013.12.213]
Leu WJ, Chang HS, Chan SH, Hsu JL, Yu CC, Hsu LC, Chen IS,
Guh JH. Reevesioside A, a cardenolide glycoside, induces anticancer
activity against human hormone-refractory prostate cancers through
suppression of c-myc expression and induction of G1 arrest of the
cell cycle. PLoS One 2014; 9: e87323 [PMID: 24475272 DOI:
10.1371/journal.pone.0087323]
Lindsay J, Esposti MD, Gilmore AP. Bcl-2 proteins and
mitochondria--specificity in membrane targeting for death. Biochim
Biophys Acta 2011; 1813: 532-539 [PMID: 21056595 DOI: 10.1016/
j.bbamcr.2010.10.017]
Lee HS, Cho HJ, Yu R, Lee KW, Chun HS, Park JH. Mechanisms
underlying apoptosis-inducing effects of Kaempferol in HT-29
human colon cancer cells. Int J Mol Sci 2014; 15: 2722-2737 [PMID:
24549175 DOI: 10.3390/ijms15022722]
Liao JM, Cao B, Zhou X, Lu H. New insights into p53 functions
through its target microRNAs. J Mol Cell Biol 2014; 6: 206-213
[PMID: 24740682 DOI: 10.1093/jmcb/mju018]
Hu W, Zhang C, Wu R, Sun Y, Levine A, Feng Z. Glutaminase 2, a
novel p53 target gene regulating energy metabolism and antioxidant
function. Proc Natl Acad Sci USA 2010; 107: 7455-7460 [PMID:
20378837 DOI: 10.1073/pnas.1001006107]
Muller PA, Vousden KH. Mutant p53 in cancer: new functions and
therapeutic opportunities. Cancer Cell 2014; 25: 304-317 [PMID:
24651012 DOI: 10.1016/j.ccr.2014.01.021]
Liu X, Wilcken R, Joerger AC, Chuckowree IS, Amin J, Spencer
J, Fersht AR. Small molecule induced reactivation of mutant p53
in cancer cells. Nucleic Acids Res 2013; 41: 6034-6044 [PMID:
23630318 DOI: 10.1093/nar/gkt305]
Roy MJ, Vom A, Czabotar PE, Lessene G. Cell death and the
mitochondria: therapeutic targeting of the BCL-2 family-driven
pathway. Br J Pharmacol 2014; 171: 1973-1987 [PMID: 24117105
DOI: 10.1111/bph.12431]
Fulda S. Targeting apoptosis signaling in pancreatic cancer.
Cancers (Basel) 2011; 3: 241-251 [PMID: 24212616 DOI: 10.3390/
cancers3010241]

P- Reviewer: Koulaouzidis A, Kouraklis G, Iwasaki Y, Shimizu Y, Tian YT
S- Editor: Qi Y L- Editor: Kerr C E- Editor: Wang CH

WJG|www.wjgnet.com

4535

April 21, 2015|Volume 21|Issue 15|

World J Gastroenterol 2015 April 21; 21(15): 4536-4546
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i15.4536

© 2015 Baishideng Publishing Group Inc. All rights reserved.

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

Tong xie yao fang relieves irritable bowel syndrome
in rats via mechanisms involving regulation of
5-hydroxytryptamine and substance P
Yue Yin, Lei Zhong, Jian-Wei Wang, Xue-Ying Zhao, Wen-Jing Zhao, Hai-Xue Kuang
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Jian-Wei Wang, Professor, Chinese
Medicine Teaching and Research Office, Basic Medical College
of Heilongjiang University of Chinese Medicine, No. 24, Heping
Road, Harbin 150040, Heilongjiang Province,
China. wangjianwei140918@126.com
Telephone: +86-451-82196214
Fax: +86-451-82193624
Received: October 24, 2014
Peer-review started: October 25, 2014
First decision: November 14, 2014
Revised: December 9, 2014
Accepted: January 30, 2015
Article in press: January 30, 2015
Published online: April 21, 2015

Yue Yin, Jian-Wei Wang, Xue-Ying Zhao, Wen-Jing Zhao,
Chinese Medicine Teaching and Research Office, Basic Medical
College of Heilongjiang University of Chinese Medicine, Harbin
150040, Heilongjiang Province, China
Yue Yin, Jian-Wei Wang, Xue-Ying Zhao, Wen-Jing Zhao,
Heilongjiang Chinese Medicine key Laboratory, Harbin 150040,
Heilongjiang Province, China
Lei Zhong, Department of Breast Surgery, Second Affiliated
Hospital of Harbin Medical University, Harbin 150086, Hei
longjiang Province, China
Hai-Xue Kuang, Basic and Applied Research Key Laboratory,
Heilongjiang University of Chinese Medicine and Department
of Education, Harbin 150040, Heilongjiang Province, China
Hai-Xue Kuang, Natural Drug Efficacy Material Basic Research
Key Laboratory, Heilongjiang Traditional Chinese Medicine,
Harbin 150040, Heilongjiang Province, China
Author contributions: Yin Y and Zhong L contributed equally
to this work; Yin Y, Zhong L, Wang JW, Zhao XY, Zhao WJ
and Kuang HX designed the research; Zhao XY, Zhao WJ and
Kuang HX performed the research; Zhong L, Zhao XY, Zhao
WJ, Kuang HX collected the data; Yin Y, Zhong L and Wang
JW analyzed the data; and Yin Y and Wang JW wrote the paper.
Supported by National Education Department “ChunHui Plan”
Research Projects, No. Z2010021; China Postdoctoral Science
Foundation Project, No. 2013M531079; Heilongjiang Postdoctoral
Funding Project, No. LBH-Z12246; Heilongjiang Education
Department Scientific Research Project, No. 12521502; excellent
Innovative Talents Support Program Funding of Heilongjiang
University of Chinese Medicine (Outstanding Young Academic
Leaders), No. 051217.
Ethics approval: This study was approved by the Ethics Committee
of the Heilongjiang University of Chinese Medicine.
Institutional animal care and use committee: This study
was approved by the animal care and use committee of the
Heilongjiang University of Chinese Medicine.
Conflict-of-interest: All authors declare that there is no conflict
of interest.
Data sharing: No additional data available.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,

WJG|www.wjgnet.com

Abstract
AIM: To investigate whether the Chinese medicine
Tong Xie Yao Fang (TXYF) improves dysfunction in an
irritable bowel syndrome (IBS) rat model.
METHODS: Thirty baby rats for IBS modeling were
separated from mother rats (1 h per day) from days
8 to 21, and the rectum was expanded by angioplasty
from days 8 to 12. Ten normal rats were used as
normal controls. We examined the effects of TXYF
on defection frequency, colonic transit function and
smooth muscle contraction, and the expression of
5-hydroxytryptamine (5-HT) and substance P (SP) in
colonic and hypothalamus tissues by Western blot and
RT-PCT techniques in both normal rats and IBS model
rats with characterized visceral hypersensitivity.
RESULTS: Defecation frequency was 1.8 ± 1.03
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in normal rats and 4.5 ± 1.58 in IBS model rats (P
< 0.001). However, the defecation frequency was
significantly decreased (3.0 ± 1.25 vs 4.5 ± 1.58, P
< 0.05), while the time (in seconds) of colon transit
function was significantly increased (256.88 ± 20.32
vs 93.36 ± 17.28, P < 0.001) in IBS + TXYF group
rats than in IBS group rats. Increased colonic smooth
muscle tension and contract frequency in IBS model
rats were significantly decreased by administration
of TXYF. Exogenous agonist stimulants increased
spontaneous activity and elicited contractions of colon
smooth muscle in IBS model rats, and all of these
actions were significantly reduced by TXYF involving
5-HT and SP down-regulation.

research suggests that paresthesia, alterations in
intestinal motility, the broadly characterized participation
of visceral hypersensitivity including gastrointestinal
hormones that regulate gastrointestinal tract (GIT)
motility, intestinal inflammation and immune responses
[2]
are involved . The GIT is innervated by primary
sensory neurons, intermediate sensory neurons and
motor neurons, which control many gastrointestinal
functions from relaxation and contraction of smooth
muscle to endocrine and paracrine secretions. This
system is independent of the central nervous system
and is termed the enteric nervous system (ENS) or
“micro-brain”. The ENS innervates the mucosa and
the entire intestinal serosa as well as the circular and
longitudinal smooth muscle layers and various types of
secretory cells. One function of these neurons, nerve
fiber tracts and neurotransmitters is to integrate the
“feeling” of intestinal movement and urgency with
central nervous system (CNS) control centers. The
nerves that connect the GIT and the CNS at different
[3]
levels are collectively known as the brain-gut axis .
They coordinate CNS and ENS functions including
nerve pathways, endocrine systems and the immune
response, and form a two-way pathway that effectively
regulates gastrointestinal motility, visceral sensitivity,
ghrelin secretion, the body’s stress response and CNS
cognitive functions. For example, negative emotions
can affect gastrointestinal functions through the brain[4]
gut axis, causing or aggravating IBS .
5-hydroxytryptamine (5-HT) and substance P
(SP) are monoamine neurotransmitters present in the
CNS and GIT. As a stimulant, 5-HT is directly involved
in pain modulation and can elicit gastrointestinal
smooth muscle contraction, increase GIT tension and
accelerate bowel movements, all features associated
[5]
with IBS . Previous studies have reported the
abnormalities of 5-HT metabolism in patients with IBS.
Patients with diarrhea-predominant IBS (D-IBS) had
significantly higher postprandial plasma 5-HT levels,
indicating that the acute postprandial abdominal pain
and gastrointestinal symptoms may be associated with
[6]
excessive secretion of 5-HT .
In the GIT, SP is found mainly in neurons of the
ENS and is a pro-inflammatory sensory neuropeptide,
which transmits sensory information to the ENS and
is involved in triggering visceral pain sensitivity and
[7]
accelerating gastrointestinal motility . However,
reports on the actions of SP are not entirely consistent
[8]
in IBS. For example, Gui et al reported that in IBS
patients, plasma levels of SP were significantly higher,
indicating that SP acts as a circulating hormone to
increase peristalsis and produce diarrhea. On the other
[9]
hand, Zhang et al pointed out that in patients with
IBS, SP levels did not change significantly in either the
plasma or the mucosa compared to controls.
Enterochromaffin (EC) cells activate the mucosal
processes of intrinsic and extrinsic primary afferent
(sensory) neurons and secrete 5-HT (serotonin) in
response to mucosal stimuli. Submucosal intrinsic

CONCLUSION: TXYF can modulate the activity of
the enteric nervous system and alter 5-HT and SP
activities, which may contribute to the symptoms of
IBS.
Key words: Tong Xie Yao Fang; Irritable bowel syndrome;
5-hydroxytryptamine; Substance P; Traditional Chinese
medicine
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Baby rats separating from mother rats (1 h
per day) and rectum expanded with angioplasty were
carried out to establish a rat irritable bowel syndrome
(IBS) model. We examined the ability of the traditional
Chinese medicine Tong Xie Yao Fang (TXYF) to improve
the dysfunction of gastrointestinal motility in IBS rats.
The effects of TXYF on defecation frequency and
colonic motility were analyzed by recording contractions
of colon smooth muscle and measurement of the
expression of 5-hydroxytryptamine and substance P.
Exogenous stimulants increased spontaneous activity
and elicited contractions of colon smooth muscle in IBS
model rats, which were significantly reduced by TXYF.
Yin Y, Zhong L, Wang JW, Zhao XY, Zhao WJ, Kuang HX.
Tong xie yao fang relieves irritable bowel syndrome in rats
via mechanisms involving regulation of 5-hydroxytryptamine
and substance P. World J Gastroenterol 2015; 21(15): 4536-4546
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4536.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4536

INTRODUCTION
Irritable bowel syndrome (IBS) comprises a group
of functional bowel disorders in which abdominal
discomfort or pain is associated with features of
[1]
disordered defecation and a change in bowel habit .
This has been a global problem because about 1 in 10
people suffers from IBS at some time in their lives.
The exact etiology of IBS is still not clear, but recent
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40 Wistar rats ( 8-d-old) from 6 litters

30 rats for IBS modeling (rectum expansion + baby rats separated (1 h per day) from maternal rats to produce a chronic
visceral hypersensitivity from day 8 to day 21; meantime, another 10 baby rats were to grow normally as control group

Normal living: No treatment from 22 d to 12 wk
At 12-wk age: 30 IBS model rats were divided into 3 groups:
			
IBS model (n = 10)
			
IBS model + positive drug (n = 10)
			
IBS model + TXYF (n = 10)
Daily administration of positive drug or TXYF for IBS + positive group and IBS + TXYF group respectively for continues 2 wk
10 normal rats without any treatment as control group

At 14-wk-age: from 9 a.m. to10 a.m., defecation frequency measured (n = 10/each group)
Normal living 1 d
Next day, measuring duration of glass bead discharge (n = 10/each group)
Normal living 1 d
All rats were euthanized with 150 mg/kg sodium pentobarbital i.v. Hypothalamus
and colonic (divided into 3 segments) tissues were collected

The first segment of colon was used
to study colonic peristalsis ex vivo

The second colon segment was stored in
liquid nitrogen for Western Blot and RT-PCR

The third colon segment and the hypothalamus
were prepared for immunohistochemistry staining

Figure 1 Flow chart of the study design and experiment procedure. IBS: irritable bowel syndrome; TXYF: Tong xie yao fang; RT-PCR: reverse transcriptionpolymerase chain reaction.

primary afferent neurons, which secrete acetylcholine
and calcitonin gene-related peptide, initiate peristaltic
and secretory reflexes and are activated by 5-HT
receptors. Release of neurotransmitters is enhanced by
presynaptic 5-HT4 receptor activation which strengthens
neurotransmission in prokinetic pathways. 5-HT3
receptors mediate signaling to the CNS and triggers
cancer chemotherapy-associated nausea and the
visceral hypersensitivity of D-IBS; however, because
5-HT3 receptors also mediate fast neurotransmission
and activate myenteric intrinsic primary afferent
[3]
neurons, they may also cause constipation . Recently
it has been postulated that altered 5-HT signaling in the
central nervous system and in the gut contributes to
[5]
hypersensitivity in IBS .
The traditional Chinese medicine Tong Xie Yao Fang
[10]
(TXYF) has been used to treat IBS
and has been
shown to improve the symptoms, but its therapeutic
[10]
efficacy is controversial and its mechanism of action
remains unclear.
In the present study, the actions of TXYF in im
proving dysfunction of gastrointestinal motility in IBS

WJG|www.wjgnet.com

were investigated by examining its potential effects on
the regulation of 5-HT and SP activity. The mechanism
of TXYF action on rat colon motility and the regulation
of the brain-gut axis were also analyzed.

MATERIALS AND METHODS
IBS model

This study was approved by the Ethics Committee
of the Heilongjiang University of Chinese Medicine.
Eight-day-old Wistar rats (11 ± 2 g) were purchased
from the Heilongjiang University of Chinese Medicine
Experimental Animal Center. A distension stimulation
method in neonatal rats was combined with shortterm separation of neonatal and maternal animals to
produce chronic IBS from a visceral hypersensitivity
[11,12]
model
(Figure 1). Neonatal rats were reared
together with their mothers in specially designed
cages. On days 8 to 12, a balloon (sac length 15 mm,
EV3 Inc., United States) was inserted into the rectum
by angioplasty, with the end of the balloon being
positioned 2 cm from the anus. Water was injected
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gradually into the balloon to expand the intestine
twice a day, each extension lasting for 1 min, with
30 min intervals between trials. On days 13 to 17, a
balloon (sac length 20 mm) was used to expand the
rectum, while other conditions remained unchanged.
On days 18 to 21, a children’s rectal dilatation catheter
(E206Fr-3mL) (Shenyang Bosi Lin Medical Devices
Co. Ltd., Shenyang, China) was used to inject 0.1 mL
of water, while other conditions remained unaltered.
Neonatal rats were separated from maternal rats for
1 h every day following the rectal distension, and
[13,14]
then returned
. The experimental protocol was
repeated for 14 d. Bowel sensitivity assessment was
performed 14 and 28 d after the rectal distension was
ceased, using the abdominal withdrawal reflex method
[11]
(AWR) . A score ≥ 2 points confirmed the triggering
of visceral hypersensitivity. Rats with a score < 2
points were excluded from the study.
AWR operating procedure was as follows: Rats were
fasted for 12 h and then, under general anesthesia,
a catheter was inserted into the anus with its balloon
end 6-8 cm from the anus. The catheter was taped to
the base of the rat’s tail to fix the balloon in a stable
position. Rats were then placed in clear plastic cages
after regaining consciousness, which permitted them
to move forwards and backwards, but they could
not turn around. After 30 min of adaption, water
was slowly injected into the bowel to expand bowel
tract. Every expansion continued for 20 s and then
the rat rectal distension response was observed and
semi-quantitatively scored, based on their behavioral
responses: 0 point, rat colon expanded with no
behavioral response; 1 point, rat colon expanded when
the body was stationary with reduced head movement,
defined as the initial perception threshold; 2 points,
rat colon expanded with abdominal muscle contraction
but the abdomen was not lifted off the floor, defined
as the discomfort threshold; 3 points, during the colon
expansion the contraction of the abdominal muscles
happened with abdominal lift off the floor, defined
as the pain threshold; 4 points, during the colon
expansion the rat pelvis was raised with an arched
body, defined as the maximum tolerance threshold.

rhizome (Rhizoma Atractylodis Macrocephalae), white
peony root (Radix Paeoniae Alba), dried tangerine
peel (Pericarpium Citri Reticulatae), and divaricate
saposhnikovia root (Radix Saposhnikoviae), which were
composed in 6:4:3:2 proportions. Raw components
were soaked in a 10 times volume of distilled water
for 0.5 h and boiled twice, first for 1.5 h and then
for 1 h. Two of the boiled ingredients were filtered,
mixed together and concentrated at a 1:1 ratio (100%
concentration), and stored at 4 ℃ for later use. The
TXYF was diluted in distilled water to a concentration of
0.203 g/mL (clinically equivalent) and stored at room
temperature before use.

Reagents

5-HT and SP immunohistochemistry kits were supplied
by Beijing Biosynthesis Biotechnology Co., Ltd. DAB
was supplied by Beijing Zhongshan Golden Bridge
Biotechnology Co., Ltd., China. Atropine sulfate
injection (Tianjin Jin-yao Amino Acid Co., Tianjin,
China), acetylcholine (Beijing Chemical Reagent
Company, Beijing, China), barium chloride (Tianjin
Fucheng Chemical Reagent Factory, Tianjin, China),
and histamine phosphate (Shanghai Lizhu Dongfeng
Biotechnology Co., Ltd., Shanghai, China) were also
used.
Thermo script TM reverse transcription-polymerase
chain reaction (RT-PCR) kit, platinum tap DNA
polymerase kit, and Trizol reagent were obtained from
Invitrogen Co (New York, United States); 5-HT, SP,
β-actin, the primer, oligo(T)18 and M-MuLV reverse
transcriptase were obtained from Shanghai Biological
Engineering Technology Services Co., Ltd., China; and
DNA marker was purchased from Shanghai Shenergy
Biocolor Bioscience and Technology Company (Shanghai,
China).

Instruments

Medlab-n/4cs biological signal acquisition and
processing system (Nanjing Mei Yi Technology Co.,
Ltd., Nanjing, China), rotary tissue slicer 2145 (Leica,
Wetzlar, Germany), OLYMPUS microscope-BX60 (Japan
OLYMPUS Company, Tokyo, Japan), CMIAS series of
digital medical image analysis system, Med 6.0 (Beijing
Maikeaodi Image Technology Co., Ltd., Beijing, China),
and Odyssey Infrared Fluorescence Scanning Imaging
System (LI-COR Company, Lincoln, United States)
were used.

Animal groups and administration

Thirty 12-wk-old rats were divided into three groups:
an IBS model group, a positive control group (IBS
model + positive drug) and a TXYF group (IBS model
+ TXYF). Another normal control group of 10 rats
was set aside and not used for modeling. The normal
control group and the IBS model group were treated
with saline [10 mL/kg, intragastric (ig)]. The positive
-3
control group was treated with 13.5 × 10 g/kg ig
pinaverium suspended liquid. The TXYF group was
treated with 2.03 mg/kg of ig TXYF suspension. Each
group was dosed for a total of 2 wk.

Experiment procedure in vivo

IBS model rats treated with saline, positive drug or
TXYF and normal rats without any treatment were
reared for 2 wk, and reached the age of 14 wk.
Defecation frequency measurements in rats: All
rats were denied food but not water for 12 h. Next
day, the filter pad in the cage was cleaned and the
degree of defecation noted between 9 and 10 am was
recorded for statistical purposes.

TXYF composition and dosage preparation

TXYF was prepared with largehead atractylodes
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Determination of the colonic transit function in rats:
On the next day after stool frequency measurements,
the colonic transit function in rats was measured using
[15]
the glass bead discharging time method . Rats
were denied food but not water for 24 h and then
anesthetized with ether. A 3 mm diameter glass bead
was quickly but gently inserted into the rectum and
positioned 3 cm from the anus. Each rat was then
placed in a cage with a clean filter pad. After 2-5 min,
the rats slowly regained consciousness. The glass bead
discharge time (in second) was recorded from the time
the rat regained consciousness.

stimulants was added, respectively.

Detection of expression of 5-HT and SP in colon and
hypothalamus tissues by immunohistochemistry
staining

Colonic and hypothalamus tissues were washed in
normal saline, placed in 4% paraformaldehyde solution
for fixation, then dehydrated in progressively stronger
alcohol solutions and finally embedded in paraffin
for sectioning. Part of the colon was placed in liquid
nitrogen and then stored at -80 ℃ for subsequent RTPCR and Western blot testing.
Paraffin sections were dewaxed, washed sequentially
in tap water and rinsed once with double distilled water
for 3 min before being washed twice for 3 min in PBS.
Sections were then placed in rapid antigen retrieval
solution for frozen sections (the retrieval solution
was boiled before use), microwaved for 20 min and
removed after cooling. Each section was then rinsed in
double-distilled water for 3 min followed by two rinses
in PBS for 2 min each, and excess PBS was removed.
Sections were incubated in 3% H2O2 for 5-10 min
to block endogenous peroxidase, and then rinsed
twice in PBS for 2 min. Sections were exposed to goat
blocking solution and incubated at 37 ℃ for 15 min to
block nonspecific antigens. The goat blocking solution
was removed, and then the 5-HT or SP primary
antibody was added. Negative controls were treated
with PBS instead of the primary antibody. Sections
were incubated at 4 ℃ in a fridge overnight, and
then placed in an incubator at 37 ℃ for 30 min and
then rinsed 3 times in PBS for 2 min. Next, the HRP
conjugated goat anti-rabbit IgG polyclonal antibody
was added, and sections incubated at 37 ℃ for 30 min
and then washed 3 times with PBS for 2 min.
DAB was used for visualization, with the development
time being controlled by the degree of washing (which
stops it). Slides were exposed to hematoxylin for 10 s for
counterstaining and washed in PBS, and a conventional
dehydration protocol was performed for transparency.
Sections were mounted in resin on slides and the results
analyzed using microscopy.

Colon and hypothalamus tissue collection and
measuring the effects of TXYF on the colonic smooth
muscle contraction ex vivo

After recording the glass bead discharge time, all rats
were back to normal living for 1 d, followed by a fast
for 18 h. Thereafter, all rats were euthanized with 150
mg/kg sodium pentobarbital intravenously. Colonic
tissue (divided into 3 segments) and hypothalamus
tissue were collected; two of the colonic segments and
hypothalamus tissue were prepared for experiments of
5-HT and SP gene and protein expression. The rest of
colonic segment was stored in ice-cold Krebs solution
(NaCl 5.54 g, KCl 0.35 g, CaCl2 0.28 g, NaHCO3 2.1
g, KH2PO4 0.16 g, MgSO4.7H2O 0.29 g and glucose
2.1 g, dissolved in 1 L of distilled water). The Maxwell
bath was filled with 25 mL of Krebs solution and
maintained at a constant temperature (36.5 ± 0.5 ℃),
and bubbled with 95% O2/5% CO2 to pH 7.4. The
bowel end was fixed on the bottom hook in a Maxwell
bath and the other end was connected to an isometric
tension transducer. The colonic segment was allowed
to equilibrate for 15 min.
Normal control group: Baseline spontaneous colonic
smooth muscle contraction was measured in the
absence of drugs, then the contraction was recorded
in the presence of TXYF. After the colon segment was
washed with Krebs solution 3-4 times, the stimulants,
150 μL of 0.01% acetylcholine, 50 μL of 10% barium
chloride and, and 100 μL of 1% histamine, were
respectively added and the magnitudes of contraction
were recorded. Then, TXYF (100 μL) was added again.
The interval between drug additions was 3 min. Colonic
smooth muscle contraction was recorded using a
physiological recorder (Medlab-n/4cs) and contractions
digitised at 50 Hz. The mean tension and frequency
of colon muscle contractions were recorded for 3 min
before and after drug additions.

Evaluation of positive expression of target density
measurements

The positive expression of 5-HT and SP proteins was
evaluated as follows: If brown particles were detected
in the cytoplasm and nucleus of cells, the expression
was deemed positive; the deeper the brown color, the
stronger the expression. If the cell was not stained
with brown particles, the expression was declared
negative. The proportion of cells with stained brown
nuclei (positive particles) was counted. Using an
OLYMPUS BX60 microscope at 400 × magnification,
30 images were randomly taken. Image analysis was
carried out on sections from each group of slides using
a digital medical image analysis system. The integrated
optical density (IOD) of positive targets was measured

IBS model groups: As same as above, baseline
spontaneous colonic smooth muscle contraction was
measured in the absence of drugs, then the contraction
was recorded in the presence of TXYF. However, in the
IBS model groups, TXYF was firstly added to observe
the inhibition of colonic tissue hypersensitivity, then,
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Statistical analysis

as the half quantitative indicator of the expression of
5-HT and SP.

First, we evaluated the distribution and the homo
geneity of variance of all original data from each
group and each treatment. All data used in the study
were in accordance with a normal distribution and
homogeneity of variance. Then, we used the one-way
ANOVA with post hoc SNK (student Newman Keuls-q)
test with Prism 6.0 software (GraphPad Software, San
Diego, CA, United States), in which the SNK test is
designed with a Bonferroni correction. P < 0.05 was
considered to be statistically significant.

Expression of 5-HT and SP genes in colonic tissue
measured by RT-PCR

Colon tissue was stored in liquid nitrogen before being
analyzed with a Trizol-step total RNA extraction kit.
Following the detection of the purity of total RNA
with a quantitative UV spectrophotometer, reverse
transcription of total RNA was carried out to generate
cDNA. Primers were designed using Premier 5.0 for rat
5-HT, SP and β-actin, based on mRNA sequences from
the NCBI database (United States). Specific primers
were synthesized by Shanghai Biological Engineering
Technology Services Limited. Primer sequences were
as follows: 5-HT forward primer, 5’-CGT CGA TGA CCA
TGC TCG AT-3’, reverse primer, 5’-AGC ATG CGC TTG
AAG TCA TG-3’ (amplified fragment length, 508 bp);
SP forward primer 5’-CAT TTC CAG TGA ACG GTG
GA-3’, reverse primer, 5’-ACG GGA CTG CGT CTG TGT
TC-3’ (amplified fragment length, 599 bp); β-actin
forward primer 5’-GCC ATT GGC CAG GAG GGC AG-3’,
reverse primer, 5’-CGC CAC CAC GCT CTT CTG TC-3’
(amplified fragment length, 229 bp). PCR reactions,
electrophoretic separation and color imaging were
performed. Using a standard DNA marker, the sizes of
the amplified product gene fragments were identified.
A digital medical image analysis system was used for
electrophoretic band analysis. The β-actin brightness
value was used as the reference to determine the ratio
of the relative expression of mRNA.

RESULTS
Impact of TXYF on defecation frequency and the colonic
transit function in rats

Defecation frequency in rats in the IBS model group
was significantly increased (2.5 fold) compared to the
normal group, indicating the successful establishment
of the IBS model. After treatment with TXYF for 14 d,
the defecation frequency in the IBS + TXYF group was
found to be significantly lower, compared with the IBS
model group (P < 0.05) (Table 1).
Compared with the normal group, rats in the IBS
model group exhibited a significantly shorter colon
glass bead discharge time (P < 0.001), indicating
that IBS can affect the function of colonic transit in
rats. Following the administration of TXYF for 14 d,
the time of glass bead discharge from the rats in IBS
+ TXYF group was significantly increased compared
with rats in the IBS model group (P < 0.001, Table 2),
which indicates that TXYF can effectively improve the
function of colonic transit in rats.

Detection of colonic 5-HT and SP protein expression by
Western blot

Comparison of effects of TXYF and agonists on rat
colonic contraction ex vivo

T-PER reagent (1 mL) was added to 100 mg of a colon
sample for tissue homogenization. The supernatant
was collected after the sample had been centrifuged
for 5 min. The total protein concentration was
determined using the BCA method. 0.1 mL of standard
or sample was added to each tube together with 2 mL
of WR, then mixed and incubated at 37 ℃ for 30 min.
The absorbance of each tube was determined using
a standard calibration curve. Protein samples were
separated by SDS-PAGE electrophoresis, transferred to
a membrane, blocked, and then incubated with diluted
5-HT and anti-SP (1:1000, 5% skim milk diluted)
antibodies in a sealed hybridization bag at 4 ℃, which
was shaken overnight. After washing the membrane
3 times with Tris Buffered Saline containing Tween 20
(TBST), membranes were incubated with a diluted
fluorescent secondary antibody (1:10000 dilution) in
a sealed hybridization bag in a dark room and shaken
for 1 h. The membrane was washed a further 3 times
with TBST. An Odyssey Infrared Imaging System
was used to detect fluorescence signals. The ratio to
the reference protein band (ratio of the absorbance
of GAPDH) was calculated as the relative amount of
target protein in a semi-quantitative analysis.
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Drugs may affect motility, visceral sensation and other
aspects of gut function such as secretion or absorption.
Various 5-HT receptor subtypes are involved in gut
motility, visceral sensation and other aspects of gut
functions. SP is involved in motor adaptation and
pain transmission associated with inflammation,
which involve the control of acetylcholine release
[16]
from neurons innervating the GIT . Barium chloride
2+
(BaCl2) induces intestinal secretion by releasing Ca
[16]
from intracellular stores . It has been reported that
histamine induced neuronal hypertrophy and increased
[17]
mast cell density in the GIT . In the present study,
we used these agonists to stimulate rat colonic smooth
muscle and then tested the effectiveness of TXYF in
preventing stimulation.
In the normal group, TXYF had only a minor
effect on normal colonic smooth muscle tension and
the frequency of spontaneous activity. However,
the addition of stimulants significantly increased
spontaneous activities and TXYF significantly reduced
these increased activities (Table 3). In the IBS model
group, smooth muscle tension and spontaneous
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levels of colon 5-HT and SP in each experimental
group. The 5-HT and SP mRNA transcriptions in the
IBS model group were highest compared with those in
other groups (Figure 3). The increased transcriptions
were reduced after treatment with TXYF. Similar
patterns were reflected in the measurements of 5-HT
and SP protein expression (Figure 4).

Table 1 Impact of Tong Xie Yao Fang on defecation
frequency (mean ± SD, n = 10 per each group)
Number of stools (n )
1.8 ± 1.03b
4.5 ± 1.58
2.8 ± 1.40a
3.0 ± 1.25a

Normal
IBS model
IBS + positive
IBS + TXYF
a

P < 0.05, bP < 0.01, vs IBS model group. IBS: Irritable bowel syndrome;
TXYF: Tong Xie Yao Fang.

DISCUSSION
TXYF has been demonstrated to be effective in alle
[10]
viating the symptoms of IBS . However, its efficacy
has been questioned, so it is necessary to investigate
[10]
further the effectiveness of TXYF in IBS . In the
present study, using neonatal rat rectal stimulation
combined with a 14-d maternal separation model, the
number of bowel movements was increased 2.5-fold
compared with the normal control group, indicating
that the model was successfully established. This
model could therefore be used to investigate IBS and
the mechanisms of action of drugs used to alleviate
its symptoms. We clearly demonstrated that TXYF
has a significant effect on IBS and improves the
symptoms. TXYF significantly reduced the number
of bowel movements and improved the colon glass
bead discharge time in the IBS rat model. The number
of defecations was significantly increased in our IBS
model compared to the normal control group. The
increased number of defecations was decreased after
the administration of TXYF, suggesting that it may be
an effective treatment for IBS, a finding consistent
[10]
with a previous study .

Table 2 Impact of Tong Xie Yao Fang on the colon transit
function in rats (n = 10 per each group)
Duration of glass bead discharge (s)
Normal
IBS model
IBS + positive
IBS + TXYF

356.38 ± 24.28b,d,f
93.36 ± 17.28d,f,h
193.0 ± 22.53b,f,h
256.88 ± 20.32b,d,h

b

P < 0.01 vs IBS model group; dP < 0.001 vs IBS + positive group; fP <
0.001 vs IBS + TXYF group; hP < 0.01 vs normal group. IBS: Irritable bowel
syndrome; TXYF: Tong Xie Yao Fang.

activity were significantly higher (P < 0.05) than in
normal rats. However, smooth muscle tension and
spontaneous activity were significantly decreased after
the addition of TXYF. In the IBS rat model groups,
TXYF significantly decreased the tension and frequency
of colonic tissue before histamine addition. However,
these stimulatory actions were significantly regulated
towards normal control levels after the application of
TXYF (Table 3).

TXYF significantly decreases elevated colon smooth
muscle tension and spontaneous activity

Effects of TXYF on 5-HT and SP expression in the colon
and hypothalamus detected by immunohistochemistry
staining

We further validated the effects of TXYF on colon
smooth muscle tension and spontaneous activity.
Surprisingly, TXYF significantly reduced both the
increased tension and spontaneous activity elicited by
stimulants in normal control group rats and increased
tension and spontaneous activity in IBS model rats.
Previously, similar research has reported that TXYF
can reduce the enhancement of colon smooth muscle
[9]
tension induced by pilocarpine .

5-HT and SP expression in colon and hypothalamic
tissues, as well as the semi-quantitative immuno
histochemistry results, indicated that in the 4 groups,
there was low positive expression of 5-HT and SP in
colon and hypothalamic tissues in the normal control
group. In the IBS group, colon and hypothalamus
tissues showed strongly positive 5-HT and SP
expression, which was approximately two times
greater than that in the controls (P < 0.001, Figure
2). After treatment of the IBS model group with TXYF,
5-HT and SP, staining was decreased in rat colon and
hypothalamus to a level not significantly different than
that in the normal control. Compared with the IBS
model group, after the administration of TXYF to the
IBS model group, there was a significant decrease of
5-HT (P < 0.001) and SP expression in colon (P < 0.001)
and hypothalamus tissues (P < 0.01, Figure 2).

5-HT and SP

IBS rats exhibited significantly increased expression of
5-HT and SP in both the colon and hypothalamus, which
was reduced by TXYF. We analyzed the mechanism of
high-sensitivity IBS in rat colon and detected a twofold increase in the levels of 5-HT and a one-to-twofold increase in the level of SP in the hypothalamus
and colonic tissues. Preliminary reports suggested that
elevated 5-HT levels resulted in D-IBS and also led to
the formation of constipation-predominant IBS (C-IBS)
(IBS is characterized by two completely different stool
and bowel habits), the mechanism probably involving
different tissue distributions and the proportion of

Expression of 5-HT and SP genes and proteins in the
colon

Figures 3 and 4 show the different mRNA and protein
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Table 3 Comparison of Tong Xie Yao Fang and stimulants on rat colon contraction ex vivo
Model

Treatment

Normal
Barium

Acetylcholine

Histamine

IBS model
Barium

Acetylcholine

Histamine

Group

Dosage

Basal
TXYF
Basal
Barium
TXYF
Basal
Acetylcholine
TXYF
Basal
Histamine
TXYF
Basal
TXYF
Basal
TXYF
Barium
Basal
TXYF
Acetylcholine
Basal
TXYF
Histamine

2.03 mg/kg
10%, 50 μL
2.03 mg/kg
0.01%, 150 μL
2.03 mg/kg
1%, 100 μL
2.03 mg/kg
2.03 mg/kg
2.03 mg/kg
10%, 50 μL
2.03 mg/kg
0.01%, 150 μL
2.03 mg/kg
1%, 100 μL

Frequency (n /min)

Tension(g)

34.6 ± 6.3b
31.8 ± 7.6
32.7 ± 7.2d
42.5 ± 6.4d,f
34.1 ± 6.7f
34.9 ± 6.7b
36.9 ± 7.1
35.9 ± 7.9
34.9 ± 6.2b
38.1 ± 6.9
35.2 ± 6.2
43.2 ± 5.7b
38.2 ± 6.2
43.2 ± 5.7
37.2 ± 6.7
43.5 ± 7.4
43.2 ± 5.7b
37.9 ± 7.1
39.2 ± 6.3
43.2 ± 5.7b,g
34.9 ± 7.1g
38.2 ± 7.2

3.59 ± 0.81
3.26 ± 0.68a
3.36 ± 0.89a,c
4.45 ± 0.76c,f
3.44 ± 0.78f
2.51 ± 0.61b,c
3.11 ± 0.42b,c,e
2.42 ± 0.48b,e
3.76 ± 0.58d
4.76 ± 0.69d,f
3.89 ± 0.73f
4.23 ± 0.62
3.99 ± 0.73a
4.23 ± 0.62a
3.73 ± 0.63
4.25 ± 0.73
4.23 ± 0.62b
3.81 ± 0.64b,e
4.69 ± 0.78b,e
4.23 ± 0.62g
3.41 ± 0.64f,g
4.39 ± 0.73f

a

P < 0.05; bP < 0.01, normal vs IBS model; cP < 0.05, dP < 0.01, basal vs barium/acetylcholine/histamine; eP < 0.05, fP < 0.01, barium/acetylcholine/histamine
vs TXYF; gP < 0.05, basal vs TXYF. IBS: Irritable bowel syndrome; TXYF: Tong Xie Yao Fang.
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P < 0.001
IOD volumes of SP in colon tissue

P < 0.001
P < 0.001

IOD volumes of SP in hypothalamus tissue

IOD volumes of 5-HT in colon tissue

2.5

P < 0.001

IOD volumes of 5-HT in hypothalamus tissue

C

P < 0.001

4

3

2

1

0

Normal

IBS model

IBS + positive

2

P < 0.001
P < 0.001

P < 0.001
1.5

1.0

0.5

0.0

Normal

IBS model

IBS + positive

2

IBS + TXYF

P < 0.01
P < 0.01

P < 0.001
1.5

1.0

0.5

0.0

IBS + TXYF

Normal

IBS model

IBS + positive

IBS + TXYF

2

B

P < 0.001
P < 0.001 P < 0.01

1.5

1.0

0.5

0.0
Normal

IBS

IBS +

IBS +

model

positive

TXYF

Relative mRNA transcription of SP in colon tissue

A

Relative mRNA transcription of 5-HT in colon tissue

Figure 2 Tong Xie Yao Fang affects 5-hydroxytryptamine and substance P protein expression in colon (A) and hypothalamus (B) tissues in each group, as
revealed by immunohistochemistry staining (× 400; inserted panel, × 1600); C: Quantitative measurements with Integral Optical Density data from A and B
(n = 10 for each group). a: Normal group; b: IBS model group; c: IBS model + positive group; d: IBS model + TXYF group. IBS: irritable bowel syndrome; TXYF: Tong
xie yao fang.

P < 0.01
2.5

P < 0.001 P < 0.05

2

1.5

1.0

0.5

0.0
Normal

IBS

IBS +

IBS +

model

positive

TXYF

Figure 3 Quantitative data of 5-hydroxytryptamine (A) and substance P (B) mRNA expression via reverse transcription-polymerase chain reaction
detection in rat colon of the indicated groups.

5-HT receptor subtypes expressed. SP, as a critical
neurotransmitter, effectively links the gut nervous
system to the immune system, stimulating a wide
range of effectors in the digestive tract to facilitate
proper gastrointestinal motility, sensibility, secretion
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and absorption. The mechanism by which SP mediates
visceral hypersensitivity may involve the promotion
of the mast cell degranulation response and the
release of histamines, leukotrienes, prostaglandins
and bradykinin, all of which can cause inflammatory
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A

gut peptide levels in the hypothalamus, suggesting
that TXYF may well regulate the rat brain-gut axis by
modifying the activity of 5-HT and SP in the CNS.
Brain-gut peptides and other hormones affect
colonic motility by action on two fundamentally
different pathways: one is action on neurons in the
myenteric plexus and the other direct effects on
smooth muscle cells. Which of these two effects
predominates depends on the density of receptors
expressed for these peptides and hormones in the
myenteric plexus. The subtypes of receptors expressed
in these tissues will depend on many parameters
[19]
including environmental factors . However, SP is a
gastrointestinal peptide hormone present in the CNS
and GIT and acts as a signaling molecule that connects
the nervous system to the immune system. Wang
[7]
et al reported that the expression of SP in both the
ENS and the CNS of the C-IBS rat model is abnormal,
indicating that an abnormal change in SP levels may
be involved in the pathogenesis of IBS. It is likely that
SP neural pathways may play an important role in the
regulation of gastrointestinal functions.
Increased motility of colon smooth muscle in
IBS model rats was significantly reduced by TXYF.
These stimulatory actions were significantly regulated
towards normal control levels after the application of
TXYF. The results showed that TXYF can modulate the
activity of the ENS by altering 5-HT and SP activity
and that these hormones/neurotransmitters may
contribute to the symptoms of IBS.

5-HT

SP

GAPDH

Normal

B

Relative protein expression
of 5-HT in colon tissue

IBS +

IBS +

positive

TXYF

P < 0.001
P < 0.001
1

P < 0.001
P < 0.001 P < 0.001

P < 0.001

0.8
0.6
0.4
0.2
0.0

Normal

C

IBS model IBS + positive IBS + TXYF

P < 0.001
P < 0.001

1

Relative protein expression
of SP in colon tissue

IBS
model

0.8

P < 0.001
P < 0.001 P < 0.001

P < 0.001

0.6

COMMENTS
COMMENTS
Background

0.4

About 1 in 10 people suffers from irritable bowel syndrome (IBS) at some
time in their lives. The paresthesia, alterations in intestinal motility, visceral
hypersensitivity, intestinal inflammation and immune responses were reported
to relate to the etiology of IBS. However, the exact pathogenesis and the
mechanism of IBS are still not clear, which leads to the difficulty of therapeutic
strategy. The traditional Chinese medicine Tong Xie Yao Fang (TXYF) showed
the evidence to improve dysfunction of gastrointestinal motility in IBS by actions
on 5-hydroxytryptamine (5-HT) and substance P (SP) activity.

0.2

0.0
Normal

IBS model IBS + positive IBS + TXYF

Figure 4 5-hydroxytryptamine and substance P protein expression in
rat colon tissues of the indicated groups. A: Representative Western blot
image; B, C: quantitative data from collected Western blot image. IBS: irritable
bowel syndrome; TXYF: Tong xie yao fang.

Research frontiers

Although many studies have investigated the mechanism of IBS and effects of
medicine treatment on the IBS patients, the results have not been satisfied in
terms of etiology and efficient treatment of IBS.

Innovations and breakthroughs

[18]

reactions leading to neuropathic pain . TXYF can
significantly decrease 5-HT and SP levels in both the
colon and hypothalamus in IBS model rats, suggesting
that 5-HT and SP are involved in the functions of
[18]
the ENS. Shang et al
recently reported that TXYF
attenuated PI-IBS symptoms by attenuating behavioral
hyperalgesia and diarrhea, the underlying mechanism
being mediated by an inhibition of protease activated
receptor-2 (PAR-2) receptor expression. This inhibition
reduces the levels of SP and other cytokines in colonic
[18]
mucosa and decreases fecal serine protease activity .
In the present study, TXYF not only inhibited the
expression of 5-HT and SP but also affected brain-
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This study investigated the ability of the traditional Chinese medicine TXYF to
improve dysfunction of gastrointestinal motility in IBS rats. The improvement on
the IBS rat model was involving the actions on 5-HT and SP activity.

Applications

The traditional Chinese medicine TXYF may contain the potency of treatment
on IBS.

Terminology

IBS comprises a group of functional bowel disorders in which abdominal
discomfort or pain is associated with defecation or a change in bowel habit, and
with features of disordered defecation. This is an important problem because
worldwide it has been estimated that about 1 in 10 people suffers from IBS at
some time in their lives. TXYF was prepared with traditional Chinese herbs,
including largeheadatractylodes rhizome (RhizomaAtractylodisMacrocephalae),
white peony root (Radix Paeoniae Alba), dried tangerine peel (Pericar
piumCitriReticulatae), and divaricate saposhnikovia root (Radix Saposhnikoviae),
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which were composed in 6:4:3:2 proportions.

Peer-review

10

This is an important issue. IBS is a common disease that is associated with
negative events. The manuscript is very well written and the english seems
correct.
11
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METHODS: HT-29 cells were treated with LPS, and
then the membrane localisation of AQP3 was examined
by immunofluorescence staining. The mRNA and
protein expression of AQP3 with LPS exposure was
measured by real-time reverse transcription-PCR and
Western blot, respectively. Activation of p38 and JNK
was evaluated by detection of phosphorylation of
p38 and JNK using Western blot assay. AQP3 protein
expression was determined by Western blot in cells
after treatment with SB203580, a selective p38 MAPK
inhibitor, or SP600125, a selective JNK inhibitor.
RESULTS: In HT-29 cells, the transcription and protein
expression of AQP3 were decreased by LPS in a
dose- and time-dependent manner, the expression of
AQP3 was significantly decreased with the increased
concentration of LPS, and at a dose of 100 μg/mL
LPS, AQP3 mRNA and protein levels were decreased
by a maximum (P < 0.05) of 1.51-fold and 1.49-fold,
respectively. When cells were treated with 100 μg/mL
LPS for 0, 3, 6, 12, and 24 h, the AQP3 mRNA level
was significantly decreased at an early time point of
3 h, and reached about 10% of the control level at
24 h post-treatment (P < 0.05). Down-regulation of
AQP3 expression was significantly inhibited by the p38
inhibitor (SB203580) and JNK inhibitor (SP600125).
CONCLUSION: p38 and JNK may be promising targets
for the preservation of AQP3 expression and may be
beneficial to the clinical management of diarrhoea.
Key words: Aquaporin3; Lipopolysaccharide; HT-29
cells; MAPK signalling pathway; Colon

Abstract
AIM: To investigate the influence of lipopolysaccharide
(LPS) through the p38/c-Jun N-terminal kinase (JNK)
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diarrhoea in many patients. Although previous studies
have shown that LPS decreased lung aquaporin levels
[10-12]
in a lung inflammation rat model
and salivary gland
aquaporin in a human airway submucosal gland cell
[13]
line , whether diarrhoea induced by the endotoxin LPS
affects the expression of AQP3 in colon epithelial cells
remains undetermined. In this study, we attempted to
examine the modulation of AQP3 after LPS exposure in
the human colonic epithelial cell line HT-29.
Regulating the expression or function of AQP3 in the
colon may represent a promising therapeutic strategy
[14]
for the clinical management of diarrhoea . There is
currently a profound interest in further understanding
the regulatory mechanism of AQP3 expression in
the colon. Mitogen-activated protein kinase (MAPK)
plays an important role in the transduction of signals
[15]
from the extracellular space to the nucleus . MAPK
modulates the expression of several transcriptional
factors. There are three members of the MAPK
signalling pathway: extracellular signal-regulated
kinase (ERK), c-Jun N-terminal kinase (JNK) and p38.
ERK is activated in response to growth factors and
intracellular calcium increases, while JNK and p38
are activated by a variety of cellular stresses, such
as inflammatory cytokines and heat shock proteins.
Some studies have shown that the expression of
aquaporin was modulated via the p38/JNK signalling
pathway by various stimulation factors, such as LPS,
[16]
tissue ischaemia, and changes in osmolality . In
this study, we investigated the mRNA and protein
expression levels of AQP3 in HT-29 cells exposed to
LPS. In addition, we aimed to examine the mechanism
responsible for the regulation of AQP3 expression via
the p38/JNK signalling pathways in vitro.

Core tip: In this study we investigated the mRNA and
protein expression levels of aquaporin 3 (AQP3) in
HT-29 cells exposed to lipopolysaccharide. In addition,
we examined the mechanism of regulation of AQP3
expression via the p38 and JNK signalling pathway in
vitro .
Li FX, Huang LZ, Dong C, Wang JP, Wu HJ, Shuang SM.
Down-regulation of aquaporin3 expression by lipopolysaccharide
via p38/c-Jun N-terminal kinase signalling pathway in HT-29
human colon epithelial cells. World J Gastroenterol 2015;
21(15): 4547-4554 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i15/4547.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4547

INTRODUCTION
Aquaporins (AQPs) are a family of small integral
membrane proteins; in the plasma membranes of
many human tissues, some members of this family
are expressed, which serve as selective water
[1]
transporters to regulate water homeostasis . Thirteen
different aquaporins have been identified in human
tissues. Among these, Aquaporin3 (AQP3) is the most
[2]
dominantly expressed AQP in the colon . The role of
AQP3 in the gastrointestinal tract has been considered
to be more important with respect to constipation
[3]
or diarrhoea , since AQP3 protein was found to be
expressed not only in the basolateral but also in the
[4]
apical membrane in the human colon . AQP3 is a
known aquaglyceroporin, which not only transports
water, but can also transport glycerol and a few other
small molecules. Multiple studies have suggested an
association between the regulation of AQP3 expression
function and diarrhoea. The vasodilation and musclerelaxation action of vasoactive intestinal polypeptide
(VIP, a gastrointestinal hormone) has been linked to
increased mRNA and protein expression of AQP3 in
[5]
human colonic epithelial cells (HT-29) . Recently,
[6]
results from a study by Okahira et al and Ikarashi
[7]
et al suggested that the laxative effect of MgSO4
could be a response to the increased expression of
AQP3, while bisacodyl decreased the expression of
[8]
AQP3 in mucosal epithelial cells . Furthermore, when
they administered HgCl2 and CuSO4, which are known
to inhibit AQP3 function, to rats, they found that the
faecal water content increased significantly and serious
diarrhoea occurred, despite the fact that no changes
were observed in the level and distribution of AQP3
[9]
protein expression .
Diarrhoea is one of the most common intestinal
symptoms caused by bacterial invasion and is
pathologically characterised by imbalanced water
transfer. Lipopolysaccharide (LPS) is the major
constituent of the outer envelope of Gram-negative
bacteria, which is thought to be a main cause of serious

WJG|www.wjgnet.com

MATERIALS AND METHODS
Materials

The human colon adenocarcinoma cell line HT-29
and McCoy’s 5a medium were obtained from Boster
Bioengineering Ltd. Bovine serum albumin (BSA)
and TRI reagent were purchased from Boster
Bioengineering Ltd., while LPS was from Sigma-Aldrich.
Various primers were purchased from Invitrogen
Corp. Anti-human AQP3 antibody, horseradish peroxidase
conjugated anti-rabbit IgG antibody, and antibodies
against phospho-p38 (p-p38) and total p38, phosphoJNK and total JNK were all obtained from Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, United States).
SB203580 (p38 MAPK inhibitor) and SP600125 (JNK
inhibitor) were purchased from Selleck Chemicals Ltd.

Cell culture and treatment

HT-29 cells were cultured in McCoy’s 5a medium
supplemented with 10% BSA, 100 U/mL penicillin G
potassium, and 100 μg/mL streptomycin at 37 ℃ in
a humidified atmosphere with 5% CO2. Cells were
5
plated on a 100-mm dish at a density of 5 × 10
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A

B

Figure 1 Immunocytochemical localisation of aquaporin 3 in HT-29 cells. Aquaporin 3 (AQP3) expression in untreated HT-29 cells (left) or cells treated with 20
μg/mL lipopolysaccharide for 12 h (right). Cells were fixed and analysed by immunofluorescence staining for AQP3 protein using FITC-labelled secondary antibody
(magnification × 400).
2

cells/cm , cultured for 24 h, and antibiotics were then
removed from culture 12 h before various time and
dose treatments: 100 μg/mL LPS for 3, 6, 12 and
24 h; and 0, 10, 20, 50, and 100 μg/mL LPS for 12
h. To determine how AQP3 expression is modulated
by MAPK activation, the cells were treated with p38
inhibitor SB203580 at 10 and 20 μg/mL, and JNK
inhibitor SP600125 at 10 and 20 μg/mL. For inhibitor
studies, cells were pre-treated with the inhibitor for 30
min before exposure to LPS stimulation, and then coincubated with LPS and the inhibitor for 6 h.

denaturing at 95 ℃ for 10 min, 40 cycles of denaturing
at 95 ℃ for 15 s, and annealing and extension at 60 ℃
for 1 min. Amplification data measured by fluorescence
were collected in real-time and analysed using the
Rotor-Gene 6.0.14 software.

Western blot analysis

HT-29 cells were washed with ice-cold PBS and
lysed with whole cell lysis buffer. The lysates were
centrifuged at 3000 g for 10 min at 4 ℃. Then, the
protein concentration was tested using the Pierece
Micro BCA protein assay, after which 50 μg protein
was separated on a 12% SDS-polyacrylamide gel and
transferred to a polyvinylidene fluoride membrane.
The membrane was incubated with anti-human
AQP3, p-p38, p38, phosphor-JNK (p-JNK), and JNK
(1:10000) at 4 ℃ overnight. After washing with
TBS buffer, the membrane was incubated with the
corresponding horseradish peroxidase-conjugated
secondary antibody for 90 min at room temperature.
The immunoreactive bands were visualised by the
enhanced chemiluminescence method.

Immunocytochemistry

The localisation of AQP3 protein in HT-29 cells was
detected by immunofluorescence microscopy. After 12
h exposure to 20 μg/mL LPS, cells were fixed with 4%
paraformaldehyde for 30 min, washed with phosphatebuffered saline (PBS) for 20 min and blocked with
2% BSA in PBS for 30 min at room temperature.
Cells were incubated overnight at 4 ℃ with primary
AQP3 antibody at a dilution of 1:50. Then, samples
were washed with PBS three times and subsequently
incubated in the FITC-labelled secondary antibody
(1:100) for 60 min at room temperature. After
washing with PBS three times, cells were visualised
under a fluorescence microscope using Axio Vision
software.

Statistical analysis

Data were analysed with SPSS version 16.0 and
are expressed as mean ± SD. Student’s t-test was
employed to assess the statistical differences among
multiple groups. A P-value < 0.05 was considered
significant, and a P-value < 0.01 was considered highly
significant.

Quantitative real-time PCR

Total RNA was isolated from HT-29 cells using TRIzol
reagent following the manufacturer’s instructions.
Total RNA was reverse-transcribed using the following
reaction conditions: 25 ℃ for 5 min, 42 ℃ for 1 h, 85 ℃
for 5 min, and then directly amplified using the PCR
sense primer: 5’-AGACAGCCCCTTCAGGATTT-3’ and
antisense primer 5’-TCCCTTGCCCTGAATATCTG-3’ for
AQP3, and sense primer 5’-CGGGAAATCGTGCGTGAC-3’
and antisense primer 5’-TGGAAGGTGGACAGCGAGG-3’
for human β-actin. The mRNA expression levels were
normalised using β-actin. Real-time PCR conditions for
the amplification of target genes were as follows: pre-
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RESULTS
Localisation of AQP3 in HT-29 cells

To determine whether LPS exposure affects the
localisation of AQP3, HT-29 cells were treated with 20
μg/mL LPS for 6 h. Cells were stained and examined
under an immunofluorescence microscope. In control
cells, AQP3 was mainly located in intracellular punctate
spots (Figure 1A) as previously reported. However,
after LPS exposure, AQP3 was predominantly observed
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Figure 2 Down-regulation of aquaporin 3 mRNA and protein expression by lipopolysaccharide in HT-29 cells. A: Dose-dependent decrease in aquaporin 3
(AQP3) mRNA and protein expression by lipopolysaccharide (LPS). Cells were incubated in media supplemented with LPS (0, 10, 20, 50 and 100 μg/mL) for 12 h; B:
Time-dependent decrease in AQP3 mRNA and protein expression by LPS. Cells were incubated in media supplemented with 100 μg/mL LPS for various durations
(0, 3, 6, 12 and 24 h). The mRNA and protein levels of AQP3 were determined by reverse-transcription PCR and Western blot, respectively. For Western blot, β-actin
served as a loading control. Data are presented as mean ± SD of three independent experiments; aP < 0.05, bP < 0.01 vs control; NS: Not significant.
1.2
a

Phospho-p38

Phospho-JNK

1.0
Protein expression/actin

p38

a

a

0.8

Control
LPS-induced

b

0.6
0.4
0.2

JNK

0.0

p38

p-p38

JNK

p-JNK
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Figure 5 Effect of p38/c-Jun N-terminal kinase inhibitors on lipopoly
saccharide-induced down-regulation of aquaporin 3 expression in HT-29
cells. Cells were incubated with 20 μg/mL lipopolysaccharide for 12 h, after
pre-treatment with inhibitors for 30 min. Aquaporin 3 protein expression was
determined by Western blot; β-actin served as a loading control. Data represent
one of three independent experiments, and quantitative data are presented as
mean ± SD from three independent experiments, aP < 0.05 vs control.

on the plasma membrane (Figure 1B).

LPS for 60 min and total cell extract was used to
examine the phosphorylated and total forms of P38
and JNK. Western blot analysis showed that upon
LPS stimulation, phosphor-p38 and phosphor-JNK
levels were markedly elevated, in contrast to the
relatively low basal expression, which indicated that
the phosphorylation of MAPKs was activated by LPS in
HT-29 cells (Figure 3).

Down-regulation of AQP3 by LPS in HT-29 cells

The cells were treated with 0, 10, 20, 50, and 100
μg/mL LPS for 12 h. The expression of AQP3 was
quantified by reverse transcription-PCR or Western
blot. As shown in Figure 2A, the expression of AQP3
mRNA and protein was significantly decreased in a
dose dependent manner. At a dose of 100 μg/mL LPS,
AQP3 mRNA and protein levels were decreased by
a maximum (P < 0.05) of 1.51-fold and 1.49-fold,
respectively, compared with the untreated control,
thus 100 μg/mL was used for subsequent experiments.
To further examine the time course of LPSmediated effects on AQP3 expression, cells were
treated with 100 μg/mL LPS for 0, 3, 6, 12, and 24 h
before mRNA and protein extraction. The AQP3 mRNA
level was significantly decreased at the early time point
of 3 h, and reached about 10% of the control level at
24 h post-treatment. A time-dependent decrease of
AQP3 protein level was also observed, as shown in
Figure 2B.

Down-regulation of AQP3 induced by LPS in HT-29 cells
is mediated through the p38/JNK pathway

To specifically define the involvement of the activation
of MAPK pathways in the down-regulation of AQP3
induced by LPS in HT-29 cells, SB203580, an inhibitor
of p38 kinase, and SP600125, a specific inhibitor for
JNK, were used. HT-29 cells were pre-treated with
SB203580 at 10 μg/mL or SP600125 at 20 μg/mL for
30 min before exposure to LPS; total p38, JNK, p-p38
kinase, and p-JNK were analysed by immunoblotting.
As shown in Figure 4, p38 and JNK inhibitors blocked
the activation of p38 and JNK induced by LPS.
The effects of MAPK inhibitors on LPS-induced
AQP3 protein expression were further investigated,
along with whether activation of MAPK was involved in
the down-regulation of AQP3 by LPS (Figure 5). Cells
were pre-treated with MAPK inhibitors, followed by
LPS stimulation. With SB203580 or SP600125, AQP3
protein levels were significantly increased compared

P38 and JNK kinase activation by LPS treatment in
HT-29 cells

To determine whether the signal mediated by MAPK
was involved in the down-regulation of AQP3 by
LPS in HT-29 cells, cells were treated with 20 μg/mL

WJG|www.wjgnet.com
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Figure 4 p38/c-Jun N-terminal kinase inhibitors specifically blocked
p38/c-Jun N-terminal kinase phosphorylation in HT-29 cells induced
by lipopolysaccharide. Cells were pre-treated with the p38 kinase inhibitor
SB203580 (10 μg/mL) or the c-Jun N-terminal kinase (JNK) inhibitor SP600125
(20 μg/mL) for 30 min, before incubation with 20 μg/mL lipopolysaccharide
for 60 min. Immunoblot analysis was then performed for phospho-p38 kinase
(p-p38), p38 kinase, phospho-JNK (p-JNK), and JNK. bP < 0.01 vs cells without
inhibitor treatment.
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with LPS alone, which suggested that the decrease of
AQP3 expression was significantly inhibited by both
p38 inhibitor and JNK inhibitor at a concentration of 10
μg/mL.

occurred, a significant increase in PGE2 and decrease
[8]
in AQP3 expression was observed . This study
showed that direct activation of colon macrophages by
bisacodyl increased the secretion of PGE2, which acts
as a paracrine factor and decreases AQP3 expression
in colon mucosal epithelial cells. In LPS-induced
sepsis-associated cholestasis the data suggest that
LPS-induced the TNF-α-mediated posttranscriptional
down-regulation of aquaporin functional expression in
hepatocytes, a mechanism that is potentially relevant
to the molecular pathogenesis of sepsis-associated
[23]
cholestasis . In mouse models of inflammatory bowel
disease, the down-regulation of aquaporin could be a
mechanism to defend against severe oxidative stress
and may indicate that H2O2 is a universal mediator
[24]
in the inflammatory process in the colon . Studies
have shown that with the knockdown of AQP3, the
expression of claudin-1 and occludin was significantly
decreased via an opening of the tight junction complex
[25]
and increasing colonic epithelia permeability .
Therefore, AQP3 is involved in intestinal barrier
integrity preservation. Epithelial damage usually leads
to declined AQP3 expression, because AQP3 is mainly
expressed in colonic epithelial cells. The preservation of
AQP3 may promote colonic fluid clearance or maintain
the integrity of the epithelial barrier. Therefore,
regulation of AQP expression may have potential
clinical applications. This requires further colonic
studies in vivo to confirm.
Interactions between AQPs and cytokines and
oxidative stress need further research. The MAPK
signalling pathway consists of three members: ERK,
JNK and p38. ERK is activated in response to growth
factors, intracellular calcium increases, etc., while JNK
and p38 are activated by a variety of cellular oxidative
stresses, such as inflammatory cytokines and heat
[26-28]
shock proteins
. Therefore, we examined the role
of the JNK/p38 signalling pathway in regulating AQP3
expression in HT-29 cells exposed to LPS.
In this study, the JNK/p38 signalling pathway
has been demonstrated to be involved in the downregulation of AQP3 expression in HT-29 cells by LPS
pre-treatment, although there was no sufficient detail
regarding the regulatory mechanism. A large number
of LPS signalling pathways have been elucidated
before, such as the cAMP, PKC, NF-κB and p-c-Jun/c-Fos
pathways. Therefore, the possibility of LPS downregulating AQP3 levels through the cAMP, PKC, NF-κB
and p-c-Jun/c-Fos pathways could not be excluded.
In conclusion, LPS exposure led to decreased AQP3
transcription and protein expression in HT-29 cells.
We demonstrated that p38 and JNK are potential
transcription factors for AQP3 expression in human
HT-29 cells. A description of this pathway could provide
a theoretical basis to study the membrane targets of
AQP3. These studies may be beneficial for the clinical
management of LPS-diarrhoea.

DISCUSSION
It is known that AQP3 is primarily expressed in
[17]
mucosal epithelial cells in the human colon . The
gastrointestinal tract, particularly the colon, is an organ
system that is responsible for an enormous amount
of water transport; it is estimated that daily water
[18]
absorption in the human colon is about 1.5 L . It is
widely thought that AQPs are involved in diseases that
[19,20]
are characterised by alterations in fluid transport
.
LPS is thought to be one of the main causes of serious
diarrhoea in patients. In order to investigate whether
there is altered expression of AQP3 in LPS-diarrhoea,
we examined the mRNA and protein expression
levels of AQP3 in HT-29 cells exposed to LPS and the
mechanism of LPS down-regulating AQP3 expression
in HT-29 cells. HT-29 cells have been widely used to
study the mechanisms of diarrhoea and laxative effects
because HT-29 cells represent the normal physiological
conditions of the colon, despite the fact that they are
cancer cell lines derived from human colon cancer.
AQP3 plays an important role in regulating faecal
water content in the colon. The studies showed that
the up-regulated expression of AQP3 was correlated
with the changes in faecal water content in rats
administered with MgSO4. The studies showed that
VIP-diarrhoea up-regulated the expression of AQP3
mRNA and protein. For HgCl2 and CuSO4, which
are known to inhibit AQP3 function, the results
showed that the faecal water content in the HgCl2
administration group was increased significantly
compared to the control group, and severe diarrhoea
[21]
was observed . Comparable results were observed
in the CuSO4 administration group. These results
indicate the possibility that a decrease in AQP3 causes
an increase in faecal water content and diarrhoea. It
has been confirmed that the down-regulation of AQP3
expression by LPS in HT-29 cells was in a dose- and
time-dependent manner. The time-course experiments
indicated that the level of the AQP3 mRNA expression
started to decrease at 3 h after LPS addition and
was rapidly decreased until 24 h. The AQP3 protein
expression level was accompanied by a parallel
decrease in mRNA expression level. Thus, the results
of this study are consistent with previous results.
The review results show that the faecal water
content in the colon is controlled by the transport of
water from the luminal side to the vascular side, which
[22]
is mediated by AQP3 . However, further studies are
still needed to elucidate the mechanism of decrease of
AQP3 in HT-29 cells after LPS exposure. After the oral
administration of bisacodyl to rats, when diarrhoea
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H2S mitigates severe acute pancreatitis through the PI3K/
AKT-NF-kB pathway in vivo
Chun-Yan Rao, Lan-Ying Fu, Chang-Lun Hu, Dai-Xing Chen, Tian Gan, Yi-Cheng Wang, Xiao-Yan Zhao
SAP. The rats were treated with DL-propargylglycine
(PAG, 50 mg/kg) or different dosages of NaHS (5 mg/
kg, 10 mg/kg, 20 mg/kg or 100 mg/kg). PAG or NaHS
was administered 1 h before induction of pancreatitis.
Rats were sacrificed 24 h after the last L-Arg injection.
Blood and pancreas tissues were collected.

Chun-Yan Rao, Lan-Ying Fu, Dai-Xing Chen, Tian Gan, XiaoYan Zhao, Department of Gastroenterology, Xinqiao Hospital,
Third Military Medical University, Chongqing 400037, China
Chang-Lun Hu, Yi-Cheng Wang, Department of Endocrinology,
Chongqing Corps Hospital of Chinese People′s Armed Police
Forces, Chongqing 40061, China
Author contributions: Rao CY and Zhao XY designed the
study; Rao CY, Fu LY and Hu CL performed the study; Chen
DX and Tian G performed statistical analysis; Rao CY and Fu
LY wrote the paper; all authors contributed to the writing of the
manuscript and interpretation of the data.
Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Xiao-Yan Zhao, Professor, Department
of Gastroenterology, Xinqiao Hospital, Third Military Medical
University, No. 30 Gaotanyan Street, Shapingba District,
Chongqing 400037, China. zhaoxx@medmail.com.cn
Telephone: +86-23-68755604
Received: July 29, 2014
Peer-review started: July 31, 2014
First decision: August 27, 2014
Revised: September 20, 2014
Accepted: December 5, 2014
Article in press: December 8, 2014
Published online: April 21, 2015

RESULTS: The H2S and cystathionine-γ-lyase mRNA
levels in SAP rats were signiﬁcantly lower than those
in the control group, and treatment with PAG further
reduced the H2S level. Nevertheless, H2S was significantly
increased after NaHS administration compared with the
SAP group, and the degree of upregulation was associated
with the NaHS dosage. NaHS reduced the levels of plasma
amylase, interleukin-6 and myeloperoxidase in pancreatic
tissue. NaHS suppressed the degradation of IκBα and the
activity of nuclear factor-κB, as well as the phosphorylation
of PI3K/AKT.
CONCLUSION: H2S plays an anti-inflammatory role in
SAP in vivo .
Key words: severe acute pancreatitis; Hydrogen sulfide;
cystathionine-γ-lyase; cytokine; signaling pathway
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this research, we provide wide-ranging
dosages of exogenous H2S (NaHS), from 5 mg/kg to
100 mg/kg, to study the role of H2S in severe acute
pancreatitis (SAP) in vivo , and finally found that the level
of H2S was reduced in rat SAP models, suggesting that
H2S donor NaHS reduced the inflammatory indices of
SAP, by inhibiting PI3K/AKT phosphorylation and downregulating IκBα degradation and nuclear factor-κB
activity.

Abstract
AIM: To study the effect of hydrogen sulfide (H2S) on
severe acute pancreatitis (SAP) in a rat model.
METHODS: Sprague-Dawley (SD) rats were admi
nistered an intraperitoneal injection of saline containing
20% L-Arg (250 mg/100 g) hourly for over 2 h to induce
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and 3-mercaptopyruvate sulfurtransferase (3-MST),
which produces H2S using 3-mercaptopyruvate, a
[7]
metabolite of L-cysteine, as a substrate . CSE is the
major H2S-producing enzyme in the peripheral tissue.
Numerous studies have shown the beneficial effects
of H2S, particularly in cardiovascular and neurological
[8]
disorders . However, the role of H2S in inflammation is
only recently beginning to emerge, and the exact role
of this gas is still not clearly understood.
In this study, we aimed to investigate the hypothesis
that the exogenous H2S vehicle (NaHS) could be
beneficial against SAP induced by intraperitoneal
administration of L-Arg in Sprague-Dawley (SD) rats
in vivo. We observed that H2S donor NaHS protects
against experimental SAP in vivo by suppressing NFκB activation via the down-regulation of PI3K/AKT
phosphorylation.

INTRODUCTION
Severe acute pancreatitis (SAP) is an inflammatory
condition of the pancreas that is characterized by
elevated pancreatic enzymes in the blood, systemic
inﬂammatory response syndrome (SIRS), and multiple
organ dysfunctions syndrome (MODS), which is
ultimately responsible for most pancreatitis-associated
[1]
mortality and morbidity . Since the study by
[2]
Rindernecht in 1988 implicated cytokines and stressactivated pathways in SAP, cytokines have received
much attention in SAP. These inflammatory mediators
interact with microcirculation, thereby increasing
vascular permeability and inducing thrombosis and
[1]
hemorrhage and ultimately leading to tissue necrosis .
Thus, blocking inflammatory cytokine expression at the
time of initial injury might obstruct the development of
inflammation. However, various cytokines participate
in the inflammatory response in SAP, and the efficient
regulation of the production and interaction of
cytokines is important for preventing and treating SAP.
Therefore, it is reasonable to speculate that regulating
the key cytokines and signal transduction pathways in
inflammatory responses will help develop an effective
anti-inflammatory therapy for SAP.
Nuclear factor kappa B (NF-κB) comprises a family
of transcriptional activators, which include homodimers
or heterodimers of RelA (p65), p50, p52, c-Rel,
[3]
and RelB . In resting cells, NF-κB is sequestered
in the cytoplasm via interaction with the inhibitor of
[4]
κBα (IκBα) proteins . The phosphorylation of IκBα
induces ubiquitination and proteasomal degradation
upon stimulation, and the subsequent release of NFκB transcription factors, which translocate to the
nucleus and bind to cognate DNA binding sites to
initiate the transcription of a wide array of genes,
[4]
including cytokines . IκBa phosphorylation is
triggered by activating the IκB kinase (IKK) complex,
through serine/threonine kinase (AKT). AKT is a
major downstream target of phosphatidylinositol-3kinase (PI3K) and is rigorously modulated by PI3K.
PI3K inhibition reduces the LPS-induced expression of
[5]
interleukin (IL)-1β in mouse macrophages .
Hydrogen sulfide (H2S) is a small molecular weight
liposoluble gas, which permeates through the cell
membrane freely to exert important physiological
functions. H2S is predominantly produced through
the action of three enzymes: cystathionine-βsynthase (CBS) and cystathionine-γ-lyase (CSE),
which generate H2S using L-cysteine as a substrate
[6]
and pyridoxal 5’-phosphate (PLP) as a cofactor ,
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MATERIALS AND METHODS
Induction of SAP in rats

Animal care and experimental protocols were per
formed in compliance with the animal management
guidelines of the Government of the People’s Republic
of China. Male SD rats (223-265 g) were obtained
from the Animal Center, Daping Hospital, Third Military
Medical University. The rats were randomly assigned
to either a control (n = 7) or an experimental (n = 10)
group.
The control group animals were given hourly
intraperitoneal injections of normal saline.
The SAP group animals were given hourly
intraperitoneal injections of saline containing 20% L-Arg
[9]
(250 mg/100 g) for over 2 h .
The PAG + SAP group animals were treated as
previously described for the SAP group above, except
that PAG (50 mg/kg, Sigma), a CSE inhibitor, was
dissolved in saline and administered intraperitoneally 1
h before the first L-Arg injection.
In the 5, 10, 20 and 100 mg/kg NaHS + SAP
groups, different dosages of NaHS (Sigma) were
diluted in saline and administered 1 h before the first
L-Arg injection.
In the wortmannin (W) + SAP, 5 mg/kg NaHS + W
+ SAP, and 100 mg/kg NaHS + W + SAP groups, the
animals were treated as described for the SAP group,
with 5 mg/kg NaHS + SAP and 100 mg/kg NaHS +
[10]
SAP, except that wortmannin (1.4 mg/kg, Sigma) ,
a PI3K inhibitor, was dissolved in dimethyl sulfoxide
(DMSO) and administered 30 min before the first L-Arg
injection.
Twenty-four hours after the first L-Arg injection,
the animals were sacrificed using an intraperitoneal
injection of a lethal dose of pentobarbital (50 mg/kg).
Blood and pancreas samples were collected.

Real-time PCR to quantitate CSE mRNA expression

Total RNA was collected from pancreatic tissues
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in 50 mmol/L phosphate buffer (pH 6.0) (Sigma). The
suspension was subjected to four cycles of freezing
and thawing and further disruption though sonication
(40 s). The sample was subsequently centrifuged at
13000 rpm for 5 min at 4 ℃, and the supernatant was
used for the MPO assay. This mixture was incubated
at 37 ℃ for 110 s; the reaction was terminated after
adding 50 μl of 0.18 mol/L H2SO4, and the absorbance
was measured at 405 nm.

Table 1 Optimal annealing temperature, optimal cycles, and
desired product sizes for detecting cystathionine-γ-lyase and
GAPDH
Gene

Primer sequence

CSE

Forward: 5’GCGCTGCTCCAACTGCTGTATAA 3’
Reverse: 5’GGGTCCGGTTTCAGCATGTTT 3’
GAPDH
Forward: 5'ctcatgaccacagtccatgc3’
Reverse: 5'ttcagctctgggatgacctt3’

Size
253 bp
155 bp

using TRIzol Reagent (Sigma) according to the
manufacturer’s instructions. Total RNA (2 μg) was
reverse transcribed using a ReverTra Ace-α-cDNA
Synthesis Kit (Toyobo) at 42 ℃ for 10 min, 30 ℃ for
20 min, and 99 ℃ for 5 min, followed by 4 ℃ for 5
min. The cDNA was used as a template for detecting
CSE and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) expression. The optimal annealing
temperature, optimal cycles, and desired product
sizes are shown in Table 1. Real-time PCR was
performed on an iCycler iQ apparatus (Fermentas)
using the iCycler optical system software (version
3.1) and the SYBR Green PCR Master Mix (ABI). The
∆∆CT
∆CT value was determined, and the formula 2was used to determine the relative quantity of the
amplified fragments.

Western blot analysis of p-AKT and Iκ Bα

Measurement of plasma H2S and amylase in rats

Aliquots (120 μl) of plasma were mixed with distilled
water (100 μl), trichloroacetic acid (10% w/v, 120
μl), zinc acetate (1% w/v, 60 μl), N,N-dimethyl-pphenylenediamine sulfate (NNDPP) (20 μmol/L; 40
μl) in 7.2 mol/L HCl, and FeCl3 (30 μmol/L; 40 μl) in
1.2 mol/L HCl in 96-well plates. The absorbance of the
resulting solution was measured after 10 min at 670
[11]
nm . All samples were assayed in duplicate, and the
H2S was calculated against a calibration curve of NaHS
(3.125-100 μmol/L). The results are expressed as
the plasma H2S concentration in micromoles per liter.
Plasma amylase was assessed using auto-biochemistry
equipment.

Nuclear extracts from pancreas (100 mg) tissues
were prepared using a nuclear extraction kit,
according to the manufacturer’s instructions (Kaiji
Biotech). Brieﬂy, the NF-κB oligonucleotide probe
(5′-TCAACTCCCCTGAAA GGGTCCG-3′) was labeled
with biotin and puriﬁed on a NICK column (Yuantai
Biotech). The binding reaction was performed in a
20 μl reaction mixture containing 6 μg of incubation
buffer, 8 μg of nuclear extract, and 20 fm of biotech
labeled oligonucleotides. After incubating for 20 min
at room temperature, 2 μl of 0.1% bromophenol blue
was added, and the samples were electrophoresed on
a 6% non-denaturing polyacrylamide gel at 100 V for
30 min.

ELISA analysis of IL-6

Survival analysis

Myeloperoxidase detection

Statistical analysis

The frozen pancreatic tissue samples were cut into
small pieces, homogenized in 0.5 ml of RIPA buffer,
and incubated at 4 ℃ overnight. The dissolved
proteins were collected after centrifugation at 10000
g for 30 min, and the supernatant was collected. The
pancreatic tissue proteins were subsequently separated
through SDS-polyacrylamide gel electrophoresis and
transferred to a PVDF membrane (Millipore). The
membrane was incubated with primary antibodies
against p-AKT (1:300, Santa), IκBα (1:500, Abcam),
and GAPDH (1:8000, ProMab), followed by incubation
with the appropriate secondary horseradish peroxidase
conjugated anti-rabbit IgG antibodies (1:3000, Santa;
1:3000, Abcam; and 1:8000, ProMab, respectively).

EMSA analysis of NF-κ B activity

To observe the therapeutic effect of NaHS, the rats
were randomly assigned to normal saline + SAP (n =
10), SAP (n = 10), 5 mg/kg NaHS + SAP (n = 10),
and 100 mg/kg NaHS + SAP (n = 10) groups. NaHS
and L-Arg were administered as previously described,
but the rats were allowed to drink water freely and fast
after the procedure.

To measure the plasma IL-6, ELISA kits from R&D
Systems were used according to the manufacturer’s
instructions. The ELISA results were reproducible with
an interassay variability of < 9.5% and an intraassay
variability of < 6.5%. The results were corrected for
the DNA content of the tissue samples and expressed
as picograms per microgram of DNA.

Inflammatory cell sequestration in the pancreas
was quantified as a measurement of the tissue
[12]
myeloperoxidase (MPO) activity . The tissue samples
were thawed, homogenized in 20 mmol/L phosphate
buffer (pH 7.4) and centrifuged at 13000 rpm for 10
min at 4 ℃, and the resulting pellet was resuspended
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The data are expressed as mean ± SE. Differences
between the mean values of multiple groups were
analyzed using one-way analysis of variance (ANOVA)
followed by the LSD test and survival analysis through
Kaplan-Meier using SPSS 13.0 software, and P﹤0.05
was considered statistically significant.
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Figure 1 Levels of cystathionine-γ-lyase mRNA (A) and plasma H2S (B) in pancreatic tissue. aP < 0.05 vs the control; cP < 0.05 vs the SAP group.

of NaHS induced a significant reduction in IL-6
compared with SAP rats. There was a significant MPO
increase in SAP rats compared with the controls (P
< 0.05), and the rats that were administered PAG
showed an even higher MPO increase than the SAP
rats (P < 0.05). Nevertheless, treatment with different
doses of NaHS significantly reduced the MPO activity
compared with SAP rats (P < 0.05, Figure 2D).

RESULTS
Plasma H2S levels and mRNA expression of CSE in vivo

As shown in Figure 1A, CSE mRNA expression in
the pancreatic tissue was significantly suppressed in
the SAP group compared with the control group (P
< 0.05), and the CSE mRNA expression was further
down-regulated after the PAG (P < 0.05) treatment.
Compared with the control group, plasma H2S levels
were signiﬁcantly lower (P < 0.05) in the SAP rats,
and administering PAG further reduced the H2S level.
However, after treatment with different dosages of
NaHS, plasma H2S levels in these groups were all
signiﬁcantly increased compared with the SAP group (P
< 0.05), and within the NaHS groups, the H2S levels
were gradually upgraded with increasing NaHS dosage
(Figure 1B).

In vivo expression of p-AKT, Iκ Bα , and NF-κ B

The Western blot analysis showed that the in vivo
expression of p-AKT was notably increased in the SAP
rats compared with the controls (P < 0.05, Figure 3A),
and p-AKT expression was further augmented after
the PAG administration. NaHS limited the increase in
SAP-induced p-AKT levels, and the role of NaHS was
enhanced gradually as the NaHS dosage increased.
To determine the contribution of AKT in H2S-mediated
inflammation during SAP, we treated rats with the
PI3K inhibitor wortmannin for 30 min after the NaHS
administration. We observed that the inactivation
of PI3K with wortmannin treatment further reduced
p-AKT expression. NF-κB is a downstream target of
the PI3K/AKT pathway, and the release of NF-κB from
the inhibitory protein IκBα is essential for activation of
NF-κB. The phosphorylation of IκBα is a prerequisite
for the degradation of this protein, which is primarily
dependent on AKT activation. The induction of SAP
resulted in significant IκBα degradation (Figure 3B)
and NF-κB activation (Figure 3C), which was enhanced
through PAG treatment, while the effect of H2S was
suppressed through the NaHS application. We also
observed that the role of NaHS was increased through
the robust inhibition of PI3K activity using wortmannin.

Levels of plasma amylase, IL-6, and MPO in pancreatic
tissue

As shown in Figure 2A, plasma amylase was signiﬁcantly
increased in the SAP group compared with the control
group (P < 0.05), and the level in the PAG + SAP
group was further increased (P < 0.05). However,
this increase could be abolished after administering
different doses of NaHS, and no significant differences
between the SAP group and 5 mg/kg NaHS + SAP
group was observed; however, a significant reduction
in the plasma amylase activity was observed in the
rats receiving 10, 20, or 100 mg/kg NaHS (P < 0.05).
Within these NaHS groups, the levels of plasma
amylase were reduced with decreasing NaHS dosage.
The histological examination of the pancreas samples
obtained from the L-Arg, PAG and NaHS treated
rats was also performed (Figure 2B). As shown in
Figure 2C, a significant increase in interleukin (IL)-6
expression was observed in the SAP group. The
pretreatment of SAP rats with PAG further increased
the IL-6 levels, while treatment with different dosages

WJG|www.wjgnet.com

Levels of plasma IL-6 and MPO in vivo

Administering the PI3K inhibitor wortmannin for 30 min
after the NaHS treatment further reduced the plasma
IL-6 levels and MPO activity in pancreatic tissue (Figure 4).
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Survival analysis

normal saline + SAP and SAP rats all died within 6 d
without administering the H2S donor NaHS; however, the
survival rate in the groups treated with NaHS was 70%.

The Kaplan-Meier survival curves are shown in Figure
5 for the 7-d study period. The results showed that the
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DISCUSSION
The role of H2S in inflammation is ambiguous. Here,
we show an anti-inﬂammatory role for this compound
in in vivo experiments involving SAP. Similarly, we
observed that CSE mRNA expression was significantly
reduced in the L-Arg-induced rat models, and
treatment with the CSE inhibitor (PAG) further reduced
the CSE mRNA levels, accompanied by increases in
plasma amylase, IL-6, and MPO activity in vivo. Thus,
we initially proposed that the down-regulation of the
endogenous H2S/CSE system might be involved in
the pathogenesis of inflammatory infiltration in SAP
and that H2S/CSE alterations were associated with
the activity and severity of this disease. We pretreated the rats with different dosages of NaHS before
inducing SAP in vivo. NaHS successfully reduced
the levels of plasma amylase, IL-6 and leukocyte
infiltration (shown by MPO activity) in the pancreas of
SAP rats, accompanied by the up-regulation of CSE
mRNA expression. Intriguingly, the effect of NaHS
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8

10

was gradually increased with increasing NaHS dosage
in vivo. These results suggested that H2S could be a
negative regulator in SAP.
IL-6 is produced by many cell types, including
monocytes/macrophages, endothelial cells, ﬁbroblasts,
[1,13]
and smooth muscle cells
, which indicates the proﬁle
of leukocyte recruitment during the inﬂammatory
response via the selective regulation of inﬂammatory
[14,15]
chemokines and apoptotic events
. Circulating
levels of IL-6 are a sufficient indicator of the severity
[16]
of acute pancreatitis . We observed that the levels
of plasma IL-6 were significantly up-regulated in SAP
rats. The concentrations of IL-6 in the plasma were
obviously attenuated after pre-administration with
different dosages of NaHS. The present study suggests
that the anti-inflammatory action of H2S might be
mediated through inhibition of IL-6. This result is
consistent with previous data, showing that the H2S
donor in OA-treated rats significantly reduced IL-6
[17]
and IL-8 levels in the plasma and in the lungs , and
the administration of NaHS attenuated the increase in
plasma TNF-α and ICAM-1 levels in hepatic ischemia[18]
reperfusion (HIR) rats .
There is much evidence confirming that the
development and progression of SAP depend on NFκB transcription, which plays an important role in the
regulation of inflammatory mediators. Furthermore,
evidence suggests that NF-κB transcription plays a
role in exogenous H2S-induced cytokine expression
[19]
in human leukocytes , confirming the close
relationship between NF-κB and H2S. We observed
that the role of H2S in SAP involved the suppression
of IκBα degradation, NF-κB transcription, and proinflammatory gene expression. Moreover, the PI3K
inhibitor wortmannin further decreased NF-κB
transcription, plasma IL-6 levels, and MPO activity in
pancreatic tissue.
AKT is a major PI3K effector and the full activation
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Figure 5 Survival analyses between different groups of rats. The survival
rate was monitored for 10 d [P < 0.05, when severe acute pancreatitis (SAP)
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of AKT requires phosphorylation at Thr308 and
Ser473, and Thr308 phosphorylation by 3’-PDK is
[20]
also a PI3K effector . Although AKT is not directly
phosphorylated through PI3K, these post-translational
[20]
modiﬁcations are strictly dependent on PI3K activity .
[21]
Tarassishin et al
suggested that activation of the
PI3K/AKT pathway could play an anti-inflammatory
role. Therefore, we determined whether H2S inhibits
AKT phosphorylation in vivo and examined the
effect of the PI3K/AKT pathway in the H2S-mediated
inflammatory response. For this purpose, we
administered the PI3K inhibitor wortmannin before SAP
induction and observed that the effect of NaHS was
enhanced by wortmannin. Therefore, we supposed
that H2S regulates AKT through a node downstream
of PI3K. Previous studies have demonstrated that
H2S significantly improves cardiodynamic functions
and attenuates the size of myocardial infarction via
[22]
[23]
AKT stimulation . Furthermore, Tamizhselvi et al
reported that the H2S-mediated down-regulation of
TNF-α and IL-1β in cerulein-treated acinar cells was
associated with the activation of PI3K/AKT.
H 2S protects gastric mucosal epithelial cells
against oxidative stress through the activation of
[24]
p38 mitogen-activated protein kinases (MAPK) . It
has been reported that H2S significantly attenuated
the phosphorylation of MAPK and activated NF-κB
[25]
and expression of the anti-apoptotic protein Bcl-2 .
The treatment of C28/I-2 cells with H2S deactivated
extracellular-regulated kinase (ERK1/2), inhibited the
phosphorylation of NF-κB p65 at Ser536 and reduced
[26]
IL-6 and IL-8 expression . Taken together, these
results demonstrated that H2S possesses an extensive
pathophysiological action and exerts a protective
role via intra- and extra-cellular signal transduction
pathways or genetic transcription in various animal
models and cell culture.
[27]
Sidhapuriwala et al
considered that exogenous
H2S (NaHS) at 10 mg/kg significantly down-regulated
amylase levels in the plasma and MPO activity in
acute pancreatitis; however, the role of NaHS was not
[28]
enhanced at 15 mg/kg. Faller et al
recently showed
that only inhalation of H2S at 80 ppm prevents lung
injury in ventilated mice. In myocardial ischemiareperfusion injury, treatment with different doses
of H2S donor (NaHS) generated a U-shaped dose
[29,30]
response curve
. However, we showed that the
protective role of H2S in SAP was gradually increased
from 5 to 100 mg/kg in vivo; thus, further studies are
needed to conﬁrm these findings.
In conclusion, in the present study, we showed
that the down-regulation of the CSE/H2S system
plays an important role in SAP development and
progression and in preconditioning the H2S donor
with NaHS-induced anti-inﬂammatory activity in SAP.
This protective effect was associated with PI3K/AKT
phosphorylation inhibition, the repressed degradation
of IκBα, and NF-κB activation. We also observed that
the prophylactic administration of NaHS significantly
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reduced the mortality of SAP rats. These data indicated
that H2S/CSE plays a crucial role in SAP development,
which suggests that NaHS might provide new valuable
therapeutic strategies for improving the clinical course
of this disease.
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Basic Study

MiR-19a promotes epithelial-mesenchymal transition
through PI3K/AKT pathway in gastric cancer
Wei-Dong Lu, Yun Zuo, Zhen Xu, Min Zhang

In vitro , miR-19a was ectopically expressed using
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overexpression and knock-down strategies.

RESULTS: Overexpression of miR-19a was significantly
associated with metastasis of GC and inferior overall
prognosis. However, no significant correlation was
found between miR-19a expression and other
characteristics such as age, gender, tobacco, alcohol
or tumor size. Cell proliferation, migration and invasion
assays showed that overexpression of miR-19a
promoted the proliferation, migration and invasion, and
that overexpression of miR-19a promoted the epithelialmesenchymal transition through activating the PI3K/
AKT pathway. Blocking the PI3K/AKT pathway could
cancel the effect of miR-19a.
CONCLUSION: All together, our results suggest that
miR-19a could be used as a promising therapeutic
target in the treatment of GC.
Key words: Gastric cancer; miR-19a; PI3K-AKT; Epithelialmesenchymal transition
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We found that miR-19a modulates epithelialmesenchymal transition by activating the PI3K/AKT
pathway. This miR-19a-PI3K/AKT axis sheds new light
on the mechanisms of oncogenic roles of miR-19a in
gastric cancer.

Abstract
AIM: To investigate the mechanism by which miR-19a
is up-regulated in gastric cancer (GC), which plays an
oncogenic role.

Lu WD, Zuo Y, Xu Z, Zhang M. MiR-19a promotes epithelialmesenchymal transition through PI3K/AKT pathway in
gastric cancer. World J Gastroenterol 2015; 21(15): 4564-4573
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4564.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4564

METHODS: In the present study, we investigated the
role of miR-19a in gastric tissues as well as two GC cell
lines. In vivo , we detected the basal expression level of
miR-19a using real-time reverse transcription-PCR (RTPCR), and the relevance between expression of miR19a and clinicopathological information was analyzed.
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proliferation, migration and invasion in gastric cancer.
Additionally, we found that the PI3K/AKT signaling
pathway might be involved in EMT in GC.

INTRODUCTION
Despite a substantially declining incidence of gastric
cancer (GC), it still is one of the most frequent
malignancies worldwide, accounting for 700000 deaths
[1]
annually . The carcinogenesis of GC is complicated,
and most patients experienced asymptomatic pre
sentation in the early stage, resulting in metastases
at diagnosis. Surgical intervention, chemotherapy
and radiotherapy remain to be the most curative
treatment options for metastases, but the results
of these therapies always lead to incidence of post[2,3]
operative relapse, metastasis and clinical responses .
To improve the clinical outcome of GC treatment, it is
important to clarify GC pathogenesis and to investigate
the genes responsible for the progression and
[4]
metastasis of GC .
Recently, microRNAs (miRNAs) have emerged
as a major research focus in the field of tumor
[5,6]
suppressors
. MiRNAs (approximately 17-25
nucleotides) are a group of small non-coding RNAs,
which can bind to the 3’-untranslated region (3’-UTR)
loci of their target mRNAs, leading to target mRNA
[7]
degradation or translational suppression . Increasing
evidence suggests that miRNAs act as central
mediators in networks that establish regulatory circuits
in cancers and contribute to the carcinogenesis of
[8,9]
GC . The oncogenic miR-17-92 cluster was originally
described to be overexpressed in human B-cell
lymphoma samples. Later, it was identified as a key
oncogenic component in many cancers, highlighting
[10,11]
the crucial role of this cluster
. Recently, genetic
dissection of the individual miRNAs of this cluster has
demonstrated that miR-19 is the most significant
[12]
miRNA of this cluster .
Compared with the study of miR-17-92 cluster,
little research involves miR-19 and gastric cancer.
Ueda found that miR-19a is up-regulated in GC tissues
compared with adjacent normal tissues by miRNA
[13]
[14]
microarray analysis . Wang et al showed that miR19a/b could promote the multidrug resistance of GC
cells by targeting PTEN. When this paper was under
[6]
preparation, Wu et al reported that miR-19 modulate
the metastasis of GC cells by targeting the tumor
suppressor MXD1. However, the exact function and the
potential mechanisms of miR-19 in GC have not been
fully clarified.
Epithelial-mesenchymal transition (EMT) is a
fundamental process in embryonic development
and considered an important step leading to tumor
[15-17]
invasion and metastasis
. The most observed
characters of EMT are that the cells turn to be spindlelike morphology, and loss of epithelial cell markers,
[18]
including E-cadherin and vimentin . Recent reports
have highlighted the importance of miRNAs as a
[19,20]
powerful regulator of EMT in cancer cells
. In this
study, we investigated the relationship between miR19a and the pathogenesis of GC, and demonstrated
that overexpression of miR-19a promoted cell
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MATERIALS AND METHODS
Tissue samples and cell lines

Specimens of GC and corresponding normal tissues
were collected from 50 patients who were diagnosed
and underwent gastrectomy surgery in Zhangjiagang
First People’s Hospital, Suzhou University. Non-tumor
[21]
samples from the macroscopic tumor margin
were
isolated at the same time and used as the matched
adjacent nonneoplastic tissues. After resection,
all specimens were snap frozen in liquid nitrogen
immediately and then stored in a -80 ℃ refrigerator.
Written informed consent had been obtained from
all the patients, and the protocols used in the study
were approved by the Hospital’s Protection of Human
Subjects Committee. Human GC cell lines SGC7901
and NUGC-3 were obtained from the Academy of
Military Medical Science (Beijing, China), and human
gastric mucosa cell line GES-1 was obtained from the
Chinese Academy of Sciences (Shanghai, China). All
of the cells were maintained in DMEM supplemented
with 10% fetal bovine serum at 37 ℃ with 5% CO2 in
a humidified incubator (Forma Scientific, Marietta, OH,
United States).

RNA extraction and real-time RT-PCR

Total RNA was extracted from frozen tissues or cells
TM
using an mirVana miRNA Isolation Kit (Ambion),
according to the manufacturer’s instructions. Total
RNAs yields were determined by A260 measurement
using the ND-1000 NanoDrop spectrophotometer
(NanoDrop, Wilmington). MiR-19a was quantified by
a two-step real-time PCR using the miScript-Reverse
Transcription Kit and a standard SYBR Green PCR
Kit (Toyobo, Osaka, Japan) in an Applied Biosystems
7300 Real Time PCR system. All of the primers were
purchased from uGCT Inc. (Beijing, China). U6 and
β-actin were used as an internal control for miRNAs
and mRNAs, respectively, and each sample was
analyzed in triplicate. Data are presented as fold
-∆∆CT
differences based on calculations of 2
.

Transfection assay

The lentiviral system with eGFP-expressing lentimiR-19a (miR-19a mimic/inhibitor) and the negative
control lenti-vector (miR-19a NC) were purchased
from Cyagen (Cyagen Biosciences, Guangzhou,
China). GC cell lines SGC7901 and NUGC-3 were
infected with lenti-miR-19a or lenti-vector according to
the manufacturer’s instructions. The stable cells were
isolated by flow cytometry to sort eGFP-positive cells.

Cell proliferation assay

For evaluation of cell proliferation rates, 5 × 10
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A

SGC7901 and NUGC-3 cells were seeded in 96-well
plates and incubated overnight. After infection with
miR-19a mimic or miR-19a NC, 20 μL MTT (St. Louis,
MO, United States) was added to each well, and plates
were incubated for 4 h at 37 ℃. Then, the reaction
was stopped by 150 μL DMSO and optical density
was detected with a microplate spectrophotometer
(ELx800, Bio-TEK, Winooski, VT, United States) at a
wavelength of 490 nm on a microplate reader. Assay
was performed in triplicate, and each experiment was
repeated three times.

Relative expression of miR-19a

8

6

4

2

0

Cell migration and invasion assay

Migration and invasion assays were performed as
[4]
described previously . Cells were starved with
serum-free RPMI 1640 medium for 24 h, and 1.5
5
× 10 transfected cells were then seeded to the
upper compartment of transwell chambers (Corning,
24-well plate with 8.0 μm pores) uncoated or coated
with Matrigel (BD Biosciences, 0.7 mg/mL). DMEM
containing 10% FBS was used as a chemoattractant,
and added to the lower chamber. After 24 h incubation,
cells on the lower surface of the filter were fixed with
methanol and stained with 0.5% crystal violet. Cells
which had migrated or invaded to the lower membrane
were counted using five-spot-sampling method with a
microscope (Olympus, Tokyo, Japan).

Relative expression of miR-19a

B

Normal

Tumor

3.0
d

2.5

c

2.0
1.5
1.0
0.5
0.0

GES-1

SGC7901

NUGC-3

Figure 1 Expression of miR-19a is up-regulated in gastric cancer tissue
samples and cell lines. A: Expression of miR-19a in 50 gastric cancer (GC)
tissue samples and matched non-tumor tissue samples is detected by qRTPCR, aP < 0.05 vs adjacent normal tissues samples; B: Expression of miR19a in SGC7901, NUGC-3 and GES-1 is detected by qRT-PCR. Values are the
average of triple determinations with the SD indicated by error bars, cP < 0.05,
d
P < 0.01 vs human gastric mucosa cell line.

Small interfering (si)RNA transfection

Gene silencing by siRNA duplex specific to AKT
was used to down-regulate AKT expression. The
siRNA was synthesized by Invitrogen, and the
siRNA sequences used were as follows: AKT siRNA,
5’-UUCAGGUACUCA AACUCGUUCAUGG-3’ and
5’-CCAUGAACGAGUUUGAGUACCUGAA-3’. Scrambled
siRNA duplex was used as a non-specific control.
Transfection was done using Lipofectamine 2000
reagent (Invitrogen), following the manufacturer’s
instructions.

Statistical analysis

All data arepresented as mean ± SD from at least
three separate experiments. Statistical significance
was analyzed using one-way analysis of variance
(ANOVA) or two-tail Student’s t-test with SPSS 14.0
software (SPSS Inc., Chicago, IL, United States).
Differences were deemed statistically significant when
P < 0.05.

Western blot analysis

Log phase cells were harvested, washed twice
and lysed in RIPA lysis buffer. Total proteins of the
transfected or control cells were isolated and resolved
by 12% SDS-PAGE, and then blotted onto PVDF
membranes (Bio-Rad, Hercules, CA, United States).
Membranes were probed with primary antibodies
overnight followed by incubation with HRP-conjugated
secondary antibodies. Protein expression was assessed
using a chemi-luminescence kit (ECL-kit, Santa Cruz
Biotechnology, Inc.). The densitometry was quantified
using Bio-Rad Quantity One software. All experiments
were performed in triplicate. Anti-AKT, anti-phosphoAKT, anti-E-cadherin, and anti-vimentin antibodies
were purchased from Abzoom Biolabs, and β-actin
(Santa Cruz) was used as an internal control for
protein loading. Antibodies were diluted 1:500 with
BSA before experiment.
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RESULTS
Expression of miR19a is significantly up-regulated in
GC tissues and associated with lymph node metastasis
and TNM stage

To assess the role of miR-19a in GC, we first tested
the expression of miR-19a in GC tissues by real-time
PCR. As shown in Figure 1A, miR-19a was significantly
increased by more than 2-fold in 50 randomly selected
GC patient tissue samples compared with adjacent
normal tissues samples. MiR-19a was also remarkably
increased in two GC cell lines, SGC7901 and NUGC-3,
compared with the human gastric mucosa cell line
GES-1 (Figure 1B). The relationship between miR-19a
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were transfected into SGC7901 and NUGC-3 cells, and
migration and invasion assays were then performed
in vitro. It was found that the transient transfection
of miR-19a precursors significantly increased the
migration and invasion abilities of GC cells compared
with negative controls (P < 0.01) (Figure 2D and E),
while the inhibition of miR-19a expression remarkably
impeded cell migration and invasion compared with
negative controls (P < 0.01). Such results indicate
that miR-19a regulates SGC7901 and NUGC-3 cell
migration and invasion.

Table 1 Expression of miR-19a and clinicopathological
characteristics of patients with gastric cancer n (%)
Total (n = 50)

Variable
Age
< 60
≥ 60
Gender
Male
Female
TNM stage
T1/T2
T3/T4
Lymph node metastasis
Positive
Negtive
Tumor size (cm)
<5
≥5
Tobacco
Yes
No
Alcohol
Yes
No

Expression of miR-19a
mean ± SD

P value

23 (46)
27 (54)

3.58 ± 2.87
3.42 ± 3.01

0.54

38 (76)
12 (24)

2.90 ± 3.02
3.15 ± 2.96

0.48

19 (38)
31 (62)

2.62 ± 2.63
5.43 ± 1.89

< 0.05

30 (60)
20 (40)

5.04 ± 2.30
2.09 ± 2.54

< 0.05

24 (48)
26 (52)

3.36 ± 2.65
3.23 ± 2.72

0.66

28 (56)
22 (44)

3.26 ± 2.43
2.97 ± 2.61

0.18

32 (64)
18 (36)

3.35 ± 3.12
3.08 ± 2.94

0.31

MiR-19a induces an EMT phenotype

Because miR-19a is overexpressed in GC tissues, along
with the fact that miR-19a promotes the migratory and
invasive abilities of GC cells, we speculated that miR19a overexpression induced migration and invasion
might be associated with EMT. To validate these, we
initially evaluated the morphological changes in the
two cell lines treated with miR-19a mimics. We found
that cells overexpressing miR-19a exhibited a spindlelike or fibroblast-like morphology, and the percentage
of such cells was significantly increased compared
with control cells which often show an epithelial-like
appearance (P < 0.01) (Figure 3A).
EMT is often associated with a decrease or loss
of epithelial markers such as E-cadherin, and a
gain of mesenchymal markers such as vimentin.
We then detected the transcripts of EMT-associated
genes. Concomitant with the change in phenotype,
up-regulation of miR-19a level was associated with
the increase of ZEB1, ZEB2, Slug, and vimentin
transcripts (Figure 3B), whereas epithelial marker
E-cadherin mRNA showed decreased levels in these
cells, demonstrating that up-regulation of miR-19a
can promote EMT in GC cells. These differences were
further confirmed at the protein level using Western
blot analysis (Figure 3C).

expression level and clinicopathologic information of
GC is summarized in Table 1. A statistically significant
correlation between miR-19a expression levels
and metastasis of GC was observed in this study.
The relative expression of miR-19a increased more
significantly in patients with lymph node metastasis
or with stage Ⅰ/Ⅱ disease than in patients without
lymph node metastasis or stage Ⅲ disease (P < 0.05).
However, no significant correlation was found between
miR-19a expression and other characteristics such as
age, gender, tobacco, alcohol or tumor size.

MiR-19a promotes the proliferation of GC cells and
regulates migration and invasion in GC

Lentivirus infection was used to construct a stable
miR-19a mimic or inhibitor cell line. The miR-19a
overexpression in SGC7901 and NUGC-3 cells stably
transfected with miR-19a mimic was confirmed by
qRT-PCR (P < 0.01) (Figure 2A). qRT-PCR also showed
that the SGC7901 and NUGC-3 cells transfected with
the miR-19a inhibitor had decreased expression of
miR-19a mRNA (P < 0.01) (Figure 2B).
To explore the effect of miR-19a on cell growth,
SGC7901 and NUGC-3 cells infected with miR-19a
mimic or inhibitor were used to examine their growth
curves. As shown in Figure 2C, MTT assay showed that
overexpression of miR-19a promoted SGC7901 and
NUGC-3 cell growth compared with their corresponding
controls (data not shown). Accordingly, miR-19a
inhibitor treatment suppressed growth of SGC7901
and NUGC-3 cells (data not shown).
To investigate the mechanism by which miR-19a
promoted metastasis. MiR-19a or control mimics (premiR-19a, pre-miR-NC, miR-19a-inh, or miR-inh-NC)
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miR-19a promotes EMT by activating the PI3K/AKT
pathway

To determine whether miR-19 mediates the activation
of PI3K-AKT pathway, PI3K/AKT protein expression
levels in controls and SGC7901 and NUGC-3
cells overexpressing miR-19a were analyzed by
Western blot. Overexpressing miR-19a promoted
phosphorylation of PI3K-AKT. However, there was
no change observed in the expression of total AKT,
irrespective of the presence of miR-19a. Densitometry
results showed that the p-AKT/AKT ratio of SGC7901
cells transfected with miR-19a mimic was significantly
higher than that of normal control cells (P < 0.05)
(Figure 4A). To further confirm the effect of miR19a on the expression or kinase activation of AKT,
we transfected cells with miR-19a inhibitor and
then performed Western blot for p-AKT and AKT.
Contrary to the cells transfected with miR-19a mimic,
phosphorylation of PI3K-AKT was blocked and the
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Figure 2 MiR-19a promotes the proliferation of gastric cancer cells and regulates migration and invasion in gastric cancer. A, B: Expression of miR-19a
mRNA in SGC-7901 cells transfected with miR-19a mimic/inhibitor vector (indicated as pre-miR-19a and miR-19a inh) or nagetive control vector (indicated as pre-NC
and NC-inh); C: Cell proliferation assay of SGC-7901 cells transfected with miR-19a mimic/inhibitor vector. The OD values are measured each day at the same time
point. Data are expressed as mean ± SD from three experiments; D: Representative images of migrated cells on transwell plates that were originally plated with 105
cells. MiR-19a precursors or inhibitors regulate gastric cancer SGC7901 and NUGC-3 cell migration relative to NC group (t-test); E: Representative images showing
cells that invaded through transwell and the numbers of invaded cells. MiR-19a precursors or inhibitors regulate gastric cancer SGC7901 and NUGC-3 cell invasion
relative to NC group (t test). Each experiment was repeated at least three times. Error bars correspond to the mean ± SD.

phosphorylation of PI3K-AKT compared with the cells
transfected with control siRNA. Taken together, these
findings show that miR-19a modulates the EMT of
GC cells through PI3K/AKT signals, especially the
activation of AKT.

p-AKT/AKT ratio of SGC-7901 and NUGC-3 cells
transfected with miR-19a inhibitor was significantly
lower than that of the normal control group (P < 0.01)
(Figure 4B), suggesting that miR-19a plays a critical
role in AKT activation in GC.
To clarify the effect of kinase activation of AKT
in EMT of GC, the cells were treated with PI3K-AKT
pathway inhibitor Ly294002, and we found that in
response to Ly294002, spindle-like or fibroblast-like
morphology in SGC7901 and NUGC-3 cells treated with
miR-19a mimic was blocked (Figure 4C). Concomitant
with the change in phenotype, loss of E-cadherin and
high expression of vimentin by miR-19a were reverted
in SGC7901 and NUGC-3 cells when the PI3K/AKT
pathway was blocked by Ly294002 (Figure 4A). To
further elucidate the role of AKT activation, AKT siRNA
was established and their activity was impaired. The
Western blot showed that expression of AKT siRNA
(Figure 4D) reduced the ability of miR-19a to promote
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DISCUSSION
In the present study, we sought to characterize the
contribution of miR-19a in the control of EMT driven
metastasis in GC. We first observed that miR-19a was
overexpressed in the randomly selected GC samples.
Further analysis of the relevance between expression of
miR-19a and clinicopathological information indicated
that overexpression of miR-19a was closely associated
with lymph node metastasis in GC patients. This was
supported by in vitro transwell migration and invasion
assays with two GC cell lines SGC7901 and NUGC-3.
In addition, the relationships between miR-19a and
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Figure 3 MiR-19a induces an epithelial-mesenchymal transition phenotype. A: MiR-19a induces an epithelial-mesenchymal transition (EMT) phenotype in
SGC7901 and NUGC-3 cells; B: Epithelial and mesenchymal markers ZEB1, ZEB2, Slug, vimentin, and E-cadherin are measured by qRT-PCR in miR-19a mimic or
negative control (NC)-transfected SGC7901 and NUGC-3 cells. The results are shown as fold change compared with negative control. Data are the means ± SD of
three independent experiments; C: The E-cadherin and vimentin protein levels are measured using Western blot analysis. β-actin protein serve as an internal (loading)
control.

EMT were analyzed, and our in vitro experiments
strongly demonstrated that miR-19a promotes EMT
of GC. Furthermore, we found higher phosphorylation
of AKT when we tested the EMT hallmark E-cadherin
and vimentin in GC cells transfected with miR-19a
mimic. Interestingly, blocking the PI3K/AKT pathway
cancelled the effect of miR-19a, which may provide a
more comprehensive picture of the molecular network
that miR-19a promotes EMT through activating the
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PI3K/AKT pathway in metastasis of GC.
Dissemination of tumor cells entails an orderly
sequential steps, including tumor cell mobilization,
intravasation, and subsequent metastasis, that
ultimately lead to the colonization of a secondary
[22]
site . EMT is believed as a crucial mechanism in initial
step of acquisition of migratory and invasive capability.
Dysregulation of miRNAs is implicated in EMT
[23]
modulation . It has been reported that miRNAs, such
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Figure 4 MiR-19a promotes epithelial-mesenchymal transition by activating the PI3K/AKT pathway. A, B: Expression profiles of p-AKT, AKT, epithelial and
mesenchymal markers E-cadherin and vimentin, and β-actin in SGC-7901 and NUGC-3 cells of each group are detected by Western blot analysis. To SGC-7901 and
NUGC-3 cells cultures, the PI3K/AKT pathway inhibitor Ly294002 is added, with a final concentration of 10 μmol/L. Normal control groups and groups transfected
with miR-19a mimic/inhibitor are established for both SGC-7901 and NUGC-3; C: EMT phenotype in SGC7901 and NUGC-3 cells treated with miR-19a mimic in
the presence of Ly294002 (10 μmol/L). The data are expressed as the mean ± SD of three independent experiments; D: Western blots showing AKT and p-AKT
expression levels in cells cotransfected with miR-19a mimic and AKT siRNA.

as miR-200 family and miR-205, act as key modulators
[24]
of EMT and enforcers of the epithelial phenotype .
[25]
Qin et al demonstrated that miR-194 directly targets
BMI-1, and reverses EMT phenotype in endometrial
cancer cells. To the best of our knowledge, however,
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the definitive association of miR-19a with EMT of GC
has not been reported, despite the evidence showing
that the oncogenic effect of miR-19a was mediated by
[6,25]
repression of SOCS1 and MXD1
. For the first time,
we found that up-regulation of miR-19a level is able to
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of GC.

induce EMT in GC cells, as evidenced by epithelial like
morphology, increased expression of E-cadherin and
decreased expression of vimentin.
A constitutively active mutant of AKT induces
EMT in hepatocellular carcinoma cells and carcinoma
[26]
cell lines . In this work, we studied the PI3K/AKTdependent cell signaling pathway in GC cells. It was
showed that the AKT is activated in miR-19a induced
EMT while the PI3K inhibitor Ly294002 blocked
this response. The linkage of miR-19a to PI3K/AKT
activation provides a rationale for the development
of miRNA-based EMT-targeted therapeutic strategies
for GC. However, we are not clear whether and how
this confirmed PI3K/AKT signaling regulate the EMT
via downstream proteins such as mTOR, snail, and
[27,28]
, or some other pathways like NF-κB and
β-catenin
RAS/ERK signaling were involved in co-regulation of
[29]
EMT . Further studies are under way to characterize
if miR-19a can regulate other signaling as well as the
in vivo role of miR-19a in GC tumor by creating a nude
mouse model.
Collectively, our data showed that miR-19a is
increased in GC tissue samples and cell lines, and
forced expression of miR-19a promotes GC cell meta
stasis. Most importantly, we implied that miR-19a
modulates EMT by activating the PI3K/AKT pathway.
This miR-19a-PI3K/AKT axis sheds new light on the
mechanisms of oncogenic roles of miR-19a in GC. MiR19a could be used as a promising therapeutic target in
the treatment of GC.

Applications

The study provides the evidence that miR-19a plays an important role in
carcinogenesis of GC, and it modulates EMT by activating the PI3K/AKT
pathway. These results indicated that miR-19a could be used as a promising
therapeutic target in the treatment of GC.

Terminology

EMT is a fundamental process in embryonic development and considered an
important step leading to tumor invasion and metastasis. Many reports have
highlighted the importance of miRNAs as a powerful regulator of EMT in cancer
cells.

Peer-review

The study is interesting and well designed. In this manuscript the authors
analyzed miR-19a expression in gastric cancer tissues and cell lines, and
found that overexpression of miR-19a was associated with cancer cell
growth, migration, and metastasis. The authors further found that miR-19a
overexpression in cancer cells promotes EMT by activating the PI3K/AKT
pathway. MiR-19a up-regulation in cancer tissues and its functional link with
PTEN/AKT are well known. The most interesting finding of this manuscript
would be promotion of EMT by miR-19a through PI3K/AKT signaling.
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Abstract
AIM: To investigate, in the largest cohort to date,
patient characteristics and associated risk factors for
developing small intestinal bacterial overgrowth (SIBO)
using the D-Xylose breath test (XBT).
METHODS: We performed a retrospective crosssectional study to analyze patient characteristics who
underwent the XBT for evaluation of SIBO. Diagnostic
testing with the XBT was performed based on a clinical
suspicion for SIBO in patients with symptoms of bloating,
abdominal pain, abdominal distension, weight loss,
diarrhea, and/or constipation. Consecutive electronic
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medical records of 932 patients who completed the
XBT at the University of Florida between 2005 and
2009 were reviewed. A two-way Analysis of Variance
(ANOVA) was used to test for several associations
including age, gender, and body mass index (BMI)
with a +XBT. A two-way ANOVA was also performed
to control for the differences and interaction with age
and between genders. A similar analysis was repeated
for BMI. Associations between medical conditions
and prior surgical histories were conducted using the
Mantel-Haenszel method for 2 by 2 contingency tables,
stratified for gender. Reported odds ratio estimates
reflect the odds of the prevalence of a condition within
the +XBT group to that of the -XBT group. P values of
less than 0.05 (two-sided) were considered statistically
significant.

between SIBO and irritable bowel syndrome or
independent narcotic or proton-pump inhibitor usage
as has previously been reported by some investigators.

RESULTS: In the 932 consecutive eligible subjects
studied, 513 had a positive XBT. A positive association
was found between female gender and a positive XBT
(P = 0.0025), and females with a positive test were,
on average, greater than 5 years older than those with
a negative test (P = 0.024). The mean BMI of positive
XBT subjects was normal (24.5) and significantly
lower than the subjects with a negative XBT (29.5)
(P = 0.0050). A positive XBT was associated with
gastroesophageal reflux disease (GERD) (OR = 1.35;
95%CI: 1.02-1.80, P = 0.04), peptic ulcer disease
(PUD) (OR = 2.61; 95%CI: 1.48-4.59, P < 0.01),
gastroparesis (GP) (OR = 2.04; 95%CI: 1.21-3.41, P <
0.01) and steroid use (OR = 1.35; 95%CI: 1.02-1.80, P
= 0.01). Irritable bowel syndrome, independent protonpump inhibitor (PPI) usage, or previous abdominal
surgery was not significantly associated with a positive
XBT. No single subdivision by gender or PPI use was
associated with a significant difference in the odds
ratios between any of the subsets.

Small intestinal bacterial overgrowth (SIBO) is a
common gastrointestinal (GI) motility disorder marked
by an over-proliferation of enteric flora in the small
bowel. The clinical manifestations of SIBO can include
bloating, abdominal pain, diarrhea, constipation,
abdominal distension and weight loss. Several clinical
conditions which impair appropriate GI secretions
(i.e., gastric acid, pancreatic enzymes, and bile salts),
gut peristalsis, mucosal and systemic immunity, and
the structural integrity of the GI tract are thought to
predispose to SIBO. Inflammatory conditions such as
celiac disease, Crohn’s disease (CD) and ulcerative
colitis (uc) have all been associated with development
of SIBO. Numerous studies illustrate the frequent coexistence of SIBO with irritable bowel syndrome (IBS),
and there is likely a substantial overlap in symptoms
[1-6]
as well as pathogenic mechanisms .
Despite the prevalence of SIBO, the specific medical,
pharmacological, and surgical risk factors associated
with it continue to be debated. Several small studies
have linked SIBO to factors such as chronic use of
[7-10]
proton pump inhibitors (PPIs)
, previous abdominal
[9,10]
[11]
[1-6]
surgeries
, gastroparesis (GP) , and IBS
.
The quality of the data is often limited by the lack of
[12]
standardized and/or validated diagnostic testing ,
and the results may be confounded by co-existing GI
conditions.
While some studies have used jejunal aspirate and
5
a bacterial count of > 10 colony-forming units/milliliter
[13]
as the most reliable diagnostic indicator , most have
focused on non-invasive breath tests. Most notable
are the lactulose hydrogen (LHBT), glucose hydrogen
14
(GHBT), and C D-Xylose (XBT) breath tests. These
tests supply carbohydrates that colonic bacterial
enzymes preferentially metabolize, allowing the
[12,14]
identification of alterations in the small intestine
.
Currently, the LHBT remains the most widely available
and commonly used clinical test, despite evidence
suggesting a low sensitivity and specificity in patients
[15,16]
with rapid intestinal transit
. While the GHBT has
performed better than the LHBT, concerns over this
test’s validity and sensitivity also remain, and its
[9,15]
ability to detect distal overgrowth may be limited
.

Schatz RA, Zhang Q, Lodhia N, Shuster J, Toskes PP, Moshiree
B. Predisposing factors for positive D-Xylose breath test
for evaluation of small intestinal bacterial overgrowth: A
retrospective study of 932 patients. World J Gastroenterol 2015;
21(15): 4574-4582 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i15/4574.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4574

INTRODUCTION

CONCLUSION: Female gender, lower BMI, steroid use,
PUD, GERD (independent of PPI use), and GP were
more prevalent in patients with SIBO, determined by a
positive XBT. Increasing age was associated with SIBO
in females, but not in males.
Key words: Intestine; Small; Irritable bowel syndrome;
Xylose; Breath tests; Proton pump inhibitors; Gastroparesis;
Bacteria
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our study represents the largest retrospective
cohort to date of 932 patients evaluated for small
intestinal bacterial overgrowth (SIBO) using the
D-Xylose breath test (XBT). We found that a positive
test for SIBO was seen more frequently in elderly
females than males and that lower body mass index,
reflux disease, ulcer disease, gastroparesis, and
steroid use were more frequently seen in patients who
tested positive with the XBT compared to those with a
negative test. Our study did not show any association
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[19,25,26]

Likewise, specific cut-off values for a “positive” breath
test have not been standardized for either of these
[9]
methods . In our study, we use a comparable breath
test, the XBT, which has the advantage of being
absorbed over a longer segment of bowel, making
it less likely to skip isolated portions of bacterial
[14,16]
overgrowth, thus increasing the sensitivity
.
Although even the XBT has diagnostic limitations, it
benefits from a more specific ability of gram-negative
bacteria to metabolize xylose, increasing the test’s
[14]
specificity .
Our study represents the largest cohort to date of
patients evaluated for SIBO using the XBT. We aim to
further elucidate clinical factors associated with SIBO.

and rapid gut transit
. The test is performed for a
total of 3 h to more reliably evaluate patients that may
have delayed gastric emptying.

Study design and subjects

We performed a retrospective cross-sectional study
which analyzed data from all patients at the University
of Florida motility laboratory who underwent the
XBT for evaluation of SIBO. After an expedited
Institutional Review Board (IRB) acceptance,
consecutive electronic medical records of patients
who completed the XBT between 2005 and 2009
were reviewed. Diagnostic testing with the XBT was
performed based on a clinical suspicion for SIBO in
patients with symptoms of bloating, chronic abdominal
pain, abdominal distension, weight loss, diarrhea,
and/or constipation without an established diagnosis.
Each patient was thoroughly evaluated by a faculty
specialist with physical examination, laboratory data,
and endoscopies as indicated. Helicobacter pylori
(H. pylori) was ruled out in patients with upper GI
symptoms by either endoscopic biopsy or stool antigen
testing prior to undergoing the XBT. All patients
had prokinetic and/or PPI therapy discontinued
two weeks prior to the XBT, and all antibiotics were
discontinued four weeks prior to testing. The diagnosis
of gastroparesis was established quantitatively based
on gastric emptying time with radiolabeled egg meal in
accordance with national consensus recommendations
[27]
for gastric emptying scintography initiated in 2008 .
The diagnosis of gastroesophageal reflux disease
(GERD) was based on clinical symptoms, endoscopic
findings, or pH testing. A history of IBS or IBD was
also documented.
The analysis was performed for the purpose of
describing which predisposing factors are associated
with a positive (+XBT) vs a negative (-XBT) in patients
with symptoms suggesting SIBO. Given that our
study is retrospective, we acknowledge confounding
variables inherent in such a study, and our aim was to
describe conditions associated with SIBO and not to
imply causality.

MATERIALS AND METHODS
XBT

D-Xylose is a freely soluble, hydrophilic pentose sugar
absorbed primarily in the proximal portion of the small
intestine and partially absorbed and excreted in the
urine. The XBT measures the intestinal catabolism of
14
a very small dose of (10 uCi) C D-Xylose (Amersham
14
Biosciences, Arlington Heights, IL) to CO2 which is
released in alveolar air. Under normal conditions, the
proportion of the absorbed compound excreted in
the air and urine remains fairly constant but depends
upon gut transit and the bacterial population of the
[17]
small intestine . These properties allow the XBT to
be useful in the evaluation and diagnosis of intestinal
malabsorption and inappropriate translocation of
[18]
colonic flora . Aside from SIBO, it has been used in
the evaluation of GI conditions such as celiac disease,
tropical sprue, CD, immunoglobulin deficiencies, blind[12,17,18]
loop syndrome, and radiation enteritis
.
Multiple studies have evaluated the sensitivity and
specificity of the XBT and have compared it to the gold
[14,19-21]
standard of duodenal aspirate
. Compared to the
more frequently performed breath tests in the United
States (i.e., lactulose and glucose hydrogen breath
tests), the XBT has generally shown a higher sensitivity
[22]
and specificity
and some have recommended it as
[23]
the first-line breath test in testing for SIBO . The
initial validating studies were performed by King et
[14,24]
al
who demonstrated a sensitivity and specificity
between 90%-100%. In subsequent follow-up
[19]
studies, Lewis et al
found a sensitivity of 71% and
[20]
specificity of 85% and Chang et al
60% and 90%,
respectively. One disadvantage of the XBT is the trivial
radiation exposure with the release of the radioactive
14
isotope of CO2 which, after absorption, is detectable
in breath samples. For this reason, pregnant females
are excluded from evaluation with the XBT.
Interpretation of the results for intestinal absorption
requires meticulous attention to technical details
and that false positives can occur in the presence
of vomiting, dehydration, hypothyroidism, renal
insufficiency, previous resection of the small intestine,
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Data collection

An IRB-approved waiver of informed consent was
obtained to perform this retrospective chart review.
A total of 932 consecutive subjects were reviewed to
obtain the following available information: age, gender,
body mass index (BMI), XBT results, comprehensive
past medical and surgical histories (including
endoscopy reports and all relevant GI-laboratory data),
and concomitant medications.
The XBT was performed according to the Institu
tional Standard Operating Procedure. A positive XBT
is denoted as “+XBT” and is defined as a greater than
14
two standard deviation rise in CO2 ( C) value above
the normal range at any one or more of the following
time points: 30 min (≥ 0.0014), 60 min (≥ 0.0029),
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Table 1 Patient demographics
+XBT
Age contrasts (yr) (n = 932)
Male:
Female:
Overall mean: 57.4 overall SD: 15.4
BMI contrasts (n = 451)
Male: (n = 91)
Female: (n = 360)
Overall mean: 26.6 overall SD: 7.1
Gender contrast (n = 932)
Male, n (%)
Female, n (%)

P value

-XBT

n

mean

SD

n

mean

SD

513
56
457

58.7
59.6
58.6

14.8
15.9
14.7

419
148
271

55.9
60.3
53.4

15.9
16.3
15.2

P = 0.10 (XBT)
P = 0.0025 (Gender)
P = 0.024 (Interact)

244
23
221

24.1
24.3
24.0

5.90
5.65
5.94

207
68
139

29.5
28.8
29.9

7.33
6.96
7.52

P = 0.0050 (XBT)
P = 0.26 (Gender)
P = 0.42 (Interact)

56 (11)
457 (89)

148 (35)
271 (65)

P < 0.0001

XBT: D-Xylose breath test; BMI: Body mass index.

by Dr. Jonathan Shuster, Director, Research Design
and Analysis Program, University of Florida Clinical
and Translational Science Institute. He performed the
analysis and did extensive quality control review of
the data. He has co-authored over 350 peer reviewed
articles, including over 50 articles in biostatistical
methodology.

and/or 180 min (≥ 0.0043).

Statistical analysis

This observational study used a two-way Analysis
of Variance (ANOVA) to test for several associations
including age, gender, and BMI with a +XBT. We used a
two-way ANOVA to test for differences in age in terms
of a -XBT and +XBT (main effect) and between gender
(main effect), as well as the interaction between XBT
and gender (Table 1). Interaction assessed the mean
difference in age between -XBT and +XBT according
to differences by gender (see “Interact,” Table 1).
This analysis was also repeated for BMI, which was
available in about half the subjects. Apart from BMI,
the data were complete on all subjects. We presumed
the BMI data were missing at random.
Associations between medical conditions (Table
2), stratified for gender, and prior surgical histories
(Table 3) were conducted using the Mantel-Haenszel
methods for 2 by 2 contingency tables. Reported odds
ratio estimates reflect the odds of the prevalence of
a condition within the +XBT group to that of the -XBT
group. Gender vs XBT (Table 1) used the MantelHaenszel method, but was not stratified. P -values of
less than 0.05 (two-sided) were considered statistically
significant.
The primary purpose of this analysis was to
determine whether age, BMI, and gender are
associated with a +XBT or -XBT. Secondarily, we
investigated the relationship of a positive test with
other common GI and systemic conditions, prior
abdominal surgeries, and certain medications that
have been previously associated with SIBO. Because
there are a large number of factors investigated, any
significant findings in these secondary analyses should
be confirmed in independent studies before considering
them as definitive. While future investigations might
look at the joint association of markers with XBT, via
for example logistic regression, our predefined scope
of work was to concentrate on subsets to see how
consistent the overall associations were.
The statistical review of the study was performed
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RESULTS
Baseline and demographic characteristics

Of the 932 patients reviewed, 513 had a +XBT, with
demographics for gender, age, and BMI included in
Table 1. BMI data were only available for patients with
a recorded height. Across the cohort, patient age did
not show significant correlation with the likelihood of
a +XBT (P = 0.10). However, female patients with a
+XBT were, on average, > 5 years older than females
with a -XBT (P = 0.024). Moreover, women were
disproportionately more likely to have a +XBT than
men (P < 0.0001). Also significant were associations
between a lower BMI (24.1) and a +XBT, compared
with a higher BMI (29.5) in patients with a -XBT (P =
0.0050).

Medical conditions and medications and XBT positivity

A multivariate logistic regression specifically analyzed
the association of existing medical conditions and a
+XBT (Table 2). A separate analysis evaluated the
use of PPIs, narcotics, steroids, and anticholinergic
medications and their association with a +XBT (Table
2). The odds of a +XBT was significantly associated
with gastroesophageal reflux disease (GERD) (OR
= 1.35; 95%CI: 1.02-1.80, P = 0.04), peptic ulcer
disease (PUD) (OR = 2.61; 95%CI: 1.48-4.59, P <
0.01), GP (OR = 2.04; 95%CI: 1.21-3.41, P < 0.01)
and steroid use (OR = 1.35; 95%CI: 1.02-1.80, P
= 0.01). Interestingly, IBS, PPI usage, and the use
of narcotics were not associated with a +XBT. Subanalyses were performed on all elements in Table 2
with a set P value < 0.05 to control for possible gender
and PPI confounding. No single subdivision by gender
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Table 3 Association of previous abdominal surgical
procedures (yes/no) with small intestinal bacterial overgrowth
n (%)

Table 2 Association of medical conditions and medications
and small intestinal bacterial overgrowth n (%)
+XBT: 513
-XBT: 419

GERD

Irritable bowel
syndrome

PUD

Inflammatory
bowel disease
Gastroparesis

Hypothyroidism

Diabetes mellitus

PPI

Narcotics

Steroids

Anticholinergic
drugs

+XBT

-XBT

M: 56
F: 457
+PPI: 200
-PPI: 313
171 (33)
M: 22
F: 149
+PPI = 112
-PPI = 59
77 (15)
M: 3
F: 74
+PPI: 32
-PPI: 45
51 (10)
M: 6
F: 45
+PPI: 23
-PPI: 28
20 (4)
M: 2
F: 18
52 (10)
M: 5
F: 47
83 (16)
M: 5
F: 78
57 (11)
M: 7
F: 50
200 (39)
M: 19
F: 181
84 (16)
M: 5
F: 79
+XBT: 45
-XBT: 39
36 (7)
M:7
F: 29
+PPI: 20
-PPI: 16
52 (10)
M: 1
F: 51

M: 148
F: 271
+PPI: 194
-PPI: 225
113 (27)
M: 39
F: 74
+PPI = 91
-PPI = 22
47 (11)
M: 8
F: 39
+PPI: 29
-PPI: 18
17 (4)
M: 7
F: 10
+PPI: 13
-PPI: 4
12 (3)
M: 7
F: 5
22 (5)
M: 3
F: 19
53 (13)
M: 8
F: 45
88 (21)
M: 33
F: 55
194 (46)
M: 69
F: 125
64 (15)
M: 23
F: 41
+XBT: 36
-XBT: 28
14 (3)
M: 9
F: 5
+PPI: 8
-PPI: 6
38 (9)
M: 7
F: 31

P value OR (95%CI)
Procedure

F:M
4.46 (3.17-6.28)

0.04

0.09

1.35 (1.02-1.80)

1.40 (0.95-2.06)

Patients with a +XBT were considered to have SIBO
and then treated with antibiotics. Our study found
several significant associations between a +XBT
and female age, gender, BMI, and clinical conditions
including GERD, PUD, and GP. However, contrary
[28]
to a prior smaller studies , no significant positive
association was found between a +XBT and PPI use
independent of GERD and PUD history.

< 0.01 0.47 (0.33-0.68)

0.65

1.09 (0.76-1.55)

0.01

2.18 (1.16-4.11)

0.58

1.13 (0.73-1.76)

Associations of GERD, PUD, and PPI use

Our large-scale retrospective analysis suggests a
significant association between a +XBT and both
GERD and PUD. The finding that PPI use, independent
of those two clinical conditions, was not positively
associated with SIBO is compelling, given recent
studies suggesting PPI use predisposed patients to
developing SIBO by creating an environment more
[28,29]
suitable for bacterial colonization and growth
.
This presumed association may also stem from their
widespread initiation and continued use off PPI therapy
[8]
amongst hospitalized and clinic patients . Similar to
our study, several larger analyses also suggest a lack
of independent association between PPI usage and
[30,31]
SIBO
. These studies suggest earlier associations
between PPIs and SIBO may stem from small sample
sizes and/or the use of the less-accurate LHBT to
diagnose SIBO. On the other hand, the absence of
a positive association may reflect incomplete acid
suppression, intermittent usage of PPIs, or transient
[29]
gastric pH levels of < 4 .
Somewhat surprisingly, given no positive independent
association between PPI usage and a +XBT, we found
a significant correlation between a documented
history of GERD (P = 0.04) or PUD (P ≤ 0.01) and a
+XBT. Many of these patients are placed on lifelong
acid suppression therapy, often using high-potency

Sub-analyses for gender and PPI were performed on those elements in
Table 2 where the P value was below 0.05. Not a single subdivision by
either gender or med PPI was associated with a significant difference in
odds ratios between subsets. GERD: Gastroesophageal reflux disease;
PUD: Peptic ulcer disease; PPI: Proton pump inhibitor; XBT: D-Xylose
breath test.

or PPI use was associated with a significant difference
in the odds ratios between any of the subsets.

Previous abdominal surgeries and XBT positivity

Our study also analyzed the association between a
+XBT and certain abdominal surgeries including gastric
bypass, hernia repair, appendectomy, hysterectomy,
cholecystectomy, Nissen Fundoplication, and BillrothsⅠand

WJG|www.wjgnet.com

1.54 (0.65-3.69)
0.44 (0.23-0.86)
0.77 (0.58-1.02)
1.37 (0.98-1.92)
1.34 (0.98-1.84)

DISCUSSION

1.33 (0.91-1.93)

0.74 (0.57-0.96)

OR (95%CI)

0.32
0.01
0.07
0.07
0.07

0.98-1.84, P = 0.07) and appendectomy (OR = 1.37;
95%CI: 0.98-1.92, P = 0.07) showed a trend toward a
significant positive association with SIBO.

1.38 (0.66-2.84)

0.02

P value

Ⅱ (Table 3). Only hysterectomy (OR = 1.34; 95%CI:

< 0.01 2.04 (1.21-3.41)

0.13

-XBT

Limited patient numbers for Nissen Fundlopication (n = 17), Billroth Ⅰ (n
= 1) and Billroth Ⅱ (n = 4) procedures. Subanalyses for gender performed
on all elements of Table 3. Gender did not significantly alter the P value or
odds ratio between subsets. XBT: D-Xylose breath test.

< 0.01 2.61 (1.48-4.59)

0.39

+XBT

Gastric bypass
15 (3)
8 (2)
Hernia repair
14 (3)
25 (6)
Cholecystectomy
142 (28) 139 (33)
Appendectomy
106 (21) 67 (16)
Hysterectomy (females) 183 (40) 90 (33)
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pharmacotherapies. A less acidic gastric mileu could
create an environment more conducive to SIBO. The
positive association with PUD may also specifically be
related to changes to intestinal microbiota that occur
in the presence of PUD. This condition is commonly
associated with H. pylori, which is treated with
antibiotics combined with high-dose PPIs. Studies
have demonstrated changes to gut microflora with
use of antibiotics causing eradication or suppression of
[28]
some microbiota, while enabling others to flourish .
While our study was unable to account for which
patients with PUD had previously been treated for H.
pylori, a future study would certainly be warranted to
adequately address the pathophysiologic basis of the
association between PUD and SIBO.

diagnosed with GP. The significant association between
SIBO and GP is especially striking, given that our
study failed to reveal a similarly significant association
between SIBO and other conditions that alter gut
motility and are co-morbid with GP, including diabetes,
hypothyroidism, connective tissue diseases, and use of
[44]
narcotics or anticholinergic medications .

Association of IBS and SIBO

Our analyses did not establish an independent asso
ciation between a +XBT and IBS. One well-known
study has suggested that since patients with IBS
are more likely than controls to receive PPIs, failing
to account for their influence may have contributed
to a lack of significant association between IBS and
[28]
SIBO . However, while many IBS patients in our
study were prescribed PPIs (49%), no significant
difference distinguished patients taking a PPI with a
+XBT from those with a -XBT, suggesting this lack
of association may be unrelated to concurrent PPI
usage. This finding is consistent with another recently
published study which also analyzed a large population
of patients presenting with SIBO symptoms and
[31]
controlled for PPI usage .
The role of SIBO in the development of IBS
and its subsequent treatment continues to be
highly contentious. Considerable overlap in patient
demographics and symptomatology of both diseases
has fueled this controversy, with one prominent study
suggesting up to 80% of patients with IBS have
[45]
SIBO . However, most studies associating SIBO with
IBS have also relied on limited specificity of diagnostic
[12,16,33]
tests
. In fact, the LHBT results used in these
studies may reflect more rapid orocecal transit times,
rather than IBS, especially in patients presenting with
[46]
diarrhea-predominant symptoms .

Associations of age, gender, and BMI with SIBO

Our analyses found female gender to be highly asso
ciated with a +XBT, consistent with results from other
[6,32]
[6]
studies
. Although one of these prior studies
attributed the increased prevalence of SIBO among
women to the higher prevalence of IBS in females,
we did not find a significant association between
IBS and a +XBT. However, our study was able to
establish a significant association between GP and
SIBO, a condition also more common in the female
[29]
population .
Increasing female (but not male) age was also
associated with the presence of SIBO. This association
may result from the prevalence of small intestinal
dysmotility, GP, immunosuppression, and previous
abdominal surgery in an aging population, all of
which were analyzed in this study. We do not have
an explanation for a lack of association between
increasing age in males and SIBO. Nevertheless, our
study provides a preliminary indication that changes
in gut microbiota may occur with advanced age and
lead to GI complaints which can be differentiated
as SIBO rather than other benign, age-associated
[33-35]
conditions
.
Our analysis also uncovered an inverse association
between BMI and the presence of SIBO. One potential
explanation for this association could be that SIBO can
[36,37]
causes malabsorption and weight loss
. However,
multiple studies suggest that alterations in enteric flora
[38-41]
can impact BMI
, suggesting the possibility that
this relationship may be much more complex. This
association warrants further review.

Association of steroid use and SIBO

Steroid use and SIBO may be associated as our study
suggested a strong association between steroid use
and a +XBT (7% in + XBT vs 3% in -XBT, P = 0.01).
In an already predisposed individual, steroid-indu
ced immune dysregulation may impair gut mucosal
immunity through bacterial adherence to intestinal
[47,48]
mucosa and decreased serum Immunoglobulin A
,
leading to overgrowth of undesirable bacteria. The
widespread usage of glucocorticoids warrants a future
well-designed study specifically focusing on their
impact on gut microflora.
Steroids have also been shown to be a risk factor for
PUD which was positively associated with SIBO. It is also
possible that the use of steroids may contribute to the
hypothesized increased prevalence of SIBO in patients
with inflammatory conditions including connective
[49]
[50]
tissue diseases, CD , and uc , although this was
not directly observed in our study. Nevertheless, it is
difficult to determine the extent to which steroids play
a role as inflammatory bowel disease can intrinsically

Association of gastroparesis and SIBO

Our study found a significant association between
a +XBT and a prior diagnosis of GP (P = 0.01).
SIBO in patients with GP may stem from impaired
phase Ⅲ migrating motor complexes, resulting from
malfunctioning interstitial cells of Cajal leading to
[42,43]
intestinal stasis
. Given the significant overlap
in upper GI symptoms with SIBO and GP, clinicians
should have a high suspicion for SIBO in patients

WJG|www.wjgnet.com

4579

April 21, 2015|Volume 21|Issue 15|

Schatz RA et al . Predisposing factors for a positive XBT
disrupt normal intestinal physiology and flora. Higher
rates of intestinal surgeries in these patients may
promote gut dysmotility and stasis, while ileocecal (IC)
valve resection in patients with extensive ileal or right
sided colonic involvement can result in the pathological
translocation of colonic flora.

be interpreted in light of the fact that the XBT positivity
cannot 100% confirm SIBO.
In conclusion, this study uses the largest cohort to
date of 932 subjects reporting symptoms consistent
with SIBO, and analyzes the patient characteristics
and their associations with risk factors for developing
SIBO. Our study found the female gender to be the
single most highly associated variable with SIBO, and
females with a positive test were also significantly
older than those with a negative test. Other associated
conditions were a lower BMI, GERD, PUD, GP, and
steroid use. In contrast, our analysis failed to uncover
associations between SIBO and a history of IBS or
narcotic or PPI usage.

Association of abdominal surgeries and SIBO

Some abdominal surgeries have been thought to
predispose patients to SIBO, largely secondary to
adhesions, anatomical stasis, or IC valve incompetence.
However, we were unable to confirm any significant
association in our cohort. This outcome may stem
from the limited number of patients in the study
population with a history of Billroth procedures,
Nissen fundoplication, or gastric bypass surgery.
However, the association between hysterectomy and
+XBT approached statistical significance (P = 0.07).
This finding may be confounded by the fact that
hysterectomies tend to be most commonly performed
in older, postmenopausal females with abdominal pain
and vaginal bleeding.
While other abdominal surgeries were not signifi
cantly associated with SIBO, substantial numbers
of patients with both +XBT (18.5%) and -XBT
(30.1%) who reported symptoms consistent with
SIBO had previously undergone appendectomy or
cholecystectomy. Unfortunately, our analyses were
unable to account for patients who had previously
undergone right-sided hemicolectomy. As alluded to
earlier, this may potentiate the translocation of colonic
flora to the small intestine by eliminating the ileocecal
valve, specifically increasing the concentration of
[51]
gram-negative and anaerobic species . This, in light
of another new study demonstrating the association of
low ileocecal valve pressure with SIBO, highlights the
need to specifically address ileocecal resection itself
as a possible risk factor for SIBO, particularly in the
[52]
setting of inflammatory bowel disease .
Although we did our best to limit bias by studying
a series of consecutive patients, we acknowledge
several study limitations given its retrospective
design. This may present a selection or referral bias
as all subjects in the study were potentially referred
to the motility laboratory by different GI specialists
with clinical symptoms of SIBO. For example, this
cohort may present more severely on average than
those seen in the community. In addition to sampling
biases, there may be a lack of statistical power for
each specific factor in relation to a positive XBT.
For instance, not observing significance in the male
population might be due to the small sample size for
male gender in this study. The retrospective nature
of the study also limited the analysis of associations
across all patients with SIBO and IBS, SIBO and PPI
or narcotic use, as well as data indicative of patients’
potential vitamin deficiencies or loss of muscle mass.
Furthermore, these findings, similar to many studies
relying on breath testing for diagnosing SIBO, should
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Background

Small intestinal bacterial overgrowth (SIBO) is a debilitating gastrointestinal (GI)
motility disorder with several possible predisposing factors for its development
including irritable bowel syndrome, inflammatory bowel disease, use of proton
pump inhibitors, GI surgeries and systemic conditions such as hypothyroidism
and diabetes. Given the overlap of symptoms of SIBO with other common
GI conditions, it is important to consider these predisposing conditions and
consider SIBO as an explanation for ongoing symptoms of bloating, abdominal
pain, diarrhea, constipation and weight loss.

Research frontiers

These large retrospective cohort of 932 patients from the motility laboratory
uses the D-Xylose breath test (XBT) database to identify specific conditions
found to be more associated with SIBO. The XBT is a validated method for
testing for the presence of SIBO with good specificity and sensitivity when
compared to the gold standard small bowel aspirate.

Innovations and breakthroughs

This large database addresses the clinical importance of discovering variables
more commonly associated with SIBO to help clinicians determine which patient
population is more vulnerable to development of overgrowth, which to then test
for this condition, and perhaps which to avoid using steroids or narcotics unless
absolutely necessary. The population most at risk for SIBO is the elderly female
with a normal to low body mass index. Moreover, patients with gastroparesis,
peptic ulcer disease, and gastroesophageal reflux disease more commonly had
SIBO independent of proton-pump inhibitor (PPI) therapy. Interestingly, PPI use
and IBS were not associated with SIBO.

Applications

All findings stress the importance of testing for SIBO in the at risk population
and identifies specific medical conditions and medications which predispose to
SIBO.

Terminology

D-Xylose is a freely soluble, hydrophilic pentose sugar absorbed in the proximal
small intestine and partially absorbed and excreted in the urine. Intestinal
catabolism of D-Xylose to 14CO2 depends upon gut transit and the bacterial
population of the small intestine. These properties allow the XBT to be useful
in the evaluation and diagnosis of intestinal malabsorption and inappropriate
translocation of intestinal flora.

Peer-review

This paper is interesting. Although these data were gathered in a retrospective
manner via an electronic records search, the sample size is impressive
nonetheless. the paper is well-written and the statistical methods are
appropriate.
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Abstract
AIM: To establish a prognostic formula that distinguishes
non-hypervascular hepatic nodules (NHNs) with higher
aggressiveness from less hazardous one.
METHODS: Seventy-three NHNs were detected in
gadolinium ethoxybenzyl diethylene-triamine-pentaaceticacid magnetic resonance imaging (Gd-EOB-DTPA-MRI)
study and confirmed to change 2 mm or more in size and/
or to gain hypervascularity. All images were interpreted
independently by an experienced, board-certified
abdominal radiologist and hepatologist; both knew that
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the patients were at risk for hepatocellular carcinoma
development but were blinded to the clinical informa
tion. A formula predicting NHN destiny was developed
using a generalized estimating equation model with
thirteen explanatory variables: age, gender, background
liver diseases, Child-Pugh class, NHN diameter, T1weighted imaging/T2-weighted imaging detectability, fat
deposition, lower signal intensity in arterial phase, lower
signal intensity in equilibrium phase, α-fetoprotein, des-γcarboxy prothrombin, α-fetoprotein-L3, and coexistence
of classical hepatocellular carcinoma. The accuracy of the
formula was validated in bootstrap samples that were
created by resampling of 1000 iterations.

Kanefuji T, Takano T, Suda T, Akazawa K, Yokoo T, Kamimura
H, Kamimura K, Tsuchiya A, Takamura M, Kawai H,
Yamagiwa S, Aoyama H, Nomoto M, Terai S. Factors predicting
aggressiveness of non-hypervascular hepatic nodules detected
on hepatobiliary phase of gadolinium ethoxybenzyl diethylenetriamine-pentaacetic-acid magnetic resonance imaging. World J
Gastroenterol 2015; 21(15): 4583-4591 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4583.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4583

RESULTS: During a median follow-up period of 504 d,
73 NHNs with a median diameter of 9 mm (interquartile
range: 8-12 mm) grew or shrank by 68.5% (fifty
nodules) or 20.5% (fifteen nodules), respectively,
whereas hypervascularity developed in 38.4% (twenty
eight nodules). In the fifteen shrank nodules, twelve
nodules disappeared, while 11.0% (eight nodules) were
stable in size but acquired vascularity. A generalized
estimating equation analysis selected five explanatories
from the thirteen variables as significant factors to
predict NHN progression. The estimated regression
coefficients were 0.36 for age, 6.51 for lower signal
intensity in arterial phase, 8.70 or 6.03 for positivity
of hepatitis B virus or hepatitis C virus, 9.37 for desγ-carboxy prothrombin, and -4.05 for fat deposition.
A formula incorporating the five coefficients revealed
sensitivity, specificity, and accuracy of 88.0%, 86.7%,
and 87.7% in the formulating cohort, whereas these of
87.2% ± 5.7%, 83.8% ± 13.6%, and 87.3% ± 4.5% in
the bootstrap samples.

According to the International Agency for Research on
Cancer, primary liver cancer is the fifth and seventh
most common cancer in men and women worldwide
(7.9% and 6.5% of all cancers), respectively, and the
third most common cause of cancer-related death.
A periodic follow-up observation for patients with
chronic liver diseases, especially for cirrhotic liver using
imaging modalities and tumor markers, is considered
to aid in the detection of hepatocellular carcinoma
(HCC) at its early stages, leading to the improvement
[1]
of overall survival . With the goal of earlier detection
of hepatocyte transformation, several hepatocytespeciﬁc MRI contrast agents have been investiga
ted. Gadolinium ethoxybenzyl diethylene-triaminepentaacetic-acid (Gd-EOB-DTPA) was introduced in the
clinic in 2007.
The lipophilic modification of Gd-DTPA, which is a
[2]
contrast medium solely for extracellular perfusion ,
consisting of a covalent linkage with ethoxybenzyl
moiety has allowed both extracellular hemodynamics
and hepatocyte function to be explored using one
[3]
contrast medium in MRI . Gd-EOB-DTPA is actively
taken up by hepatocytes, followed by excretion into
bile juice. A phase Ⅰ study has revealed that liver
parenchyma is immediately enhanced after the
injection of Gd-EOB-DTPA reaching a peak intensity
10 to 20 min after the injection, which is sustained for
more than 2 h, the so-called hepatobiliary phase, in
[4]
volunteers with normal functioning liver parenchyma .
Organic anion-transporting polypeptide 1B3 and
multidrug-resistant proteins are responsible for
hepatocyte uptake and excretion, respectively, of the
[5]
contrast medium .
Imaging of hepatocytes by EOB uptake can detect
a focal liver lesion with less signal intensity based on
a functional deviation of hepatocytes through their
[6]
transformation process . Although most classical HCCs
[7]
reveal less signal intensity in the hepatobiliary phase ,
it is still under debate whether non-hypervascular
hepatic nodules (NHNs), which are detected in the
hepatobiliary phase but not enhanced in the arterial
phase (as is the case for classical HCC), are destined
to result in overt HCC. This study aims to establish
a prognosticator that allows clinicians to determine
NHNs with a higher potential to become an overt HCC
by means of grow and/or gain hypervascularity as a

INTRODUCTION

CONCLUSION: These data suggest that the formula
helps Gd-EOB-DTPA-MRI detect a trend toward hepatocyte
transformation by predicting NHN destiny.
Key words: Hepatocellular carcinoma; Magnetic resonance
imaging; Ethoxybenzyl moiety; Non-hypervascular hepatic
nodule; Fate prediction
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This manuscript features a way of efficient
prediction of fate for non-hypervascular hepatic
nodules, which appear to be frequently detected
after the introduction of gadolinium ethoxybenzyl
diethylene-triamine-pentaacetic-acid in a magnetic
resonance imaging study. A statistical analysis based
on the interpretation of magnetic resonance imaging
and regular clinicopathological factors lead to the
development of a formula with an accuracy of 87.7%
and 87.3% in the formulation and validation samples.
Furthermore, the authors have developed a convenient
application to evaluate the fate of non-hypervascular
hepatic nodules through internet (http://www.med.
niigata-u.ac.jp/in3/resident/NHN.html), which requires
inputting only five factors.
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surrogate marker.

clinical information. At first each doctor separately
marked all hypointense lesions showing a round or
oval distinct shape in the hepatobiliary phase. Then,
candidate NHNs were decided after excluding the
lesions corresponding to any of following criteria: (1)
hypervascularity in an arterial phase; (2) delayed
enhancement; (3) strong high intensity on T2WI;
and/or (4) a size of less than 5 mm. If there was any
discordance between two interpreters, the lesion was
reviewed to reach a consensus. Finally, all candidate
NHNs were recorded in three-dimensional coordinates
of Gd-EOB-DTPA-MRI image space, so that NHNs could
be precisely located in future MRI studies.

MATERIALS AND METHODS
Patients and nodules

The institutional review board of our institution, which
did not require informed consent for a retrospective
study using medical records or imaging examinations,
approved the present study. In total, among 236
consecutive patients, who underwent 375 Gd-EOBDTPA-MRI studies in a screen of chronic liver diseases
between May 2008 and January 2010, we qualified 73
NHNs of 29 patients (17 males, median age 68 years,
and 12 females, median age 74 years) out of 141
candidate NHNs in 48 patients (see image analysis)
that were valid for the present retrospective study.
Our inclusion criteria were that a subsequent GdEOB-DTPA-MRI revealed a definite vascularity and/or
size change without any treatment; hypervascularity
in the arterial phase; and/or a size alteration of 2
mm or more. Because neither size increase nor gain
hypervascularity in a certain period of time may
not always connect with innocent nodules, a stable
nodule in terms of size and vascularity were purposely
excluded from further analyses. The characteristics of
NHNs are summarized in supplementary table 1. The
modality to evaluate NHN size and vascularity in this
study was restricted to Gd-EOB-DTPA-MRI in order to
exclude a potential variation due to the modality used.
The valid NHNs were further classified into one of two
groups, progressed or resolved, in which NHNs showed
enlargement/hypervascularity or size reduction without
vascularization, respectively.

Serum biochemistry and histological examination

HBsAg and anti-HCV antibody were detected by a
chemiluminescence immunoassay using ARCHITECT
HBsAg QT and ARCHITECT HCV (Abbott Japan Co. Ltd.,
Chiba, Japan), respectively. Routine blood biochemistry
was measured to determine Child-Pugh classification in
the clinical laboratories of our hospital, where a quality
control of each test is routinely performed every day.
Total and Lens culinaris agglutinin A-reactive
α-fetoprotein (AFP) concentrations in the serum were
quantified by a liquid-phase binding assay system
(LiBASys; Wako Pure Chemical Indus-tries Ltd.,
Osaka, Japan). L3 was calculated as a percentage of
Lens culinaris agglutinin A-reactive species against
total AFP. Serum des-γ-carboxy prothrombin (DCP)
was measured using an electro-chemiluminescence
immunoassay (Wako Pure Chemical Industries Ltd,
Osaka, Japan).
Two expert histologists separately gave a histo
logical diagnosis of HCC based on microscopic obser
vations of tissues stained with hematoxylin and eosin,
silver, iron, periodic acid-Schiff, periodic acid-Schiff
with diastase digestion, and azan.

Gd-EOB-DTPA-MRI

MRIs were performed using a 1.5-T system [Signa
HDxt 1.5T (GE Medical Systems, Waukesha, United
States), an Achieva Nova Dual 1.5T (PHILIPS,
Amsterdam, Netherlands)], or a 3-T system [Magnetom
Verio (SIEMENS, Berlin, Germany)]. For all patients,
unenhanced MRI evaluations [T1-weighted imaging
(T1WI) and T2-weighted imaging (T2WI) with fat
suppression] were performed prior to a dynamic study
under the conditions described in Table 1. During
the dynamic study, each patient was intravenously
administered 25 μmol/kg (0.1 ml/kg) of Gd-EOB®
DTPA (Primovist , Bayer Holding Ltd., Osaka, Japan)
in 5 seconds with the saline injection at the same rate
for 35 seconds. Dynamic contrast-enhanced MRIs
were initiated approximately 5, 60, and 100 s after the
beginning of the aortic enhancement. The images at
the hepatobiliary phase were obtained 20 min after the
injection.

Statistical analysis

Univariate comparisons of categorical data or metric
variables between progressed and resolved NHNs
were performed using a chi-square or Mann-Whitney
U test, respectively. Generalized estimating equation
(GEE) models were used for primary analyses
that examined the relation between NHN fate and
clinicopathological factors in association with either an
individual or each nodule. An exchangeable matrix and
logit were selected for a working correlation matrix
structure and link function, respectively. For validation
of the equation, a bootstrap randomization test was
conducted on individual but not nodule data. We ran
1000 iterations to compare sensitivity, specificity,
negative predictive value (NPV), positive predictive
value (PPV), and accuracy for the prediction of NHN
progression. All analyses were conducted using
GraphPad Prism 6 software (GraphPad Software Inc.,
La Jolla, United States), except for the multivariate
analysis, which was performed with PASW statics
17.0 (SPSS Inc., Chicago, United States). A two-sided

Image analysis

All images were interpreted independently by an
experienced, board-certified abdominal radiologist
and hepatologist; both knew that the patients were
at risk for HCC development but were blinded to the
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Table 1 Magnetic resonance imaging study conditions

Unenhanced T1WI

T2WI

Enhanced

Dynamic

TR (ms)
TE (OP/IP) (ms)
Number of exitation
Field of view (cm)
Matrix
Slice thickness (mm)
TR (ms)
TE (ms)
Number of exitation
Field of view (cm)
Matrix
Slice thickness (mm)
TR (ms)
TE (ms)
Number of exitation
Flip angle (degree)
Field of view (cm)
Matrix
Slice thickness (mm)

Signa HDX 1.5T

Achiva Nova Dual 1.5T

Magnetom vario

175.79
2.2/4.6
1
35
288 × 214
6
Breath synchronization
88.62
2
35
320 × 192
6
3.83
1.65
1
12
35
320 × 192
2.5

189.93
2.3/4.6
1
35
288 × 214
6
Breath synchronization
90
2
35
320 × 245
6
3.93
1.93
1
12
35
320 × 192
2.5

190
1.49/2.64
1
35
256 × 208
6
Breath synchronization
85
2
35
512 × 319
6
2.77
1.14
1
12
35
320 × 182
2.5

T1WI: T1-weighted imaging; T2WI: T2-weighted imaging with fat suppression; TR: Repetition time; TE: Echo time; IP: In-phase; OP: Out-of-phase.

p-value less than 0.05 was considered statistically
significant.

vs 6.7%, p = 0.05). When a characteristic feature
was evaluated among patients and not among
nodules, the patients carrying progressed NHNs were
significantly older than the others (median: 75 years
vs 51 years, p = 0.0004) (Figure 4C). Furthermore,
serum albumin concentrations were 3.7 g/dl and 4.3
g/dl in the patients with progressed and resolved
NHNs, respectively, and were significantly lower in the
patients with progressed NHNs (Figure 4D, p = 0.008).
Serum AFP concentration, which was expressed
logarithmically, tended to be higher toward significance
in patients with progressed NHNs than resolved NHNs
(1.28 vs 1.10, p = 0.09).

RESULTS
Natural course of non-hypervascular hepatic nodules

The basic characteristics of the NHNs are summarized
in supplementary Table 1. In a median follow-up
period of 504 d (IQR: 227-673 d), 68.5% or 20.5% of
73 NHNs were enlarged or reduced (including 16.4%
that disappeared) by 2 mm or more in diameter,
respectively, whereas the remaining 11.0% were
stable in size but acquired vascularity. Representative
images are shown in Figures 1 and 2. No NHN
that decreased in size developed hypervascularity,
whereas hypervascularity was depicted in 40.0% of
the enlarged NHNs. Figure 3A shows the actual size
distributions over the observation period. The median
diameter of the 73 NHNs was 9 mm (IQR: 8-12 mm)
at the initial detection. Tissue samples were obtained
from 6 of 58 progressed NHNs, cases #1-3, 12-1,
14-1, 19-5, 21-1, and 22-1 allocated in supplementary
table 1, and all of these tissues revealed a histological
diagnosis of HCC with high to moderate differentiation
(Figure 3B).

Prediction of progression in non-hypervascular nodules

As shown in Table 2, based on clinicopathological data
from 73 NHNs, estimated regression coefficient was
calculated by adapting a GEE model to predict a risk of
NHN progression for 13 variables: (1) age (years); (2)
gender (male/female); (3) background liver diseases
(HBV/HCV/others); (4) Child-Pugh class (A/B); (5)
NHN diameter (mm); (6) T1WI/T2WI detectability
(detectable/ambiguous); (7) fat deposition (yes/no);
(8) lower signal intensity in arterial phase (detectable/
ambiguous); (9) lower signal intensity in equilibrium
phase (detectable/ambiguous); (10) AFP (log10); (11)
DCP (log10); (12) AFP-L3 (%); and (13) coexistence
of classical HCC (never/it is or has been). As the final
result of GEE model analysis, 5 variables (age, lower
signal intensity in arterial phase, positivity of HBV or
HCV, DCP, fat deposition) were selected as significant
explanatory factors for NHN progression. The logit
value of NHN progression is calculated by the following
formula.
λ = 0.36 × Age + lower signal intensity in arterial
phase (detectable: 6.51) + Background (HBV: 8.70
HCV: 6.03: Others: 0) + 9.37 × log10 (DCP) + fat

Characteristics of progressive non-hypervascular
hepatic nodules

At first, we compared clinicopathological factors
between progressed and resolved NHNs using
univariate analyses. As shown in Figure 4A, NHNs
were detected with a significantly higher frequency
by T1WI and/or T2WI in progressed NHNs than in
resolved NHNs (43.1% vs 6.7%, p = 0.01). In the
arterial phase, progressed NHNs were also detected
as less attenuated nodules with a significantly higher
frequency than resolved NHNs (Figure 4B, 34.5%
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68 y.o. female

368 d

Hepatobiliary

B

T1WI

T2WI

In-out

Arterial

Equilibrium

Hepatobiliary

Arterial
70 y.o. female

164 d

Hepatobiliary

T1WI

T2WI

In-out

Arterial

Equilibrium

Hepatobiliary

Arterial

Figure 1 Representative gadolinium ethoxybenzyl diethylene-triamine-pentaacetic-acid magnetic resonance imaging of non-hypervascular nodules that
progressed over time. A: A non-hypervascular nodules (NHNs) approximately 10 mm in diameter was clearly detected in the hepatobiliary phase, as indicated
by an arrowhead in the area ventral to the scar of radiofrequency ablation. The NHN was also detected in T1-weighted imaging (T1WI), the arterial phase and the
equilibrium phase as a nodule with lower intensity. A fat deposition was unclear in the subtraction of in- and out-of-phase (In-Out) fat-suppressed T1WI. Approximately
1 year later, the NHN had grown to 20 mm in diameter and was partly enhanced in the arterial phase; B: A NHN approximately 8 mm in size was clearly visualized
in the hepatobiliary phase, as indicated by an arrowhead in segment 1. The corresponding low-intensity nodule was recognized in T1WI, as well as the equilibrium
phase, while a fat deposition was unclear. After approximately 5 mo, the NHN grew to 15 mm in diameter without an increase in the arterial supply.

deposition (yes: -4.05) - 40.81
According to receiver-operator characteristic curve
analysis showing 88.9% of area under the curve, a
cut-off value of λ was set at 0.5, which made 2 falsepositive and 7 false-negative judgments leading to
sensitivity, specificity, NPV, PPV, and accuracy to pick
up NHN that shows progressive character were 88.0%,
86.7%, 65.0%, 96.2%, and 87.7%, respectively. To
validate the accuracy of the formula, all 29 cases were
subjected to 1000 times resampling of a bootstrap
method: a repeated sampling of the same number of
cases with replacement. In the result, the averages
of sensitivity, specificity, NPV, PPV, and accuracy of
the resampled cohort were 87.2% ± 5.7%, 83.8% ±
13.6%, 61.8% ± 15.1%, 96.2% ± 2.6%, and 87.3%
± 4.5%, respectively.

characteristic hypervascularity of classical HCC, is not
[10]
always destined to become an overt HCC. Akai et al
[11]
and Kumada et al reported that 3.2% and 43.5% of
NHNs, respectively, turned into hypervascular nodules
in one year. Although the exact reason for the large
difference between these incidences is unclear, the
NHN size difference may be one of the causes, as the
tumor doubling time and initial tumor diameter were
[12,13]
correlated with each other
. The mean diameter
in the Akai cohort was 8.1 mm, whereas median
diameters of vascularized and non-vascularized NHNs
were 20 and 14 mm, respectively, in Kumada’s report.
The median diameter of the present study was 9.0
mm, and hypervascularity was confirmed in 37.0%
of NHNs during a median follow-up period of 504 d.
Because it is difficult to perform Gd-EOB-DTPAMRI frequently in a large cohort, both from the
patient’s point of view and because of the limited
availability of hospital equipment, it is hard to define
precisely when the vascularity appeared. However, it
may be reasonable to assume from those 2 studies
and the present study that roughly 30% of 10-mm
NHNs would gain vascularity in a year. Either way, it is
not likely that more than half of 10-mm NHNs progress
into a classical HCC in a year. Therefore, it is critical to

DISCUSSION
A deviation of the equilibrium between the uptake and
excretion of EOB due to hepatocarcinogenesis makes
it possible to distinguish transforming hepatocytes
as a lower-intensity nodule earlier than any other
[8,9]
available imaging modality . However, NHN, which
is detected in the hepatobiliary phase without the
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76 y.o. male

801 d

Hepatobiliary

B

T1WI

T2WI
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Arterial
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Hepatobiliary

70 y.o. female

164 d

Hepatobiliary

T1WI

T2WI

In-Out

Arterial

Equilibrium

Hepatobiliary

Figure 2 Representative gadolinium ethoxybenzyl diethylene-triamine-pentaacetic-acid magnetic resonance imaging of non-hypervascular nodules
that resolved over time. A: A non-hypervascular nodules (NHNs) was clearly detected at the surface of segment 6 in the hepatobiliary phase, as indicated by an
arrowhead in the area ventrolateral to a tiny cyst. The NHN was also revealed in the arterial and equilibrium phases as a lower-intensity nodule, while neither T1weighted imaging (T1WI) nor T2-weighted imaging visualized the NHN. A fat deposition was expected on the basis of higher intensity in the subtraction of in- and outof-phase (In-Out) fat-suppressed T1WI. After more than 2 years, the NHN was still there, but the diameter was reduced to less than 5 mm; B: The hepatobiliary phase
presented a 6-mm NHN at segment 8 in the vicinity of the diaphragmatic surface of the liver, as indicated by an arrowhead. The NHN could not be visualized in any
other sequence. A subsequent gadolinium ethoxybenzyl diethylene-triamine-pentaacetic-acid magnetic resonance imaging showed no nodular lesion in the same area
after approximately 5 mo. This NHN was detected together with the other NHN that is presented in Figure 1B.
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Figure 3 Size distribution over time and representative microscopic images of non-hypervascular nodules that progressed without hypervascularity. A:
The median diameter of 73 non-hypervascular nodules (NHNs) was 9 mm [interquartile range (IQR): 8-12 mm] at the first detection. Diameter was plotted against
time to show their growth/reduction rate during the study period. NHNs were classified into 3 groups based on vascularity and size changes in the observation period:
hypervascular, enlarged and reduced groups. In the hypervascular group, the vascularity in the arterial phase was confirmed at the endpoint in each case. NHNs
in the enlarged group grew at least 2 mm in diameter by the end of the observation, while the diameter decreased 2 mm or more in the reduced group; B: Tissue
samples were obtained from 6 of 58 progressed NHNs. Most specimens show thick (1: case #21-1 allocated in supplementary table 1) or thin (2: case #19-5 allocated
in supplementary table 1) trabecular patterns of tumor cells with nuclear crowding and hypercellularity, which were diagnosed as well-differentiated hepatocellular
carcinoma (HCC). One specimen (3: case #22-1 allocated in supplementary table 1) shows less-differentiated tumor cells with a vacuolated appearance and nuclear
irregularity; it was diagnosed as moderately differentiated HCC. (H and E: Each scale bar represents 50 µm.)
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Figure 4 Characteristics of non-hypervascular nodules clarified by univariate analyses. non-hypervascular nodules (NHNs) that were detected in the
hepatobiliary phase of gadolinium ethoxybenzyl diethylene-triamine-pentaacetic-acid magnetic resonance imaging were univariately characterized. NHNs were
classified into 1 of 2 categories, resolved or progressed, in which NHNs decreased by 2 mm or more in diameter without hypervascularity or increased by 2 mm or
more or gained an arterial supply, respectively. A: In 58 progressed NHNs, 43% were detected in T1-weighted imaging (T1WI) and/or T2-weighted imaging (T2WI)
(black box), whereas only 6.7% showed positive results in the resolved NHNs by T1WI and/or T2WI imaging, leading to a significantly higher detection rate among
progressed NHNs; B: In the arterial phase, progressed NHNs were detected as less attenuated nodules (black box) with significantly higher frequency than resolved
NHNs were (34.5% vs 6.7%, respectively, p = 0.05); C: The median patient age in the resolved NHN group was 51 years (IQR: 38-72 years), which was significantly
younger than the 75 years (IQR: 70-77.3 years) of the progressed group; D: Serum albumin concentration was significantly higher in the resolved NHN group, 4.3 g/dl
(IQR: 3.6-4.3 g/dl), than in the progressed group, 3.7 g/dl (IQR: 3.3-3.9 g/dl).

establish a strategy to differentiate progressive NHNs
from relatively indolent ones, which would enable us to
define a high-risk group and to provide a rationale for
further intensive investigations, including histological
evaluations.
It is important to define progressed and nonprogressed features properly to determine the
fate of NHNs. Previous studies solely employed
hypervascularity as a hallmark for progression in
[10,11]
NHN follow-up
. It is clear, however, that there are
HCCs that lack a hypervascular phenotype. Bolondi
[14]
et al
reported that the European Association
for the Study of the Liver’s imaging criteria for the
diagnosis of HCC, which require coincidental arterial
hypervascularity in contrast-enhanced ultrasound and
helical computed tomography, was satisfied in only
61% of 10- to 30-mm nodules detected by ultrasound
in cirrhotic liver. In fact, well-differentiated HCCs
were histologically diagnosed without hypervascular
features in 10 and 4 NHNs from the 68 excluded
and 73 included NHNs in our cohort, respectively.
Because the sensitivity rather than the specificity is
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primary importance for a screening study of Gd-EOBDTPA-MRI, the size increase should be incorporated
into the criteria of progressive NHN irrespective of
hypervascularity. Another important factor affecting
the establishment of a predictive formula is how to
handle NHNs that are stable in terms of vascularity and
size over a follow-up period. In previous reports, stable
NHNs were generally classified as non-progressive
nodules. It is hard to determine, however, how much
time is sufficient to judge a NHN as non-progressive
when the NHN does not significantly change in size
and/or vascularity. On the other hand, no NHN that
decreased by 2 mm in size showed a progressed
phenotype over the follow period in this study. To
avoid the risk of misreading the NHN prognosis and
mistakenly defining progressive NHNs as innocent
nodules, it would be preferable to exclude stable NHNs
from further analyses.
One limitation of our study is the relatively small
number of cases. The limited case number may have
resulted in an inadequate assessment of the biological
variability. It seems reasonable that age, lower signal
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Table 2 Multivariate analysis (generalized estimating equation)
Variable

Coefficient

95%CI

Age
EOB 1st
Background
Background
Log DCP
Fat

0.36
6.51
8.70
6.03
9.37
-4.05

0.17-0.54
2.93-10.09
3.36-14.04
1.34-10.71
1.25-17.49
-7.75 - -0.36

Size
Log AFP
Gender
EOB 2nd
T1/T2
L3
Child-Pugh
Classical HCC

-0.01
0.28
-0.87
0.82
2.52
-0.03
-1.74
3.60

-0.43-0.41
-2.67-3.24
-5.69-3.94
-1.05-2.69
-1.75-6.79
-0.19-0.13
-5.94-2.45
-0.43-7.63

Level of significance
< 0.01
< 0.01
< 0.01
0.01
0.02
0.03
0.97
0.85
0.72
0.39
0.25
0.70
0.42
0.08

Condition

1

Step

2

th

Detectable
HBV
HCV
Yes

Male
Detectable
Detectable
A
Never

8
8th
8th
8th
8th
8th
1st
2nd
3rd
4th
5th
6th
7th
8th

In each variable, which state shows a positive coefficient value for the prediction of disease progression; 2The number of steps where the corresponding
variables were included (above the blank line) or excluded (below the blank line) for generalized estimating equation analysis based on the level of
significance. EOB 1st: If a nodule could be detected with lower attenuation in the arterial phase of dynamic Gd-EOB-DTPA-MRI; Log DCP: A log10 value
of des-γ-carboxy prothrombin; Fat: If a nodule was judged to include fat deposition in MRI study; Log AFP: A log10 value of α-fetoprotein; EOB 2nd: If
a nodule could be detected in the equilibrium phase of dynamic Gd-EOB-DTPA-MRI; T1/T2: If a nodule could be detected in T1-weighted and/or T2weighted imaging of MRI study; L3: a percentage of Lens culinaris agglutinin A-reactive species against total AFP; HCC: Hepatocellular carcinoma; GdEOB-DTPA-MRI: gadolinium ethoxybenzyl diethylene-triamine-pentaacetic-acid magnetic resonance imaging.
1

intensity in arterial phase, positivity of HBV or HCV,
and DCP would affect NHN progression, based on
our current understanding of the risk for HCC. For
[15]
example, Shimada et al
reported that DCP level
was significantly higher in non-cancerous parts of
the liver when there were simultaneous multicentric
HCCs. On the other hand, the tumor diameter was
not incorporated in our NHN-progression prediction
[11]
formula. While Kumada et al
reported that NHNs
larger than 15 mm became a hypervascular nodule
more frequently than smaller NHNs, the estimated
regression coefficient for tumor diameter is small
(-0.01) in multivariate analysis, and the tumor size
was not a significant determinant even in univariate
analysis in our cohort. Because the median diameter
of NHNs in our cohort was 9 mm, substantially smaller
than 15 mm, NHN size may not be a key determinant
for NHN progression as long as the size is below a
specified threshold. Smaller NHNs may have a higher
potential for malignancy than larger NHNs because a
strong contrast due to a larger functional deviation in
EOB uptake and excretion should be required for the
detection of small NHNs, for example, those less than
10 mm. Furthermore, differences in the definition of
NHN progression may have caused some discrepancies
with previous studies. To clarify the significance of
these factors and to confirm the accuracy of our
formula, it is essential to perform a prospective study
using a larger cohort without any treatment except
for pure regional therapies, such as resection and/or
radiofrequency ablation. For convenient evaluation of
NHN fate, we are providing a free application on our
homepage as NHN Fate Predictor (http://www.med.
niigata-u.ac.jp/in3/resident/NHN.html).
We developed a formula predicting whether NHNs
will grow and/or gain vascularity in a couple of years.
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It is a hard task to differentiate two types of NHNs;
NHNs turn into overt HCC within a short period and
NHNs stay non-progressive for a substantial time.
Our formula would be useful for the management
of chronic liver diseases in guiding the necessity of
successive examinations and treatments for NHNs
detected by Gd-EOB-DTPA-MRI.
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COMMENTS
Background

In general, it is crucial to find a malignant tumor at an earlier stage with smaller
size to attain a preferable patient’s prognosis. A deviation of the equilibrium
between the uptake and excretion of gadolinium ethoxybenzyl diethylenetriamine-pentaacetic-acid due to hepatocarcinogenesis makes it possible for
magnetic resonance imaging study to visualize transforming hepatocytes as a
lower-intensity nodule earlier than any other available imaging modality. At 20
min or later after an injection of the gadolinium with an ethoxybenzyl moiety,
non-hypervascular hepatic nodules, which is detected a lower attenuation
nodule without the characteristic hypervascularity of classical hepatocellular
carcinoma, are frequently detected but are not always destined to become an
overt hepatocellular carcinoma. Therefore, it is critical to establish a strategy
to differentiate progressive non-hypervascular hepatic nodules from relatively
indolent ones, which would enable us to define a high-risk group and to provide
a rationale for further intensive investigations, including histological evaluations.

Research frontiers

Although the larger size of non-hypervascular hepatic nodules such as 15 mm
or larger was reported to be an indicative for the higher probability that a nonhypervascular hepatic nodule will gain vascularity in a near future. Because it
was known that the tumor doubling time and tumor diameter were correlated
with each other, it is reasonable to assume that a larger nodule would have the
higher probability to show the distinct characteristics of classical hepatocellular
carcinoma. However, the size of non-hypervascular hepatic nodules has been
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getting smaller and smaller such as less than 9 mm as the improvements of
magnetic resonance imaging technologies. In this setting, the size cannot be a
meaningful indicator any more, and a systematic approach is required to predict
the fate of small non-hypervascular tumor.

5

Innovations and breakthroughs

By means of applying a generalized estimating equation model and bootstrap
resampling strategy, the research team led by Takeshi Suda from Department
of Gastroenterology and Hepatology of Niigata University Medical and
Dental Hospital developed and validated a formula to predict the fate of nohypervascular hepatic nodule in a near future using readily available 5 clinical
factors. The authors included not only the gaining of hypervascularity but
also the size enlargement in the criteria of progressive characteristics of nonhypervascular nodules, because a substantial number of non-hypervascular
hepatic nodules were histologically proved to be hepatocellular carcinomas.
Furthermore, only the nodules that were confirmed to gain hypervascularity
and/or change more than 2 mm in size were subjected for the analyses to
minimize a false positive or negative judgment as indolent due to an insufficient
observation period.

6

7

8

Applications

Because the formula requests only five factors readily available in a regular
clinic, a physician can decide if the non-hypervascular hepatic nodule should
be simply followed or further intensively evaluated by using invasive modalities
such as biopsy at an outpatient clinic. At the same time, this formula makes it
possible to conduct a prospective evaluation of the fate of non-hypervascular
hepatic nodules in a large cohort. For convenient evaluation of NHN fate,
the authors are providing a free application of a NHN Fate Predictor on their
homepage (http://www.med.niigata-u.ac.jp/in3/resident/NHN.html).

9

Terminology

Gadolinium ethoxybenzyl diethylene-triamine-pentaacetic-acid (Gd-EOBDTPA) was introduced in clinic on 2007 with lipophilic modification of Gd-DTPA,
which is a contrast medium solely for extracellular perfusion. A covalent linkage
with ethoxybenzyl moiety has allowed both extracellular hemodynamics and
hepatocyte function to be explored using one contrast medium in a magnetic
resonance imaging study. Gd-EOB-DTPA is actively taken up by hepatocytes,
followed by excretion into bile juice.

10

11

Peer-review

This is a well-conducted study that developed a formula in helping to decide
how to treat non-hypervascular hepatic nodules. It is encouraged a future study
evaluating the prognostic value of the formula in a larger group of patients.
12
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Abstract
AIM: To evaluate whether individuals with gastric
cancer (GC) are diagnosed earlier if they have firstdegree relatives with GC.
METHODS: A total of 4282 patients diagnosed with GC
at National Cancer Center Hospital from 2002 to 2012
were enrolled in this retrospective study. We classified
the patients according to presence or absence of
first-degree family history of GC and compared age
at diagnosis and clinicopathologic characteristics. In
addition, we further classified patients according to
specific family member with GC (father, mother, sibling,
or offspring) and compared age at GC diagnosis
among these patient groups. Baseline characteristics
were obtained from a prospectively collected database.
Information about the family member’s age at GC
diagnosis was obtained by questionnaire.
RESULTS: A total of 924 patients (21.6%) had a firstdegree family history of GC. The mean age at GC
diagnosis in patients having paternal history of GC was
54.4 ± 10.4 years and was significantly younger than
in those without a first-degree family history (58.1 ±
12.0 years, P < 0.001). However, this finding was not
observed in patients who had an affected mother (57.2
± 10.0 years) or sibling (62.2 ± 9.8 years). Among
patients with family member having early-onset GC
(< 50 years old), mean age at diagnosis was 47.7 ±
10.3 years for those with an affected father, 48.6 ±
10.4 years for those with an affected mother, and 57.4
± 11.5 years for those with an affected sibling. Thus,
patients with a parent diagnosed before 50 years
of age developed GC 10.4 or 9.5 years earlier than
individuals without a family history of GC (both P <
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0.001).

at diagnosis in patients with or without a first-degree
family history of GC to determine whether patients
with a family history of GC are diagnosed earlier.

CONCLUSION: Early-onset GC before age of 50 was
associated with parental history of early-onset of GC.
Individual having such family history need to start
screening earlier.

MATERIALS AND METHODS
Patients

Key words: Gastric cancer; Family history; Family member;
Age at diagnosis; Screening

For this retrospective study we identified 5413 patients
with GC at the National Cancer Center Hospital in
South Korea using a prospectively collected database.
For all patients the diagnosis of gastric adenocarcinoma
was confirmed by histology from October 2002 to
December 2012.
We excluded 1131 patients who were inadequately
evaluated for cancer stage, Lauren’s classification,
family history, or age at diagnosis. Our final study
population consisted of 4282 patients (Figure 1).
The study protocol was approved by the Institutional
Review Board of the National Cancer Center, South
Korea (NCCNCS-13-820).
We classified the 4282 patients according to
presence or absence of first-degree family history of GC
and compared age at diagnosis and clinicopathologic
characteristics. In addition, we further classified
patients according to specific family member with GC
(father, mother, sibling, or offspring) and compared
age at GC diagnosis among these patient groups.

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

Core tip: A family history of cancer is associated with
earlier age of onset of several cancers, but not clear in
gastric cancer (GC). We found that individuals with a
paternal history of GC tended to diagnosis at younger
age than those patients without family history, also
individuals with a parent diagnosed before 50 years of
age developed GC about 10 years earlier than those
patients without family history. The finding that patients
with a parental history of GC, especially those who had
parents with early-onset GC, diagnosed at younger
age supports the need for early screening in these
individuals.
Kwak HW, Choi IJ, Kim CG, Lee JY, Cho SJ, Eom BW, Yoon
HM, Joo J, Ryu KW, Kim YW. Individual having a parent with
early-onset gastric cancer may need screening at younger age.
World J Gastroenterol 2015; 21(15): 4592-4598 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i15/4592.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i15.4592

Classification of patients according to first-degree
family member

Because we wanted to evaluate the influence of
paternal and maternal history separately, we excluded
patients with a family history of both parents
developing GC (n = 18). We defined patients with a
paternal history (n = 349, 37.8%) as those whose
father only was affected (n = 315) or both father and
sibling (but not mother) were affected (n = 34) (Figure
2). Similarly, we defined patients with a maternal
history (n = 229, 24.8%) as those whose mother only
was affected (n = 203) or both mother and sibling
(but not father) were affected (n = 26). We defined
patients with a sibling history as those whose sibling
(but not parents) was affected (n = 319, 34.5%).
Of the 16 patients who had offspring with GC, those
who also had other affected family members were
classified into the paternal, maternal, or sibling history
group. The remaining nine patients had offspring only
with GC; because of its small size, this subgroup was
excluded from analysis.

INTRODUCTION
A family history of cancer increases the risk of several
[1-3]
cancers . In addition, the earlier a family member
diagnosed to have a colorectal cancer, breast cancer,
ovarian cancer, prostate, and thyroid cancer, the
higher the risk of developing cancer for others in the
family. A family history of cancer is also associated
with earlier age of onset for colorectal cancer, breast
cancer, ovarian cancer, prostate cancer, and thyroid
[4-7]
cancer
. Taken together, these studies suggest
that individuals with a family history of colorectal,
breast, or ovarian cancer, especially with earlier age
of onset, should undergo screening earlier than the
[2,6,8-10]
[11]
normal population
and may require surgery or
[12]
chemoprevention to reduce their cancer risk.
Family history is also an important risk factor
for gastric cancer (GC). Studies have shown that
individuals with a family history of GC have a higher
[13-19]
risk of developing GC than controls (OR = 1.3-8.5)
,
and early diagnosis is associated with a higher GC risk
[20]
for other family members . However, the relationship
between family history and age at GC onset/diagnosis
is unclear. Therefore, in this study we compared age
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Definition of clinicopathologic variables

Age at diagnosis and clinicopathologic characteristics
were compared between patients with or without a
first-degree family history. Among the clinicopathologic
variables, current Helicobacter pylori (H. pylori)
infection was defined by positive histology or rapid
urease test (RUT) results, whereas past H. pylori
infection was defined by positive serology but negative
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Gastric adenocarcinoma
(n = 5413)

Excluded because of inadequate evaluation (n = 1131)
Cancer stage (n = 23)
Lauren’s classification (n = 955)
Family relationships or age at diagnosis (n = 153)

Complete evaluation of tumor
characteristics and family history
(n = 4282)

With first-degree family history
(n = 924)
21.6%

Without first-degree family history
(n = 3358)
78.4%

Figure 1 Flow diagram for classification of patients with gastric cancer based on the presence or absence of a first-degree family history.

Station, TX, United States). P < 0.05 was considered
significant. The statistical methods of this study were
reviewed by Jungnam Joo from Cancer Biostatistics
Branch, Nation Cancer Center, South Korea.

Mother

Father

n = 16

n = 315

n = 203

n =2

RESULTS

n = 26

n = 34

n = 319

Age at diagnosis and clinicopathologic characteristics
according to the presence of first-degree family history
of GC

Offspring
only

n =9

Figure 1 shows the flow diagram of patient inclusion and
classification. Age at diagnosis and clinicopathologic
characteristics of both groups are summarized in Table
1. Patients with a family history had smaller lesions
and more intestinal-type cancers than the patients
without a family history. However, overall mean age,
proportion of male patients, H. pylori infection status,
and cancer stage did not differ significantly between
groups.

Sibling

Figure 2 Classification of patients with gastric cancer according to
affected first-degree family members.

histology and RUT results. Negative H. pylori infection
was defined by negative results for all three tests
(histology, RUT, and serology).
Cancer was staged according to the TNM classification
on the basis of final pathology, abdominal computed
tomography, or endoscopic ultrasonography findings.
th
TNM classification was performed according to the 7
th
edition of the American Joint Committee on Cancer 7
[21]
cancer staging manual .

Age at diagnosis of gastric cancer according to affected
family member

Among patients with a first-degree family history of
GC, age at diagnosis was evaluated according to the
affected family member (Table 2). The mean age at
diagnosis was 54.4 ± 10.4 for patients with a paternal
history, 57.2 ± 10.0 years for patients with a maternal
history, and 62.2 ± 9.8 years for patients with a sibling
history (P < 0.001, one-way ANOVA), and each pair
of means differed significantly (P < 0.05, Tukey’s HSD
test). Patients with a paternal history were younger
at the time of diagnosis than those without a family
history. However, age at diagnosis for patients with a
maternal history did not differ significantly from that
of those without a family history, and patients with
a sibling history were older at diagnosis than those
without a family history.

Statistical analysis

χ 2 tests were performed to compare categorical
variables and evaluate the relationship between H.
pylori infection status and cancer stage. Independent
t-tests were performed to assess significant differences
between the means of two unrelated groups. Oneway analysis of variance (ANOVA) was performed to
compare the means of three unrelated groups. A posthoc test was done using Tukey’s honestly significant
difference (HSD) test. Analyses were performed
with the STATA version 10.0 (Stata Corp, College
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Table 1 Clinicopathologic characteristics of patients with or without a first-degree family history of gastric cancer n (%)
Total (4282)
Age at diagnosis, yr (mean ± SD)
Male
Female
Tumor diameter (mean ± SD)
Lauren’s classification
Intestinal
Diffuse
Mixed
H. pylori infection status
Current
Past
Negative
Not available
GC stage
Stage 1
Stage 2
Stage 3
Stage 4

With first-degree family history

Without first-degree family history

n = 924 (21.6%)

n = 3358 (78.4%)

P value

58.0 ± 11.8
2886 (67.4)
1396 (32.6)
4.0 ± 2.7

58.0 ± 10.7
620 (67.1)
304 (32.9)
3.8 ± 2.6

58.1 ± 12.0
2266 (67.5)
1092 (32.5)
4.2 ± 2.8

0.8971
0.8271

2251 (52.6)
1642 (38.3)
389 (9.1)

544 (58.9)
300 (32.5)
80 (8.6)

1707 (50.8)
1342 (40.0)
309 (9.2)

2851 (66.6)
622 (14.5)
536 (12.5)
273 (6.4)

612 (66.2)
114 (12.3)
119 (12.9)
79 (8.5)

2239 (66.7)
508 (15.1)
417 (12.4)
194 (5.8)

3009 (70.3)
568 (13.3)
476 (11.1)
229 (5.3)

679 (73.5)
114 (12.3)
92 (10.0)
39 (4.2)

2330 (69.4)
454 (13.5)
384 (11.4)
190 (5.7)

0.0041
< 0.0012

0.1742

0.0812

1

Independent t-test; 2χ 2 test. SD: Standard deviation; GC: Gastric cancer; H. pylori: Helicobacter pylori.

Table 2 Age at diagnosis and clincopathologic characteristics of patients with gastric cancer according to affected first-degree family
member n (%)
P value

Father

Mother

Sibling

n = 349 (37.8%)

n = 229 (24.8%)

n = 319 (34.5%)

Father vs
mother

Father vs
sibling

Mother vs
sibling

54.4 ± 10.4
252 (72.2)
97 (27.8)
3.9 ± 2.8

57.2 ± 10.0
137 (59.8)
92 (40.2)
3.9 ± 2.4

62.2 ± 9.8
213 (66.8)
106 (33.2)
3.8 ± 2.4

0.0021
0.0022

< 0.0011
0.1272

< 0.0011
0.0952

0.9881
0.7642

0.6611
0.0032

0.6611
0.0212

191 (54.7)
130 (37.3)
28 (8.0)

132 (57.6)
81 (35.4)
16 (7.0)

205 (64.3)
80 (25.1)
34 (10.7)

0.5302

0.5192

0.8272

241 (69.1)
43 (12.3)
37 (10.6)
28 (8.0)

150 (65.5)
25 (10.9)
32 (14.0)
22 (9.6)

206 (64.6)
42 (13.2)
45 (14.1)
26 (8.2)

0.1932

0.7462

0.1862

254 (72.8)
41 (11.7)
35 (10.0)
19 (5.4)

166 (72.5)
28 (12.2)
30 (13.1)
5 (2.2)

235 (73.7)
43 (13.5)
27 (8.5)
14 (4.4)

Age at diagnosis, yr (mean ± SD)
Male
Female
Tumor diameter (mean ± SD)
Lauren’s classification
Intestinal
Diffuse
Mixed
H. pylori infection status
Current
Past
Negative
Not available
Gastric cancer stage
Stage 1
Stage 2
Stage 3
Stage 4
1

Independent t-test; 2χ 2 test. H. pylori: Helicobacter pylori.

Clinicopathologic characteristics of GC according to
affected family member

significantly among groups.

Age at diagnosis of patients who had a first-degree
family member with early-onset GC

Among patients with a first-degree family history of
GC, clinicopathologic characteristics were evaluated
according to the affected family member (Table 2).
The proportion of males was higher among patients
who had a paternal history compared with those
who had a maternal history. Intestinal-type GC was
more common among patients with a sibling history
compared with those who had a paternal history
or maternal history. However, mean tumor size, H.
pylori infection status, and cancer stage did not differ
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Age at diagnosis of patients who had a first-degree
family member diagnosed with early-onset GC (diagnosed
before the age of 50) was compared with the age at
diagnosis of patients without a first-degree family history
(58.1 ± 12.0) (Table 3). We found that the age at
diagnosis of patients who had a father with early-onset
GC or mother with early-onset GC was younger than
that of patients without a family history (both P < 0.001).
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diagnosis (10-year intervals) and compared age at
diagnosis between patients who had a first-degree
family member with early-onset GC and patients
without a first-degree family history of GC (Table 4).
The proportion of patients who were younger than
50 years at the time of diagnosis was higher among
those who had a father or mother with early-onset
GC compared with those without a family history.
However, the age at diagnosis of patients who had
a sibling with early-onset GC was similar to that of
patients without a family history.

Table 3 Age at diagnosis of patient with first-degree family
member diagnosed gastric cancer before and after 50 years old
Family member diagnosed
before 50 yr old
(n = 172)
Father

Family member diagnosed
after 50 yr old
(n = 752)

P value

55.3 ± 10.1
(n = 310)
58.2 ± 9.5
(n = 205)
64.3 ± 8.1
(n = 219)
58.8 ± 10.2

< 0.0011

47.7 ± 10.3
(n = 39)
48.6 ± 10.4
(n = 24)
57.4 ± 11.5
(n = 100)
54.6 ± 10.5

Mother
Sibling
Total

< 0.0011
< 0.0011
< 0.0011

1

Independent t-test. Data are presented as mean ± SD.

DISCUSSION
In this study, we evaluated whether patients with GC
who had a first-degree family history of the disease
were younger at the time of diagnosis. We found that
patients with a paternal history of GC were 3.7 years
younger on average at diagnosis than patients without
a family history. Patients whose fathers had earlyonset GC (diagnosed before 50 years of age) were
10.4 years younger at diagnosis than patients without
a family history, and those whose mothers had earlyonset GC were 9.5 years younger. We also found that
patients whose fathers had later-onset GC were 2.8
younger at diagnosis than patients without a family
history, although age at diagnosis of patients with
mothers or siblings with later-onset GC was similar to
that of patients without a family history.
There are several hypotheses for the relationship
between parent history of GC and age at diagnosis.
The sharing of environmental risk factors is one
possible explanation. The family is the core unit of H.
pylori transmission, and H. pylori is more prevalent
among family members of patients with GC. In
addition, similar dietary patterns such as high sodium
consumption may explain the increased risk of GC in
[22,23]
individuals with a family history of the disease
.
Although these factors could increase the risk of GC
among the family members, their relationship with
early onset of the disease remains unclear. In addition,
genes that control the inflammatory response may also
contribute to gastric cancer development. In particular,
polymorphisms in genes encoding the cytokines
interleukin-1β, interleukin-10, and tumor necrosis
factor-α have been reported to increase the risk of
gastric adenocarcinoma in family members of patients
with GC, possibly by inducing hypochlorhydria and
[24,25]
atrophic gastritis in response to H. pylori infection
.
In diffuse type gastric cancer, 1%-3% of cases
with familial clustering meet the criteria for hereditary
diffuse gastric cancer caused by CDH1 germline
mutations, which appears to increase the risk of early[26-28]
onset GC
. We were unable to evaluate tumor
histology of the family members because of the
retrospective nature of our study; however, hereditary
diffuse gastric cancer appears to be uncommon in
[29]
South Korea . In our study only 13 patients (1.4%)
of those with a family history of GC had three or more

Table 4 Age at diagnosis of patients with a first-degree family
member diagnosed with gastric cancer before 50 years of age
and patients without a first-degree family history n (%)
Patient’s age
at diagnosis,
(yr)

< 40
40-49
50-59
≥ 60
P-value1

Patients with family member
diagnosed before 50 yr of age

Patients without
a first-degree
family history

Father

Mother

Sibling

n = 39

n = 24

n = 100

n = 3358

10 (25.6)
13 (33.3)
10 (25.6)
6 (15.4)
< 0.001

5 (20.8)
8 (33.3)
6 (25.0)
5 (20.8)
0.004

7 (7.0)
19 (19.0)
31 (31.0)
43 (43.0)
0.573

239 (7.1)
610 (18.2)
854 (25.4)
1655 (49.3)

1

Compared with patients without first-degree family history, χ 2 test.

However, the age at diagnosis of patients who had a
sibling with early-onset GC was not significantly different
from that of patients without a family history.

Age at diagnosis of patients with a first-degree family
member diagnosed before or after 50 years of age

Among patients with a first-degree family history of
GC, age at diagnosis was evaluated according to the
affected family member’s age at diagnosis (Table 3).
Patients who had a family member with early-onset GC
were also younger on average at the time of diagnosis
compared with patients whose family member had
later-onset GC (P < 0.001). Similar results were
obtained when evaluating age at diagnosis according
to GC diagnosis (< 50 years vs > 50 years) of the
father, mother, or sibling (all P < 0.001).
We also found that patients whose fathers had
later-onset GC were younger at the time of diagnosis
than patients without a first-degree family history.
However, age at diagnosis of patients whose mothers
had later-onset GC did not differ significantly from that
of patients without a first-degree family history, and
patients whose siblings had later onset GC were older
at the time of diagnosis.

Age at diagnosis of patients who had a first-degree
family member with early-onset GC vs those without a
first-degree family history

We then classified patients according to age at
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affected family members.
In our study, patients with a paternal history of
GC developed the disease earlier than patients with
other affected first-degree family members. In a study
[30]
of colorectal cancer, Lindor et al
explained that
preferential inactivation of the maternal X chromosome
could unmask the X-linked allele inherited from the
father that predisposes the daughter to develop cancer
at a younger age. Alternatively, individuals with a
family history of cancer may be younger at the time of
diagnosis because they are likely to undergo screening
earlier than the general population. For example,
[10]
Claus et al
reported that women with a family
history of breast cancer may be offered more intensive
[31]
surveillance. Kang et al
compared GC screening
rates, smoking rates, and dietary patterns (e.g.,
sodium, vitamin, and fiber consumption) between
individuals with or without a family history of GC and
found that although lifestyle factors (e.g., smoking,
diet) did not differ between two groups, those with
a family history of GC may undergo screening at a
younger age.
In older patients, intestinal-type GC is more
[32,33]
common than diffuse GC
. In addition, patients
with a family history of GC were more likely to have
intestinal-type GC than patients without a family
[34]
history . This relationship between histologic type
and age at diagnosis is consistent with our finding that
patients with a sibling history of GC, who were older
at the time of diagnosis than patients without a firstdegree family history, were more likely to develop
intestinal-type GC than diffuse or mixed type GCs (Table
2). Alternatively, patients with a sibling history may
develop intestinal-type GC because of lifestyle factors
such as H. pylori infection or diet.
[2,35]
[10,35]
Studies of colorectal cancer
, breast cancer
,
[35]
[35]
prostate cancer , and lung cancer , have found
that these cancers develop at a younger age in the
offspring of patients with early-onset cancer. These
[1]
findings were supported by Hemminki et al , who
also reported that age at diagnosis of colon, rectal,
uterine, or ovarian cancers in a parent was associated
with age at cancer diagnosis in their offspring. Our
study also showed that patients who had a parent with
early-onset GC were younger at the time of diagnosis
than patients without a first-degree family history. In
fact, diagnosis before the age of 40 occurred in more
than 20% of patients with a parental history of earlyonset GC but in only 7.1% of patients without a family
history of GC (Table 4). Therefore, we recommend that
patients who have a parent with early-onset GC begin
surveillance for GC before the age of 40.
Our study has several limitations. First, we obtained
information about the age at diagnosis of first-degree
family members using a questionnaire, without direct
confirmation. Although these answers rely on the
patient’s memory, family relationships in South Korea are
typically close, and age at the time of cancer diagnosis
in a family member was usually clearly remembered.
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Second, we didn’t evaluate genetic factors that could be
responsible for characteristics of GC.
The finding that patients with a parent history
of GC, especially those who had parents with earlyonset GC diagnosed before age of 50, were younger
at the time of diagnosis supports the need for earlier
screening in these individuals, beginning preferably
before the age of 40.
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Abstract
AIM: To investigate the influence of proton pump
inhibitors (PPIs) exposure on the diagnosis of Helicobacter
pylori (H. pylori ) gastritis and intestinal metaplasia.
METHODS: Chronic PPI use is associated with masking
of H. pylori infection. Patients with H. pylori infection
are predisposed to gastric and duodenal ulcers, and
long-term infection with this organism has been
associated with gastric mucosal atrophy and serious
long-term complications, such as gastric lymphoma and
adenocarcinoma. Three hundred patients diagnosed
with gastritis between January 2008 and April 2010
were included in our study. The computerized medical
database of these patients was reviewed retrospectively
in order to assess whether the type of gastritis diagnosed
(H. pylori vs non-H. pylori gastritis) is influenced by
PPI exposure. H. pylori density was graded as low, if
corresponding to mild density following the Updated
Sydney System, or high, if corresponding to moderate or
severe densities in the Updated Sydney System.
RESULTS: Patients were equally distributed between
males and females with a median age at the time
of diagnosis of 50 years old (range: 20-87). The
histological types of gastritis were classified as H. pylori
gastritis (n = 156, 52%) and non-H. pylori gastritis (n
= 144, 48%). All patients with non-H. pylori gastritis
had inactive chronic gastritis. Patients with no previous
PPI exposure were more likely to be diagnosed with H.
pylori gastritis than those with previous PPI exposure
(71% vs 34.2%, P < 0.001). Intestinal metaplasia
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was more likely to be detected in the latter patients
(1.4% vs 6.5%, P = 0.023). Multivariate analysis has
also demonstrated that in the presence of previous PPI
exposure (OR = 0.217, 95%CI: 0.123-0.385), GERD (OR
= 0.317, 95%CI: 0.132-0.763, P = 0.01), alcohol intake
(OR = 0.396, 95%CI: 0.195-0.804, P = 0.01), the
detection of H. pylori was less likely. Chronic use of PPIs
may mask H. pylori infections promoting the diagnosis
of non-H. pylori gastritis and leads to a significant
drop in H. pylori densities and to an increased risk of
intestinal metaplasia.

to their wide spectrum of indications, but mainly to
the common practice of self-medication with these
agents especially in developing countries. Profound
acid suppression by PPIs was shown to be associated
with masking H. pylori infections, the main cause of
[2]
chronic active gastritis and peptic ulcer disease . In
this context, it was reported that the use of a PPI over
an average of 6.5 days has turned Urea Breath Test
[3,4]
(UBT) negative in H. pylori positive subjects , and
that a minimum of a two-week period off the drug
[5]
was needed to avoid false negative UBT results .
These observations implicate serious consequences
as undetected H. pylori infection or persistent H.
pylori gastritis may lead to atrophic gastritis with
the development of intestinal metaplasia, dysplasia,
and increased risk of gastric adenocarcinoma as
well as gastric Mucosa-Associated-Lymphoid-Tissue
[6]
(MALT) lymphoma . Also, the use of PPIs among
patients with H. pylori gastritis was shown to cause
a change in the gastritis pattern, which shifted from
[7]
antral- to corpus-predominant gastritis , as well as
[8]
to an increased epithelial cell proliferation . H. pylori
eradication is therefore recommended to prevent
many of the complications associated with the longterm use of PPIs in patients harboring H. pylori
[9,10]
organisms
. However, lack of adherence to national
and international guidelines for H. pylori infection
treatment is not uncommon, and long-term PPI use
can contribute to under-diagnosis of H. pylori gastritis.
The long-term use of PPIs has also been linked to a
wide range of complications such as small intestinal
[11]
bacterial overgrowth (SIBO) , enterochromaffin[12]
[13]
like cells hyperplasia , and gastrin-cell tumors .
However, atrophic gastritis, a prominent risk factor for
gastric cancer, remains the most serious complication.
The current evidence concerning this complication is
contradictory. While PPIs were shown to be linked to
an accelerated onset of atrophic gastritis in the study
[14]
[15]
conducted by Kuipers et al , Lundell et al reported
the lack of effect of acid suppression therapy on gastric
atrophy.
The primary objective of our study is to determine
the effect of PPI exposure on the diagnosis of the
type of gastritis (H. pylori vs non-H. pylori gastritis),
H. pylori density, and intestinal metaplasia in patients
with gastritis documented by gastroscopic biopsy. On
the other hand, the effects of social habits on gastritis
type were also evaluated.

CONCLUSION: The use of PPIs masks H. pylori infection,
promotes the diagnosis of non-H. pylori inactive chronic
gastritis diagnosis, and increases the incidence of
intestinal metaplasia.
Key words: Gastritis; Diagnosis; Helicobacter pylori ;
Proton pump inhibitors; Social factors
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study investigates the influence of proton
pump inhibitors (PPIs) exposure on the diagnosis
of Helicobacter pylori (H. pylori ) gastritis in patients
undergoing endoscopic gastric biopsies. The study
findings revealed that in patients undergoing gastric
biopsies, the use of PPIs promotes the diagnosis of
non-H. pylori gastritis, is associated with lower H. pylori
densities and to increased risk of intestinal metaplasia
as compared with subjects with no PPI exposure.
These findings should urge health-care professionals
to consider the possibility of underdiagnosed H. pylori
gastritis in patients exposed to PPI.
Nasser SC, Slim M, Nassif JG, Nasser SM. Influence of proton
pump inhibitors on gastritis diagnosis and pathologic gastric
changes. World J Gastroenterol 2015; 21(15): 4599-4606
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4599.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4599

INTRODUCTION
Proton pump inhibitors (PPIs) are widely used among
patients experiencing symptoms of dyspepsia or
gastroesophageal reflux disease (GERD), which is a
common disorder affecting around one-third of adults
and requiring long-term maintenance therapy. PPIs
are also indicated in the treatment of peptic ulcer
disease (PUD) in combination with suitable antibiotics
for the eradication of Helicobacter pylori (H. pylori)
infection. In addition, this class of medications is
used for the treatment and prevention of NSAIDsinduced gastroduodenal ulcers and hypersecretory
[1]
conditions such as Zollinger-Ellison Syndrome . The
risk of inadequate use of PPIs is not only attributed
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MATERIALS AND METHODS
Three hundred and eleven patients with a pathologic
diagnosis of gastritis received between January
2008 and April 2010 were identified in the archives
of the pathology department in a Medical Center in
Beirut, Lebanon. Patients were then stratified based
on PPI exposure. Patients’ electronic charts were
reviewed. Demographic data, clinical presentation, and
pathologic findings were collected using appropriated

4600

April 21, 2015|Volume 21|Issue 15|

Nasser SC et al . Influence of PPIs on gastritis diagnosis
data collection sheets. The type of gastritis, intestinal
metaplasia, and H. pylori density were then correlated
with PPI use. Gastritis type was defined as H. pylori
gastritis or non-H. pylori gastritis, when H. pylori
organisms were not detected. H. pylori density
was graded as low, if corresponding to mild density
following the Updated Sydney System or high, if
corresponding to moderate or severe densities in
the Updated Sydney System. To avoid confounders,
all gastritis cases associated with specific etiologies
other than H. pylori, such as reactive gastropathy or
autoimmune gastritis, were excluded from the study.
As such, 11 cases of reactive gastropathy (chemical
gastritis) were excluded, and 300 cases of either H.
pylori gastritis or non-H. pylori gastritis were included.
All cases of non-H. pylori gastritis showed inactive
chronic gastritis. Knowing that long-term PPI therapy is
the mainstay treatment of GERD patients and is often
justifiable, analysis was performed on a subgroup of
patients after excluding those with GERD to control for
possible bias.
Data collection forms included patient’s demographic
information, past medical history, medication use, social
habits including alcohol intake, smoking, and exercise,
history of PPI or other acid- suppressive treatment with
emphasis on the specific PPI used, pathologic findings,
and clo test results.

when controlling for age, gender, exercise, smoking,
alcohol intake, and GERD. A 0.25 P value of the Wald
test from logistic regression was assumed as the cutoff point for selecting the covariates for the multivariate
analysis. Possible interactions between covariates of the
regression model were also evaluated. Hosmer-Leme
show statistic was calculated to evaluate the model’s
goodness-of-fit. Statistical analyses were performed
using SPSS version 18 software. P values below 0.05
were considered to be statistically significant.
The statistical methods of this study were reviewed
by the biostatistician, Dr. Hani Dimassi, Associate
Professor from the School of Pharmacy at the Lebanese
American University.

RESULTS
Three hundred patients, diagnosed with H. pylori
gastritis or non-H. pylori inactive chronic gastritis,
were equally distributed between males and females
with a median age of 50 years old (range: 20-87) at
the time of diagnosis. The most common symptoms
reported by patients upon presentation for endoscopy
were abdominal pain (50.7%), heartburn (12.30%),
and dyspepsia (11%). History of smoking, alcohol
intake, and exercise were identified in 42%, 20.70%,
and 32.70% of patients respectively (Table 1). The
most common medical problem identified among all
patients was hypertension 81 (27%) (Table 1). PPI use
was documented in 155 (52%) of the patients, 47% of
which were on rabeprazole. Of those on PPIs, 51% had
clear indications such as GERD (31%), gastritis (13.5%),
and peptic ulcer disease (6.5%), while 49% of the PPI
users had an undocumented diagnosis (Table 1).

Immunohistochemical detection of H. pylori gastritis

All H. pylori negative cases showing inactive chronic
inflammation were selected for Immunohistochemical
(IHC) staining with H. pylori antibodies. 5-μmthick tissue sections from formalin fixed paraffin
embedded gastric biopsy samples were mounted onto
charged glass slides. IHC staining was performed
after microwave antigen retrieval using citrate buffer
(Biogenex). Endogenous peroxidase activity was
blocked by incubating the slides in a solution of
hydrogen peroxide block (Biogenex). Slides were
incubated for 60 min at room temperature with readyto-use anti H. pylori monoclonal antibody (rabbit,
clone y236, Biogenex). Antibody binding was detected
by a Biotin-Strepatavidin detection system with
Diaminobenzidine as chromogen (Super-sensitive
link-label, Biogenex). Harris hematoxylin was used
as counterstain. Sections of gastric biopsy with H.
pylori organisms were run simultaneously as external
positive controls.

Effects of PPI exposure on H. pylori detection and
density, gastritis type, and intestinal metaplasia

Out of the 300 patients reviewed, H. pylori gastritis
was diagnosed in 156 patients (52%) and non-H.
pylori inactive chronic gastritis in 144 patients (48%).
Patients with previous PPI exposure were less likely to
have H. pylori gastritis compared to non-users (34.2%
vs 71%, P < 0.001). Therefore, the diagnosis of
non-H. pylori inactive chronic gastritis was significantly
more frequently established in patients with previous
PPI exposure (65.8% vs 29%, P < 0.001) (Table 2).
Moreover, patients diagnosed with H. pylori gastritis
with PPI use had significantly lower H. pylori densities
than those patients with H. pylori gastritis not using
PPIs (25.8% vs 35.9%, P < 0.001). Indeed, lowdensity H. pylori colonies were seen in 75.5% (40 out
of 53) of PPI users diagnosed with H. pylori gastritis;
thus high-density colonies were detected in only one
fourth of PPI users who were diagnosed with H. pylori
gastritis (Table 2). Also of significance, the presence
of intestinal metaplasia was higher among PPI users
(6.5% vs 1.4%, P = 0.023) (Table 2).
We considered the possibility that the high prevalence

Statistical analysis

Variables were summarized using frequencies and
percentages with the exception of age where the median
was used. The association between categorical variables
2
was evaluated using Pearson χ test or Fisher’s exact
test where the expected cell count was less than
5. The contribution of PPI use and social factors on
the detection of H. pylori was evaluated using binary
logistic regression and using a multivariate model
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Table 1 Baseline patient characteristics n (%)

Table 2

Characteristics

Value

Age, median (range), yr
Gender
Male
Female
Symptoms
Abdominal burn
Heart burn
Dyspepsia
Past medical history
Hypertension
Dyslipidemia
Diabetes mellitus
Hypothyroidism
Social habits
Smoking
Exercise
Alcohol intake
Medication history
Anti hypertensives
Anti dyslipidemics
Oral hypoglycemics
Sedatives
Anti-depressants
PPIs1
Indications for PPI use
Gastritis
GERD
GI ulcer
Undocumented diagnosis

50 (20-87)

Effect of proton pump inhibitors exposure on

Helicobacter pylori detection, density and intestinal metaplasia
n (%)

150 (50)
150 (50)

H. pylori gastritis
Inactive chronic gastritis
H. pylori density
Low density
High density
Intestinal metaplasia

152 (50.70)
37 (12.30)
33 (11)
81 (27)
53 (17.7)
36 (12)
9 (3)

Previous PPI
exposure
n = 155

No PPI
exposure
n = 145

P value

53 (34.20)
102 (65.80)

103 (71)
42 (29)

< 0.001
< 0.001

40 (25.80)
13 (8.38)
10 (6.50)

52 (35.90)
51 (35.17)
2 (1.40)

< 0.001
< 0.001
0.023

PPI: Proton pump inhibitor; H. pylori: Helicobacter pylori.

126 (42)
98 (32.7)
62 (20.7)

Table 3

Effect of proton pump inhibitors exposure on

Helicobacter pylori detection, density and intestinal

metaplasia following gastroesophageal reflux disease patients
exclusion n (%)

86 (28.7)
54 (18)
28 (9.3)
15 (5)
16 (5.3)
155 (51.7)

Gastritis
H. pylori gastritis
Inactive chronic gastritis
H. pylori density
Low density
High density
Intestinal metaplasia

21 (13.5)
48 (31)
10 (6.5)
76 (49)

P value

Previous PPI
exposure
n = 109

No PPI
exposure
n =143

44 (40.40)
65 (59.60)

101 (70.60)
42 (29.40)

< 0.0001

33 (75.0)
11 (25.0)
7 (6.40)

52 (51.50)
49 (48.50)
2 (1.40)

0.010
0.042

1

Proton pump inhibitors used: Rabeprazole (47%), esomeprazole (33%),
omeprazole (17%), others (3%). GERD: Gastroesophageal reflux disease;
PPIs: Proton pump inhibitors; GI: Gastrointestinal.

PPI: Proton pump inhibitor; H. pylori: Helicobacter pylori.

Table 4 Univariate analysis to determine the association
between age, gender, exercise, smoking, alcohol intake,
gastroesophageal reflux disease and previous proton pump
inhibitors exposure with the detection of Helicobacter pylori

of non-H. pylori gastritis patients in the group of PPI
users may be due to the fact that many of these patients
were taking PPI due to associated GERD and that gastritis
in those cases was an incidental finding. However, even
after the exclusion of patients with GERD diagnosis, there
was still a significant difference between the two groups
for the incidence of H. pylori detection (P < 0.0001),
intestinal metaplasia (P = 0.042), and H. pylori densities
(P = 0.01) as shown in Table 3.

Age
Gender
Exercise
Smoking
Alcohol intake
GERD
Previous PPI exposure

Results of IHC staining with H. pylori antibodies

Microscopic analysis of the immunostained slides
identified rare H. pylori organisms in only 1 of 144
cases previously diagnosed with non-H. pylori gastritis.

95%CI

P value

1.019
1.256
0.664
0.789
0.505
0.165
0.281

1.002-1.036
0.76-2.07
0.389-1.136
0.476-1.308
0.27-0.944
0.077-0.355
0.166-0.476

0.028
0.373
0.135
0.358
0.032
< 0.01
< 0.01

GERD: Gastroesophageal reflux disease; PPI: Proton pump inhibitor.

Results of the multivariate regression analysis,
shown in Table 5, demonstrate that increasing age was
linked to an increased likelihood of successful H. pylori
detection (OR = 1.022, 95%CI: 1.004-1.041). On the
other hand, the detection of H. pylori was less likely
in patients with previous PPI exposure (OR = 0.217,
95%CI: 0.123-0.385, P < 0.01), GERD (OR = 0.317,
95%CI: 0.132-0.763, P = 0.01), alcohol intake (OR =
0.396, 95%CI: 0.195-0.804, P = 0.01) or exercise (OR
= 0.721, 95%CI: 0.393-1.321).
The evaluation of the potential interactions
between the different independent variables revealed

Effect of social habits, gender, age, and on the detection
of H. pylori gastritis

Univariate analysis demonstrated significant asso
ciation between previous PPI exposure, age and
alcohol intake and detecting of H. pylori (results shown
in Table 4). Although the effect of exercise didn’t
reach statistical significance, it successfully fulfilled the
condition for its inclusion in the multivariate logistic
regression (Wald test P-value < 0.25). On the other
hand, gender and smoking were excluded from the
multivariate analysis.
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serology, and no previous treatment for H. pylori. They
reported that H. pylori negative gastritis was found
in 21% of their patients. In our study, using routine
diagnostic procedures and therefore reflecting usual
clinical practice, the rate of H. pylori negative gastritis
was 48%, which is much higher than that reported in
the aforementioned study. We, therefore, suggest that
a large proportion of gastritis cases with undetected
H. pylori organisms on routine histologic examination
may represent masked H. pylori gastritis, especially
given that our geographic location probably carries a
higher risk of H. pylori infection than that of the above
mentioned study. In our study, using an IHC detection
method, H. pylori organisms were detected in only
1 of 144 cases of H. pylori negative gastritis. This
low detection rate is in agreement with other studies
reporting that the use of ancillary staining techniques
does not improve significantly the detection of H. pylori
organisms over HE stain in gastric biopsies, even if H.
[26,27]
pylori infection was documented by other means
.
Nonetheless, while acknowledging this low-yield,
recent recommendations from the Rodger C. Haggitt
Gastrointestinal Pathology Society endorsed the use
of special stains including immunohistochemistry for
the detection of H. pylori gastritis in subsets of chronic
[28]
inactive gastritis .
Our study also determined that PPI exposure led
to a significant drop in H. pylori densities. This finding
was consistent with the investigations conducted by
[29]
[30]
Graham et al
and Gudlaugsdottir et al
which
was seen as early as one week after omeprazole
[4,29]
administration
. Similarly, in the cross-sectional
[30]
study conducted by Gudlaugsdottir et al , patients
using PPIs had significantly less H. pylori density
detected histologically in the antrum region compared
to non- users (P = 0.014).
The use of PPI was also associated with higher
occurrence of intestinal metaplasia in our patient
population. Such observation is consistent with the
outcomes of an experimental trial in Mongolian
gerbils, where long-term administration of PPI (6
mo) promoted significant development of intestinal
metaplasia in 93% of the sample taking PPI and who
in turn significantly developed adenocarcinoma (60%
[31]
in the PPI group vs 7% in the non-exposed group) .
[32]
Moreover, Hirschowitz et al
also observed intestinal
metaplasia in 1% of total isolated biopsies and 5% of
the 60 patients who were on long-term lansoprazole
therapy.
The association between inactive chronic gastritis
and PPI exposure is expected in a population residing
in a developing country where self-medication is
commonly observed especially for common conditions
as dyspepsia for a prolonged unnecessary period of
[33]
time . This was further revealed in data presented in
Table 1, where around half of patients were receiving
PPIs for an undocumented diagnosis.
We considered the possibility that the higher rate of

Table 5 Multivariate analysis to evaluate the effect of age,
exercise, alcohol intake, gastroesophageal reflux disease and
previous proton pump inhibitors exposure on the detection
of Helicobacter pylori

Age
Alcohol intake
Exercise
GERD
Previous PPI exposure

OR

95%CI

P value

1.022
0.396
0.721
0.317
0.217

1.004-1.041
0.195-0.804
0.393-1.321
0.132-0.763
0.123-0.385

0.017
0.010
0.289
0.010
< 0.01

GERD: Gastroesophageal reflux disease; PPI: Proton pump inhibitor.

the presence of significant interaction between GERD
and previous PPI exposure (OR = 0.165, 95%CI:
0.077-0.355, P < 0.01).

DISCUSSION
Our study demonstrated an inverse relationship
between PPI therapy and H. pylori detection. PPI
exposure seems to suppress the growth of H. pylori
leading to decreased likelihood of H. pylori gastritis
diagnosis. This finding is consistent with previous
[3-5,16]
studies
. H. pylori detection in our study was
based on histological and immunostaining methods.
Other studies utilizing UBT as the main method of
detecting H. pylori revealed false UBT-negative results
[4,5,17,18]
[19]
in around one-third of patients
. Dickey et al
concluded in their study that PPI use before endoscopy
was associated with lower sensitivity of antral and
corpus biopsies for the detection of H. pylori using
both urease testing and histological examination.
Although the exact mechanism is still unclear, several
hypotheses explaining this observation have been
postulated. One hypothesis attributes this observation
to a number of “characteristic PPI effects”, where PPIs
promote focally dilated oxyntic glands with flattened
or hypertrophic parietal cells protruding into their
lumen, in addition to the masking of organisms at
the gastric surface and promoting their presence in
somewhat obscured locations making the detection
of H. pylori difficult and thus causing false-negative
[2]
results . Another hypothesis is related to the elevation
of the intragastric pH caused by PPIs, making it an
unfavorable environment to H. pylori on one hand and
promoting the closure of urea channels on the other
[20-22]
hand
. In addition, a direct antimicrobial effect
of PPIs causing a further decrease in the H. pylori
load and thus making it more difficult to detect their
[23,24]
presence has been proposed
.
In our non-H. pylori gastritis group, the proportions
of true H. pylori negative gastritis and masked H. pylori
gastritis remain to be determined. Nordenstedt et
[25]
al
have addressed the prevalence of true H. pylorinegative gastritis. They required for their diagnosis
of H. pylori negative gastritis negative triple staining,
negative H. pylori culture, negative IgG H. pylori
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inactive chronic gastritis in PPI exposed patients might
be due to the inclusion in our study of patients with
GERD, whose gastritis may be an incidental finding.
However, after excluding 48 GERD patients from
the analysis, significant differences were maintained
between PPI users and non-users in terms of gastritis
type, H. pylori densities, and intestinal metaplasia.
Besides the chronic use of PPI, we assessed other
factors that might be associated with inactive chronic
gastritis. Thus, the effect of previous PPI exposure on
the masking of H. pylori diagnosis has been evaluated
in a multivariate logistic regression while controlling
for other possible confounding factors such as age,
gender, exercise, smoking, alcohol intake and GERD.
As a result, our model confirmed the significant
association between previous PPI exposure and H.
pylori masking (OR = 0.217, 95%CI: 0.123-0.385)
even after controlling for the possible confounding
factors (age, alcohol intake, exercise and GERD).
The increased likelihood of detection of H. pylori
with increasing age observed in our study (OR =
1.022, 95%CI: 1.004-1.041) is consistent with the
[34]
outcomes of the study conducted by Zevit et al ,
[35]
unlike the study conducted by Chen et al where age
and gender were not correlated with the detection of
H. pylori using UBT. Our study revealed the absence
of any significant correlation between gender and the
[34]
detection of H. pylori contrary to Zevit et al
who
showed increased positive outcomes in the female
gender. Our OR for the association between age and
H. pylori detection is approximately equivalent to what
[36]
was reported in the study conducted by Zhang et al
(OR = 1.03, 95%CI: 1.01-1.06).
A history of alcohol intake was also significantly
linked to a less likely detection of H. pylori. In a cross[37]
sectional study conducted by Murray et al
the
OR for H. pylori infection among consumers of 7–
13 units of alcohol/week was 0.83 (95%CI: 0.70–
0.98). The role of exercise has not been seen to
significantly affect the detection of H. pylori (OR =
0.721, 95%CI: 0.393-1.321). To our knowledge, there
are no published data concerning the potential effect
of exercise on the detection of H. pylori.
Our study was limited by the lack of access to the
accurate duration of previous PPI exposure in patients
known to have a positive history of PPI intake. This,
however, reflects the actual parameters under which
gastric biopsies are evaluated by pathologists in our
population. Additional limitations may include the
retrospective nature of our study. However, the random
selection of patients, the large sample size and the
wide time range during which the patients conducted
their gastroscopy may have offset some of these
limitations. Moreover, the effect of PPIs on gastritis
type, H. pylori density, and intestinal metaplasia
maintained a statistically significant difference despite
excluding 48 patients diagnosed with GERD.
In conclusion, our study suggests that the use of
PPIs masks H. pylori infection, promotes the diagnosis
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of non-H. pylori inactive chronic gastritis diagnosis,
and increases the incidence of intestinal metaplasia.
IHC stains using H. pylori antibodies do not appear
to significantly improve the detection of H. pylori
organisms in these patients. This highlights the need
for multidisciplinary health care intervention, where
increasing patient awareness regarding the unfavorable
outcomes associated with unmonitored long-term
use of PPIs should be widely addressed. An additional
approach would be considering switching the OTCavailable PPIs to prescription dispensed medications.
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Abstract
AIM: To describe a three-dimensional model (3DM)
to accurately reconstruct anatomic relationships of
centrally located hepatocellular carcinomas (HCCs).
METHODS: From March 2013 to July 2014, reconstructions
and visual simulations of centrally located HCCs were
performed in 39 patients using a 3D subject-based
computed tomography (CT) model with customdeveloped software. CT images were used for the
3D reconstruction of Couinaud’s pedicles and hepatic
veins, and the calculation of corresponding tumor
territories and hepatic segments was performed using
Yorktal DMIT software. The respective volume, surgical
margin, and simulated virtual resection of tumors
were also estimated by this model preoperatively.
All patients were treated surgically and the results
were retrospectively assessed. Clinical characteristics,
imaging data, procedure variables, pathologic features,
and postoperative data were recorded and compared to
determine the reliability of the model.
RESULTS: 3D reconstruction allowed stereoscopic
identification of the spatial relationships between
physiologic and pathologic structures, and offered
quantifiable liver resection proposals based on
individualized liver anatomy. The predicted values
were consistent with the actual values for tumor mass
volume (82.4 ± 109.1 mL vs 84.1 ± 108.9 mL, P =
0.910), surgical margin (10.1 ± 6.2 mm vs 9.1 ± 5.9
mm, P = 0.488), and maximum tumor diameter (4.61
± 2.16 cm vs 4.53 ± 2.14 cm, P = 0.871). In addition,
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the number and extent of portal venous ramifications,
as well as their relation to hepatic veins, were
visualized. Preoperative planning based on simulated
resection facilitated complete resection of large tumors
located in the confluence of major vessels. And most of
the predicted data were correlated with intraoperative
findings.

relatively accurate staging of hepatic tumor masses
is urgently required. In addition, such a model is also
crucial for determining appropriate treatment, guiding
operative strategy, and predicting the prognosis of
patients with centrally located HCCs.
The diagnosis of intrahepatic masses has significantly
changed over the past decade from the use of
invasive procedures such as angiography or biopsy
to noninvasive imaging including contrast-enhanced
ultrasound (US), multidetector-row computed
tomography (MDCT), and magnetic resonance imaging
(MRI). CT is the most commonly used imaging
modality in diagnosing intrahepatic masses due to its
widespread availability and short examination time,
and it was estimated that the overall accuracy of
MDCT for detection and characterization of HCC was
89% and 43%, respectively, compared with pathologic
[7]
examination . In addition, MDCT provides detailed
mapping and assessment of hepatic arteries, portal
veins, and hepatic veins, which can be reconstructed
to provide angiographic pictures and is able to replace
direct angiograms. However, the anatomic and
vascular pathologic details provided by the MDCT
scanners do not completely meet the requirements for
preoperative planning.
Considering the known difficulties of virtual
simulation of centrally located tumor masses by
radiologic imaging, we constructed a three-dimen
sional morphometric analysis model (3DM) of tumor
reconstruction with custom-made software, as
only a few studies have explored the accuracy and
[8-10]
.
reliability of data-processing using 3D models
A risk analysis was also included in the preoperative
planning by calculating the volume of tumor and
peritumor territories and visualizing the relationships
between the masses, portal veins, hepatic veins, and
bile ducts, which is essential for correctly defining the
hepatic segments, as well as the limits of a tumor
with wide variations in anatomy. Therefore, the
aims of this study were to describe a customized
application framework using Yorktal DMIT software
for the 3DM reconstruction and assessment of the
morphology of centrally located HCCs on the basis
of micro-CT data, and to analyze its reliability in preand intraoperative assessment.

CONCLUSION: This 3DM provides quantitative morpho
metry of tumor masses and a stereo-relationship with
adjacent structures, thus providing a promising technique
for the management of centrally located HCCs.
Key words: Centrally located; Hepatectomy; Hepatocellular
carcinoma; Liver; Three-dimensional model
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Relatively accurate and convenient measurements
of morphometric parameters of tumor masses using
radiology is important for planning surgical strategy,
especially for centrally located hepatic tumors, which
should be individualized in each patient with the aim
of preserving major vascular branches. In this study,
we describe a three-dimensional model to accurately
reconstruct the relationships between the tumor,
hepatic veins, and Glissonian pedicles for centrally
located hepatocellular carcinomas, which is essential for
correctly defining the hepatic segments and the limits
of tumors with wide variations in anatomy.
Tian F, Wu JX, Rong WQ, Wang LM, Wu F, Yu WB, An SL, Liu
FQ, Feng L, Bi C, Liu YH. Three-dimensional morphometric
analysis for hepatectomy of centrally located hepatocellular
carcinoma: a pilot study. World J Gastroenterol 2015; 21(15):
4607-4619 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i15/4607.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4607

INTRODUCTION
Centrally located hepatocellular carcinomas (HCCs)
are traditionally characterized as tumors in Coui
[1]
naud’s segments Ⅳ, Ⅴ, or Ⅷ of the liver . Extensive
major hepatectomy or mesohepatectomy often
[2-4]
offers the best chance of cure . However, extensive
hepatectomy may sacrifice a large amount of
functioning liver and result in suboptimal residual liver
volume, causing hepatic failure or death. The en bloc
[5]
resection of Goldsmith and Woodburne’s left medial
and right anterior segments or Couinaud’s segments
Ⅳ, Ⅴ, and Ⅷ (mesohepatectomy) have always been
satisfactory, but are technically demanding, and
often can not be performed safely or are associated
[6]
with a high risk of tumor recurrence . Therefore,
a mathematic finite element model which can
demonstrate the structural relationship and provide

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study participants

Fifty-three patients with complex centrally located HCC
masses referred to our institution for surgical treatment
from March 2013 to July 2014 were retrospectively
investigated in this study. We used a revised definition
for centrally located HCC, previously described as
“carcinoma adjoined to the porta hepatis, < 1 cm from
major vascular structures [including the inferior vena
cava (IVC), main portal branches, and main trunks of
the hepatic veins] and usually located in Couinaud’s
segment Ⅰ, Ⅳ, Ⅴ, Ⅷ, or at the junction of the central
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[11]

segments” . Patients were preoperatively selected
as suitable for hepatectomy by a multidisciplinary
team. All patients had undergone a preoperative
indocyanine green (ICG) test and surgical resection.
Patients with any of the following characteristics
were excluded: (1) evidence of extra- or intrahepatic
metastasis, satellitosis, multifocal tumors, and other
concurrent malignancy; (2) previous radiation,
transarterial chemoembolization, or surgery; (3)
palliative resection with residual tumor and nonHCC confirmed by postoperative pathology; and (4)
postoperative comorbidities due to anesthetic and
cardiovascular complications or technical factors. We
used the Barcelona Clinic Liver Cancer (BCLC) staging
classification for tumor staging and Child-Pugh criteria
for liver function evaluation. Tumors with vascular
adhesion, but not severe vascular invasion, were not
classified as BCLC stage C. The fibrosis score system
[12]
(0-6 scale) as defined by Ishak et al
was used to
assess liver fibrosis. A total of 39 patients met these
criteria.
All eligible patients were provided written informed
consent. This study was approved by the Ethical
Committee of the Cancer Institute and Hospital of
the Chinese Academy of Medical Science and was
performed in accordance with principles of Good
Clinical Practice and Declaration of Helsinki guidelines
(1975, revised in 1983).

can be established with different image modules (Figure
1), which can be combined with complex image
processing networks. Taken as a whole, the various
modules comprise a data-flow framework.

3D finite element modeling

The 3D simulation model was composed of Couinaud’
s segments Ⅰ-Ⅷ, portal and hepatic veins, inferior and
superior vena cava, abdominal aorta, splenic artery
and vein, and adjacent organs. The process consisted
of the following steps: (1) extracting the CT data from
each organ and accurate segmenting; (2) geometrical
measurement of the tumor, portal vein, hepatic vein,
and liver parenchyma and individual reconstruction; (3)
subtraction and calculation of the intrahepatic vessels
to separate the portal system from the hepatic venous
system; (4) reconstruction of relationships between
the tumor, hepatic veins, and Glissonian pedicles,
and geometrical quantification of the distances
between them; (5) volumetric measurements of the
liver, tumor, and imaged vessels; (6) calculation of
the vascular perfusion area in each area based on
direction and diameter of the hepatic vessels; and (7)
editing multiple resection patterns and performing
3D visualization of the results. The 3D images of
the above segments were then overlapped to create
integrated 3D images that showed tumor localization
and provided detailed hepatic vascular anatomy and
macrovascular invasion. Couinaud’s eight segments,
hepatic tumor masses, inflow and outflow vascular
trees, and adjacent organs were edited using different
colors, with multi-faceted visualization acquired
accordingly. Rendering views of the specialized
structures were created according to the original
change, and coronal, sagittal, and transverse sections
were thus demonstrated.

CT scanning

All patients underwent three-phase dynamic contrastenhanced CT at initial diagnosis. Contrast-enhanced
multiphase CT scans were obtained using a 64-section
scanner (Light Speed VCT; General Electric Corp.,
Fairfield, CT, United States). Arterial, portal venous,
and delayed phases were obtained by adding 18 s to
the time of peak aortic enhancement, 30 s to the end
of arterial phase, and 150 s to the end of the portal
venous phase, respectively. Scanning parameters
were as follows: collimation, 64 rows × 0.5 mm;
gantry rotation speed, 0.6 s; section thickness, 5 mm;
image reconstruction increment, 1 mm; 120 kVp; and
effective tube current-time charge, 450 mAs.

Volume calculation

Quantitative information on the volumes of the eight
Couinaud’s segments, removed tumor masses,
nontumorous parenchyma of the resected liver, and
the untouched surface during canal preparation was
obtained. The volume of the corresponding subterritory at risk of an impaired hepatic venous outflow
or portal vein inflow was also calculated and formed
the basis of the ratio analysis. The volume of large
vessels, including the inferior vena cava and the
extrahepatic portal vein, the major fissures, and the
gallbladder fossa were excluded. The functional liver
mass was calculated by subtracting the volume of
the potentially resected and blood supply affected
zone from the mass of the remnant liver. Thresholds
for the ratio of functional liver mass to nontumorous
parenchymal volume of the whole liver were set at
50% and 40%, respectively, for patients with chronic
liver diseases and without underlying liver disease to
predict the resectability of hepatic tumor mass. When
the ratio exceeded the threshold, the resection was

Description of the application framework

DMIT is software specifically developed by the Yorktal
Corporation (Shenzhen, China) for medical image
processing. It is used for the segmentation of twodimensional CT images to generate highly accurate
3D models of the hepatic anatomy. The DMIT package
provides a visual data processing environment on
its graphic user interface (Figure 1). The boxes on
the operation interface are called modules, and each
module encapsulates a specific function. Parameters
measured by CT were imported and included in the
customized application framework, and then the data
format was transferred from Dicom to Bitmap. In
addition, different functional application frameworks
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A

B

C

D

Figure 1 Data processing environment (yellow arrow) was demonstrated by the DMIT software package, and each module encapsulated a specific
function. A: Transverse; B: Sagittal; C: Coronal sections were dissected and reconstructed on its D: Graphic user interface.

considered safe. If the calculated functional liver mass
of the remnant was below the currently accepted
limits, the planned procedure carries a high risk for the
development of a small-for-size syndrome.
A specialist in mathematics was invited to assist
this study in assessing the corresponding volumes in
order to monitor software calculation deviation. The
verification formula was as follows:
i=1
j=1
i=1
j=1
V = M/∑
d Ni/∑ e Lij = de M/∑
Ni/∑
Lij
where d is distance between the two layers, e is
distance between the two lines, M is the number of
layers, Ni is the number of lines in layer i, and Lij is the
length of line j in layer i. The data were then compared
with those obtained from the software workstation to
monitor reliability.

based on the direction and diameter of the hepatic
vessels was also carried out. By using this method
for data analysis, individualized territories that were
supplied or drained by a certain vascular branch were
fully identified automatically.

Resection margin

Preoperative resection margin was estimated by
measuring the minimal distance between the remnant
parenchymal border and tumor rim in the predicted
resection plane. We calculated the distance in a
preinstalled algorithm where the predicted margin
equaled the distance between slice thresholds.
Postoperative actual resection margin was measured
by calculating minimal vertical parenchymal thickness
in the resected tumor specimen surface. The
preoperative estimated and postoperative actual
resection margins were then compared to assess the
accuracy of the 3DM.

Vessel quantitative analysis

The enhanced CT data of the vessels were extracted
automatically using a standard threshold technique
due to the use of a contrast agent. An algorithm based
on the fractal approach recognized the vessels starting
from a seed point near the major branches and
gradually searched for all ramification structures with
a diameter > 1 mm. The transectional diameter and
bending angle of vessel canals were also calculated
with individualized wide variations, allowing intuitive
interpretation and measurement (Figure 2). The
resulting vessel tree was visualized using different
colors for the hepatic artery, portal vein and hepatic
vein systems. Calculation of the portal venous supply
and the hepatic venous drainage area in each area
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Virtual resection and surgical guiding

The operative procedure for liver resection was then
imitated in this complex image-processing network.
Environments for anatomic curative resections defined
as mesohepatectomy (removal of segments Ⅳ, Ⅴ,
and Ⅷ), right anterior sectionectomy (removal of
segments Ⅴ and Ⅷ), segment Ⅳ resection, caudate
lobe resection, or other non-anatomic irregular
hepatectomies were established according to tumor
size, location, degree of hepatic cirrhosis, and
individual resection ranges in individual patients. The
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A
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C

D

118.59°
90.7 mm

Figure 2 Vascular tree reconstruction. Reconstruction was based on A: Computed tomography data; B: Patient’s individual vascular territories for different vessel
stratifications were calculated, including C, D: Specified angle, diameter, and length.

A

established 3DM of the liver was then imported to
the intraoperative computer workstation to guide the
surgical resection of hepatic tumor masses, which
was viewed from the visceral and diaphragmatic
surfaces, and simulation of the whole process was
also performed with a virtual irregular dissection plane
in the system. Prior to division of the parenchyma,
a selective and dynamic region-specific vascular
[11]
occlusion (SDRVO) technique
was also used and
appropriate areas were selected for inflow hepatic
blood occlusion depending on tumor location and the
resection area. In cases where tumors were adherent
to major vascular structures, we carefully dissected
and resected lesions away from the vascular surface
using a cavitational ultrasonic surgical aspirator (CUSA).
When vascular wall injury or rupture occurred, stay
sutures were applied for control of hemostasis and
bile leaks. From the workstation, we also investigated
the cross-sectional images before and after canal
preparation and calculated the untouched surface
in the canal preparation three-dimensionally. The
viewing direction and dissection plane were presented
in the graphic interface and could be chosen
arbitrarily. The relationship between the dissection
plane and the tumor edge was followed in real time.
With the direction of the dissection plane modified
when needed, the remnant functional liver volume,
venous territories, and affected vascular tree were
automatically calculated (Figure 3). The ratio of preand postoperative volumes of sound liver tissue was
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B

464.14 mL (52.74%)
416.78 mL (47.26%)

Figure 3 Virtual dissection plane. A: The plane was adjusted in real time; B:
The corresponding liver volume was automatically calculated.
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RESULTS

Table 1 Patient and tumor characteristics n (%)
Variables

Patients and tumor characteristics

Value

Gender
Male
Female
Hepatitis B carrier
Hepatitis C carrier
ICG-R15
Pathologic characteristics
Fibrosis score F0
Fibrosis score F1
Tumor diameter (cm)
Resection margin (mm)
Vascular adhesion
Liver capsule invasion
Major vascular invasion
BCLC staging
Stage A
Stage B
Stage C
Surgical procedure
Hemi-hepatectomy
Mesohepatectomy
Segmentectomy
Irregular resection
Postoperative complications
Massive hemorrhage
Bile leakage
Massive ascites
Pleural effusion
Hospital mortality

The demographic, clinical, and pathologic characteristics
of the 39 patients with a mean age of 54.3 ± 12.1
years (range: 32-80 years) are shown in Table
1. All patients had complete simulation data and
subsequently underwent liver resection. Cirrhosis
was found in 24 (61.6%) patients in the background
liver on histological examination, with hepatitis B as
the most common cause of chronic liver disease. All
patients in this study had a liver function of Child-Pugh
class A and the median 15 min retention rate of ICG
(ICG-R15) was 5.2%. Three patients had an ICG-R15
> 20% and were high-risk patients for surgical
treatment, but underwent successful hepatectomy.
There was no 30-day operative mortality or serious
complications that required additional surgery. Eight
complication events occurred in six (6/39; 15.4%)
patients. All these postoperative complications resolved
after conservative treatment. Child-Pugh C status
occurred transiently on postoperative day 7 in 4/39
(10.3%) patients, which was managed successfully
when patients were discharged. The mean duration of
postoperative hospitalization was 9.1 ± 2.3 d (range:
5-16 d).

34 (87.1)
5 (12.9)
37 (94.8)
2 (5.1)
7.1% ± 5.9%
15 (38.4)
24 (61.5)
4.5 ± 2.1
9.1 ± 5.9
11 (28.2)
24 (61.5)
3 (7.7)
25 (64.1)
11 (28.2)
3 (7.7)
7 (17.9)
5 (12.8)
13 (33.3)
14 (35.9)
2 (5.1)
2 (5.1)
3 (7.7)
1 (2.6)
0 (0.0)

Digitized 3DM

3D images of the liver, vascular system, bile duct
system, and adjacent organs were reconstructed
and the manipulation environment presented the
model with high-quality visualization (Figure 4). The
framework provided 3D quantitative information with a
color-coded map of the five lobes and eight segments
using Couinaud’s method, which quantified the
characteristics of the internal and external anatomy
of the tumor masses. Tumor infiltration of vessels,
liver capsule, or adjacent tissues were identified and
demonstrated more precisely compared with the
original CT data. The hepatic artery, portal vein, and
hepatic vein system were stained red, light blue, and
dark blue, respectively. Individual segments or organs
could be added or concealed arbitrarily to clearly
represent the target structure. In cases where tumors
were adherent to major vascular structures, the tumor
masses were concealed to demonstrate whether
intravascular invasion had occurred. In addition, the
nutritional arteries for tumor tissue were also viewed to
guide surgical operation and postoperative transarterial
chemoembolization.

Data are expressed as mean ± SD or n (%). BCLC: Barcelona Clinic Liver
Cancer; ICG: Indocyanine green.

described and the optimal threshold was suggested.
The combination of the information obtained from
the analysis of volume, associated vessel trees, and
simulation of different resection strategies resulted
in an efficient computer-assisted preoperative risk
analysis system. All the operations were completed by
the same surgical team with the aim of standardizing
operative quality and safety. For synchronous surgical
guidance, dynamic computerized 3DMs were directly
transferred and displayed on flat screen monitors near
the operation field. Following tumor removal, several
silver marks were sutured onto the two resection
planes to set marks for postoperative radiotherapy.

Statistical analysis

All values are expressed as a median or mean ±
standard deviation. Student’s t-tests were used
to evaluate the differences between comparisons.
Correlations were presented as scatter plots and
used to assess the predictive accuracy of the 3DM in
preoperative evaluation of volume, resection margin,
and tumor diameter. A P < 0.05 was considered
statistically significant. All analyses were performed
using SPSS 17.0 statistical software (SPSS Inc.,
Chicago, IL, United States). The statistical methods of
this study were reviewed by a biostatistician from the
medical statistical department in our hospital.
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Digitized intrahepatic vessel simulation

3D images of the abdominal aortic, portal vein and
hepatic vein systems were anatomically reconstructed
to view the patient’s individual vessel stratifications
(Figure 5). Of the 39 livers investigated, a conventional
right-left branching pattern of the main portal vein
was seen in 27 cases. In seven cases, a right-middleleft trifurcation of the portal vein was observed. In
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K

5 cm

Figure 4 Digitized three-dimensional morphometric models. A, B: Images obtained from a 48-year-old woman who underwent curative partial hepatic resection.
Enhanced computed tomography (CT) images revealed a hypointense hepatocellular carcinoma nodule on delayed phase, measuring 8.5 cm in diameter, in segment
Ⅷ of the liver, the edges of which compressed the middle, right hepatic vein (RHV) and inferior vena cava (arrows); C-E: Integrated three-dimensional anterior,
superior, and posterior view of the reconstructed model (tumor in yellow, white arrow); F: The eight Couinaud’s segments were demonstrated by different colors (tumor
concealed); G: When eliminating the normal liver tissue, the relationship between the tumor nodule and adjacent pedicle structures was clearly demonstrated [the
upper branch of the middle hepatic vein (MHV) is shown by the white arrow, the anterior branch of the right portal vein is shown by the yellow arrow]; H: The RHV (yellow
arrow) and MHV (white arrow) were simulated consistent with the CT image; I: When the tumor mass was concealed, the compressive effect of the RHV (red arrow)
and MHV (white arrow) was clearly demonstrated, the rims of the two main vascular branches were not eroded by the tumor tissue as the vascular wall was intact in
the model. The nutritional pampiniform arteries of this huge tumor mass were also viewed (yellow arrow); J: Tumor resection surface showed the exposed surface of
the RHV and MHV, the vascular wall of the two vessels was intact; K: The tumor specimen with intact encapsulation after resection.

addition, a relatively large right posterior branch in five
cases originated from the portal vein. At the second
level ramification, the mean number of branches
originating from the left and the right portal vein was
18 (range: 11-38). For the classification of hepatic
veins, three types of veins were found. The most
common type (approximately 56%) belonged to the
left-middle and right form, in which the left and middle
hepatic veins flowed into a confluence and then joined
the IVC, but the right vein joined it alone. Second, the
left-middle-right type accounted for 37%, in which
three hepatic veins joined the IVC separately. Third,
the left-middle-right-right posterior type accounted
for approximately 7%, in which the right posterior
supramarginal vein and the main right vein joined the
IVC separately.
Vascular variations were also demonstrated and
evaluated; right posterior inferior hepatic veins were
identified in 31/39 (79.4%) cases, caudate hepatic
veins were confirmed by a mean of six branches in
each patient with a median diameter of 3.7 mm,
and the superior suprarenal vein was also found to
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converge into the right posterior hepatic veins in
23.1% (9/39) cases.

Volumetry measurement by 3DM

Quantitative information regarding the volume of
tumor masses, peritumor parenchyma of the resected
liver, and the functional liver mass was obtained. The
mean and median whole liver volume calculated by
DMIT software were 1348.9 ± 179.2 and 1310 mL,
respectively (n = 39; range: 1076-1739 mL), which
were less than those by physical measurement (1351.2
± 185.1 and 1330 mL, respectively). However, the
difference was not statistically significant (P = 0.954)
(Figure 6A). The mean volume of tumor mass and
functional liver mass measured using the software
workstation calculation were 82.4 ± 109.1 mL and
1022.1 ± 153.5 mL, respectively, similar results
regarding the volume of tumor mass were also
measured by the mathematics specialist (84.1 ±
108.9 mL) (P = 0.910). The average κ between the 3D
software calculation and manual counting was 0.93 ±
0.12. The functional liver mass could not be computed
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Figure 5 Three-dimensional images of the abdominal aorta system, portal
vein system, and hepatic vein. A: Three-dimensional (3D) image shows
the portal vein system, which consists of the superior mesenteric vein (green
arrow), splenic vein (blue arrow), left branch of the portal vein (red arrow), right
anterior branch of the portal vein (yellow arrow), and right posterior branch of
the portal vein (white arrow); B: 3D color-coded image of the abdominal aorta
system: arteria hepatica propria including the left branch (white arrow) and
right branch (yellow arrow), splenic artery (blue arrow), superior mesenteric
artery (green arrow), and renal artery (purple arrow); C: Reconstruction of the
outflow tract of the hepatic vein: left hepatic vein (white arrow), middle hepatic
vein (green arrow), right hepatic vein (yellow arrow), and right posterior inferior
hepatic vein (red arrow).
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Figure 6 Volumetry measurement by the three-dimensional model. A:
Overall correlation between predicted whole liver volume by DMIT software
and physical measurement by the mathematics specialist; B: Correlation
between simulated and actual resection margin by pathologic identification; C:
Correlation between predicted and actual maximum tumor diameter.

by conventional planimetric MDCT data. The ratio of
functional liver mass to nontumorous parenchymal
volume of the whole liver ranged from 55.7 to 88.1%,
and no cases developed a small-for-size syndrome.

did not differ significantly (10.1 ± 6.2 mm vs 9.1 ±
5.9 mm, P = 0.488) (Figure 6B). The resection margin
could not be determined by planimetric MDCT data.
Three patients with centrally located tumors adherent
to or compressing major vessels who demonstrated
a 0 mm resection margin in the simulation system
ultimately underwent successful hepatectomy with
exposure of the tumor surface.
The predictive accuracy of the 3DM software for

Accuracy of computed resection margin and tumor
diameter

In 36/39 resections, the actual margin achieved from
the resected specimen ranged from 1 to 21 mm, with
a median of 9 mm. The predicted and actual margins
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preoperative calculation of maximum tumor diameter
was assessed by comparing results with postoperative
pathologic examinations. Simulated maximum tumor
diameter was consistent with the pathologic maximum
diameter (4.61 ± 2.16 cm vs 4.53 ± 2.14 cm, P =
0.871) (Figure 6C).

However, mesohepatectomy is also difficult, time[14]
consuming, and a technically demanding procedure .
[2]
Lee et al retrospectively reviewed 436 patients with
HCCs operated on with curative intent and reported
mesohepatectomy in only 6.2% of patients. The
presence of two hepatic parenchymal transections
with proximity to important vascular structures makes
it technically more complex than hemi-hepatectomy.
Moreover, in clinical practice, we found that a large
number (> 60%) of patients with centrally located
HCCs had tumors adherent to or compressing major
vascular structures. Therefore, the operation fields are
often bordered by two cut surfaces and with exposure
of important structures, such as the great vessels and
main branches of the bile duct. Improper ligation of
these important branches may result in ischemia or
necrosis of the residual liver, and may lead to liver
[15]
failure and death .
Due to the great variability of Glissonian pedicles
and hepatic veins, preoperative understanding of the
relationship between the tumor and these structures
is of great importance. Recently, with the wide usage
of intraoperative ultrasonography and a CUSA, major
vessels and intrahepatic bile ducts can be localized,
visualized, skeletonized, and meticulously controlled.
[2]
Lee et al recommended the use of cholangiography
during preoperative MRI or intraoperative exploration
to characterize the HCC, which can provide information
on bile duct anatomy, including variations and
the relationship with the tumor, which might help
prevent bile duct injury. They demonstrated that after
completion of the resection, any bile leak from the
resection planes could be detected by infusion of water
and air simultaneously via the cystic duct. In their
study, preoperative angiography and reconstruction
of computed tomograms were used to assess tumor
resectability and to determine the resection line. Fang
[16]
et al
described an abdominal image processing
system to reconstruct a 3DM of the liver based on CT
scan data for volume calculation and identification of
vascular variations. The reconstructed model of the
abdominal blood vessels and the liver was digitally
consistent with the anatomy, different methods were
available for selection, and liver transplantation was
subsequently simulated. However, to the best of our
knowledge, reports of 3D geometric visualization
specialized for centrally located HCCs are rare.
It is well known that hepatic functional reserve
is highly related to the quantity and quality of liver
cells. Previous work has shown that the larger the
resected normal liver volume, the greater the risk
[17]
of liver failure . Hence, estimating the percentage
of the resected nontumorous parenchymal volume
and the ratio of functional liver mass is necessary.
In the present study, we designed a morphometric
analysis model of tumor reconstruction with DMIT
software based on MDCT scans, which included all
anatomic structures that were relevant for surgical

Virtual removal of tumor masses

All cases withstood radical hepatectomy using DMIT
for prediction. And the high predictive accuracy for
risk analysis was remarkable. The environments for
mesohepatectomy, right and left hepatectomies,
segmentectomy, or irregular hepatectomies were
simulated and conducted by different methods for the
various circumstances. During parenchymal dissection
using the SDRVO maneuver, the origin of the right-left
portal vein and three dorsal hepatic veins were divided
and identified as landmark structures, along which the
tumor masses deeply located were detected precisely
and the dissection lines were marked. The line of
dissection was adjusted when the safety margin was
guaranteed, and the vessels or bile ducts located in the
security margin were also detected. By combining this
information, major pedicles were well preserved during
real-time surgical guiding on the computer-assisted
workstation. Clipping the first- or second-order level
branches of the portal vein and hepatic vein resulted
in a prompt calculation of the affected area during
curative resection. To secure maximal residual liver
volume and minimal vascular tree injury, the tumor
masses adherent to or compressing major vessels
were meticulously dissected from the vascular walls.
Simulated 3D resection in one case showed that
a huge HCC which was fixed at the confluence of
the right and middle hepatic veins was feasible for
complete resection. However, it could not be judged
definitively by the conventional data (Figure 4). In
another case, hepatectomy of the left lobe appeared
possible after conventional ultrasound imaging and
CT scan assessment. However, 3D reconstruction
revealed an infiltration into the middle hepatic vein and
ultimately mesohepatectomy with middle hepatic vein
ligation at the root was performed.

DISCUSSION
Surgery remains the most effective treatment and
provides a chance of cure for patients with centrally
located HCCs. Conventional extensive hepatectomy
carries a considerable risk of liver failure due to
compromised liver functional reserve, particularly in
patients with chronic liver disease. The nomenclature
for mesohepatectomy, defined according to the
[13]
Brisbane 2000 system , is also referred to as middle
hepatic lobectomy, central hepatectomy, and central
bisectionectomy in the literature. This procedure often
preserves more liver parenchyma and is theoretically
[4]
associated with a better recovery in the short term .
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resections. Computerized 3D CT-based visualization
of the liver is a fast, standardized, and noninvasive
procedure that may replace multiple and invasive
diagnostic approaches. This system demonstrated
accuracy in predicting the liver resection volume as
well as the surgical resection margin. Yamanaka et
[18]
al
used a simulation system to validate volumetric
accuracy, and compared the predicted liver resection
volume with actual weight of the resected specimen,
assuming that 1 g of liver tissue had a volume of
1 mL. They concluded that in patients undergoing
major hepatectomy, a strong positive correlation
was evident between simulation-predicted liver
resection volume and actual weight of the resected
specimen. Nevertheless, the density of liver tissue is
not completely equal to that of water (1 g/mL) and
always depends on the degree of cirrhosis. When the
degree of cirrhosis is higher, the density of liver tissue
is often greater (> 1 g/mL). In our study, we invited
a mathematics specialist to assist in assessing the
volume of functional liver mass and tumor mass in
order to monitor software calculation deviation. Using
an algebraic and geometric algorithm, the volume can
be verified in a more objective way. The mean whole
liver volume and tumor mass volume calculated by
DMIT software demonstrated high similarity to physical
measurement (κ = 0.93 ± 0.12).
Some centrally located HCCs are often adherent
to or compress major vessels. The presence of two
cut surfaces with proximity to important vascular
structures makes it technically more complex than
hemi-hepatectomy. Moreover, large tumors located in
the central portion of the liver are usually associated
[4]
with an increased risk of intraoperative bleeding .
In the present series, preoperative 3D simulation
facilitated visualization of the crucial extra- and
intrahepatic portal vein anatomy, recognition of hepatic
vein variants, and determination of the optimal point
of surgical division. Computer supported visualizations
also enable virtual display of the divided Couinaud’s
pedicle branches at the site of the resection surface.
In addition, we applied the SDRVO technique, which
was reported to control intraoperative bleeding, to
avoid ischemia and ischemia-reperfusion injury of the
entire liver. Maintaining portal vein blood flow reduces
intraoperative visceral congestion and facilitates
a more rapid postoperative recovery. The longer
inflow occlusion time also allows surgeons to dissect,
skeletonize, and manage major vessels and bile ducts
in a more relaxed manner, allowing removal of more
complex centrally located HCCs. In this study, the
digitized reconstruction of the hepatic portal vein and
proper hepatic artery converged in the porta hepatis,
which made it possible to distinguish all the variations
clearly so that the surgeons were able to avoid injury
to the variant hepatic vessels during the SDRVO
technique.
Although three patients with centrally located
tumors adherent to or compressing major vessels
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demonstrated a 0 mm resection margin in the
simulation system, resection with exposure of the
tumor surface was ultimately carried out safely. In
the software interface, the safety margin was marked
by setting a threshold calculated from the minimum
safety distance. By combining this information with the
image of the segmented vessels, the vessels located in
the safety margin were detected. During the operation,
tumors were meticulously dissected from the
exposed surface of the main vascular structures, and
CUSA and sutures were applied for vascular surface
dissection and vascular wall injury repair. The result
of a preoperatively evaluated 0 mm resection margin
obtained by the simulation system was not considered
a contraindication for resection of centrally located
HCCs that were adherent to or compressed major
vessels. This technique provides an opportunity for
hepatectomy with exposure of the tumor surface, and
although technically demanding, it can be performed
safely.
[19]
Yu et al
reported that adjuvant radiotherapy
for centrally located HCCs after narrow-margin
hepatectomy was technically feasible and relatively
safe, and a post-hoc subgroup comparison showed
that adjuvant radiotherapy considerably improved
recurrence-free survival. As the growth pattern of
HCCs is usually pushing rather than invading, and
most intrahepatic recurrences arise from multicentric
carcinogenesis or are distant from the resection
margin, obtaining a wide negative surgical margin is
[4,20-22]
usually not necessary
. The predictive accuracy
of the 3DM software for preoperative BCLC staging
in this study was also significantly higher than that
by MDCT assessment. As the maximum tumor
diameter can only be measured in the transectional
plane by conventional CT imaging, our simulation
allowed not only a more accurate, but also a more
detailed stereoscopic measurement of the maximum
tumor diameter, including whether there was
vascular invasion or portal hypertension. Therefore,
the application of virtual 3DM software was useful
in preoperative staging and in making appropriate
treatment decisions.
All the patients in this study had a liver function of
Child-Pugh class A, and the median ICG-R15 was 5.2%.
Three patients had an ICG-R15 > 20%, which was
too high for major hepatic resection to be performed
in cirrhotic patients. However, when using DMIT for
prediction, the decision to perform hepatectomy was
made. Through virtual tumor resection, the surgeon
can judge the parenchyma of organs, identify areas at
risk of insufficient blood supply or blood drainage, and
estimate the postoperative liver function. Depending
on the exploration of various strategies and the results
of different risk-analysis calculations, the optimal
surgical strategy can be chosen and documented,
and the potential benefit from preserving as much
functional liver mass as possible can also be predicted.
Therefore, morbidity and mortality rates in the present
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Innovations and breakthroughs

series were more advantageous than those in the
[1-3,23]
literature
. Biliary complications developed in two
patients and one patient had pleural effusion, which
is lower than the published rates of 5%-11%. In a
previous report, the incidence of complications after
mesohepatectomy ranged from 17.0% to 26.3%,
and the reported surgical mortality was between 0%
[1]
and 6.25% . The incidence of Child-Pugh C status on
postoperative day 7 and postoperative hospitalization
were also favorable compared with previous
[3,4,24]
studies
. This may be attributed to a small amount
of necrosis in the blood supply affected zone, more
preserved functional liver mass, and sufficient hepatic
venous outflow, as well as successful protection of
portal and arterial flow.
From our experience, computer-assisted simulation
and a risk analysis system specifically for centrally
located HCCs provide a reliable preoperative 3D view
of the spatial relationship between the tumor mass
and adjacent structures. With this, surgeons are able
to optimize the operation strategy and are assisted
by direct intraoperative surgical guidance. Previous
literature on computerized CT-based 3D visualization of
liver resection has mainly focused on living-related liver
[4,9,10,25,26]
transplantation or huge HCC resection
, and
no virtual simulation customized for centrally located
HCCs have been introduced. In our single HCC center,
hepatectomy guided by the 3DM was associated with
lower rates of complications, shorter postoperative
hospitalization, and faster recovery. Therefore, our
virtual hepatectomy should be implemented routinely
for centrally located HCCs, which are more complicated
and technically demanding. More prospective cohort
studies are necessary to investigate the advantages
and convenience of 3D interactive visualization and
quantitative evaluation that is ready for routine use
during perioperative treatment of centrally located
HCCs.

The diagnosis of intrahepatic masses has significantly changed over the past
decade from the use of invasive procedures such as angiography or biopsy, to
noninvasive imaging including contrast-enhanced ultrasound, multidetector-row
computed tomography (MDCT), and magnetic resonance imaging. CT is the
most commonly used imaging modality for diagnosing intrahepatic masses due
to its widespread availability and short examination time, and it was estimated
that the overall accuracy of MDCT for the detection and characterization
of hepatocellular carcinoma is 89% and 43%, respectively, compared with
pathologic examination. However, the anatomic and vascular pathologic details
provided by MDCT scanners do not completely meet the requirements for
preoperative planning. Therefore, a mathematical finite element model that
can demonstrate the structural relationship and provide relatively accurate
staging of hepatic tumor masses is necessary. In addition, this model is also
crucial for determining appropriate treatment, guiding operative strategy, and
predicting the prognosis of patients with centrally located HCCs. To overcome
these disadvantages, the authors constructed a morphometric analysis model
of tumor reconstruction using DMIT software based on MDCT scans, which
included all anatomic structures that were relevant for surgical resections. This
computerized three-dimensional model is a fast, standardized, and noninvasive
procedure that may replace multiple and invasive diagnostic approaches. It can
accurately reconstruct the relationships between the tumor, hepatic veins, and
Glissonian pedicles in centrally located HCCs, which is essential for correctly
defining the hepatic segments and the limits of a tumor with wide variations in
anatomy.

Applications

The study results suggest that the three-dimensional model is potentially
advantageous and could be implemented routinely for centrally located HCCs,
which are more complicated and technically demanding. In these single livertumor treatment center, hepatectomy guided by the three-dimensional model
was associated with lower rates of complications, shorter postoperative
hospitalization, and faster recovery.

Peer-review

The authors detailed the use of computational three-dimensional modeling
based on CT liver scans of patients with HCC and determined if this model
can improve treatment. The manuscript represents an interesting technologic
advance and asserts that such a model improves patient care. While the
number of patients is likely not large enough to prove an improvement in care,
it is a rational assertion that the more information that the surgeon has before
and during excision of a hepatic tumor, the better.
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Abstract
AIM: To investigate the impact of surgical procedures
on prognosis of gallbladder cancer patients classified
with the latest tumor-node-metastasis (TNM) staging
system.
METHODS: A retrospective study was performed
by reviewing 152 patients with primary gallbladder
carcinoma treated at Peking Union Medical College
Hospital from January 2003 to June 2013. Postsurgical
follow-up was performed by telephone and outpatient
visits. Clinical records were reviewed and patients were
grouped based on the new edition of TNM staging system
(AJCC, seventh edition, 2010). Prognoses were analyzed
and compared based on surgical operations including
simple cholecystectomy, radical cholecystectomy (or
extended radical cholecystectomy), and palliative surgery.
Simple cholecystectomy is, by definition, resection of the
gallbladder fossa. Radical cholecystectomy involves a
wedge resection of the gallbladder fossa with 2 cm nonneoplastic liver tissue; resection of a suprapancreatic
segment of the extrahepatic bile duct and extended
portal lymph node dissection may also be considered
based on the patient’s circumstance. Palliative surgery
refers to cholecystectomy with biliary drainage. Data
analysis was performed with SPSS 19.0 software. KaplanMeier survival analysis and Logrank test were used
for survival rate comparison. P < 0.05 was considered
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[1]

statistically significant.

aggressive malignant disease in the biliary system .
With the development of imaging technique in recent
[2]
years, more and more GBC cases were diagnosed .
However, due to the lack of specific signs and
symptoms, most of the cases were either diagnosed
incidentally or at an advanced stage, which led to
[3]
poor prognosis . Advanced GBC is characterized
by local invasion, extensive regional lymph node
metastasis, vascular encasement, and distant
metastases. Interdisciplinary collaboration among
surgeons, oncologists, and endoscopy experts in the
[4]
treatment of GBC patients is very important . Surgical
resection is still the only chance for cure, yet the
prognosis is poor due to high recurrence, morbidity
[5-7]
and mortality . Choice of surgery procedure based
upon disease stages remains an important topic.
Currently no guidelines have been established for the
treatment of GBC. Surgical management of GBC that
had been documented from different countries or
[8]
areas demonstrated different results of prognosis .
This retrospective study aimed to assess the surgical
approaches and patient prognosis based on the tumornode-metastasis (TNM) staging system (AJCC, seventh
[9]
edition, 2010) in the Chinese population, seeking to
generalize an effective strategy that could be suitable
for the majority of patients.

RESULTS: Patients were grouped based on the
th
new 7 edition of TNM staging system, including 8
cases of stage 0, 10 cases of stage Ⅰ, 25 cases of
stage Ⅱ, 21 cases of stage ⅢA, 21 cases of stage
ⅢB, 24 cases of stage ⅣA, 43 cases of stage ⅣB.
Simple cholecystectomy was performed on 28 cases,
radical cholecystectomy or expanded gallbladder
radical resection on 57 cases, and palliative resection
on 28 cases. Thirty-nine cases were not operated.
Patients with stages 0 and Ⅰ disease demonstrated
no statistical significant difference in survival time
between those receiving radical cholecystectomy and
simple cholecystectomy (P = 0.826). The prognosis
of stage Ⅱ patients with radical cholecystectomy was
better than that of simple cholecystectomy. For stage
Ⅲ patients, radical cholecystectomy was significantly
superior to other surgical options (P < 0.05). For stage
ⅣA patients, radical cholecystectomy was not better
than palliative resection and non-surgical treatment. For
stage ⅣB, patients who underwent palliative resection
significantly outlived those with non-surgical treatment
(P < 0.01)
CONCLUSION: For stages 0 and Ⅰ patients, simple
cholecystectomy is the optimal surgical procedure,
while radical cholecystectomy should be actively
operated for stages Ⅱ and Ⅲ patients.

MATERIALS AND METHODS
Postsurgical follow-up was performed by telephone
and outpatient visits on 152 GBC patients who were
treated from January 2003 to June 2013 at the Peking
Union Medical College Hospital. Clinical records were
reviewed and patients were re-grouped based on the
new edition of TNM staging system (AJCC, seventh
edition, 2010; Table 1). Prognoses were analyzed and
compared based on surgical operations.
A variety of surgical procedures were involved in the
treatment of GBC, including simple cholecystectomy,
radical cholecystectomy (or extended radical cholecyste
ctomy), and palliative surgery. Simple cholecystectomy
is, by definition, resection of the gallbladder fossa.
Radical cholecystectomy involves a wedge resection
of the gallbladder fossa with 2 cm non-neoplastic liver
tissue; resection of a suprapancreatic segment of
the extrahepatic bile duct and extended portal lymph
node dissection may also be considered based on the
patient’s circumstance. Palliative surgery refers to
cholecystectomy with biliary drainage.
Data analyses were performed with SPSS 19.0 (IBM.
United States). Kaplan-Meier survival analysis and
Logrank test were used for survival rate comparison.
P < 0.05 was considered statistically significant. The
statistical methods of this study were reviewed by
Professor Guangliang Shan’s group from Teaching and
Research Section of Peking Union Medical College.

Key words: Gallbladder cancer; Simple cholecystectomy;
tumor-node-metastasis staging; Radical cholecystectomy;
prognosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Surgical resection is still the only cure for
gallbladder cancer. Choice of surgery procedure based
upon disease stages remains an important topic. This
study showed that simple cholecystectomy would be
the best choice for stages 0 and Ⅰ gallbladder cancer
(GBC) patients; stages Ⅱ and Ⅲ patients should
actively seek for radical cholecystectomy (or extended
radical resection surgery); and palliative treatment
should be the major method for patients with stage
Ⅳ GBC, and careful evaluation was necessary before
applying any more aggressive surgical procedure.
He XD, Li JJ, Liu W, Qu Q, Hong T, Xu XQ, Li BL, Wang Y,
Zhao HT. Surgical procedure determination based on tumor-nodemetastasis staging of gallbladder cancer. World J Gastroenterol
2015; 21(15): 4620-4626 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i15/4620.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4620

INTRODUCTION

RESULTS

Gallbladder cancer (GBC) is the most common and

A total of 152 patients were reviewed, including
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cases of stage Ⅱ, 21 cases of stage ⅢA, 21 cases of
stage ⅢB, 24 cases of stage ⅣA, 43 cases of stage ⅣB.
Simple cholecystectomy was performed on 28 cases,
radical cholecystectomy or expanded gallbladder
radical resection on 57 cases, and palliative resection
on 28 cases. Thirty-nine cases were not operated
(Table 3). Fourteen postoperative complications were
documented as fat liquefaction of incision and severe
MODS (Table 4).
Due to limited case number, stages 0 and Ⅰ were
combined into one group, 12 of them were operated
by simple cholecystectomy and 6 by radical cholecy
stectomy. No significant differences in survival time
2
were found between the two surgery procedures (χ
= 0.048, P = 0.826) (Figure 1A). In the stage Ⅱ
group, 16 patients underwent simple cholecystectomy
while 9 underwent radical cholecystectomy. Since all
the cases have been censored, survival time cannot
be calculated. However, by comparing two sets of
data, we believed that the prognosis of the radical
surgery group may be better than that of the simple
cholecystectomy group. The simple cholecystectomy
group included 7 dead cases (a survival range of
12-24 mo, with a median survival time of 28 mo)
and 3 survivors (survival time was currently 77, 66,
and 59 mo), while in the surgery group (9 cases), 6
cases survived (a current survival range of 2-82 mo,
with a median survival time of 12.5 mo) (Figure 1B).
Among the 42 stage Ⅲ patients, 23 were operated
by extended radical cholecystectomy and the other
19 underwent palliative resection. Survival analysis
showed a statistically significant difference between
the two operation procedures (P < 0.05, Figure 1C).
Among the 21 stage ⅢA patients, 12 were operated
by extended radical cholecystectomy and the other
9 underwent palliative resection. Survival analysis
showed a statistically significant difference between
the two operation procedures (P < 0.05, Figure 1D).
Different result was observed from the stage ⅢB group
in which 7 patients were operated by extended radical
cholecystectomy and 10 by palliative resection (P >
0.05, Figure 1E). In the stage ⅣA group, extended
radical cholecystectomy did not result in longer survival
time than palliative resection and/or non-surgical
treatment (P > 0.05, Figure 1F). However, we found
significant differences in the stage ⅣB group in which
palliative resection resulted in longer survival time than
non-surgical treatment (P < 0.05, Figure 1G).

Table 1 AJCC staging classification system of gallbladder
th
carcinoma, 7 edition
Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades lamina propria or muscle layer
T1a Tumor invades lamina propria
T1b Tumor invades muscle layer
T2 Tumor invades muscle layer, no extension beyond the serosa or
into the liver
T3 Tumor perforates the serosa and/or directly invades the liver and/
or one other adjacent organ or structure
T4 Tumor invades main portal vein or hepatic artery or invade two or
more extrahepatic organs or structures
Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastases
N1 Metastases to nodes along the cystic duct, common bile duct,
hepatic artery, and/or portal vein
N2 Metastases to periarotic, pericaval, and/or celiac artery lymph
nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
Stage 0
Tis
N0
M0
Stage Ⅰ
T1
N0
M0
Stage Ⅱ
T2
N0
M0
Stage ⅢA
T3
N0
M0
Stage ⅢB
T1-3
N1
M0
Stage ⅣA
T4
N0-1
M0
Stage ⅣB
Any T
N2
M0
Any T
Any N
M1

61 males and 91 females, with a median age of 68
ranging from 29-89 years old. Among them, 36 cases
are still alive currently, 97 cases were deceased with
a median survival time of 8 mo (ranging from 1 to
67 mo), and the remaining 19 (12.5%) cases were
censored. The results of this study showed that the 1-,
3- and 5-year survival rates of patients with GBC were
54.40%, 34.70% and 25.75%, respectively.
One hundred and thirty-five of the 152 patients
underwent pathological examination, among whom the
majority (n = 122) had adenocarcinoma, and the rest
had adenosquamous carcinoma (n = 3), squamous
carcinoma (n = 2), sarcoma (n = 1), gallbladder
adenoma with focal adenocarcinoma (n = 5), or
metastatic hepatocellular carcinoma (n = 2). The other
17 patients who were not suitable for surgery due to
late presentation were diagnosed and staged based
on clinical data and imaging findings. Among the 135
cases with pathological examination, 26 were welldifferentiated carcinoma, 50 moderately differentiated,
42 poorly differentiated, and 17 had no report of tumor
differentiation grade. The proportions of patients from
each differentiation grade that has been implemented
with certain surgical procedures are shown in table 2.
th
Patients were grouped based on the new 7 edition
of TNM staging system, and correlation of prognoses
and surgical procedures were analyzed in each group,
including 8 cases of stage 0, 10 cases of stage Ⅰ, 25

WJG|www.wjgnet.com

DISCUSSION
To determine the most suitable surgical procedure
for various stages of GBC is always challenging. Most
studies agreed that simple cholecystectomy was
sufficient for T0 and T1a (lamina propria invasion)
[5,10,11]
patients
. Different opinions existed for T1b
(muscle invasion) GBC treatment. Some studies
[12]
supported simple cholecystectomy , whereas others
[8,13]
advocated radical cholecystectomy
. The American
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Table 2 Patient demographics and tumor differentiation characteristics n (%)
Item

Number

Age
mean ± SD
Range
Sex
Male
Female
Differentiation
High
Median
Low
No report
Total

Simple cholecystectomy Radical cholecystectomy

Palliative resection

No surgery

63.75 ± 11.86
29-89

66.61 ± 11.07
50-89

62.75 ± 11.38
36-85

63.53 ± 13.19
29-81

63.68 ± 12.01
39-83

61 (40.13)
91 (59.87)

10 (16.39)
18 (19.78)

22 (36.07)
33 (36.26)

13 (21.31)
18 (19.78)

16 (26.23)
22 (24.18)

26 (17.11)
50 (32.89)
42 (27.63)
34 (22.37)
152

10 (38.46)
9 (18.00)
3 (7.14)
6 (17.65)
28 (18.42)

6 (23.08)
26 (52.00)
20 (47.62)
4 (11.76)
57 (37.50)

8 (30.77)
7 (14.00)
11 (26.19)
4 (11.76)
28 (18.42)

2 (7.69)
8 (16.00)
8 (19.05)
20 (58.82)
39 (25.66)

Table 3 Patient numbers of various treatments in each tumor-node-metastasis staging group n (%)
Case

Simple
cholecystectomy

Radical
cholecystectomy

Palliative resection

Inoperable

P value1

18 (11.84)
25 (16.45)
21 (13.82)
21 (13.82)
24 (15.79)
43 (28.29)
152

12 (66.67)
16 (64.00)
0
0
0
0
28 (18.54)

6 (33.33)
9 (26.00)
12 (57.14)
11 (52.38)
19 (79.17)
0
57 (37.50)

0
0
9 (42.86)
10 (47.62)
2 (8.33)
7 (16.28)
28 (18.42)

0
0
0
0
3 (12.50)
36 (83.72)
39 (25.66)

0.826
0.114
0.034
0.701
0.6862
0.001

TNM stage
0 +Ⅰ
Ⅱ
ⅢA
ⅢB
ⅣA
ⅣB
Total
1

The P value refers to comparisons of survival times between patients with different surgical procedures in the same TNM stage; 2Palliative resection and
non-surgical treatment were combined to compare with radical cholecystectomy. TNM: Tumor-node-metastasis.

Table 4 Postoperative complications presented in different stage groups
Surgical procedures

Age
(mean ± SD)

P value

Simple cholecystectomy

61.58 ± 10.587

0.662

ⅣA

Radical cholecystectomy
Simple cholecystectomy
Radical cholecystectomy
Radical cholecystectomy
Palliative resection
Radical cholecystectomy
Palliative resection
Radical cholecystectomy

64.17 ± 13.527
71.56 ± 9.893
68.22 ± 6.220
61.67 ± 12.397
67.00 ± 13.991
65.82 ± 7.973
62.20 ± 14.676
67.47 ± 9.553

ⅣB

Palliative resection and No surgery
Palliative resection

57.80 ± 11.520
65.57 ± 14.293

No surgery

64.39 ± 11.905

TNM stage
0-Ⅰ

Ⅱ
ⅢA
ⅢB

Complication
1

0.066

0
0
1
0
1
0
2
3

0.817

1
3

0.371
0.367
0.510

2

Infection under the skin incision with gallbladder
bed bleeding

Fat liquefaction of incision
Biliary fistula
Biliary fistula, pulmonary embolism
MODS resulting from biliary tract infection (dead),
deep vein thrombosis, deterioration of liver function
Lung infection
Abdominal infection, acute pulmonary edema,
subphrenic effusion
MODS (dead)

TNM: Tumor-node-metastasis.

NCCN guideline recommends radical resection to T1b
[14]
with regional lymph node dissection . However,
it was difficult to have a confirmed pre-surgical
diagnosis to distinguish T1a and T1b, which explained
the reason that a relative high proportion of radical
cholecystectomy was performed. Nevertheless, our
data provided evidence that simple cholecystectomy
should be the first choice for patients at stage Ⅰ .
More aggressive resection did not bring more benefit
to patients. Unfortunately, given the rarity of patient
[15]
falling into this category , this observation needs to
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be verified in larger clinical trials.
Radical cholecystectomy was the major surgical
intervention for stage Ⅱ and more advanced GBC at
[16,17]
our hospital, as widely accepted internationally
.
The proportions of patients who underwent radical
cholecystectomy for stages Ⅱ , Ⅲ , and Ⅳ A were
47.6%, 50%, and 79.2%, respectively, much higher
[18]
than those reported in the United States . Some
studies even suggested that for stage Ⅱ and more
advanced GBC, lymph node dissection should include
[13]
N1 and N2 nodes . Although statistics cannot be
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calculated for censored cases, by comparing the two
sets of data, radical gallbladder resection may be
suggested for patients in stage Ⅱ which may have
better prognosis than simple cholecystectomy.
Stage Ⅲ GBC perforated through the serosa, and
(or) involved the liver and (or) other one adjacent
organs, or hilar lymph nodes (N1). Even though it
was still operable at stage Ⅲ, substantial morbidity
existed from the GBC itself as well as from the
operation. A previous study suggested that extended
[8]
radical surgery can bring a better survival . One
study even concluded that extended radical resection
[15]
is the only chance for patients to survive , despite
of its high mortality. In the case of stage ⅢA, more
radical resections were performed and resulted in
longer survival time. For stage ⅢB patients, however,
relatively more palliative resections were performed at
our hospital, which were proven to be less beneficial.
Our data suggested that, for stage Ⅲ patients,
especially those with stage Ⅲ A disease, radical
cholecystectomy or extended radical resection should
be pursued.
Stage Ⅳ GBC is the most difficult stage for treat
ment decision, since cancer has invaded the hepatic
artery, portal vein, more adjacent organs, and
distant lymph nodes or organs. The standard simple
cholecystectomy would never be an option for this state.
Whether extended radical cholecystectomy or palliative
resection should be applied remains controversial.
In general extended radical cholecystectomy was
[19,20]
more popular in Japan and China
. Some reports
have suggested certain benefits to perform radical
[21,22]
resection on patients with stage Ⅳ GBC
, while
[23]
other studies concluded differently . One notion was
widely accepted that careful consideration should be
taken before applying any surgical treatment due to
[24]
high morbidity and mortality . In our study, among
the 24 stage Ⅳ A cases, 19 underwent extended
radical cholecystectomy and 5 chose to have palliative
or non-surgical treatment. The number for palliative
and non-surgical treatment was too limited to have a
statistical comparison. Nevertheless, data suggested
that extended radical cholecystectomy might not a
good choice for patients at this terminal stage. As
for stage ⅣB GBC patients, it is generally considered
that palliative treatment would be the most suitable
[25,26]
measure
. Our data suggested that the palliative
resection group significantly outlived the non-surgical
treatment group.
In summary, based on the new TNM classification
system, we concluded that (1) simple cholecystectomy
would be the best choice for stages 0 and Ⅰ GBC
patients; (2) stages Ⅱ and Ⅲ patients should actively
seek for radical cholecystectomy (or extended radical
resection surgery); and (3) palliative treatment should
be a major method for patients with stage Ⅳ GBC, and
careful evaluation was necessary before applying any
more aggressive surgical procedure.
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Background

Gallbladder cancer (GBC) is the most common and aggressive malignant
disease in the biliary system. Due to the lack of specific signs and symptoms,
most of the cases were either diagnosed incidentally or at an advanced stage,
which led to poor prognosis. Surgical resection is still the only chance for cure,
however, choice of surgery procedure based upon disease stages remains an
important topic. Surgical management of GBC that had been documented from
different countries or areas of territorial locations demonstrated different results
of prognosis.

Research frontiers

A variety of surgical procedures were involved in the treatment of GBC,
including simple cholecystectomy, radical cholecystectomy (or extended radical
cholecystectomy), and palliative surgery. The current research hotspot is to
determine the most suitable surgical procedure for various stages of GBC.

Innovations and breakthroughs

The data provided evidence that simple cholecystectomy should be the first
choice for patients at stage Ⅰ. More aggressive resection did not bring more
benefit to patients. Radical cholecystectomy or extended radical resection
should be pursued for stages Ⅱ and Ⅲ GBC patients. Extended radical
cholecystectomy might not be a good choice for patients at ⅣA stage. As for
stage ⅣB GBC patients, our data suggested that the palliative resection group
significantly outlived the non-surgical treatment group.

Applications

It is necessary to thoroughly evaluate tumor stages for GBC patients by
interdisciplinary collaboration among surgeons, oncologists, endoscopy experts
before applying any surgical treatment.

Terminology

Gallbladder cancer is a highly lethal and aggressive disease with a poor
prognosis. It is the most common malignant lesion of the biliary tract. Simple
cholecystectomy is, by definition, resection of the gallbladder fossa. Radical
cholecystectomy involves a wedge resection of the gallbladder fossa with 2
cm non-neoplastic liver tissue; resection of a suprapancreatic segment of the
extrahepatic bile duct and extended portal lymph node dissection may also be
considered based on the patient’s circumstance. Palliative surgery refers to
cholecystectomy with biliary drainage.

Peer-review

This is a very interesting study about the impact of surgical procedures on
prognosis of gallbladder cancer patients. In this study, the authors performed
a review of 152 patients with primary gallbladder carcinoma. This study
showed that simple cholecystectomy would be the best choice for stages
0 and Ⅰ GBC patients; stages Ⅱ and Ⅲ patients should actively seek for
radical cholecystectomy (or extended radical resection surgery); and palliative
treatment should be a major method for patients with stage Ⅳ GBC, and
careful evaluation was necessary before applying any more aggressive surgical
procedure.
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Abstract
AIM: To compare survival and recurrence in hepato
cellular carcinoma (HCC) patients who did or did not
receive adjuvant transarterial chemoembolization
(TACE).
METHODS: A consecutive sample of 229 patients who
underwent curative resection between March 2007
and March 2010 in our hospital was included. Of these
229 patients, 91 (39.7%) underwent curative resection
followed by adjuvant TACE and 138 (60.3%) underwent
curative resection alone. In order to minimize con
founds due to baseline differences between the two
patient groups, comparisons were conducted between
propensity score-matched patients. Survival data and
recurrence rates were compared using the Kaplan-Meier
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[3,4]

method. Independent predictors of overall survival
and recurrence were identified using Cox proportional
hazard regression.

Key words: Hepatocellular carcinoma; Overall survival;
Transarterial chemoembolization; Curative resection;
Recurrence

curative treatment for HCC , but the high incidence
of tumor recurrence makes long-term survival after
[5,6]
resection unsatisfactory . Various post-resection
neoadjuvant and adjuvant therapies have been
developed to reduce recurrence and improve overall
[7-11]
survival
.
Transarterial chemoembolization (TACE) has
recently been reported as an adjuvant therapy for HCC
patients after curative resection. Originally developed
as a palliative treatment to improve overall survival
and reduce recurrence in patients with unresectable
[12,13]
HCC
, this treatment takes advantage of the high
arterial blood supply in HCC; chemotherapy and
occlusion of the feeding arteries cause tumor necrosis
and delay tumor progression. TACE has been shown
to provide survival benefit as a postoperative adjuvant
[14-19]
therapy in some studies, but not in others
.
To gain a clearer picture of the influence of
postoperative adjuvant TACE on survival and recur
rence after curative resection for HCC, we carried out
a retrospective study on propensity score-matched
patients without risk factors who were treated by
resection followed by TACE or by resection alone.

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

MATERIALS AND METHODS

RESULTS: Among 61 pairs of propensity scorematched patients, the 1-, 2-, and 3-year overall survival
rates were 95.1%, 86.7%, and 76.4% in the TACE
group and 86.9%, 78.5%, and 73.2% in the control
group, respectively. At the same time, the TACE and
control groups also showed similar recurrence rates at
1 year (13.4% vs 24.8%), 2 years (30.6% vs 32.1%),
and 3 years (40.1% vs 34.0%). Multivariate Cox
regression identified serum alpha-fetoprotein level ≥
400 ng/mL and tumor size > 5 cm as independent risk
factors of mortality (P < 0.05).
CONCLUSION: As postoperative adjuvant TACE does
not improve overall survival or reduce recurrence in
HCC patients, further study is needed to clarify its
clinical benefit.

This study was approved by the Ethics Committee of
the Tumor Hospital of Guangxi Medical University, and
written informed consent was obtained from patients
or from their parents or legal guardians if the patients
were under 18 years of age.

Core tip: This study examined survival and recurrence
in hepatocellular carcinoma patients who did or did
not undergo transarterial chemoembolization (TACE).
Analyses were performed with all patients and with
propensity score-matched pairs. Both analyses
suggest adjuvant TACE does not reduce recurrence.
Furthermore, adjuvant TACE does not improve overall
survival among propensity score-matched patients.
These findings raise important questions about the
efficacy of postoperative adjuvant TACE that future
work should address in order to justify the use of this
technique as well as identify the patient populations
most likely to benefit from it.

Patients

This retrospective analysis was carried out on medical
records of patients diagnosed with HCC between
March 2007 and March 2010 at the Tumor Hospital
of Guangxi Medical University, Nanning, China. A
total of 1035 patients with HCC were enrolled in our
hospital, but 432 (41.7%) were excluded because
they had received treatment at other hospitals.
Among the remaining 603 patients, 257 (42.6%)
were excluded because they were given various postresection neoadjuvant and adjuvant therapies, such as
local ablation therapy or ethanol injection, systematic
chemotherapy or sorafenib therapy. Another eight
patients (1.3%) were excluded because they had been
diagnosed with other malignancy before receiving
initial HCC treatment. The remaining 229 (67.8%)
patients with Child-Pugh A liver function were included
in the analyses in this retrospective study. Of these
patients, 138 (60.3%) underwent curative resection
(control group) and 91 (39.7%) underwent resection
followed by postoperative adjuvant TACE (TACE
group).
Patients were enrolled if they satisfied the following
criteria: (1) HCC diagnosis was confirmed by patho
logic examination; (2) no more than three tumor
nodules were present; (3) there was no invasion of

Jiang JH, Guo Z, Lu HF, Wang XB, Yang HJ, Yang FQ, Bao SY,
Zhong JH, Li LQ, Yang RR, Xiang BD. Adjuvant transarterial
chemoembolization after curative resection of hepatocellular
carcinoma: Propensity score analysis. World J Gastroenterol
2015; 21(15): 4627-4634 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i15/4627.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4627

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer in men and the seventh most common
in women, and it ranks as the third leading cause of
[1,2]
cancer-related death worldwide . HCC is difficult to
diagnose at an early stage and is associated with poor
survival. Surgical resection remains the most effective
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the main trunk and first-order branches of the portal
vein and common hepatic duct, or the main trunk of
the hepatic vein and inferior vena cava; (4) there was
no intra- or extra-hepatic metastasis, and without
satellite nodules; (5) the primary tumor had been
completely excised with a negative resection margin;
(6) no residual tumor or portal tumor thromboses
were detected in postsurgical imaging; and (7)
elevated preoperative levels of alpha-fetoprotein (AFP)
decreased to normal within 2 mo after the procedure.

ultrasonography, and CT or MRI. Patients were
diagnosed with recurrence when ultrasonography,
dynamic CT, or MRI detected a new hepatic lesion.

Statistical analysis

Normally distributed clinical characteristics are reported
as a single number for categorical data or as mean
± SD for continuous data. Data with a non-normal
distribution are reported as median (interquartile
range). Categorical data were compared between
2
control and TACE groups using the χ test, while
continuous data were compared using a Student’s t
test. Values for the mean, median, and categorical
variants were compared between the two groups using
2
the t, Mann-Whitney U, and χ tests, respectively.
Recurrence and survival curves were constructed
using the Kaplan-Meier method and compared using
Cox proportional hazard regression. Multivariate Cox
proportional hazard regression was used to assess the
ability of clinicopathologic variables to predict overall
survival based on HRs and associated 95%CIs. All
analyses were performed using SPSS 19.0 (IBM Corp.,
Armonk, NY, United States). All statistical tests were
two-sided, and inter-group differences were considered
significant when P < 0.05.

Propensity score matching

There may be substantial risk that observed differences
in survival or recurrence between our groups are due
at least in part to baseline differences. To minimize
such confounding and isolate the effects of adjuvant
TACE, we used propensity score matching to balance
these baseline differences and thereby simulate
[20]
random group allocation . Logistic regression
was used to generate a binary propensity score for
each patient (0 = assignment to control group, 1 =
assignment to TACE group). One-to-one matching of
propensity scores was performed without replacement
using a caliper with a width 0.2 of the SD to generate
61 pairs comprised one control and one TACE patient
(Table 1).

RESULTS

Treatment

Differences between control and TACE patients before
and after propensity score matching

All patients were treated by curative resection involving
1-2 segmentectomies (minor resection, n = 116) or
> 2 segmentectomies (major resection, n = 113).
Surgical techniques and perioperative management
[21,22]
were as described
.
Angiography of the celiac artery and superior
mesenteric artery were performed in all patients, and
TACE was performed 3-4 wk after curative resection
when the tumor staining and visualization of tumor
[23]
vasculature were observed by hepatic angiography .
If the remnant livers were stained by Lipiodol using CT
or magnetic resonance imaging (MRI) after the hepatic
angiography 1 mo later, TACE was performed. A highly
selective 5-F catheter was used to completely occlude
the feeding arteries and preserve liver function. In
brief, a mixture of 50-100 mg cisplatin or oxaliplatin,
30-50 mg doxorubicin, and 5-10 mL of Lipiodol were
injected, after which embolization was performed
under fluoroscopic guidance using Gelfoam powder
and a small amount of contrast medium.

Before propensity score matching, a comparison of
all 229 patients revealed no significant differences
in gender, age, rates of hepatitis B antigen positivity,
antiviral therapies, family history of HCC, levels of total
bilirubin, total serum protein, alanine aminotransferase,
aspartate aminotransferase, or AFP, tumor size, tumor
number, liver resection surgery, vascular occlusion,
surgical margins, blood loss, blood transfusion,
Edmondson grade, or Barcelona Clinic Liver Cancer
(BCLC) stage (Table 1). However, TACE patients had
significantly higher levels of serum albumin (P =
0.042), higher rates of liver cirrhosis (P = 0.033), and
completely encapsulated tumors (P = 0.004). On the
other hand, the control group showed significantly
2
higher rates of body mass index < 23 kg/m (P = 0.003)
and major resection, as well as significantly longer
mean prothrombin time (P = 0.010).
Propensity score matching to generate 61 patient
pairs eliminated all significant differences in measured
variables, confirming the effectiveness of the matching
procedure.

Follow-up

Follow-up duration was calculated from the day of
curative resection until either death or the last followup visit; survival time was defined as 36 mo for those
who survived more than three years. All patients were
followed up at 1 mo and then every 3 mo for the first
two years, and then every 6 mo thereafter. Followup visits consisted of a physical examination, liver
function tests, measurement of serum AFP, abdominal
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Overall survival

Among all patients without propensity score matching,
median follow-up was 32.4 mo for the TACE group
and 28.7 mo for the control group. During follow-up,
51 (56.0%) TACE patients and 79 (57.2%) control
patients died of cancer or complications associated
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Table 1 Baseline clinical characteristics of hepatocellular carcinoma patients treated by curative resection alone or by resection
followed by transarterial chemoembolization
Variable

Before propensity score matching

Gender
Male
Female
Age, yr
BMI, kg/m2
< 23
≥ 23
HbsAg
Positive
Negative
Family history of HCC
Yes
No
Total bilirubin, μmol/L
Total serum protein, g/L
Albumin, g/L
ALT, U/L
AST, U/L
Prothrombin time, s
Platelet count, 109/L
AFP, ng/mL
< 400
≥ 400
Tumor size, cm
Tumor number
1
2 or 3
Liver cirrhosis
Positive
Negative
Antiviral therapies
Yes
No
Resection
Anatomic
Nonanatomic
Vascular occlusion
No
Pringle maneuver
Hemihepatic
Surgical margins, cm
≥1
<1
Blood loss, mL
Blood transfusion
Yes
No
Tumor capsule
Complete
Incomplete
Edmondson grade
Ⅰ or Ⅱ
Ⅲ or Ⅳ
BCLC stage
A
B

After propensity score matching

TACE (n = 91)

Control (n = 138)

P value

TACE (n = 61)

Control (n = 61)

P value

79
12
49.8 ± 10.0

120
18
49.0 ± 12.5

0.975

50
11
50.1 ± 11.0

51
10
50.8 ± 11.0

0.810

48
43

99
39

0.003

41
20

42
19

0.846

76
15

119
19

0.572

50
11

52
9

0.625

21
70
14.1 ± 6.9
69.1 ± 6.0
41.2 ± 3.9
38 (10-192)
35 (16-181)
12.5 ± 1.6
181.1 ± 69.2

29
109
14.0 ± 6.7
69.7 ± 6.6
39.9 ± 5.1
35 (9-341)
38 (17-410)
13.1 ± 1.7
173.2 ± 78.8

0.712

13
48
13.4 ± 5.9
69.7 ± 6.2
40.1 ± 4.2
38 (24-53)
36 (30-50)
12.6 ± 1.4
183.8 ± 73.1

12
49
14.2 ± 7.4
70.0 ± 6.3
40.9 ± 4.2
33 (23-49)
36 (29-51)
12.6 ± 1.5
174.2 ± 70.8

0.823

73
18
5.6 ± 3.0

98
40
6.2 ± 2.9

0.117

42
19
5.8 ± 2.8

45
16
5.8 ± 2.9

0.548

67
24

99
39

0.754

44
17

46
15

0.681

78
13

102
36

0.033

51
10

51
10

1.000

76
15

119
19

0.572

50
11

52
9

0.625

39
52

60
78

0.926

26
35

25
36

0.854

22
42
27

23
80
35

0.184

14
29
18

11
40
10

0.111

65
26
300 (200-500)

106
32
300 (200-500)

0.359

44
17
300 (200-500)

41
19
300 (175-500)

0.691

17
74

38
100

0.125

12
49

13
48

0.823

59
32

63
75

0.004

36
25

35
26

0.854

37
54

60
78

0.673

26
35

28
33

0.715

68
23

100
38

0.705

46
15

47
14

0.832

0.585

0.950
0.510
0.042
0.572
0.507
0.010
0.436

0.155

0.119

0.693

0.451
0.783
0.675
0.536
0.903
0.716
0.401

0.932

0.726

Data are presented as mean ± SD or median (interquartile range). AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; BCLC: Barcelona Clinic Liver Cancer staging system; BMI: Body mass index; HCC: Hepatocellular carcinoma; HbsAg: Hepatitis B surface
antigen; TACE: Transarterial chemoembolization.

vs 84.1%), 2 years (86.4% vs 71.9%), and 3 years
(79.2% vs 63.7%, P = 0.012; Figure 1).

with liver disease. TACE patients showed significantly
higher overall survival than controls at 1 year (93.4%
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40.0
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Resection, all patients
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60.0
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P = 0.425

40.0

20.0

0.0

0.0
0.00

12.00
24.00
Fellow-up (mo)

36.00
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Figure 1 Kaplan-Meier curves of overall survival for hepatocellular
carcinoma patients treated by curative resection alone or by resection
followed by transarterial chemoembolization. Separate curves are shown
for the entire patient population (P = 0.012) and for propensity score-matched
patients (P = 0.543). TACE: Transarterial chemoembolization.

n

AFP, ng/mL
< 400
≥ 400
Tumor size, cm
≤5
>5
BCLC stage
A
B
Blood transfusion
Yes
No
Adjuvant TACE
Yes
No

Overall survival (%)

mass index, hepatitis B infection, antiviral therapies;
family history of HCC, serum biochemistry, tumor
number and size, liver cirrhosis, tumor encapsulation,
liver resection surgery, vascular occlusion, surgical
margins, blood loss, blood transfusion, Edmondson
grade, BCLC stage, resection type, and use of adjuvant
TACE. Univariate analysis identified the following
significant predictors of increased risk of mortality:
serum AFP level ≥ 400 ng/mL (P = 0.007), tumor
size > 5 cm (P < 0.001), BCLC B stage (P = 0.020),
and resection without TACE (P = 0.012) (Table 2).
Multivariate Cox regression identified the following
independent prognostic factors: AFP level ≥ 400
ng/mL (HR = 1.745, 95%CI: 1.008-3.019; P =
0.047) and tumor size > 5 cm (HR = 2.990, 95%CI:
1.545-5.788; P = 0.001).

Log-rank
P value

1-yr

2-yr

3-yr

171
58

89.4
82.6

80.8
68.6

74.7
55.7

0.007

93
136

96.8
81.5

92.1
67.8

86.0
58.9

< 0.001

168
61

89.3
83.4

80.1
70.7

74.2
59.1

0.020

55
174

76.4
91.3

66.7
81.1

54.9
74.3

0.030

91
138

93.4
84.1

86.4
71.9

79.2
63.7

0.012

Recurrence

Among all patients, recurrence rates were not
significantly different in the TACE group compared
to controls at 1 year (13.6% vs 24.3%), 2 years
(30.4% vs 32.0%), or 3 years (40.8% vs 33.9%).
Similar results were obtained for the propensity scorematched patients at 1 year (13.4% vs 24.8%), 2 years
(30.6% vs 32.1%), and 3 years (40.1% vs 34.0%)
(Figure 2).

AFP: Alpha-fetoprotein; BCLC: Barcelona Clinic Liver Cancer staging
system; TACE: Transarterial chemoembolization.

Median follow-up for the 61 pairs of propensity
score-matched patients was 32.1 mo for TACE patients
and 28.3 mo for controls. A total of 16 (26.2%)
TACE patients died, compared to 25 (41.0%) control
patients. Overall survival was higher among the
propensity score-matched TACE patients compared to
controls at 1 year (95.1% vs 86.9%), 2 years (86.7%
vs 78.5%), and 3 years (76.4% vs 73.2%; Figure 1),
though the difference was not significant.

Prognostic factors for recurrence

Univariate analysis identified the following predictors
of increased risk of recurrence: tumor size > 5 cm (P
= 0.046), multiple tumors (P = 0.007), BCLC B stage
(P = 0.008), and resection without TACE (P = 0.030).
Multivariate Cox regression identified tumor size > 5
cm (HR = 1.684, 95%CI: 1.018-2.786; P = 0.042) as
an independent prognostic factor.

Prognostic factors for overall survival

Numerous factors were assessed for their ability to
predict overall survival, including age, gender, body
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36.00

Figure 2 Kaplan-Meier curves of recurrence for hepatocellular carcinoma
patients treated by curative resection alone or by resection followed by
transarterial chemoembolization. Separate curves are shown for the entire
patient population (P = 0.226) and for propensity score-matched patients (P =
0.425). TACE: Transarterial chemoembolization.

Table 2 Univariate analyses to identify predictors of overall
survival among all patients in the cohort
Variable

12.00
24.00
Fellow-up (mo)
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Lower AFP levels are associated with slower tumor
growth and, therefore, with less-advanced tumor stage
[27-29]
and lower risk of mortality
. Lower AFP is also
associated with a more highly differentiated HCC, and
with lower risk of microscopic vascular involvement. In
fact, AFP serves as an adjunct diagnostic tool in many
[30]
guidelines .
We also identified tumor size > 5 cm as an
independent predictor of survival in HCC patients,
[5,6,26]
again consistent with many studies
. Tumors >
5 cm are associated with increased invasiveness,
reflected in higher incidence of intrahepatic metastasis
[31,32]
and portal venous invasion
. Large tumors are also
associated with the presence of satellite lesions and
vascular invasion, which favor tumor recurrence and
[29,33,34]
poor survival
.
In conclusion, postoperative adjuvant TACE does
not appear to improve overall survival or reduce
recurrence in patients lacking many of the risk factors
associated with poor prognosis. However, this is a
retrospective analysis that is likely subject to subtle
selection biases, even after propensity score matching.
Larger RCTs and RCTs involving patients with more
complicated HCC should examine in more detail the
effects of postoperative TACE on HCC prognosis.

DISCUSSION
The rationale for postoperative TACE is to eliminate
tumor cells that may have been shed from tumor
masses removed during liver surgery, as well as
destroy small intrahepatic metastases that may not
have been detected before or during surgery. Studies
have given conflicting results concerning whether
postoperative adjuvant TACE can improve patient
prognosis. Our retrospective study of a reasonably
large patient cohort, some of whom received resection
followed by TACE and others who received resection
alone, suggests that the technique does not improve
overall survival or reduce recurrence.
We performed analyses not only on the entire
patient cohort, but also on propensity-score matched
patient pairs, as the control and TACE patients showed
significant differences in some baseline characteristics.
These differences reflect the criteria used in our clinic
to decide whether to perform TACE on given patients;
such differences have been associated with differences
[24]
in overall survival in HCC . Although higher one-,
two-, and three-year overall survival rates were
observed when all TACE patients were compared with
[10,14,15]
all controls, similar to those of several studies
,
this difference was not significant when compared
between score-matched patient pairs.
Our results were obtained with a cohort of HCC
patients who did not have complications known to
increase risk of postoperative recurrence and reduce
overall survival, such as vascular invasion, satellite
nodules, distant and lymphovascular metastases, and
positive resection margins. One meta-analysis and two
randomized controlled trials (RCTs) provided strong
evidence that postoperative TACE can decrease tumor
recurrence and improve overall survival in patients
[16,17,19,23]
with such risk factors for recurrence
. It may be
that postoperative TACE is more appropriate for HCC
patients with numerous risk factors than for those with
less complicated HCC, such as the ones in our study.
Our finding that postoperative TACE does not reduce
recurrence may have several explanations. TACE
reduces remnant liver function and immune function,
[15]
resulting in poor overall or disease-free survival .
Tumors in recurrence usually have different clonal
origins from the primary tumors, and liver cirrhosis
and liver inflammation, both of which occurred at
similar rates in our propensity score-matched patients,
[25]
are independently associated with recurrence . Our
results suggest that applying strict selection criteria
when initially deciding on HCC treatments may be
more effective than postoperative adjuvant TACE at
improving overall survival and reducing recurrence.
Using multivariate Cox regression, we found that a
serum AFP level ≥ 400 ng/mL independently predicted
poor overall survival, consistent with a previous
[26]
study . AFP is widely used to predict intra- and
extrahepatic recurrence, with extremely high levels
regarded as a highly specific and sensitive biomarker.
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Abstract
AIM: to compare the outcomes of hepatic resection
and transarterial chemoembolization (TACE) for solitary
hepatocellular carcinoma (HCC) according to the
Barcelona Clinic Liver Cancer (BCLC) staging system.
METHODS: A consecutive sample of 540 patients with
solitary HCC who underwent liver resection (n = 312)
or TACE (n = 128) were included in the present study.
Baseline characteristics, tumor characteristics, and
post-operative complications were compared between
the two groups. The Kaplan-Meier method was used
for long-term survival analysis. Independent prognostic
predictors were identified using the Cox proportional
hazards model (univariate and multivariate analyses).
RESULTS: The TACE and liver resection groups had
similar baseline demographic and clinicopathological
characteristics. The TACE group showed a significantly
lower rate of major complications than the liver
resection group (3.9% vs 17.4%, P < 0.001). Uni
variate and multivariate analyses indicated that TACE
did not contribute to poor overall survival compared
with liver resection; however, a solitary tumor diameter
of greater than 6 cm should be considered a risk
factor for poor overall survival (HR = 1.328, 95%CI:
1.002-1.783, P = 0.048). The liver resection and TACE
groups had comparable overall survival rates at 1 year,
3 years, and 5 years (86.2%, 62.8%, and 44.0% vs
88.3%, 59.8%, and 40.6%, respectively, P = 0.419).
In cases with tumor diameters equal to or less than 6
cm, the liver resection group showed a survival benefit
compared with the TACE group at 1 year, 3 years, and
5 years (P = 0.030). The 1-, 3-, and 5-year overall
survival rates of HCC cases with tumor diameters of
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[9]

more than 6 cm were similar among the liver resection
and TACE groups (P = 0.467).

Kong Liver Cancer (HKLC) staging system . However,
there is no consensus as to the best system. The
Barcelona Clinic Liver Cancer (BCLC) staging system
combines the above 4 factors, links 5 different stages
of HCC with the appropriate therapeutic treatment
options, and is endorsed by the European Association
[3]
of the Study of Liver Diseases (EASLD) and the
American Association for the Study of Liver Diseases
[10]
(AASLD) . The BCLC has recently been widely
adopted as the staging system of choice in many
Western countries, but it has not yet been adopted in
Asia. There is substantial heterogeneity regarding the
systems used in studies, especially those assessing the
treatment of patients with BCLC-B HCC.
The BCLC staging classification is primarily
based on the prognostic analysis of several small
cohorts of predominantly hepatitis C virus (HCV)infected patients with early HCC who were treated
via resection, transplantation, or percutaneous
[11]
ethanol injection . The staging may not reflect the
progression or prognosis of patients with HCC in whom
hepatitis B virus (HBV) infection is the predominant
etiologic factor. Additionally, more aggressive treat
ment approaches, especially surgical resection, have
been adopted in most Asian centers due to higher
[12,13]
case volumes and increased expertise
. Patients
with BCLC-B HCC may also receive more benefits from
liver resection than from the currently recommended
[14-16]
TACE
. However, according to the BCLC system,
all solitary target cases should be graded as BCLC
stage A, and all of these BCLC-A cases should undergo
curative treatments such as ablation, resection, or
[17,18]
transplantation
. Although the effectiveness of
ablation has been demonstrated in small liver cancers
with diameters ≤ 3 cm, it is difficult to achieve
effective radical treatment with radiofrequency
ablation (RFA) in larger liver cancers (especially those
[17]
[19]
with diameters > 5 cm) . According to the Milan
and University of California, San Francisco (UCSF)
[20]
criteria , the upper diameter of the solitary targets
has been limited to 5 cm and 6.5 cm, respectively, and
not all of these cases of solitary HCC are appropriate
for liver transplantation. The shortage of donors and
[21]
morbidity rate of nearly 10% may also limit the use
of LT for these HCC cases. Therefore, liver resection
may be the most effective and most common approach
for solitary HCC. However, not all cases of solitary HCC
are suitable for liver resection due to considerations
regarding liver function, remnant liver, postoperative
complications, overall survival, and tumor recurrence.
Thus, in the present study, we compared the
outcomes of TACE and hepatic resection for solitary
BCLC stage A HCC with the aim of improving the
BCLC staging system. A clear cutoff exists for cases
of solitary HCC in which LT, RFA and resection
are considered to be the most effective and most
available approaches; therefore, we only included
patients with solitary HCC who underwent liver

CONCLUSION: A tumor diameter of 6 cm should be the
cutoff for deciding between liver resection and TACE.
Key words: Hepatocellular carcinoma; Liver resection;
Transarterial chemoembolization; Solitary
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the present study, we tried to set a cutoff
value for solitary hepatocellular carcinoma (HCC)
according to the Barcelona Clinic Liver Cancer staging
system. Univariate and multivariate analyses indicated
that a tumor diameter greater than 6 cm should be
considered a risk factor for poor overall survival (HR
= 1.328, 95%CI: 0.902-1.783, P = 0.048). In cases
with a tumor diameter equal to or less than 6 cm,
the liver resection group showed a survival benefit
compared with the transarterial chemoembolization
(TACE) group. The 1-, 3-, and 5-year overall survival
rates were similar among the liver resection and TACE
groups regarding HCC cases with a tumor diameter of
more than 6 cm.
Zhang DZ, Wei XD, Wang XP. Comparison of hepatic resection
and transarterial chemoembolization for solitary hepatocellular
carcinoma. World J Gastroenterol 2015; 21(15): 4635-4643
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4635.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4635

INTRODUCTION
Globally, hepatocellular carcinoma (HCC) is the sixth
most common cancer and the third leading cause
[1]
of cancer-related death . According to the most
recent report, liver cancer has the second highest
[2]
mortality rate, immediately following lung cancer .
The HCC tumor burden is heavier in northeastern
Asian countries, especially China, because of the
high prevalence of hepatitis B virus infection. China
[1]
accounts for 55% of all HCC cases worldwide .
The prognoses of patients with HCC are determined
by the tumor status, liver function reserve, general
[3]
health status and treatment efficacy . A staging
system that considers all of these factors is important
for predicting the prognosis and for comparing the
outcomes of patients with HCC. Several prognostic
staging systems are used to predict the survival of
[4]
patients with HCC. These include the Okuda system ,
[5]
tumor node metastasis (TNM) system , the Cancer
[6]
of the Liver Italian Program (CLIP) score system ,
[7]
Japan Integrated Staging (JIS) system , the Chinese
[8]
University Prognostic Index (CUPI) and the Hong
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resection or TACE.

access, and the tip of the catheter was directed
toward tumor-feeding arteries (left or right branches)
for the superselective embolization of all tumors. A
mixture of doxorubicin hydrochloride and an iodized oil
emulsion was injected until complete blockage of the
tumor-feeding branch was achieved. The dose of the
embolization agent was determined based on tumor
size, tumor number, feeding vessels and liver function
status. Meanwhile, the injection was continued until
stasis was confirmed in the feeding artery.

MATERIALS AND METHODS
Study populations

We retrospectively assessed data from our hospital
database for 1900 patients with HCC who underwent
liver resection (312 cases) or TACE (128 cases).
Our present study was approved by the institutional
review board of the Gansu Provincial Hospital and
was conducted in accordance with the Declaration of
Helsinki and current ethical guidelines. Only cases with
Child-Pugh scores of A or B who had liver function
scores available and solitary target cases confirmed via
preoperative enhanced CT or MRI were included in our
present study; all of these patients underwent either
TACE or liver resection as an initial therapy in our
hospital and had routine postoperative follow-up in the
outpatient department. The exclusion criteria included
macroscopic vascular invasion and tumor metastases.
Additionally, patients who underwent radical therapies
such as RFA, liver resection, or LT following TACE were
excluded from our study.
The diagnosis of HCC was confirmed via histology or
cytology, increased α-fetoprotein levels (≥ 400 ng/ml),
or typical radiological appearance in at least 2 clinical
imaging modalities (i.e., ultrasonography, computed
tomography, or magnetic resonance imaging). All
patients with adequate liver function and radiologically
resectable tumors were initially evaluated for partial
hepatectomy. The remnant liver volume was at least
30% after liver resection in patients with HCC without
cirrhosis and 50% in patients with HCC with liver
cirrhosis or severe fatty liver. Our centers adopted the
ICG-15 in 2006; the ICG-15 was not applied to the
patients in this study. The choice of treatment protocol
for solitary HCC was mainly based on the liver function,
tumor diameter, tumor location and ECOG score.
The following variables were recorded for each
patient: age, sex, cause of underlying liver disease,
general conditions, main serological parameters, liver
function, tumor radiological characteristics, tumor
biological characteristics, primary treatment strategy,
postoperative recovery, postoperative complications,
long-term survival and tumor recurrence.
Portal hypertension (PHT) was defined as the
presence of esophageal varices and/or a platelet
count of less than 100000 per μL in association with
[16]
splenomegaly .

Liver resection: All the surgical procedures were
performed under general anesthesia by the chief
hepatobiliary physician or by a deputy chief physician
with at least 10-15 years of surgical experience.
Partial hepatectomy was performed as an anatomical
resection. The margins of the resection were at least
1-2 cm from the border of the tumor. Intraoperative in
vivo radiotherapy and chemotherapy were not applied,
and no portal vein chemotherapy was provided. During
surgery, parenchymal dissection was performed with
an ultrasonic surgical aspirator. The vessels were not
directly pinched. When necessary, the liver pedicle
was intermittently clamped in cycles of 10-15 min of
clamping and 3-5 min of reperfusion.
Follow-up assessments: Ultrasonography, chest
radiography, serum alpha-fetoprotein (AFP) assays
and liver function tests were performed every 2-4 mo
during the first postoperative year and every 6 mo in
subsequent years. Enhanced CT or MRI was performed
every 6 mo or when recurrence or progression was
suspected via routine ultrasonography. The 1-, 3-,
and 5-year overall survival rates were the primary
criteria of the follow-up assessments. The treatment
protocol for HCC recurrence was implemented
according to the tumor location and size and the liver
function of the patient. Re-resection, RFA, repeated
TACE, and sorafenib were administered for most
cases of recurrence. When lung metastasis was
found, a gamma knife was the primary recommended
treatment.

Statistical analysis

All data were analyzed using the SPSS statistical software
package. Differences between the categorical data
2
were analyzed using the χ test and Fisher’s exact test
(2-tailed), if necessary. Survival curves were estimated
using the Kaplan-Meier method and compared using
the log-rank test. Univariate analyses were performed
to identify factors that could predict overall and tumorfree survival. All variables with P < 0.05 were included
in the multivariate analysis to assess independent
predictive factors using Cox regression analyses. The
Cox proportional hazards model was used to generate
adjusted hazard ratios and 95% confidence intervals.
A 2-tailed P value < 0.05 was considered statistically
significant in all tests.

TACE protocol: The indications for TACE should be a
lack of main portal vein tumor thrombus and no severe
renal dysfunction. All TACE procedures were performed
by 1 of 2 experienced interventional radiologists under
local anesthesia. Depending on the tumor size, the
location and the arterial supply of the tumor, a 3 Fr
microcatheter was advanced toward the tumor-feeding
arteries for selective embolization via transfemoral

WJG|www.wjgnet.com

4637

April 21, 2015|Volume 21|Issue 15|

Zhang DZ et al . Hepatic resection and transarterial chemoembolization
Table 1 Baseline and tumor characteristics of the study
patients
Liver resection
group

TACE group

Table 2 Post-operative complications in the two patient
groups n (%)

P value

218
281
Age (yr)
52.1 ± 12.5
52.0 ± 13.5
0.950
Sex (M/F)
162/56
210/71
0.915
Weight (kg)
67.6 ± 9.5
66.8 ± 9.4
0.358
Height (cm)
165.5 ± 8.7
164.9 ± 9.0
0.496
BMI (kg/m2)
23.6 ± 2.5
23.6 ± 2.4
0.870
Cirrhosis etiology (HBV/
193/5/9/11
256/6/6/13
0.352
HCV/negative/other)
MELD score
5.4 ± 1.8
5.5 ± 1.7
0.607
Child score (A/B/C)
162/56/0
222/59/0
0.218
EOCG score (0/1/2)
161/29/28
211/39/31
0.697
PHT (yes/no)
182/36
244/37
0.668
Tumor diameter of the largest
6.2 ± 2.3
7.6 ± 2.2
< 0.001
target (cm)
AFP level (ng/mL)
2388.5 ± 7916.0 2650.1 ± 8514.4 0.726
0-400 ng/mL
120
136
400-800 ng/mL
11
26
800-1200 ng/mL
15
13
≥ 1210 ng/mL
72
106
NLR ≥ 4 (yes/no)
109/109
160/121
0.123
Obvious arterial phase
175/43
222/59
0.727
enhancement (yes/no)
Diagnostic method (enhanced
172/36/10
238/27/16
0.127
CT/MRI/biopsy)

TACE
group

218
68 (31.2)

281
154 (54.8)

18 (8.3)

77 (27.4)

12 (5.5)
7 (3.2)

56 (19.9)
5 (1.8)

5 (2.3)

2 (0.7)

5 (2.3)

1 (0.4)

4 (1.8)
4 (1.8)
30 (13.8)
38 (17.4)
5 (2.3)
8 (3.7)

1 (0.4)
2 (0.7)
133 (43.3)
11 (3.9)
3 (1.1)
7 (2.5)

Complications (Clavien-Dindo
classification)
Grade Ⅰ (without drugs, conservative
treatment)
Grade Ⅱ (simple medicine treatment)
Grade Ⅲa (therapeutic operation
under local anesthesia)
Grade Ⅲb (operational treatment
under general anesthesia)
Grade Ⅳa (single organ function
failure)
Grade Ⅳb (multiple organ failure)
Grade Ⅴ (In-hospital death)
Minor complications (Ⅰ-Ⅱ)
Major complications (Ⅲ-Ⅴ)
30-d mortality
90-d mortality

P value

< 0.001

0.254
< 0.001
< 0.001
0.280
0.445

TACE: Transarterial chemoembolization.

sessions of TACE were evaluated, although multiple
sessions of TACE were performed for most of the
patients in the TACE group. Additionally, the number
of overall complications in the TACE group was
significantly higher than that in the liver resection
group (54.8% vs 31.2%, P < 0.001). Similarly, the
number of minor complications according to the
Clavien-Dindo system was also significantly higher
in the TACE group than in the liver resection group
(43.3% vs 13.8%, P < 0.001). However, a significantly
lower rate of major complications was observed in the
TACE group compared with the liver resection group
(3.9% vs 17.4%, P < 0.001). Both groups showed
comparable outcomes regarding in-hospital, 30-d,
and 90-d morbidity (all P > 0.05). The most common
complications in the TACE group were due to the
toxicity of the TACE itself, including nausea/emesis,
pain in the upper quadrant, and fever.

BMI: Body mass index; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; MELD: Model for end stage liver disease; TACE: Transarterial
chemoembolization; LT: Liver transplantation; NLR: Neutrophillymphocyte ratio; CT: Computed tomography; MRI: Magnetic resonance
imaging; M: Male; F: Female.

RESULTS
The baseline demographic and clinicopathological
characteristics of the two groups of patients are listed
and compared in Table 1. The mean number of TACE
procedures was 2.3 ± 1.2 for patients in the TACE
group. The patients in the TACE group had significantly
larger tumors than the patients in the liver resection
group (6.2 cm vs 7.6 cm, P < 0.001). No significant
differences were observed with respect to age, gender,
weight, height, body mass index (BMI), etiology of
cirrhosis, MELD score, liver function (Child and MELD
scores), the presence of portal hypertension, serum
AFP level and grade, or neutrophil-lymphocyte ratio
(NLR), among others (all P > 0.05). Most of the HCC
cases were caused by HBV infection in the two groups;
thus, 426 cases (85.4%) of portal hypertension were
due to infection with HBV or HCV. Nevertheless, all of
these patients demonstrated good liver function (grades
A and B, no grade C).

Univariate and multivariate analyses of overall survival

Univariate and multivariate analyses were performed,
and the results are shown in Tables 3 and 4; these
analyses included factors that are associated with
postoperative survival, including age, gender, BMI, the
cause of liver disease, the Child-Pugh score, the ECOG
score, portal hypertension, the albumin level, the
platelet count, hemoglobin, creatinine, the NLR, the
AFP level, the tumor diameter, obvious arterial phase
enhancement, the diagnostic method, and the type of
therapy. Univariate analyses identified the following
prognostic factors as indicative of poor overall survival:
age < 60, the presence of portal hypertension, NLR
≥ 4, and a tumor diameter > 6 cm. Multivariate
Cox regression analyses were performed for these
significant factors and revealed that a tumor diameter

Postoperative complications

As shown in Table 2, the Clavien-Dindo classification
was used to evaluate and compare the postoperative
complications after liver resection or TACE. To compare
the two groups, we evaluated the postoperative
complications in the initial TACE; however, not all
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Table 3 Univariate analyses show factors of overall survival

Age < 60 (yes/no)
Gender (M/F)
BMI ≥ 26 (yes/no)
Cause of liver diseases (HBV/HCV/no/
others)
Child-Pugh Score (A/B)
ECOG score (0/1/2)
PHT (yes/no)
ALB ≥ 35 g/L (yes/no)
Platelets ≥ 100 × 109/L (yes/no)
HB ≥ 120 g/L (yes/no)
Creatinine ≥ 100 μmol/L (yes/no)
NLR ≥ 4 (yes/no)
AFP level (1-400/400-800/800-1200/ >
1200 ng/mL)
Tumor diameter > 6 cm (yes/no)
Obvious arterial phase enhancement
(yes/no)
Diagnostic method (enhanced CT/MRI/
biopsy)
Therapy (liver resection/TACE)

n

Overall
survival rate

499
341/158
372/127
72/427
449/11/15/24

P value

384/115
372/68/59
425/74
275/224
177/322
331/168
49/450
269/230
256/37/28/178

0.897
0.594
< 0.001
0.221
0.923
0.602
0.675
< 0.001
0.218

306/193
397/102

< 0.001
0.361

410/63/26

0.587

218/281

0.437

0.8
Overall survival rate (%)

Variables

1.0

0.041
0.596
0.268
0.779

95%CI

P value

0.981-1.282
0.908-1.556
0.992-1.781
1.002-1.783

0.121
0.262
0.128
0.048

Group
Liver resection group (n = 218)
TACE group (n = 281)
Liver resection group
TACE group
0

2

3

4

5

Figure 1 One-, 3-, and 5-year overall survival of patients in the liver
resection group was 86.2%, 62.8%, and 44.0%, respectively, and
88.3%, 59.8%, and 40.6%, respectively, for patients in the transarterial
chemoembolization group. The long-term outcomes of the two groups were
similar. TACE: Transarterial chemoembolization.

1.0

0.8

NLR: Neutrophil-lymphocyte ratio.

P = 0.030

0.6

0.4

0.2

Solitary HCC ≤ 6 cm (n = 193)

0.0

Liver resection group (n = 120)
TACE group (n = 73)
Liver resection group
TACE group
0

> 6 cm was a significant risk factor for overall survival
in patients with solitary HCC. Interestingly, the mode
of therapy (i.e., TACE) did not contribute to overall
survival in the univariate and multivariate analyses for
solitary HCC.

1

2

3

4

5

Follow-up years

Figure 2 Long-term overall survival in the liver resection group was
significantly better than that in the transarterial chemoembolization group
for solitary hepatocellular carcinomas with a diameter of no more than 6
cm. The survival benefit in the liver resection group increased further after 3
years. HCC: hepatocellular carcinoma; TACE: Transarterial chemoembolization.

Overall survival

During at least 5 years of follow-up, 113 patients
(51.8%) in the liver resection group and 176 patients
(62.6%) in the TACE group died. The overall survival
was comparable between the liver resection and TACE
groups (1 year: 86.2% vs 88.3%; 3 years: 62.8% vs
59.8%; 5 years: 44.0% vs 40.6%) (shown in Figure
1, P = 0.419). In cases of solitary HCC with diameter
equal to or less than 6 cm, a survival benefit was noted
in the liver resection group compared with the TACE
group at 1 year, 3 years, and 5 years (shown in Figure
2, P = 0.030). However, for patients with solitary HCC
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1

Follow-up years

Overall survival rate (%)

HR
1.129
1.228
1.431
1.328

0.4

0.0

Table 4 Multivariate analyses of factors that contributed to
the overall survival rates

Age < 60
PHT
NLR ≥ 4
Tumor diameter > 6 cm

P = 0.419

0.2

BMI: Body mass index; HBV: Hepatitis B virus; HCV: Hepatitis C virus;
MELD: Model for end-stage liver disease; NLR: Neutrophil-lymphocyte
ratio; AFP: Alpha-fetoprotein; TACE: Transarterial chemoembolization;
ALB: Albumin; CT: Computed tomography; MRI: Magnetic resonance
imaging; M: Male; F: Female.

Variables

0.6

with a diameter of no more than 7 cm, there was a
similar rate of long-term overall survival between the
liver resection and TACE groups (shown in Figure 3, P
= 0.054). A similar outcome was observed for the two
groups of patients with solitary HCC with a diameter of
no more than 8 cm (shown in Figure 4A, P = 0.072).
The 1-, 3-, and 5-year overall survival rates were
similar among the liver resection and TACE groups for
cases of solitary HCC with a diameter of more than 6
cm (shown in Figure 4B, P = 0.467).
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A

1.0

0.8
Overall survival rate (%)

Overall survival rate (%)

0.8

1.0

P = 0.054
0.6

0.4

0.2

Solitary HCC ≤ 7 cm (n = 290)

0.0

Liver resection group (n = 160)
TACE group (n = 130)
Liver resection group
TACE group
0

1

2

3

4

P = 0.072
0.6

0.4

0.2

Solitary HCC ≤ 8 cm (n = 398)

0.0

Liver resection group (n = 189)
TACE group (n = 209)
Liver resection group
TACE group

5

0

1

Follow-up years

2

3

4

5

Follow-up years

Figure 3 survival benefit that was observed in the liver resection group
was no longer present when the diameter of the solitary hepatocellular
carcinoma was less than or equal to 7 cm. HCC: hepatocellular carcinoma;
TACE: Transarterial chemoembolization.

B

1.0

Overall survival rate (%)

0.8

DISCUSSION
The major finding of the present study was that 6 cm
is the optimal cutoff for BCLC stage A in solitary HCC.
A solitary HCC equal to or less than 6 cm in diameter
should be classified as BCLC stage A (early stage), and
a solitary HCC larger than 6 cm should be classified
as BCLC stage B (intermediate stage). According to
the guidelines of the European Association for the
[3]
Study of the Liver and the American Association
[22]
for the Study of Liver Disease
(which are based
on the BCLC classification), radical therapies such as
ablation, liver resection, and liver transplantation are
indicated for patients with early-stage HCC, including
cases of solitary HCC. However, radical therapies are
not appropriate for all cases of solitary HCC, even
with compensatory liver function and ECOG score,
and there is no consensus as to the upper limit of the
[17,18]
definition of BCLC stage A solitary HCC
. Zhong
[16]
et al
defined BCLC stage B as the presence of 1
lesion greater than 5 cm in diameter; thus, a solitary
HCC equal to or smaller than 5 cm in diameter would
[16]
be graded as BCLC stage A. However, Zhong et al
compared the efficacy and safety of liver resection and
TACE for BCLC stage B HCC. No studies have focused
on the cutoff value according to the diameter of BCLC
stage A solitary HCC. Additionally, few studies have
compared TACE and liver resection in BCLC stage A
[23]
HCC .
According to the Milan criteria for LT in HCC, the
upper limit with respect to the diameter of solitary HCC
[19]
cases was 5 cm . However, with the development
of transplantation technology and with increasing
experience, some groups have argued that the Milan
criteria are too restrictive and thus exclude some
HCC patients from LT despite the possible survival
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0.6

P = 0.467
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Solitary HCC > 6 cm (n = 306)

0.0

Liver resection group (n = 98)
TACE group (n = 208)
Liver resection group
TACE group
0

1

2

3

4

5

Follow-up years

Figure 4 liver resection group. A: liver resection group did not show any
survival benefit when the diameter of the solitary hepatocellular carcinoma
was less than or equal to 8 cm; B: liver resection group did not show any
advantage with respect to long-term survival when the diameter of the solitary
hepatocellular carcinomas was greater than 6 cm. HCC: hepatocellular
carcinoma; TACE: Transarterial chemoembolization.
[20]

benefit. The first report was published by Yao et al
at the University of California in 2001, who used the
University of California, San Francisco (UCSF) criteria
for LT. These authors found an excellent 5-year survival
of 75%, and the upper limit for the diameter of solitary
HCC cases for LT was extended to 6.5 cm. The Milan
[24]
group (Mazzaferro et al ) further attempted to
expand the Milan criteria to the Up-to-Seven criteria
(now called the “new Milan criteria”): hepatocellular
carcinoma with 7 as the sum of the size of the
largest tumor (in cm) and the number of tumors. The
[25]
Hangzhou criteria limit the upper diameter to 8 cm .
We established a 6-cm cutoff for BCLC stage A solitary
HCC; the same cutoff is currently applied to liver
transplantation for HCC.
Radiofrequency ablation is considered a safe
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method for small HCCs. The efficiency of RFA was very
[26]
clear for cases with a diameter ≤ 3 cm , but some
centers perform RFA in tumors with diameters up to 5
[17]
cm or greater . Therefore, RFA should be adopted for
[17]
tumor diameters no greater than 5 cm . Our cutoff of
6 cm may have also included all of the cases that were
appropriate for RFA according to the existing criteria.
Due to the shortage of donor liver grafts, the high
risk of intraoperative and postoperative complications
in LT cases, and the high strict upper limit of the
diameter, liver resection should be considered the
most acceptable and effective treatment for most
[27]
patients with HCC . However, perioperative morbidity
and mortality have traditionally posed significant
risks, and the short time to postoperative recurrence
may limit the effectiveness of liver resection in some
patients who could benefit from other therapies such
as TACE. Although the postoperative complication rate
in the TACE group (54.8%) was significantly higher
than that in the liver resection group (31.2%), most of
the complications in the TACE group were associated
with the toxicity of TACE itself (e.g., nausea/emesis,
pain in the upper quadrant, and fever). The rate of
major complications (grades Ⅲ-Ⅴ) in the TACE group
(3.9%) was significantly lower than that in the liver
resection group (17.4%). Additionally, the 30-d and
90-d morbidities were similar between the two groups.
Improvements in surgical technique and perioperative
care have made liver resection a relatively safe
method for patients with HCC, despite the potential
risks. A balance between safety and efficiency should
be considered in the treatment of patients with HCC.
Our study compared the long-term outcomes of
patients who received liver resection and those who
received TACE. As shown in Figure 1, liver resection
showed no benefits compared with TACE; however,
this may reflect imprecision in the BCLC staging
system regarding solitary HCC. We compared the
outcomes of the two groups and the subgroups
according to tumor diameter. The liver resection group
showed a significantly better long-term outcome,
especially with respect to 3- and 5-year overall
survival, when the diameter of the solitary HCC was
no larger than 6 cm in the preoperative imaging scan.
Meanwhile, the survival of patients with a single HCC <
6 cm in diameter was comparable with that of patients
who had undergone resection according to the Milan
[17]
criteria . However, liver resection for solitary HCC
was no longer advantageous for patients with tumors
with diameters larger than 6 cm. These two groups
showed comparable long-term outcomes when the
solitary target was larger than 6 cm; however, due
to the higher rate of major complications, greater
potential risk, decreased potential for recurrence
[17]
and increased cost , liver resection should not be
routinely recommended to these patients. Although
most episodes of recurrence occurred within the first
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1-3 years, most tumor-related deaths occurred after
this time frame. This may explain why the long-term
survival of the two groups was comparable in the first
year even for tumors with diameters of no more than
6 cm. Additionally, our univariate and multivariate
analyses of overall survival indicated that TACE was not
a risk factor for patients with solitary HCC. A solitary
HCC with a diameter larger than 6 cm was a risk factor
that affected overall survival.
This study has several limitations. The primary
limitation is the nature of our patient population, which
has one of the highest incidences of HCC in the world.
Secondly, this study was limited by a possible selection
bias that may have resulted from the comparison
of these non-randomized groups and retrospective
profiles. Thirdly, this was a single-center study, and
the results may not be generalizable. Furthermore,
this study included some patients with a performance
status of 1-2, which should be graded as B or C. Lastly,
there is a 30%-60% discrepancy between the tumor
patterns determined preoperatively (via imaging) and
the final pattern determined based on the evaluation
[28,29]
of the specimen
. Therefore, a multi-center
randomized comparative study with a large sample
is warranted; we intend to focus on this in our future
work.
In conclusion, if the preoperative imaging eva
luation shows a solitary HCC tumor with a diameter
less than or equal to 6 cm, the patient should be
recommended for liver resection; if resection is not
appropriate, TACE should be considered.
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liver resection group showed longer survival than TACE group. However, there
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well organized and well written.
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Abstract
AIM: To investigate the reduction in hepatitis B virus
(HBV) covalently closed-circular DNA (cccDNA) with
entecavir (ETV) or lamivudine (LAM).
METHODS: This analysis included patients who had
participated in the randomized Phase Ⅲ study ETV-022
comparing ETV vs LAM in nucleos(t)ide-naive, HBeAgpositive patients. Patients received ETV (0.5 mg daily)
or LAM (100 mg daily) for a minimum of 52 wk. Patients
were eligible to participate in this sub-study if they had
paired biopsies at baseline and week 48 with evaluable
measurements for hepatic HBV cccDNA and total
hepatic HBV DNA. The main objective was to compare
changes in hepatic HBV cccDNA and total hepatic HBV
DNA at week 48 of ETV or LAM treatment, which was a
secondary endpoint of study ETV-022. Additional post
hoc analyses included linear regression analyses to
assess associations of baseline levels and on-treatment
changes of cccDNA with other baseline factors [sex,
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age, serum HBV DNA, alanine aminotransferase (ALT),
Knodell necroinflammatory score, Ishak fibrosis score,
total hepatic HBV DNA, and HBV genotype], or ontreatment factors (changes from baseline at week 48 in
serum HBV DNA, ALT, Knodell necroinflammatory score,
Ishak fibrosis score, total hepatic HBV DNA, and HBeAg
loss at week 48).

INTRODUCTION
Worldwide, chronic hepatitis B (CHB) is the leading
cause of cirrhosis and hepatocellular carcinoma
(HCC), with around 50% of all HCC cases attributable
[1]
to the hepatitis B virus (HBV) . Persistence of HBV
infection in CHB is due to a reservoir of covalently
closed-circular HBV DNA (cccDNA) within the nuclei
of infected hepatocytes, which serves as template for
[2-5]
viral transcription . Low levels of cccDNA can persist
even after clinical resolution of the infection, thereby
allowing HBV reactivation after hepatitis B surface
[6,7]
antigen (HBsAg) clearance . Although a direct causal
relationship has not been shown, hepatic HBV cccDNA
and chromosomal HBV integration-together with other
factors such as immune-mediated liver inflammation[8-10]
may also be associated with HCC development
.
Reduction or elimination of cccDNA with anti-HBV
therapy may provide important clinical benefits such as
lower risks of HBV reactivation after seroclearance or
[11,12]
HCC-associated liver resection or transplantation
,
as well as a potential decrease in the risk of HCC
[13-16]
development
.
Antiviral therapy with nucleos(t)ide analogs inhibits
HBV DNA polymerase, thereby blocking synthesis
of serum HBV DNA, but does not directly target
[17]
cccDNA . However, there is some evidence from
small studies suggesting that cccDNA can be reduced
[7,15,18]
with nucleos(t)ide analog treatment
, but larger
studies are needed to confirm these findings.
Entecavir (ETV) is a potent antiviral nucleoside
analog that demonstrated superior efficacy to lami
vudine (LAM) in virologic, biochemical, and histologic
[19,20]
responses
. During long-term use, ETV maintained
high rates of virologic suppression and a low rate of
[21-24]
resistance with a favorable safety profile
. Longterm treatment with ETV has also been shown to
[25-29]
reduce the risk of HBV-related HCC
.
Here, we describe the results of an analysis of
hepatic HBV cccDNA and total hepatic HBV DNA
reductions in a large subgroup of nucleos(t)ide-naive
hepatitis B e antigen-positive [HBeAg(+)] patients
with paired liver biopsies before and after 48 wk of
treatment with ETV or LAM. Patients included in this
analysis represent a subset of a randomized sample of
patients included in the ETV Phase Ⅲ study ETV-022,
which assessed the efficacy of ETV vs LAM for virologic,
biochemical, serologic, and histologic outcomes.

RESULTS: Overall, 305 patients (ETV = 159; LAM
= 146) of ETV-022 had paired baseline and week 48
liver biopsies with evaluable measurements for hepatic
HBV cccDNA and total hepatic HBV DNA, and were
included in this analysis. Baseline demographics and
disease characteristics were comparable between the
two arms. After 48 wk, ETV resulted in significantly
greater reductions in hepatic HBV cccDNA [-0.9 log10
copies/human genome equivalent (HGEq) vs -0.7 log10
copies/HGEq; P = 0.0033] and total hepatic DNA levels
(-2.1 log 10 copies/HGEq vs -1.6 log 10 copies/HGEq;
P < 0.0001) than LAM. Virologic, biochemical, and
histologic response rates at week 48 were also greater
with ETV than with LAM. Baseline HBV cccDNA levels
were positively associated with baseline levels of serum
HBV DNA and total hepatic HBV DNA, and negatively
associated with HBV genotype F. On-treatment changes
in HBV cccDNA levels were negatively associated with
baseline levels of serum HBV DNA and baseline ALT,
and were positively associated with on-treatment
changes in the levels of serum HBV DNA, total
hepatic HBV DNA levels, and ALT, change in Knodell
necroinflammatory score, and HBeAg loss.
CONCLUSION: Forty-eight weeks of ETV resulted in
greater reductions in cccDNA and total hepatic HBV
DNA than LAM, but long-term therapy may be needed
for cccDNA elimination.
Key words: Hepatitis B virus; Nucleos(t)ide analog
therapy; Intrahepatic hepatitis B virus DNA; Antiviral
suppression; Virologic cure
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In chronic hepatitis B, persistence of hepatitis
B virus (HBV) infection is due to an intrahepatic pool of
stable, HBV covalently closed-circular DNA (cccDNA),
whose elimination is a limiting factor in anti-HBV
treatment. This study shows that 48 wk of treatment
with entecavir resulted in a greater reduction of
hepatic HBV cccDNA and total hepatic HBV DNA than
lamivudine. However, cccDNA was still detectable in
most biopsies.

MATERIALS AND METHODS
Study design, patients, and antiviral treatment

Bowden S, Locarnini S, Chang TT, Chao YC, Han KH, Gish
RG, de Man RA, Yu M, Llamoso C, Tang H. Covalently closedcircular hepatitis B virus DNA reduction with entecavir or
lamivudine. World J Gastroenterol 2015; 21(15): 4644-4651
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4644.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4644
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This report describes the results of a secondary
endpoint analysis and an exploratory post hoc analysis
of the Phase Ⅲ trial ETV-022. ETV-022 was a multicenter, double-blind, randomized, comparative trial
of ETV (0.5 mg daily) vs LAM (100 mg daily) in
nucleos(t)ide-naive, HBeAg(+) patients, the primary
[20]
results of which have been previously described .
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In ETV-022, patients received a minimum of 52 wk
of treatment. At week 52, patients who achieved a
protocol-defined response [HBV DNA < 0.7 mEq/mL
6
by branched-chain DNA assay (about 0.7 × 10 copies/
mL) and HBeAg loss] or a virologic non-response
at week 48 discontinued study therapy; virologic
responders (HBV DNA < 0.7 mEq/mL but without
HBeAg loss) could continue blinded treatment for up to
[20]
44 additional weeks .
Patients who participated in study ETV-022 and
had paired baseline and week 48 liver biopsies with
evaluable measurements for hepatic HBV cccDNA and
total hepatic HBV DNA were eligible for inclusion in this
analysis. Therefore, patients included in this analysis
represent a subset of the original randomized sample.
All procedures followed were in accordance with the
ethical standards of the responsible committee on
human experimentation (institutional and national)
and with the Declaration of Helsinki of 1975, as revised
in 2008. Informed consent was obtained from all
patients for being included in the study.

beta-globin gene (limit of detection: 0.002 copies/
HGEq). Hepatic HBV cccDNA values < 0.002 copies/
HGEq were replaced by a value of 0.0019 copies/
HGEq, and hepatic HBV cccDNA values > 1000 copies/
HGEq were replaced by a value of 1001 copies/HGEq.
®
Beta-globin DNA was quantified using the LightCycler
Roche DNA control kit (Roche Diagnostic, Penzberg,
Germany).

Statistical analysis

Differences (ETV vs LAM) in mean log10 changes
in hepatic HBV cccDNA and total hepatic HBV DNA
were estimated using linear regression adjusted
for baseline levels. Binary endpoints are presented
as non-completer = missing (NC = M) analyses.
Associations of cccDNA with baseline factors (sex,
age, serum HBV DNA, ALT, Knodell necroinflammatory
score, Ishak fibrosis score, total hepatic HBV DNA,
and HBV genotype), or on-treatment factors (changes
from baseline at week 48 in serum HBV DNA, ALT,
Knodell necroinflammatory score, Ishak fibrosis score,
total hepatic HBV DNA, and HBeAg loss at week
48) were examined with linear regression analyses.
HBV genotyping was conducted by Delft Diagnostic
Laboratory, Delft, The Netherlands.

Analysis

The main objective of this analysis was to assess the
mean changes from baseline in hepatic HBV cccDNA
and total hepatic HBV DNA at week 48 of treatment,
which were protocol-defined secondary endpoints in
ETV-022. Furthermore, the following post hoc analyses
were conducted for this sub-group of patients:
proportion of patients at week 48 with HBV DNA <
50 IU/mL (approximately 300 copies/mL), alanine
aminotransferase (ALT) normalization [ALT < 1.25 ×
upper limit of normal (ULN)], histologic improvement
[≥ 2-point decrease in Knodell necroinflammatory
score with no worsening (≥ 1-point increase from
baseline) of Knodell fibrosis score], and with Ishak
fibrosis score improvement (≥ 1-point decrease
from baseline), as well as the mean changes from
baseline at week 48 in serum HBV DNA, Knodell
necroinflammatory score, and Ishak fibrosis score.
In order to better understand how cccDNA relates to
other measures, additional post hoc analyses involving
linear regression analyses were performed to assess
associations of baseline levels and on-treatment
changes of cccDNA with other baseline or on-treatment
factors.
®
Serum HBV DNA was measured using the COBAS
AMPLICOR polymerase chain reaction (PCR) assay
[version 2.0, Roche; lower limit of quantification: 300
copies/mL (57 IU/mL)]. Total hepatic HBV DNA was
extracted from frozen liver biopsy samples (Master
Pure™ DNA Purification Kit, Epicentre Biotechnologies).
Hepatic HBV cccDNA and total hepatic HBV DNA were
®
quantified by real-time PCR (LightCycler , Roche,
[30]
Mannheim, Germany) as described elsewhere . Copy
numbers of hepatic HBV cccDNA and total hepatic
HBV DNA per human genome equivalent (HGEq) were
determined by normalizing samples to the cellular
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RESULTS
Study population

Overall, 709 patients were randomized and treated
in study ETV-022; of these, 159 patients in the ETV
arm and 146 patients in the LAM arm had paired
baseline and week 48 liver biopsies with evaluable
measurements for hepatic HBV cccDNA and total
hepatic HBV DNA. Baseline demographics and disease
characteristics were comparable between the two arms
(Table 1).

Efficacy

ETV treatment for 48 wk resulted in significantly
greater reductions in hepatic HBV cccDNA and total
hepatic HBV DNA levels than LAM (Figure 1). The
mean change from baseline in hepatic HBV cccDNA
at week 48 was -0.9 log10 copies/HGEq for ETV and
-0.7 log10 copies/HGEq for LAM [difference estimate
(adjusted for baseline hepatic cccDNA level) -0.2
log10 copies/HGEq; 95%CI: -0.3, -0.1; P = 0.0033].
For total hepatic HBV DNA, the mean change from
baseline at week 48 was -2.1 log10 copies/HGEq for
ETV, and -1.6 log10 copies/HGEq for LAM [difference
estimate (adjusted for baseline total hepatic HBV DNA
level) -0.5 log10 copies/HGEq; 95%CI: -0.6, -0.3; P <
0.0001].
The proportions of patients with total hepatic HBV
DNA < 0.002 copies/HGEq (limit of quantification) at
week 48 were 6% (10/159) with ETV and 5% (8/146)
with LAM; one patient in each arm had HBV cccDNA <
0.002 copies/HGEq at week 48.
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Table 2 Virologic and histologic efficacy at week 48 among
treated patients with evaluable hepatic hepatitis B virus DNA
pairs

Table 1 Patient demographics and disease characteristics n (%)
ETV (n = 159) LAM (n = 146)

Age, mean ± SE, yr (range)
35 ± 1.1 (17-76) 34 ± 1.1 (16-71)
Male
116 (73)
104 (71)
Race
Asian
92 (58)
87 (60)
White
64 (40)
53 (36)
HBV genotype
A
45 (28)
41 (28)
B
28 (18)
28 (19)
C
44 (28)
36 (25)
D
18 (11)
23 (16)
F
12 (8)
5 (3)
Mixed
4 (3)
3 (2)
Indeterminate
7 (4)
8 (5)
Missing
1 (< 1)
2 (1)
Serum HBV DNA, mean ± SE, log10
9.52 ± 0.16
9.66 ± 0.16
IU/mL
Hepatic HBV cccDNA, mean ± SE,
1.90 ± 0.11
2.0 ± 0.11
log copies/HGEq
10
Hepatic HBV DNA, mean ± SE,
0.3 ± 0.05
0.4 ± 0.04
log10 copies/HGEq
ALT (U/L)
mean ± SE
134.9 (9.84)
132.8 (10.07)
Median (range)
96.0 (23.0-915.0) 90.0 (27.0-715.0)
International normalized ratio
1.1 (0.01)
1.1 (0.01)
Albumin (g/dL)
4.3 (0.04)
4.2 (0.04)
Total bilirubin (mg/dL)
0.8 (0.03)
0.8 (0.03)
Prothrombin time (s)
13.2 (0.16)
13.3 (0.16)
Knodell necroinflammatory score,
7.8 ± 0.23
7.5 ± 0.24
mean ± SE
Ishak fibrosis score, mean ± SE
2.4 ± 0.11
2.1 ± 0.11

Serum HBV DNA, mean ± SE,
change from baseline log10 IU/mL
Knodell necroinflammatory score,
mean ± SE change from baseline
Ishak fibrosis score, mean ± SE
change from baseline

80
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Association of HBV cccDNA with baseline and ontreatment factors

In univariate linear regression analyses, baseline HBV
cccDNA was significantly associated with baseline
serum HBV DNA, baseline total hepatic HBV DNA,
and HBV genotype F (Table 3). For baseline serum
HBV DNA and total hepatic HBV DNA, an increase
by 1 log10 IU/mL was associated with an increase in
baseline cccDNA of 0.11 log10 copies/HGEq. In patients
with HBV genotype F, baseline cccDNA levels were
lower by 0.41 log10 copies/HGEq compared with non-F
genotypes. Baseline HBV cccDNA was not associated
with any of the other baseline factors (sex, age, ALT,
Knodell necroinflammatory score, Ishak fibrosis score,
or HBV genotypes A, B, C, D, or “other”).
HBV cccDNA reduction at week 48 was also
significantly associated with baseline levels of serum
HBV DNA and ALT, and with on-treatment changes

ETV

Difference estimate (95%CI)
1
-0.5 (-0.6, -0.3)
P < 0.0001

Figure 1 Change from baseline at week 48 in total hepatic hepatitis B
virus DNA and hepatitis B virus covalently closed-circular DNA. 1Adjusted
for baseline total hepatic HBV DNA level; 2Adjusted for baseline hepatic cccDNA
level. BL: Baseline; CI: Confidence interval; HGEq: Human genome equivalent;
SE: Standard error; CccDNA: Covalently closed-circular DNA; ETV: Entecavir;
LAM: Lamivudin.

Virologic, biochemical, and histologic response rates
at week 48 were also greater with ETV than with LAM
(Table 2 and Figure 2). The results for these endpoints
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ETV

50

Se

Difference estimate (95%CI)
2
-0.2 (-0.3, -0.1)
P = 0.0033

LAM

-2.5

-0.3 ± 0.08

in this cohort were comparable to those observed in
[20]
the overall ETV-022 randomized samples .

-2
-2.1

-0.5 ± 0.08

Figure 2 Virologic, biochemical, and histologic efficacy at week 48 among
treated patients with evaluable hepatic hepatitis B virus DNA pairs. 1ALT <
1.25 × upper limit of normal; 2≥ 2-point decrease in Knodell necroinflammatory
score with no worsening (≥ 1-point increase from baseline) of Knodell fibrosis
score; 3≥ 1-point decrease in Ishak fibrosis score from baseline.

HepaticHBV cccDNA

-0.7

-1.6

-3.0 ± 0.29

0

-0.9

-1.5

-3.4 ± 0.26

10

-0.5

-1

-5.30 ± 0.22

75.9

HB
Mean change from BL ± SE log 10
copies/HGEq

0

-6.85 ± 0.16

NC = M: Non-completer = missing; ETV: Entecavir; LAM: Lamivudine.

CccDNA: Covalently closed-circular DNA; ETV: Entecavir; LAM: Lamivudine;
HGEq: Human genome equivalent.

Total hepatic HBV DNA

ETV (n = 159) LAM (n = 146)

Week 48 efficacy (NC = M)

AL
T

Baseline

4647

April 21, 2015|Volume 21|Issue 15|

Bowden S et al . cccDNA reduction with entecavir or lamivudine
the ETV-treated patients had evidence of emergent
ETV resistance, whereas 45 (71%) of the LAM[20]
treated patients had mutations in the YMDD motif .
Therefore, an antiviral agent that achieves greater
suppression of HBV replication - through greater
potency and a lower resistance rate - such as ETV,
is expected to be more efficient in reducing cccDNA
levels compared with an agent of lower potency and
higher resistance rate such as LAM.
Despite substantial improvements in CHB mana
gement, HBV-associated HCC remains an important
problem, as evidenced by increasing trends of HCC
incidences recently reported in Western countries
[31]
such as France, Australia, and the United States . In
clinical practice, surrogate markers for HCC risk are
used that correlate with clinical outcomes and can be
[14,32-34]
measured over short periods of time
. Among
these, HBV cccDNA is one of the most important, as
it is the stable template for all HBV transcripts, and is
[14]
responsible for persistent infection of hepatocytes .
The effect of ETV vs other nucleos(t)ide analogs
on HBV cccDNA levels has been assessed previously
in a few small, single-center studies, which generally
reported no differences in cccDNA reduction between
ETV and other NUCs after 1 year. However, the
numbers of patients in these studies may have been
[15,18,35]
too small to see a significant difference
. For
example, a sub-study of 39 patients participating in
[19,20]
the Phase Ⅲ studies ETV-022 and ETV-027
at
a single center in Hong Kong reported no difference
[15]
between ETV and LAM after 48 wk ; however, the
treatment effects for virologic and serologic endpoints
were also not consistent between this cohort and the
[15,19,20]
overall Phase Ⅲ study populations
.
In studies assessing adefovir alone or combined
with peg-interferon in HBeAg(+) patients, reductions
of -1.63 to -2.69 log10 copies/cell for total hepatic HBV
DNA and -0.80 to -1.03 log10 copies/cell for cccDNA
were seen after 48 wk of therapy, with higher values
[7,36]
achieved with the combined treatment
.
In the present study, the reduction in cccDNA
levels was considerably lower than the reduction in
serum HBV DNA, an observation that has also been
[7,15,18,36,37]
reported before
, and which is probably
related to the fact that the main, direct target of
nucleos(t)ide analogs is the inhibition of HBV DNA
polymerase, whereas the effect on cccDNA is indirect.
However, levels of HBV cccDNA levels were positively
associated with those of serum HBV DNA, consistent
with previous reports showing a correlation between
[7,30]
these two viral DNA species
. Baseline HBV
cccDNA was also associated with HBV genotype F
(in a negative fashion), but not with any of the other
genotypes tested (although these results may need
to be interpreted cautiously due to the relatively high
number of statistical tests performed). Lower baseline
cccDNA in HBV genotype F might be related to lower
levels of serum HBV DNA; however there are currently

Table 3 Significant associations of baseline factors with
baseline hepatic hepatitis B virus covalently closed-circular
DNA in univariate linear regression analysis
1

95%CI

P value

0.11

0.08, 0.13

< 0.0001

0.11

0.07, 0.16

< 0.0001

-0.41

-0.67, -0.15

0.0023

Estimate
Baseline serum HBV DNA, per 1 log10
IU/mL
Baseline total hepatic HBV DNA, per 1
log10 IU/mL
HBV genotype F: Not F
1

log10 copies/HGEq. HBV: Hepatitis B virus.

in serum HBV DNA, total hepatic HBV DNA, Knodell
necroinflammatory score, ALT, and HBeAg loss
(Table 4), whereas there was no association with ontreatment improvement in Ishak fibrosis score. The
significance among the on-treatment changes confirms
the collinearity expected among response measures.
For baseline serum HBV DNA, every increase by
1 log10 IU/mL was associated with an on-treatment
cccDNA reduction of 0.05 log10 copies/HGEq, whereas
baseline ALT ≥ 2.6 × ULN was associated with a
cccDNA reduction of 0.42 log10 copies/HGEq.
For on-treatment changes in serum HBV DNA and
total hepatic DNA, a decline by 1 log10 IU/mL was
associated with a cccDNA reduction of 0.11 and 0.35
log10 copies/HGEq, respectively. Similar associations
were seen for on-treatment changes in Knodell score
(1 unit reduction associated with a cccDNA decline by
0.04 log10 copies/HGEq) and ALT (1 IU/mL reduction
-3
associated with a cccDNA decline by 1.51 × 10 log10
copies/HGEq). Finally, HBeAg loss by week 48 was
associated with a cccDNA reduction of 0.20 log10
copies/HGEq.

DISCUSSION
In the present study, 48 wk of ETV treatment resulted
in reductions of approximately 2 log10 copies/HGEq for
hepatic HBV DNA, and approximately 1 log10 copies/
HGEq for cccDNA. Both cccDNA and total hepatic
HBV DNA reductions were significantly greater with
ETV than with LAM. This finding can be explained by
the greater potency of ETV vs LAM in suppressing
viral replication. Nucleos(t)ide analogs inhibit HBV
DNA polymerase, thereby reducing the levels of
circulating virions carrying viral DNA that infect or reinfect hepatocytes; as a result, fewer copies of relaxed
circular genomic HBV DNA are available that can be
[13,14]
converted into cccDNA
. In addition, the greater
treatment effect observed with ETV may also be a
reflection of its higher barrier to resistance compared
with LAM, which may contribute indirectly to cccDNA
reduction by limiting the risk of virologic breakthrough
in serum HBV DNA levels. In study ETV-022, 6 (2%)
patients in the ETV group and 63 (18%) patients in
the LAM group experienced virologic breakthrough
during the first year of treatment; of these, none of
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Table 4 Significant associations of baseline and on-treatment factors with hepatic hepatitis B virus cccDNA change from baseline at
week 48 in univariate linear regression analysis (adjusted for treatment)
1

Baseline

Serum HBV DNA, per 1 log10 IU/mL
ALT ≥ 2.6 × ULN : < 2.6 × ULN
On-treatment Serum HBV DNA, per 1 log10 IU/mL change from baseline at week 48
Total hepatic HBV DNA, per 1 log10 IU/mL change from baseline at week 48
Knodell necroinflammatory score, per 1 unit change from baseline at week 48
ALT, per 1 U/L change from baseline at week 48
No HBeAg loss at week 48 : HBeAg loss at week 48

Estimate

95%CI

P value

-0.05
-0.42
0.11
0.35
0.04
1.51 × 10-3
-0.20

-0.08, -0.01
-0.56, -0.28
0.08, 0.14
0.28, 0.42
0.01, 0.06
0.98 × 10-3, 2.05 × 10-3
-0.38, -0.02

0.0106
< 0.0001
< 0.0001
< 0.0001
0.0062
< 0.0001
0.0338

1

log10 copies/HGEq. ULN: Upper limit of normal; HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; ALT: Alanine aminotransferase.

no data on viral loads across HBV genotypes, including
HBV genotype F. HBV genotype F is most prevalent in
South America and the Arctic Circle; interestingly, it
has been linked to a more aggressive course of liver
disease and one of the highest (8 × higher) HCC risks
[38]
compared with other genotypes .
The reduction in hepatic HBV cccDNA was greater
among patients with higher baseline ALT and ontreatment improvements in Knodell necroinflammatory
score and ALT. High baseline ALT is indicative of a
[39]
high turnover of hepatocytes , and on-treatment
ALT normalization and liver histology improvements
are indicative of liver regeneration; these associations
therefore suggest that cccDNA reduction also involves
cytolytic destruction of infected hepatocytes, rather
than just suppression of new cccDNA formation.
The reduction in HBV cccDNA was also greater
in patients who achieved HBeAg loss at week 48.
Similar observations were made in studies assessing
the impact of adefovir alone or combined with
peg-interferon on cccDNA levels, which showed
that patients who underwent HBeAg or HBsAg
seroconversion at week 48 had lower baseline levels
or on-treatment changes of cccDNA levels than
[7,36,37]
patients who did not achieve these endpoints
.
Further studies are needed to assess whether
cccDNA reduction with nucleos(t)ide analog therapy
is associated with achievement of a durable serologic
response.
A limitation of the exploratory analysis is that the
patients included in this analysis were a subset of the
originally randomized treatment arms of ETV-022,
based on the logistic feasibility of performing cccDNA
analysis on their biopsy material, and were therefore
no longer balanced by stratification factors; however,
baseline characteristics appeared to be balanced
between ETV- and LAM-treated patients. A second
limitation is the short duration of follow-up. Clearance
of cccDNA shows considerably slower kinetics than
serum HBV DNA clearance; therefore, a study with
longer follow-up may show a greater reduction in
cccDNA levels. Another limitation is that quantitative
HBsAg (qHBsAg) levels, which reflect transcriptional
[40]
activity of cccDNA , were not measured in this
cohort. qHBsAg levels have been shown to correlate
with intrahepatic cccDNA levels, and some studies
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described an association between cccDNA and qHBsAg
[7,18]
reductions during nucleos(t)ide analog therapy
.
Although this association has not been assessed in
the present study, a separate sub-study of ETV-022 in
patients with qHBsAg measurements through week 48
demonstrated that qHBsAg levels declined during 48
wk of ETV, in particular among patients who achieved
[41]
seroclearance of HBsAg or HBeAg .
In conclusion, the results of this analysis, which
was carried out as part of a large, multi-center,
randomized, controlled trial, show that for patients with
HBeAg(+) CHB, ETV resulted in a greater reduction in
hepatic HBV cccDNA and total hepatic HBV DNA than
LAM after 48 wk of treatment. Although cccDNA levels
were reduced, they were still detectable after 48 wk
of treatment in the majority of patients; this suggests
that despite potent suppression of serum HBV DNA,
short-term nucleos(t)ide analog therapy is not able
to eliminate intrahepatic cccDNA. Further studies are
needed to provide evidence on the long-term impact
of nucleos(t)ide analog therapy on HBV cccDNA levels.
In addition, the development of new CHB treatments,
including new agents that directly degrade cccDNA
[42,43]
or inhibit its formation
, or combination therapies
[14]
targeting multiple steps in the viral life cycle , might
provide alternative treatment strategies with the
potential of achieving a virologic cure of the infection,
in which viral load, HBsAg, and cccDNA are durably
[14]
suppressed .
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Background

Covalently closed-circular DNA (cccDNA) is the stable genetic form of hepatitis
B virus (HBV) that serves as the template for viral transcription. It can persist
within infected hepatocytes even after clinical resolution of the infection, thereby
allowing HBV reactivation, and it may also be associated with the development
of HBV-related hepatocellular carcinoma (HCC). Therefore, reduction or
elimination of cccDNA may provide important clinical benefits. However,
antiviral therapy with nucleos(t)ide analogs blocks the synthesis of serum HBV
DNA but does not directly target cccDNA, making HBV cccDNA clearance a
particular challenge in antiviral therapy.
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Research frontiers

9

Innovations and breakthroughs

10

There is some evidence from small studies suggesting that HBV cccDNA can
be reduced with nucleos(t)ide analog treatment, but larger studies are needed.
This analysis compared the impact of entecavir (ETV), a currently
recommended first-line antiviral agent, vs lamivudine (LAM) on levels of HBV
cccDNA and total intrahepatic HBV DNA. The analysis was carried out as part
of a large, multi-center, randomized, controlled trial. This report also identified
predictors of cccDNA baseline levels and on-treatment reduction.

11

Applications

The study shows that in HBeAg(+) patients, ETV resulted in a greater reduction
in HBV cccDNA and total hepatic HBV DNA than LAM after 48 wk of treatment.
Although cccDNA levels were reduced, they were still detectable after 48 wk
of treatment in the vast majority of patients. Thus, despite potent suppression
of serum HBV DNA, short-term nucleos(t)ide analog therapy is not able to
eliminate intrahepatic cccDNA. Further studies are needed to provide evidence
on the long-term impact of nucleos(t)ide analog therapy on HBV cccDNA levels.
In addition, the development of new chronic hepatitis B treatments that directly
target cccDNA might provide alternative treatment strategies with the potential
of achieving a virologic cure of the infection, in which viral load, hepatitis B
surface antigen, and cccDNA are durably suppressed.

12

13

Terminology

14

cccDNA is short for covalently closed-circular hepatitis B virus DNA. It is
generated by filling in the gap in the relaxed, partially double-stranded viral
DNA by the cellular replicative machinery, followed by ligation of both strand
extremities and supercoiling of the viral DNA.

15

Peer-review

The present study opens a window to the possibility that cccDNA and hence the
virus, can be eradicated. It is currently not known if the decrease in cccDNA has
an influence on HCC development. As the authors stated in their conclusions,
additional studies assessing long-term treatment and post-treatment outcomes
are necessary.
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Abstract
AIM: To explore whether clinician-patient commu
nication affects adherence to psychoactive drugs in
functional dyspepsia (FD) patients with psychological
symptoms.
METHODS: A total of 262 FD patients with psy
chological symptoms were randomly assigned to
four groups. The patients in Groups 1-3 were given
flupentixol-melitracen (FM) plus omeprazole treatment.
Those in Group 1 received explanations of both the
psychological and gastrointestinal (GI) mechanisms of
the generation of FD symptoms and the effects of FM.
In Group 2, only the psychological mechanisms were
emphasized. The patients in Group 3 were not given an
explanation for the prescription of FM. Those in Group
4 were given omeprazole alone. The primary endpoints
of this study were compliance rate and compliance
index to FM in Groups 1-3. Survival analyses were also
conducted. The secondary end points were dyspepsia
and psychological symptom improvement in Groups
1-4. The correlations between the compliance indices
and the reductions in dyspepsia and psychological
symptom scores were also evaluated in Groups 1-3.
RESULTS: After 8 wk of treatment, the compliance rates
were 67.7% in Group 1, 42.4% in Group 2 and 47.7%
in Group 3 (Group 1 vs Group 2, P = 0.006; Group 1 vs
Group 3, P = 0.033). The compliance index (Group 1
vs Group 2, P = 0.002; Group 1 vs Group 3, P = 0.024)
with the FM regimen was significantly higher in Group 1
than in Groups 2 and 3. The survival analysis revealed
that the patients in Group 1 exhibited a significantly
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higher compliance rate than Groups 2 and 3 (Group 1

than the general population and patients with organic
[4-6]
dyspepsia .
Antianxiety and antidepressant agents are reportedly
more effective in the treatment of FD than the regular
first-line medications such as proton pump inhibitors
[7-9]
(PPIs) and prokinetics
. However, the efficacies
of antianxiety and antidepressant agents in clinical
practice are usually hindered by the poor compliance of
patients. It has been reported that approximately 28%
and 43% of depressed patients discontinue medications
against medical advice in their first and second month
[10,11]
of antidepressant therapy, respectively
. Compliance
with psychoactive drug regimens in China is even worse
because Chinese people are typically ashamed to admit
their psychosocial problems to physicians due to fear
[12]
of being labeled insane . With regard to FD patients,
many refuse to admit that they are experiencing
depression or anxiety and thus are resistant to psy
choactive medication. Moreover, doctor-patient rela
tionships have become frayed in recent years in China,
[13]
and many patients distrust doctors . This distrust
may be another obstacle to drug compliance among FD
patients.
Many factors can affect medication compliance.
Inadequate physician-patient communication seems
[14]
to be the leading cause of poor compliance . In
mental health care, improving clinician-patient com
[15]
munication leads to increased patient adherence .
With regard to FD patients, many hold the belief that
their gastrointestinal (GI) symptoms originate in the
GI tract, and thus, they do not need psychoactive
medication. In actuality, psychological conditions can
strongly affect GI functions, including motor, sensation
and secretion functions, and psychoactive drugs might
[2]
improve dyspepsia symptoms through both central and
[16,17]
GI mechanisms
. Therefore, appropriate clinicianpatient communication that provides explanations of
the reasons for psychoactive drug prescriptions based
on the mechanisms that underlie the generation of
FD symptoms and the drugs’ effects might improve
compliance with psychoactive agent regimens among FD
patients.
It has been reported that the combination of
flupentixol and melitracen (FM) has both anxiolytic and
antidepressant properties, and has been proven to be
[18]
safe and effective in the treatment of FD . Flupenthixol
is a typical antipsychotic that antagonizes dopamine
receptors and 5-hydroxytryptamine type 2 receptors
(5-HT2). Melitracen is a tricyclic antidepressant that
inhibits the re-uptake of norepinephrine and 5-HT.
In the present study, we performed a randomized
study to investigate whether appropriate clinicianpatient communication could improve compliance to
FM treatment among FD patients with anxiety and
depression and thus contribute to symptom relief.
We also explored the correlation between compliance
improvement and symptom relief in these patients.

vs Group 2, P = 0.002; Group 1 vs Group 3, P = 0.018).
The improvement in dyspepsia (Group 1 vs Group 2, P <
0.05; Group 1 vs Group 3, P < 0.05; Group 1 vs Group
4, P < 0.01) and psychological symptom scores (anxiety:
Group 1 vs Group 2, P < 0.01; Group 1 vs Group 3, P <
0.05; Group 1 vs Group 4, P < 0.01; depression: Group
1 vs Group 2, P < 0.01; Group 1 vs Group 3, P < 0.01;
Group 1 vs Group 4, P < 0.01) in Group 1 were greater
than those in Groups 2-4. The compliance indices were
positively correlated with the reduction in symptom
scores in Groups 1-3.
CONCLUSION: Appropriate clinician-patient commu
nication regarding the reasons for prescribing psychoactive
drugs that emphasizes both the psychological and GI
mechanisms might improve adherence to FM in patients
with FD.
Key words: Functional dyspepsia; Anxiety; Depression;
Psychoactive drug; Compliance
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Antianxiety and antidepressant agents are
reportedly more effective in the treatment of functional
dyspepsia than the regular first-line medications such as
proton pump inhibitors and prokinetics. However, their
efficacies are greatly hindered by the poor compliance
of functional dyspepsia patients. Appropriate clinicianpatient communication regarding the reason for
prescribing a psychoactive drug that emphasized both
the psychological and gastrointestinal mechanisms
might improve drug adherence and thus contribute to
improvements in their clinical outcomes.
Yan XJ, Li WT, Chen X, Wang EM, Liu Q, Qiu HY, Cao
ZJ, Chen SL. Effect of clinician-patient communication on
compliance with flupentixol-melitracen in functional dyspepsia
patients. World J Gastroenterol 2015; 21(15): 4652-4659
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4652.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4652

INTRODUCTION
Functional dyspepsia (FD) is defined as persistent or
recurrent pain or discomfort centered in the upper
abdomen without organic diseases and has a prevalence
[1]
of 8%-23% in Asian populations . Although the
pathogenesis of FD remains unclear, epidemiological
studies suggest the important role of psychosocial or
[2,3]
psychiatric factors, particularly anxiety and depression .
Accumulating evidence shows that the prevalence of
depression and anxiety are higher among FD patients

WJG|www.wjgnet.com

4653

April 21, 2015|Volume 21|Issue 15|

Yan XJ et al . Effect of communication on drug compliance
psychological conditions might affect GI functions and
thus contribute to the development of FD symptoms.
Therefore, GI symptoms in FD are attributable to both
psychological and GI mechanisms; and (2) although
FM are psychoactive drugs, they relieve FD symptoms
through both psychological and GI mechanisms. In
addition to producing improvements in GI functions
through central actions, FM can directly modulate
GI functions to relieve FD symptoms. The patients
in Group 2 were told the following: (1) Their GI
symptoms were attributable to somatization of their
psychological problems; and (2) FM is an antipsychotic
drug and primarily acts centrally to alleviate FD
symptoms by regulating the psychological condition. In
Group 3, the patients were told only that FM has been
proven to be effective in FD treatment and were not
provided additional explanations of the relationships
between their GI symptoms and their psychological
condition and the reasons for the prescription of FM.

MATERIALS AND METHODS
Subjects

A total of 327 consecutive patients who were newly
diagnosed with FD from May 2013 to April 2014 were
recruited from GI outpatient clinics at Renji Hospital.
The study was explained to these patients as an
evaluation of treatment satisfaction, and the principal
purpose of assessing adherence was concealed.
After a screening visit, 53 subjects were found to be
ineligible for the study, and 12 withdrew. Thus, 262
patients were enrolled. The inclusion criteria were as
follows: 18-65 years old; education level no lower
than high school; met the ROME Ⅲ criteria for FD;
Hospital Anxiety and Depression Scale (HADS) score
> 8; absence of abnormalities in physical examination,
laboratory tests (including a routine blood test, blood
glucose, and liver function examination), abdominal
ultrasonography and upper GI endoscopy within 6 mo;
and the absence of Helicobacter pylori infection. The
exclusion criteria were as follows: known allergy to
omeprazole, flupenthixol or melitracen; any evidence
of organic digestive diseases; reflux-related symptoms
only (e.g., retrosternal pain, burning and regurgitation)
or predominantly reflux-related symptoms; severe
psychological symptoms that affected life and work;
pregnancy or breastfeeding; recent myocardial
infarction or cardiac arrhythmias; previous gastric
surgery; and the use of PPIs, psychoactive drugs or
other drugs that might affect gastric function within 6
mo.

Outcome measurements

The primary endpoint was compliance with the FM
treatment. The patients were asked to keep a diary
to record their medication intake. Seven days of
consecutive abstinence was adopted as the criterion
[20]
for identifying therapy noncompliance . Moreover, all
subjects were asked to return their medication containers
each week, and the remaining pills were counted. Those
who returned more than 20% of the original pill count
were also categorized as noncompliant. The patients
lost to follow-up were also considered noncompliant.
The compliance rates were calculated by dividing the
numbers of compliant patients by the total numbers of
enrolled patients in Groups 1-3 after the 8-wk treatment
period. The duration of the therapy-compliant period
was calculated for each patient and used in the following
[20]
two analyses : (1) a survival analysis of the number of
patients who remained therapy-compliant for each day
of the study; and (2) the calculation of a compliance
index, which was the ratio of the therapy-compliant
period to the total intended treatment period. This index
has been suggested to be a more meaningful measure
[20]
of compliance than the plasma level of the drug . The
rate of compliance to omeprazole treatment in Group 4
was also calculated.
The secondary endpoint was symptom relief and
included improvements in dyspepsia and psychological
symptoms, which were self-reported by all the enrolled
subjects from entry to the end of treatment using
questionnaires that are described below. The corre
lations between the compliance indices and the
reductions in dyspepsia and psychological symptom
scores were also evaluated.
The severity of patients’ dyspeptic symptoms were
assessed using the leeds dyspepsia questionnaire
(LDQ), which is a reliable, valid and responsive outcome
measure for quantifying the frequency and severity of
[21]
dyspepsia symptoms . The LDQ contains eight items
on epigastric pain, retro-sternal pain, regurgitation,

Study groups and interventions

This study was conducted according to the ethical
principles of the Declaration of Helsinki and the
requirements of local laws and regulations and was
approved by the Ethics Committee of Renji Hospital.
Written informed consent was obtained from each
participant prior to the study (Trial registration
number: NCT01851863, ClinicalTrials.gov).
The enrolled subjects were randomized into
four groups based on computer-generated random
number lists. The patients in Groups 1-3 received
FM tablets (flupenthixol 0.5 mg and melitracen 10
mg per day; Lundbeck A/S, Copenhagen, Denmark)
plus omeprazole capsules (20 mg/d; Changzhou
Siyao Pharm, Changzhou, China). The one week
dose of FM and omeprazole was kept in separate
containers for each patient. The patients in Group
4 received omeprazole alone. It is recommended
that antidepressant and antianxiety drugs should be
taken for a minimum of 6-8 wk at appropriate doses
to guarantee their effects in patients with functional
[19]
gastrointestinal diseases (FGIDs) . Therefore, the
treatment period in the present study was set at 8
wk. Six doctors were trained in communicating with
the patients according to the following protocols.
The patients in Group 1 were told the following:
(1) the brain and gut interact with each other, and
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the FM compliance analysis. The calculations of the
drug efficacies for dyspepsia and the psychological
symptoms were based on the intent-to-treat (ITT)
population, which included all the subjects in Groups
1-4 who received at least one dose of study medication
and underwent a post-treatment assessment, and the
last observation carried forward (LOCF) method was
[24]
employed in cases of premature study termination .
Approximately 43% of depressed patients dis
continue antidepressant therapy against medical advice
[10,11]
after 8 wk in psychiatric primary care
. Thus, the
sample size calculation was based on the assumption
that the compliance rates after 8 wk treatment would
be 70% in Group 1, 40% in Group 2 and 45% in Group
3 with an α = 0.05 (two-tailed) and a β = 0.20. The
estimated sample size was 55 patients per arm; thus,
220 patients were needed to prove that compliance in
Group 1 was superior to that in Groups 2 and 3.
SPSS 11.0 software was used to conduct all
statistical analyses. Normally distributed data are
presented as the mean ± SD. Data from skewed
distributions are presented as medians and were
analyzed using nonparametric statistics. Wilcoxon
matched-pairs signed-rank tests were used to
compare the differences between means before and
after treatment. One-way ANOVA and the MannWhitney test were used to compare the differences
between groups. The incidence was compared using
2
the χ test, and correlations were assessed with
Pearson correlation analysis. P < 0.05 was considered
statistically significant.

Table 1 Demographic and baseline clinical characteristics of
the enrolled functional dyspepsia patients
Groups
n
Age (yr)
mean ± SD
range
Sex ratio,
M/F
Symptom
duration
(mo)
LDQ score
HADS score
Anxiety
Depression

1

2

3

4

65

66

65

66

46.69 ± 10.74
29-65
1.17

44.16 ± 9.26
27-64
1.2

45.72 ± 10.35
26-65
1.32

46.81 ± 9.82
28-64
1.13

10.15 ± 3.96

10.34 ± 3.81

9.95 ± 3.72

10.23 ± 4.03

11.85 ± 4.94

12.88 ± 4.26

12.44 ± 4.91

12.33 ± 4.75

11.38 ± 3.35
12.67 ± 3.30

11.75 ± 3.26
12.45 ± 3.12

11.12 ± 3.10
12.80 ± 3.31

11.33 ± 3.25
12.90 ± 3.03

The values are presented as the mean ± SD. LDQ: Leeds dyspepsia
questionnaire; HADS: Hospital anxiety and depression scale; M: Male; F:
Female.

Table 2 Flow of the patients in each part of the trial
Groups
Study entry
Did not receive study medication
Lost to follow-up
Compliance analysis of FM
ITT population

Total

1

2

3

4

65
2
3
65
60

66
5
4
66
57

65
3
2
65
60

66
0
3
63

262
10
12
196
240

ITT: Intent-to-treat; FM: Flupentixol melitracen.

nausea, vomiting, belching, early satiety and dysphagia
with six grades for each item and an additional item
on “the most troublesome symptom” experienced
by the subject. LDQ scores of 0-4 were classified as
very mild dyspepsia, 4-8 as mild dyspepsia, 9-15 as
moderate dyspepsia, and > 15 as severe or very severe
[21]
dyspepsia .
The psychological conditions were evaluated with
the HADS, which has been reported to be a valid
questionnaire for the assessment of anxiety and
[22]
depression in the general population . The HADS
consists of 14 items, seven of which assess anxiety,
and seven assess depression. The patients were
asked to answer each item on a four-point (0-3) scale.
Scores of 0 to 7 on either subscale can be regarded
as within the normal range, scores of 8 to 10 are
suggestive of the presence of the respective state, and
scores of 11 or higher indicate the probable presence
[23]
of the respective mood disorder . Both the anxiety
and depression scores of all the enrolled patients were
> 8 before treatment.
Moreover, the number of participants with adverse
reactions was also recorded to analyze the safety
profile of treatment.

RESULTS
Analysis of general patient data

A total of 262 FD patients with psychological symptoms
were included and randomly allocated to 4 groups. All
groups were well-balanced in terms of demographic
and baseline clinical characteristics. The dyspeptic and
psychological symptoms prior to treatment were not
significantly different between the groups (Table 1).
Ten patients did not receive study medication, and
12 were lost to follow-up (Table 2) and thus excluded
from the efficacy analysis.

Compliance with the FM treatment

The compliance rates after 8 wk of treatment were
67.7% (n = 44/65) in Group 1, 42.4% (n = 28/66)
in Group 2 and 47.7% (n = 31/65) in Group 3
[Group 1 vs Group 2: relative risk (RR) = 1.596, 95%
confidence interval (95%CI): 1.150-2.214, P = 0.006;
Group 1 vs Group 3: RR = 1.419, 95%CI: 1.046-1.926,
P = 0.033]. The compliance rate with omeprazole
treatment in Group 4 was 90.9% (n = 60/66) after 8
wk of treatment.
The median compliance index was 89.3% for Group
1, which was significantly higher than the indices
for Groups 2 (67.0%; estimated P = 0.002) and 3

Statistical analysis

All enrolled patients in Groups 1-3 were included in

WJG|www.wjgnet.com

4655

April 21, 2015|Volume 21|Issue 15|

Yan XJ et al . Effect of communication on drug compliance

A

Group 1
Group 2

-2

Group 3

90

Changes in HADS
score of anxiety

Compliant patients (%)

100

0

80
70
60

-4

b
b

-6

a

-8

50
-10

40

Group 1

Group 2

Group 3

Group 4

30
0

5

10 15 20 25 30 35 40 45 50 55 60

B
Changes in HADS score
of depression

Days of medicine taken

Figure 1 Survival analysis based on adherence to flupentixol-melitracen
treatment among patients with functional dyspepsia. The survival analysis
was calculated as the number of patients who remained therapy-compliant for
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Bonferroni post-test; Figure 2).

Psychological symptoms

Compared to baseline, the HADS anxiety and depression
scores in each of the four groups were decreased
after 8 wk of treatment (anxiety: P < 0.01 compared
with baseline for each group; depression: P < 0.01
compared with baseline for each group; Wilcoxon
matched-pair signed-rank tests). The patients in Group
1 exhibited the most dramatic decreases (anxiety:
Group 1 vs Group 2, P < 0.01; Group 1 vs 3, P < 0.05;
Group 1 vs Group 4, P < 0.01; depression: Group 1
vs Group 2, P < 0.01; Group 1 vs Group 3, P < 0.01;
Group 1 vs Group 4, P < 0.01; one-way ANOVA with
Bonferroni post-test; Figure 3).

Group 4

Figure 2 Mean changes from baseline leeds dyspepsia questionnaire
scores in functional dyspepsia patients based on the intent-to-treat
population. aP < 0.05, bP < 0.01 vs Group 1. FD: Functional dyspepsia; LDQ:
Leeds dyspepsia questionnaire.

(73.2%; estimated P = 0.024). There was no significant
difference between Groups 2 and 3 (estimated P =
0.463; Mann-Whitney test).
The survival analysis revealed that the patients in
Group 1 exhibited a significantly higher compliance rate
than did those in Groups 2 and 3 [Group 1 vs Group 2:
2
log rank test χ = 9.462, df = 1, P = 0.002, hazard ratio
(HR) = 0.444, 95%CI: 0.264-0.745; Group 1 vs Group
2
3: log rank test χ = 5.575, df = 1, P = 0.018, HR =
0.522, 95%CI: 0.304-0.895; Figure 1].

Correlation between compliance index and symptom
improvement

Pearson correlation analysis revealed a positive
correlation between the compliance index and the
reduction in LDQ scores in Groups 1-3. In addition, the
reduction in HADS scores for anxiety and depression
was positively correlated with the compliance index in
these groups (Table 3).

Dyspeptic symptoms

At the end of 8 wk of treatment, the mean LDQ scores
of all four groups were reduced compared to the
baseline scores (P < 0.01 compared with baseline for
each group; Wilcoxon matched-pair signed-rank tests),
and the most dramatic decrease was observed in the
patients of Group 1 based on the ITT population (Group
1 vs Group 2, P < 0.05; Group 1 vs Group 3, P < 0.05;
Group 1 vs Group 4, P < 0.01; one-way ANOVA with
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Group 1

Figure 3 Mean changes from baseline hospital anxiety and depression
scale scores in functional dyspepsia patients based on the intent-to-treat
population. A: Changes in the anxiety subscale; B: Changes in the depression
subscale. aP < 0.05, bP < 0.01 vs Group 1. FD: Functional dyspepsia; HADS:
Hospital anxiety and depression scale.
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Safety analysis

The adverse event rates during the treatment period
were 10.0% (6/60), 15.8% (9/57) and 8.3% (5/60) in
Groups 1-3, respectively, and no significant differences
2
among groups were observed (χ = 5.795, P > 0.05,
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symptoms and the effect of the drug might help FD
patients to understand the necessity of taking FM and
improve drug adherence.
The mechanisms underlying FM-induced alleviation
of dyspeptic symptoms remain unclear. Accumulating
evidence shows that some of the functional GI mani
festations might result from somatization of psychiatric
[25]
disorders . Moreover, psychiatric disorders can be
comorbid with GI dysfunction in a subpopulation of
[12]
FD patients . These psychiatric disorders might elicit
or exacerbate GI dysfunction. In such circumstances,
FM might help to restore GI function by alleviating
mental disorders. Additionally, FM might attenuate GI
symptoms by modulating the contents or effects of
neurotransmitters in the gut through direct or indirect
mechanisms. These neurotransmitters, particularly 5-HT,
[17,26-28]
play important roles in regulating gut function
.
These actions of FM provide a theoretical basis for
the improvement in dyspeptic symptoms due to the
attenuation of drug noncompliance in FD patients.
Because FD patients typically exhibit both GI and
psychological symptoms, a combination of a regular
first-line therapy (such as PPIs) with psychoactive drugs
might yield the best clinical outcomes. Clinical data have
demonstrated that psychoactive agents are helpful in
[29]
alleviating the symptoms of FGIDs . Consistently, we
found that 8 wk of treatment with FM plus omeprazole
produced more dramatic improvements in the dyspeptic
and psychological symptoms of the FD patients than
treatment with omeprazole alone.
Moreover, we found that the compliance index was
positively correlated with the improvement in clinical
outcomes in terms of both dyspeptic and psychological
symptoms. These data suggest that the efficacy of FM
therapy in FD is associated with patient compliance.
The side effects associated with FM in the present
study included insomnia, dizziness and dry mouth.
Notably, side effects reported within 1 to 2 wk can lead
[30]
to drug discontinuation . Initiation of therapy at low
doses and closer follow-up, particularly during the first
[31]
week, might increase compliance .
The strengths of the present study include its openlabel and prospective design, which had the advantage
of permitting the patients to receive treatment as
naturally as possible, yielding background rates of
noncompliance that were reasonably representative of
the population that is treated in actual clinical practice.
Therefore, this design provided a more realistic
indication of the compliance in clinical settings than
would have been achieved with a double-blind study.
The Rome Ⅲ criteria for FD offer definitions for two
subgroups; i.e., the postprandial distress syndrome
(PDS) or epigastric pain syndrome (EPS) subgroups.
Although we did not allocate the enrolled patients into
these two subgroups in this study, we found that both
early satiety and epigastric pain, the typical symptom
of PDS and EPS, respectively, were significantly im
proved after FM treatment (data not shown).

Table 3 Pearson r values for the correlations between
the compliance index and the reduction in leeds dyspepsia
questionnaire and hospital anxiety and depression scale scores
in functional dyspepsia patients treated with flupentixolGroups

Reduction in
LDQ score

Reduction in HADS
anxiety subscale

Reduction in HADS
depression subscale

0.671
0.651
0.731

0.671
0.571
0.531

0.601
0.691
0.511

1
2
3
1

The P value is < 0.01. LDQ: Leeds dyspepsia questionnaire; HADS:
Hospital anxiety and depression scale.

Table 4 Adverse events during the study
Groups
1 (n = 60) 2 (n = 57) 3 (n = 60) 4 (n = 63)
Insomnia
Dizziness
Dry mouth
Nausea
Skin rash

3
1
1
1
0

4
1
2
1
1

4
0
1
0
0

0
0
0
1
1

Table 4). Insomnia, dry mouth and nausea were the
most frequently reported events. Adverse events
occurred in 3.2% (2/63) of the patients in Group 4.
The majority of these adverse events were of mild or
moderate intensity and resolved after termination of
the study.

DISCUSSION
In this study, we showed that appropriate clinicianpatient communication regarding the reason for
prescribing FM that emphasized both the psychological
and GI mechanisms improved adherence to treatment
with these drugs among FD patients, and thus con
tributed to improvements in their clinical outcomes.
Although FD patients who receive antidepressant
and antianxiety drugs can exhibit higher response rates
[7-9]
than those who receive PPI or prokinetic treatments ,
the therapeutic efficacies of psychoactive drugs can
be handicapped by poor compliance. FD patients
who believe their discomfort originates in the GI tract
are usually resistant to psychological diagnoses and
antidepressant or antianxiety medications. Therefore,
appropriate clinician-patient communication regarding
the reasons for prescribing such drugs might improve
drug compliance. In the present study, we found that
clinician-patient communication which emphasized
the notions that FD symptoms are attributable to both
psychological and GI mechanisms and that FM relieves
FD symptoms via both central and GI mechanisms
produced better compliance than emphasizing the
psychological mechanisms. These results suggest that
appropriate communication regarding the reason for
prescribing psychoactive drugs based on the central
and GI mechanisms that underlie the generation of FD
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5

In conclusion, this study revealed that appropriate
clinician-patient communication regarding the
reasons for prescribing psychoactive drugs that
emphasizes both psychological and GI mechanisms
might improve compliance with FM treatment among
FD patients. The improvement in FD symptoms was
associated with the patients’ compliance with FM
treatment.

6
7
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Background

Antianxiety and antidepressant agents are reportedly more effective in the
treatment of functional dyspepsia (FD) than the regular first-line medications
such as proton pump inhibitors and prokinetics. However, the efficacies of
antianxiety and antidepressant agents in clinical practice are usually hindered
by the poor compliance of patients.
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Research frontiers

Inadequate physician-patient communication seems to be the leading cause of
poor compliance. Many FD patients hold the belief that their gastrointestinal (GI)
symptoms originate in the GI tract, and thus, they do not need psychoactive
medication. In actuality, psychological condition can strongly affect GI
functions, and psychoactive drugs might improve dyspepsia symptoms through
both central and GI mechanisms. Therefore, appropriate clinician-patient
communication that provides explanations of the reasons for psychoactive drug
prescriptions based on the mechanisms that underlie the generation of FD
symptoms and the drugs’ effects might improve compliance with psychoactive
agent regimens among FD patients.
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Innovations and breakthroughs

To date, there is no study exploring drug adherence in FD patients. Thus, this
study was carried out to identify an efficient method to improve adherence to
antidepressant and antianxiety agents in FD patients. This may be of value in
FD therapy.
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Applications

Appropriate communication regarding the reason for prescribing psychoactive
drugs based on the central and GI mechanisms that underlie the generation of
FD symptoms and the effect of the drug may help FD patients to understand
the necessity of taking FM and improve drug adherence.
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Terminology

Compliance (also referred to as adherence or concordance) describes the
degree to which a patient correctly follows medical advice.
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Peer-review

This is a nicely designed study to assess the treatment effects of functional
dyspepsia using 4 different approaches. The study was appropriately
performed, the study interventions are well described, the comparisons of
outcome measures between groups adequately described. This article provides
new ideas about improving drug adherence and efficacy in FD patients.
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Abstract
AIM: To investigate the expressions of microRNA20a (miR-20a) and let-7a in esophageal squamous cell
carcinoma (ESCC) and their diagnostic value.
METHODS: Seventy patients with ESCC and 40
healthy subjects were enrolled to investigate the
expression of miR-20a and let-7a using quantitative
real-time PCR. The expression of miR-20a and let-7a
was compared between ESCC patients and healthy
subjects. The plasma levels of miR-20a and let-7a in
relation to patient clinicopathologic parameters, the
receiver operating characteristic (ROC) curve, and the
sensitivity and specificity of miR-20a and let-7a in ESCC
diagnosis were analyzed.
RESULTS: Plasma levels of miR-20a were significantly
higher in ESCC patients than in healthy controls, and
plasma levels of let-7 were lower in ESCC patients than
in healthy controls (both P < 0.05). The area under the
ROC curve of miR-20a was 0.767 (95%CI: 0.677-0.857;
P < 0.001), when the cut-off value was set at 4.77,
the sensitivity and specificity were 64.3% and 75.0%,
respectively. The area under the ROC curve of let-7a
was 0.829 (95%CI: 0.754-0.904; P < 0.001), when
the cut-off value was set at 6.22, the sensitivity and
specificity were 74.3% and 85.0%, respectively. Thus,
the sensitivity and specificity of let-7a were higher
than those of miR-20a. The median relative plasma
expression of let-7a in clinical stage Ⅲ/Ⅳ (0.24)
was lower than that in stage Ⅰ/Ⅱ (0.42), while the
expression of miR-20a according to stage was not
statistically different. The expressions of miR-20a and
let-7a were not related to gender, age, tumor diameter,
tumor grade, or pathologic stage.
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CONCLUSION: Plasma miR-20a and let-7a levels are
significantly altered in patients with ESCC and can be
used as potential biomarkers in the diagnosis of ESCC.

in ESCC patients compared with healthy controls, and
to evaluate whether miR-20a and let-7a are associated
with the clinicopathologic features of ESCC.

Key words: Esophageal squamous cell carcinoma;
microRNA-20a; Let-7a; Plasma

MATERIALS AND METHODS
Study population

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

Seventy patients hospitalized from May 2013 to May
2014 at The First Affiliated Hospital of Zhengzhou
University (Zhengzhou, China) were enrolled in this
study. In addition, 40 age- and sex-matched healthy
volunteers participated in this study. All patients were
untreated prior to surgery. The diagnosis of ESCC was
based on the examination of tumor specimens using
th
[11]
the 7 Edition of the AJCC Cancer Staging Manual . A
single-blind research design was used in this study.

Core tip: The levels of microRNA-20a (miR-20a) and let7a are reportedly changed in tumors. However, plasma
levels of miR-20a and let-7a in esophageal squamous
cell carcinoma (ESCC) have not yet been determined.
In this study, we found that both miR-20a and let-7a
levels changed in ESCC patients compared with healthy
controls, and thus may serve as biomarkers in the
diagnosis of ESCC.

Plasma samples and miRNA isolation

Fasting venous blood samples from ESCC patients and
healthy controls were collected and placed in tubes
containing EDTA-K2. The samples were centrifuged
at 3000 × g for 10 min at 4 ℃, and the supernatant
was then isolated and centrifuged at 12000 × g for
10 min at 4 ℃. Plasma was collected and stored in
aliquots at -80 ℃ until analysis. Clinicopathologic
information was available for all patients. Two
hundred microliters of plasma were spiked with miScript miRNA mimic SV40 (Qiagen, Venlo, Limburg,
Netherlands) (2 µmol/L, 1 µL/100 µL plasma). Total
RNA was extracted from these plasma samples using
TRI reagent BD TB-126 (Molecular Research Center
Inc., Cincinnati, OH, United States) according to the
manufacturer’s protocol, and dissolved in 10 µL of
RNase-free water. The concentration and quality of
the RNA samples were determined using a NanoDrop
2000c spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, United States).

He FC, Meng WW, Qu YH, Zhou MX, He J, Lv P, Ming
L. Expression of circulating microRNA-20a and let-7a in
esophageal squamous cell carcinoma. World J Gastroenterol
2015; 21(15): 4660-4665 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i15/4660.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4660

INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is among
the ten most frequent cancers worldwide with a high
[1,2]
incidence and poor prognosis . Although patients
with ESCC undergo appropriate surgery, relapse
and metastasis can still occur in 90% of patients.
Therefore, early diagnosis of ESCC is extremely
important.
MicroRNAs (miRNAs) are small, noncoding RNAs
which can influence target gene expression through
[3]
mRNA degradation and translation inhibition . MiRNAs
can also act as oncogenes or tumor suppressors and
have different biologic functions for the hundreds
[4]
of downstream genes . miR-20a belongs to the
miR-17-92 cluster, which is a widely overexpressed
[5]
oncogene in diverse cancer subtypes . Let-7a belongs
to the let-7 family, is a well-known miRNA, and is an
important tumor suppressor in various cancers. let-7
and its family members are highly conserved across
species in sequence and function, and misregulation
of let-7 leads to a less-differentiated cellular state
[6]
and the development of cell-based diseases . It has
been reported that miR-20a is upregulated in ESCC
[7]
tissues . As one of the most extensive miRNAs, the
expression level of let-7 is decreased in many types of
[8-10]
cancers, such as of the lung, stomach, and colon
.
However, the circulating levels of miR-20a and let-7a
in ESCC are not known.
The aim of this study was to determine whether the
expression of miR-20a and let-7a in plasma is altered

WJG|www.wjgnet.com

quantitative real-time polymerase chain reaction

Total RNA (0.5 µg) from each sample was reverse
transcribed using miRNA-specific stem-loop RT primer.
The PrimeScript RT reagent kit with gDNA Eraser
(DRR047S; TaKaRa Bio Inc., Shiga, Japan) was used
according to the kit instructions. In brief, the 20 µL
reactions were incubated for 15 min at 42 ℃, followed
by 5 s at 85 ℃, and the resulting cDNA was stored at
-20 ℃ for subsequent quantitative real-time PCR (qRTPCR) on an ABI 7500 fast RT-PCR system (Applied
Biosystems of Thermo Fisher Scientific) using SYBR
Premix Ex TaqTMⅡ (DRR820S; TaKaRa Bio Inc.)
according to the manufacturer’s instructions. Briefly,
the thermal cycling consisted of an initial denaturation
at 95 ℃ for 30 s, followed by 40 cycles of 95 ℃ for 3
s and 60 ℃ for 30 s. A melt curve was constructed
after each reaction. All PCRs yielded a single peak
on the melt curve, indicating acceptable specificity
of the primers. Assays were performed in triplicate.
Data were analyzed with 7500 Fast System SDS
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A

Table 1 Relative miR-20a and let-7a levels
Age (yr)

miR-20a

let-7a

60.48 ± 8.40
61.72 ± 6.93
0.431

2.09 ± 1.39
1.12 ± 0.68
0.000

0.53 ± 0.43
1.13 ± 0.58
0.000

6
miRNA fold change

ESCC patients
Healthy controls
P-value

ESCC: esophageal squamous cell carcinoma.

Software version 1.4.0.25 (Applied Biosystems) with
the automatic Ct setting for assigning baseline and
threshold for Ct determination. Ct values > 36 were
considered to represent no expression. miRNA relative
expression levels were calculated using the following
equation: 2-∆Ct (∆Ct = Ct target - Ct spiked-in SV40).
Fold changes in miRNA levels were calculated using
-∆∆Ct
[12]
the 2
method .

2

0

Ethics statement

The study protocol was carried out according to the
principles of the Declaration of Helsinki and approved
by the Medical Ethics Committee of The First Affiliated
Hospital of Zhengzhou University. Written informed
consent was obtained from all the participants before
enrollment.

Statistical analysis

B

3

2

ESCC

Control

ESCC

Control

1

0

All experiments were repeated independently at least
three times, and the data are presented as mean ±
SD or median. The results were calculated using the
Student’s t test, Mann-Whitney U test or KruskalWallis test. In addition, a Spearman’s correlation test
was performed. Receiver operating characteristic
(ROC) curve analysis and the derived area under the
curve (AUC) were used to estimate the ability of the
biomarkers to distinguish ESCC patients from healthy
controls. All statistical analyses were performed using
SPSS 17.0 (SPSS Inc., Chicago, IL, United States) and
results were considered significant when P < 0.05. We
set two-fold as the threshold to measure miR-20a and
let-7a as up- or downregulated.

Figure 1 Relative plasma miRNA levels. A: miR-20a; B: let-7a.

healthy controls, fold-change 2.09 ± 1.39 and 0.53 ±
0.43, respectively (Figure 1).

Correlation between plasma miRNAs and
clinicopathologic features of ESCC

The plasma levels of miR-20a and let-7a were then
compared with patient clinicopathologic features. miR20a had no significant associations with any of the
clinicopathologic features (Table 2). The level of let-7a
had no significant associations with gender, age, tumor
diameter, or pathologic stage, but increased with
tumor stage (P < 0.05).

RESULTS
Levels of plasma miR-20a and let-7a in ESCC patients
and healthy controls

Diagnostic accuracy of circulating miR-20a and let-7a

To evaluate plasma miR-20a and let-7a as potential
biomarkers of ESCC, ROC curve analyses were carried
out and the values for the AUC were calculated. As
shown in Figure 2, the ROC curves of plasma miR-20a
and let-7a significantly discriminated between ESCC
patients and healthy controls with an AUC of 0.767
(95%CI: 0.677-0.857; P < 0.001) and 0.829 (95%CI:
0.754-0.904; P < 0.001), respectively. These results
showed that plasma miR-20a and let-7a had accurate
diagnostic value for ESCC. When the cutoff value of
miR-20a was set at 4.77, the sensitivity and specificity
were 64.3% and 75.0%, respectively; when the cutoff
value of let-7a was set at 6.22, the sensitivity and

To assess the value of plasma miR-20a and let-7a for
predicting ESCC, plasma miRNA levels were measured
using qRT-PCR in ESCC patients and healthy controls.
The results are summarized in Table 1. Independentsamples t tests showed statistically significant
differences in plasma miR-20a and let-7a levels
between ESCC patients and healthy controls: higher
miR-20a plasma levels (P = 0.000) and lower plasma
levels of let-7a (P = 0.000) were observed in ESCC
-∆∆Ct
patients (Table 1). Data on 2
analysis showed that
plasma concentrations of miR-20a and let-7a were
markedly aberrant in ESCC patients relative to those in
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miRNA fold change

Group
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A

Table 2 Correlation between miR-20a and let-7a levels
and clinicopathologic features in patients with esophageal
squamous cell carcinoma

Ⅰ/Ⅱ
Ⅲ/Ⅳ

P-value
Distant metastasis
M0
M1
P-value
Histologic grade
Well differentiated
Moderately differentiated
Poorly differentiated
P-value

Fold change

1

miR-20a

let-7a

46
24

1.61 (0.95-2.82)
1.63 (1.33-2.93)
0.481

0.33 (0.22-0.53)
0.45 (0.29-0.89)
0.107

37
33

1.62 (1.24-2.89)
1.62 (1.06-2.82)
0.463

0.39 (0.23-0.79)
0.35 (0.24-0.64)
0.900

36
34

1.51 (0.99-2.47)
2.10 (1.33-3.08)
0.077

0.40 (0.23-0.79)
0.36 (0.24-0.62)
0.961

49
21

1.52 (0.95-2.80)
2.04 (1.40-3.40)
0.118

0.42 (0.28-0.88)
0.24 (0.19-0.39)
0.009

61
9

1.62 (1.10-2.82)
1.64 (1.21-4.45)
0.300

0.39 (0.24-0.79)
0.35 (0.12-0.44)
0.174

1.50 (1.10-2.41)
1.76 (1.04-2.82)
1.75 (1.21-3.29)
0.632

0.45 (0.25-0.59)
0.33 (0.26-0.97)
0.30 (0.22-0.62)
0.849

25
28
17

Sensitivity

Gender
Male
Female
P-value
Age (yr)
≤ 60
> 60
P-value
Diameter of tumor
< 4 cm
≥ 4 cm
P-value
TNM stage

n

0.8

0.4

0.0

B

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

0.0

0.2

0.4
0.6
1-specificity

0.8

1.0

1.0

0.8

0.6

0.4

0.2

0.0

1

Median of relative expression with 25th-75th percentile; Mann-Whitney U
test waws performed for comparisons between two groups and KruskallWallis test for comparisons among three groups.

Figure 2 Plasma miRNA levels associated with diagnosis of esophageal
squamous cell carcinoma. Receiver operating characteristic curves for
plasma A: miR-20a; and B: let-7a.

specificity were 74.3% and 85.0%, respectively. Thus,
the sensitivity and specificity of let-7a were higher
than those of miR-20a.

[18,19]

assay such as qRT-PCR
.
MiR-20a has been found to be upregulated in colon
adenocarcinoma and gliomas and downregulated
[20,21]
in breast cancer and pancreatic carcinoma
. On
the other hand, miR-20a has been shown to inhibit
proliferation and metastasis of pancreatic carcinoma
cells by directly downregulating Stat3, the cyclindependent kinase inhibitor that is activated in primary
pancreatic cancer and is involved in various physiologic
functions, including apoptosis, cell cycle regulation,
angiogenesis, and metastasis. Findings have clearly
shown that while miR-20a is overexpressed in human
ovarian cancer tissues and enhances long-term
cellular proliferation and invasion capabilities, it also
mediates immune evasion in vivo and downregulates
MICA/B expression, which can decrease natural killer
[22]
cell cytotoxicity . Gene-expression data have shown
that several tumors overexpress miR-20a, and E2F
and Myc are inhibited at the post-transcriptional step
by miR-17-92 and can induce the transcription of
miR-17-92, which forms a negative feedback loop in
[23,24]
the interaction network
. It has been confirmed
that plasma miR-20a is highly expressed in lung
cancer and can predict survival in patients with
[25]
squamous cell carcinoma . miR-20a can also regulate

DISCUSSION
ESCC is diverse in regions with different environmental
[13-15]
risks and genetic factors
. Despite recent advances
in diagnosis and treatment strategies, the prognosis
of ESCC across all stages remains poor. Therefore, the
diagnosis of ESCC is important. To date, hundreds of
human miRNAs have been identified. miRNAs, which
are implicated in key cellular processes, play important
[16]
roles in cancer . It is known that one single miRNA
can influence the expression of several thousands of
genes, thus miRNAs control one-third of the human
[17]
genome . Many studies have found that miRNAs
can act as biomarkers for the diagnosis, prognosis,
and treatment evaluation of cancers. However, it can
sometimes be difficult to obtain tissue for diagnosis,
particularly in patients with ESCC. Recent studies
have demonstrated that specific expression profiles
of circulating miRNAs could be promising bloodbased noninvasive biomarkers for the detection and
prognosis of different types of cancer, and human
serum or plasma contains a large number of intact and
stable miRNAs, which can be detected using a simple
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used as potential biomarkers in the diagnosis of ESCC.

CDKN1a/p21, and transforming growth factor-β
[23]
receptor 2 . However, miR-20a expression in primary
hepatocellular carcinoma is lower than in normal liver
and predicts poor survival in patients, and directly
regulates Mcl-1 expression, which is an antiapoptotic
[26]
member of the Bcl-2 family . Therefore, miR-20a
can be an oncogene or a tumor-suppressor gene.
Compared with miR-20a, let-7 expression is low in
various tumor types. let-7 controls cell differentiation
and proliferation, and many oncogenes are regulated
[27]
by let-7, such as RAS, HMGA2, and MYC .
In this study, we investigated the expression levels
of miR-20a and let-7a in plasma. The levels of miR20a and let-7a showed a clear distinction between
ESCC patients and healthy individuals. miR-20a was
highly expressed in ESCC patients, whereas let-7a
showed low expression. Furthermore, plasma miR-20a
and let-7a had significant diagnostic value for ESCC as
shown by ROC curve analyses. Thus, circulating miR20a and let-7a may be useful diagnostic biomarkers
in patients with ESCC. Although the expression of
let-7a in plasma had no significant association with
gender, age, tumor diameter, or pathologic stage, let7a expression increased with tumor stage. This finding
was also observed in other studies in which let-7
targeted HmgA2 and RAS, and hence inhibited cancer
[28,29]
growth
. However, no significant association was
found between the level of miR-20a and gender, age,
tumor diameter, tumor grade, or pathologic stage.
There were occasional errors in the limited samples
included in this study. Therefore, a larger population
is needed to validate the specificity and sensitivity
of miR-20a and let-7a. Furthermore, additional
investigations are required in the near future to
determine the mechanism of miR-20a and let-7a in
ESCC.
In conclusion, our results suggest that miR-20a and
let-7a expression in plasma could serve as biomarkers
in the diagnosis of ESCC. The level of let-7a was
associated with tumor stage. However, further study
is needed to elucidate the mechanism of miR-20a
and let-7a, which may become potential therapeutic
targets of ESCC.

Terminology

Receiver operating characteristic curve is a composite index reflecting the
sensitivity and specificity. Sensitivity: the proportion of individuals with ESCC
who had a positive test result; Specificity: the proportion of subjects without
ESCC who had a negative test result.
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significantly in patients with ESCC in relation to healthy individuals.
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AIM: To study anti-Epstein-Barr virus (EBV) IgG
antibodies in Crohn´s disease in relation to treatment,
immune cells, and prior tonsillectomy/appendectomy.
METHODS: This study included 36 CD patients and
36 healthy individuals (controls), and evaluated
different clinical scenarios (new patient, remission and
active disease), previous mucosa-associated lymphoid
tissue removal (tonsillectomy and appendectomy)
and therapeutic regimens (5-aminosalicylic acid,
azathioprine, anti-tumor necrosis factor, antibiotics,
and corticosteroids). T and B cells subsets in peripheral
blood were analyzed by flow cytometry (markers
included: CD45, CD4, CD8, CD3, CD19, CD56, CD2,
CD3, TCRαβ and TCRγδ) to relate with the levels of
anti-EBV IgG antibodies, determined by enzyme-linked
immunosorbent assay.
RESULTS: The lowest anti-EBV IgG levels were
observed in the group of patients that were not in a
specific treatment (95.4 ± 53.9 U/mL vs 131.5 ± 46.2
U/mL, P = 0.038). The patients that were treated with
5-aminosalicylic acid showed the highest anti-EBV
IgG values (144.3 U/mL vs 102.6 U/mL, P = 0.045).
+
CD19 cells had the largest decrease in the group of
CD patients that received treatment (138.6 vs 223.9;
P = 0.022). The analysis of anti-EBV IgG with respect
to the presence or absence of tonsillectomy showed
the highest values in the tonsillectomy group of CD
patients (169.2 ± 20.7 U/mL vs 106.1 ± 50.3 U/mL, P
= 0.002). However, in the group of healthy controls,
no differences were seen between those who had
been tonsillectomized and subjects who had not been
operated on (134.0 ± 52.5 U/mL vs 127.7 ± 48.1 U/
mL, P = 0.523).
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CONCLUSION: High anti-EBV IgG levels in CD are
associated with 5-aminosalicylic acid treatment,
+
tonsillectomy, and decrease of CD19 cells.

mucosal epithelium is crucial for the entrance of the
virus into the body. Mucosa associated lymphoid tissue
(MALT) is essential in EBV infection because viral particles
colonize the tongue, oropharyngeal mucosa, and salivary
glands; later, they infect B cells, establishing the latent
[6,7]
infection . It has been suggested that extirpation of
MALT, such as of tonsils and the appendix, could be
related with CD, although there are many discrepancies
[8-11]
about this theory
.
The aim of this work was to study the prevalence
of anti-EBV IgG antibodies in patients with CD, and its
relation with different clinical situations, treatments,
T and B cells subsets, and MALTectomy (tonsillectomy
and appendectomy).

Key words: B cells; Crohn’s disease; Epstein-Barr virus;
Tonsillectomy; 5-aminosalicylic acid
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prevalence of anti-Epstein-Barr virus
(EBV) IgG antibodies was studied in patients with
Crohn’s disease. The lowest anti-EBV IgG levels were
observed in the patients without specific treatment.
5-aminosalicylic acid treatment showed the highest
+
anti-EBV IgG values. CD19 cells had the largest
decrease in Crohn’s disease patients that had received
treatment. Crohn’s disease patients had the highest
values of anti-EBV IgG.

MATERIALS AND METHODS
Study population

In this retrospective study we used the same population
[2]
recruited in a previous work . We collected serum
samples from 36 CD patients and from 36 healthy
individuals (controls). Serum samples were maintained
at -80 ℃ until analytical determinations were performed.
The 36 CD patients were selected following Lennard[12]
Jones criteria for CD . Both groups were similar
regarding sex and age ± 5 years. CD patients were
divided according to three clinical situations: “new
patients,” with active CD presenting at diagnosis with
no previous treatment for CD; “remission,” CD activity
index (CDAI) < 150 for ≥ 12 mo; and “active disease,”
[13,14]
CDAI > 150 and signs and symptoms of disease
.
The activity of the disease was evaluated in accordance
[15]
with CDAI . Patients in remission were recruited
among patients in follow-up at the outpatient clinic. On
the other hand, new patients and patients with active
disease were selected among patients admitted to the
Gastroenterology Department at the Arnau de Vilanova
Hospital (Valencia, Spain).
Although the number of subjects included in the study
was not large, patients and controls were divided into
three groups: those who had been appendectomized,
those who had been tonsillectomized, and those without
previous MALTectomy. The inclusion criteria of healthy
controls were: absence of acute infections, and absence
of inflammatory, autoimmune or immunodeficiency
diseases, and no immunosuppressive or antibiotic
treatment or any vaccine during the previous year.

Andreu-Ballester JC, Gil-Borrás R, García-Ballesteros C,
Catalán-Serra I, Amigo V, Fernández-Fígares V, Cuéllar C.
Epstein-Barr virus is related with 5-aminosalicylic acid,
tonsillectomy, and CD19 + cells in Crohn’s disease. World J
Gastroenterol 2015; 21(15): 4666-4672 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4666.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4666

INTRODUCTION
Crohn’s disease (CD) is one of the main types of
inflammatory bowel disease (IBD). Although its
etiology remains has not been described, it is known
as a relapsing-remitting or progressive inflammatory
[1]
condition that affects the gastrointestinal tract .
In a previous study, we observed a decrease of
lymphocytes in the peripheral blood of patients with
[2]
CD . Lymphocyte populations did not differ between
treated and untreated patients, with the exception
+
+
of CD8 T and CD19 lymphocytes. Further, in a
case control study, we concluded that CD patients
are at risk for microsporidiasis, so we proposed that
microsporidia, a group of opportunistic pathogens,
[3]
may be involved in the etiology of CD . The abovementioned immune- deficiency may predispose
individuals to be vulnerable to opportunistic infectious
agents responsible for the disease.
Currently, the most common drugs used to treat CD
are 5-aminosalicylic acid (5-ASA) drugs, corticosteroids,
immunosuppressive agents, biologic therapies, and
[4]
[5]
antibiotics . Wagner et al summarized the current
literature surrounding the association between viruses
and CD, and suggested that Epstein-Barr virus (EBV),
a ubiquitous gamma herpes virus, may be associated
with CD.
Viral transmission through the oropharyngeal

WJG|www.wjgnet.com

Methods of blood sample analysis

Blood cell counts were performed using an automated
hematology analyzer (LH750 and Cytomics FC 500;
Beckman Coulter Inc., Brea, CA, United States) and
later analyzed with CXP Software. The following
monoclonal antibodies were used: CD45, CD4, CD8,
CD3, and CD19 for the peripheral blood subpopulations,
and CD4, CD8, CD56, CD2, CD3, CD19, TCRαβ, and
TCRγδ for the γδ T cells study. γδ T cells subsets were

4667

April 21, 2015|Volume 21|Issue 15|

Andreu-Ballester JC et al . EBV and 5-ASA in CD
considered as positive.
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Ethical statement
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Each participant in the study signed an informed
consent form. The study was approved by the Ethics
and Investigation Committee of the Arnau de Vilanova
Hospital (Valencia, Spain).

140
120
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Statistical analysis

40

Mann-Whitney U Test was used to compare the means
of the quantitative variables for paired samples.
Contingency tables were drawn up for the qualitative
2
variables (χ or Fisher’s exact tests). The level of
significance was set at two-tailed P < 0.05. Data were
analyzed using the statistical software SPSS, version
19 (IBM Corp., Armonk, NY, United States).

20
0

New patients

Remission

Active disease

Control

Figure 1 IgG anti-Epstein-Barr virus according to clinical scenarios
in Crohn’s disease patients and healthy controls. New patient (n = 13),
remission (n = 13), active disease (n = 10) and control (n = 36). P < 0.05
for new patient vs remission and controls. Values are expressed as mean ±
SD.

RESULTS
Table 1 Anti-Epstein-Barr virus IgG antibodies according to
treatment in Crohn’s disease patients n (%)
Treatment type

Treated

Anti-EBV
IgG

All drugs
21 (58.3) 131.5 ± 46.2
Azathioprine
8 (22.2) 122.4 ± 45.8
Anti-TNF
3 (8.3) 106.0 ± 67.4
5-ASA
12 (33.3) 144.3 ± 47.7
Antibiotic
5 (13.9)
87.6 ± 45.3
Corticosteroids 6 (16.7) 105.2 ± 45.7
Drugs/patient
0
21 (100)
95.4 ± 53.9
1
10 (47.6) 146.5 ± 36.3
2
8 (38.1) 132.1 ± 46.2
3
3 (14.3)a 80.0 ± 53.5

Characteristics of the population

Of the 36 CD patients included in the study, 22 were
male (61.1%) and 14 were female (38.9%). The age
mean was 41.9 ± 15.9 years. The clinical situations
were: 13/36 (36.1%) new patients, 13/36 (36.1%)
active disease, and 10/36 (27.8%) remissions. The sites
of intestinal involvement were: ileal in 15/36 (41.7%)
patients, colonic in 11/36 (30.6%), and ileocolonic in
10/36 (27.8%) patients. According to the evolution of
the disease, 24/36 (66.7%) cases were inflammatory,
8/36 (22.2%) stenotic, and 4/36 (11.1%) had fistulas.

P

Untreated

Anti-EBV
IgG

value

15 (41.7)
28 (77.8)
33 (91.7)
24 (66.7)
31 (86.1)
30 (83.3)

95.4 ± 53.9
114.7 ± 54.3
117.4 ± 51.7
102.6 ± 49.3
121.1 ± 52.2
118.7 ± 53.7

0.038
0.720
0.722
0.010
0.161
0.538

15 (41.7)
15 (41.7)
15 (41.7)

95.4 ± 53.9
95.4 ± 53.9
95.4 ± 53.9

0.023
0.169
0.824

Anti-EBV IgG antibodies

In the present study, 97.2% of the sera samples were
IgG positive against EBV by ELISA. No differences
in percentages of positive were seen between CD
patients and healthy controls. Anti-EBV IgG levels
were similar in CD and control groups (116.5 ± 52.1
U/mL vs 129.1 ± 49.6 U/mL).
Anti-EBV IgG are described in accordance with the
different clinical situations studied in the 36 CD patients
and 36 healthy controls (Figure 1); new patients (92.6
± 53.0 U/mL) were significantly different from patients
in remission (136.4 ± 49.8 U/mL) and healthy controls
(129.1 ± 49.6 U/mL) (both P < 0.05).

a

Values are expressed as mean ± SD. P < 0.05 vs 1 drug/patient. 5-ASA:
5-Aminosalicylic acid; TNF: Tumor necrosis factor.

analyzed with phycoerythrin-cyanine 5.1-conjugated
anti-human TCRγδ (clone: IMMU 510; Beckman
Coulter Inc.), and αβ T cells subsets were analyzed
with phycoerythrin-cyanine 5.1-conjugated antihuman TCRαβ (clone: IP26A; Beckman Coulter Inc.).

Determination of IgG antibodies against EBV

Serum was separated from the blood after clotting
and centrifugation. The detection and quantitative
determination of specific IgG antibodies against EBV
viral capsid antigen (VCA) in the serum of patients
and controls were carried out using the DEMDITEC
EBV VCA IgG Antibody ELISA Test Kit (Demeditec
Diagnostics GmBH, Kiel, Germany) according to the
manufacturer’s instructions. For testing, the samples
were diluted 1/101 with sample diluent. After reading
at 450 nm, the optical densities of the standards
were plotted against their concentrations. Then, the
concentrations of the samples, expressed in U/mL,
were calculated from the standard curve. For the
interpretation of the results, values > 12 U/mL were

WJG|www.wjgnet.com

Anti-EBV IgG antibodies and treatment

Table 1 shows anti-EBV IgG antibodies depending on
the treatment. Twenty-one patients (58.3%) were
in treatment at the moment of the sampling. As
indicated above, the lowest levels of anti-EBV IgG
were observed in the CD new patients. None of the 13
new patients were in treatment at the moment of the
sampling. However, 10/12 patients with active disease
and 9/13 patients in remission were taking specific
treatment for CD. The lowest anti-EBV IgG levels were
observed in the group of patients that were not in
specific treatment.
The increase of anti-EBV IgG levels was related to
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Figure 3 Anti-Epstein-Barr virus IgG according to tonsillectomy in Crohn’s
disease patients and controls. Tonsillectomized patients had significantly higher
values; P < 0.05 for CD patients and all subjects. Values are expressed as mean
± SD. EBV: Epstein-Barr virus; CD: Crohn’s disease.
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the small size of these groups.

200

+

Anti-EBV IgG antibodies and MALTectomy

150

Although the subgroup analyses lead to a very small
group size, we studied the relationship between antiEBV IgG levels and MALTectomy in CD patients and
healthy controls; 9.8% of the subjects included in the
study were appendectomized. No differences between
groups were seen (11.1% vs 8.6% in CD patients and
healthy controls, respectively).
Twenty-two (31.9%) of the subjects were tonsill
ectomized and the highest percentage was observed in
the control healthy group (45.7%) compared to the CD
patients (17.6%) (OR = 0.55, 95%CI: 0.36-0.84; P =
0.019).
When anti-EBV IgG levels were compared with
respect to the presence or absence of tonsillectomy
in all studied patients (Figure 3), the highest values
were observed in the tonsillectomy group (143.3 ±
48.0 U/mL vs 113.3 ± 49.8 U/mL, P = 0.015). In CD
patients, the highest values were also observed in the
tonsillectomy group (168.2 ± 20.7 U/mL vs 106.1
± 50.3 U/mL, P = 0.002). However, in the group of
healthy controls, no differences were seen between
tonsillectomized patients and subjects who had not
undergone a MALTectomy (134.0 ± 52.5 U/mL vs
127.7 ± 48.1 U/mL).

100
50
0

5-ASA

No

Figure 2 Relationship between anti-Epstein-Barr virus IgG and B cells
according to treatment in Crohn’s disease patients. Patients treated with
5-aminosalicylic acid (5-ASA) were significantly different from untreated patients
(No) (Ps < 0.05). Values are expressed as mean ± SD.

5-ASA treatment. Thus, the patients that were treated
with 5-ASA showed significantly higher anti-EBV IgG
values that those observed in the group of CD patients
that were not treated at the moment of the sampling (P
< 0.05) (Figure 2).
The highest anti-EBV IgG levels from the 21 patients
with treatment were observed in the groups treated
with one drug only or with two drugs compared to the
untreated group and the group of patients treated with
three drugs (Ps < 0.05).

Anti-EBV IgG antibodies and cell populations

When significant differences between lymphocyte
subsets were studied in CD patients depending on the
+
presence or absence of treatment, CD19 cells had the
largest decrease in the group of CD patients that had
received treatment compared to the untreated ones,
which reached similar values to those observed in the
+
control group. The frequencies of CD19 cells were
significantly lower in patients treated with 5-ASA than
3
in untreated patients (138.6 ± 98.5/mm vs 223.9 ±
3
+
+
155.8/mm ; P = 0.057) (Figure 2). CD3 CD8 and
+
+
CD3 CD56 γδ T cells were also reduced in 5-ASA
3
3
treated patients (5.2 ± 4.1/mm and 3.3 ± 3.0/mm ,
respectively) compared to the untreated group (7.5
3
3
± 8.2/mm and 5.3 ± 8.3/mm , respectively), though
significant differences were not observed, likely due to
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DISCUSSION
We determined IgG by ELISA against VCA of EBV in
sera from 36 CD patients and 36 healthy controls. The
development of VCA IgG antibodies usually takes place
at the beginning of the disease, reaching the peak
titers after two or four weeks and remaining positive
[16]
thereafter .
It is interesting to highlight that the patients who
were in the initial stages of the disease showed the
lowest anti-EBV IgG levels. IgG levels progressively
increased throughout the evolution of the disease,
showing similar levels in the active disease until
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reaching the highest values in patients in remission,
who showed similar levels to those obtained in the
control group. In a previous study, we showed that a
complex alteration of immune responses that affects
the total numbers and function of γδ T cells was
[2]
+
present in CD . We also observed that CD4 and
+
+
CD8 γδ T cells were lower in new patients, and CD4
+
and CD8 αβ T cells were significantly lower than their
controls.
5-ASA, also known as mesalazine, is a structural
analogue of aspirin that, along with other non-steroidal
anti-inflammatory drugs (NSAIDs), is among the
most conventional drugs currently used to treat CD.
Mesalazine negatively regulates the cyclooxygenase-2/
[4,17]
prostaglandin E2 axis
, and also inhibits the synthesis
[18]
of 5-lipoxygenase products, including leukotriene B4 .
5-ASA inhibits production of thromboxane A2 and
consequently decreases adhesion to the endothelium
and the aggregation of platelets and polymorphonuclear
[19]
cells . The pharmacologic profile of mesalazine
includes an ability to inhibit intestinal macrophage
chemotaxis. 5-ASA can exert antioxidant actions in
[20]
vitro and in vivo . These mechanisms could facilitate
the entry of a virus through the mucous membranes
and therefore they could increase the production of
antibodies in treated patients.
+
We have previously demonstrated that levels of CD3 ,
+
+
+
CD4 , CD8 , and CD19 lymphocytes were decreased in
[2]
CD patients compared to the control group . However,
no correlations were observed among anti-EBV IgG
levels and different lymphocyte subsets.
The lowest levels of anti-EBV IgG were observed
in the new CD patients group and, according to the
treatment, the lowest IgG levels were observed in
the group of patients that were not receiving specific
treatment. However, it is a well-known fact that the
anti-inflammatory properties of 5-ASA reflect an
[19]
inhibition of antibody synthesis . On the other hand, it
is interesting to know that other NSAIDs such as aspirin
induce cell killing of EBV-positive B lymphocytes by
[21]
reactivating EBV into lytic replication . The induction
of EBV lytic replication in host cells may produce the
increase in anti-EBV IgG levels observed in the sera
of 5-ASA-treated patients. Besides, the decrease of
+
CD19 cells in those patients may be the result of a
cytotoxic effect of the drug on EBV-positive cells, which
[22]
resulted in their death. Komatsuda et al
reported a
case of sulfasalazine-induced hypersensitivity syndrome
associated with reactivation of EBV with progressive
cytopenia. It is important to note that not one of the
new patients were in treatment, and as it was reported
before, lymphocyte populations did not differ between
+
treated and untreated patients, except in CD8 T and
+
[2]
CD19 cells . Consequently, there was an inverse
+
relationship between CD19 cells rates and anti-EBV IgG
[23]
levels. In a study carried out by Magro et al with IBD
patients, the prevalence of EBV DNA was significantly
higher in patients treated with 5-ASA compared to
controls, though IgG-VCA positivity was not relevant
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for EBV DNA presence or load. In addition, the 5-ASAtreated group had a significantly higher percentage of
patients with > 500 copies/mL compared to controls.
This is in accordance with the induction of cell killing of
EBV-positive B lymphocytes by reactivating EBV into
[21]
lytic replication exerted by NSAIDs , which is reflected
+
in the CD19 decrease observed by us in the group of
CD patients that had received treatment compared to
the untreated ones.
Following a review of the literature, the relationship
between appendectomy and CD is unclear. For example,
[8]
Kurina et al observed an association of prior appen
dectomy with a significantly increased risk of CD that
was strongest in the year after the appendectomy. They
concluded that CD could have been first misdiagnosed
as appendicitis in these patients because they observed
a reduction in risk of CD (considered as non-significant)
when five or more years separated appendectomy and
[9]
CD. Furthermore, Radford-Smith et al showed an
inverse association between appendectomy and CD
[10]
and, conversely, Duggan et al
found no association
with appendectomy for CD. In our study, only 9.8% of
the subjects were appendectomized, and this number is
too small to draw conclusions.
Our results indicate that tonsillectomy could act as
[8]
a protective factor for CD. Although Kurina et al did
not observe an association between prior tonsillectomy
and any increase or decrease of risk of CD, Duggan
[10]
et al
reported that tonsillectomy showed a weak
[11]
positive association with CD. However, Hansen et al
showed that tonsillectomy was negatively associated
with the development of CD, which is in accordance
with the results obtained in the present study, though
they need to be analyzed with caution because of the
small group sizes.
It is interesting to note that in the CD patient
group, levels of anti-EBV IgG were significantly higher
in the tonsillectomized group. In a previous work,
we found that both speciﬁc antibody levels against
Kudoa (a frequent fish parasite) and the number of
patients with recognized Kudoa antigens were higher
in tonsillectomy patients when compared to the control
[24]
group . This fact shows the role of tonsils as the
ﬁrst MALT defense line, suggesting that tonsils may
play an important role in avoiding parasites and other
infectious agents travelling along the digestive tract
and preventing potential pathogenicity.
EBV has a tropism for the oral and nasopharyngeal
tissues, and is one of the main viruses involved in
the pathogenesis of recurrent tonsillitis and tonsillar
[25]
hypertrophy . We have previously demonstrated
that MALTectomy significantly decreases secretory
IgA levels in serum. The decrease of this IgG that
plays a critical role in mucosal immunity was more
pronounced when both surgeries (tonsillectomy and
appendectomy) have been performed in the same
[26]
patient .
Taking into account that tonsils exposed to EBV play
an important role in controlling infection by EBV in the
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oropharynx it is not surprising that, in tonsillectomized
patients, the dissemination of viruses takes place
easily and, consequently, the antibody levels to EBV
were higher in the sera from these patients.
In summary, high anti-EBV IgG levels in CD were
associated with 5-ASA treatment, tonsillectomy, and
+
decrease of CD19 cells.
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Abstract
AIM: To evaluate discrepancies between biopsy and
resected specimens using the Japanese Classification
of Gastric Carcinoma (JCGC) and tumor-node-metastasis
(TNM) classification.
METHODS: A total of 376 consecutive paired samples
from biopsy and resected gastric specimens, which
were derived from curative gastrectomy for gastric
cancer between 2008 and 2011, were retrospectively
analyzed.
RESULTS: (1) Discrepancies in the histologic type were
observed between biopsy and resected specimens;
11.7% (44/376) in the JCGC and 18.1% (68/376) in
TNM. In specimens diagnosed as the differentiated type
from biopsy specimens, 14.4% (28/195) in the JCGC
and 41.1% (67/163) in TNM were finally diagnosed
as the undifferentiated type from resected specimens;
and (2) the incidence of mixed-type gastric cancer was
significantly higher in specimens with discrepancies than
in those without in both the JCGC and TNM (both P <
0.0001); 93.2% (41/44) of specimens with discrepancies
in the JCGC and 97.1% (66/68) of specimens with
discrepancies in TNM were mixed-type gastric cancers.
CONCLUSION: Mixed-type gastric cancer was associated
with a high incidence of histologic discrepancies between
biopsy and resected specimens in both the JCGC and
TNM definitions. Care should be taken in deciding
treatments based on diagnosis of the histologic type
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for mixed-type gastric cancer from biopsy specimens.

recurrence.
To verify this hypothesis, we investigated the extent
of discrepancies in the histologic type between biopsy
and resected specimens by comparing two different
th
classifications of the histologic type; the 14 Japanese
[10]
Classification of Gastric Carcinoma (JCGC)
and the
th
[11]
7 tumor-node-metastasis (TNM) classification .
Furthermore, we clarified possible problems and
potential risks associated with diagnostic histologic
discrepancies. Our results provide novel evidence
and a cautionary note for histologic diagnoses using
endoscopic biopsies.

Key words: Biopsy; Histologic type; Histologic mixedtype gastric carcinoma
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Little is known about diagnostic discrepancies
in the histologic type between biopsy and resected
specimens in gastric cancer. We demonstrate that
mixed-type gastric cancer is associated with a high
incidence of histologic discrepancy between biopsy and
resected specimens in both the Japanese Classification
of Gastric Carcinoma and tumor-node-metastasis
definitions.

MATERIALS AND METHODS
Study population

A consecutive series of 376 patients with paired
samples from biopsy and resected gastric specimens,
which were derived from curative gastrectomy for
gastric cancer, were enrolled in this study. The mean
age of patients was 66.0 years (range: 35-94 years),
and the male: female ratio was 1.98:1.0. The cohort
included patients with T1 (n = 212), T2 (n = 43),
T3 (n = 62), and T4 (n = 59) stage gastric cancer.
All patients underwent curative gastrectomy with
radical lymphadenectomy in the Division of Digestive
Surgery, Kyoto Prefectural University of Medicine,
between 2008 and 2011. Patients who were treated
with chemotherapy before surgery and/or had multiple
gastric cancer lesions were excluded from this study.
The resected stomach was opened and placed on
a ﬂat board with the mucosal side up and was ﬁxed
in a 10% buffered formalin solution. After ﬁxation,
tumors in the resected stomach were sectioned in
the maximum cross-sectional plane parallel to the
lesser curvature line based on the general rules of
[10]
the JCGC . Tumors were generally sectioned in their
entirety parallel to the reference line at intervals of 5
mm. Biopsy and resected specimens were embedded
in parafﬁn and stained by hematoxylin and eosin.
The clinicopathologic factors of these patients were
th
obtained from hospital records on the basis of the 14
[10]
th
[11]
JCGC , which is similar to the 7 TNM classiﬁcation ,
excluding the definition for the histologic type.
Histologic quantitative predominance was recorded
in stained biopsy specimens by examination from
at least two pathologists in our hospital, though
some specimens were examined by other hospital
pathologists because the patients were referred to us
for gastrectomy. The histologic types of biopsy and
resected tumor specimens were divided into two major
categories: (1) intestinal, expanding, or differentiated
type; and (2) diffuse, inﬁltrative, or undifferentiated
[12,13]
type
. The JGCC 2010 guidelines state that the
differentiated type includes tubular and papillary
adenocarcinomas, which arise from the gastric
mucosa with intestinal metaplasia, and also that the
undifferentiated type includes poorly differentiated

Komatsu S, Ichikawa D, Miyamae M, Kosuga T, Konishi H,
Shiozaki A, Fujiwara H, Okamoto K, Kishimoto M, Otsuji
E. Discrepancies in the histologic type between biopsy and
resected specimens: A cautionary note for mixed-type gastric
carcinoma. World J Gastroenterol 2015; 21(15): 4673-4679
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4673.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4673

INTRODUCTION
Gastric cancer has various histologic types, each
of which exhibits different characteristics. In early
gastric cancer, the histologic type affects the extent of
lymph node metastasis. The undifferentiated type, in
particular, was shown to be one of the independent risk
[1-3]
factors of lymph node metastasis . The histologic
type is an important factor that is used to predict
prognosis, recurrence patterns, and chemosensitivity
[4-7]
in patients with advanced gastric cancer . Therefore,
the histologic type of gastric cancer has been regarded
as a pivotal factor that may have a potentially useful
role in making decisions regarding several treatment
strategies for gastric cancer.
The histologic type has already been defined as one
of the indicative factors for endoscopic treatment and
limited lymphadenectomy with gastrectomy according
[8,9]
to gastric cancer treatment guidelines in Japan .
Although a pre-treatment diagnosis of the histologic
type using endoscopic biopsy is indispensable, it
may be difficult to accurately diagnose and confirm
tumor differentiation in restricted biopsy samples
because gastric cancer tissues often present histologic
heterogeneity; tumor tissue does not necessarily consist
of a single histologic type and sometimes contains
a mixture of several different types. Therefore, we
hypothesized that discrepancies in the histologic type
of gastric cancer between biopsy and postoperative
resected specimens from some patients could lead
to inadequate treatments, which increase the risk of
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Resected specimens

JCGC

Biopsy specimens

Differentiated type

Differentiated
type

Undifferentiated
type

Undifferentiated type

Pure D

D>U

U>D

Pure U

Total

Pure D

96

46

20

1

195

D>U

1

24

5

2

U>D

0

7

19

3

Pure U

0

9

44

99

181

Total

183

193

376

In specimens diagnosed as the differentiated type from biopsy, 14.4% (28/195) of specimens
in the JCGC definition were finally diagnosed as the undifferentiated type from resected
specimens.
In specimens diagnosed as the undifferentiated type from biopsy, 8.8% (16/181) of
specimens in the JCGC definition were finally diagnosed as the differentiated type from
resected specimens.

Figure 1 Comparison of each discrepancy in the histologic type between biopsy and resected specimens with the Japanese Classification of Gastric
Carcinoma. Pure D group: A pure differentiated component with no undifferentiated component; D > U group: A differentiated-predominant mixed type a < 50%
undifferentiated component; U > D group: An undifferentiated-predominant mixed type with a > 50% undifferentiated component; and pure U group: A pure
undifferentiated component with no differentiated component.

adenocarcinoma, signet ring cell carcinoma, and
mucinous adenocarcinoma, which arise from ordinary
[14]
gastric mucosa without intestinal metaplasia .

cancer includes both differentiated and undifferentiated
components, and is composed of the D > U or U > D
[15]
group .

Subgroups based on histologic differentiation

Statistical analysis
2

The χ and Fisher’s exact probability tests were
performed for comparison of categorical variables
between the two groups. A P < 0.05 was considered
significant.

There has been no universal standard regarding the
deﬁnition for the histologic type, particularly in mixedtype gastric cancer. There are small differences in the
definitions for the histologic type according to the JCGC
and TNM classiﬁcations, with mixed-type gastric cancer
defined by the quantitative predominance in JCGC
classification, and by the qualitative predominance in
the TNM classification. In other words, the histologic
type is classiﬁed on the basis of the predominant
component by the JCGC, on the basis of the poorest
differentiated component in TNM classification. To
define the histologic type according to both the JCGC
and TNM classifications, the differentiated type of
gastric cancer was divided into four subgroups in
this study: (1) a pure differentiated component with
no undifferentiated component (pure D group); (2)
a differentiated-predominant mixed type with a <
50% undifferentiated component (D > U group); (3)
an undifferentiated-predominant mixed type with a
> 50% undifferentiated component (U > D group);
and (4) a pure undifferentiated component with no
differentiated component (pure U group). In the
JCGC, pure D and D > U groups were classified as
the differentiated type, whereas U > D and pure U
groups were classified as the undifferentiated type.
In the TNM classification, pure D was only classified
as the differentiated type and the remaining D > U,
U > D, and pure U groups were all classified as the
undifferentiated type. Histologic mixed-type gastric

WJG|www.wjgnet.com

RESULTS
Distribution of each histologic type in the JCGC and
TNM classification

The four subgroups for histologic differentiation
comprised the pure D group in 97/376 (26%) patients,
the D > U group in 86/376 (23%) patients, the U > D
group in 88/376 (23%) patients, and the pure U group
in 105/376 (28%) patients. According to the criteria
of the JCGC, 183/376 (49%) patients were diagnosed
with differentiated gastric cancer (pure D and D > U
group) and 193/376 (51%) patients were diagnosed
with undifferentiated gastric cancer (U > D and pure U
group) (Figure 1). On the other hand, 97/376 (26%)
patients were diagnosed with differentiated gastric
cancer (pure D group) and 279/376 (74%) were
diagnosed with undifferentiated gastric cancer (D > U,
U > D, and pure U group) according to the criteria of
the TNM classification (Figure 2).

Comparison of each discrepancy in the histologic type
between biopsy and resected specimens in the JCGC
and TNM classification

In Figure 1, there were 11.7% (44/376) discrepancies
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Resected specimens

TNM

Biopsy specimens

Differentiated

Differentiated

Undifferentiated
type

Undifferentiated type

Pure D

D>U

U>D

Pure U

Total

Pure D

96

46

20

1

163

D>U

1

24

5

2

U>D

0

7

19

3

Pure U

0

9

44

99

Total

97

213

279

376

In specimens diagnosed as the differentiated type from biopsy, 41.4% (67/163) of specimens
in the TNM definition were finally diagnosed as the undifferentiated type from resected
specimens.
In specimens diagnosed as the undifferentiated type from biopsy, 0.5% (1/213) of specimens
in the TNM definition were finally diagnosed as the differentiated type from resected
specimens.

Figure 2 Comparison of each discrepancy in the histologic type between biopsy and resected specimens in the tumor-node-metastasis classification. Pure
D group: A pure differentiated component with no undifferentiated component; D > U group: A differentiated-predominant mixed type with a < 50% undifferentiated
component; U > D group: An undifferentiated-predominant mixed type with a > 50% undifferentiated component; and pure U group: A pure undifferentiated component
with no differentiated component.

cancer were diagnosed as mixed-type gastric cancer
from biopsy specimens; 68.4% (119/174) of patients
could not be diagnosed with mixed-type gastric cancer
from pretreatment biopsy specimens. Therefore, the
positive predictive value of the mixed-type from biopsy
specimens was 90.2% (55/61).
Regarding the association with histologic type
discrepancies, in the JCGC definition, 41/44 (93.2%)
specimens with the histologic type discrepancy
between biopsy and resected specimens were derived
from mixed-type gastric cancers. However, 133/332
(40.1%) specimens without the histologic type
discrepancy were derived from mixed-type gastric
cancers (P < 0.0001) (Table 1). In the TNM definition,
66/68 (97.1%) specimens with the histologic type
discrepancy between biopsy and resected specimens
were derived from mixed-type gastric cancers, in
contrast to only 108/308 (35.1%) specimens without
the histologic type discrepancy (P < 0.0001).

in the histologic type of gastric cancer between biopsy
and postoperative resected specimens in the JCGC
definition. Specifically, of 195 specimens diagnosed
as the differentiated type from biopsy specimens,
28 (14.4%) specimens were finally diagnosed as
the undifferentiated type from resected specimens.
Sixteen of 181 (8.8%) specimens diagnosed as the
undifferentiated type from biopsy specimens were
finally diagnosed as the differentiated type. Therefore,
the positive predictive values of the differentiated and
undifferentiated type from biopsy specimens in the
JCGC definition were 85.6% (167/195) and 91.2%
(165/181), respectively.
However, in Figure 2, there were 18.1% (68/376)
discrepancies in the TNM classification. Of 163
specimens diagnosed as the differentiated type from
biopsy specimens, 67 (41.1%) specimens were finally
diagnosed as the undifferentiated type from resected
specimens. However, only 1/213 (0.5%) specimens
diagnosed as the undifferentiated type from biopsy
specimens was finally diagnosed as the differentiated
type. Therefore, the positive predictive values of the
differentiated and undifferentiated type from biopsy
specimens in the TNM definition were 58.9% (96/163)
and 99.5% (212/213), respectively.

DISCUSSION
Only a few studies have examined clinical features
associated with the histologic mixture of differentiated
[14-22]
and undifferentiated components in gastric cancer
;
therefore, little is known about the clinical effects of
a histologic mixture in diagnosing the histologic type
of gastric cancer. In the present study, we clearly
demonstrate that histologic type discrepancies between
biopsy and resected specimens are strongly associated
with a high incidence of histologic mixed-type gastric
cancer and its diagnostic difficulty from biopsy
specimens. Specifically, in patients with histologic type

Comparison of detected histologic mixed-type gastric
cancer rates between biopsy and resected specimens in
the JCGC and TNM classification

In Figure 3, a total of 174/376 (46.3%) specimens
were finally diagnosed as histologic mixed-type gastric
cancer. However, only 55/174 (31.6%) resected
specimens finally diagnosed as mixed-type gastric
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Resected gastric specimens

Mixed
Non-mixed

Biopsy specimens

Non-mixed

Mixed type

Non-mixed

Pure D

D>U

U>D

Pure U

Total

Pure D

96

46

20

1

163

D>U

1

24

5

2

U>D

0

7

19

3

Pure U

0

9

44

99

152

Total

97

105

376

61

Mixed type

Non-mixed

174

174 (46.3%) of 376 resected specimens were finally diagnosed as histogical
mixed-type gastric cancer.
55 (31.6%) of 174 resected specimens finally diagnosed as mixed-type gastric
cancer were diagnosed as mixed-type gastric cancer from biopsy specimens.

Figure 3 Comparison of detected histologic mixed-type gastric cancer rates between biopsy and resected specimens in the Japanese classification
of gastric carcinoma and tumor-node-metastasis classification. Pure D group: A pure differentiated component with no undifferentiated component; D > U
group: A differentiated-predominant mixed type with a < 50% undifferentiated component; U > D group: An undifferentiated-predominant mixed type with a > 50%
undifferentiated component; and pure U group: A pure undifferentiated component with no differentiated component.

of early gastric cancer. However, these findings were
based on a final pathologic diagnosis of the histologic
type from resected specimens following gastrectomy.
Therefore, some patients may undergo inadequate
treatments according to the treatment guidelines
and consequently need additional treatment options
and/or intensive follow-up if pretreatment biopsies
are diagnosed as the differentiated type of gastric
cancer and a post-treatment histologic examination
using resected specimens reveals a different histologic
diagnosis.
In this study, we investigated potentially highrisk cases that were initially diagnosed with the
differentiated type by endoscopic biopsies and finally
diagnosed with the undifferentiated type by resected
specimens. As a result, 14.4% of specimens in the
JCGC and 41.1% of specimens in TNM were included
in this category. According to the Japanese gastric
[8]
cancer treatment guidelines 2010 (Ver.3) , D1 lym
phadenectomy is indicated as a limited treatment
for cT1bN0 tumors that are histologically of the diff
erentiated type and ≤ 1.5 cm in diameter. In the
present study, all patients with these discrepancies
underwent adequate lymphadenectomy and no related
recurrent cases were noted. However, clinical doctors
should always consider that the initial diagnosis of
the histologic type, based on biopsy specimens, may
change following an inspection of resected specimens
obtained from gastrectomy.
In this study, we also demonstrate that the histo
logic mixture of differentiated and undifferentiated
components adversely affects the pretreatment
diagnostic accuracy of the histologic type. However,
it is difficult for pathologists to accurately diagnose
the histologic differentiation of mixed-type gastric

Table 1 Incidence of mixed-type gastric cancer according to
histologic discrepancy n (%)
Classification
JCGC definition
Histologic
Mixed-type
TNM definition
Histologic
Mixed-type

Histologic discrepancy

P value

Absence

Presence

Absence
Presence

199 (59.9)
133 (40.1)

3 (6.8)
41 (93.2)

< 0.0001

Absence
Presence

200 (64.9)
108 (35.1)

2 (2.9)
66 (97.1)

< 0.0001

JCGC: Japanese Classification of Gastric Carcinoma; TNM: Tumor-nodemetastasis.

discrepancies, 93.2% and 97.1% of specimens in the
JGCC and TMN classification, respectively, were due to
mixed-type gastric cancers. These results suggest that
care should be taken regarding histologic mixed-type
gastric cancer in the pretreatment diagnosis of the
histologic type.
The histologic type has been deﬁned as one of
the indicative factors for limited treatments according
[8,9]
to Japanese gastric cancer treatment guidelines .
Therefore, endoscopic submucosal dissection with
[23]
narrow band imaging magnifying endoscopy
and
[24,25]
limited gastrectomy with laparoscopic surgery
have emerged as new, less-invasive technologies
and are widely accepted as limited treatments for
[2]
early gastric cancer. Gotoda et al reported that, in
3016 patients with T1a gastric cancer, none of the
1230 differentiated cases < 30 mm in size had lymph
node metastases (95%CI: 0%-0.4%); in contrast,
18/821 (2.2%) undifferentiated cases < 30 mm in
size had lymph node metastases. These findings
changed our concept and improved the treatment
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and 97.1% of specimens with discrepancies in JCGC and TNM, respectively,
were mixed-type gastric cancers.

cancer due to the restricted tumor volume, even from
several biopsy specimens, which only reflects a part
of the tumor, and the accuracy of the histologic type
is apparently inferior to that of the final diagnosis
from resected specimens. It may be easier for patho
logists to diagnose whether biopsy specimens include
histologic mixed-type gastric cancer. Therefore, in
order to apply histologic differentiation to clinical
settings, the presence of the histologic mixed-type
itself could be a better indicative factor for limited
treatments than the histologic type, as proposed by
[15,18-20,22]
recent studies
. Indeed, the positive predictive
value is a bit higher in the histologic mixed-type
(90.2%) than in the differentiated type (85.6%) from
biopsy specimens according to the JCGC definition.
These data suggest that it may be not difficult for
pathologists to diagnose the histologic mixed-type.
Only a few studies have examined the clinical
behaviors of histologic mixed-type gastric cancer,
[18,19,22]
which is associated with lymph node metastasis
,
[20]
a larger tumor size in early gastric cancer , and
[26]
enhanced CpG island hypermethylation status .
We also previously demonstrated that the presence
of undifferentiated predominant mixed-type gastric
cancer is associated with tumor progression and lymph
node metastasis in differentiated T1/T2 cancer; the
histologic mixed-type was an independent prognostic
[15]
factor (HR = 12.1, 95%CI: 1.4-107.0) . These results
indicate that the presence of the histologic mixedtype itself could present malignant clinical behaviors,
and, because it is comparatively easier to diagnosis,
may be a better indicative factor for limited treatments
and treatment sensitivity than the histologic type.
These issues are currently being evaluated from the
viewpoints of pathology and molecular biology.
In conclusion, mixed-type gastric cancer is associated
with a high incidence of histologic discrepancies between
biopsy and resected gastric specimens by both the
JCGC and TNM definitions. In mixed-type gastric cancer,
care should be taken in making decisions regarding
limited treatments based on the histologic type from
biopsy specimens.

Applications

Care should be taken in making decisions regarding limited treatments based
on the diagnosis of the histologic type for mixed-type gastric cancer from biopsy
specimens.

Terminology

Histologic mixed-type gastric cancer consists of both differentiated and
undifferentiated components.

Peer-review

This was a good descriptive study showing that mixed-type gastric cancer is
associated with a high incidence of histologic discrepancies between biopsy
and resected specimens in both the JCGC and TNM definitions.
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Abstract
AIM: To investigate human epidermal growth factor
receptor 2 (HER2) amplification and protein expression
in mixed gastric carcinoma.
METHODS: Fluorescence in situ hybridization and
immunohistochemistry were used to detect HER2
amplification and protein expression in 277 cases of
mixed gastric carcinoma. Protein staining intensity was
rate as 1+, 2+, or 3+.
RESULTS: Of the 277 cases, 114 (41.2%) expressed
HER2 protein. HER2 3+ staining was observed in
28/277 (10.1%) cases, 2+ in 37/277 (13.4%) cases,
and 1+ in 49/277 (17.7%) cases. A HER2 amplification
rate of 17% was detected, of which 25/28 (89.3%)
were observed in the HER2 3+ staining group, 17/37
(45.9%) in 2+, and 5/49 (10.2%) in 1+. Of the
47 patients with HER2 amplification who received
chemotherapy plus trastuzumab, 22 demonstrated
median progression-free and overall survivals of 9.1
mo and 16.7 mo, respectively, which were significantly
better than those achieved with chemotherapy alone
(5.6 mo and 12.1 mo, respectively) in 19 previously
treated patients (p s < 0.05).
CONCLUSION: HER2 detection in mixed gastric
carcinoma displays high heterogeneity. Relatively
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quantitative parameters are needed for assessing the
level of HER2 amplification and protein expression.

is composed of mixed adenocarcinoma and nonadenocarcinoma, including squamous cell carcinoma
and neuroendocrine carcinoma. Therefore, a standard
detection of HER2 in mixed gastric cancer is needed to
correctly guide therapeutic interventions. To provide
guidance for the targeted treatment of mixed gastric
cancer, we utilized immunohistochemistry (IHC) to
detect HER2 protein expression and fluorescence in
situ hybridization (FISH) to detect HER2 amplification
in this study.

Key words: Fluorescence in situ hybridization; Gastric
pathology; Human epidermal growth factor receptor 2;
Immunohistochemistry; Stomach
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: human epidermal growth factor receptor
2 (HER2) detection in mixed gastric carcinoma
displays high heterogeneity; a standard detection
of HER2 in mixed gastric cancer is needed to better
guide therapeutic interventions. In this study, immu
nohistochemistry and fluorescence in situ hybridization
were used to detect HER2 protein expression and
amplification, respectively. HER2 staining was classified
as extensive, partial, and focal, whereas amplification
patterns were classified into cluster, large granule, dot,
and HH-17 categories. Clinical therapeutic findings from
the patients validated these approaches for assessing
the levels of HER2, and demonstrate their clinical
applicability.

MATERIALS AND METHODS
Tissue samples

Tissue specimens from 277 cases of mixed gastric
th
carcinoma were collected from Luoyang 150 Central
nd
Hospital, Pingdingshan 152 Central Hospital, and
th
Zhumadian 159 Central Hospital between July 2009
and September 2011. The histologic diagnostic criteria
are in accordance with the literature of the pathologic
[7]
classification of gastric tumors and the 2010 edition
of the World Health Organization digestive system
[8]
cancer guidelines . Patients were from 25-76 yearsold, and the average age was 64.7 years. The
specimens were fixed in 10% neutral buffered formalin
for 8-48 h before IHC and/or FISH analysis.

Wang YK, Chen Z, Yun T, Li CY, Jiang B, Lv XX, Chu GH,
Wang SN, Yan H, Shi LF. Human epidermal growth factor
receptor 2 expression in mixed gastric carcinoma. World J
Gastroenterol 2015; 21(15): 4680-4687 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4680.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4680

Immunohistochemistry

HER2 protein was detected using a HercepTest kit
(Dako of Agilent Technologies, Glostrup, Denmark).
Four to six sections from each case were. For
interpretation of positive staining intensity, a sample
scored 0 when the membranes of tumor cells showed
no staining, 1+ when the tumor cells demonstrated
weak membrane staining, 2+ when the tumor cell
basement membrane, side mask, or the integrity of
the membrane displayed weak to moderate staining,
and 3+ when the tumor cell basement membrane, the
side mask, or the integrity of the membrane exhibited
a strong positive staining. For interpretation of positive
staining range, extensive staining referred to samples
where ≥ 80% of the cells were stained positive, partial
staining when 79%-21% of the cells stained positive,
and focal staining when ≤ 20% of the cells stained
positive.

INTRODUCTION
Targeted therapy is pathologic and physiologic by
targeting a key receptor in tumor development and
correcting the pathologic process. In contrast to
cytotoxic drugs, targeted therapy has no cellular
toxicity, and mainly regulates the function and
stabilization of tumor cells. In recent years, several
new drugs have been developed targeting signal
transduction pathways as well as growth factors
and their receptors, which have led to important
therapeutic achievements. Overexpression of human
epidermal growth factor receptor 2 (HER2) activates
cellular signal transduction systems that result in
[1,2]
cell transformation and proliferation
. HER2 is
an important therapeutic target for breast cancer
[3,4]
treatment . Increasing evidence suggests that HER2
is an important therapeutic target for the treatment of
gastric cancer. Gastric cancer patients expressing high
levels of HER2 may benefit most from HER2-targeted
[5]
therapy .
A previous study showed unique characteristics
and high heterogeneous expression of HER2 in mixed
[6]
gastric cancer by an immunostaining method .
Mixed gastric cancer in the gastroesophageal junction

WJG|www.wjgnet.com

FISH technology

Paraffin Pretreatment Kit Ⅱ kits (including pretreatment
solution and protease solution) and Path Vysion HER2
Probe kits (Vysis of Abbott Laboratories, Abbott Park,
IL, United States) were used in this study. Paraffin
pretreatment and FISH procedures in embedded
gastric cancer tissue sections were performed
[9]
according to previously published methods . First, a
hematoxylin and eosin (HE)-stained section confirmed
the presence of positive regional cancer cells. Next, a
10 × objective lens was used to find the same cellular
field as that evaluated by HE staining. The entire
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A

B

C

Figure 1 Hematoxylin and eosin staining of mixed gastric carcinoma. A: Gastric mixed mucinous adenocarcinoma and tubular adenocarcinoma; B: Gastric
mixed papillary adenocarcinoma and tubular adenocarcinoma; C: Gastric mixed tubular adenocarcinoma and squamous cell carcinoma (40 ×).

section was observed using a 40 × objective, and if
> 75% of the cells exhibited hybridization signals the
hybridization result would be considered satisfactory. A
100 × objective lens was used to count at least 30 full
boundaries with no overlapping cancer cells. The ratio
of chromosome 17 and the signal numbers from 30
randomly selected cells was used for HER2 gene copy
number evaluation. Cases were considered positive if
the ratio was > 2.2, suggesting that the HER2 gene
was amplified. Cases were considered negative if the
ratio was < 1.8, suggesting no HER2 amplification.
However, if the ratio was 1.8-2.2, additional tumor
tissue areas and 30 additional cells were counted to
determine the final result. In addition, if the ratio was
approximately 1, and ≥ 6 cells showed two different
color signals in each cell, the sample was determined
as hyperhexasomy 17 (HH-17).

of chemotherapy (or plus trastuzumab) treatment until
disease progression.

Statistical analysis

Statistical analysis was performed using SPSS 13.0
statistical software (SPSS Inc., Chicago, IL, United
States), and the median PFS and OS were compared
using a log-rank test. P < 0.05 was considered
significant.

RESULTS
Tissue morphology of mixed gastric carcinoma

In this study, there were 216 cases of mixed
gastric adenocarcinoma with a mixture of different
organizational structures (including papillary
adenocarcinoma, tubular adenocarcinoma, mucinous
adenocarcinoma, and low adhesion adenocarcinoma)
(Figure 1), 34 cases of adenosquamous carcinoma,
22 cases of gastric adenocarcinoma mixed with
neuroendocrine carcinoma (including at least one
type of adenocarcinoma mixed with neuroendocrine
tumors), and 5 cases of gastric tumors mixed with
adenocarcinoma, squamous cell carcinoma, and
neuroendocrine carcinoma. All cases were at the
stages of pT 2-4.

Chemotherapy plus trastuzumab treatment

In total, 22 cases with HER2 amplification were treated
with trastuzumab combined with cisplatin, oxaliplatin,
irinotecan, or taxane, which were compared with 19
previously treated cases with HER2 amplification who
received cisplatin, oxaliplatin, irinotecan, or taxane, but
no trastuzumab, for treatment. Evaluation of treatment
effectiveness was based on clinical examination,
B-ultrasound examination, and CT scans. Overall
survival (OS) was calculated by time of chemotherapy
(or plus trastuzumab) treatment to the time of death.
Progression-free survival (PFS) was calculated by time

WJG|www.wjgnet.com

HER2 protein expression and characteristics of mixed
gastric carcinoma

The relationships between HER2 protein expression
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Table 1 Histologic types and Human epidermal growth factor receptor 2 protein expression in mixed gastric carcinoma
Type

No. of cases

Immunohistochemistry
-

Mixed adenocarcinoma

216

Adenosquamous carcinoma

34

Mixed adenocarcinoma and
neuroendocrine carcinoma

22

Mixed adenocarcinoma,
squamous cell carcinoma and
neuroendocrine carcinoma
Total

5

Extensive
Partial
Focal
Negative
Extensive
Partial
Focal
Negative
Extensive
Partial
Focal
Negative
Extensive
Partial
Focal
Negative

277

A

1+

2+

3+

Positive, n (%)

13
21
7

10
15
5

8
14
3

31 (14.4)
50 (23.1)
15 (6.9)

0
2
2

1
2
0

0
1
1

1 (2.9)
5 (14.7)
3 (8.8)

0
2
1

0
2
1

0
0
1

0 (0.0)
4 (18.2)
3 (13.6)

0
1
0

0
0
1

0
0
0

0 (0.0)
1 (20.0)
1 (20.0)

49 (17.7)

37 (13.4)

28 (10.1)

114 (41.2)

120

25

15

3
163 (58.8)

B

C

Figure 2 Human epidermal growth factor receptor 2 staining of mixed gastric carcinoma by immunohistochemistry. A: Gastric mixed tubular adenocarcinoma
and papillary adenocarcinoma showing extensive (HER2 3+) staining; B: Gastric mixed papillary adenocarcinoma and mucinous adenocarcinoma showing partial (HER2
2+); C: Gastric mixed carcinoma with tubular adenocarcinoma showing focal (HER2 1+) staining (40 ×). HER2: Human epidermal growth factor receptor 2.

type, 19 cases of the partial type, and 7 cases of
the focal type. HER2 1+ staining was demonstrated
in 49/277 (17.7%) cases, including 13 cases of the
extensive type, 26 cases of the partial type, and 10
cases of the focal type. 163 cases were observed to
have negative HER2 staining results.
Significant heterogeneous expression of HER2
protein was observed in the present mixed gastric
cancer tissues. In this study, we designated a case as a

and cell organization types in mixed gastric carcinoma
are shown in Table 1. In total, 41.2% (114/277) of
the mixed gastric tumors expressed HER2 protein
within the cellular membrane. HER2 3+ staining
was observed in 28/277 (10.1%) cases (Figure 2A),
including 8 cases of the extensive type, 15 cases of the
partial type (Figure 2B), and 5 cases of the focal type
(Figure 2C). HER2 2+ staining was detected in 37/277
(13.4%) cases, including 11 cases of the extensive
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Table 4 Human epidermal growth factor receptor 2
amplification status and survival analyses

Table 2 Human epidermal growth factor receptor 2 positive
staining intensity and range distribution in mixed gastric
carcinoma n (%)

Treatment
Single-staining range
Multi-staining intensity
Total

Extensive

Partial

Focal

Value

10
22
32 (11.6)

23
37
60 (21.7)

9
13
22 (7.9)

42 (36.8)
72 (63.2)
114 (41.2)

Chemotherapy
alone

Trastuzumab
combined with
chemotherapy

Table 3 Human epidermal growth factor receptor 2 protein
expression and gene amplification results
HER2 protein expression
HER2 amplification
Staining
intensity (No.
Staining No. of cases Cluster Large Dot HH-17
of cases)
Range
granule
3+ (28)

2+ (37)

1+ (49)

Extensive
Partial
Focal
Extensive
Partial
Focal
Extensive
Partial
Focal

Total

8
15
5
11
19
7
13
26
10
114

3
4
2
3
3
1
1
0
0
17

2
3
1
2
2
1
1
0
0
12

2
5
0
2
1
0
0
1
0
11

HER2

No. of
cases

Cluster
Large granule
Dot
HH-17
Cluster
Large granule
Dot
HH-17

7
6
4
2
9
6
5
2

Survival analysis (mo)
Median PFS Median OS
6.3
5.8
5.3
5.1
10.7
9.9
8.3
7.6

11.9
12.2
11.6
12.7
18.1
17.7
16.5
14.3

HH-17: Hyperhexasomy 17; OS: Overall survival; PFS: Progression-free
survival; HER2: Human epidermal growth factor receptor 2.

1
2
0
1
1
0
1
1
0
7

Table 5 Summary of survival analyses
Treatment

Chemotherapy
alone
Trastuzumab
combined with
chemotherapy

HH-17: Hyperhexasomy 17.

No. of
cases

Survival analysis
Median PFS
(mo)

P value

19

5.6

0.01

22

9.1

Median OS P value
(mo)
12.1

0.01

16.7

OS: Overall survival; PFS: Progression-free survival.

single-staining-range type if only one of the three (i.e.,
the extensive, partial, and focal types) was detected
in 4-6 tissue sections examined. We only identified
36.8% (42/114) of our cases with the single-stainingrange type (Table 2). If more than one type of HER2
expression patterns (i.e., HER2 3+, HER2 2+, and
HER2 1+) were simultaneously detected in 4-6 tissue
sections of a case, a multi-staining-intensity type was
defined. In this study, 63.2% (72/114) of the cases
were identified with the multi-staining-intensity type
(Table 2). Notably, of the 34 cases of adenosquamous
carcinoma, 10 had positive HER2 protein expression,
including 2 cases with the positive staining region
located in the squamous cell carcinoma and 8 cases
in the adenocarcinoma. Of the 22 cases of mixed
adenocarcinoma and neuroendocrine carcinoma, as
well as 5 cases of mixed adenocarcinoma, squamous
cell carcinoma and neuroendocrine carcinoma, the
positive staining regions were all observed within the
adenocarcinoma parts of these tumors.

47 HER2 amplified cases included 17 cases showing
cluster amplification (Figure 3a), 12 cases with large
granule amplification (Figure 3b), 11 cases with dot
amplification (Figure 3c), and 7 cases with HH-17
(Figure 3d). Except one case in which the HER2amplified region was located in the squamous cell
carcinoma part of a mixed gastric carcinoma, the
remaining 46 cases were all observed with the HER2amplified regions in the adenocarcinoma parts of these
mixed gastric tumors.

Patient follow-up

Twenty-two of the 47 patients with HER2 amplification
who received chemotherapy plus trastuzumab (i.e.,
trastuzumab combined with cisplatin, oxaliplatin, irino
tecan, or taxane) for treatment demonstrated a median
PFS and a median OS of 9.1 and 16.7 mo, respectively,
which was significantly better than those achieved with
chemotherapy alone (i.e., cisplatin, oxaliplatin, Iraq
irinotecan, or taxane) (5.6 and 12.1 mo, respectively) in
the series of 19 previously treated patients (p < 0.05)
(Tables 4 and 5). In addition, it appeared that the type
of HER2 amplification was positively related with PFS
and OS (Table 4); a similar finding was also observed
when HER2 positive staining intensity and staining range
by IHC were used to evaluate the prognosis of these
patients (data not shown).

HER2 gene amplification and high copy number of
chromosome 17

We observed a HER2 amplification rate of 17%
(47/277) (Table 3). Of the 47 HER2 amplified cases,
25/28 (89.3%) were observed in the HER2 3+ staining
group, 17/37 (45.9%) in the HER2 2+ staining
group, and 5/49 (10.2%) in the HER2 1+ staining
group. With regard to amplification patterns, these
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A

B

C

D

Figure 3 Human epidermal growth factor receptor 2 gene amplification and high copy number of chromosome 17 by fluorescence in situ hybridization
method. A: Gastric mixed carcinoma showing human epidermal growth factor receptor 2 (HER2) cluster amplification; B: Gastric mixed carcinoma showing HER2
large granule amplification; C: Gastric mixed carcinoma showing HER2 dot amplification. D. Gastric mixed carcinoma showing high polyploid 17; red signal = HER2
probe; green signal = chromosome 17 centromere probe (1000 ×). HER2: Human epidermal growth factor receptor 2.

alone, and the trastuzumab-related therapeutic
effects are positively associated with the level of HER2
amplification or protein expression, which confirms
[11]
previous findings . Therefore, from a clinical point
of view, in order to better employ HER2-targeted
treatment strategy, relatively quantitative parameters
should be established to assess the level of HER2
amplification or protein expression. In the present
study, in order to better illustrate the level of HER2
protein expression and gene amplification, for IHC
analysis we used the standard scoring system (i.e.,
HER2 3+, HER2 2+, and HER2 1+) to define HER2positive staining intensity and utilized the extensive,
partial, and focal types to classify HER2-positive
staining range; for FISH analysis, we classified HER2
amplification patterns into cluster, large granule, dot,
and HH-17 categories. Clinical therapeutic findings of
our patients validated our approaches for assessing
the level of HER2 amplification and protein expression,
and proved these parameters to be clinically useful.
Technically, we found that HER2 detection in
gastric cancer is different from that in breast cancer,
and can be influenced by many factors, including
preoperative treatment on specimens, fixative
reagents and methods used, laboratory quality
control, and interpretation standards on IHC staining
[12]
results . HER2 detection results sometimes can vary
considerably or even lack repeatability, which often
leads to treatment confusion, incorrect treatment

DISCUSSION
In recent years, extensive research has been
conducted to identify new targets for molecular
therapeutic drugs. Targeted therapeutics act selectively
at the molecular, biochemical, and genetic level to
target cancer cells and specifically block abnormal
cellular behavior, unlike conventional cytotoxic
drugs. Trastuzumab (Herceptin) is a humanized
monoclonal antibody that selectively binds to the
HER2 extracellular domain that was approved by the
United States Food and Drug Administration in 1998
for the treatment of patients with advanced HER2overexpressed breast cancer. Currently, trastuzumab
has already become a first-line drug for the treatment
[6,7]
of HER2-overexpressed breast cancer . HER2 is an
[9]
important biologic marker for gastric cancer as well .
Gastric cancer patients with recurrence or metastasis
who exhibited HER2 overexpression were treated
with trastuzumab, which significantly increased their
[10]
survival rates . In this study, we utilized IHC and
FISH techniques to analyze HER2 protein expression
and gene amplification in 277 cases of mixed gastric
carcinoma, which likely represents the largest
population of Chinese cases studied for this purpose to
date. Our results indicate that trastuzumab combined
with chemotherapy offers better therapeutic effects
on cases of mixed gastric carcinoma with HER2
amplification or overexpression than chemotherapy

WJG|www.wjgnet.com

4685

April 21, 2015|Volume 21|Issue 15|

Wang YK et al . HER2 in mixed gastric carcinoma
expression of HER2 in mixed gastric cancer by immunostaining methods.

plans, or mistreatment. Therefore, more detailed and
accurate HER2 detections are needed to better guide
clinical practice in obtaining the greatest antitumor
[13]
benefit from HER2-targeted therapy . We would
summarize some of our experiences in detection of
HER2 protein expression by IHC in gastric cancer as
follows: a tissue specimen must be fixed in fresh 10%
neutral buffered formalin solution within 30 min after
being removed from a patient’s body, and fixed with
the formalin solution five times the volume of the
specimen for 24-36 h (no more than 48 h). Due to
the heterogeneity of gastric carcinoma in addition to
conventional sampling materials (e.g., proximal and
distal margins, tumor and adjacent gastric mucosa),
other regions of a gastric carcinoma (such as the
deepest point and adjacent serosal invasion) also
should be sampled to make 4-6 blocks for analysis.
For papillary or tubular adenocarcinoma the basement
membrane and side mask of a tumor cell should be
primarily analyzed for HER2 staining; for non-papillary
and non-tubular gastric carcinoma with solid nests and
low adhesion, intact basement membranes of tumor
cells should be primarily analyzed; a tumor cell with
positive membrane (but not cytoplasm and nucleus)
staining is interpreted as a HER2-positive cell. The fact
that 3/28 (10.7%) of HER2 3+ staining cases did not
have HER2 amplification by FISH, and 17/37 (45.9%)
of HER2 2+ staining cases as well as 5/49 (10.2%)
of HER2 1+ staining cases had HER2 amplification
demonstrates that FISH offers more accurate analyses
than IHC for HER2 detection in gastric cancer, which
is consistent with what is reported in breast cancer.
Technically, FISH can provide relatively quantitative
analyses and can effectively reduce analyzers’
impression-interference and variations among different
[14]
laboratories .
Therefore, FISH should be considered as the goldstandard method for HER2 detection in mixed gastric
carcinoma. Notably, in this study we included HH-17
as a type of anomaly showing gain of multiple HER2
copies, and our clinical data support this classification.
In summary, HER2 detection in mixed gastric car
cinoma displays high heterogeneity. Relatively quan
titative parameters for interpretation of both IHC and
FISH results are needed for assessing the level of
HER2 amplification and protein expression, which can
better guide HER2-targeted therapy for patients with
gastric cancer.

Innovations and breakthroughs

The authors established a standard detection of HER2 in mixed gastric cancer
to correctly guide therapeutic interventions.

Applications

To provide guidance for the targeted treatment on mixed gastric cancer,
we utilized immunohistochemistry to detect HER2 protein expression and
fluorescence in situ hybridization (FISH) to detect HER2 amplification in this
study, which likely represents the largest such study in a Chinese population.

Terminology

Mixed gastric cancer in the gastroesophageal junction is composed of mixed
adenocarcinoma and non-adenocarcinoma, including squamous cell carcinoma
and neuroendocrine carcinoma.

Peer-review

This is a good descriptive study in which the authors analyzed the HER2 protein
and amplification in mixed gastric cancer in the gastroesophageal junction.
The results are interesting and showed that HER2 detection in mixed gastric
carcinoma displays high heterogeneity. Relatively quantitative parameters for
interpretation of both immunohistochemistry and FISH results are needed for
assessing the level of HER2 amplification and protein expression, which can
better guide HER2-targeted therapy for patients with gastric cancer. FISH
should be considered as the gold-standard method for HER2 detection in mixed
gastric carcinoma.
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Abstract
AIM: To analyze the associations of pancreatic fat
with other fat depots and β-cell function in pediatric
nonalcoholic fatty liver disease (NAFLD).
METHODS: We examined 158 overweight/obese
children and adolescents, 80 with NAFLD [hepatic fat
fraction (HFF) ≥ 5%] and 78 without fatty liver. Visceral
adipose tissue (VAT), pancreatic fat fraction (PFF) and
HFF were determined by magnetic resonance imaging.
Estimates of insulin sensitivity were calculated
using the homeostasis model assessment of insulin
resistance (HOMA-IR), defined by fasting insulin and
fasting glucose and whole-body insulin sensitivity index
(WBISI), based on mean values of insulin and glucose
obtained from oral glucose tolerance test and the
corresponding fasting values. Patients were considered
to have prediabetes if they had either: (1) impaired
fasting glucose, defined as a fasting glucose level ≥ 100
mg/dL to < 126 mg/dL; (2) impaired glucose tolerance,
defined as a 2 h glucose concentration between ≥ 140
mg/dL and < 200 mg/dL; or (3) hemoglobin A1c value
of ≥ 5.7% to < 6.5%.
RESULTS: PFF was significantly higher in NAFLD
patients compared with subjects without liver
involvement. PFF was significantly associated with
HFF and VAT, as well as fasting insulin, C peptide,
HOMA-IR, and WBISI. The association between PFF
and HFF was no longer significant after adjusting for
age, gender, Tanner stage, body mass index (BMI)SD score, and VAT. In multiple regression analysis with
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WBISI or HOMA-IR as the dependent variables, against
the covariates age, gender, Tanner stage, BMI-SD
score, VAT, PFF, and HFF, the only variable significantly
associated with WBISI (standardized coefficient B,
-0.398; P = 0.001) as well as HOMA-IR (0.353; P
= 0.003) was HFF. Children with prediabetes had
higher PFF and HFF than those without. PFF and HFF
were significantly associated with prediabetes after
adjustment for clinical variables. When all fat depots
where included in the same model, only HFF remained
significantly associated with prediabetes (OR = 3.38;
95%CI: 1.10-10.4; P = 0.034).

content, and that fatty liver, independent of visceral
and intramyocellular lipid content, plays a central role
in the impairment of liver, muscle and adipose insulin
[8,9]
sensitivity . Pancreatic fat has been identified as a
novel obesity-related fat depot, which may contribute to
[10,11]
the development of β-cell dysfunction
. In humans,
pancreatic fat content is closely associated with in
[12,13]
[14]
creasing body mass index (BMI)
, visceral fat ,
[14,15]
[12,14]
insulin resistance
, MetS
and hepatic fat
[12,13,15-17]
content
. To date, however, there have been
very few studies, especially in children, which addressed
the association of pancreatic fat accumulation, as
detected by magnetic resonance imaging (MRI), with
[7,18]
either obesity or glucose intolerance
. Moreover,
there is currently a paucity of imaging data on the
relationships of pancreatic fat accumulation with liver fat
and other fat depots. Recognition of these relationships
may be clinically important, because pancreatic fat
accumulation might contribute to the development of
metabolic disorders typically observed in patients with
NAFLD.
In this study we sought to: (1) determine whether
MRI-calculated pancreatic fat fraction (PFF) is greater in
overweight/obese Caucasian children and adolescents
with NAFLD than in those without liver involvement;
(2) to assess the relationship between PFF and other
fat depots, including liver fat, visceral (VAT) and
subcutaneous adipose tissue (SAT); and (3) to explore
the association between pancreatic fat accumulation and
β-cell dysfunction and increased risk for prediabetes.

CONCLUSION: In overweight/obese children with
NAFLD, pancreatic fat is increased compared with
those without liver involvement. However, only liver fat
is independently related to prediabetes.
Key words: Nonalcoholic fatty liver disease; Pancreatic
fat; Visceral fat; Beta-cell function; Children
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Recent studies in children demonstrated that
the prevalence of prediabetes increases with increasing
hepatic fat content, and that fatty liver plays a central
role in the impairment of liver, muscle and adipose
insulin sensitivity. Pancreatic fat was identified as a
novel obesity-related fat depot, which might contribute
to the development of β-cell dysfunction. This study
demonstrated that in overweight/obese children with
nonalcoholic fatty liver disease (NAFLD), pancreatic
fat is increased compared with those without NAFLD.
However, only liver fat is independently related to
prediabetes. Early intervention during childhood to
recognize NAFLD might be critical in averting an
unfavorable metabolic phenotype.

MATERIALS AND METHODS
Study subjects

This observational study included 158 overweight
th
th
(BMI > 85 and < 95 percentile) or obese (BMI
th
≥ 95 percentile according to age- and gender[19]
specific percentiles of BMI)
Caucasian children aged
10-18 years, who were recruited at the Hepatology
outpatient Clinic of the Department of Pediatrics,
Sapienza University of Rome, Italy. Eighty patients
met the criteria for diagnosis of NAFLD [i.e., hepatic
[20]
fat fraction (HFF) ≥ 5% on MRI] . Secondary causes
of steatosis, including hepatic virus infections (hepatitis
A-E and G, cytomegalovirus, and Epstein-Barr virus),
autoimmune hepatitis, metabolic liver disease, α-1antitrypsin deficiency, cystic fibrosis, Wilson’s disease,
hemochromatosis, and celiac disease were excluded
using appropriate tests. The other 78 participants had
normal levels of aminotransferases, HFF < 5%, and
no evidence of other causes of chronic liver diseases
(see above). The use of hepatotoxic drugs, as well as
a history of type 1 or type 2 diabetes, renal disease,
and smoking and chronic alcohol intake were exclusion
criteria.
All study subjects had a complete physical exami
nation, including weight measurements, standing
height, BMI, waist circumference (WC), and systolic

Pacifico L, Di Martino M, Anania C, Andreoli GM, Bezzi M,
Catalano C, Chiesa C. Pancreatic fat and β-cell function in
overweight/obese children with nonalcoholic fatty liver disease.
World J Gastroenterol 2015; 21(15): 4688-4695 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i15/4688.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i15.4688

INTRODUCTION
Paralleling the worldwide epidemic of childhood obesity,
nonalcoholic fatty liver disease (NAFLD) has become the
most common cause of chronic liver disease in children
[1]
and adolescents . It is now clear that it is not only a
[2]
risk factor for liver failure and liver carcinoma , but
also a strong cardiovascular risk factor closely related
[3,4]
to insulin resistance . In particular, recent studies
in obese children and adolescents demonstrated that
[5]
the prevalence of metabolic syndrome (MetS) and
[6,7]
prediabetes
increases with increasing hepatic fat
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blood pressure (BP) and diastolic BP, as reported in
[21]
detail elsewhere . Stage of development was assessed
on the basis of breast development in girls and genital
development in boys, according to Tanner’s criteria.
All subjects were in Tanner stage Ⅱ-Ⅴ. The degree of
obesity was quantified using Cole’s least mean-square
method, which normalizes the skewed distribution of
BMI and expresses BMI as standard deviation (SD)
[19]
score . They all underwent laboratory tests and
phenotyping of abdominal visceral, pancreatic and liver
fat by MRI.
The study protocol was reviewed and approved by
the Ethics Committee of Policlinico Umberto I Hospital,
Rome, Italy (identification number: 2464/24.05.2012).
Written informed consent was obtained from the
next of kin, caretakers, or guardians on behalf of the
children enrolled in this study, in accordance with the
principles of the Helsinki Declaration.

750; GE Medical Systems, Milwaukee, WI) using
an eight-element body torso-array coil system. All
subjects were supine and were carefully instructed to
suspend respiration at the end of inspiration and to
be consistent in their breath holds. To allow correct
positioning, localizing sequences in the coronal,
transverse and sagittal planes were performed
during a breath hold. HFF and PFF were obtained
by using an axial breath-hold low-flip angle T 1weighted two-dimensional triple-echo spoiled gradient[26,30]
echo sequence
, with the following parameters:
repetition time (TR) ms/echo time (TE) msec, 150/2.4
[first in-phase (IP1)], 3.69 ms (opposed phase), and
4.8 ms [second IP (IP2)]; flip-angle, 20 ℃; section
thickness, 6mm; intersection gap, 1 mm; field of view,
33 cm; and acquisition time, 15 s. Once data were
acquired, they were transferred to a GE Advantage
Workstation and analyzed using the software FuncTool
9.4.04b (GE Medical Systems, Milwaukee, WI, United
States). To correct for T2* decay, the T2* time of each
region of interest (ROI) was computed as previously
[31,32]
described
. Measurement of HFF was performed by
2
drawing three different ROIs (diameter 1-2 cm ; 2 in
the right hepatic lobe and 1 in the left hepatic lobe) at
three different sections of the liver (above, at the level
of, and below the porta hepatis). These ROIs were
carefully drawn to avoid vascular structures, motion
or pulsation artifacts. To measure pancreatic fat, 1-2
2
ROIs of 1 cm in area were placed in the head, body
and tail of the pancreas, making sure that the ROIs
were surrounded by pancreatic tissue. The head of the
pancreas was defined as the area of the pancreas to
the anatomical right of the superior mesenteric vein.
The body was defined as the anatomical right half
of the remaining pancreatic tissue and the tail was
defined as the anatomical left half of the remaining
pancreatic tissue. The mean of all ROIs in each part of
the pancreas was calculated to determine the average
fat fraction in the head, body and tail, respectively,
while the mean of all ROIs in the entire pancreas
determined the overall PFF.
For the quantification of VAT and SAT, a T 1 weighted LAVA-flex on axial plane was acquired with
the IDEAL imaging and reconstruction method (TR,
4.2 ms; TE, 1.3 ms; flip-angle, 15 ℃; matrix, 320 mm
× 192 mm; section thickness, 5 mm, reconstructed
2.5 mm; intersection gap, 0). The fat-only dataset
were transferred to personal computers for analysis,
using a commercially available software (Slice-O-Matic;
Tomovision Inc., Montreal, Canada), the procedures for
[33,34]
which are described elsewhere
.

Metabolic studies

Blood samples were taken from each subject, after an
overnight fast, to estimate glucose, insulin, C peptide,
total cholesterol, high-density lipoprotein cholesterol
(HDL-C), triglycerides, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gammaglutamyl transferase (GGT), and high-sensitivity
C-reactive protein (HSCRP). An oral glucose tolerance
test (OGTT) was performed for all obese children
with the administration of glucose at 1.75 g/kg body
weight (maximum dose 75 g); blood samples were
obtained at 0 min and every 30 min thereafter for
120 min for determination of serum glucose and
insulin. Estimates of insulin sensitivity were calculated
using the homeostasis model assessment of insulin
resistance (HOMA-IR), defined by fasting insulin and
fasting glucose, and whole-body insulin sensitivity index
(WBISI), based on mean values of insulin and glucose
obtained from OGTT and the corresponding fasting
[22]
values . Overweight/obese youths were considered to
have prediabetes if they had either: (1) impaired fasting
glucose (IFG), defined as a fasting glucose level ≥ 100
mg/dL to < 126 mg/dL; (2) impaired glucose tolerance
(IGT), defined as a 2-h glucose concentration between
≥ 140 mg/dL and < 200 mg/dL; or (3) hemoglobin A1c
[23,24]
value of ≥ 5.7 to < 6.5%
.

Abdominal magnetic resonance imaging

MR techniques are used to assess ectopic fat noninvasively. MR spectroscopy (MRS) is the most accurate
[25]
non-invasive method ; however, others, including a
modified Dixon in-and out-of-phase imaging, correlate
well with both MRS and biopsy, with the advantage of
assessing both liver and pancreatic fat from the same
[20,26-29]
acquisition
. This technique was used to measure
liver, as well as pancreatic, fat in this study.
All data were acquired on a 3.0 T MR scanner
with a 50 mT/m maximum gradient length and 200
T/m per second maximum slew rate (Discovery MR
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Biochemical analyses

All analyses were conducted by COBAS 6000 (Roche
Diagnostics). Insulin and C peptide concentrations
were measured on a Cobas e 601 module (Electroche
miluminescence Technology, Roche Diagnostics), while
the remaining analytes were analyzed on a Cobas e 501
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with respect to age, gender and BMI-SD score. The
distribution in Tanner stage between the two groups
was similar (Tanner Ⅱ-Ⅴ). Children with NAFLD
had higher WC, systolic BP, VAT, as well as higher
triglycerides, AST, ALT, GGT, and HSCRP, than those
without liver involvement. Fasting insulin and C peptide
levels, 2-h insulin concentrations, HOMA-IR, and
WBISI differed significantly between the two groups.
No differences were observed in fasting glucose
concentrations, 2-h glucose levels and HbA1c.
The median PFF was significantly higher in NAFLD
patients compared with subjects without liver invol
vement: 2.28 (IQR: 1.48-4.07) vs 1.77 (1.20-2.47); P
< 0.05. The median fat content did not vary significantly
between the head, body and tail of the pancreas, when
analyzing the whole study population, as well as the
two groups separately (data not shown).

Table 1 Clinical characteristics of overweight/obese children
with and without nonalcoholic fatty liver disease
Characteristics
Age, yr
Male gender, n (%)
BMI-SD score
Waist circumference, cm
Systolic blood pressure,
mmHg
Diastolic blood pressure,
mmHg
Abdominal fat
Visceral adipose tissue,
cm2
Subcutaneous adipose
tissue, cm2
Hepatic fat fraction, %
Pancreatic fat fraction, %

P value

NAFLD

No NAFLD

(n = 80)

(n = 78)

12.0 (2.3)
52 (65.0)
2.0 (0.41)
94 (11)
115 (11)

12.0 (2.2)
47 (60.2)
1.9 (0.37)
89 (11)
110 (14)

0.91
0.44
0.20
0.013
0.025

67 (9)

65 (9)

0.18

392 (297-549)

299 (226-450)

0.002

1656 (999-1844) 1369 (1101-2031)
13.0 (7.2-24.3)
2.28 (1.48-4.07)

1.3 (1.0-2.4)
1.77 (1.20-2.47)

0.11
< 0.0001
0.035

Relationships between PFF and other fat depots and
metabolic variables

Results are expressed as n (%), mean ± SD, or median (interquartile range).
NAFLD: Nonalcoholic fatty liver disease; BMI-SD score: Body mass indexstandard deviation score.

In univariate analysis, PFF was significantly associated
with HFF (standardized β coefficient, 0.269; P = 0.016),
and VAT (0.250; P = 0.029), while no statistically
significant relationship was found between PFF and BMISD score (0.179; P = 0.11), as well as between PFF
and SAT (0.143; P = 0.22). The association between
PFF and HFF, however, was no longer significant after
adjusting for age, gender, Tanner stage, BMI-SD score,
and VAT (0.185; P > 0.05).
We also found that PFF was significantly associated
with fasting insulin (standardized β coefficient, 0.217;
P = 0.045), C peptide (0.241; P = 0.033), HOMA-IR
(0.266; P = 0.018), WBISI (-0.269; P = 0.02), and
HSCRP (0.259; P = 0.021). No significant association
was observed between PFF and total cholesterol,
HDL-C and triglycerides. To further analyze the role of
PFF and other fat compartments in determining β-cell
function, we performed multiple linear regression
analysis with WBISI or HOMA-IR as the dependent
variable, against the covariates age, gender, Tanner
stage, BMI-SD score, VAT, SAT, PFF, and HFF. HFF was
the only variable significantly associated with WBISI
(standardized β coefficient, -0.398; P = 0.001) as well
as HOMA-IR (0.353; P = 0.003).

clinical chemistry module (Photometric Technology),
according to the instructions of the manufacturer.

Statistical analysis

Statistical analyses, performed using the SPSS package
(version 22.0), SPSS Inc., Chicago, IL, United States,
were reviewed by Professor JF Osborn, Department
of Infectious Diseases and Public Health Sciences,
Sapienza University of Rome, Italy. Data are reported as
means and standard deviations for normally distributed
variables, or as median and interquartile range (IQR) for
non-normally distributed variables. Differences between
the two study groups were evaluated by a t-test or
Mann-Whitney U-test, as appropriate. Proportions were
2
compared by the χ test.
Pearson’s correlation and linear regression coefficients
were used to examine the relationship between variables.
Multivariate linear regression analysis was performed
to investigate the association of PFF with WBISI, as well
as HOMA-IR, after adjustment for age, gender, Tanner
stage, BMI-SD score, VAT and HFF. To determine the
primary fat depot predictors of prediabetes, multiple
logistic regression analysis was employed using age,
gender, Tanner stage, BMI-SD score, VAT, HFF and PFF
as independent variables. A P value of less than 0.05 was
considered statistically significant.

Prediabetes

We identified 18 children (14 with NAFLD, and four
without NAFLD) as being prediabetic. Seven of the
18 prediabetic children had IGT; one patient had IFG;
four patients had HBA1c ≥ 5.7; two patients had IGT
+ IFG; two patients had IFG + HBA1c ≥ 5.7; and
the remaining two children had IGT+ IFG + HBA1c
≥ 5.7. Patients with prediabetes were older and had
higher WC, HFF and PFF (Table 3) than those without
prediabetes. Table 4 shows the effects of ectopic fat
accumulation on the risk of prediabetes, based on the
results of separate logistic regression. PFF and HFF
were significantly associated with prediabetes after

RESULTS
Clinical, fat distribution, and metabolic characteristics
of the two groups

Clinical and metabolic characteristics of participants by
NAFLD status are shown in Tables 1 and 2, respectively.
As expected from the study design, HFF values were
significantly different between the two groups. Patients
with and without NAFLD did not differ significantly
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Table 2 Metabolic variables of overweight/obese children
with and without nonalcoholic fatty liver disease
NAFLD
(n = 80)

No NAFLD

Table 4 Separate logistic regression analysis for fat depots
associated with prediabetes

P value

OR
Visceral adipose tissue
Subcutaneous adipose tissue
Hepatic fat fraction
Pancreatic fat fraction

(n = 78)

Triglycerides, mg/dL
101 (60)
84 (43)
Total cholesterol, mg/dL
152 (32)
158 (32)
HDL-C, mg/dL
46 (14)
48 (13)
Aspartate aminotransferase,
24 (21-30)
22 (19-25)
U/L
Alanine aminotransferase,
30 (20-44)
17 (14-23)
U/L
17 (13-22)
13 (10-16)
g-glutamyl transferase, U/L
Fasting glucose, mg/dL
84 (8)
82 (5)
2-h glucose, mg/dL
94 (24)
90 (15)
Fasting insulin, mU/mL
19 (13)
13 (8)
2-h insulin, mU/mL
71 (67)
39 (30)
Fasting C peptide, pmol/L
1009 (358)
769 (244)
HOMA-IR values
3.8 (2.7)
2.7 (1.7)
WBISI
4.45 (2.95)
6.45 (3.69)
HbA1c, %
5.2 (0.3)
5.1 (0.4)
HSCRP, μg/L
2200 (900-3950) 1300 (600-3150)

0.045
0.220
0.430
0.007

Age, yr
Male gender, n (%)
BMI-SD score
Waist circumference, cm
Visceral adipose tissue,
cm2
Subcutaneous adipose
tissue, cm2
Hepatic fat fraction
Pancreatic fat fraction

(n = 18)

(n = 140)

13.4 (2.4)
11 (61.1)
2.07 (0.39)
102 (12)
408 (300-602)

11.8 (2.3)
88 (62.8)
1.91 (0.40)
90 (11)
316 (265-486)

1850 (1060-3017) 1548 (1106-1969)
18.0 (4.2-33.3)
3.60 (1.70-5.50)

4.6 (1.0-12.7)
1.90 (1.30-3.10)

< 0.0001
0.090
0.310
0.001
< 0.0001
< 0.0001
0.003
< 0.0001
0.750
0.002

P value
0.170
0.710
0.010
0.045

fat accumulation in the liver and pancreas are in
agreement with previous studies performed in adults
[35]
and children. Using MRI to evaluate PFF, Rossi et al
evaluated the associations between pancreatic
fat accumulation and other fat depots, including
liver, SAT and VAT, in a small sample of obese and
lean adult individuals, and found that subjects with
NAFLD had an approximately 2- to 3-fold increase
in pancreatic fat accumulation compared with those
without hepatic steatosis. However, when adjusted
for age, gender, and VAT, the associations between
pancreatic fat accumulation and liver fat content were
no longer significant. In a study involving a cohort of
[36]
42 Caucasian obese adult subjects, Targher et al
showed that pancreatic fat accumulation, as evaluated
by MRI, was positively associated with liver fat content
and visceral fat, and that subjects with NAFLD had
approximately a 2- to 3-fold increase in pancreatic
fat compared with those without hepatic steatosis.
However, when adjusted for age, gender, and VAT,
the associations between pancreatic fat accumulation
and liver fat content were no longer significant.
An autopsy-based study of 80 patients showed a
significant, positive association between the intrapancreatic fat content and the histological severity
[16]
of NAFLD . In particular, significant relations were
found between interlobular as well as total pancreatic
fat and hepatic macrovescicular fat and NAFLD
activity score. However, while correction for age or
gender did not affect statistically the relation between
pancreatic and hepatic fats, after adjustment for BMI,
this association became not significant. In a cohort
of 43 well-characterized adult patients with biopsy[37]
proven NAFLD, Patel et al
demonstrated that MRIdetermined pancreatic steatosis is common in patients
with NAFLD, and that pancreatic fat content positively
correlates with liver histology-determined steatosis
grade. PFF did not significantly correlate with age, BMI
or diabetes status. Finally, in a cohort of 50 children
[38]
and adolescents, Cohen et al
demonstrated that
MRI-estimated PFF correlates with HFF and percent
body fat. However, after adjustment for gender,
ethnicity and puberty, PFF was associated only with
percent body fat.
It has been demonstrated convincingly that
both obesity and NAFLD are closely associated with
impaired glucose metabolism. The pathophysiological

P value
0.009
1.000
0.130
< 0.0001
0.066
0.190
0.024
0.045

BMI-SD score: Body mass index- standard deviation score.

adjustment for age, gender, Tanner stage, and BMISD score. However, when all fat depots (i.e., VAT, SAT,
HFF, and PFF) where included in the same model along
with age, gender, Tanner stage and BMI-SD score, only
HFF remained significantly associated with prediabetes
[OR= 3.38 (95%CI: 1.10-10.4); P = 0.034].

DISCUSSION
This study showed that overweight/obese children with
NAFLD have higher pancreatic fat accumulation than
obese children without NAFLD, and that pancreatic fat
is significantly associated with HFF, and VAT. However,
the association between pancreatic and hepatic fat
content was no longer significant after adjusting for
age, gender, Tanner stage, BMI-SD score, and VAT.
Our findings on the association between ectopic
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95%CI
0.88-9.17
0.37-14.5
1.16-3.10
1.03-11.9

Adjusted for age, gender, tanner stage, and body mass index- standard
deviation score.

< 0.0001

Table 3 Comparison between children with and without
prediabetes
No prediabetes

2.49
1.25
1.90
3.50

1

HDL-C: High-density lipoprotein cholesterol; HOMA-IR: Homeostasis
model assessment of insulin resistance; HbA1c: Hemoglobin A1c; HSCRP:
High-sensitivity C-reactive protein; NAFLD: Nonalcoholic fatty liver
disease; WBISI: Whole-body insulin sensitivity index.

Prediabetes

1
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mechanisms and clinical importance of fatty pancreas
are, however, less clear. Previous studies have
suggested that fatty infiltration of the pancreas may
[39,40]
contribute to a loss of β-cell mass and function
,
[41]
which may lead to the development of diabetes .
In obese Zucker diabetic fatty rats, the triacylglycerol
content of islets in prediabetic rats increased significantly
[42]
and preceded the development of diabetes . However,
in human studies, the data are inconsistent. Tushuizen
[43]
et al
demonstrated that in Caucasian men,
pancreatic fat, as measured by MRS, was negatively
associated with β-cell function parameters, including
the insulinogenic index adjusted for insulin resistance,
early glucose-stimulated insulin secretion, β-cell
glucose sensitivity and rate sensitivity. However,
these associations were significantly affected by
the diabetic state, in that a significant association
between pancreatic fat and β-cell dysfunction was
only present in the nondiabetic group, suggesting that
once diabetes occurs, factors additional to pancreatic
[43]
fat may lead to further β-cell functional decline .
[44]
Using MRI to evaluate PFF, Heni et al
reported that
among Caucasian adults with increased risk for type
2 diabetes, there was an inverse relationship between
PFF and insulin secretion in those with IGT and/or IFG,
but not in normoglycemic participants. The authors
suggested that PFF may be a crucial pathogenic factor
only when there is an altered glucose homeostasis
[45]
and β-cell dysfunction. Lê et al
found no significant
correlations between PFF, as measured by MRI, and
markers of insulin sensitivity or β-cell function in African
American and Hispanics adolescents and young adults
who were normoglycemic, despite being overweight.
[46]
van der Zijl et al
, using the gold standard
hyperglycemic clamp, demonstrated that impairments
in β-cell function in overweight Caucasian adults with
IFG and IFG/IGT were accompanied by pancreatic
fat accumulation, as determined by MRS. However, a
direct relation between pancreatic fat accumulation
and β-cell function could not be established. Finally, in
a recent study using liver and pancreas sonography,
[47]
Ou et al
found in a large Chinese adult cohort that
both fatty pancreas and NAFLD were associated with
newly diagnosed diabetes, independent of age, gender,
adiposity, and other cardiometabolic risk factors. In
addition, fatty pancreas was independently related
to prediabetes in male subjects, but not in females.
It is likely that these discrepancies with regard to
the relationship between pancreatic fat and β-cell
dysfunction may reflect differences in the methods by
which fatty infiltration of the pancreas was estimated,
ethnicity, demographic features, and the glycemic
status of the study subjects.
In the pediatric population reported by Cohen
[38]
et al , pancreatic fat accumulation was found in
association with WBISI and β-cell function. When VAT,
HFF, PFF were analyzed in the same regression model,
pancreatic fat associations with WBISI tended to be
significant, while the association with insulin secretion
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and β-cell function were not significant. In contrast,
hepatic fat associations with the metabolic markers
remained significant and were the strongest. Likewise,
in our study PFF was correlated with outcome related
to glucose or insulin, including WBISI, and HOMAIR; however, in multiple linear regression analysis,
HFF was the only variable significantly associated with
these metabolic variables. Thus, our findings provide
further evidence for a pathogenic role of hepatic fat in
the development of glucometabolic disorders, because
liver fat, and not fatty pancreas, was significantly
associated with WBISI, and it was the only fat
compartment associated with prediabetes.
In a group of overweight and obese African
[7]
American and Latino adolescents, Toledo-Corral et al
demonstrated that adolescents with prediabetes
had increased ectopic fat storage in the liver and
pancreas compared to those without prediabetes,
independently of overall and visceral adiposity. They
also found ethnic differences in ectopic fat distribution
related to prediabetes status, such that pancreatic
fat independently predicted prediabetes in African
Americans patients, whereas in Latino adolescents,
hepatic fat was the only predictor. Thus, ethnic
differences in the deposition of ectopic fat in children
and adolescents with prediabetes may differ, with
pancreatic fat in African Americans, vs hepatic fat in
Latino adolescents as well as in Caucasian children and
adolescents, being associated with diabetes risk.
This study has a few potential limitations. First,
because of the cross-sectional design, we could not
establish temporal and causal relationships between
NAFLD, pancreatic steatosis and visceral obesity.
Second, there is a lack of direct measures of insulin
secretion and action. Third, the small number of children
with prediabetes may have limited the interpretation
of the results, but could provide indications for further
research.
In summary, this study demonstrated that in
overweight/obese children and adolescents with NAFLD,
pancreatic fat accumulation is increased compared with
those without liver involvement. However, only the liver
fat depot was independently related to prediabetes.
Early intervention during childhood to recognize
NAFLD might be a crucial step to avert an unfavorable
metabolic phenotype.
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Recent studies in children demonstrated that the prevalence of prediabetes
increases with increasing hepatic fat content, and that fatty liver plays a
central role in the impairment of liver, muscle, and adipose insulin sensitivity.
Pancreatic fat has been identified as a novel obesity-related fat depot, which
may contribute to the development of β-cell dysfunction.
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A better understanding of the relationship between pancreatic fat accumulation
and liver fat may be clinically important because pancreatic fat might contribute
to the development of metabolic disorders typically observed in patients with
nonalcoholic fatty liver disease (NAFLD).
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Innovations and breakthroughs
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Pancreatic fat has been identified as a novel obesity-related fat depot, which
may contribute to the development of β-cell dysfunction. In humans, pancreatic
fat content is closely associated with increasing body mass index, visceral
fat, insulin resistance, metabolic syndrome and hepatic fat content. To date,
however, there have been few studies, especially in children, which addressed
the association of pancreatic fat accumulation with either obesity or glucose
intolerance. Moreover, there is currently a paucity of imaging data on the
relationships of pancreatic fat with liver fat and other fat depots. This study
demonstrated that in overweight/obese children with NAFLD, pancreatic fat
is increased compared with those without NAFLD. However, only liver fat is
independently related to prediabetes.

12

13

Applications

14

Early intervention during childhood to recognize NAFLD might be a crucial step
in averting an unfavorable metabolic phenotype.

Terminology

NAFLD comprises a disease spectrum, ranging from simple fatty liver to
nonalcoholic steatohepatitis, with varying degrees of inflammation and fibrosis,
progressing to end-stage liver disease with cirrhosis and hepatocellular
carcinoma. Prediabetes is an intermediate condition, identifying those with
elevated blood sugars not yet in the diabetic range, which are at high risk of
developing diabetes.
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This well-designed cross sectional, observational study of Pacifico et al aims to
examine the associations of pancreatic fat with other fat depots, all evaluated
by magnetic resonance imaging, and biochemical markers of β-cell function in
158 overweight/obese children (age: 10-18 years).
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Abstract
AIM: To investigate the impact of telaprevir-based
triple therapy on the serum alpha-fetoprotein (AFP)
level of chronic hepatitis C patients.
METHODS: A total of 210 patients with chronic
hepatitis C genotype 1 of high viral load (baseline
serum hepatitis C virus RNA > 5.0 log10 IU/mL) were
divided into two groups by type of treatment: triple
therapy with telaprevir, pegylated-interferon-α (PEGIFNα), and ribavirin (RBV) for 24 wk (n = 88), or dual
therapy with PEG-IFNα and RBV for 48 wk (n = 122).
The relationship between virological response and the
change in the serum AFP level from baseline to 24 wk
after the end of treatment was examined.
RESULTS: No significant difference in mean baseline
AFP level was found between the triple and dual
therapy groups (8.8 ng/mL vs 7.8 ng/mL). Triple
therapy produced significant declines in the AFP level
in sustained virological response (SVR) and non-SVR
patients (7.8 ng/mL at baseline to 3.5 ng/mL at 24 wk
after the end of treatment, P < 0.001 and 14.3 ng/mL
to 9.5 ng/mL, P = 0.004, respectively). In contrast,
dual therapy resulted in a significant decline in AFP
level only in SVR patients (4.7 ng/mL to 2.8 ng/mL, P
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< 0.001), but not in non-SVR patients (10.2 ng/mL to
10.1 ng/mL). Among patients with a high-baseline AFP
level (≥ 10 ng/mL), the decline in the AFP level was
significantly higher in the triple therapy than in the dual
therapy group (15.9 ng/mL vs 1.6 ng/mL, P = 0.037).

in triple-therapy regimens with conventional PEG-IFNα
and RBV, thus significantly improving the SVR rate, up
[7-11]
to 80%, for patients with HCV genotype 1
.
We previously reported the results of a prospective,
long-term follow-up study conducted to evaluate the
effect of treatment outcome on the development of
HCC in 1013 Japanese patients with chronic hepatitis
[6]
C treated with PEG-IFNα2b and RBV . Patients who
achieved SVR or relapsed had a significantly reduced
risk of HCC development within five years after the
end of treatment when compared with patients
without virological response, with or without cirrhosis.
However, there is no data on the efficacy of NS3/4A
protease inhibitors for reducing the number of patients
who develop HCC.
Serum concentration of alpha-fetoprotein (AFP)
[12]
is often elevated in patients with HCC , and a high
AFP level has been identified as a risk factor for the
[13]
development of HCC in chronic hepatitis C patients .
In addition, accumulating evidence indicates that
interferon treatment reduces serum AFP levels, and
the post-interferon treatment AFP level is strongly
associated with the development of HCC, regardless of
[14-17]
whether or not SVR is achieved
.
The aim of this prospective study was to investigate
the impact of DAA-based triple therapy on serum AFP
levels. We also compare the post-treatment serum AFP
levels in patients receiving triple therapy with those
receiving dual PEG-IFNα and RBV therapy.

CONCLUSION: Regardless of virological response,
telaprevir-based triple therapy reduced the serum AFP
level.
Key words: Chronic hepatitis C; Direct-acting antiviral
agents; Hepatocellular carcinoma; Serum alphafetoprotein; Telaprevir
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Patients with hepatocellular carcinoma often
have elevated serum alpha-fetoprotein concentrations,
for which a high level is a risk factor for developing
hepatocellular carcinoma in chronic hepatitis C patients.
A recently introduced direct-acting antiviral agent,
telaprevir, has been included in triple therapy regimens
using a protease inhibitor with conventional pegylatedinterferon-α and ribavirin, and has significantly
improved the sustained virological response rate, up to
80% for patients with hepatitis C virus genotype 1. This
study shows that regardless of virological response,
telaprevir-based triple therapy more effectively reduces
the serum alpha-fetoprotein level than dual therapy
with pegylated-interferon-α and ribavirin.

MATERIALS AND METHODS
Takayama K, Furusyo N, Ogawa E, Ikezaki H, Shimizu M,
Murata M, Hayashi J. Direct-acting antiviral-based triple therapy
on alpha-fetoprotein level in chronic hepatitis C patients. World
J Gastroenterol 2015; 21(15): 4696-4706 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4696.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4696

Patients

Patients were enrolled at Kyushu University Hospital and
four affiliated hospitals and one clinic in the northern
Kyushu area of Japan (Mitsutake, Yokota, Kyushu
Central, and Hara-Doi Hospitals, and the Kyushu
General Internal Medicine Clinic). This multicenter
cohort study consisted of 354 genotype 1 chronic
hepatitis C patients, without human immunodeficiency
virus or hepatitis B virus infection, who received
TVR-based triple therapy or dual therapy with PEGIFNα2b and RBV. Triple therapy was initiated between
December 2011 and March 2013 and was completed
by the end of September 2013. Dual therapy was
initiated between June 2005 and August 2011 and
was completed by the end of July 2012. In order to
investigate the impact of treatment on the serum AFP
level, measurements were taken at baseline, at the
end of treatment (EOT), and at 24 wk after EOT. ∆
AFP decline, defined as the AFP level at 24 wk after
EOT subtracted from baseline, and %∆AFP decline,
defined as the percentage of AFP at 24 wk after
EOT subtracted from baseline, were also calculated.
Similarly, the alanine aminotransferase (ALT) level
was measured, and ∆ALT decline and %∆ALT decline,
during the same period, were calculated. The study
design was approved by the ethics committee of
Kyushu University Hospital, and it was carried out in

INTRODUCTION
Chronic hepatitis C virus (HCV) infection affects
approximately 170 million people worldwide and often
causes liver cirrhosis and hepatocellular carcinoma
[1,2]
(HCC), a leading cause of cancer-related death .
One of the goals of chronic hepatitis C treatment is to
achieve sustained viral response (SVR), which leads to
the suppression of liver cirrhosis and HCC.
The combination therapy of pegylated-interferon-α
(PEG-IFNα) and ribavirin (RBV) that has been used for
the last decade has improved the SVR rate to about
50% for chronic hepatitis C patients infected with
[3-5]
HCV genotype 1 . Interferon therapy is effective in
reducing the development of HCC, not only for SVR
[6]
patients but also for non-SVR patients . Recently,
direct-acting antiviral agents (DAAs), such as telaprevir
(TVR) and boceprevir, which are HCV non-structural
3/4A (NS3/4A) protease inhibitors, have been included
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Triple therapy
patient n = 103

Dual therapy
patient n = 251

Enrollment period:
From Dec 2011 to Mar 2013

Enrollment period:
From June 2005 to Aug 2011
Exclusion
Co-infection with
HIV or HBV

n =2

n =2

n =7

n =3

Virological breakthrough
or NVR
during treatment
Cessation of treatment
due to adverse effects

n =1

n = 12

n = 23

Extension of
standard treatment

n = 77

Occurrence of HCC
during observation period

n =6

n =1

Available for analysis
n = 88

Dropout

n = 10

Available for analysis
n = 122

Figure 1 Flowchart of the study design. Dual therapy: Pegylated-interferon-α and ribavirin; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma; HIV: Human
immunodeficiency virus; NVR: Non-virological response; Triple therapy: Telaprevir-based therapy combined with pegylated-interferon-α and ribavirin.

accordance with the 1975 Declaration of Helsinki, as
updated in 2008. The study was registered as a clinical
trial on the University Hospital Medical Information
Network (ID 000013784).
Patient inclusion criteria for the study required
patients to be infected with HCV genotype 1 and to
have baseline serum HCV RNA > 5.0 log10 IU/mL. The
exclusion criteria were as follows: (1) presence of HCC
at enrollment, or development of HCC within 24 wk
after EOT; (2) shortening of treatment due to adverse
effects, virological breakthrough, non-virological
response (NVR), or dropout; (3) in the dual therapy
group, extension of the standard 48-wk therapy; (4)
inadequate treatment dosage of 80% or less of the
assigned total cumulative dosage of each drug; (5)
positive for antibody to human immunodeficiency virus
or positive for hepatitis B surface antigen; (6) clinical
or biochemical evidence of hepatic decompensation; (7)
excessive active alcohol consumption (≥ 60 g alcohol/
d) or drug abuse; (8) other forms of liver disease
(e.g., autoimmune hepatitis, alcoholic liver disease,
hemochromatosis); or (9) treatment with antiviral or
immunosuppressive agents prior to enrollment. Of the
354 patients screened, 144 were excluded because
they did not meet the above criteria, leaving the
data of 210 available for analysis. Figure 1 shows a

WJG|www.wjgnet.com

flowchart of the study design.

Antiviral treatment

All patients in the triple therapy group received 12 wk
of TVR (Telavic; Mitsubishi Tanabe Pharma, Osaka,
Japan), PEG-IFNα2b (PEG-Intron; MSD, Tokyo, Japan),
and RBV (Rebetol; MSD) followed by an additional 12
wk of PEG-IFNα2b and RBV alone. All patients in the
dual therapy group received 48 wk of PEG-IFNα2b and
RBV. TVR 750 mg was administered orally three times
a day, after meals at 8-h intervals. If marked anorexia,
an elevation of serum creatinine, or severe anemia
developed, the TVR dose could be reduced to 1500
mg/d (750 mg at a 12-h interval after each meal).
PEG-IFNα2b was injected subcutaneously once weekly
at a dose of 1.5 µg/kg. RBV was given orally at a daily
dose of 600-1000 mg based on body weight (600
mg for patients weighing < 60 kg, 800 mg for those
weighing 60-80 kg, and 1000 mg for those weighing
> 80 kg). The above durations and dosages are those
approved by the Japanese Ministry of Health, Labor,
and Welfare.

Efficacy of treatment

Successful treatment was SVR, defined as undetectable
serum HCV RNA at 24 wk after EOT. Relapse was
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Table 1 Baseline demographic characteristics, classified by treatment
Baseline characteristics

Triple therapy (n = 88)

Age, yr
Male
Body weight, kg
Body mass index, kg/m2
Serum AFP level, ng/mL
Serum AFP level < 5 ng/mL
Serum AFP level 5-9.9 ng/mL
Serum AFP level ≥ 10 ng/mL
HCV RNA level, log10 IU/mL
HCV genotype 1a
HCV genotype 1b
Serum albumin, g/L
Alanine aminotransferase, U/L
Alanine aminotransferase ≥ 40 IU/L
γ-glutamyl-transpeptidase, U/L
Estimated glomerular filtration rate, mL/min per 1.73 m2
Total cholesterol, mg/dL
Triglycerides, mg/dL
Aspartate aminotransferase to platelet ratio index
White blood cell count, × 106/L
Hemoglobin level, g/L
Platelet count, × 109/L
Diabetes
Stage of fibrosis
F0-2
F3-4
Not determined, n
Previous treatment response
Naïve
Prior relapse
Prior NVR
Prior unknown response
IL28B SNP (rs8099917)
TT
TG/GG
Not determined, n

63 (53-68)
37 (42.1)
56 (49-67)
22.7 (20.7-25.1)
4.5 (2.8-9.0)
50 (56.8)
18 (20.5)
20 (20.7)
6.5 (6.1-6.9)
1 (1.1)
87 (98.9)
41 (38-43)
46 (25-73)
49 (55.7)
39 (23-76)
80 (68-94)
175 (153-192)
94 (68-124)
0.86 (0.51-1.85)
4780 (4038-5890)
137 (129-144)
156 (122-195)
10 (11.3)
52 (81.2)
12 (18.8)
24

Dual therapy (n = 122)
60 (52-65)
52 (42.6)
58 (50-66)
22.8 (20.6-24.9)
4.0 (2.8-8.9)
70 (57.4)
26 (21.3)
26 (21.3)
6.3 (5.8-6.6)
3 (2.5)
119 (97.5)
41 (39-43)
51 (33-81)
78 (63.9)
37 (21-63)
81 (71-94)
164 (146-192)
79 (57-121)
0.76 (0.50-1.40)
4600 (3890-5645)
135 (126-145)
178 (136-209)
7 (5.7)

P value
0.101
0.933
0.782
0.859
0.677
0.967

0.010
0.476
0.376
0.176
0.228
0.199
0.464
0.216
0.070
0.306
0.447
0.319
0.040
0.144

76 (90.5)
8 (9.5)
38

0.105

73 (70.2)
31 (29.8)
18

0.113

25 (28.4)
34 (38.6)
27 (30.7)
2 (2.3)
49 (55.7)
39 (44.3)
0

Data are presented at n (%) or as median (first- third quartiles) unless otherwise indicated. AFP: Alpha-fetoprotein; Dual therapy: Pegylated-interferon-α
and ribavirin; HCV: Hepatitis C virus; IL28B: Interleukin 28B; NVR: Non-virological response; SNP: Single-nucleotide polymorphism; Triple therapy:
Telaprevir-based therapy combined with pegylated-interferon-α and ribavirin.

defined as undetectable HCV RNA at EOT, but
detectable at some time within the 24 wk of followup. Non-virological response (NVR) was defined as a
< 2 log10 IU/mL decrease in the HCV RNA level from
baseline to week 12 of therapy (null response) or a
> 2 log10 IU/mL decrease in the HCV RNA level from
baseline to week 12 of therapy, but still detectable
at weeks 12 and 24 (partial response). Virological
breakthrough was defined as the reappearance of
HCV RNA at any time during the course of treatment.
EOT response is defined as undetectable HCV RNA at
EOT. We excluded 14 patients with NVR or virological
breakthrough who stopped treatment and met the
exclusion criteria. The virological response rates were
analyzed by per-protocol analysis.

albumin, creatinine, total bilirubin, ALT, aspartate
aminotransferase, γ-glutamyl transpeptidase,
estimated glomerular filtration rate, white blood cell
count, hemoglobin, platelet count, and serum HCV
markers.
HCV genotyping was performed by sequence
determination in the 5’-nonstructural region of the HCV
genome. The serum HCV RNA level of each patient
was determined by COBAS TaqMan HCV Test (Roche
Diagnostics, Basel, Switzerland). The test has lower
and upper limits of quantitation of 15 IU/mL and 6.9 ×
6
10 IU/mL, respectively, (1.2-7.8 log IU/mL referred to
log10 IU/mL).
Human genomic DNA was extracted from peri
pheral blood. Genotyping by the single nucleotide
polymorphism (SNP) of the interleukin 28B (IL28B)
(rs8099917) gene was performed using the TaqMan
Allelic Discrimination Demonstration Kit (7500 RealTime PCR System; Applied Biosystems of Thermo
Fisher Scientific, Waltham, MA, United States). Patients
were genotyped as TT, TG, or GG at the polymorphic

Clinical and laboratory assessment

Blood samples were taken at baseline, every week
thereafter to week 24 for the triple therapy group
and to week 48 for the dual therapy group, and at 24
wk after EOT. Laboratory parameters included serum
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RESULTS

Table 2 Sustained virological response rates n (%)
Group

Triple therapy

All patients
Previous treatment response
Naïve/prior relapse
Prior NVR
Prior unknown response
IL28B SNP (rs8099917)
TT
TG/GG
Not determined, n
Stage of fibrosis
F0-2
F3-4
Not determined, n
Baseline HCV RNA level
≥ 6 log10 IU/mL
< 6 log10 IU/mL
Baseline platelet count
9
≥ 100 × 10 /L
< 100 × 109/L
Baseline serum AFP level
< 10 ng/mL
≥ 10 ng/mL

Dual therapy

Patient characteristics

P value

n

SVR

n

88

75 (85.2)

122

52 (42.6) < 0.001

59
27
2

56 (94.9)
17 (63.0)
2 (100)

49
39
0

48 (98.0)
27 (69.2)
-

73
31
18

45 (61.6) < 0.001
1 (3.2) < 0.001
6 (33.3)
-

52
12
24

48 (92.3)
9 (75.0)
18 (75.0)

76
8
38

43 (56.6) < 0.001
4 (50.0)
0.279
5 (13.2)

69
19

58 (84.1)
17 (89.5)

86
36

39 (45.3) < 0.001
23 (63.8)
0.032

80
8

71 (88.8)
4 (50.0)

117
5

62 (53.0) < 0.001
00.043

68
20

63 (92.6)
12 (60.0)

96
26

49 (51.0) < 0.001
3 (11.5) < 0.001

The patient characteristics are summarized in Table 1
according to the treatment given. The 63 triple therapy
patients with prior relapse, NVR, or unknown response
had previously undergone a 48-wk course PEG-IFNα2b
plus RBV combination treatment. The baseline HCV
RNA level of the triple therapy group was significantly
higher than that of the dual therapy group (P = 0.010).
The baseline platelet count of the triple therapy group
was significantly lower than that of the dual therapy
group (P = 0.040). Thus, the triple therapy group had
more “difficult-to-treat” patients than did the dual
therapy group. There was no significant difference
between the groups in the number of patients tested
for liver histology, IL28B SNPs, or other laboratory
data. No significant difference in the baseline AFP
level was observed between the two groups, and the
percentage of patients with AFP < 5 ng/mL, 5-9.9 ng/
mL, or ≥ 10 ng/mL did not differ.

SVR

Virological response

To investigate the impact of treatment on the serum
AFP level, we excluded from the analysis patients
with shortened or extended treatment or inadequate
treatment dose (Figure 1). The SVR rate was
significantly higher in the triple therapy group [85.2%
(75/88) vs 42.6% (52/122), P < 0.001]. The relapse
rate was lower in the triple therapy group [12.5%
(11/88) vs 23.0% (28/122), P = 0.050]. Table 2 shows
the virological response of each treatment group
according to previous treatment response, IL28B SNPs,
stage of fibrosis, baseline HCV RNA level, baseline
platelet count, and baseline serum AFP level. Significant
differences in the SVR rates were observed for all of the
subgroups (all P < 0.05), except for advanced fibrosis
(F3-4), probably due to the small number analyzed.

Treatment response was analyzed by per-protocol analysis. AFP: Alphafetoprotein; Dual therapy: Pegylated-interferon-α and ribavirin; HCV:
Hepatitis C virus; IL28B: Interleukin 28B; NVR: Non-virological response;
SNP: Single-nucleotide polymorphism; Triple therapy: Telaprevir-based
therapy combined with pegylated-interferon-α and ribavirin.

site. The IL28B SNPs data were available for 192/210
(91.4%) participants.

Assessment of liver fibrosis

Liver biopsy was conducted at enrollment for 148/210
(70.5%) participants by two or more experienced
hepatologists. The minimum length of the liver biopsy
was 15 mm and at least ten complete portal tracts
were necessary for inclusion. For each specimen, the
stage of fibrosis (F0-4) and the grade of activity (A0-3)
[18]
were established according to the METAVIR score .

Serum AFP level reduction

Table 3 shows the serum AFP levels at baseline, EOT,
and 24 wk after EOT according to the treatment
outcome, baseline AFP level, previous treatment
response, IL28B SNPs, and stage of fibrosis. The
AFP level of all subgroups within the triple therapy
group decreased significantly from baseline to 24 wk
after EOT (all P < 0.05). In the dual therapy group, a
significant decline in the AFP level was only seen for
patients with SVR, low baseline serum AFP (< 10 ng/
mL), IL28B SNPs TT, and mild fibrosis (F0-2) (all P <
0.001).
Figure 2 shows ∆AFP decline and %∆AFP decline by
treatment and virological outcome. ∆AFP decline and
%∆AFP decline did not significantly differ between the
triple and dual therapy SVR patients (4.3 ± 1.4 ng/mL
vs 1.9 ± 0.5 ng/mL, and 27.4% ± 3.5% vs 24.4%
± 4.1%, respectively). However, among the nonSVR patients, ∆AFP decline and %∆AFP decline were

Statistical analysis

All data were analyzed using JMP statistical software
(SAS Institute, Cary, NC, United States). Continuous
data are expressed as median (first-third quartiles)
or mean ± se, and compared using Student’s t
tests or Mann-Whitney U tests. Categorical variables
are reported as frequencies and percentages and
2
compared using χ or Fisher’s exact tests. The serum
AFP and ALT levels at each test point are expressed
as mean ± se, and comparison between these levels
at baseline and at 24 wk after EOT was performed
by paired t-test. ∆AFP decline, %∆AFP decline, ∆ALT
decline, and %∆ALT decline are expressed using a
mean value histogram and standard error bar, and
comparison of each subgroup was performed using
Student’s t tests or Mann-Whitney U tests. A P < 0.05
was regarded as statistically significant in all analyses.
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Table 3 Serum alpha-fetoprotein level change at each testing point
Group

Triple therapy
Serum AFP level (ng/mL)

All patients
Treatment outcome
SVR
Non-SVR
Baseline AFP level
≥ 10 ng/mL
< 10 ng/mL
Previous treatment response
Naïve/prior relapse
Prior NVR
IL28B SNP (rs8099917)
TT
TG/GG
Stage of fibrosis
F0-2
F3-4

n

At
baseline

At end of
treatment

88

8.8 ± 1.4

5.1 ± 0.4

4.4 ± 0.4

75
13

7.8 ± 1.5
14.3 ± 2.3

4.5 ± 0.4
8.3 ± 1.1

3.5 ± 0.2
9.5 ± 1.2

20
68

24.8 ± 4.4
4.1 ± 0.2

10.5 ± 1.0
3.4 ± 0.2

59
27

8.8 ± 1.9
9.1 ± 1.5

49
39
52
12

Dual therapy
Serum AFP level (ng/mL)

At 24 wk after the P value
end of treatment

1

n

P value1

At
baseline

At end of
treatment

At 24 wk after the
end of treatment

7.8 ± 0.9

6.2 ± 1.3

7.0 ± 1.5

0.316

0.004
0.007

52 4.7 ± 0.6
70 10.2 ± 1.5

3.1 ± 0.2
8.7 ± 2.2

2.8 ± 0.2
10.1 ± 2.5

< 0.001
0.953

8.9 ± 0.8
3.1 ± 0.2

0.003
< 0.001

26 21.8 ± 3.0
96 4.1 ± 0.2

17.1 ± 5.3
3.2 ± 0.2

20.2 ± 6.4
3.4 ± 0.2

0.701
< 0.001

4.8 ± 0.5
5.5 ± 0.8

3.8 ± 0.3
5.8 ± 0.9

0.007
< 0.001

6.2 ± 1.0
12.0 ± 2.8

3.9 ± 0.4
6.5 ± 0.8

3.6 ± 0.3
5.5 ± 0.6

< 0.001
< 0.001

73 6.0 ± 0.7
31 10.2 ± 1.6

3.7 ± 0.3
8.8 ± 2.9

3.9 ± 0.3
9.3 ± 2.2

< 0.001
0.520

6.5 ± 1.4
12.2 ± 3.0

4.2 ± 0.5
6.5 ± 0.8

3.3 ± 0.3
6.8 ± 1.1

0.014
0.023

76 6.0 ± 0.7
8 13.6 ± 3.2

3.7 ± 0.3
9.2 ± 3.2

4.3 ± 0.5
9.9 ± 3.8

< 0.001
0.284

< 0.001 122

1

Between baseline and 24 wk after the end of treatment. Treatment response was analyzed by per-protocol analysis. Data are expressed as mean ± SE.
Dual therapy: Pegylated-interferon-α and ribavirin; IL28B: Interleukin 28B; NVR: Non-virological response; SNP: Single-nucleotide polymorphism; SVR:
Sustained virological response; Triple therapy: Telaprevir-based therapy combined with pegylated-interferon-α and ribavirin; AFP: Alpha-fetoprotein.

Triple therapy

Triple therapy

6

Dual therapy

P = 0.031
P = 0.018

P = 0.248

5
4
3
2
1
0

35
%ΔAFP decline level by treatment
outcome (%)

ΔAFP decline level by treatment
outcome (ng/mL)

7

n = 88 n = 122

n = 75 n = 52

All patients

SVR

Non-SVR

P = 0.543

n = 88 n = 122

n = 75 n = 52

All patients

SVR

P = 0.033

30
25
20
15
10
5
0

n = 13 n = 70

Dual therapy

P = 0.005

n = 13 n = 70
Non-SVR

Figure 2 ∆ alpha-fetoprotein decline and %∆ alpha-fetoprotein decline by treatment and virological outcome. ∆AFP decline is defined as the AFP level at
24 wk after end of treatment subtracted from baseline. %∆AFP decline is defined as the percentage of AFP at 24 wk after end of treatment subtracted from baseline.
The vertical bars represent the standard errors of the mean. Dual therapy: Pegylated-interferon-α and ribavirin; SVR: sustained virological response; Triple therapy:
Telaprevir-based therapy combined with pegylated-interferon-α and ribavirin; AFP: Alpha-fetoprotein.

significantly higher in the triple than in the dual therapy
group (4.7 ± 1.5 ng/mL vs 0.1 ± 1.4 ng/mL, P = 0.031,
and 26.4% ± 6.1% vs 5.9% ± 4.3%, P = 0.033,
respectively).
Figure 3 shows ∆AFP decline and %∆AFP decline
by baseline AFP level (≥ 10 ng/mL and < 10 ng/mL).
∆AFP decline did not significantly differ between the
two groups for patients with a low baseline AFP level
(< 10 ng/mL) (1.0 ± 0.2 ng/mL vs 0.7 ± 0.2 ng/mL).
However, among patients with a high baseline AFP
level (≥ 10 ng/mL), ∆AFP decline was significantly
higher in the triple than in the dual therapy group (15.9
± 4.6 ng/mL vs 1.6 ± 4.0 ng/mL, P = 0.037). %∆
AFP decline was significantly higher in the triple than
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in the dual therapy group (among patients with a low
baseline AFP level, 20.2% ± 3.2% vs 11.7% ± 2.9%,
P = 0.044, among patients with a high baseline AFP
level, 51.2% ± 5.5% vs 20.2% ± 3.2%, P = 0.036).

ALT level reduction after treatment

Table 4 shows the ALT levels at baseline, EOT, and 24
wk after EOT according to treatment outcome, baseline
ALT level, previous treatment response, IL28B SNPs,
and stage of fibrosis. In the triple therapy group, all of
the subgroups except non-SVR achieved a significant
decline of the ALT level (all P < 0.01). However, in the
dual therapy group, patients with SVR, high baseline
ALT level (≥ 40 U/L), IL28B SNPs TT, and mild fibrosis

4701

April 21, 2015|Volume 21|Issue 15|

Takayama K et al . Alpha-fetoprotein and direct acting antiviral therapy
Triple therapy

Triple therapy

Dual therapy

Dual therapy
60

P = 0.037
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8
6
4

P = 0.059

2
0

n = 20 n = 26

n = 68 n = 96

AFP ≥ 10

AFP < 10

%ΔAFP decline level by baseline
AFP level (%)

ΔAFP decline level by baseline AFP
level (ng/mL)

22

P = 0.036

45
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P = 0.044
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5
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Figure 3 ∆ alpha-fetoprotein decline and %∆ alpha-fetoprotein decline by baseline alpha-fetoprotein level (≥ 10 ng/mL and < 10 ng/mL). ∆AFP decline is
defined as the AFP level at 24 wk after end of treatment subtracted from baseline. %∆AFP decline is defined as the percentage of AFP at 24 wk after end of treatment
subtracted from baseline. The vertical bars represent the standard errors of the mean. Dual therapy: Pegylated-interferon-α and ribavirin; Triple therapy: Telaprevirbased therapy combined with pegylated-interferon-α and ribavirin; AFP: Alpha-fetoprotein.

Table 4 Alanine aminotransferase level change at each testing point
Group

Triple therapy
ALT level (U/L)

n
All patients
Treatment outcome
SVR
Non-SVR
Baseline ALT level
≥ 40 U/L
< 40 U/L
Previous treatment response
Naïve/Prior relapse
Prior NVR
IL28B SNP (rs8099917)
TT
TG/GG
Stage of fibrosis
F0-2
F3-4

Dual therapy
ALT level (U/L)

At baseline At end of At 24 wk after the P value
treatment end of treatment

1

n

At baseline

At end of
treatment

At 24 wk after the P value
end of treatment

1

88

56.6 ± 4.1

25.9 ± 2.4

22.7 ± 1.8

< 0.001

122

64.1 ± 4.7

29.4 ± 4.0

35.3 ± 3.0

< 0.001

75
13

54.3 ± 4.3 25.4 ± 2.7
69.8 ± 12.2 28.8 ± 3.8

17.8 ± 1.1
50.6 ± 6.0

< 0.001
0.147

52
70

74.0 ± 7.3
56.8 ± 4.9

18.8 ± 1.6
37.4 ± 6.7

14.9 ± 0.8
50.4 ± 4.3

< 0.001
0.169

49
39

81.4 ± 5.1
25.4 ± 1.2

32.9 ± 3.5
17.1 ± 2.6

28.5 ± 2.8
15.4 ± 1.3

< 0.001
< 0.001

78
44

84.3 ± 5.4
28.3 ± 1.1

36.6 ± 5.9
16.0 ± 1.7

40.0 ± 4.2
26.8 ± 3.0

< 0.001
0.637

59
27

56.5 ± 5.2
56.7 ± 7.5

25.5 ± 2.7
21.0 ± 2.5

19.4 ± 1.5
28.6 ± 4.5

< 0.001
< 0.001

49
39

56.9 ± 5.4
56.2 ± 6.5

26.6 ± 3.8
24.9 ± 2.6

17.4 ± 1.3
29.2 ± 3.5

< 0.001
< 0.001

73
31

63.6 ± 5.4
65.9 ± 9.4

18.9 ± 1.4
38.8 ± 6.2

25.9 ± 2.4
50.9 ± 5.2

< 0.001
0.073

52
12

51.6 ± 5.2 23.1 ± 3.2
68.8 ± 11.6 32.3 ± 5.6

17.6 ± 1.5
27.5 ± 5.4

< 0.001
0.008

76
8

63.4 ± 5.4
93.0 ± 25.8

21.1 ± 1.7
34.8 ± 7.6

25.4 ± 2.4
46.5 ± 11.8

< 0.001
0.172

1

Between baseline and 24 wk after the end of treatment. Treatment response was analyzed by per-protocol analysis. Data are expressed as mean ± SE. Dual
therapy: Pegylated-interferon-α and ribavirin; IL28B: Interleukin 28B; NVR: Non-virological response; SNP: Single-nucleotide polymorphism; SVR: Sustained
virological response; Triple therapy: Telaprevir-based therapy combined with pegylated-interferon-α and ribavirin; ALT: Alanine aminotransferase.

(F0-2) achieved a significant decline of the ALT level (all
P < 0.001).
Figure 4 shows ∆ALT decline and %∆ALT decline
by baseline ALT level (≥ 40 U/L and < 40 U/L). They
did not significantly differ between the two groups
for patients with a high baseline ALT level (≥ 40 U/
L) (52.9 ± 5.7 U/L vs 44.3 ± 6.5 U/L, and 60.5% ±
4.1% vs 44.9 ± 5.2%, respectively). However, among
patients with a low baseline ALT level (< 40 U/L), both
were significantly greater in the triple than in the dual
therapy group (10.0 ± 1.4 U/L vs 1.5 ± 3.1 U/L, P =
0.010, and 38.5% ± 4.7% vs 0.8% ± 10.9%, P =
0.007, respectively).
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∆ALT decline and %∆ALT decline did not sig
nificantly differ between the non-SVR patients of the
two groups (19.2 ± 12.4 U/L vs 6.5 ± 4.7 U/L, and
11.5% ± 11.2% vs -2.7% ± 7.3%, respectively).
However, among the SVR patients, ∆ALT decline and
%∆ALT decline were significantly higher in the dual
than in the triple therapy group (59.0 ± 7.1 U/L vs
36.5 ± 4.1 U/L, P = 0.003, and 71.7% ± 2.6% vs
57.5% ± 2.7%, P < 0.001, respectively). This may
be related to the significant difference in the baseline
ALT level between the SVR patients (triple therapy
group 54.3 ± 4.3 U/L and dual therapy group 74.0
± 7.3 U/L; P = 0.018).
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Figure 4 ∆ alanine aminotransferase decline and %∆alanine aminotransferase decline by baseline alanine aminotransferase level (≥ 40 U/L and < 40
U/L). ∆ALT decline is defined as the ALT level at 24 wk after end of treatment subtracted from baseline. %∆ALT decline is defined as the percentage of ALT at 24 wk
after end of treatment subtracted from baseline. The vertical bars represent the standard errors of the mean. Dual therapy: Pegylated-interferon-α and ribavirin; Triple
therapy: Telaprevir-based therapy combined with pegylated-interferon-α and ribavirin; ALT: Alanine aminotransferase.

elevation of the serum AFP level is sometimes seen
in patients with chronic active hepatitis C but without
[15,20]
HCC
. The percentage of chronic hepatitis C
patients with an elevated AFP level (≥ 10 ng/mL)
[20-22]
ranges from 11.6% to 43%
. Interferon upregulate
p53 gene transcription to halt the cell cycle, or to evoke
[23,24]
an apoptotic response of cancerous cells
, and
these antitumor effects probably play an important role
[19]
in reducing the AFP level after interferon therapy .
RBV enhances the curative effect of interferon in the
[25,26]
treatment of chronic hepatitis C
, however, there is
no evidence to date for its efficacy in reducing serum
AFP levels. RBV monotherapy has no effect on the
serum HCV RVA level, even though a transient decline
in the ALT level was observed during the treatment
[27,28]
period
; thus, a reduction in the serum AFP level
by RBV seems unlikely. In this study, TVR-based triple
therapy resulted in a larger reduction in the serum AFP
level than did PEG-IFNα plus RBV dual therapy, despite
the shorter therapy duration. We presume the reason
for this is that TVR works directly as an HCV NS3/4A
protease inhibitor to inhibit replication of HCV. NS3/4A
is thought to contribute to the development of HCVassociated promotion of hepatocyte growth, which may
promote hepatocarcinogenesis, as do HCV core, NS5A,
[29,30]
and NS5B proteins
. Therefore, other promising
DAAs, such as HCV NS5A or NS5B inhibitors, as well
as TVR, should have potentially similar effects that
would result in a reduction of the serum AFP level, with
the potential to reduce the risk of developing HCC.
The persistence of ALT elevation is a convenient
[31]
marker for identifying an increased risk for HCC ,
as chronic inflammation in the liver is related to HCC
development. In fact, the cumulative development of
HCC was significantly higher for SVR patients whose
post-interferon treatment AFP or ALT levels were high
(≥ 10 ng/mL and ≥ 40 U/L, respectively), as well as

DISCUSSION
One of the most commonly used surveillance tests
for HCC is measurement of serum AFP level. To our
knowledge, this is the first study to compare the
treatment effect of therapy for HCV that includes a
DAA and conventional PEG-IFNα plus RBV dual therapy
on serum AFP. We documented that, regardless of
virological response and ALT change, the serum AFP
level of all categories in the TVR-based triple therapy
group decreased significantly from baseline to 24 wk
after EOT, but no significant decline was found among
non-SVR patients of the dual therapy group with a
high baseline serum AFP (≥ 10 ng/mL), who were
IL28B SNPs TG/GG (non-TT), or stage of fibrosis F3-4.
For chronic hepatitis C patients whose serum
AFP level before interferon therapy is ≥ 10 ng/mL,
a reduction of the average AFP integration value
to < 10 ng/mL by treatment has been strongly
associated with a reduced rate of the development of
[14]
HCC . Moreover, a significantly higher cumulative
development of HCC was found for patients with an
increased serum AFP level (≥ 10 ng/mL) at EOT, and
virological response was not a significant predictive
[17]
factor . Our study shows a significantly higher decline
of the serum AFP level in the TVR-based triple therapy
than in the dual therapy group among non-SVR
patients or those who have a higher baseline AFP level
(≥ 10 ng/mL). This finding suggests the possibility
that TVR-based triple therapy has a greater benefit
than PEG-IFNα and RBV therapy for the suppression of
HCC, via a greater reduction of the serum AFP level.
For chronic hepatitis C patients, the HCV-coding
core protein is known to upregulate the transcription
of several molecules that activate the cell cycle and
induce proliferation in hepatocytes, and it may also
[19]
upregulate AFP transcription . Therefore, mild
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for non-SVR patients (≥ 6.0 ng/mL and ≥ 40 U/L,
[15]
respectively) . Our study shows that TVR-based
triple therapy does not significantly decrease the ALT
level in non-SVR patients, and no significant difference
in the decline of the ALT level after treatment is
observed between patients in the triple or dual therapy
groups with high baseline ALT (≥ 40 U/L). However,
regardless of virological response and ALT decline,
TVR-based triple therapy reduces the serum AFP level.
These findings show that the significant reduction in
the serum AFP level by DAA-based therapy for chronic
hepatitis C patients may not be related to an antiinflammatory effect.
The IL28B (rs8099917) non-TT genotype is related
to reduced rates of successful treatment in both TVRbased triple therapy and dual therapy of PEG-IFNα and
[5,8,32]
RBV
. Moreover, a high level of baseline AFP is a
surrogate marker for predicting treatment failure in
TVR-based triple therapy for patients with the IL28B
[33]
non-TT genotype . To apply this to our study, the SVR
rate of IL28B non-TT genotype patients undergoing
TVR-based triple therapy was significantly lower in
the high baseline AFP level group (i.e., ≥ 10 ng/mL)
than in the low baseline AFP level group (46.2% vs
80.8%, P = 0.027). These findings suggest that a high
baseline AFP level may be a useful surrogate marker
for predicting treatment failure in other DAA-based
triple therapy regimens for patients with the IL28B
non-TT genotype.
Recent developments in molecular biology have
led to the identification of new tumor markers for HCC
(heat shock protein 70, AFP-L3, fucosylated GP73, α-Lfucosidase, squamous cell carcinoma antigen, glypican-3,
transforming growth factor-β1, and endothelial growth
factor), including proteantigens, cytokines, enzymes,
and isoenzymes, as well as related genes that can be
[34]
used in the treatment and prognosis of liver cancer .
Additional studies are likely to show these novel markers
are improved by antiviral treatment.
Limitations of this study are that it was not randomized
and that our participants were all Japanese with HCV
genotype 1. In addition, the age of our participants is
relatively old [108/210 (51.4%) participants > 60 years
of age], thus it will be necessary to determine if our
results apply to younger patients. However, older aged
chronic hepatitis C patients have a higher risk for the
[6,14,15]
development of HCC
. We believe that our study
provides valuable information on the efficacy of DAAs in
reducing the serum AFP level.
In conclusion, TVR-based triple therapy more
effectively reduces serum AFP levels, even in non-SVR
patients, than does dual therapy with PEG-IFNα and
RBV.

Mitsumoto, Satoshi Hiramine, Kazuya Ura, Yoshifumi
Kato, and Masaru Yamasaki from our department for
assistance with data collection. The authors also thank
Mr. Yoshitaka Etoh for his excellent lab work on IL28B
SNPs.
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Background

The serum concentration of alpha-fetoprotein (AFP) is often elevated in patients
with hepatocellular carcinoma (HCC), and a high AFP level is a risk factor for
the development of HCC in chronic hepatitis C patients. Accumulating evidence
indicates that interferon treatment reduces serum AFP levels, and the postinterferon treatment AFP level is strongly associated with the suppression of
HCC, regardless of whether or not sustained virological response (SVR) is
achieved.

Research frontiers

The combination of direct-acting antiviral agents (DAAs) with pegylatedinterferon-α (PEG-IFNα) and ribavirin (RBV) has resulted in an improved
SVR rate. However, there is no data on the efficacy of DAAs for reducing the
development of HCC. This cohort study was conducted to compare serum
AFP levels and SVR in patients treated with telaprevir-based triple therapy or
conventional dual therapy with PEG-IFNα and RBV.

Innovations and breakthroughs

This is the first study to compare the treatment effect of therapy for hepatitis C
virus infections on serum AFP that includes a DAA and conventional PEG-IFNα
plus RBV dual therapy.

Applications

By understanding the efficacy of DAAs on reducing serum AFP levels, this
study provides evidence that therapies that include a DAA have the potential to
dramatically reduce the risk of developing HCC.

Terminology

The combination therapy of PEG-IFNα and RBV that has been used for the
last decade has improved the SVR rate to about 50% for chronic hepatitis
C patients infected with HCV genotype 1. Interferon therapy is effective in
reducing the number of patients who develop HCC, not only for SVR patients
but also for non-SVR patients. DAAs, which are HCV non-structural 3/4A
(NS3/4A) protease inhibitors, have recently been introduced, and triple therapy
regimens that include a protease inhibitor with conventional PEG-IFNα and
RBV have significantly improved the SVR rate, up to 80% for patients with HCV
genotype 1.

Peer-review

This manuscript is an interesting study that aims to investigate the effect of
TVR-based triple therapy on the serum AFP level.
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Abstract
AIM: To evaluate the effect of a relaxing visual distraction
alone on patient pain, anxiety, and satisfaction during
colonoscopy.
METHODS: This study was designed as an endoscopistblinded randomized controlled trial with 60 con
secutively enrolled patients who underwent elective
colonoscopy at Yokohama City University Hospital,
Japan. Patients were randomly assigned to two groups:
group 1 watched a silent movie using a head-mounted
display, while group 2 only wore the display. All of the
colonoscopies were performed without sedation. We
examined pain, anxiety, and the satisfaction of patients
before and after the procedure using questionnaires
that included the Visual Analog Scale. Patients were
also asked whether they would be willing to use the
same method for a repeat procedure.
RESULTS: A total of 60 patients were allocated to
two groups. Two patients assigned to group 1 and one
patient assigned to group 2 were excluded after the
randomization. Twenty-eight patients in group 1 and 29
patients in group 2 were entered into the final analysis.
The groups were similar in terms of gender, age,
history of prior colonoscopy, and pre-procedural anxiety
score. The two groups were comparable in terms of the
cecal insertion rate, the time to reach the cecum, the
time needed for the total procedure, and vital signs.
The median anxiety score during the colonoscopy did
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[2]

not differ significantly between the two groups (median
scores, 20 vs 24). The median pain score during the
procedure was lower in group 1, but the difference
was not significant (median scores, 24.5 vs 42). The
patients in group 1 reported significantly higher median
post-procedural satisfaction levels, compared with
the patients in group 2 (median scores, 89 vs 72, P =
0.04). Nearly three-quarters of the patients in group 1
wished to use the same method for repeat procedures,
and the difference in rates between the two groups
was statistically significant (75.0% vs 48.3%, P =
0.04). Patients with greater levels of anxiety before
the procedure tended to feel a painful sensation.
Among patients with a pre-procedural anxiety score of
50 or higher, the anxiety score during the procedure
was significantly lower in the group that received the
visual distraction (median scores, 20 vs 68, P = 0.05);
the pain score during the colonoscopy was also lower
(median scores, 23 vs 57, P = 0.04). No adverse effects
arising from the visual distraction were recognized.

prevalence and mortality rates have been increasing .
Colonoscopy plays an important role in reducing
colorectal cancer death not only through the diagnosis
of colon cancer but also the removal of premalignant
[3,4]
lesions and early cancers . In addition, colonoscopy
is the most reliable tool for evaluating inflammatory
bowel disease and for detecting other structural
lesions of the colon. Thus, colonoscopy is becoming
increasingly important.
However, colonoscopy is considered to be an
uncomfortable procedure and is often accompanied by
pain. Anxiety regarding the procedure and fear of pain
are two reasons why some patients do not undergo
[5]
an endoscopy for cancer screening . Thus, methods
for reducing anxiety and fear are needed to enable a
higher rate of screening colonoscopy.
Most centers currently use some form of sedation to
reduce anxiety and pain in patients undergoing endoscopic
[6,7]
procedures . However, the use of sedative drugs
increases the risk of colonoscopy-related complications,
including respiratory depression, hypotension, and even
[8-10]
[11]
myocardial ischemia
. Ko et al performed a study
examining complications after screening or surveillance
colonoscopy and reported that respiratory depression,
which is the most common immediate complication,
occurred in 7.5 of 1000 persons, while cardiovascular
complications, including hypotension and bradycardia,
occurred in 4.9 of 1000 persons. The majority of
complications were self-limited, but medications
including atropine, flumazenil, and naloxone were
administered for rescue in some cases. In terms of
expense, sedated colonoscopies were more costly, and
it was reported that a cost-savings of $106 to $206 per
[12]
single procedure was feasible by not using sedation .
Moreover, a study in France reported that sedation
(usually propofol) administered by anesthesiologists,
added 285% to the cost of colonoscopy (€740 vs €192
for a colonoscopy with vs without an anesthesiologist,
[13]
respectively) .
Therefore, safe and inexpensive methods for opti
mizing colonoscopy performance without the use of
routine sedation should be a target of further research
assessment. The use of various distraction techniques,
including auditory and olfactory stimulation, to decrease
pain and anxiety has been reported in association
[14-16]
with other medical procedures
. The effects of
music on alleviating anxiety and decreasing the dose
of sedation during endoscopy have been reported in
[17-19]
a number of studies
. Other studies have shown
that aromatherapy can be an inexpensive, safe, and
[20,21]
effective procedural tool
.
Methods using visual stimulation have also been
[22,23]
reported to be effective in other medical procedures
.
Although visual distraction is feasible as an inexpensive,
noninvasive, and effective non-pharmacological method
for endoscopic procedures, few studies have analyzed
the effect of visual distraction on the anxiety levels of
patients undergoing a colonoscopy. To our knowledge,

CONCLUSION: Visual distraction alone improves
satisfaction in patients undergoing colonoscopy and
decreases anxiety and pain during the procedure
among patients with a high pre-procedural anxiety
score.
Key words: Colonoscopy; Photic stimulation; Patient
satisfaction; Colorectal cancer screening; Anesthesia
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We conducted a randomized controlled trial
to test the effect of relaxing visual distraction during
colonoscopy. Sixty patients were randomly assigned
to two groups: group 1 watched a silent movie using
a head-mounted display, while group 2 only wore the
display. Patients in group 1 reported a significantly
higher post-procedural satisfaction. Among those with
a high pre-procedural anxiety score, the scores for
anxiety and pain during the procedure were significantly
lower in the group with the visual distraction. Visual
distraction alone improves satisfaction during a
colonoscopy and decreases anxiety and pain among
patients with a high pre-procedural anxiety score.
Umezawa S, Higurashi T, Uchiyama S, Sakai E, Ohkubo H,
Endo H, Nonaka T, Nakajima A. Visual distraction alone for the
improvement of colonoscopy-related pain and satisfaction. World
J Gastroenterol 2015; 21(15): 4707-4714 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i15/4707.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i15.4707

INTRODUCTION
Colorectal cancer is one of the most commonly
[1]
encountered neoplasms worldwide , and both its
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only two studies have investigated its beneficial effect
[24,25]
in patients undergoing a colonoscopy
. In these
trials, however, the patients underwent a colonoscopy
with routine sedation and the visual distraction was
partly supplied concurrently with an audio intervention.
No previous study has tested the effect of visual
distraction alone during a colonoscopy without any
sedative medication.
We conducted a randomized controlled trial
examining the use of a relaxing visual distraction
alone during outpatient colonoscopy without sedation
to clarify whether such visual distractions can have
beneficial effects on patient pain, anxiety, and
satisfaction and to examine its influence on endoscopy
parameters, including insertion difficulty, insertion
time, and vital signs.

examination was completed. All of the colonoscopies
were performed without carbon dioxide insufflation,
sedative medication, music, or any other methods that
could have impacted patient anxiety or pain during
the colonoscopy. In Japan, screening colonoscopy
is usually carried out without sedative drugs. We
were ready to provide conscious sedation as rescue
measure for patients that could not tolerate pain. We
also did not use antispasmodic medication, including
butyl scopolamine bromide. The oxygen saturation
and blood pressure were continuously monitored
throughout the procedure.
We examined pain, anxiety, and the satisfaction
of patients before and after an endoscopy using
questionnaires that included a Visual Analog Scale
(VAS) consisting of a 100-mm horizontal line that
was scored from 0 to 100 for the measurement of
pain, anxiety, and satisfaction; the patients were also
asked whether they would be willing to use the same
method for a repeat procedure. Before colonoscopy
started, patients were asked severity of worry for preprocedural anxiety score. After colonoscopy had been
finished, patients were asked highest level of anxiety
and pain they felt during procedure and degree of
satisfaction.
The primary outcome measures were the pain
score during colonoscopy (as scored using the VAS),
the anxiety score during colonoscopy (as scored using
the VAS) and the satisfaction score after colonoscopy
(as scored using the VAS). Other outcomes included
the cecal insertion rate, the cecal insertion time, the
time required for the total procedure, and the vital
signs before, during, and after the colonoscopy. A flow
chart of this study is shown in Figure 2.
The sample size was estimated based on a previous
study for improvement of pain during colonoscopy
with music. Ovayolu demonstrated the beneficial effect
of music for pain and satisfaction by a study of 60
[18]
patients undergoing elective colonoscopy . As this
study of Ovayolu, we assumed that there would be a
40% reduction of pain score. With P value of 0.05 and
a power of 80%, it was calculated that 28 patients
would be needed in each group.

MATERIALS AND METHODS
This study was designed as an endoscopist-blinded
randomized controlled trial to be performed in 60
consecutive patients who were undergoing elective
colonoscopy for screening at Yokohama City University
Hospital, Japan, between April 2012 and March 2014.
The inclusion criteria were (1) attending a non-sedated
screening colonoscopy; and (2) an age of between
20 years and 80 years. The exclusion criteria were
(1) previous abdominal surgery; (2) visual disability;
(3) history of severe heart failure, renal failure, liver
cirrhosis or chronic hepatic failure; (4) personal
history of anxiety or psychiatric disorders; (5) chronic
pain disorders; and (6) pregnancy or possibility of
pregnancy.
Written informed consent was obtained from
all subjects prior to their participation in the study.
The study protocol was approved by the Yokohama
City University Hospital Ethics Committee. This trial
was registered in the University Hospital Medical
Information Network (UMIN) Clinical Trials Registry as
UMIN 000009009.
Participating patients were randomly assigned
using computer generated numbers into two groups:
group 1 received a visual distraction, while group 2
did not receive a relaxation method. All participants
were directed not to tell anyone to which group they
had been assigned. Patients in both groups wore a
®
head-mounted display (MOVERIO EPSON ; SEIKO
EPSON CORPORATION, Nagano Japan). We used
a see-through display that projects images visible
only from the inside without blocking the vision of
the patients because a visual field loss might have
increased the anxiety levels of the patients (Figure
1). To evaluate the effect of visual distraction alone,
the patients in group 1 watched a silent movie (silent
comedy), while those in group 2 wore the displays
but did not watch a movie. The randomization
procedure and the display mounting were performed
by doctors who were not endoscopists. As a result,
the endoscopists remained blind to whether the
patients were or were not watching a movie until the
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Statistical analysis

The statistical analysis was performed using SPSS
version 21 (International Business Machines Corporation,
Armonk, New York, United States). A comparison of
quantitative variables (expressed as the median,
range) including the scores for pain, anxiety, and
satisfaction (the primary endpoints) was performed
2
using the Mann-Whitney test. The χ test was used
for categorical data. A P value of 0.05 or less was
regarded as statistically significant.

RESULTS
A total of 60 patients were allocated to two groups. Two
patients assigned to group 1 and one patient assigned
to group 2 were excluded after the randomization:
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Head-mounted display
®
(MOVERIO EPSON )

Figure 1 Head-mounted display (MOVERIO EPSON®; SEIKO EPSON CORPORATION, Nagano Japan) projects an image visible only from the inside without
blocking the patient’s vision.

Patients for elective screening colonoscopy: n = 971
Excluded: n = 911
reasons:
334 not meeting the including criteria
128 history of previous abdominal surgery
449 not hoping to attend the study

Total subjects enrolled: n = 60
Randomized allocation

Visual distraction group: n = 30

No distraction group: n = 30

Questionnaire response for pre-procedural score

Colonoscopy
2 excluded reasons:
1 refusal of questionnaires response
1 rectal stenosis for carcinoma

1 excluded reasons:
1 withdrawal of consent

Questionnaire response for score during and after procedure

Analyzed: n = 29

Analyzed: n = 28

Figure 2 Flow chart of study.
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Table 1 Patient characteristics and results of pre-procedural anxiety scores
Group 2 (no visual distraction)

P value

28
19:9
65.5 (16.25, 32-79)

29
19:10
66 (11, 45-77)

0.93
0.92

64.3%
2 (2, 0-8)
52.5 (48.75, 0-95)

62.1%
2 (3, 0-10)
51 (55, 0-100)

0.86
0.45
0.53

Group 1 (visual distraction)
Number of patients
Gender, male:female
Age, median (IQR, range)
Previous experience with colonoscopy
yes
Number of colonoscopies, median (range, IQR)
Pre-procedural anxiety score, median (range, IQR)
IQR: Interquartile range.

Table 2 Features and outcomes of procedure
Group 1 (visual distraction)
Cecal insertion rate
Time to reach cecum, in seconds, median (IQR, range)
Time needed for total procedure, in seconds, median (IQR, range)
Systolic blood pressure, in mmHg, median (IQR, range)
Before procedure
Highest during procedure
After procedure

96.4%
634.5 (230, 150-1669)
921 (245.25, 412-1856)
132.5 (22.75, 102-165)
140 (21.75, 99-220)
128.5 (14.5, 97-182)

Group 2 (no visual distraction)

P value

96.6%
720 (430, 326-2040)
1056 (375, 558-2375)

0.98
0.52
0.29

132 (27, 98-170)
134 (46, 107-193)
127 (25, 100-165)

0.96
0.99
0.85

IQR: Interquartile range.

one patient in group 1 refused to complete the
questionnaire, one patient in group 1 did not undergo
a total colonoscopy because of rectal stenosis from
a carcinoma, and one patient in group 2 withdrew
consent during the colonoscopy. As a result, 28
patients in group 1 and 29 patients in group 2 were
entered into the final analysis. All the colonoscopies
were performed without sedation and no patient
received conscious sedation as rescue for unbearable
pain. No adverse effects arising from the visual
distraction were recognized.

colonoscopy did not differ significantly between the
two groups (20 in group 1 vs 24 in group 2). The
median pain score during the procedure was lower in
group 1, but the difference was not significant (median
scores, 24.5 in group 1 vs 42 in group 2). The patients
in group 1 reported significantly higher median postprocedural satisfaction levels, compared with the
patients in group 2 (median scores, 89 in group 1 vs
72 in group 2, P = 0.04). Nearly three-quarters of the
patients in group 1 wished to use the same method for
repeat procedures, and the difference in rates between
the two groups was statistically significant (75.0% in
group 1 vs 48.3% in group 2, P = 0.04).

Patient characteristics and pre-procedural state

Table 1 summarizes the patient characteristics and
pre-procedural anxiety scores for each group. The
groups were similar in terms of gender (67.9% men
in group 1% vs 65.5% in group 2), age (median, 70
years vs 66 years), history of prior colonoscopy (64.3%
vs 62.1%), and pre-procedural anxiety score (median,
52.5 vs 51).

Beneficial impact in patients with high anxiety levels

Patients with greater levels of anxiety before the
procedure tended to feel a painful sensation. The
questionnaire results of the patients with a preprocedural anxiety score of 50 or higher are shown
in Table 4. Among these patients, the anxiety score
during the procedure was significantly lower in the
group that received the visual distraction (20 in group
1 vs 68 in group 2, P = 0.05); the pain score during
the colonoscopy was also lower (23 in group 1 vs 57 in
group 2, P = 0.04).

Endoscopy parameters

The features of the colonoscopy procedures and their
various outcomes, including vital signs, are provided in
Table 2. The two groups were comparable in terms of
the cecal insertion rate (96.4% in group 1 vs 96.6% in
group 2), the time to reach the cecum (median, 639
s vs 720 s), the time needed for the total procedure
(median, 921 s vs 1068 s), and the vital signs.

DISCUSSION
The purpose of the present study was to determine
the beneficial effect of a visual distraction during
colonoscopy. The results of previous studies have
suggested that using a visual stimulation has positive
physiological and psychological impacts during other
[22,23]
medical situations
. In endoscopic procedures,

Effects of visual distraction on anxiety, pain, and
satisfaction

The results of the questionnaires are summarized
in Table 3. The median anxiety score during the
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Table 3 Results of questionnaires
Group 1 (visual distraction)
Pre-procedural anxiety score, median (IQR, range)
Anxiety score during procedure, median (IQR, range)
Pain score during procedure, median (IQR, range)
Post-procedural satisfactory score, median (IQR, range)
Willing to receive the same method at next time

Group 2 (no visual distraction)

P value

51 (55, 0-100)
24 (67, 0-96)
42 (52, 0-100)
72 (42, 1-100)
48.3%

0.53
0.70
0.47
0.04
0.04

52.5 (48.75, 0-95)
20 (17.25, 0-85)
24.5 (33.25, 0-96)
89 (21.75, 18-100)
75.0%

IQR: Interquartile range.

Table 4 Questionnaire results in patients with a pre-procedural anxiety score of 50 or higher

Number of patients
Cecal insertion rate
Time to reach cecum, in seconds, median (IQR, range)
Time needed, for total procedure, in seconds, median (IQR, range)
Pre-procedural anxiety score, median (IQR, range)
Anxiety score during procedure, median (IQR, range)
Pain score during procedure, median (IQR, range)

Visual distraction

No visual distraction

P value

17
100%
639 (305, 260-1669)
923 (302, 482-1856)
75 (18, 51-95)
20 (29, 7-85)
23 (30, 0-83)

16
100%
611 (446.25, 326-1571)
1000.5 (427.5, 558-1822)
69 (24.75, 51-100)
68 (49.75, 11-91)
57 (40.25, 2-100)

0.67
NS
0.80
0.93
0.44
0.05
0.04

IQR: Interquartile range; NS: Not significant.

the use of various distraction techniques, including
auditory and olfactory stimulation, to reduce anxiety
[17-21,24,25]
and pain has been reported in several studies
.
However, the effect of visual stimulation during
colonoscopy is much less consistent. To the best of
our knowledge, this is the first study to show the
effectiveness of visual distraction alone in improving
satisfaction during a colonoscopy without any sedative
intervention or relaxation methods, including music.
We also found that visual distraction may reduce pain,
although the difference in the pain score was not
significant when examined for all the patients included
in this trial.
[24]
Lembo et al
investigated whether audio and
visual distractions reduced discomfort during a
flexible sigmoidoscopy. Thirty-seven patients were
enrolled in this study and were randomized to groups
receiving no intervention, audio stimulation alone, or
audio and visual distraction. The results showed that
patients receiving combination of audio and visual
interventions had lower discomfort and anxiety levels,
compared with the results for the other two groups.
This observation supports the findings of the current
study and suggests that visual distraction can be used
to reduce displeasure during a colonoscopy. None
of the groups in this previous study received visual
intervention alone; thus, whether visual distraction
alone had a beneficial effect could not be determined.
[25]
On the other hand, Lee et al
designed a trial to
examine the effects of music and visual stimulation on
pain, satisfaction, and the dose of sedative medication
in patients undergoing an elective colonoscopy with
propofol. In this study, 165 patients were randomly
assigned to receive no intervention, visual distraction
alone, or audio and visual distraction. They found that
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visual distraction alone did not decrease either the pain
score or the dose of sedative medication, although
both parameters decreased when an audio distraction
was added. These results might have differed from
the presently reported findings because the previous
authors used a visual distraction concurrently with
sedation, which might have reduced the effect of the
relaxation method. In addition, the display that they
used to provide the visual distraction was not seethrough. Blocked views can affect the psychological
state of patients, influencing anxiety levels. Another
possible reason is ethnic differences. Campbell
[26]
et al
examined 120 healthy young adults and
demonstrated differences in pain responses between
African Americans and Caucasians across multiple
stimulus modalities. Some studies have also reported
[27]
that ethnicity affects pain sensitivity . Thus, the pain
responses of the Japanese participants in the present
trial might have differed from those of other ethnic
groups, including the participants of the previous
study.
As described in previous studies, we expect that
a visual distraction would be more effective when
[24,25]
used in combination with an audio distraction
.
Moreover, visual stimulation might provide a more
advantageous effect when used in combination with
olfactory stimulation, which has been reported to
improve anxiety levels during endoscopic procedures
[20,21]
but requires further research
.
The present study also demonstrated that a visual
distraction reduced anxiety and pain levels during a
colonoscopy in patients with high anxiety levels prior
to the procedure, although the number of patients
with high anxiety a bit small. Exactly how the visual
distraction decreased the pain levels in patients with
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high anxiety levels remains uncertain. As the cecal
insertion rates, times required for insertion and the
total procedure, and the vital signs during colonoscopy
were comparable between the two groups, the visual
distraction might have had a psychological effect
(including a reduction in anxiety), rather than a
physical effect. Several studies have reported that
anxiety induces hyperalgesia and that the threat of
shock (without actual exposure) lowers pain thresholds
[28,29]
[30]
in humans
. Elphick et al found that high anxiety
and anticipating discomfort were independently
associated with discomfort during colonoscopy. These
results supported our hypothesis that the visual
distraction decreased pain by allaying some of the
anxiety; thus, it was more effective in patients who
were extremely anxious.
Colonoscopy is thought to be an uncomfortable
and painful endoscopic procedure. In a previous
study, a notable proportion of patients mentioned
concerns and fears regarding discomfort as a reason
why they did not undergo an endoscopic procedure
[5]
for colorectal cancer screening . In the present trial,
a significantly higher proportion of patients in the
visual distraction group expressed a preference to
undergo the same technique if they had to undergo a
repeat colonoscopy in the future. This result suggests
that visual distraction can improve the tolerance and
acceptability of a colonoscopy to patients. However,
whether an increase in satisfaction as a result of the
visual intervention could increase the proportion of
patients undergoing a colonoscopy remains unclear,
and needs further research, including a follow-up
review, is necessary. Nonetheless, the use of a visual
intervention would enable improvements in costs and
risk arising from sedation in most endoscopy units.
Our study had several limitations. First, the
beneficial effect of the visual interaction was relatively
modest. We used only one movie for all the patients.
In an effort to evaluate the simple impact of visual
stimulation, a silent comedy was selected for use in
this trial. It is possible that providing patients with
a greater choice of movies might result in greater
benefits. Secondly, masking of randomization might
have been ineffective. Since the patients in group
1 were watching a comedy, it is expected that their
behavior during the procedure might had unmasked
the randomization. Thirdly, we recruited both patients
for first colonoscopy and with experience of previous
colonoscopies. This could have introduced bias.
Fourthly, we did not have the data of insertion depth
of scope when it reached cecum, which is also an
important factor of pain. Fifth, the number of patients
in this trial was somewhat small. The results in the
high pre-procedure anxiety group with a P value
of 0.04-0.05 may be of borderline significance. We
consider that further investigation with larger sample
size is needed to confirm the result of current study.
In conclusion, this prospective randomized trial
demonstrated that visual distraction alone improves
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satisfaction in patients undergoing a colonoscopy
without sedation and decreases anxiety and pain
during the procedure in patients with high anxiety
levels before the procedure. Using visual intervention
could result in an improvement of the acceptability of
colonoscopy and reductions in costs and complications
arising from the use of sedative medication. We
recommend using a visual distraction technique
during colonoscopy, especially for patients with strong
anxieties, as it is a simple, noninvasive, and low-cost
method.
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METHODS: From June 2011 to December 2013, a
total of 428 patients were enrolled into the study, of
which 214 patients admitted to hospital underwent EMR
or ESD procedures. These patients were randomized
to an antibiotic group, in which patients were given
cefuroxime 1.5 g iv half an hour before and 6 h after
surgery respectively, and a control group, in which
patients were not given any antibiotic. A further 214
outpatients with small polyps treated by polypectomy
were compared with controls that were matched by
age and gender, and operations were performed as
outpatient surgery. Recorded patient parameters were
demographics, characteristics of lesions and treatment
modality, and the size of the wound area. The primary
outcome measures were clinical adverse events,
including abdominal pain, diarrhea, hemotachezia,
and fever. Secondary outcome measures were white
blood cell count, C-reactive protein and blood culture.
Additionlly, the relationship between the size of the
wound area and clinical adverse events was analyzed.
RESULTS: A total of 409 patients were enrolled in
this study, with 107 patients in the control group,
107 patients in the antibiotic group, and another 195
cases in the follow-up outpatient group. The patients’
demographic characteristics, including age, gender,
characteristics of lesions, treatment modality, and
the size of the wound area were similar between
the 2 groups. The rates of adverse events in the
antibiotic group were significantly lower than in the
control group: abdominal pain (2.8% vs 14.9%, P <
0.01), diarrhea (2.0% vs 9.3%, P < 0.05), and fever
(0.9% vs 8.4%, P < 0.05) respectively. The levels of
inflammatory markers also decreased significantly in
the antibiotic group compared with the control group:
leukocytosis (2.0% vs 11.2%, P < 0.01), and C-reactive
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AIM: To investigate the effect of prophylaxis with
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protein (2.0% vs 10.7%, P < 0.05). Additionally, clinical
adverse events were related to the size of the surgical
wound area. When the surgical wound area was
larger than 10 mm × 10 mm, there were more clinical
adverse events.

controlled study to observe the effect of prophylactic
antibiotics in the perioperative period on clinical adverse
events such as abdominal pain, diarrhea and fever
after ESD or EMR procedures for superficial colorectal
neoplasia.

CONCLUSION: Clinical adverse events are not un
common after EMR or ESD procedures. Prophylactic
antibiotics can reduce the incidence of clinical adverse
events. This should be further explored.

MATERIALS AND METHODS
Patients

The study was approved by the ethics committee
of the Branch of Shanghai First People’s Hospital,
and informed signed consent was obtained from all
patients. From June 2011 to December 2013, a total of
428 patients were enrolled into the study. Half of them
were admitted to our hospital and underwent EMR or
ESD procedures for superficial colorectal neoplasia.
These selected patients were randomized to 2 groups
using opaque sealed envelopes. One was the antibiotic
group; patients were given antibiotics intravenously
half an hour before surgery (1.5 g cefuroxime + 100
mL saline solution), and infusion was completed within
30 min. Six hours after surgery, another dose was
administered intravenously again. The other group was
the control group, in which patients were not given
any antibiotic. All patients resumed a normal diet step
by step after 24 h of fasting.
Patients with diminutive or small (< 10 mm)
polyps were gender and age matched with the
inpatients enrolled into the study (age ± 2 year,
gender 1:1 matched), and operations were performed
as outpatient surgery. The first day after surgery
blood samples were collected for white blood cell
counts (WBC), C-reactive protein (CRP) and blood
culture. Meanwhile data on abdominal pain, diarrhea,
hematochezia and fever of patients was recorded and
the patients were followed up by telephone for 3 d.
The surgical wound area was less than 10 mm × 10
mm and no antibiotics were used in these patients.
One hundred and ninety-five patients completed this
study.
Exclusion criteria were patients with blood disease,
coagulation dysfunction, taking anticoagulants, allergic
to penicillin, history of previous colorectal surgical
resection, or submucosal invasive lesions. Additionally
patients with poor bowel preparation were also
excluded.
On postoperative day 1, blood samples for WBC,
CRP and blood culture were collected for all inpatients.
Recorded patients parameters were demographics,
characteristics of lesions and treatment modality, and
the size of the wound area. The endoscopic morphology
of superficial lesions was recorded according to standard
[1]
Paris classification .

Key words: Antibiotic prophylaxis; Endoscopic mucosal
resection; Endoscopic submucosal dissection; Adverse
events; Cefuroxime
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We designed a controlled, randomized study
to investigate the effect of prophylaxis with antibiotics
on clinical adverse events in patients who underwent
endoscopic submucosal dissection (ESD) or endoscopic
mucosal resection (EMR) procedures for colorectal
lesions, and observed the value of surgical wound area
as a risk factor. Clinical adverse events (abdominal pain,
diarrhea, hematochezia and fever), leukocytosis and
elevated levels of C-reactive protein are not uncommon
after EMR or ESD procedures. Prophylactic antibiotics
can reduce the incidence of clinical adverse events
significantly. In addition, when the surgical wound area
is larger than 10 mm × 10 mm, more clinical adverse
events occur.
Zhang QS, Han B, Xu JH, Gao P, Shen YC. Antimicrobial
prophylaxis in patients with colorectal lesions undergoing
endoscopic resection. World J Gastroenterol 2015; 21(15):
4715-4721 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i15/4715.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4715

INTRODUCTION
With the development of endoscopic technique, a
growing number of clinicians choose endoscopic
treatment as a standard treatment for superficial
colorectal neoplasia. The colon, as a polluted envi
ronment, induces a risk of infection even bacteremia or
sepsis after polypectomy. In general, there is no need
for prophylactic antibiotics in the perioperative period for
small polyps usually accompanied with a relatively small
wound area. However, the larger, flat and sessile polyps
tend to have a higher risk of infection after endoscopic
submucosal dissection (ESD) or endoscopic mucosal
resection (EMR) procedures, possibly because of the
larger surgical wound areas. There is no consensus yet
as to whether the application of prophylactic antibiotics
in the perioperative period is needed for EMR or ESD.
We have chosen 428 cases of patients for a prospective
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Outcome variables and definition

The primary outcome measure was clinical adverse
events, including abdominal pain, diarrhea, hema
tochezia, fever and length of hospital stay (excluding
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events caused by other known reasons). Secondary
outcome measures included inflammatory markers
such as WBC, CRP and blood culture.
9
Leukocytosis was defined as a WBC ≥ 1.1 × 10 /L.
An elevated level of CRP was defined as CRP value
≥ 2 times the upper limit of the normal reference
value. Usually a hospital stay for inpatients undergoing
EMR or ESD procedures did not exceed over 72 h. So
length of hospitalization over 72 h was considered as
elongated.
The wound area of lesions was recorded after
operation visually under endoscopy. A single wound
area of lesion was defined as the length times the
width, and the wound area of multiple lesions was
recorded as the sum of the lengths times the sum of
the widths.

the antibiotic group, and 195 cases in the followup outpatient group. Baseline demographic, clinical
characteristics of lesions, and treatment modality were
compared between the control group and the antibiotic
group. No significant differences regarding gender
or age were observed between the two groups (P >
0.05). No significant differences regarding the size,
morphology, location and treatment modality of the
lesions were observed between the two groups (P >
0.05) (Table 1).
Abdominal pain was the most common adverse
event; usually the pain was mild or moderate,
and could be remitted by sedative drugs or anticholinergic agents. Rarely narcotic analgesics were
needed. Among control group patients, abdominal
pain occurred in 16 of the 107 (14.9%) patients; in
the antibiotic group, only 3 of the 107 patients (2.8%)
suffered abdominal pain. The difference was significant
(P < 0.05). Diarrhea occurred in 2 of the 107 (2.0%)
patients in the antibiotic group and in 10 of the 107
(9.3%) in the control group (P < 0.05). The range
of fever usually was 37.2 ℃ to 38.5 ℃, rarely over
39 ℃. In the antibiotic group, the incidence of fever
was 0.9% (1/107), also significantly less than 8.4%
of control group patients (9/107, P < 0.05). As for
hematochezia, another common adverse event, this
occurred in 5.5% of patients (6/107) in the control
group and in 3.7% patients (4/107) in the antibiotic
group, and no significant difference was observed.
Leukocytosis and elevated levels of CRP occurred
in 11.2% and 10.7% patients from the control group
and in 2.0% and 2.0% patients from the antibiotic
group respectively; there was a significant difference
between the two groups (Table 2, P < 0.05). In
addition, four patients in the control group showed
fever (temperature > 38.5 ℃), leukocytosis and
abdominal pain and were diagnosed as having local
infections. All of the symptoms disappeared quickly
after treatment, including fasting and the use of
antibiotics. Two patients showed positive blood culture,
one was Escherichia coli, the other was Enterococcus
faecalis, and both were cured after anti-infective
therapy. No patient had the complication of perforation
in this study.
In this study, we found that clinical adverse events
were related to the surgical wound area. When the
surgical wound area was larger than 10 mm × 10
mm, there were more clinical adverse events. Every
specific event, including abdominal pain, diarrhea,
hematochezia, fever, and hospital stay over 72 h in
patients with a surgical wound area more than 10 mm
× 10 mm was significantly more frequent than in those
patients with a surgical wound area less than 10 mm
× 10 mm; the difference was significant (Table 3, P <
0.05).

Instruments

The ESD or EMR was performed with electronic colono
scope (Olympus-CF-Q260 AI; Japan), ultrasonic
endoscope (Olympus EUM 200), needle (NM-4L-1),
hot biopsy forceps (FD-1U-1), endoclip (HX-110LR,
HX-610-135), hooking knife (Olympus), insulationtipped knife (Olympus) and suction cap. The coagulating
cutting was carried out with mixed current mode
with high frequency electrotomy equipment (ERBE
ICC-200; Germany) and argon plasma (ERBE APC
300; Germany). Injection was mixed with 1:10000
adrenaline and 0.5% methylene blue solution.

Endoscopic procedure

The surgical mode depends on the size and pathologic
feature of the lesions. If the lesion was small in
diameter (< 10 mm) and pathological diagnosis was
non-invasive, it was cut with snare technique by high
frequency electrocision. On the other hand, if the lesion
was between 10 mm and 20 mm in size, or the lesion
was small in size (< 10 mm) but with an invasive
pathology, EMR was adopted for complete lesion
resection. If the lesion was large in size (> 20 mm),
the ESD procedure was chosen. Detailed procedures
of EMR and ESD can be found in research by Zhou et
[2]
al . For larger lesions (> 3 cm) with a peduncule, it
was cut with a snare for the raised section, followed by
EMR or ESD for the residual base.

Statistical analysis

The statistical package SPSS 18.0 (SPSS Inc., Chicago,
Ill., United States) was used for analyzing the data.
Mean ± SD were given and compared using a two2
sided Mann-Whitney U test. A χ or Fisher’s exact test
was applied to the categorical variables, whenever
appropriate. For all comparisons, the criterion for
statistical significance was P < 0.05.

RESULTS

DISCUSSION

In total, 409 patients completed this study, with
107 patients in the control group, 107 patients in
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Surgical site infection is the second most common
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Table 1 Clinical characteristics of inpatients, lesions and
treatment modality n (%)

Table 2 Comparison of adverse events between antibiotic
and control groups

P value1

Antibiotic group Control group P value
(n = 107)
(n = 107)

Characteristic

Antibiotic group
(n = 107)

Control group
(n = 107)

Age (yr)
68.1 ± 12.5 (42-86) 63.1 ± 9.5 (39-82)
Gender (M:F)
62:45
68:39
Tumor size
< 10 mm
22 (20.5)
19 (17.8)
10-20 mm
60 (56.1)
65 (60.7)
> 20 mm
25 (23.4)
23 (21.5)
Macroscopic type
Pedunculated
14 (13.0)
16 (15.0)
Subpedunculated
32 (29.9)
30 (28.0)
Sessile
24 (22.4)
22 (20.6)
Flat elevated (0-Ⅱa)
28 (26.2)
30 (28.0)
Flat (0-Ⅱb, 0-Ⅱc)
9 (8.5)
9 (8.5)
Location
Rectum and sigmoid
58 (54.2)
61 (57.0)
Descending
23 (21.5)
19 (17.8)
Transverse
12 (11.2)
14 (13.1)
Ascending and cecum
14 (13.1)
13 (12.1)
Treatment modality
ESD
45 (42.1)
42 (39.3)
EMR
62 (57.9)
65 (60.7)

0.7322
0.421

Clinical adverse events
Abdominal pain
Diarrhea
Hematochezia
Fever
Leukocytosis
Elevated CRP
Blood culture (+)
Hospital stay over 72 h

0.602
0.488
0.743
0.694
0.763
0.739
0.758
1.000

16
10
6
9
12
8
2
21

0.002
0.017
0.517
0.010
0.006
0.050
0.155
0.002

1

Fisher’s exact test. CRP: C-reactive protein.

0.680
0.491
0.676
0.741

Table 3 Relationship between the size of wound area and
clinical adverse events
Wound area

0.676
0.676

< 10 mm ×
10 mm
1

Clinical adverse events
Abdominal pain
Diarrhea
Hematochezia
Fever
Leukocytosis
Elevated CRP
Blood culture( + )

1

Fisher’s exact test (excluding variable age); 2Student’s t-test. ESD:
Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.

iatrogenic infection, and happens in 2%-5% of
patients undergoing abdominal aseptic operations and
in more than 20% of patients undergoing abdominal
operations. Such infection is a major contributor
to patient length of stay, mortality, and health care
[3,4]
costs . The 2002 Medicare National Surgical Infection
Prevention Project suggested antibiotic prophylaxis
should be used during colorectal operations in general
[5]
abdominal surgery . It was reported that bacteremia
occurred in 0% to 8%patients undergoing gastroscopy,
[6,7]
with or without a biopsy . The rate of bacteremia
during colonoscopy ranges from 0% to 25%. Usually
the bacteremia is transient and lasts a short time (<
30 min), and no clinical infectious manifestations have
[8]
been observed . Currently with improvements in
endoscopic modality and operational skill, the bacteria
associated with conventional endoscopy maneuver are
rare, and usually without clinical value. The routine
use of antibiotics only to prevent infective endocarditis
is no longer recommended; however, administering
antibiotics to prevent infections is recommended during
some endoscopic procedures, such as percutaneous
endoscopic gastrostomy, and esophageal dilation and
[9,10]
sclerotherapy
.
EMR or ESD, a new technique for complete
resection of gastrointestinal lesions under endoscopy,
entails production of a large mucosal defect which
is left open, without endoscopic closure. Extensive
submucosal exposure to the indigenous bacterial ﬂora
in the gastrointestinal tract may cause bacteremia and/
or endotoxemia. Though many studies have recorded
the occurrence and management of perforation and
bleeding after EMR or ESD, only a limited number of
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3
2
4
1
2
2
0
6

1

> 10 mm ×
10 mm

P value3

2

(n = 195)

(n = 107)

12
7
3
3
3
2
0

16
10
6
9
12
8
2

0.009
0.038
0.048
0.004
0.003
0.003
0.112

1

The follow-up outpatients; 2The control group inpatients; 3Fisher's exact
test. CRP: C-reactive protein.

studies focus on the occurrence and management of
[11]
postoperative infection. In a pilot study by Kato et al ,
bacteremia and endotoxemia after ESD for superﬁcial
gastric neoplasia in 50 patients were studied. Four
percent (2 patients) of the cases after ESD showed
positive blood cultures, but clinical infectious
manifestations had not been observed. So they argued
that there was no need to apply antibiotic prophylaxis
[12]
for these patients. In the study by Lee et al , bacte
remia after ESD for upper gastrointestinal lesions was
studied in 38 patients. At 10 min post-procedure,
5.3% (2/38) of patients had a positive blood culture.
But 4 h after surgery, the blood culture of all patients
was negative. Meanwhile no clinical manifestation of
infection was observed. Therefore, they concluded that
bacteremia accompanied with the ESD procedure was
rare and transient.
In a prospective, multicenter, observational study,
479 patients were referred for EMR of sessile colorectal
polyps that were 20 mm or greater in size, and seven
patients (1.5%) were treated with antibiotics for
[13]
suspected serositis for 3-5 d until full recovery . Kim
[14]
et al
suggested that post ESD transient bacteremia
could be improved with empirical antibiotics in most
cases.
[15,16]
Many domestic studies
report antibiotic treatment
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[21]

after ESD or EMR, but there is no consensus on whether
the application of antibiotics in the perioperative
[17]
period is necessary. Zhou et al
advocated antibiotic
therapy after surgery in an expert consensus on
endoscopic submucosal dissection of gastrointestinal
mucosa lesions, if the surgical wound area was
larger, the duration of the procedure was longer, or
potential likelihood for perforation existed. Prophylactic
antibiotics are considered for colorectal lesions after
ESD within 72 h. However, this proposition lacks the
support of evidence-based medicine.
Previous studies, with an emphasis on postoperative
perforation and bleeding after EMR or ESD, paid less
attention to clinical common adverse events such as
abdominal pain, diarrhea, hematochezia and fever.
As a matter of fact, non-specific abdominal pain is
common after an EMR or ESD procedure. The possible
causes include excessive submucosal injection, greater
insufflation air during colonoscopy or serositis and
[18,19]
perforations
. In our study, clinical adverse events
included abdominal pain (19/214, 8.8%), diarrhea
(12/214, 5.6%), hematochezia (10/214, 4.7%) and
fever (10/214, 4.7%), all of which affects the patients’
satisfaction for the operation. We designed this study
according to the principle of use of antibiotics during
the perioperative period with a randomized control
method. The results show that the use of antibiotics
during the perioperative period can significantly reduce
the incidence of adverse events of abdominal pain,
diarrhea and fever after EMR or ESD. In our study,
no one in the antibiotic group experienced severe
abdominal pain or fever over 38 ℃, and patients in
the antibiotic group expressed higher satisfaction.
We postulated the mechanism referred might be an
infection due to a local mucosal defect, which caused
enhancement of bowel movement, smooth muscle
spasms, and fever. Hematochezia is mainly associated
with the endoscopist’s experience and techniques, so
use of antibiotics had no effect on it.
The second generation cephalosporins, like cefu
roxime and cefazolin, are the first choice for surgical
[20]
antibiotic prophylaxis . They have a broad antibiotic
spectrum and are active against both Gram-positive
and Gram-negative bacteria with low toxicity. In our
study the first dose of cefuroxime (1.5 g) was given
intravenously half an hour before the ESD or EMR
procedure. Another dose was administered six hours
after surgery, which is in accordance with international
[5]
guidelines . Use of prophylactic antibiotics for EMR
or ESD procedures during the perioperative period
significantly reduces the incidence of clinical adverse
events and length of hospital stay. The disadvantages,
such as burden of healthcare cost and the concern
for drug resistance, should be considered. In terms of
antimicrobial resistance, prophylactic antimicrobial use
carries a selection risk, whether the use is warranted
or not. However, by preventing postoperative wound
infection, the need for long-term antimicrobial therapy
is reduced and this may then contribute to reducing
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selection of antimicrobial-resistant bacteria .
As a complication of colonoscopy, ischemic colitis
is rare, but the incidence can increase when a longer
procedure time or other risk factors of ischemia is
[22,23]
present
. The procedure time of EMR or ESD is
usually a lot longer than the procedure time of a
common colonoscopy examination. In order to get a
good endoscopic vision, endoscopists require repeated
endoscopic lens barrel rotation and repeated inflation
and cleaning of the colon lumen, which may lead to
increased colonic intraluminal pressure, and excessive
stretching or compression of the intestine. All of these
factors may lead to the occurrence of ischemic colitis.
In patients with ischemic colitis, we recommend
using antibiotics. Thus for EMR or ESD potential
complications of ischemic colitis, the application of
perioperative antibiotics may be beneficial.
Leukocytosis and raised levels of CRP are generally
considered the marks of the body’s inflammatory
reaction. There are two possible reasons for leukocytosis
and elevated levels of CRP during the post-EMR or postESD. One is postpolypectomy coagulation syndrome,
with inflammatory signs including abdominal pain,
fever, abnormal levels of inflammatory markers, and
peritoneal irritation, which occurs with an incidence
[19,24,25]
of 0.7%-7.1%
, and needs antibiotics without
surgical treatment. Another reason could be local
infection of the wound area after EMR or ESD surgery
for colon neoplasia, but more clinical evidence is
needed to confirm this scenario. In addition, ischemic
colitis complicated by colonoscopy may also be a
rare cause. Blood cultures are not sensitive indicators
of clinical adverse events; the study included 409
patients, but only two cases of positive blood culture
were found, and the reasons may be as follows: (1)
a postoperative infection is localized, bacteria do not
enter into the systemic bloodstream necessarily; and
(2) bacteria enter into the bloodstream transiently
and missed the time of sample collecting for blood
culture.
The resection of large lesions exposes larger areas
of the submucosa and results in deeper wounds,
which suggests that more complications are likely
to occur. A meta-analysis compared ESD and EMR
procedure-related complications, in which bleeding and
perforation rates in the ESD group were higher than in
[26]
the EMR group . Previous studies have demonstrated
an increased risk of post-polypectomy bleeding after
removing large polyps, particularly when the size
[27-29]
of polyps was larger than 10 mm
. In addition,
the size of polyps was associated with the incidence
[24,25]
of postpolypectomy coagulation syndrome
.
However the tumor size and the surgical wound area
are not entirely related. In flat lesions, tumor size is
consistent with the wound area, but the flat lesions
accounted for only 30% to 48% of colorectal tumors,
[30]
and the rest were protruded lesions . In protruded
lesions, especially pedunculated and subpedunculated
lesions, the head of the tumors may be large, but the
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incision for clean-contaminated operations, to reduce postoperative surgical
wound infections.

stalk is small and the surgical wound area is smaller,
and therefore we chose the wound area as a factor
affecting postoperative complications as being more
appropriate than tumor size. This study shows that:
for 195 outpatients whose wound area was less
than 10 mm × 10 mm, the total incidence of clinical
adverse events was significantly lower than that in the
107 inpatients whose wound area was greater than
10 mm × 10 mm, in which each specific event, such
as abdominal pain, diarrhea, hematochezia, fever,
elevated white blood cell count and CRP, had a lower
incidence.
Clinical adverse events are not uncommon after
EMR or ESD procedures, including abdominal pain,
diarrhea, hematochezia and fever, especially in
those patients with larger surgical wound areas. The
application of antibiotics in the perioperative period can
significantly reduce the incidence of clinical adverse
events after EMR or ESD for colorectal lesions.

Peer-review

It is a good research paper about the application of antibiotics in the perioperative
period during EMD or EMR for superficial intestinal neoplasia.
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Abstract
AIM: to provide consensus statements on the use of
per-oral cholangiopancreatoscopy (POCPS).
METHODS: A workgroup of experts in endoscopic
retrograde cholangiopancreatography (ERCP), endoso
nography, and POCPS generated consensus statements
summarizing the utility of POCPS in pancreaticobiliary
disease. Recommendation grades used validated
evidence ratings of publications from an extensive
literature review.
RESULTS: Six consensus statements were generated:
(1) POCPS is now an important additional tool during
ERCP; (2) in patients with indeterminate biliary
strictures, POCS and POCS-guided targeted biopsy are
useful for establishing a definitive diagnosis; (3) POCS
and POCS-guided lithotripsy are recommended for
treatment of difficult common bile duct stones when
standard techniques fail; (4) in patients with main duct
intraductal papillary mucinous neoplasms (IPMN) POPS
may be used to assess extent of tumor to assist surgical
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resection; (5) in difficult pancreatic ductal stones,
POPS-guided lithotripsy may be useful in fragmentation
and extraction of stones; and (6) additional indications
for POCPS include selective guidewire placement,
unexplained hemobilia, assessing intraductal biliary
ablation therapy, and extracting migrated stents.

But these imaging modalities have limitation in that
they are often only suggestive but not diagnostic
of the disease. Per-oral cholangio-pancreatoscopy
(POCPS) was introduced in 1970. It provides direct
visualization of the biliopancreatic system and thus
offers the possibility for accurate diagnoses. POCPS
may also effectively guide interventions. With new
developments in cholangioscopic systems including
high resolution video-cholangioscopes, incorporation
of narrow band imaging and availability of a single
operator cholagiopancreatoscope there is renewed
interest among endoscopists to perform POCPS more
routinely.
There are no established guidelines about the utility
of POCPS including relatively new technologies. This
review provides consensus statements by experts about
indications for POCPS based on available literature.

CONCLUSION: POCPS is important in association
with ERCP, particularly for diagnosis of indeterminate
biliary strictures and for intra-ductal lithotripsy when
other techniques failed, and may be useful for preoperative assessment of extent of main duct IPMN, for
extraction of difficult pancreatic stones, and for unusual
indications involving selective guidewire placement,
assessing unexplained hemobilia or intraductal biliary
ablation therapy, and extracting migrated stents.
Key words: Per oral cholangiopancreatoscopy; Intraductal
lithotripsy; Indeterninate biliary strictures; Cholangioscopy;
Pancreatoscopy

MATERIALS AND METHODS
A modified Delphi process was performed to es
tablish the consensus. The procedure was based
on combination of the principles of evidence-based
medicine through extensive review of literature, face
to face meeting and voting. A planning group panel
(DNR, MR, SL, MT) made a list of statements which
was sent to all consensus members. The statements
were divided into the topics of indications of POCPS
including diagnostic and therapeutic uses of POCPS.
These statements were proposed to the Consensus
Group panel for discussion, revision, and voting.
A password- secured Web site was populated with
relevant literature assembled by the literature review
team (DNR and MR). A comprehensive literature
search was conducted in the Medline/PubMed and
EMBASE databases.

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

Core tip: per-oral cholangiopancreatoscopy (POCPS)
is now an important additional tool during endoscopic
retrograde cholangiopancreatography. In patients with
indeterminate biliary strictures, peroral cholangioscopy
(POCS) and POCS-guided targeted biopsy are useful
for establishing a definitive diagnosis. POCS and POCSguided lithotripsy are recommended for treatment
of difficult common bile duct stones when standard
techniques fail. In patients with main duct intraductal
papillary mucinous neoplasms POPS may be used to
assess extent of tumor to assist surgical resection. In
difficult pancreatic ductal stones, POPS-guided lithotripsy
may be useful in fragmentation and extraction of stones.
Additional indications for POCPS include selective
guidewire placement, unexplained hemobilia, assessing
intraductal biliary ablation therapy, and extracting
migrated stents.

RESULTS
Both databases were searched for 16 search terms:
Direct endoscopic cholangioscopy, Duodenoscope
assisted cholangioscopy, Peroral cholangioscopy, Cholan
gioscopy tissue sampling, Cholangioscopy endoscopic
biopsy, Direct pancreatoscopy, Pancreatoscope, Cho
langioscopy biliary stone, Cholangioscopy lithotripsy,
Spyglass, SpyScope, SpyBite, Direct visualization biliary,
Direct visualization pancreatic, Digital cholangioscopy,
and Digital pancreatoscopy.
Only articles published in English were included.
[1]
One article was a methodologic publication . Excluded
were articles representing interim reports, in vitro
studies or animal studies, and editorials and letters. A
total of 92 articles were retrieved per this search, out
of which 18 were selected for review. Seventy-four
(74) articles were excluded because they were not
relevant to search objectives (36), articles reporting on
less than 10 patients (34), or review articles without
original data (4). A few exceptions of articles reporting
on less than 10 patients were included in cases in

Ramchandani M, Reddy DN, Lakhtakia S, Tandan M, Maydeo A,
Chandrashekhar TS, Kumar A, Sud R, Rerknimitr R, Makmun D,
Khor C. Per oral cholangiopancreatoscopy in pancreatico biliary
diseases - Expert consensus statements. World J Gastroenterol
2015; 21(15): 4722-4734 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i15/4722.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4722

INTRODUCTION
Pancreatobiliary diseases are commonly encountered
in day to day clinical practice. Endoscopic retrograde
cholangiopancreatography (ERCP) and magnetic
resonance cholangiopancreatoscopy (MRCP) are
performed to further delineate the pancreatobiliary
anatomy and establish a diagnosis in these patients.
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Table 1 Detailed evidence levels of respective references are
provided for each consensus statement
Consensus
statement
1
2
3
4
5
6

Evidence level distribution
1
1
++ +
0
0
0
0
0
0

0
0
1
0
0
0

10
0
0
0
0
0

2
2
++ +
1
4
1
0
0
0

8
15
13
3
2
4

2-

3

4

Recommendation
grade

1
1
1
2
1
0

7
7
5
3
1
3

16
9
10
11
7
8

B
B
A
C
C
C

Table 2 Consensus statement 1
POCPS is now an important additional tool during ERCP
Recommendation Grade B
Quality of evidence: 2++
Direct visualization and the ability to sample and treat lesions aids
in the care of patients by providing the correct diagnosis and allowing
definitive treatment of lesions
Cholangiopancreatoscopy through an ERCP catheter is a simple, safe
and effective procedure for diagnosing pancreatobiliary diseases
Intraductal peroral cholangioscopy and pancreatoscopy-sampling
techniques appear to offer an advantage over fluoscopy-guided ERCP
sampling techniques for the diagnosis of pancreatobiliary lesions
POCPS: Peroral cholangiopancreatoscopy; ERCP: Endoscopic retrograde
cholangiopancreatography.

which such articles represent the only original data
on specific indications (5). The references of the 18
selected publications were then considered for the
comprehensive literature review. Ultimately, 91 peer[2-92]
reviewed journal articles were retained
.
Each article was given an evidence level rating
[1]
using the GRADE scoring system ranging from 1++
to 4. In some cases the evidence level of an article
was the same for all consensus statements it supports,
but in many cases the evidence level was different for
different consensus statements. Reference numbers
and quality of evidence are provided for all consensus
statements separately. Quality of evidence reflects
the highest evidence level of applicable references.
Detailed evidence levels of respective references are
provided for each consensus statement in Table 1
below. The low number of evidence level 1 publications
clearly results in a limitation of the current report.
Face-to-face meeting of the consensus group
was held at Asian Institute of Gastroenterology,
Hyderabad, India to review and discuss the evidence
for all statements. All statements were edited and
final approval was obtained from consensus panel.
Consensus was considered to be achieved when
80% or above of members either voted “accept
completely” or “accept with some reservation”. A
statement was dropped if when 80% or above of
voting members indicated “reject completely” or “reject
with some reservation”. Every accepted statement
was then graded to indicate the level of evidence
available and the strength of recommendation. A
“reference map” was created, listing all retained
references and mapping them to the consensus
statements for which they served as a reference.
For each consensus statement separately, an overall
grade of recommendation was attributed using the
[1]
GRADE scoring system ranging from A to D. This
recommendation grade relates to the strength of the
evidence on which the recommendation is based and
does not reflect clinical significance of the consensus
statement.
The following consensus statements were identified
by the workgroup: (1) POCPS is now an important
additional tool during ERCP; (2) in patients with
indeterminate biliary strictures, peroral cholangioscopy
(POCS) and POCS-guided targeted biopsy is useful
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for establishing a definitive diagnosis; (3) POCS and
POCS-guided lithotripsy is recommended for treatment
of difficult common bile duct (CBD) stones when
standard techniques fail; (4) in patients with main
duct intraductal papillary mucinous neoplasms (IPMN)
peroral pancreatoscopy (POPS) may be used to assess
the extent of tumor to assist surgical resection; (5)
in difficult pancreatic ductal stones, POPS-guided
lithotripsy may be useful in fragmentation and
extraction of stones; and (6) additional indications
for POCPS include selective guidewire placement,
unexplained hemobilia, assessing intraductal biliary
ablation therapy, and extraction of migrated stents.

Consensus statement 1

Table 2 provides a capsule summary of the first
consensus statement, namely that POCPS is now an
important additional tool during ERCP.
When ERCP was introduced in 1970 followed by
endoscopic sphincterotomy in 1974, there was a
quantum advance in the diagnosis and treatment
of pancreatobiliary disorders. However, in some
instances direct endoscopic visualization of the biliary
and pancreatic ducts may be needed to evaluate
equivocal fluoroscopic findings during ERCP, for defi
nitive pathologic diagnosis or to provide therapeutic
interventions and cholangiopancreatoscopy provides
[2-8]
that direct visualization . A comprehensive technology
status evaluation was reported by the American Society
[4]
of Gastrointestinal Endoscopy in 2008 .
Cholangioscopy was first used in clinical medicine
and described in the literature in the mid-1970s
using fiber optics and was later advanced into video
[2,8-11]
imaging as described in several review articles
.
Clinical implementation of cholangiopancreatoscopy for
direct visualization and examination of the bile ducts,
pancreatic ducts, tissue sampling and therapeutic
intervention has been slow due to limitations in the
available technology. Recent advancements in the
technology hold promise as an advanced technique for
cases that elude successful diagnosis or treatment by
[8,12,13]
conventional ERCP or other imaging modalities
.
POCPS can be performed as a relatively safe and
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Table 3 Consensus statement 2
In patients with indeterminate biliary strictures, POCS and POCS-guided targeted biopsy is useful for establishing a definitive diagnosis
Recommendation Grade B
Quality of evidence: 2++
Technical success: Technical success for POCS with or without POCS-guided biopsy is reported to be 66% to 95% when defined as ability to reach the
targeted lesion and, if desired, obtain a biopsy adequate for histopathology
Diagnostic accuracy: Diagnostic measures of POCS with or without POCS-guided biopsy for malignancy were explicitly reported for a total of 980 cases
in 11 studies. Reported sensitivity ranged from 49% to 100% and specificity ranged from 77% to 100%. In three prospective trials reporting separately
on POCS alone and on POCS-guided biopsy and representing 297 patients, the weighted average sensitivity and specificity were 83% and 96% for
POCS alone and were lower at 56% and 81% for POCS-guided biopsy
Intrinsic vs extrinsic strictures: POCS-guided biopsy is significantly higher for intrinsic than extrinsic tumors, and may be particularly useful in PSC
patients prior to liver transplantation
POCS findings in indeterminate strictures: Findings of POCS such as tortuous and irregularly dilated vessels, intraductal nodules or masses, infiltrative
or ulcerated strictures, and papillary or villous mucosal projections are reported to be associated with malignancy. Generally POCS is reported to
improve yield of associated ERCP-guided biopsy. POCS with NBI was reported to significantly improve diagnostic accuracy over white light POCS
Altered patient management: Changed patient management following POCS is reported in as many as 2/3 of patients when measured. Impact of POCS
on pre-operative diagnosis may impact a surgical decision. POCS combined with IDUS was reported useful in guiding patient management in portal
biliopathy. POCS was also reported useful for assessment of anastomotic strictures after liver transplantation
Complications: Reported overall complication rates range from 6.6% to 9%. The most common complication is cholangitis, reported in approximately 5%
of cases. There is one report of fatal cholangitis
POCS: Peroral cholangioscopy; PSC: Primary sclerosing cholangitis; ERCP: Endoscopic retrograde cholangiopancreatography; NBI: Narrow band imaging;
IDUS: Intraductal ultrasonography.

efficacious adjunct by those individuals with exper
[13]
tise in ERCP
and has the advantages of direct
visualization of the strictures or filling defects noted
on fluoroscopy and inspection of the biliary epithelium
for subtle abnormalities that might not be detected
[14]
radiographically . Interpretation of stent-associated
changes to the biliary epithelium may be difficult. The
technology will not replace ERCP, but has been shown
to improve the diagnostic accuracy of ERCP for biliary
lesions and to improve bile duct clearance rates in
cases of bile duct stones not amenable to conventional
[15-17]
endoscopic therapy
. POCPS and ERCP are com
plementary procedures and reports of the impact
on the rate of complications for ERCP with POCPS
[18-20]
compared to ERCP alone are inconsistent
. POCPS
has been assuming an increasingly important role in
the diagnosis of various bile duct lesions, as well as the
[9]
treatment of biliary stones .
The single operator cholangioscopy system
has proven to be a versatile diagnostic tool that
can be applied in the various situations faced in an
[7,21]
endoscopic practice
. This technology has utility
when imaging limitations of conventional ERCP are
[22]
encountered . The primary indication for diagnostic
intraductal endoscopy in the biliary tree is to evaluate
strictures seen on abnormal imaging study or prior
[23]
ERCP . POCPS allows direct visualization of any
ductal abnormalities with the ability to sample by
focused biopsies and treat with lithotripsy, which
[23-25]
significantly aids in the care of patients
. The
significant technologic improvements in the design,
optical resolution and maneuverability of the miniature
endoscope, and cholangioscopy has assumed an
increasingly important role in the diagnosis of various
[26]
bile-duct lesions . The addition of direct endoscopic
visualization of the bile duct to ERC/tissue sampling
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may help to diagnose the cause of a bile-duct stricture
and a filling defect and to increase sensitivity and
[26,27]
accuracy
. One POCPS system, the SpyGlass
[28]
system, is reported
to be the first in the area of
ERCP that integrates visualization into a dedicated
cannulation device instead of a device being entirely
dedicated to a particular endoscope. There are
however, some limitations in the current literature
comparing POCPS to ERCP and a lack of randomized
trials of tissue sampling techniques.
Pancreatoscopy is of diagnostic value in addition
to CT, transabdominal ultrasound and ERCP in the
differential diagnosis of poorly defined pancreatic
[29]
lesions . The technology is seen as especially useful
[30]
in the differential diagnosis of cancer .
Direct visualization of the bile duct lumen using
endoscopic techniques is helpful in for the assess
[31]
ment of fine mucosal changes . A retrospective
review of 30 patients with malignant extrahepatic
cholangiocarcinoma, all of whom has no diagnosis
established by conventional endoscopic modalities;
SpyGlass-directed biopsies had the ability to make a
tissue diagnosis in 77% of cases. The results suggest
that single-operator SpyGlass (Boston Scientific)
cholangioscopy with biopsies might be the appropriate
strategy for patients in whom cholangiocarcinoma is
suspected, but in whom the initial ERCP with brush
cytology followed by endosonography (EUS)-FNA was
[32]
nondiagnostic or negative .
Single-operator cholangiopancreatoscopy through an
ERCP catheter is a simple, safe and effective procedure
[33]
for diagnosing pancreatobiliary diseases . Intraductal
peroral cholangioscopy and pancreatoscopy-sampling
techniques appear to offer an advantage over fluoscopyguided ERCP sampling techniques for the diagnosis of
[34]
pancreatobiliary lesions . As technology progresses,

4725

April 21, 2015|Volume 21|Issue 15|

Ramchandani M et al . Consensus statements on per oral cholangiopancreatoscopy
Table 4 Summary of diagnostic accuracy parameters reported in relevant references
Ref.

Grading

Article type

Sensitivity

Specificity

Positive predictive
value

Negative predictive
value

[34]
[12]
[13]
[21]
[35]
[14]
[15]
[26]
[32]
[36]
[37]
[38]

4
2+
2+
2++
2+
2+
4
2+
2+
2+
2++
2+

Review
Prospective
Prospective
Prospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective
Retrospective
Prospective
Prospective

92%
78%
95%
100%
NR
NR
66%
98%
57%
77%
99%
NR

93%
82%
79%
77%
NR
NR
98%
90%
100%
NR
96%
NR

89%
49%
82%
71%
88%
89%
NR
NR
NR
NR
99%
100% visual
38% biopsy

95%
98%
82%
100%
94%
96%
NR
NR
NR
NR
95.8%
92% visual
100% biopsy

NR: Not reported.

[12,13,21,35]

it is likely that the utilization of cholangioscopy will
[27]
increase .
Recommendation Grade: B. Quality of evidence:
2++.

94%, respectively
. In a prospective series of
[14]
62 cases using Olympus or Pentax cholangioscopes,
sensitivity and specificity of POCS with or without
biopsy were 89% and 96%. Several retrospective
[15,26,32,36]
series
on POCS in indeterminate strictures or
filling defects respectively 130, 97, 89, and 30 cases
were studied. Associated sensitivity and specificity
of POCS with or without biopsies for diagnosis of
malignancy were respectively 66% and 98%, 98%
and 90%, 57% and 100%, and 77% and no reported
specificity. A prospective study of 144 patients with
[37]
peroral video cholangioscopy (PVCS)
reported 99%
sensitivity, 96% specificity, 99% positive predictive
value, and 95.8% negative predictive value for the
diagnosis of malignancy. Another prospective study of
[38]
33 patients
reported the sensitivity and specificity,
were 100% and 92%, for the PVCS visual findings
and 38% and 100%, for the cholangioscopy-guided
forceps biopsy findings. A prospective multicenter
[39]
study of 87 patients in Japan
with biliary tract
diseases who underwent PVCS reported the accuracy
rate of PVCS to evaluate the presence or absence of
mucosal cancerous extension by endoscopic retrograde
cholangiography (ERC) alone, ERC with PVCS, and
ERC with PVCS+biopsy were 74%, 84%, and 93%,
respectively. Table 4 provides a summary of diagnostic
accuracy parameters reported in relevant references.
Recommendation Grade: B. Quality of evidence: 2++.

Consensus statement 2

Table 3 provides a capsule summary of the second
consensus statement, namely that POCS and POCSguided targeted biopsy is useful for establishing a
definitive diagnosis.
Technical success: Technical success is typically
defined as ability to reach and visualize the targeted
area and additionally, in cases of POCS-guided biopsy,
ability to obtain biopsies adequate for histology.
Explicitly reported technical success levels for POCS
of indeterminate strictures or filling defects without
[21,24,26,31]
biopsy
were 83%, 85%, 93%, and 100%, and
[21]
with biopsy
was 87%. Overall procedural success
[21]
in this indication in the largest prospective series
was 89% (202/226) with 140 cases with and 86 cases
without POCS-guided biopsy.
Recommendation Grade: B. Quality of evidence:
2++.
[34]

Diagnostic accuracy: A well-conducted review
summarizes several studies on POCPS and reports
mean POCS-guided tissue sampling to have 92%
sensitivity, 93% specificity, 89% positive predictive
value, and 95% negative predictive value for the
diagnosis of malignancy. This is in line with diagnostic
accuracy measures reported from four prospective
[12,13,21,35]
studies
all using the SpyGlass system, and
reporting on respectively 226, 36, 35 and 52 cases
in which POCS was used to assess indeterminate
strictures with POCS-guided biopsy with one year of
follow-up. Sensitivity and specificity of visual POCS
impression only were 78% and 82%, 95% and 79%,
[12,13,21]
and 100% and 77% respectively
. Sensitivity
and specificity of POCS-guided biopsy were 49% and
98%, 82% and 82%, 71% and 100% and 88% and
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Intrinsic vs extrinsic strictures: The sensitivity of
POCS alone and of POCS-guided biopsy in 45 patients
[21]
with confirmed malignancy
was respectively
84% and 66% for intrinsic lesions (32) and was
respectively 62% and 8% for extrinsic lesions. A
[6]
comprehensive review of POCPS also reported that
intraductal tissue sampling in the hands of experienced
endoscopists, increases diagnostic yield particularly
[36]
in cholangiocarcinoma. A large retrospective series
identified the need for a special handling protocol
for small intraductal biopsies of intrinsic lesions.
[40-43]
POCS was reported
to be useful for assessing
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Table 5 Consensus statement 3
POCS and POCS-guided lithotripsy is recommended for treatment of difficult CBD stones when standard techniques fail
Recommendation Grade A
Quality of evidence: 1+
Technical success: Technical success for POCS and POCS-guided lithotripsy for the treatment of difficult CBD stones when standard techniques fail
range from 71%-100%
Direct visualization advantage: One of the key therapeutic benefits of POCS is the capacity to directly visualize and treat large intraductal stones.
Studies show that nearly all bile duct stones which failed conventional endoscopic removal (5%-10% of patients) could be removed non-surgically
using POCS and POCS-guided lithotripsy
Residual stone detection: The diagnosis of small bile duct stones can be difficult with an ERCP. In those cases, POCS is able to detect residual stones
missed on routine ERCP.
Complications: The most common complication reported is cholangitis (4.0%). Reported overall complications rates range from 3.8% to 13.3%
The results support the non-surgical management of difficult bile duct stones, particularly in patients at high risk for surgery
POCS: Peroral cholangioscopy; CBD: Common bile duct; ERCP: Endoscopic retrograde cholangiopancreatography.

inflammation and for excluding cancer in patients
with primary sclerosing cholangitis (PSC) prior to
liver transplantation. However, a recent study of 30
[42]
patients
reported that despite an increase in the
biopsy rate, an improvement in dysplasia detection in
patients with PSC could not be demonstrated.
Recommendation Grade: B. Quality of evidence:
2++.

2+.
Altered patient management: A large prospective
[21]
trial
reported that diagnostic POCS was deemed
by attending investigators to have altered patient
management in 63% (143/226) of cases. In a
retrospective review of POCS cases from four centers
[23]
in Texas, authors reported
that SpyGlass POCS
modified a preoperative diagnosis of a malignant
biliary stricture in 69% (20/29) cases, prevented
unnecessary surgery in 7% (2/29) cases, and changed
diagnosis from malignant to benign in 45% of patients
[46]
with strictures. A case series of five patients
with
symptomatic portal biliopathy suggested utility of
POCS for determining patient management. POCS also
has potential utility in determining treatment of post
[47-53]
liver transplantation anastomotic strictures
.
Recommendation Grade: B. Quality of evidence:
2++.

POCS findings in indeterminate strictures:
Several publications report on correlations between
various POCS findings and relative risk for malignancy.
Reported findings include tumor vessels stated to
[8,13,34]
be irregularly dilated and tortuous
. They also
include intraductal nodules or masses, infiltrative or
ulcerated strictures, and papillary or villous mucosal
[13,34]
projections
. On the other hand, smooth mucosa
without neovascularization or homogenous granular
mucosa without a mass seemed associated with
[13]
benign conditions . Direct correlation between such
findings and a firm diagnosis is not perfect, and is
[44]
hampered by imperfect inter-observer agreement .
[31]
One study specifically reported
on POSC to
assess the presence and extent of intraepithelial tumor
spread prior to surgical resection. Correlations were
discussed between nodular-type carcinoma, papillarytype carcinoma and POCS findings of irregular fine
granular patterns and fish-egg-like patterns with small
red nodules, while non-cancerous mucosa appeared
as white flat normal mucosa and hyperplastic mucosa
had a scale-like appearance. POCS-guided biopsy was
attempted. Conclusions were that diagnostic accuracy
of POCS-guided biopsy was higher than ERCP findings,
but that the cholangioscope could not be passed
through the tumor sites in approximately 15% of
[45]
cases. One publication
reported that the ability of
POCS using narrow band imaging (NBI) to document
surface structure was significantly better using
conventional white light imaging. The study specifically
reported improved visualization of vessels and
improved ability to pre-operatively identify proximal
and distal extent of cancerous lesions.
Recommendation Grade: C. Quality of evidence:
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Complications: Overall complications were explicitly
[12,13,21]
reported in three prospective studies
at levels of
7.6% (17/226), 5.7% (2/35), and 8.4% (3/36), and
[15,26,32,33]
in four retrospective series
at 2.0% (2/97),
8.9% (16/179), 6.7% (2/30), and 13.3% (2/15). Thus
the weighted mean overall complication rate was 7.1%
(44/618).
The most common complication was cholangitis,
[12,13,15,26,32,33]
explicitly reported
in 5.7% (2/35), 5.6%
(2/36), 5.0% (9/179), 2.0% (2/97), 0% (0/30), and
6.7% (1/15) of cases respectively, amounting to a
mean incidence of cholangitis of 4.1% (16/392). One
[54]
review
reported that cholangitis, pancreatitis and
perforation rates were higher in POCS than in ERCP
alone.
Recommendation Grade: B. Quality of evidence:
2++.

Consensus statement 3

Table 5 provides a capsule summary of the third
consensus statement, namely that POCS and POCSguided lithotripsy is recommended for treatment of
difficult CBD stones when standard techniques fail.
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Table 6 Consensus statement 4
In patients with main duct IPMN POPS may be used to assess the extent of tumor to assist surgical resection
Recommendation Grade C
Quality of evidence: 2+
Technical success: Technical success for POPS in patients with IPMN is reported between 73% and 92% when defined as ability to reach and examine
the targeted lesion
Diagnostic accuracy: Diagnostic measures of POPS with or without POPS-guided biopsy for malignancy in IPMN are rarely reported in detail, and
range from 50% to 68% sensitivity and from 87% to 100% specificity. Diagnostic accuracy seems better in main duct IPMN than in side branch IPMN
POPS findings in IPMN: The most commonly reported POPS findings associated with malignancy in IPMN are villous patterns and vascular images
Granular mucosa and fish-like patterns without vascularity were not associated with malignancy
POPS and IDUS: Some studies document enhanced diagnostic accuracy when POPS is combined with endosonographic measures, particularly IDUS
Pre-operative and intra-operative POPS: The role of POPS to pre-operatively provide diagnostic information on malignancy and to pre-operatively
and/or intra-operatively document the location and extent of dysplastic IPMN is generally reported
IPMN: Intraductal papillary mucinous neoplasms; POPS: Peroral pancreatoscopy; IDUS: Intraductal ultrasonography.

[21]

Technical success: Technical success for POCS
and POCS-guided lithotripsy for the treatment of
difficult CBD stones is defined as stone fragmentation
and removal. POCS and POCS-guided lithotripsy
for the treatment of difficult CBD stones when
standard techniques fail, including ERCP stone
extraction and mechanical lithotripsy, ranges from
[4,7,22,55-58]
71%-100%
. Explicitly reported technical
success levels for POCS and POCS-guided lithotripsy
were 83.3%, 100%, 71.2%, 83.3%, 96.4%, 92.3%,
100%, 79.2%, 81%, 100%, 95%, 100%, 88.9%,
[7,12,21,59-69]
97% in prospective studies and case series
[15,23,70]
and 90.2%, 90%, 73% in retrospective studies
.
Intra-hepatic stones appear to be managed mostly
transhepatically and are not discussed in this paper.
Recommendation Grade: A. Quality of evidence: 1+.

ERCP . Other prospective studies identified additional
stones via cholangioscopy not seen at ERCP in 18%
[62,64]
(9/49), 28% (9/32) patients
. Retrospective
[71,72]
reviews of patients with altered GI anatomy
reported 21% (4/19) patients in whom bile duct
stones appeared to be completely removed by
cholangiography and PCOS detected residual stones.
Recommendation Grade: B. Quality of evidence:
2++.
Complications: Overall complications have a
[73]
low incidence
and were explicitly reported in 7
[7,12,21,60,61,64,69]
prospective studies
at levels of 13.3%
(8/60), 5.7% (2/35), 6.1% (4/66), 8.4% (3/36), 5.3%
(4/75), 3.8% (2/53), 4.3% (3/69). In a retrospective
[33]
study , the complication rate was reported at 9%
(16/179). Several studies and a comprehensive
review reported no complications in patients that
underwent POCS and POCS-guided lithotripsy for
[27,59,62]
the treatment of difficult CBD stones
. Thus
the weighted mean overall complication rate was
7.7% (39/504). The most common complication is
[7,12,13,21,64]
cholangitis, explicitly reported
in 5.0% (3/60),
5.7% (2/35), 3.0% (2/66), 5.6% (2/36), 1.9% (1/53)
of cases or procedures respectively, amounting to
a mean incidence of cholangitis of 4.0% (10/250).
Cholangitis was often mild and could be treated with
[64]
oral antibiotics
but severe and fatal cases were
[15]
reported .
Recommendation Grade: A. Quality of evidence:
1+.

Direct visualization advantage: One of the key
therapeutic benefits of POCS is the capacity to
directly visualize and treat large intraductal stones
[6,21]
not removed at ERCP
. Studies have shown that
nearly all bile duct stones which failed conventional
endoscopic removal (5%-10% of patients) could be
removed non-surgically using POCS and POCS-guided
[21,27]
lithotripsy
.
POCS has proven to be valuable in complicated
choledocholithiasis, especially in guiding the positioning
of an electrohydraulic lithotripsy (EHL) probe or
[2,12,21,65]
laser fiber on the surface of stone
. The direct
visualization helped prevent injury during ERCP from
an EHL probe positioning under fluoroscopy.
Recommendation Grade: B. Quality of evidence:
2++.

Consensus statement 4

Table 6 provides a capsule summary of the fourth
consensus statement, namely that in patients with
main duct IPMN POPS may be used to assess the
extent of tumor to assist surgical resection.

Residual stone detection: An additional advantage
of POCS is successful identification of stones missed
[58]
on ERCP . Stones can be clearly differentiated from
filling defects because of soft-tissue masses and more
readily discerned than during ERCP when associated
[21]
with other biliary abnormalities such as strictures .
In a prospective study, of 66 patients who underwent
POCS-directed EHL or laser lithotripsy, 11% had 1
or more stones identified only by POCS but not by
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Technical success: Technical success is typically
defined as the ability to reach the IPMN lesions and
examine them under POPS, which requires clearing
the view of mucus. It is explicitly reported in three
[74-76]
publications
as 73% in 41 patients, 82% in 11
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Table 7 Consensus statement 5
In difficult pancreatic ductal stones, POPS-guided lithotripsy may be useful in fragmentation and extraction of stones
Recommendation Grade C
Quality of evidence: 2+
POPS-guided EHL or laser lithotripsy: EHL was reported for 17 cases, with stone clearance reported in 71% (12/17). Laser lithotripsy was reported for
9 cases, with stone clearance reported in 100% (9/9). Stone clearance was reported in 70% (32/46) with EHL or laser lithotripsy in 39 of those cases
POPS-guided EHL vs ESWL: POPS-guided EHL compared to ESWL for treatment of pancreatic duct stones is reported as difficult and as being only
rarely indicated
POPS: Peroral pancreatoscopy; EHL: Electrohydraulic lithotripsy; ESWL: Extracorporeal shock-wave lithotripsy.

patients and 92% in 13 patients.
Recommendation Grade: C. Quality of evidence: 2-.

line in the pancreas.
Recommendation Grade: D. Quality of evidence: 3.

[77-79]

Consensus statement 5

Diagnostic accuracy: Study reports
and one
[6]
comprehensive review of POPS for assessment of
presence or absence of malignancy in IPMN ranges
in sensitivity from 50% to 68%, and in specificity
from 75% to 100%. In the three study reports, 60
patients in one study underwent POPS without biopsy
and a combined 23 patients underwent POPS with
POPS-guided biopsy. Diagnostic accuracy of POPS for
[6,77]
malignancy in patients with main duct IPMN seems
better than for patients with side branch IPMN.
Recommendation Grade: C. Quality of evidence:
2+.

Table 7 provides a capsule summary of the fifth con
sensus statement, namely that in difficult pancreatic
ductal stones, POPS-guided lithotripsy may be useful in
fragmentation and extraction of stones.
POPS-guided EHL and LL: EHL guided by POPS was
[23,33]
quantitatively reported in two
publications with
successful pancreatic stone clearance in 50% (3/6)
and 100% (1/1) of cases. Stones were mostly in the
head of the pancreas. There were no serious adverse
events. Laser lithotripsy (LL) by POPS was reported
[7,87]
in two
publications with successful pancreatic
stone clearance in 100% (9/9) of cases. There were
no complications in the patients with pancreatic duct
stones. All four reports used the SpyGlass system.
Stones were described as difficult to remove as stones
were impacted, cast-like, or located above a distal PD
[88]
stricture. A new prospective study
reported stone
clearance was reported in 70% (32/46) with EHL
or laser lithotripsy in 39 of those cases; mechanical
lithotripsy was used in the remaining 7 cases. Per oral
pancreatoscopy related complications were found in
10%. Dilation of the stricture and biliary and pancreatic
sphincterotomy are common in POPS-guided EHL.
[4,22,61,89]
Several qualitative reports
support that POPS
may be helpful for identification of pancreatic duct
stones missed in prior imaging studies, and also that
intended POPS-guided EHL can sometimes be avoided
after careful assessment of the pancreatic duct stones
under POPS.
Recommendation Grade: C. Quality of evidence:
2+.

[6,22,29,33,76,77,79-83]

POPS findings in IPMN: Studies
focused on identifying POPS findings that seem
associated with malignancy in IPMN generally point
to villous or papillary tumors and proliferation of
blood vessels to be correlated with malignancy.
[33,77,80]
Conversely
, granular mucosa with fish-egg-like
patterns without vascular images seem associated with
benign IPMN lesions.
Recommendation Grade: C. Quality of evidence:
2+.
[77]

POPS and IDUS: One careful study
in 60 patients
undergoing pre-operative POPS, 40 of 60 patients also
underwent intraductal ultrasonography (IDUS). For
POPS sensitivity and specificity were 65% and 88%
respectively. Using IDUS findings of protrusions of 1
mm or more, sensitivity and specificity were 68% and
89% respectively. For POPS and IDUS combined in
40 patients, sensitivity and specificity were 91% and
82% respectively. Authors concluded POPS and IDUS
combined provides improved differential diagnosis
[84]
between malignant and benign IPMN. Another series
also point to the value of POPS in combination with
ERCP and EUS and IDUS for examination of pancreatic
duct IPMN.
Recommendation Grade: D. Quality of evidence: 3.

POPS-guided EHL vs extracorporeal shock[6]
wave lithotripsy: A comprehensive review of
various techniques used to perform POCPS specifically
comments on the use of extracorporeal shockwave lithotripsy (ESWL) and POPS-guided EHL in
combination. A small series of 6 patients reached 50%
stone clearance and symptom improvement. A single
[90]
case report
identified the value of intraductal EHL
for non-calcified pancreatic stones. Where possible,
ESWL alone is reported as easier than POPS-guided

Pre-operative and intra-operative POPS: Location
of the IPMN lesion and extent of dysplasia can help
[4,27,81,85]
guide surgery in pre-operative settings
or even
[86]
intra-operatively
to better determine the resection
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Table 8 Consensus statement 6
Additional indications for POCPS include selective guidewire placement, unexplained hemobilia, assessing intraductal biliary ablation therapy, and
extraction of migrated stents
Recommendation Grade C
Quality of evidence: 2+
The primary indications of peroral cholangiopancreatoscopy are indeterminate stricture, indeterminate filling defect and stones, but the application of
the technology is vast and is forever expanding. While not many cases are performed and documented, the indications extend to selective guidewire
placement, unexplained hemobilia, assessment of intraductal biliary ablation therapy as well as the extraction of migrated stents
These additional indications have been reported in clinical studies as well as comprehensive reviews of POCPS
POCPS: Peroral cholangiopancreatoscopy.

[2,6]

EHL, but an ERCP is typically still needed to clear distal
pancreatic duct stones or stone fragments.
Recommendation Grade: D. Quality of evidence: 4.

reviews
of applications of POCS, indicated the
procedure can be used for both the localization and
treatment of hemobilia. In a retrospective review of 61
patients, hemobilia was indicated in 4 cases and the
[52]
site of bleeding was identifies in all cases .
Recommendation Grade: C. Quality of evidence:
2+.

Consensus statement 6

Table 8 provides a capsule summary of the sixth
consensus statement, indicating that additional
indications for POCPS include selective guidewire
placement, unexplained hemobilia, assessing.

Assessment of intraductal biliary ablation
therapy: Cholangiopancreatoscopy has been further
developed for further applications such as tumor
ablation, according to a comprehensive review
[6]
[22]
conducted in 2009 and a review of SpyGlass
specifically.
Recommendation Grade: D. Quality of evidence: 4.

Selective guidewire placement: Peroral cholan
gioscopy has successfully been used in a number of
[14,61]
studies
for selective guidewire placement, including
access to disease segments in complicated bile duct
strictures or openings of cystic ducts that are difficult to
access by conventional ERCP. SpyGlass was successfully
used to enter the cystic duct for guidewire placement
and gallbladder stenting in a patient with pre-transplant
cirrhosis and symptomatic cholelithiasis who had
previously failed multiple attempts to cannulate the
[12]
cystic duct for gallbladder stenting at ERCP .
[16]
An overview
of the SpyGlass system for cholan
giopancreatoscopy in 2009 focused on indications, clinical
applications and studies to date and attempted to clarify
the role of this important technology which allows for
direct visualization of the bile and pancreatic ducts, tissue
acquisition and access for therapeutic interventions,
including stone removal. A notable therapeutic indication
is the facilitation of selective guidewire access to the
gallbladder or intrahepatic ducts.
[4,6,49,58]
Other comprehensive reviews
of peroral
cholangioscopy authors have noted that cholangioscopy
also facilitates selective guidewire placement into
complicated bile duct strictures, intrahepatic ducts
and the gallbladder or opening of a cystic duct that is
difficult to access by conventional ERCP.
Recommendation Grade: C. Quality of evidence:
2+.

Extraction of migrated stents: Proximal (upstream)
migration of pancreatic duct stents is a recognized
[91]
complication that occurs in up to 5.2% of patients .
[91]
A case review
of a single patient demonstrates
that with POPS, they were able to visualize the distal
end of a migrated stent; the 4-way deflection of
the cholangioscope allowed for maneuverability to
successfully cannulate the stent with a guidewire and
then remove it.
In a prospective observational clinical feasibility
[12]
study of 35 patients
the indication for POCS was
gallbladder stent placement in 1 patient (3%). In
[92]
another study of 22 patients , 25 cholangioscopy
attempts were made and 22 were successful (88%;
19 patients). A biopsy forceps under cholangioscopic
visualization was used to release a dislodged fully
covered self-expanding metal stent in the CBD.
Authors felt that cholangioscopy is useful in improving
diagnostic validity and offering new therapeutic
interventions. The stent was then removed using a
duodenoscope.
[24]
In a prospective study of 12 patients at University
of Chicago, 18 cholangioscopies with the mother-baby
endoscope were performed and a fragmented stent
was the indication in one patient. Authors concluded
that direct visualization of the biliary tree with the ability
to sample or treat lesions significantly aided in the
care of all patients in whom the baby endoscope was
successfully passed by providing the correct diagnosis

Unexplained hemobilia: POCS for the assessment
of unexplained hemobilia is a rare but useful method.
[27]
In a comprehensive review of intraductal biliary and
pancreatic endoscopy, authors note that a diagnostic
indication of cholangioscopy is the evaluation of
hemobilia of unknown etiology. Other comprehensive
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Innovations and breakthroughs

and, when appropriate, by allowing definitive treatment
of lesions.
[58]
A comprehensive review of peroral cholangioscopy
indicated that there are both diagnostic and therapeutic
applications. Authors note that a primary therapeutic
indication is endoscopic extraction, including stone
removal but that another indication is removal of
proximally migrating stents that cannot be removed by
conventional ERCP.
Recommendation Grade: C. Quality of evidence: 2+.

Recent advancements include the addition of narrow band imaging, single
operator cholangiopancreatocopes, and ultra-thin gastroscopes.

Applications

This paper provides a concise review of available evidence of the clinical utility
of POCPS in a wide range of indications.

Terminology

In this paper cholangiopancreatoscopy was abbreviated to “POCPS” which is
not necessarily universally adopted terminology.

Peer-review

The paper includes a commendable and extensive review of the literature. It is
well-written but do have some suggestions to hopefully enhance its strength.

DISCUSSION
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Clinical literature review of 1858 Crohn's disease cases
requiring surgery in China
Qing-Hai Peng, Yu-Fang Wang, Man-Qing He, Cui Zhang, Qin Tang
1990 to October 2013). Then, we selected and carefully
read 97 studies and extracted the surgical data for CD.
We found that 1858 patients with CD underwent surgery
between 1961 and 2012. The patients were stratified
into two groups according to the year of surgery:
1961-2000 and 2000-2012. The clinical characteristics
of these CD cases were compared between the two
groups.
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RESULTS: The mean age at the time of surgery was
38.13 years. The most common locations of disease
were the small intestine (40.84%), the colon (33.60%)
and the ileocolon (23.09%). The primary indications for
surgery were intestinal obstruction or stricture (23.84%),
failure of drug therapy (14.80%), acute abdominal
disease (13.46%), abdominal mass (10.93%), intestinal
fistulae (9.90%), intestinal perforation (8.45%), perianal
disease (6.73%), gastrointestinal bleeding (4.79%), and
abdominal abscess (4.04%). The rate of diagnosis of CD
before surgery was low (34.78%), and the misdiagnosis
rate was 20.49%. The predominant surgical procedure
for CD was bowel resection (69.54%). The rate of
surgical complications was 20.34%, and the primary
complications of surgery were infection (39.44%) and
intestinal fistulae (26.09%). The relapse rate after
surgery was 27.71%. For the periods of 1961-2000
and 2000-2013, the rates of both misdiagnosis before
surgery and surgery related-death decreased (34.90%
vs 12.10%, P < 0.001, and 23.53% vs 5.26%, P < 0.001,
respectively).
CONCLUSION: The rates of surgical complications
and misdiagnosis were higher, whereas the rate of CDassociated tumor and the relapse rate were lower in
China than in West countries.

Abstract
AIM: To summarize the clinical characteristics of Crohn’s
disease (CD) patients who underwent surgery in China.

Key words: Crohn’s disease; Surgery; Surgical indications;
Surgical complications; Surgical recurrence

METHODS: We searched four main Chinese electronic
databases: CBM, VIP, CNKI, and Wanfang (from January

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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“operation” and “surgical complications”. The literature
search identified 512 journal articles. All reviews,
letters to the editor, clinical guidelines, commentaries,
and editorials were excluded. Controlled clinical
trials, observational studies, and case-controlled
studies were included. Based on an examination of
the available full-text articles, those which contained
information about “surgical indications for surgery”,
“surgical procedures” and “the final certain diagnosis
of CD” were included, whereas those which included
duplicated cases or did not contain the above
information were excluded. Finally, 97 articles that
involved surgery for patients with CD were included.
Then, we read each article carefully and extracted the
following information: “the years in which the patient
was studied’’, “gender”, “age”, “disease locations” (the
[4]
Montreal classification of CD ), “surgical indications ”,
“the diagnosis before surgery”, “surgical procedures”,
“surgical complications” and “follow-up outcome”. We
extracted these data to analyze and summarize the
characteristics of the patients with CD who underwent
surgery. To ensure the credibility of the data, data that
were unclassified or uncertain were excluded, and
only defined data were retained for further analysis.
Moreover, data from 1858 cases of CD (surgery period
of 1961-2012) in 97 articles were collected by two
different researchers (Figure 1).
Although two conferences that focused on the
diagnosis and the therapeutic effects of IBD in China
were convened in 1978 and 1993, the first guidelines
regarding therapy for CD in China were not established
until 2000. The patients who were included in this
review were stratified into two groups according to the
year of surgery: 1961-2000 (Group A) and 2000-2012
(Group B). Those articles which included an interval
before and after the year 2000 were excluded. Among
the remaining 72 articles, 28 contained information
about the surgery of 447 CD cases in Group A, and
44 contained information about the surgery of 620 CD
cases in Group B. Moreover, the data were summarized
by two different researchers, as mentioned above.

Core tip: There has been no study of the clinical charac
teristics of a large population of Chinese Crohn’s disease
(CD) patients requiring surgery. Based on a literature
review, we summarize the clinical characteristics of 1858
patients with CD who underwent surgery in China. The
clinical characteristics were generally similar to those
reported in the West. However, the rates of surgical
complications and misdiagnosis in China were higher
than those in Western countries, whereas the rate of CD
complicated by tumors and the relapse rate were lower.
Further analysis revealed that the surgical outcomes
improved during the period examined.
Peng QH, Wang YF, He MQ, Zhang C, Tang Q. Clinical literature
review of 1858 Crohn’s disease cases requiring surgery in China.
World J Gastroenterol 2015; 21(15): 4735-4743 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i15/4735.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i15.4735

INTRODUCTION
Crohn’s disease (CD) is a non-specific chronic infla
mmatory bowel disease (IBD) that is characterized
by non-caseating granulomas that occur in the
gastrointestinal tract. This disease is chronic, incurable,
and prone to relapse. As lifestyles continue to move
toward a more Western style, the incidence and
[1,2]
prevalence of CD in China have been increasing ,
and as a result, this disease continues to attract
the attention of researchers and clinical physicians.
Approximately 75%-80% of patients require surgical
resection at some point in their lives after a diagnosis
[3]
of CD . However, surgery cannot cure this disease
completely, and postoperative recurrence (POR)
remains a significant problem in patients with CD.
Therefore, we should carefully weigh the benefits and
drawbacks prior to surgery. Many studies have been
conducted that involve the clinical analysis of surgery
in patients with CD from different hospitals in China.
However, no multicenter or large observational studies
have been published on the clinical characteristics
of patients with CD who require surgery in China.
To analyze and summarize the surgical clinical
characteristics of patients with CD across China, we
searched four major Chinese databases for related
literature, performed a statistical analysis and compiled
a summary.

Statistical analysis

Statistical Package for Social Science (SPSS 19.0)
software was used for statistical analyses. The
mean ± SD was calculated for continuous numerical
variables. The numbers and percentages were
2
calculated for categorical variables. The χ test
or Fisher’s exact test (if the expected number of
cases was less than 5) was applied to compare the
categorical variables. A P-value less than 0.05 was
considered to be significant.

MATERIALS AND METHODS
To summarize the clinical characteristics of patients
with CD who underwent surgery in China, we
performed a comprehensive search within four main
Chinese electronic databases (from January 1990 to
October 2013): CBM, VIP, CNKI, and Wanfang. The
following key words were used: “CD”, “IBD”, “surgery”,
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Study information and patient characteristics

The articles (from January 1990 to October 2013)
contained data from 1858 patients with CD who
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Initial studies identified through an
electronic search (n = 512)
Studies excluded based on their titles and
abstracts
Potential studies (n = 170)

Studies excluded because the full-text was
unavailable or there were duplicated cases
Final studies (n = 97)

Data obtained by reading the full-text

Data from a total of 1858 patients were
gathered and analyzed

Figure 1 Flow chart of the studies included in the case analyses.

were male. The gender ratio (male/female) was
1.39. The mean age was 38.13 years (range, 0.5 to
84 years). No record of disease location was found
for approximately one-third of the patients [602
[4]
(32.4%)]. According to the Montreal classification ,
of the remaining 1256 patients, most experienced
this disease in the small intestine [L1, 513 (40.84%)],
colon [L2, 422 (33.60%)], or small intestine and
colon (ileocolon) [L3, 290 (23.09%)] at the time of
diagnosis. Fewer than 3% had CD in other locations,
such as the upper gastrointestinal tract [L4, 23
(1.83%)]; colon and upper gastrointestinal tract
[L2 + L4, 3 (0.24%)]; or small intestine, colon and
upper gastrointestinal tract [L3 + L4, 5 (0.40%)].
Among the 1858 cases of CD, 1.18% (22/1858) had
comorbidities that included intestinal tumors, such as
adenocarcinoma (18 cases), lymphoma (1 case) and
atypical dysplasia (3 cases).

Table 1 Summary of the surgical indications n (%)
Surgical indication
Intestinal obstruction or stricture
Peritonitis or other acute abdominal disease
Abdominal mass
Intestinal fistulae1
Internal fistulae
External fistulae
Vaginal fistulae
Vesical fistulae
Other unclassified fistulae
Intestinal perforation
Perianal disease2
Perianal abscess
Perianal fistulae
Perianal fissure
Perianal ulcer
Perianal fistulae and fissure
Perianal fistulae and ulcer
Other unclassified perianal disease
Gastrointestinal bleeding
Abdominal abscess
Intestinal adhesion
Failure of drug therapy
Pyloric obstruction
Colic intussusception

Cases
443 (23.84)
250 (13.46)
203 (10.93)
184 (9.90)
62 (3.34)
45 (2.42)
5 (0.27)
15 (0.81)
58 (3.12)
157 (8.45)
125 (6.73)
22 (1.18)
61 (3.28)
4 (0.22)
2 (0.11)
10 (0.54)
5 (0.27)
21 (1.13)
89 (4.79)
75 (4.04)
50 (2.69)
275 (14.80)
4 (0.22)
3 (0.16)

Surgical indications

Among the 1858 patients, the primary indications
for surgery were intestinal obstruction or stricture
(23.84%), peritonitis or other acute abdominal disease
(not including obstruction or intestinal perforation)
(13.46%), abdominal mass (10.93%), intestinal fistulae
(9.90%), intestinal perforation (8.45%), perianal
disease (6.73%), gastrointestinal bleeding (4.79%),
abdominal abscess (4.04%), and intestinal adhesion
(2.69%) (Table 1). Among the 184 cases of intestinal
fistulae, internal fistulae, external fistulae, vaginal
fistulae, vesical fistulae and other unclassified fistulae
were observed in 33.70%, 24.46%, 2.71%, 8.15%
and 31.52% of patients, respectively. With respect to
these fistulae, one case had external fistulae and vesical
fistulae simultaneously. Perianal disease including
perianal abscess (17.60%), perianal fistulae (48.80%),
perianal fissure (3.20%), perianal ulcer (1.60%),

1

The percentage of each type of fistulae in 1858 cases; 2The percentage of
each perianal disease in 1858 cases.

underwent surgery between 1961 and 2012. These
cases were obtained from various cities of the 24
provinces or municipalities in China (Figure 2).
According to the different regions in China, 45.59%
of the cases were from Eastern China, followed by
Southern China (19.16%), Northern China (18.62%),
Central China (13.56%) and Western China (3.07%).
No data were obtained from patients in Hainan, Inner
Mongolia, Tibet, Shaanxi, Ningxia, Qinghai or Xinjiang.
Among the 1858 cases of CD, 1080 (58.13%)
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Heilongjiang (5.54%)

Ningxia

Jilin (2.10%)

(0.00%)
Xinjiang

Liaoning (2.53%)

(0.00%)
Inner Mongolia (0.00%)

Beijing (4.31%)

Hebei

(1.13%)

(0.00%)

Gansu

Shaanxi

(0.11%)
Tibet (0.00%)

(0.59%)
Shandong

Shanxi

Qinghai

Sichuan (1.13%)

(0.00%)

Chongqing

Tianjin(2.42%)

(2.69%)

Henan

Jiangsu

(10.82%)

Anhui (24.87%)

Hubei

(0.43%)

(0.81%)

Zhejiang

(0.65%)
Jiangxi

Hunan
(1.72%)

Eastern China (45.59%)
Northern China (18.62%)

Yunnan (0.59%)

(10.66%)

(0.22%) Fujian
(2.42%)

Guizhou (0.59%)

Southern China (19.16%)

Shanghai (4.52%)

Guangxi (6.35%)

Guangdong

Taiwan

(12.81%)

Central China (13.56%)

Macao

Western China (3.07%)

Hongkong

Hainan(0.00%)

Figure 2 Crohn’s disease cases from a variety of provinces and municipalities.

Another primary indication for surgery was failure of
drug therapy (14.80%). Other reasons for surgery, such
as pyloric obstruction (0.22%) and colic intussusception
(0.16%), were less frequent.
These articles contained data on 83.26% (1547/1858)
of patients with regard to specific information about the
diagnosis of CD prior to surgery. Before surgery, only
538 (34.78%) patients were diagnosed with CD, 692
(44.73%) patients had an uncertain diagnosis, and 317
(20.49%) patients were misdiagnosed. Prior to surgery,
in the group of misdiagnosed patients, 49.21% were
diagnosed with appendicitis, 29.02% with an intestinal
tumor, 11.36% with intestinal tuberculosis, and 10.41%
with ulcerative colitis.

Table 2 Summary of the surgical procedures n (%)
Surgical procedure
Ileal resection
Colonic resection
Total proctocolectomy
Partial colectomy
Right hemicolectomy
Ileocecal resection
Left hemicolectomy
Rectal resection
Transverse colonic resection
Other colonic resection (unclassified)
Ileocolonic resection
Other unclassified bowel resection
Upper gastrointestinal resection
Operation for perianal disease
Ileostomy or colostomy
Operation for fistulae or perforations
Drainage of an abdominal abscess
Abdominal exploration
Small intestinal colon short circuit
Stricturoplasty
Intestinal adhesion release
Operation for a complicated tumor
Other or unclassified surgery

Cases
420 (22.60)
451 (24.27)
5 (0.27)
446 (24.00)
229 (12.33)
99 (5.33)
45 (2.42)
11 (0.59)
7 (0.38)
55 (2.96)
190 (10.23)
221 (11.89)
10 (0.54)
90 (4.84)
76 (4.09)
56 (3.01)
11 (0.59)
39 (2.10)
24 (1.29)
9 (0.48)
9 (0.48)
4 (0.22)
223 (12.00)

Surgical procedures

The most common type of surgical procedure was
bowel resection (69.54%), which included colonic
resection (24.27%), ileal resection (22.60%),
ileocolonic resection (10.23%), upper gastrointestinal
resection (0.54%) and other unclassified types of
bowel resection (11.89%) (Table 2). Other surgeries
included operation for perianal disease (4.84%),
ileostomy or colostomy (4.09%), operation for fistulae
or perforations (3.01%), abdominal exploration
(2.10%), small intestinal colon short circuit (1.29%),
drainage of an abdominal abscess (0.59%), stric
turoplasty (0.48%), intestinal adhesion release
(0.48%), and operation for a complicated tumor

Although rare, some patients underwent more than one surgical
procedure simultaneously.

perianal fistulae and fissure (8.00%), and perianal
fistulae and ulcer (4.00%), and other unclassified
perianal diseases (16.80%) were also present.
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(12/345)] or fourth [0.58% (2/345)] surgery.

Table 3 Surgical complications of 322 cases n (%)
Surgical complication
Infection
Incision infection
Abdominal infection
Other infection
Intestinal fistula
Death
Stricture or stenosis
Intestinal adhesion
Abdominal abscess
Gastrointestinal bleeding
Stress ulcer
Incision fat liquefied
Short bowel syndrome
Gastrointestinal perforation
Incision fissure
Others or unclassified

Comparison between group A (1961-2000) and group B
(2000-2012)

Cases
127 (39.44)
88 (27.33)
17 (5.28)
22 (6.83)
84 (26.09)
60 (18.63)
39 (12.11)
11 (3.42)
14 (4.35)
13 (4.04)
9 (2.80)
4 (1.24)
3 (0.93)
2 (0.62)
2 (0.62)
25 (7.76)

The clinical characteristics of the patients with CD who
underwent surgery in China over the entire interval
from 1961 to 2012 were summarized above. These
cases were categorized into two groups: Group A
(1961-2000) and Group B (2000-2012). Of these 1858
patients, 1067 from 72 articles were included in a
comparison of the clinical characteristics of the patients
with CD between Group A (447 cases, 28 articles) and
Group B (620 cases, 44 articles) (Table 4). In Group A,
71.05% of the patients underwent surgery during the
period of 1990-2000.
No significant difference was observed in the gender
ratio between the two groups. These articles provided
the disease locations for 312 and 429 cases in Groups A
and B, respectively. Over time, the number of patients
with disease in the small intestine decreased (from
53.21% to 29.37%, P < 0.001); however, the number
of patients with disease in the ileocolon increased
(from 17.31% to 42.72%, P < 0.001). No significant
difference was found with respect to the proportion
of patients with disease in the colon or the upper
gastrointestinal tract. The indications for surgery varied
throughout the years. The percentage of patients with
intestinal obstruction or stricture, perianal disease,
intestinal fistulae, intestinal adhesion, gastrointestinal
bleeding or abdominal abscess increased, whereas the
percentage of patients with an abdominal mass or who
experienced failure of drug therapy decreased (P <
0.05). Failure of drug therapy decreased dramatically
from 55.48% to 13.39%. The rate of misdiagnosis
decreased from 34.90% to 12.10% (P < 0.001). The
need for ileostomy or colostomy and for surgery for
perianal disease was increased in Group B (P < 0.05).
Of the surgical procedures, no laparoscopic surgeries
were performed on the patients in Group A, but 33
laparoscopic surgeries were performed on the patients
in Group B (not shown in Table 4). The rate of surgeryrelated death decreased from 23.53% to 5.26% (P <
0.001). Infection remained the primary complication
observed in the two groups (30.88% vs 45.11%, P =
0.052).

The patients may have experienced more than one complication simul
taneously.

(0.22%). Moreover, only 33 (1.78%) patients who
underwent laparoscopic surgery were recorded in
our results. Of the 451 patients who received colonic
resection, right hemicolectomy (50.78%), ileocecal
resection (21.95%), left hemicolectomy (9.97%),
rectal resection (2.44%), transverse colonic resection
(1.55%), total proctocolectomy (1.11%), or another
type of unclassified partial colectomy (12.20%) was
performed.

Surgical complications

These articles contained information on 1583 patients
who experienced surgical complications (surgeryrelated complications in a short period of time). A
total of 20.34% of patients experienced surgical
complications (Table 3). Infection (39.44%) was
the primary surgical complication, which included
incision infection (27.33%), abdominal infection
(5.28%), and infection in other location (6.83%).
Other complications included intestinal fistulae
(26.09%), surgery-related death (18.63%), stricture
or obstruction (12.11%), intestinal adhesion (3.42%),
abdominal abscess (4.35%), gastrointestinal bleeding
(4.04%), stress ulcer (2.80%), liquefied fat at the
incision site (1.24%), short bowel syndrome (0.93%),
gastrointestinal perforation (0.62%), and incisional
fissure (0.62%).

DISCUSSION
Although the surgical management of CD has changed
considerably during the last decade as a result of
developments in medical therapy, most patients
still eventually require surgical intervention. The
gastroenterologist and surgeon should understand the
value or clinical characteristics of surgery so that the
best therapy can be offered at the optimal time. This
paper is the first literature review of patients with CD
who underwent surgery in China. We summarized the
major clinical characteristics of 1858 patients with CD
who underwent surgery in China, with the hope that

Long-term outcome

The included articles contained follow-up data for 1415
(76.16%) out of 1858 patients. The rate of followup was 87.99% (1245/1415). The average followup time was 6.5 years (range, 1 mo-20 years). The
rate of remission was 72.29% (900/1245), and the
relapse rate after surgery, including 47 cases of death,
was 27.71% (345/1245). Among the patients who
experienced a relapse, 27.83% (96/345) required a
second surgery, whereas some required a third [3.48%
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rate of intestinal resection in 1936 patients was 44%,
61%, and 71% at 1, 5, and 10 years after diagnosis,
respectively, whereas the overall rate of surgery was
73.6%; in another systematic review, the rate of
intestinal resection was 16.3%, 33.3%, and 46.6% at
[6]
1, 5, and 10 years after diagnosis, respectively . In
South China, the intestinal resection rate was reported
to be 16.6%, 35.4%, 53%, and 94.5% at 1, 5, 10, and
[7]
30 years, respectively, after the onset of the disease .
Although the rate of surgery after CD diagnosis varies
slightly among these studies, many CD patients will
undergo surgery during their lifetime.
Because we searched our primary electronic
databases, we did not include the data on the patients
who underwent surgery in Hong Kong, Macao or
Taiwan. These data were obtained from 24 of the
31 (77.42%) Chinese provinces and municipalities.
More surgeries for CD were reported in Eastern and
Southern China than in other regions of China. An
increased number of inhabitants and the greater
development of these areas may explain the higher
prevalence and incidence of CD in these regions.
The data derived from these articles are assumed to
generally reflect the clinical characteristics of patients
with CD who underwent surgery in China.
In our study, the gender ratio (male/female) was
1.39. Male patients have a slightly higher risk for
[7]
surgery. Gao et al also reported that male gender is
associated with an increased risk for primary surgery
in their study of 323 patients with CD from South
China. However, a study of 289 consecutive Japanese
patients with CD found that females have a higher risk
[8]
for surgery . Other studies reported no difference in
[9,10]
the risk of surgery between males and females
.
The mean age was 38.13 years in our study. Whereas
in the Western countries, the mean age was reported
[5]
[11]
to be 32 years and 28.7 years . The average age
of surgery from most reports in Western countries is
lower than in our study. This may be related to the
[12]
relatively late onset of CD in Chinese patients . In
our study, the primary disease location was the small
intestine (L1, 40.84%). The occurrence of disease in
the upper gastrointestinal tract (L4, L1 + L4, L2 + L4
or L3 + L4) was less than 3% in our study. Basilisco
[13]
et al
reported that an increased risk of surgery was
found in ileal and ileocolonic CD, whereas another
study demonstrated an increased risk of surgery with
[14]
ileocolonic disease . The frequency of synchronous
tumors was 1.18% in patients with CD, which is lower
than previous reports that suggested the frequency is
[15]
4% to 11% .
Most studies reported that the general indications
for surgery for patients with CD are based on an
evaluation of several factors, such as the failure of
medical treatment, complications due to the disease or
to pharmacological therapy, development of dysplasia
or cancer and growth retardation. The reasons for
failed medical therapy can vary from medication

Table 4 Summary of the clinical characteristics of Groups A
and B n (%)
Surgery characteristics
Gender ratio (male/female)
Mean age
Disease location1
L1
L2
L3
Upper gastrointestinal
disorder involvement
Surgical indication
Intestinal obstruction or
stricture
Abdominal mass
Perianal disease
Intestinal fistulae
Intestinal adhesion
Gastrointestinal bleeding
Abdominal abscess
Intestinal perforation
Peritonitis or other acute
abdominal diseases
Failure of drug therapy
Diagnosis of CD before
surgery
Certain
Misdiagnosis2
Intestinal tuberculosis
UC
Tumor
Acute appendicitis
Uncertain
Surgical procedure
Bowel resection
Colonic resection
Ileal resection
Ileocolonic resection
Upper gastrointestinal
resection
Unclassified bowel
resection
Operation for perianal
disease
Ileostomy or colostomy
Stricturoplasty
Complication of surgery3
Infection
Stricture or stenosis
Death
Intestinal fistulae
Abdominal abscess
Surgical relapse rate4
Surgery after relapse

Group A
(n = 447)

Group B
(n = 620)

P value

262/185
38.46

375/245
37.78

166 (53.21)
82 (26.28)
54 (17.31)
10 (3.21)

126 (29.37)
111 (25.87)
179 (41.72)
13 (3.03)

0.539
< 0.001
< 0.001
0.901
< 0.001
0.892

92 (20.58)

205 (33.06)

< 0.001
< 0.001

44 (9.84)
0 (0.00)
7 (1.57)
0 (0.00)
2 (0.45)
11 (2.46)
22 (4.92)
21 (4.70)

36 (5.81)
97 (15.65)
68 (10.97)
12 (1.94)
26 (4.19)
30 (4.84)
46 (7.42)
17 (2.74)

0.013
< 0.001
< 0.001
0.003
< 0.001
0.046
0.099
0.089

248 (55.48)

83 (13.39)

< 0.001
< 0.001

137 (30.65)
156 (34.90)
22 (14.10)
8 (5.13)
49 (31.41)
77 (49.36)
154 (34.45)

194 (31.29)
75 (12.10)
2 (2.67)
6 (8.00)
23 (30.67)
44 (58.67)
351 (56.61)

0.689
< 0.001
0.008
0.574
0.909
0.185
< 0.001

312 (69.80)
83 (18.57)
65 (14.54)
40 (8.95)
8 (1.79)

430 (69.35)
105 (16.94)
175 (28.23)
105 (16.94)
1 (0.16)

0.876
-

126 (28.19)

44 (7.10)

-

0 (0.00)

81 (13.06)

< 0.001

6 (1.34)
1 (0.22)
68 (18.94)
21 (30.88)
14 (20.59)
16 (23.53)
9 (13.24)
5 (7.35)
115 (31.59)
38 (33.04)

27 (4.35)
8 (1.29)
133 (24.23)
60 (45.11)
24 (18.05)
7 (5.26)
28 (21.05)
5 (3.76)
126 (28.64)
34 (26.98)

0.005
0.123
0.061
0.052
0.663
0.708
< 0.001
0.176
0.362
0.305

1

There were 312 cases and 429 cases for which the disease location
was reported in Groups A and B, respectively; 2 Misdiagnosis was
retrospectively analyzed furtherly; 3There were 359 cases and 549 cases in
Groups A and B, respectively, who experienced surgical complications;
the distribution of these complications was further analyzed; 4There were
364 cases and 440 cases in Group A and B, respectively, which contained
follow-up data. P < 0.05 was considered to be significant. L1: Small
intestine; L2: Colon; L3: Small intestine and colon; UC: Ulcerative colitis.

this analysis can help physicians and surgeons in clinical
[5]
practice. Bernell et al reported that the cumulative
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[16,17]

noncompliance to a lack of treatment response
.
The indications for surgery were assessed by studies
[9,18]
from Olmsted County (1935-75, 1970-2004)
and
[5]
Stockholm County (1955-94) . Through an update
[9]
of the Olmsted County data , the main indications
for surgery were found to be obstruction or medical
therapy failure in 24% of cases; perforation or abscess
each in 10%; fistulizing disease in 8%; intestinal
cancer in 4%; and severe perianal disease, bleeding or
severe pain, each in 3%. In our study, the indications
for surgery included intestinal obstruction or stricture
(23.84%), acute abdominal disease (13.46%),
abdominal mass (10.93%), intestinal fistulae (9.90%),
intestinal perforation (8.45%), and perianal disease
(6.73%).
Another main reason for surgery was failure of
drug therapy (14.80%). These data indicated that
intractability to medical treatment that necessitates
surgery remains frequent in CD. Concerning the
surgical characteristics, failure of drug therapy was
not specifically listed in most of these articles. We
performed a literature search of the four electronic
databases mentioned above using the terms “infliximab
(IFX)” and “CD” and found that this therapy was
initially used to treat CD in China in 2007. This
finding suggested that failure of drug therapy in
these cases primarily involved 5-ASA, corticosteroids,
immunosuppressant and, infrequently, IFX.
Most patients in our study were unable to obtain
a definitive diagnosis before surgery. Almost half of
the patients were given an uncertain diagnosis, and
20.49% were misdiagnosed before surgery. The major
misdiagnoses were acute appendicitis, intestinal tumor,
intestinal tuberculosis, and ulcerative colitis. There
are many factors that may delay the diagnosis of CD
in China, including the relative severity of infectious
colitis that can mask CD, inadequate medical and
diagnostic facilities, a lack of awareness and sufficient
knowledge of CD on the part of the doctors, and the
lack of an appropriate follow-up period. In contrast to
the West, many infectious intestinal diseases exist in
China, which are similar to CD, especially intestinal
tuberculosis (ITB). ITB and CD have overlapping
symptomatic, physical, radiographic and colonoscopic
[19-21]
features
. Therefore, the diagnosis of CD in China
is more difficult.
Several studies that included population-based
cohorts evaluated the types of surgery performed
[9,18,22,23]
for CD
. Resection of the colon and/or small
bowel comprised approximately two-thirds of the
[18]
operations in the Olmsted County study (1935-75) .
Ileal or ileocecal resection was the main indication
for surgery and was performed in 67% and 72.4% of
[22]
patients, respectively, from the Cardiff (1986-2003)
[9]
and Olmsted County (1970-2004) studies . This
suggests that bowel resection was the primary type of
surgery for cases of CD. Our study also showed that
69.54% (1292/1858) of patients underwent bowel
resection, including colonic resection (24.27%), ileal
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resection (22.60%) and ileocolonic resection (10.23%).
Stricturoplasty was performed in 7% of patients in
[22]
Cardiff , whereas it was performed in only 0.7%
[9]
and 0.48% of patients in Olmsted County and in
our study, respectively. This may reflect differences
in the surgical management of small bowel strictures.
Some patients eventually require multiple operations
throughout their lifetime and may be at risk for the
development of short bowel syndrome and repeat
resections. Our study showed that 7.71% of patients
required surgery again (a total of 1245 patients) and
some required a third (0.96%) or fourth (0.16%)
surgery. Among all patients, 0.93% of patients
experienced short bowel syndrome. The current
practice is to leave the diseased bowel behind and to
remove only the part of the bowel that is responsible
for the symptoms. Bowel-sparing techniques such as
stricturoplasty have been suggested to reduce this
risk. Stricturcoplasty is a safe alternative to resection
[24]
in jejuno-ileal CD, including ileocolonic recurrence .
Additionally, most of studies reported that laparoscopic
surgery for CD is feasible and safe and is associated
with a shorter hospital stay and a better short[25-28]
term outcome compared with open resection
.
Laparoscopic surgery is preferred for ileocolonic
resections. However, insufficient evidence exists for the
recommendation of laparoscopic surgery as the firstline technique in more complex cases or in recurrent
resections. In these situations, appropriate surgical
expertise is a mandatory prerequisite. As surgical
technology develops, there may be more patients with
CD who undergo laparoscopic surgery.
In our study, a total of 20.34% of patients
experienced one or more surgical complications.
Surgery-related infection was the most common
complication and accounted for 39.44% of all
complications. Surgery-related death accounted for
18.63% of all complications. However, Brouquet et
[29]
al
reported that the rate of major complications
of surgery was less than 10%, which is lower than
what we observed. Additionally, the surgery rate
in Western countries is higher than that in China.
Doctors and patients in China seemed to be more
reluctant to perform and undergo surgery compared
with patients and doctors in Western nations. Some
gastroenterologists might consider surgery as a last
resort. It must be recognized that this belief carries
an implicit risk because those patients who ultimately
undergo surgery might have a more complicated
disease and are likely to be at a higher risk for septic
complications. In complicated cases of CD, surgery at
an early stage is a valid alternative to other types of
medical therapies. According to a study of 207 patients
with CD, early surgery prolongs clinical remission
compared with surgery that is performed during the
course of the disease within 10 years of the disease
[30]
onset . The complexity and heterogeneity of the
disease and the different options for medical or surgical
treatment are all so diverse that it is even more
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important to discuss each case in multidisciplinary
clinical conferences. Therefore, close interactions
between the gastroenterologist, the surgeon and
physicians of other disciplines are needed to determine
the best therapy.
The rate of remission was 72.29% and the relapse
rate after surgery was 27.71% in our study. Bernell et
[5]
al observed that postoperative recurrence occurred
in 33% and 44% of patients at 5 and 10 years after
resection, respectively. Similar to these results, Cullen
[11]
et al
observed that the relapse rate was 35%. The
relapse rate was relatively low in our study. The reason
for this may be that the follow-up of some patients
was relatively short.
Additional information was analyzed for the years
before and after 2000. Over time, the percentage
of patients who experienced failure of drug therapy
that led to surgery, misdiagnosis before surgery, and
surgery-related death decreased; in contrast, the
percentage of patients who underwent ileostomy
or ileocolostomy and operation for perianal disease
increased. Furthermore, an increasing trend in the
number of patients who underwent stricturoplasty
was detected. Laparoscopic surgery has also been
increasingly applied to patients with CD. This finding
may be because in recent years, the standards of
diagnosis, medical therapy, and surgical management
may have been developed concurrent with the
establishment of further guidelines or consensuses
regarding IBD.
Our study has some limitations. First, our results
were obtained from an analysis of the literature in
China, and some of the data are not properly classified
or sorted within the published studies. Second, the
length of the follow-up varies in these articles. Third,
some data on patients with CD who underwent surgery
were not published in China. However, the data we
gathered from the selected papers were obtained from
various hospitals throughout China. Furthermore, we
searched four electronic databases to ensure that
most publications were included. Therefore, our results
may be representative of the clinical characteristics
of patients with CD who underwent surgery in China.
Fourth, although the clinical characteristics of patients
with CD who underwent surgery between 1961-2000
and 2000-2012 were compared, 791 cases were
excluded because they did not undergo surgery within
either specific time interval. Fifth, many of the articles
were observational studies. Hence, large populationbased prospective studies are required to accurately
predict the characteristics of surgery for CD to gain a
better understanding of the natural history of CD.
In conclusion, the clinical characteristics of patients
with CD who underwent surgery in China are generally
similar to those of Western patients, except for a few
differences. As in the West, the predominant surgical
procedure for CD was partial bowel resection, and the
primary indications for surgery were obstruction or
failure of drug therapy. However, the rate of surgical
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complications and the rate of misdiagnosis in China
were higher than those in the West, whereas the rate
of CD complicated by tumors and the relapse rate
were lower. In the past several years, the standards
of diagnosis and therapy have continued to improve
in China, resulting in fewer cases of misdiagnosis and
surgery-related death. Moreover, additional types of
surgery have been applied to patients with CD.
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Background

Surgery still plays a vital role in Crohn’s disease (CD) therapy. Although there
were some studies about the clinical characteristics of the surgery in CD
patients in varied hospitals in China, no multicenter or large observational
studies have been published on the clinical characteristics of patients with CD
who require surgery in China.

Research frontiers

Over the decades, more and more studies about Chinese CD patients requiring
surgery were reported. However, most of these studies were small or based
on single-center experiences. Therefore, it was insufficient to reach complete
information about the clinical characteristics of Chinese CD patients who
undergo surgery.
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The authors summarized the clinical characteristics of the CD patients requiring
surgery in China through literature review and obtained surgical information
from 24 provinces or municipalities in China. The clinical characteristics were
summarized, and compared with those of the West including the gender, the
mean age, disease location, surgical indication, surgical procedure, surgical
complication, surgical outcome, and the surgical development in recent years.

Applications

Clinicians may get some information about the Chinese specific clinical
characteristics of CD patients requiring surgery. Then, they can make treatment
decisions better for CD therapy. Large population-based prospective studies
are still required to accurately predict the characteristics of surgery for CD to
gain a better understanding of the natural history of CD.
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RESULTS: A total of 1340 patients from five studies
were involved in this meta-analysis. During 6-12 wk
treatment, integrin antagonists increased the rate of
clinical response and remission with OR = 1.69, 95%CI:
1.37-2.09 and 1.84, 95%CI: 1.44-2.34, respectively.
No significant difference was found between integrin
antagonists and placebo treatments regarding their
adverse reactions (OR = 1.07, 95%CI: 0.83-1.38)
and serious adverse reactions (OR = 0.81, 95%CI:
0.57-1.15).
CONCLUSION: The results prove the efficacy and
safety of integrin antagonists for CD treatment, although
the treatment strategies varied.
Key words: Crohn’s disease; Drug efficacy; Integrin
antagonist; Meta-analysis; Drug safety
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Integrin antagonists were used to treat Crohn’
s disease (CD), but their efficacy and safety are not yet
certain. We performed this systematic review and metaanalysis to evaluate the efficacy and safety of integrin
antagonists, including natalizumab and vedolizumab,
in CD. During 6-12 wk treatment, integrin antagonists
increased the rate of clinical response and remission.
There was no significant difference between integrin
antagonists and placebo regarding their adverse
reactions and serious adverse reactions. These results
prove the efficacy and safety of integrin antagonists for
CD treatment.

Abstract
AIM: To evaluate the efficacy and safety of integrin
antagonists, including natalizumab and vedolizumab, in
Crohn’s disease (CD).
METHODS: We carried out a literature search in
Pubmed, MEDLINE, EMBASE and the Cochrane Library
to screen for citations from January 1990 to August
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226 citations collected
209 citations rejected
131 not AD studies
71 reviews
2 animal trials
2 in vivo studies
2 meta-analysis

INTRODUCTION
Crohn’s disease (CD) is a relapsing systemic inflamma
tory disease that commonly affects the gastrointestinal
tract, with extraintestinal manifestations and associated
[1]
immune disorders . CD often leads to abdominal pain,
fever, malaise, fatigue, diarrhea, fistula formation, bowel
obstruction, and malnutrition. The common therapies for
CD are aminosalicylates, steroids, immunosuppressants
[2]
and monoclonal antibodies . Aminosalicylates such as
mesalamine and sulfasalazine are used to treat mild to
[3]
moderate CD , while corticosteroids are used to treat
acute active CD and patients who do not response to
[4]
aminosalicylates . However, the use of corticosteroids
has a high risk of Cushing’s syndrome, infection and
diabetes in the short term, and bone loss, increased
[5]
ocular pressure and diabetes in the long term .
Immunosuppressants are used to inhibit inflammation.
Long-term use of immunosuppressants may cause
[6]
infection, liver toxicity and bone marrow suppression .
Biologic agents used to treat CD mainly consist of
tumor necrosis factor (TNF)-α inhibitors and α-integrin
antagonists.
Natalizumab and vedolizumab are the integrin
antagonists approved by the United States Food and
Drug Administration. Natalizumab is a monoclonal
antibody antagonizing α4β1 and α4β7 intergrin[7]
mediated interactions in the gut and brain . It is
effective in treating CD but is limited by increasing the
risk of progressive multifocal leukoencephalopathy
[8]
(PML) . Vedolizumab is a humanized IgG1 monoclonal
antibody for α4β7 integrin. It only regulates gut
lymphocyte trafficking, therefore, it is not likely to cause
[9]
PML .
Previous studies have indicated the efficacy
of integrin inhibitors in CD therapy. However, the
sample size of those studies was small. Therefore, we
performed a meta-analysis including current doubleblind randomized controlled trials (RCTs) to evaluate
the efficacy of integrin antagonists for CD treatment.

17 articles underwent
full-text review
12 non-randomized
controlled trials studies
excluded
5 studies were included

Figure 1 Flow diagram of the studies identified.

Disease Activity Index (CDAI) score < 150 and clinical
response was defined as a decrement of ≥ 70 points
in CDAI score from baseline (week 0).

Data extraction and quality assessment

The following information was extracted from each
study: first author name; year of publication; number
of patients; rate of clinical response; rate of clinical
remission; number of common adverse reactions; and
number of serious adverse reactions. The Jadad score
was used to assess the quality of included studies.
Studies with score ≥ 3 were regarded as high-quality
RCTs, while studies with score < 3 were defined as
low-quality RCTs.

Statistical analysis

Data analysis was performed using RevMan version
5.2 for each individual study, and dichotomous data
were reported as OR with 95%CI. Heterogeneity
among studies was assessed by Cochrane Q statistics
2
2
and I test. A significant level of ≥ 50% for I test
was considered as evidence of heterogeneity. A fixedeffect model was used when there was no evidence of
heterogeneity, otherwise a random-effect model was
[10]
chosen. Ghosh et al
used three different treatment
[11]
strategies and Feagan et al
used two. Each
treatment strategy was regarded as a single treatment
group. All of the treatments were analyzed together.

MATERIALS AND METHODS
Search strategy and inclusion criteria

EMBASE, MEDLINE, Pubmed and Cochrane Library
were searched for RCTs from January 1990 to
August 2014. The key words “Crohn disease” and
“natalizumab” or “MLN0002” or “vedolizumab” were
used in screening relevant citations. The inclusion
criteria were: (1) RCTs; and (2) studies provided
data for at least one of the main outcomes, including
rate of clinical response, rate of clinical remission,
common adverse reactions, and serious adverse
reactions. Clinical remission was defined as Crohn’s

WJG|www.wjgnet.com

RESULTS
Search results and characteristics

A total of 226 citations were obtained via database
searches, and five met the inclusion criteria (Figure
1). A total of 1340 patients were involved; 462 were
treated with natalizumab, 347 with vedolizumab, and
531 with placebo. The information in these citations
is summarized in Table 1. All five studies had a Jadad
score ≥ 3 (Table 1).
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Table 1 Main characteristics of the included studies
Ref.

Study
duration

Treatment

Gordon et al[12], 2001

12

Ghosh et al[10], 2003

12

Natalizumab 3 mg/kg intravenous infusion at 0 wk,
n = 18
Placebo intravenous infusion at 0 wk, n = 12
Natalizumab 6 mg/kg intravenous infusion at 0, 4 wk,
n = 51
Natalizumab 3 mg/kg intravenous infusion at 0, 4 wk,
n = 66
Natalizumab 3 mg/kg intravenous infusion at 0 wk,
n = 68
Placebo intravenous infusion at 0, 4 wk, n = 63
Natalizumab 300 mg intravenous infusion at 0, 4, 8 wk,
n = 259
Placebo intravenous infusion at 0, 4, 8 wk, n = 250
Vedolizumab 2 mg/kg intravenous infusion at 0, 4 wk,
n = 65
Vedolizumab 0.5 mg/kg intravenous infusion at 0, 4 wk,
n = 62
Placebo intravenous infusion at 0, 4 wk, n = 58
Vedolizumab 300 mg intravenous infusion at 0, 2 wk,
n = 220
Placebo intravenous infusion at 0, 2 wk, n = 148

Targan et al[13], 2007

12

Feagan et al[11], 2008

8

Sandborn et al[14], 2013

6

Age
Disease duration
(mean, yr)
(yr)

Baseline CDAI Jadad score
(mean)

36

8.5

258

5

34
35

8.4
7.8

273
298

5

36

8.1

300

36

8.4

288

34
38

8.9
10.1

300
304

5

38
39

10
8

300
297

5

36

8.8

288

35
36

9
9.2

288
327

39

8.2

325

5

CDAI: Crohn’s disease activity index.

Treatment
Study or subgroup

Events

Control

Total

Events

Total

Weight

Odds ratio

Odds ratio

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

1

33

51

27

63

6.4%

2.44 [1.14, 5.23]

2

40

66

27

63

8.2%

2.05 [1.02, 4.14]

Ghosh 2003

3

34

68

27

63

10.5%

1.33 [0.67, 2.66]

Targan 2007

155

258

109

250

33.2%

1.95 [1.37, 2.77]

1

35

65

24

58

8.8%

1.65 [0.81, 3.38]

Feagan 2008

2

30

62

24

58

9.6%

1.33 [0.65, 2.73]

Sandborn 2013

69

220

38

148

23.4%

1.32 [0.83, 2.11]

703

100.0%

1.69 [1.37, 2.09]

Ghosh 2003
Ghosh 2003

Feagan 2008

Total (95%CI)

790

Total events

396
2

276
2

Heterogeneity: χ = 3.76, df = 6 (P = 0.71); I = 0%
0.1

Test for overall effect: Z = 4.88 (P < 0.00001)

0.2

0.5

1

2

5

10

Figure 2 Forest plots of clinical response. Clinical response was defined as a decrement of ≥ 70 points in CDAI score from baseline (week 0). Ghosh 20031: 6
mg/kg natalizumab at 0 and 4 wk; Ghosh 20032: 3 mg/kg natalizumab at 0 and 4 wk; Ghosh 20033: 3 mg/kg natalizumab at 0 wk. Feagan 20081: 2 mg/kg vedolizumab
at 0 and 4 wk; Feagan 20082: 0.5 mg/kg vedolizumab at 0 and 4 wk.

Clinical response

Safety

Clinical response was reported in four studies.
According to the results of the meta-analysis, integrin
antagonists increased the clinical response to CD. The
OR for clinical response was 1.69 (95%CI: 1.37-2.09).
2
There was no heterogeneity as I = 0% (Figure 2).

Natalizumab and vedolizumab were both well tolerated
during treatment. They had similar rates of common
adverse reactions (OR = 1.07, 95%CI: 0.83-1.38)
and serious adverse reactions (OR = 0.81, 95%CI:
0.57-1.15) compared to placebo (Figures 4 and 5).

Clinical remission

DISCUSSION

Clinical remission was reported in five studies.
Integrin antagonists had a higher rate of remission
than placebo. The OR for clinical remission was 1.84
2
(95%CI: 1.44-2.34). There was no heterogeneity as I
= 0% (Figure 3).

WJG|www.wjgnet.com

The incidence of CD is increasing worldwide, with
more young patients, and it requires life-long medical
[15]
and surgical input . Over the past few decades,
TNF-α inhibitors such as infliximab, adalimumab,
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Treatment
Study or subgroup

Events

Control

Total

Events

Total

Weight

Odds ratio

Odds ratio

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

Gordan 2001

7

18

1

12

0.7%

7.00 [0.73, 66.80]

1

20

51

17

63

9.3%

1.75 [0.79, 3.85]

2

28

66

17

63

10.1%

1.99 [0.95, 4.18]

3

19

68

17

63

12.8%

1.05 [0.49, 2.26]
1.79 [1.22, 2.62]

Ghosh 2003
Ghosh 2003
Ghosh 2003

Targan 2007

97

258

63

250

40.2%

1

24

62

12

58

7.6%

2.42 [1.07, 5.47]

Feagan 2008

2

19

65

12

58

9.0%

1.58 [0.69, 3.63]

Sandborn 2013

32

220

10

148

10.3%

2.35 [1.12, 4.94]

715

100.0%

1.84 [1.44, 2.34]

Feagan 2008

Total (95%CI)

808

Total events

246

149

2

2

Heterogeneity: χ = 4.46, df = 7 (P = 0.73); I = 0%

0.01

Test for overall effect: Z = 4.94 (P < 0.00001)

0.1

1

10

100

Figure 3 Forest plots of clinical remission. Clinical remission was defined as CDAI score < 150. Ghosh 20031: 6 mg/kg natalizumab at 0 and 4 wk; Ghosh 20032:
3 mg/kg natalizumab at 0 and 4 wk; Ghosh 20033: 3 mg/kg natalizumab at 0 wk. Feagan 20081: 2 mg/kg vedolizumab at 0 and 4 wk; Feagan 20082: 0.5 mg/kg
vedolizumab at 0 and 4 wk.
Treatment
Study or subgroup

Events

Control

Total

Events

Total

Weight

Odds ratio

Odds ratio

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

1

40

51

51

63

8.6%

0.86 [0.34, 2.14]

2

57

66

51

63

6.2%

1.49 [0.58, 3.83]

Ghosh 2003
Ghosh 2003
Ghosh 2003

3

50

68

51

63

12.3%

0.65 [0.29, 1.50]

Targan 2007

222

258

206

250

25.5%

1.32 [0.82, 2.13]

1

59

65

50

58

4.3%

1.57 [0.51, 4.84]

2

58

62

50

58

2.9%

2.32 [0.66, 8.17]

124

220

88

148

40.2%

0.88 [0.58, 1.34]

703

100.0%

1.07 [0.83, 1.38]

Feagan 2008
Feagan 2008

Sandborn 2013
Total (95%CI)

790

Total events

610

547

2

2

Heterogeneity: χ = 5.51, df = 6 (P = 0.48); I = 0%

0.05

Test for overall effect: Z = 0.53 (P = 0.59)

0.2

1

5

20

Figure 4 Forest plots of common adverse reactions. Ghosh 20031: 6 mg/kg natalizumab at 0 and 4 wk; Ghosh 20032: 3 mg/kg natalizumab at 0 and 4 wk; Ghosh
20033: 3 mg/kg natalizumab at 0 wk. Feagan 20081: 2 mg/kg vedolizumab at 0 and 4 wk; Feagan 20082: 0.5 mg/kg vedolizumab at 0 and 4 wk.

Treatment
Study or subgroup

Total

Events

Odds ratio

Odds ratio

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

Total

Weight

1

7

68

7

63

9.3%

0.92 [0.30, 2.78]

Ghosh 2003

Events

Control

2

6

66

7

63

9.3%

0.80 [0.25, 2.53]

Ghosh 2003

3

6

51

7

63

7.9%

1.07 [0.33, 3.40]

Targan 2007

13

258

24

250

33.2%

0.50 [0.25, 1.00]

1

6

62

10

58

13.4%

0.51 [0.17, 1.52]

Feagan 2008

2

10

65

10

58

12.8%

0.87 [0.33, 2.28]

Sandborn 2013

20

220

9

148

14.0%

1.54 [0.68, 3.49]

703

100.0%

0.81 [0.57, 1.15]

Ghosh 2003

Feagan 2008

Total (95%CI)

790

Total events

68
2

74
2

Heterogeneity: χ = 5.20, df = 6 (P = 0.52); I = 0%
0.05

Test for overall effect: Z = 1.19 (P = 0.23)

0.2

1

5

20

Figure 5 Forest plots of serious adverse reactions. Ghosh 20031: 6 mg/kg natalizumab at 0 and 4 wk; Ghosh 20032: 3 mg/kg natalizumab at 0 and 4 wk; Ghosh
20033: 3 mg/kg natalizumab at 0 wk. Feagan 20081: 2 mg/kg vedolizumab at 0 and 4 wk; Feagan 20082: 0.5 mg/kg vedolizumab at 0 and 4 wk.

certolizumab pegol, and golimumab have been used
in patients with moderate to severe CD who failed to
[16]
respond to corticosteroids . TNF-α inhibitors have
been proved effective in CD treatment, however

WJG|www.wjgnet.com

40% of patients will lose their response to them at a
[17]
rate of 10%-13% per year . This led to the search
for an alternative way to treat CD. It was found that
the migration of leukocytes and other inflammatory
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leukocytes and endothelial cells. Previous studies have reported that integrin
antagonists can inhibit inflammation.

cells into the intestinal vasculature and disruption
of intestinal barrier function were important in the
[18]
pathogenesis of CD . The integrin antagonists
(natalizumab and vedolizumab) aim to block the
interaction between leukocytes and endothelial cells
[19]
to inhibit inflammation . One RCT showed that
vedolizumab can lead to clinical remission at 10 wk in
[20]
patients who failed TNF antagonist treatment .
Our meta-analysis suggested that short-term
treatment with integrin antagonists could improve
the clinical response and remission in CD patients.
Compared to placebo, patients treated with 6 mg/kg
natalizumab at 0 and 4 wk showed the highest OR
for clinical response (OR = 2.44, 95%CI: 1.14-5.23),
followed by 3 mg/kg natalizumab at 0 and 4 wk
(OR = 2.05, 95%CI: 1.02-4.14). However, there
was no significant difference between natalizumab
and vedolizumab in terms of clinical response and
remission.
According to meta-analysis results, integrin
antagonists had a similar rate of adverse reactions
as the placebo group. Previous studies showed that
natalizumab could increase the risk of PML at a rate
[8]
of 0.09-11 per 1000 patients . Vedolizumab was
designed to target the α4β7 integrin heterodimer
[21]
and cannot cross the blood-brain barrier . There
are no reported cases of PML in patients treated with
[22]
vedolizumab for CD . However, we did not find PML
reported in the included studies and compared to
placebo, both natalizumab and vedolizumab had a
similar rate of serious adverse reactions.
There were some limitations to our study. The
treatment strategies were different for each study. For
[10]
example Ghosh et al
used 3 mg/kg natalizumab,
[13]
while Targan et al
used a fix dose of 300 mg. The
duration of treatment also varied. The inclusion criteria
[14]
differed among the trials. Sandborn et al
included
patients who previously received TNF antagonist
therapy; however, these patients were excluded
from the other four trials. Despite these limitations,
we believe that our analysis could contribute to the
comprehensive evaluation of integrin antagonists in
CD.
Our meta-analysis suggested that integrin
antagonists were effective in improving CD response
and remission rates with a similar rate of adverse
reactions compared to placebo. However, due to the
small size of samples in our study, large multicenter
RCTs are needed to confirm our findings.

Research frontiers

Natalizumab is a monoclonal antibody antagonizing α4β1 and α4β7 integrinmediated interactions in the gut and brain, while vedolizumab is a humanized
IgG1 monoclonal antibody for α4β7 integrin. Current studies have reported that
integrin antagonists can relieve symptoms in CD.

Innovations and breakthroughs

Previous studies have reported that natalizumab and vedolizumab are
effective in CD treatment. However, these trials were small and there is still a
lack of large multicenter trials. To evaluate the efficacy and safety of integrin
antagonists, including natalizumab and vedolizumab, the authors performed
a meta-analysis that overcame the limitation of small trials. To date, no metaanalysis has been published for CD that has evaluated the efficacy and safety
of integrin antagonists. Thus, the aim of this study was to carry out a systematic
literature review and meta-analysis of published RCTs in order to evaluate the
efficacy and safety of the integrin antagonists, and this may contribute important
results to the evidence-based health care evaluation of CD that might support
clinical as well as financial decision making.

Applications

This study suggests that integrin antagonists are effective in improving CD
response and remission rate although the treatment strategies are varied.
Compared with placebo, integrin antagonists have a similar safety profile.

Terminology

CD is a relapsing systemic inflammatory disease that commonly affects the
gastrointestinal tract with extraintestinal manifestations and associated immune
disorders. CD often leads to abdominal pain, fever, malaise, fatigue, diarrhea,
fistula formation, bowel obstruction, and malnutrition. Integrin antagonists are
antibodies that aim to block the interaction between leukocytes and endothelial
cells to inhibit inflammation including natalizumab and vedolizumab.

Peer-review

This study shows a meta-analysis that reviews the clinical evidence about the
use of Integrin antagonists as a new treatment in refractory CD. Five papers
meet with rigorous inclusion criteria and their analysis reported interesting data.
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RESULTS: Ten studies involving 1299 IBD patients
and 1817 controls were included in the meta-analysis
(24.9% of IBD patients had H. pylori infection vs
48.3% of the controls). The pooled risk ratio for H.
pylori infection in IBD patients compared with controls
was 0.48 (95%CI: 0.43-0.54; P < 0.001). There was
2
no significant heterogeneity in the included studies (I
= 21%). Egger’s linear regression indicated that there
was no significant publication bias (P = 0.203).
CONCLUSION: The H. pylori infection rate in Asian
IBD patients is significantly lower than in non-IBD
patients, indicating that infection protects against the
development of IBD.
Key words: Asian population; Crohn’s disease; Helicobacter
pylori ; Inflammatory bowel disease; Meta-analysis;
Ulcerative colitis

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

AIM: To investigate the relationship between Helicobacter
pylori infection and inflammatory bowel disease (IBD)

Core tip: A meta-analysis was carried out to investigate
the relationship between Helicobacter pylori (H. pylori )
infection and inflammatory bowel disease (IBD) in
an Asian population. A search of PubMed, EMBASE,
and Cochrane Library databases identified ten studies
involving 1299 IBD patients and 1817 controls that were
included in the meta-analysis (24.9% of IBD patients
had H. pylori infection vs 48.3% of the controls). This
meta-analysis showed that in an Asian population, the
H. pylori infection rate was significantly lower in IBD
patients than in non-IBD patients, indicating a protective
effect of H. pylori infection against IBD.

METHODS: The PubMed, EMBASE, and Cochrane

Wu XW, Ji HZ, Yang MF, Wu L, Wang FY. Helicobacter

Abstract
in an Asian population.
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Studies identified in the search (n = 422)

Studies excluded on the basis of title and
abstract (n = 393)

Studies retrieved for evaluation (n = 29)

INTRODUCTION
Inflammatory bowel disease (IBD) is described as
chronic inflammation of the gastrointestinal tract
in genetically susceptible individuals exposed to
environmental risk factors, and involves alternating
active and quiescent phases leading to an increased
[1,2]
health burden worldwide . Crohn’s disease (CD) and
ulcerative colitis (UC) are the two primary subtypes of
IBD. These diseases may result in intestinal damage,
[3,4]
complications, and surgical interventions . Com
mensal enteric bacteria are considered to have a
critical role in the development of IBD. Continuous
microbial antigenic stimulation can activate pathogenic
immune responses and result in damage to intestinal
[5]
mucosal barrier function and immunoregulation .
Genetic polymorphisms in the host most likely interact
with intestinal bacteria to stimulate aggressive
immunoreactions that cause chronic tissue injury. It is
necessary to identify these host and microbial changes
[6,7]
in individual patients in order to treat IBD .
Helicobacter species are characterized by micro
aerophilic metabolism, spiral shape, and peculiar
motility, which contribute to their colonization of the
[8]
gastrointestinal mucosal surface . Helicobacter pylori
(H. pylori) is a gram-negative pathogenic bacterium
that is associated with chronic gastritis and is usually
located on the surface of the stomach epithelium.
Interestingly, H. pylori has also been identified in the
[9-11]
normal colonic mucosa, colorectal neoplasms
,
[12,13]
and the intestinal mucosa of IBD patients
.
Furthermore, H. pylori has been confirmed as a risk
[14,15]
factor for colonic neoplasms
, however, there is
insufficient evidence to conclude that H. pylori has an
important role in the pathogenesis of IBD.
Many observational studies have investigated the
association between H. pylori infection and IBD. A
meta-analysis involving 23 studies suggested that
the H. pylori infection rate was lower in IBD patients
than in non-IBD patients, and H. pylori was beneficial
[16]
in preventing the development of IBD . However,
this meta-analysis only included one study that
investigated the prevalence of H. pylori in an Asian
population, and the conclusion may not be suitable
for Asian populations. Therefore, we carried out an
updated meta-analysis including only studies that
determined the prevalence of H. pylori in IBD patients
from Asian countries.

WJG|www.wjgnet.com

Excluded (n = 19)
Reviews (n = 7)
Case reports (n = 2)
Non-Asian populations (n = 8)
Incomplete date (n = 1)
Pediatric population (n = 1)

Studies eligible for inclusion (n = 10)

Figure 1 Flow diagram of the study selection process.

MATERIALS AND METHODS
Inclusion/exclusion criteria

Studies in line with the following criteria were included:
(1) investigated the relationship between H. pylori
infection and IBD; (2) used a case-control, crosssectional, or cohort design; and (3) specifically included
an Asian population. Studies were excluded if: (1) data
from a previously published study were used; and (2)
included a pediatric population.

Search strategy

We performed a search of PubMed, EMBASE, and
the Cochrane Library for studies published up until
June 2014. A search strategy was constructed using
a combination of the following words: (Helicobacter
pylori or H. pylori) and (IBD or CD or UC). Articles
published in any language were included. A manual
search of the references listed by studies retrieved
from the online databases and from previously
published systematic reviews was also performed to
identify additional relevant studies.

Data extraction

Two investigators (Wu XW and Ji HZ) extracted
data. Any differences regarding study inclusion,
data extraction, and interpretation were resolved
by consensus before the final analysis. Study
variables were collected in the following categories:
year of publication, country of origin, study center,
characteristics of the patients, and H. pylori detection
method. To avoid inclusion of duplicated data in
the final analysis, retrieved studies were carefully
evaluated and checked by comparing author names,
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Table 1 Characteristics of the studies included in the meta-analysis
Ref.

Country

Matsumura et al[19] 2001
Furusu et al[20] 2002
Moriyama et al[21] 2005
Ando et al[22] 2008
Hong et al[23] 2009
Pang et al[24] 2009
Song et al[25] 2009
Zhang et al[13] 2011
Jin et al[26] 2013
Xiang et al[27] 2013

Japan
Japan
Japan
Japan
South Korea
China
South Korea
China
China
China

Study
center

CD/UC,

Control,

Mean age, yr

Male, %

n

n

(CD/UC)

(CD/UC)

Multiple
Single
Single
Single
Single
Single
Multiple
Single
Single
Single

90/NR
25/25
29/NR
38/NR
37/43
52/54
147/169
104/104
NR/153
229/NR

525
25
7
12
41
106
316
416
121
248

31.7/NR
NR
31.6/NR
28.9/NR
38.2/44.2
36.7/42.3
33.5/44.7
31.0/40.9
NR/44.6
46.2/NR

70.0/NR
NR
59.0/NR
74.0/NR
73.0/67.4
57.7/55.6
67.3/63.3
66.3/57.7
NR/51.6
58.1/NR

Helicobacter pylori detection
IgG
IgG/Histology
UBT
UBT
Histology
IgG
UBT
UBT
UBT/Culture
UBT/Culture

CD: Crohn’s disease; IgG: Immunoglobulin G; NR: Not reported; UBT: Urea breath test; UC: Ulcerative colitis.

serologic tests (C-urea breath test, biopsy specimen
histology, or biopsy sample culture) to detect H. pylori.

geographic locations, and period of study.

Statistical analysis

H. pylori and IBD

Meta-analysis was carried out by combining the risk
ratio (RR) in the IBD and control groups of the individual
studies in a global RR. Statistical heterogeneity testing
2
2
was performed using the χ statistic and I , and an
2
I > 50% was considered to represent substantial
[17]
heterogeneity . A fixed effects model was selected
2
when the heterogeneity test showed an I < 50%,
otherwise a random effects model was used. A funnel
[18]
plot was used to determine publication bias . Analyses
were conducted using Review Manager software (RevMan
version 5.3; Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014). The statistical
methods of this study were reviewed by Liu from
Department of Medical Statistics, School of Medicine,
Nanjing University.

Of these studies, which included 1299 IBD patients and
1817 controls (Figure 2), 24.9% of patients in the IBD
groups were found to have H. pylori infection, while
48.3% of patients in the control groups had H. pylori
infection. The pooled RR of H. pylori infection rate in
IBD patients compared to controls was 0.48 (95%CI:
0.43-0.54; P < 0.001). A fixed effects model was used
for the meta-analysis as no significant heterogeneity in
2
the included studies was observed (I = 21%).
Nine studies included 751 CD patients and 1696
controls (Figure 3). The rate of H. pylori infection in
CD patients was 21.3% compared with 47.7% in
the control groups (RR = 0.43, 95%CI: 0.37-0.50;
P < 0.001). A fixed effects model was selected for
the meta-analysis as significant heterogeneity in the
2
included studies was not observed (I = 43%).
Six studies included 548 UC patients and 1025
controls (Figure 4). The rate of H. pylori infection
was 29.9% in UC patients vs 52.5% in the control
groups (RR = 0.55, 95%CI: 0.48-0.64; P < 0.001).
We performed the meta-analysis with a fixed effects
model as no significant heterogeneity was found in the
2
included studies (I = 0%).

RESULTS
Search results

Our search identified 422 potentially relevant studies,
of which 393 were excluded after title and abstract
screening. Twenty-nine articles were retained for fulltext review. Seven review articles, two case reports,
eight studies including non-Asian populations, one
study with incomplete data, and one study which
included a pediatric population were subsequently
excluded. We identified ten studies which fulfilled the
[13,19-27]
inclusion criteria
. These studies included a total
of 1299 cases of IBD and 1817 controls. Figure 1
shows the study flow diagram.

Publication bias

The funnel plot revealed a reasonably symmetrical
distribution of the included studies examining the
association between H. pylori infection and IBD (Figure
5). Egger’s linear regression indicated that there was
no statistically significant evidence of publication bias (P
= 0.203).

Characteristics of the included studies

The characteristics of the included studies and patients
are presented in Table 1. Four studies were from Japan,
four studies were from China, and two studies were
from South Korea. All were case-control studies. Two of
them were multicenter studies, and eight were singlecenter studies. The mean age of IBD patients ranged
from 28.9 to 44.7 years. Two studies used serologic
tests (immunoglobulin G) and eight studies used non-

WJG|www.wjgnet.com

DISCUSSION
The prevalence of H. pylori infection varies markedly
in different countries and regions. Higher prevalence
[28,29]
rates are seen in some developing Asian countries
,
while lower rates have been found in many developed
[30,31]
countries in Europe and North America
. Moreover,
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Study or subgroup
Matsumura et al 2001
Furusu et al 2002
Moriyama et al 2005
Ando et al 2008
Song et al 2009
Pang et al 2009
Hong et al 2009
Zhang et al 2011
Xiang et al 2013
Jin et al 2013

Experimental
Events Total
15
90
15
50
3
29
3
38
80
316
33
106
26
80
41
208
46
153
62
229

Control
Events Total Weight
211
525
9.1%
13
25
2.5%
5
7
1.2%
5
12
1.1%
166
316 24.4%
65
106
9.5%
22
41
4.3%
203
416 19.9%
69
121 11.3%
119
248 16.8%

Total (95%CI)
1299
Total events
324
878
2
2
Heterogeneity: χ = 11.42, df = 9 (P = 0.25); I = 21%
Test for overall effect: Z = 12.97 (P < 0.00001)

1817 100.0%

RR
M-H, fixed, 95%CI
0.41 [0.26, 0.67]
0.58 [0.33, 1.02]
0.14 [0.04, 0.47]
0.19 [0.05, 0.68]
0.48 [0.39, 0.60]
0.51 [0.37, 0.70]
0.61 [0.40, 0.93]
0.40 [0.30, 0.54]
0.53 [0.40, 0.70]
0.56 [0.44, 0.72]

RR
M-H, fixed, 95%CI

0.48 [0.43, 0.54]

0.01
0.1
1
10
Favours [experimental] Favours [control]

100

Figure 2 Forest plot of Helicobacter pylori infection rate in inflammatory bowel disease vs control groups.

Study or subgroup
Matsumura et al 2001
Furusu et al 2002
Moriyama et al 2005
Ando et al 2008
Pang et al 2009
Song et al 2009
Hong et al 2009
Zhang et al 2011
Xiang et al 2013

Experimental
Events Total
15
90
9
25
3
29
3
38
13
52
26
147
10
37
19
104
62
229

Control
Events Total Weight
211
525 13.6%
13
25
2.9%
5
7
1.8%
5
12
1.7%
65
106
9.4%
166
316 23.2%
22
41
4.6%
203
416 17.8%
119
248 25.1%

Total (95%CI)
751
Total events
160
809
2
2
Heterogeneity: χ = 14.08, df = 8 (P = 0.08); I = 43%
Test for overall effect: Z = 10.82 (P < 0.00001)

1696 100.0%

RR
M-H, fixed, 95%CI
0.41 [0.26, 0.67]
0.69 [0.36, 1.32]
0.14 [0.04, 0.47]
0.19 [0.05, 0.68]
0.41 [0.25, 0.67]
0.34 [0.23, 0.48]
0.50 [0.28, 0.92]
0.37 [0.25, 0.57]
0.56 [0.44, 0.72]

RR
M-H, fixed, 95%CI

0.43 [0.37, 0.50]

0.01
0.1
1
10
Favours [experimental] Favours [control]

100

Figure 3 Forest plot of Helicobacter pylori infection rate in Crohn’s disease vs control groups.

Study or subgroup
Furusu et al 2002
Song et al 2009
Pang et al 2009
Hong et al 2009
Zhang et al 2011
Jin et al 2013

Experimental
Events Total
6
25
54
169
20
54
16
43
22
104
46
153

Control
Events Total
13
25
166
316
65
106
22
41
203
416
69
121

Total (95%CI)
548
Total events
164
538
2
2
Heterogeneity: χ = 3.53, df = 5 (P = 0.62); I = 0%
Test for overall effect: Z = 8.04 (P < 0.00001)

Weight
3.7%
32.7%
12.4%
6.4%
23.0%
21.8%

1025 100.0%

RR
M-H, fixed, 95%CI
0.46 [0.21, 1.02]
0.61 [0.48, 0.78]
0.60 [0.41, 0.88]
0.69 [0.43, 1.12]
0.43 [0.30, 0.64]
0.53 [0.40, 0.70]

RR
M-H, fixed, 95%CI

0.55 [0.48, 0.64]

0.01
0.1
1
10
Favours [experimental] Favours [control]

100

Figure 4 Forest plot of Helicobacter pylori infection rate in ulcerative colitis vs control groups.

the prevalence rates may vary significantly in different
geographic regions or ethnic populations of the same
[32,33]
country
. However, the variation in H. pylori
infection rate in IBD patients of different race or region
has not been completely clarified.
Our meta-analysis identified ten studies focused
on the association between H. pylori infection and IBD
in an Asian population. The included cases were from

WJG|www.wjgnet.com

three east-Asian countries (China, Japan, and South
Korea) that are considered to have similar ethnic
origin, whereas the previous meta-analysis published
in 2010 involved populations mostly from European
[16]
and American countries . By specifically including an
Asian population, the heterogeneity and publication
bias were both lower than those in the previous metaanalysis. The pooled rate of H. pylori infection in the
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rates in patients with diverse severity or extent of UC
[26]
were significantly lower than those in the controls .
Another study showed that the H. pylori infection rates
in patients with colonic, small intestine and ileocolonic
CD were significantly lower than that in the control
[27]
group . We did not find any obvious correlation
between the phenotypic characteristics of IBD patients
and H. pylori infection rate in the included studies.
In conclusion, our meta-analysis shows that the rate
of H. pylori infection in IBD patients from Asian countries
is significantly lower than in non-IBD patients. However,
there are some limitations in our meta-analysis, such as
an insufficient number of included studies and potential
heterogeneity. More prospective high-quality controlled
studies are required to confirm the results of this metaanalysis.

Begg's funnel plot with pseudo 95% confidence limits
2

logor

0

-2

-4
0

0.5

1

s.e. of: logor

Figure 5 Funnel plot analysis.

IBD groups was a little lower than that reported in the
previous meta-analysis (24.9% vs 27.1%), but the
pooled rate of H. pylori infection in the control groups
was higher than that previously reported (48.3% vs
40.9%). These discordant results suggest that ethnic
origin may have a potential impact on the relationship
between H. pylori infection and IBD.
The mechanism of H. pylori infection in preventing
IBD is unclear. It has been hypothesized that H.
pylori may downregulate proinflammatory immune
responses in the host in order to promote its own
survival, resulting in beneficial effects to the host. An
animal experiment showed that long-term H. pylori
infection can lead to distinct changes in microbiota
composition in the large intestine, indicating that H.
pylori may modulate the intestinal flora to affect the
[34]
development of IBD . Other research in animal colitis
models suggested that H. pylori infection can regulate
the immune responses, resulting in benefit to the host
against other chronic inflammatory conditions such as
[35,36]
[37]
IBD
. Papamichael et al
showed that H. pylori
infection may play a protective role against IBD via
the following mechanisms: increasing the levels of
some cytokines, activating dendritic cells and T cells,
downregulating the Th1/Th17 pathway, and inducing
the generation of antibodies against H. pylori. In
our meta-analysis, the lower pooled RR of H. pylori
infection in IBD patients compared to controls suggests
a protective effect of infection against the development
of IBD. Subgroup analyses showed a tendency toward
a more pronounced effect for CD when compared
to UC. One of the included studies revealed a more
evident association between H. pylori infection and
IBD in patients < 60 years-old, which suggests that H.
pylori infection may reduce the risk of IBD in younger
[25]
adults . Two studies found that the rate of H. pylori
infection in IBD patients treated with antibiotics was
lower than untreated patients. However, IBD patients
without antibiotic treatment still showed a significantly
[24,25]
lower rate of H. pylori infection than controls
. In a
study with only 153 UC patients, the H. pylori infection
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Background

Epidemiologic data show that Helicobacter pylori (H. pylori) infection has a
protective effect against the development of autoimmune disease. Laboratory
data suggest that H. pylori can induce immune tolerance and suppress the
inflammatory response. Many observational studies have investigated the
association between H. pylori infection and inflammatory bowel disease (IBD).
Most of these studies found that the H. pylori infection rate in IBD patients was
lower than that in non-IBD patients. However, conflicting outcomes have been
observed and the exact mechanism of the protective effect of H. pylori in IBD
development is still unclear.

Research frontiers

Numerous studies describing the H. pylori infection rates in IBD patients
compared with healthy controls have been published in the past twenty years.
A previous meta-analysis involving 23 studies suggested a lower H. pylori
infection rate in IBD patients. H. pylori infection rate is related to ethnicity and
region, however, the previous meta-analysis only included one study from
an Asian country. This study investigated the relationship between H. pylori
infection and IBD in an Asian population.

Innovations and breakthroughs

The authors demonstrated that the H. pylori infection rate in Asian IBD patients
was significantly lower than in non-IBD Asian patients. The pooled H. pylori
infection rate of IBD patients in this study was a little lower than the previous
meta-analysis (24.9% vs 27.1%), but the pooled rate in the control group was
higher than that previously reported (48.3% vs 40.9%). These results suggest
that ethnic origin may have an impact on H. pylori infection rate, providing
powerful evidence that H. pylori infection is a potential protective factor in the
development of IBD.

Applications

The results of this meta-analysis show that IBD patients with a history of taking
antibiotics had a lower H. pylori infection rate in two of the included studies,
however, there were no available data for the controls. Antibiotic use may be
partly responsible for the lower H. pylori infection rate in IBD patients. The exact
mechanism of this interesting phenomenon should be investigated further.
Large-sample and well-designed cohort studies with stringent disease and H.
pylori infection definitions are required in order to delineate the protective effect
of H. pylori infection in IBD development.

Terminology

H. pylori is a gram-negative, microaerophilic bacterium. It is present in patients
with chronic gastritis and gastric ulcers. It is also linked to the development
of duodenal ulcers and stomach cancer. H. pylori may be implicated in the
pathogenesis of autoimmune diseases.

Peer-review

This is a well-designed and performed meta-analysis that confirms the results
recently published for non-Asian cohorts. The results are interesting and are
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for esophageal cancer: A meta-analysis
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compared LS with HS esophagogastric anastomosis for
esophageal cancer. The primary outcomes compared
were anastomotic leak and stricture. Subgroup analyses
were performed according to site of anastomosis.
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RESULTS: Fifteen studies were used, comprising 3203
patients (n = 2027 LS and 1176 HS). Primary outcome
analysis revealed a significant decrease in anastomotic
leakage (RR = 0.51, 95%CI: 0.41-0.65; P < 0.00001)
associated with LS anastomosis. A significantly
reduced rate of anastomotic stricture associated with
LS was also found (RR = 0.56, 95%CI: 0.49-0.64; P
< 0.00001). A subgroup analysis according to the site
of anastomosis revealed a significantly reduced rate of
anastomotic stricture (P < 0.00001). Although there
was no significant difference in the decrease in thoracic
anastomotic leakage, there was a significant decrease
in cervical anastomotic leakage associated with LS (P
< 0.00001).
CONCLUSION: This meta-analysis indicates that the
LS technique contributes to a reduced rate of leakage
and stricture compared with the HS method.
Key words: Anastomotic leakage; Anastomotic stricture;
Hand-sewn anastomosis; Linearly stapled anastomosis;
Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Abstract

Core tip: This is an important meta-analysis comparing
the results of hand-sewn and linear stapling techniques
for esophagogastric anastomosis after esophageal
cancer resection. Primary outcome analysis revealed
statistically significant decreases in anastomotic leakage
and stricture associated with linearly stapled anastomosis.
Subgroup analyses were performed according to site of
anastomosis. This meta-analysis may offer some specific
suggestions for esophagogastric anastomosis.

AIM: To compare the outcomes of hand-sewn (HS)
and linearly stapled (LS) esophagogastric anastomosis
for esophageal cancer.
METHODS: Before beginning this study, a rigorous
protocol was established according to the recom
mendations of the Cochrane Collaboration. Databases
and references were searched for all randomized
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MATERIALS AND METHODS

Deng XF, Liu QX, Zhou D, Min JX, Dai JG. Hand-sewn vs
linearly stapled esophagogastric anastomosis for esophageal
cancer: A meta-analysis. World J Gastroenterol 2015;
21(15): 4757-4764 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i15/4757.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4757

Study design

A systematic literature search of MEDLINE, EMBASE,
Cochrane Library, Web of Science, Chinese Biomedical
Database, and Chinese Scientific Journals Database
was conducted. The search terms were as follows:
esophagectomy, anastomosis, esophagus, linear, sideto-side, hand-sewn, manual, stapled, mechanical, and
gastric, and the medical subject headings anastomosis,
linear stapled, side-to-side, hand-sewn, manual,
stapled, mechanical, and esophagectomy were used in
combination with the Boolean operators “and” or “or”.
The electronic search was supplemented by a hardcopy search of published abstracts from conference
proceedings, including the International Society for
Esophagus Diseases, the China Esophageal Society
Meeting, United European Gastroenterology Week,
and some surgery associations. We also scanned lists
of trials that were selected from electronic searches to
distinguish further relevant trials.
Before the beginning of this study, a rigorous
protocol was established according to the recom
mendations of the Cochrane Collaboration. Abstracts
of the citations identified by the search were then
scrutinized by two observers to determine eligibility for
inclusion in the meta-analysis. Studies were included
if they met all the following criteria: (1) comparative
studies; (2) separation into groups based on the use
of LS and HS esophagogastrostomy for esophageal
surgery; and (3) an outcome of anastomotic leakage or
strictures. Exclusion criteria were: letters to the editor,
reviews, and clinical trials without the two groups (LS
vs, HS anastomosis).
For the purposes of this study, we considered
patients to have experienced an anastomotic leak
when the following were indicated: (1) positive
contrast study with or without clinical signs; and (2)
clinical signs alone requiring subsequent alteration
in clinical care (e.g., wound drainage and packing,
or reoperation). Patients were considered to have
postoperative strictures, and a need for postoperative
dilatation, if they experienced any dysphagia and
required more than one dilatation in the first six
months after surgery. In support of the diagnosis,
anastomotic narrowing was noted at the time of
endoscopy and dysphagia was typically relieved after
dilatation. Data from eligible trials were entered into
a computerized spreadsheet for analysis. The quality
of each trial was assessed using the Jadad scoring
[13]
system .

INTRODUCTION
Esophageal carcinoma is a multifaceted and complex
disease of rapidly rising incidence that exerts an
increasing social and financial burden on global
[1-3]
healthcare systems . Esophagogastrectomy is the
standard treatment for esophageal carcinoma and
end-stage benign esophageal disease; however, the
techniques of esophagogastric anastomosis after
esophagectomy are complex and associated with
postoperative complications, such as anastomotic
leakage and stricture. Such complications are frequently
encountered and compromise quality of life, and they
can even be life threatening. Both of these complications
are prevalent and serious following esophagectomy;
therefore, the method used for anastomosis has been
the focus of much attention.
Esophagogastric anastomosis is divided into
two methods: hand-sewn (HS) and linearly stapled
(LS). Mechanical staplers have been widely used in
esophagogastric anastomosis for their convenience
and being less operator-dependent. Generally, two
different types of staplers are widely used: the circular
and linear. Some studies have observed that the use
of a circular stapler contributes to reduced leakage,
but is associated with increased risk of anastomotic
[4-10]
strictures
. Anastomosis using LS, which was
[11]
described by Collard et al
and modified by Orringer
[12]
et al , is considered a major advance in reducing the
incidence of anastomotic leakage and stricture. Several
studies have reported that this technique is associated
with reduced anastomotic complications.
Several studies have been performed to compare
the traditional HS anastomosis method to the mo
dern LS technique; however, which technique is
superior remains controversial. To the best of our
knowledge, no meta-analysis has compared LS with
HS esophagogastric anastomosis for esophageal
cancer; therefore, we pooled analyses of 15 studies
from 1998 to 2013 and compared the contribution
of each technique to the occurrence of postoperative
anastomotic strictures and leakage. Meanwhile,
we performed a subgroup analysis based on the
site of anastomosis. This is believed to be the first
meta-analysis comparing LS to HS esophagogastric
anastomosis for esophageal cancer. We believe
that this meta-analysis will provide information on
treatment options for clinicians regarding esophageal
reconstruction approaches after esophagectomy.

WJG|www.wjgnet.com

Statistical analysis

Statistical analysis was performed by the RevMan 5.2.9
(Cochrane Collaboration, Oxford, United Kingdom) for
the controlled studies. The data extracted from the
relevant trials were combined and the relative risk (RR)
was calculated with 95%CI. Statistical heterogeneity
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Table 1 Demographic data n (%)
Ref.

Study type

Collard et al[11], 1998
Orringer et al[12], 2000
Singh et al[14], 2001
Casson et al[15], 2002
Behzadi et al[16], 2005
Ercan et al[7], 2005
Blackmon et al[17], 2007
Kondra et al[18], 2008
Cooke et al[19], 2009
Deng et al[20], 2009
Xu et al[21], 2011
Saluja et al[22], 2012
Yang et al[23], 2012
Wang et al[24], 2013
Price et al[25], 2013

Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
RCT
RCT
RCT
Comparative

Anastomotic site
Cervical
Cervical
Cervical
Cervical
NS
Cervical
Thoracic
Cervical
Cervical
Cervical
Thoracic
Cervical
Cervical
Thoracic
Mixed

Patient

Leakage

Stricture

Sutured layer in HS

LS

HS

LS

HS

LS

HS

16
111
16
38
75
86
44
79
974
9
166
87
21
45
260

24
112
43
53
205
188
23
89
159
8
54
87
22
52
57

0 (0.0)
3 (2.7)
1 (6.3)
3 (7.9)
4 (5.3)
3 (3.5)
3 (6.8)
10 (12.7)
117 (12.0)
0 (0.0)
0 (0.0)
16 (18.4)
1 (4.8)
0 (0.0)
21 (8.1)

0 (0.0)
16 (14.3)
10 (23.3)
12 (22.6)
26 (12.7)
20 (10.6)
1 (4.3)
24 (27.0)
33 (20.8)
0 (0.0)
0 (0.0)
14 (16.1)
1 (4.5)
0 (0.0)
11 (19.3)

1 (6.3)
39 (35.1)
3 (18.8)
3 (7.9)
11 (14.7)
56 (65.1)
4 (9.0)
23 (29.1)
0 (0.0)
2 (22.2)
3 (1.8)
7 (8.0)
0 (0.0)
0 (0.0)
33 (12.7)

11 (45.8)
54 (48.2)
25 (58.1)
9 (17.0)
70 (34.1)
169 (89.9)
8 (34.8)
49 (55.1)
0 (0.0)
4 (50.0)
5 (9.3)
17 (19.5)
3 (13.6)
5 (9.6)
13 (22.8)

Single
NS
Single
Mixed
Mixed
Single
Double
Double
NS
Single
NS
Single
Double
Single
NS

HS: Hand-sewn; LS: Linear stapled; NS: Not specified; RCT: Randomized controlled trial.
2

Statistical heterogeneity was not detected (I = 44%,
χ 2 = 23.09, df = 13, P = 0.04). A subgroup analysis of
anastomotic stricture was conducted according to site
of anastomosis. There was a significant reduction in
anastomotic stricture in the neck (RR = 0.62, 95%CI:
0.53-0.71, P < 0.00001) (Figure 6) and thorax (RR =
0.26, 95%CI: 0.15-0.47; P < 0.00001) (Figure 7).

among the trials was evaluated using Cochran’s Q test
2
2
(χ test) and the Higgins I statistic to determine the
percentage of total variations among studies resulting
2
from heterogeneity. If the I statistic was ≤ 50%, the
fixed effects model was used to pool studies; if not,
the random effects model was used.

RESULTS

DISCUSSION

Characteristics of included trials

In the early days, the rate of successful HS anastomosis
was low. As anastomosis technology progressed, the
success rate increased, and when LS was developed,
the success rates were even higher. LS anastomosis
[11]
was first described by Collard et al
in 1998 and
[12]
modified by Orringer et al , who performed sideto-side esophagogastric anastomosis with a small
linear stapler LS anastomosis or with a side-to-side
orientation, which improved postoperative outcomes
after esophagogastric anastomosis.
LS is structured using two double-staggered rows
of staples and can be cut between the double rows
simultaneously. In the LS suture technique, the two
forks of an Endo-GIA stapler are placed across the
two opposing walls with the anvil in the gastric lumen
and the staple cartridge in the esophageal lumen.
After approximation of the two forks, the trigger of the
stapler is squeezed to allow forward displacement of
the knife and the delivery of three rows of staples on
each side. After the two forks have been separated,
the stapler is removed and the two stapled wound
edges are naturally retracted laterally from the
intramural musculature. The medial slit thus becomes
a V-shaped opening between the two lumina. The two
posterior walls realign themselves by exerting gentle
downward traction on the transplant. The anterior
walls are sutured to each other using a single-layer
running-suture technique similar to that used in HS
anastomosis or using a linear stapler.

Fifteen documents were included comprising 3203
[11,12,14-25]
patients (n = 2027 LS and n = 1176 HS)
. Patient
demographic data for each trial are presented in Table 1.
A PRISMA flowchart (Figure 1) describes the details of
the literature search for this systematic review.

Gastroesophageal anastomotic leakage

Eleven studies reported the incidence of gastro
esophageal anastomotic leakage following LS or
HS anastomosis. The analysis found a significant
difference between the LS and HS method in reducing
the incidence of gastroesophageal anastomotic leakage
(RR = 0.51, 95%CI: 0.41-0.65; P < 0.00001) (Figure
2
2). There was no evidence of statistical heterogeneity (I
2
= 17%, χ = 12.02, df = 10; P = 0.28). A subgroup
analysis for anastomotic leakage was conducted
according to the site of anastomosis. The reduction in
RR for cervical anastomotic leakage was significant at
0.49 with 95%CI: 0.39-0.63 (P < 0.00001) (Figure 3),
but no differences were found in thoracic anastomotic
leakage associated with LS (RR = 1.32, 95%CI:
0.39-4.50; P = 0.66) (Figure 4).

Gastroesophageal anastomotic stricture

Fourteen studies reported the incidence of gastro
esophageal anastomotic stricture following LS and
HS anastomosis. The use of LS had a reduced risk of
anastomotic stricture compared to that of HS (RR =
0.56, 95%CI: 0.49-0.64; P < 0.00001) (Figure 5).
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Potential articles identified and analyzed
(n = 166)

Eligibility

Screening

Articles excluded: Not comparative or RCTs
(n = 121)

Remaining articles analyzed further
(n = 45)
Articles excluded: Not divided into linear
vs hand-sewn
(n = 25)
Remaining articles assessed for eligibility
(n = 20)
Articles excluded: Linear vs hand-sewn,
but different outcomes measured
(n = 5)

Included

Studies included in qualitative synthesis
(n = 15)

Studies included in quantitative synthesis
(meta-analysis)
(n = 15)

Figure 1 Flow chart of the literature search according to PRISMA statement. RCTs: Randomized controlled trials.
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Theolyn N. Price 2013

LS
Events
3
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16
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53
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1
23
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89
33
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1
21
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87
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Weight
9.3%
3.2%
5.8%
8.1%
7.3%
0.8%
13.2%
33.1%
0.6%
8.2%
10.5%

Total (95%CI)
1791
1037 100.0%
Total events
182
168
2
2
Heterogeneity: χ = 12.02, df = 10 (P = 0.28); I = 17%
Test for overall effect: Z = 5.62 (P < 0.00001)

RR
M-H, fixed, 95%CI
0.19 [0.06, 0.63]
0.27 [0.04, 1.93]
0.35 [0.11, 1.15]
0.42 [0.15, 1.16]
0.33 [0.10, 1.07]
1.57 [0.17, 14.24]
0.47 [0.24, 0.92]
0.58 [0.41, 0.82]
1.00 [0.07, 14.95]
1.14 [0.59, 2.20]
0.42 [0.21, 0.82]

RR
M-H, fixed, 95%CI

0.51 [0.41, 0.65]
0.01

0.1

1

10

100

Favours [experimental] Favours [control]

Figure 2 Forest plot for anastomotic leakage. HS: Hand-sewn; LS: Linearly stapled.

The aim of this meta-analysis was to compare
the main clinical outcomes following LS and HS
esophagogastric anastomosis, including the rates of
anastomotic leakage and stricture. Many local and
systemic factors, such as the absence of serosa and
longitudinal orientation of muscle fibers, influence the
process of wound healing and incidence of anastomotic
leakage. Among these factors, the surgical anastomotic
technique remains an important variable that can be
modified. Compared with HS, LS esophagogastric
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anastomosis has a lower rate of anastomosis lea
kage for several possible reasons: (1) the stapled
anastomoses are considered to be more expedient and
less traumatic to tissues; (2) the lateral stay sutures
allow for reduced tension on the anastomosis without
compromising gastric conduit microcirculation; and
(3) LS provides triple-layered staple construction that
is less traumatic and more watertight than HS. It has
been reported that the incidence of esophagogastric
anastomosis leakage with the LS technique in cervical
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Study or subgroup
Mark B. Orringer 2000
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Figure 3 Subgroup analysis for cervical leakage. HS: Hand-sewn; LS: Linearly stapled.
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Figure 4 Subgroup analysis for thoracic leakage. HS: Hand-sewn; LS: Linearly stapled.
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Figure 5 Forest plot for anastomotic strictures. HS: Hand-sewn; LS: Linearly stapled.

and the between-study heterogeneity was found
to be small. Such results are possible because LS
anastomosis provides a larger cross-sectional area of
esophagogastrostomy, which could reduce strictures
and the subsequent need for later dilatation.
The meta-analysis presented here demonstrates
that LS esophagogastric anastomosis can be per
formed safely with decreasing rates of both leakage

anastomosis varies between 15% and 25%, which
[26]
is more frequent than in thoracic anastomosis .
Therefore, the superiority of the LS technique in
reducing the rate of leakage is more substantial in
cervical anastomosis than in thoracic anastomosis.
In terms of anastomotic stricture, LS is superior
to HS (RR = 0.54; 95%CI: 0.47-0.63; P < 0.00001).
This trend was consistent in all subgroup analyses,
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Figure 6 Subgroup analysis for cervical stricture. HS: Hand-sewn; LS: Linearly stapled.
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Figure 7 Subgroup analysis for thoracic stricture. HS: Hand-sewn; LS: Linearly stapled.

that the incidence of technical errors is minimized. In
contrast, the HS method requires surgical expertise
and might not be practical everywhere; therefore,
we should preferentially use LS over the HS method.
We believe that this meta-analysis can provide
information about treatment options for clinicians
regarding reconstruction using a gastric tube after
esophagectomy.

and stricture compared to those of HS anastomosis.
Subgroup analyses revealed that regardless of
whether the surgery site was cervical or thoracic, LS
can greatly decrease anastomotic stricture compared
to HS. Furthermore, LS can reduce the rate of cervical
anastomotic leakage.
For this study, we attempted to follow closely the
Cochrane Collaboration recommendations. A rigorous
study protocol was pre-specified and several electronic
databases, references for relevant trials, and international
conference abstracts were searched without restrictions
on language. The 15 studies included for this pooled
analysis comprised 12 comparative studies and three
randomized controlled trials. Although the current
review makes a strong argument for the use of the
LS anastomotic technique after esophagectomy, there
are inherent weaknesses associated with this study.
Most of the studies in this meta-analysis were not
randomized controlled trials; therefore, bias might
exist.
In conclusion, our meta-analysis of the adoption
of an LS anastomotic technique for esophagogastric
anastomoses in esophagectomy for cancer indicates
that the new technique lowers anastomotic leakage
and stricture rates compared to traditionally used
HS techniques. Furthermore, the application of the
LS technique is usually easy and standardized such
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COMMENTS
COMMENTS
Background

Currently, the standard treatment for esophageal cancer continues to be
esophagectomy. Hand-sewn (HS) and linear stapler (LS) anastomosis are
two major methods for esophagogastric anastomosis after esophagectomy.
However, which technique is superior remains controversial. This meta-analysis
compared the outcomes using the HS and LS methods for esophagogastric
anastomosis after esophagectomy by pooling all data from relevant randomized
controlled trials and comparative clinical studies, to reach a consensus for
comparison of two esophagogastric anastomosis methods.

Research frontiers

Several studies have been performed to compare the traditional HS
anastomosis method to the modern LS technique; however, which technique
is superior remains controversial. To date, no meta-analysis has compared LS
with HS esophagogastric anastomosis for esophageal cancer.

Innovations and breakthroughs

In this meta-analysis, primary outcome analysis revealed a significant decrease
in anastomotic leakage associated with LS anastomosis. A significantly reduced
rate of anastomotic stricture associated with LS was also found. A subgroup
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analysis according to the site of anastomosis revealed a significantly reduced
rate of anastomotic stricture. Although there were no significant differences in
the decrease in thoracic anastomotic leakage, there was a significant decrease
in cervical anastomotic leakage associated with the LS technique. This metaanalysis provides some information on treatment options for clinicians regarding
reconstruction using a gastric tube after esophagectomy.

12

Applications

13

This meta-analysis indicates that the LS technique contributes to a reduced
rate of both anastomotic leakage and stricture compared with the HS method;
therefore, the LS technique should be the recommended preferential technique
for esophageal anastomosis.

14

Terminology

HS anastomosis is esophagogastric anastomosis performed by hand with
interrupted absorbable monofilament sutures. LS anastomosis means that the
esophagogastric anastomosis is performed using linear staplers.

15

Peer-review

This meta-analysis addresses an important question for esophagogastric
surgeons. This is a nicely written manuscript and the analyses seem to be well
performed. The topic of the esophagogastric anastomosis is not really new, but
it is still one of the mainly important problems in esophageal surgery.
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Preoperatively misdiagnosed as hepatic colon carcinoma
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fistula caused by gallbladder carcinoma, which was
preoperatively misdiagnosed as hepatic flexure colon
carcinoma.
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Core tip: Cholecystocolic fistula is rare and difficult
to diagnose preoperatively. In our report, we
preoperatively misdiagnosed our patient as having
hepatic flexure colon cancer with adhesion to the
gallbladder. The patient was diagnosed with gallbladder
carcinoma intraoperatively along with a cholecystocolic
fistula secondary to invasion of the colon by the
mass. A postoperative review of the preoperative
abdominopelvic computed tomography (CT) also
resulted in the identification of the cholecystocolic
fistula. Abdominopelvic CT may be helpful in the
preoperative diagnosis of this condition.
Ha GW, Lee MR, Kim JH. Cholecystocolic fistula caused by
gallbladder carcinoma: Preoperatively misdiagnosed as hepatic
colon carcinoma. World J Gastroenterol 2015; 21(15): 4765-4769
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i15/4765.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i15.4765

Abstract
Cholecystocolic fistula secondary to gallbladder
carcinoma is extremely rare and has been reported
in very few studies. Most cholecystocolic fistulae are
late complications of gallstone disease, but can also
develop following carcinoma of the gallbladder when
the necrotic tumor penetrates into the adjacent colon.
Although no currently available imaging technique has
shown great accuracy in recognizing cholecystocolic
fistula, abdominopelvic computed tomography may
show fistulous communication and anatomical details.
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INTRODUCTION
Cholecystocolic fistula (CCF) secondary to gallbladder
carcinoma is extremely rare and has been reported
[1,2]
in very few studies . Although most CCFs are late
complications of gallstone disease, they may develop
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following carcinoma of the gallbladder when the
necrotic tumor penetrates into the adjacent colon. CCF
is the second most common type of cholecystoenteric
fistula (10%-20%) after cholecystoduodenal fistula
[3-5]
(75%) . Although no currently available imaging
technique has shown great accuracy in recognizing
CCF, abdominopelvic computed tomography (CT) may
show fistulous communication and anatomical details.
We report an unusual case of CCF caused by
gallbladder carcinoma, which was preoperatively
misdiagnosed as hepatic flexure colon carcinoma.

CASE REPORT
A 62-year-old woman who underwent a colonoscopy
during regular health screening at a primary hospital
and was found to have an apparent hepatic flexure
colon cancer visited the department of colorectal
surgery of our hospital for treatment. Colonoscopy
had shown a diverticulum with an embedded, laterally
spreading tumor-like lesion at the hepatic flexure
colon (Figure 1). Colonoscopic biopsy showed a well
differentiated adenocarcinoma likely arising from a
tubulo-villous adenoma. The patient had no specific
symptoms and physical examination showed no
specific findings in her abdomen. Her prior medical
history included diabetes mellitus and hypertension.
Laboratory tests and a plain radiograph of the
abdomen were unremarkable.
The patient underwent an abdominopelvic CT with
IV contrast to evaluate the clinical stage of the tumor.
CT showed a mass, along with thickening of the wall,
of the hepatic flexure colon adherent to the gallbladder.
Thickening of the gallbladder walls was also observed,
along with a gallstone, diffuse intrahepatic biliary duct
dilatation and pneumobilia, but without a definitive
obstructive lesion. The rest of the abdomen was
unremarkable.
Based on colonoscopic and radiologic findings, the
patient was preoperatively diagnosed with a hepatic
flexure colon cancer.
Laparoscopic exploration revealed a malignant
appearing mass with inflammatory changes throughout
the entire body of the gallbladder. The gallbladder
was hard to palpation, with the lesion invading the
adjacent part of the hepatic flexure colon. Thickening
of the hepatic flexure colon wall was also observed,
along with continuity of the colonic and gallbladder
lumen. The patient was diagnosed with gallbladder
carcinoma intraoperatively along with a cholecystocolic
fistula secondary to invasion of the colon by the mass.
However, there was no visible mass in the hepatic
flexure colon and no gross evidence of direct invasion
of the liver (Figure 2). Surgery included a right
hemicolectomy along with resection of the regional
lymph nodes and cholecystectomy, all performed
laparoscopically. Seven days after the surgery, the
patient was discharged without any complications.
Histopathological examination of the resected
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Figure 1 Preoperative colonoscopy showed a diverticulum with an
embedded, laterally spreading tumor-like lesion at the hepatic flexure
colon.

Figure 2 Macroscopic appearance of the cholecystocolic fistula.

specimen showed a gallbladder adenocarcinoma with
direct invasion of the colon but no regional lymph node
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Figure 3 Adenocarcinoma of the gallbladder. A: Gross appearance of the
resected gallbladder; B: Adenocarcinoma of the gallbladder (HE, × 200).

Figure 4 Contrast enhanced computed tomography images. A: Axial
computed tomography (CT) showed air-filled appearance of gallbladder along
with thickening of the wall and well defined margin between the liver and the
gallbladder (white arrow); B: Coronal CT showed the fistulous tract between
gallbladder and hepatic flexure colon (white arrow), and pneumobilia.

metastases in 10 adjacent lymph nodes. A polypoid
tumor about 4 cm in size was located in the body of
the gallbladder (Figure 3). The resection margins of the
cystic duct and colon were negative for malignancy.
According to the AJCC classification, the gallbladder
adenocarcinoma could be pathologically staged as ⅢA
(pT3N0).
A postoperative review of the preoperative ab
dominopelvic CT scan resulted in the identification of
the cholecystocolic fistula. The gallbladder wall was
contiguous with the wall of the hepatic flexure; the
gallbladder showed an air-filled appearance, and the
margin between the liver and the gallbladder was well
defined (Figure 4).
Following surgery, the patient was treated with
oral chemotherapy (Tegafur-uracil) for 19 mo, with
no evidence of further development of the tumor or
metastases.

may be due to early diagnosis and standard surgical
treatment of cholelithiasis.
Diagnostic methods for CCF may include plain
abdominal radiographs, barium enema, ERCP,
ultrasound, abdominopelvic CT and/or diagnostic
[8,9]
laparotomy . However, preoperative diagnosis is
rare (< 10%), in contrast to cholecystoenteric fistulas
[4,5]
(43%) . Its nonspecific symptoms may contribute
[3,4]
to the low preoperative rate of CCF diagnosis
.
Symptoms of CCF are usually nonspecific and may
include diarrhea, melena and weight loss, resulting
in a low rate of preoperative diagnosis, with most
cases diagnosed intraoperatively. None of the
imaging techniques currently used has been accurate
[10]
in diagnosing CCF . Thus, misdiagnosis may be
frequent, and surgeons may have to switch from
elective cholecystectomy to a more complex procedure
that occasionally involves adhesiolysis and colonic
resection.
The recent development of cross-sectional imaging
on abdominopelvic CT has enhanced the ability to
diagnose CCF. The presence of pneumobilia, ectopic
gallstone, small bowel dilatation, nonvisualization of
the gallbladder, or thick-walled atrophic gallbladder
adherent to neighboring organs may indicate a
[11,12]
cholecystoenteric fistula
. In most patients with
CCF, the involvement of an inflammatory or neoplastic
process appears localized to the superior aspect

DISCUSSION
CCF is a late and uncommon complication of longlasting inflammatory processes of the gallbladder
caused by gallstones, occurring in about 0.1% of
[3-5]
patients with biliary disease . CCF may also occur
in patients with abdominal trauma, Crohn’s disease
and malignancies of the biliary tract, colon and head
[6]
of the pancreas . Most patients with CCF are elderly
[5,7]
and there is a female preponderance (2-4:1) . The
low incidence of CCF in patients with gallstone disease
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for treatment.

of the anterior hepatic flexure, and circumferential
involvement of the lumen mimicking primary
[13,14]
carcinoma of the colon may also occur
. These
radiological presentations may be helpful in diagnosing
CCF by abdominopelvic CT. Although abdominopelvic
CT showed these findings in our patient, we
preoperatively misdiagnosed our patient as having
hepatic flexure colon cancer with adhesion to the
gallbladder.
Although it is infrequent, gallbladder carcinoma
[15-18]
may co-occur with CCF
. Studies of patients
presenting with cholecystoenteric fistula have
reported high rates of cancer associated with fistula
[5,19]
(3%-14%)
. Thus, any uncertainty regarding the
differential diagnosis between CCF and gallbladder
carcinoma may be solved by performing immediate
frozen sections, with a negative margin during
tangential colonic resection always respected. That is,
although the conventional surgical treatment of CCF
caused by gallstones involves cholecystectomy and
[20]
closure of the fistulous tract , surgical treatment of
CCF in patients with gallbladder carcinoma involves
radical cholecystectomy, including en bloc hepatic
resection with lymphadenectomy, and resection of
the involved colon. Our findings also indicate that a
laparoscopic procedure is feasible and effective for the
treatment of CCF secondary to gallbladder carcinoma,
similar to findings in patients with CCF secondary to
[3,4,20-22]
gallstones
.
After the surgery, adjuvant chemotherapy or
chemoradiation should be considered in patients
with CCF secondary to advanced gallbladder
carcinoma. Adjuvant chemotherapy regimens may
include fluoropyrimidine, gemcitabine, and platinum
[23]
compounds . Single-agent fluoropyrimidine or
gemcitabine is generally recommended in the adjuvant
setting. Combination chemotherapy using gemcitabine
and cisplatin is also considered as a therapeutic option.
Our patient was treated with oral chemotherapy
(Tegafur-uracil) for 19 mo, there was no evidence of
recurrence or metastases.
In conclusion, CCF secondary to gallbladder
carcinoma is extremely rare and difficult to diagnose
preoperatively. Although CCF cannot be definitively
diagnosed using current tools, abdominopelvic CT
may be helpful in the preoperative diagnosis of this
condition, with diagnosis assisted by the familiarity
of the radiologist with the imaging appearance
of this condition. The surgical treatment of CCF
secondary to gallbladder carcinoma consists of radical
cholecystectomy and resection of the involved colon,
with laparoscopic procedures considered feasible and
effective.

Clinical diagnosis

No specific findings in physical examination of her abdomen.

Differential diagnosis

Hepatic flexure colon carcinoma, suspicious of direct invasion of the gallbladder.

Laboratory diagnosis

All laboratory tests were within normal limits.

Imaging diagnosis

Computed tomography (CT) showed a mass, along with thickening of the wall,
of the hepatic flexure colon adherent to the gallbladder.

Pathological diagnosis

Histopathological examination of the resected specimen showed a gallbladder
adenocarcinoma with direct invasion of the colon but no regional lymph node
metastases in 10 adjacent lymph nodes.

Treatment

A right hemicolectomy along with resection of the regional lymph nodes and
cholecystectomy performed laparoscopically.

Related reports

Cholecystocolic fistula secondary to gallbladder carcinoma is extremely rare
and has been reported in very few studies.

Term explanation

No uncommon terms present in this case report.

Experiences and lessons

Abdominopelvic CT may be helpful in the preoperative diagnosis of
cholecystocolic fistula (CCF). The laparoscopic surgery of CCF secondary to
gallbladder carcinoma is considered feasible and effective.

Peer-review

The authors have described a case of cholecystocolic fistula secondary to
gallbladder carcinoma, which was managed by laparoscopy. The article
highlights the imaging appearance of cholecystocolic fistula secondary to
gallbladder carcinoma.
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Air leak syndrome after endoscopic retrograde
cholangiopancreatography: A rare and fatal complication
Bulent Yilmaz, Emir Charles Roach, Seyfettin Koklu, Onur Aydin, Ozan Unlu, Yusuf Alper Kilic
can be difficult to establish. Our group successfully
managed a case of air leak syndrome following ERCP
which was caused by a 3cm Stapfer type I perforation
in the posterolateral aspect of the second part of the
duodenum and was repaired surgically. Hereby, we
describe the presentation and subsequent therapeutic
approach.
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Core tip: Diagnosis and management of air leak
syndrome following endoscopic retrograde cholangio
pancreatography (ERCP) can be challenging, complex and
may be delayed because clinical findings can resemble
those of pancreatitis. Moreover, ERCP-related perforation,
as seen in our case hereby presented, is uncommon but
has a high mortality rate. Stapfer et al classified ERCPrelated perforations into four major groups. Hereby,
we present a case with a Stapfer Ⅰ type ERCP-related
perforation which was successfully repaired surgically.
Yilmaz B, Roach EC, Koklu S, Aydin O, Unlu O, Kilic YA. Air leak
syndrome after endoscopic retrograde cholangiopancreatography:
A rare and fatal complication. World J Gastroenterol 2015;
21(15): 4770-4772 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i15/4770.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i15.4770

Abstract
Endoscopic retrograde cholangiopancreatography
(ERCP) is a state of the art diagnostic and therapeutic
procedure for various pancreatic and biliary problems.
In spite of the well-established safety of the procedure,
there is still a risk of complications such as pancreatitis,
cholangitis, bleeding and perforation. Air leak syndrome
has rarely been reported in association with ERCP
and the optimal management of this serious condition
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(ERCP) is a state of the art diagnostic and therapeutic
procedure for various pancreatic and biliary problems.
In spite of the well-established safety of the procedure,
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Figure 1 Abdominal computed tomography and posterolateral wall duodenal perforation. A: Abdominal computed tomography (CT) scan showing intra- and
retroperitoneal free air. Transverse section of CT abdomen showing pneumoperitoneum and pneumoretroperitoneum; B: Transverse section of CT abdomen showing
pneumoperitoneum and pneumoretroperitoneum; C: Posterolateral wall duodenal perforation. The patient underwent exploration five hours following perforation and
the defect was managed with primary closure.

there is still a risk of complications such as pancreatitis,
cholangitis, bleeding and perforation. The incidence
of major complications ranges from 5.4% to 23.0%
and the overall mortality rate ranges from 0.1% to
[1]
1% . On the other hand, delay in the diagnosis and
intervention following duodenal perforation leads to
significantly higher mortality (8%-23%) as a result of
[2]
sepsis and multi-organ failure .
A 53-year-old female patient was admitted for
an elective biliary stent replacement which had been
placed in another center three months earlier for a
benign common biliary duct obstruction. The patient
underwent ERCP. The previously placed stent was
removed with a snare and replaced with an 8.5
French 11 cm stent. Immediately after the completion
of the procedure, the patient developed severe
abdominal pain and vomiting. Physical exam revealed
subcutaneous emphysema of the neck that extended
up to the eye and the patient also had moderate
abdominal distention with signs of peritoneal irritation.
Complete blood count revealed leukocytosis (white
blood cell count 16600/μL). Chest and abdominal
X-rays demonstrated subcutaneous emphysema
and retroperitoneal free air. A computed tomography
scan with oral contrast of the thorax, abdomen and
pelvis revealed diffuse subcutaneous emphysema,
pneumomediastinum, pneumoretroperitoneum and
pneumoperitoneum. There was no extravasation of
oral contrast into the thorax and abdomen (Figure
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1A and B). She was immediately started on broad
spectrum antibiotics and after surgical consultation
was promptly operated on after fluid resuscitation.
A 3cm perforation in the posterolateral aspect of the
second part of the duodenum was identified and
repaired (Figure 1C). Intraoperative findings revealed
retroperitoneal bile leakage. Debridement and drainage
of the right retroperitoneal area was performed. Tube
thoracostomy was also performed on the left side for
a small pneumothorax. The postoperative course was
uneventful.
The incidence of ERCP-related perforation is low
and yet mortality has been reported in up to 20%
[3]
of patients . ERCP-related perforations generally
present as perforations to the retroperitoneal region.
Such retroperitoneal perforations presenting with
limited signs of peritoneal irritation can be managed
[3]
conservatively. Stapfer et al classified ERCP-related
perforations into 4 types according to anatomic and
mechanical properties and the severity of injury:
Type Ⅰ, lateral or medial duodenal wall; type Ⅱ,
perivaterian injury; type Ⅲ, bile or pancreatic duct
injury; and type Ⅳ, presence of retroperitoneal air
alone without a true perforation. Ten to forty-three
percent of type Ⅱ perforations require surgical repair,
whereas Type Ⅲ and Ⅳ perforations usually resolve
spontaneously. Our case was a Stapfer type Ⅰ ERCPrelated perforation. In some cases, as in our patient,
air can dissect through fascial planes into potential

4771

April 21, 2015|Volume 21|Issue 15|

Yilmaz B et al . Air leak syndrome following ERCP
neighboring spaces. Subcutaneous emphysema after
[4,5]
an ERCP is a rare but well-recognized complication .
We presume that in our patient prolonged air insufflation
caused air to dissect through the retroperitoneum
and peritoneal cavity into the pleural space, media
stinum and subcutaneous tissue of neck, face and
intramuscular and fascial planes around the right hip
joint. Another probable mechanism is the entry of air
along the perineural and perivascular sheaths into
[6]
the mediastinum . Apart from these mechanisms,
it should also be kept in mind that in cases of large
neoplastic hepatic masses, rupture of intrahepatic
bile ducts and pneumobilia risk during ERCP leading
to pneumoperitoneum is increased due to increased
[7]
friability of neoplastic tissue .
In conclusion, ERCP-related perforation is un
common but has a high mortality rate. Diagnosis may
be delayed because clinical findings can resemble those
of pancreatitis. Surgical indications in such cases are
acute peritoneal irritation signs with or without sepsis
and large contrast extravasation into the abdomen.

2

3

4

5

6

7

REFERENCES
1

Masci E, Toti G, Mariani A, Curioni S, Lomazzi A, Dinelli M,

Minoli G, Crosta C, Comin U, Fertitta A, Prada A, Passoni GR,
Testoni PA. Complications of diagnostic and therapeutic ERCP: a
prospective multicenter study. Am J Gastroenterol 2001; 96: 417-423
[PMID: 11232684 DOI: 10.1111/j.1572-0241.2001.03594.x]
Avgerinos DV, Llaguna OH, Lo AY, Voli J, Leitman IM.
Management of endoscopic retrograde cholangiopancreatography:
related duodenal perforations. Surg Endosc 2009; 23: 833-838
[PMID: 18830749 DOI: 10.1007/s00464-008-0157-9]
Stapfer M, Selby RR, Stain SC, Katkhouda N, Parekh D, Jabbour
N, Garry D. Management of duodenal perforation after endoscopic
retrograde cholangiopancreatography and sphincterotomy. Ann Surg
2000; 232: 191-198 [PMID: 10903596 DOI: 10.1097/00000658-200
008000-00007]
Doerr RJ, Kulaylat MN, Booth FV, Corasanti J. Barotrauma
complicating duodenal perforation during ERCP. Surg Endosc 1996;
10: 349-351 [PMID: 8779077 DOI: 10.1007/bf00187390]
Mosler P, Fogel EL. Massive subcutaneous emphysema after
attempted endoscopic retrograde cholangiopancreatography in a
patient with a history of bariatric gastric bypass surgery. Endoscopy
2007; 39 Suppl 1: E155 [PMID: 16673301 DOI: 10.1055/
s-2006-925181]
Alexiou K, Sakellaridis T, Sikalias N, Karanikas I, Economou N,
Antsaklis G. Subcutaneous emphysema, pneumomediastinum and
pneumoperitoneum after unsuccessful ERCP: a case report. Cases J
2009; 2: 120 [PMID: 19192290 DOI: 10.1186/1757-1626-2-120]
Assimakopoulos SF, Thomopoulos KC, Giali S, Triantos C,
Siagris D, Gogos C. A rare etiology of post-endoscopic retrograde
cholangiopancreatography pneumoperitoneum. World J Gastroenterol
2008; 14: 2917-2919 [PMID: 18473422 DOI: 10.3748/wjg.14.2917]
P- Reviewer: Liberal R S- Editor: Yu J

WJG|www.wjgnet.com

4772

L- Editor: Roemmele A
E- Editor: Wang CH

April 21, 2015|Volume 21|Issue 15|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
15

9   7 7 10  0 7   9 3 2 0 45

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2015 April 28; 21(16): 4773-5114

Published by Baishideng Publishing Group Inc

S

Contents

Weekly Volume 21 Number 16 April 28, 2015

EDITORIAL
4773

Withdrawal of anti-tumour necrosis factor α therapy in inflammatory bowel disease
Papamichael K, Vermeire S

REVIEW
4779

Challenges in animal modelling of mesenchymal stromal cell therapy for inflammatory bowel disease
Chinnadurai R, Ng S, Velu V, Galipeau J

4788

Metastatic pancreatic cancer: Is there a light at the end of the tunnel?
Vaccaro V, Sperduti I, Vari S, Bria E, Melisi D, Garufi C, Nuzzo C, Scarpa A, Tortora G, Cognetti F, Reni M, Milella M

4802

Vanek’s tumor of the small bowel in adults
Abboud B

4809

New endoscopic ultrasound techniques for digestive tract diseases: A comprehensive review
Meng FS, Zhang ZH, Ji F

ORIGINAL ARTICLE
Basic Study
4817

Murine study of portal hypertension associated endothelin-1 hypo-response
Theodorakis N, Maluccio M, Skill N

4829

Toxoplasma gondii causes death and plastic alteration in the jejunal myenteric plexus
Araújo EJA, Zaniolo LM, Vicentino SL, Góis MB, Zanoni JN, da Silva AV, Sant’Ana DMG

4840

Hydrogen sulfide-induced enhancement of gastric fundus smooth muscle tone is mediated by voltagedependent potassium and calcium channels in mice
Meng XM, Huang X, Zhang CM, Liu DH, Lu HL, Kim Y, Xu WX

4852

Alterations in serotonin, transient receptor potential channels and protease-activated receptors in rats with
irritable bowel syndrome attenuated by Shugan decoction
Shi HL, Liu CH, Ding LL, Zheng Y, Fei XY, Lu L, Zhou XM, Yuan JY, Xie JQ

4864

Inflammatory microenvironment and expression of chemokines in hepatocellular carcinoma
Han KQ, He XQ, Ma MY, Guo XD, Zhang XM, Chen J, Han H, Zhang WW, Zhu QG, Nian H, Ma LJ

4875

Comparison of two different laparotomy methods for modeling rabbit VX2 hepatocarcinoma
Chen Z, Kang Z, Xiao EH, Tong M, Xiao YD, Li HB

WJG|www.wjgnet.com



April 28, 2015|Volume 21|Issue 16|

World Journal of Gastroenterology

Contents
4883

Volume 21 Number 16 April 28, 2015

Intestinal dendritic cells change in number in fulminant hepatic failure
Cao X, Liu M, Wang P, Liu DY

Case Control Study
4894

Estimating steatosis and fibrosis: Comparison of acoustic structure quantification with established
techniques
Karlas T, Berger J, Garnov N, Lindner F, Busse H, Linder N, Schaudinn A, Relke B, Chakaroun R, Tröltzsch M, Wiegand J,
Keim V

4903

Clinical impact of endoscopy position detecting unit (UPD-3) for a non-sedated colonoscopy
Fukuzawa M, Uematsu J, Kono S, Suzuki S, Sato T, Yagi N, Tsuji Y, Yagi K, Kusano C, Gotoda T, Kawai T, Moriyasu F

Retrospective Cohort Study
4911

Palliative chemotherapy for gastroesophageal cancer in old and very old patients: A retrospective cohort
study at the National Center for Tumor Diseases, Heidelberg
Berger AK, Zschaebitz S, Komander C, Jäger D, Haag GM

4919

Proton-pump inhibitors for prevention of upper gastrointestinal bleeding in patients undergoing dialysis
Song YR, Kim HJ, Kim JK, Kim SG, Kim SE

Retrospective Study
4925

Hepatobiliary complications of alveolar echinococcosis: A long-term follow-up study
Graeter T, Ehing F, Oeztuerk S, Mason RA, Haenle MM, Kratzer W, Seufferlein T, Gruener B

4933

Prognostic roles of preoperative α-fetoprotein and des-γ-carboxy prothrombin in hepatocellular carcinoma
patients
Meguro M, Mizuguchi T, Nishidate T, Okita K, Ishii M, Ota S, Ueki T, Akizuki E, Hirata K

4946

Biliary drainage strategy of unresectable malignant hilar strictures by computed tomography volumetry
Takahashi E, Fukasawa M, Sato T, Takano S, Kadokura M, Shindo H, Yokota Y, Enomoto N

4954

Characteristics of gastric cancer in peptic ulcer patients with Helicobacter pylori infection
Hwang JJ, Lee DH, Lee AR, Yoon H, Shin CM, Park YS, Kim N

4961

Prognostic value of neutrophil distribution in cholangiocarcinoma
Mao ZY, Zhu GQ, Xiong M, Ren L, Bai L

4969

Laparoscopic resection of lower rectal cancer with telescopic anastomosis without abdominal incisions
Li SY, Chen G, Du JF, Chen G, Wei XJ, Cui W, Zuo FY, Yu B, Dong X, Ji XQ, Yuan Q

WJG|www.wjgnet.com

II

April 28, 2015|Volume 21|Issue 16|

World Journal of Gastroenterology

Contents

Volume 21 Number 16 April 28, 2015

Clinical Trials Study
4975

Metadoxine improves the three- and six-month survival rates in patients with severe alcoholic hepatitis
Higuera-de la Tijera F, Servín-Caamaño AI, Serralde-Zúñiga AE, Cruz-Herrera J, Pérez-Torres E, Abdo-Francis JM,
Salas-Gordillo F, Pérez-Hernández JL

4986

Moxibustion combined with acupuncture increases tight junction protein expression in Crohn’s disease
patients
Shang HX, Wang AQ, Bao CH, Wu HG, Chen WF, Wu LY, Ji R, Zhao JM, Shi Y

Observational Study
4997

Role of colonoscopy in the diagnostic work-up of bowel endometriosis
Milone M, Mollo A, Musella M, Maietta P, Sosa Fernandez LM, Shatalova O, Conforti A, Barone G, De Placido G, Milone F

Prospective Study
5002

In vivo gastric mucosal histopathology using endocytoscopy
Sato H, Inoue H, Ikeda H, Sato C, Phlanusittepha C, Hayee B, Santi EGR, Kobayashi Y, Kudo S

5009

Pathophysiology of functional heartburn based on Rome Ⅲ criteria in Japanese patients
Tamura Y, Funaki Y, Izawa S, Iida A, Yamaguchi Y, Adachi K, Ogasawara N, Sasaki M, Kaneko H, Kasugai K

5017

Usefulness of two-point Dixon fat-water separation technique in gadoxetic acid-enhanced liver magnetic
resonance imaging
Ding Y, Rao SX, Chen CZ, Li RC, Zeng MS

Randomized Controlled Trial
5023

Irsogladine maleate and rabeprazole in non-erosive reflux disease: A double-blind, placebo-controlled
study
Suzuki T, Matsushima M, Masui A, Tsuda S, Imai J, Nakamura J, Tsukune Y, Uchida T, Yuhara H, Igarashi M, Koike J,
Mine T

Randomized Clinical Trial
5032

Efficacy of moxifloxacin-based sequential therapy for first-line eradication of Helicobacter pylori infection
in gastrointestinal disease
Hwang JJ, Lee DH, Lee AR, Yoon H, Shin CM, Park YS, Kim N

EVIDENCE-BASED MEDICINE
5039

Hepatitis B virus preS1 deletion is related to viral replication increase and disease progression
Lee SA, Kim KJ, Kim H, Choi WH, Won YS, Kim BJ

WJG|www.wjgnet.com

III

April 28, 2015|Volume 21|Issue 16|

World Journal of Gastroenterology

Contents

Volume 21 Number 16 April 28, 2015

SYSTEMATIC REVIEWS
5049

Anterior rectopexy for full-thickness rectal prolapse: Technical and functional results
Faucheron JL, Trilling B, Girard E, Sage PY, Barbois S, Reche F

5056

Non-physician endoscopists: A systematic review
Stephens M, Hourigan LF, Appleyard M, Ostapowicz G, Schoeman M, Desmond PV, Andrews JM, Bourke M, Hewitt D,
Margolin DA, Holtmann GJ

META-ANALYSIS
5072

Value of bevacizumab in treatment of colorectal cancer: A meta-analysis
Qu CY, Zheng Y, Zhou M, Zhang Y, Shen F, Cao J, Xu LM

5081

Relationship between apurinic endonuclease 1 Asp148Glu polymorphism and gastrointestinal cancer risk:
An updated meta-analysis
Dai ZJ, Shao YP, Kang HF, Tang W, Xu D, Zhao Y, Liu D, Wang M, Yang PT, Wang XJ

CASE REPORT
5090

Case of arterial hemorrhage after endoscopic papillary large balloon dilation for choledocholithiases using
a covered self-expandable metallic stent
Shimizu S, Naitoh I, Nakazawa T, Hayashi K, Miyabe K, Kondo H, Nishi Y, Umemura S, Hori Y, Kato A, Ohara H, Joh T

5096

Endoscopic removal of a tablespoon lodged within the duodenum
Watanabe T, Aoyagi K, Tomioka Y, Ishibashi H, Sakisaka S

5099

Oxyntic gland adenoma endoscopically mimicking a gastric neuroendocrine tumor: A case report
Lee TI, Jang JY, Kim S, Kim JW, Chang YW, Kim YW

5105

Nonconvulsive status epilepticus disguising as hepatic encephalopathy
Jo YM, Lee SW, Han SY, Baek YH, Ahn JH, Choi WJ, Lee JY, Kim SH, Yoon BA

5110

Management of post-gastrectomy anastomosis site obstruction with a self-expandable metallic stent
Cha RR, Lee SS, Kim H, Kim HJ, Kim TH, Jung WT, Lee OJ, Bae KS, Jeong SH, Ha CY

WJG|www.wjgnet.com

IV

April 28, 2015|Volume 21|Issue 16|

World Journal of Gastroenterology

Contents

Volume 21 Number 16 April 28, 2015

ABOUT COVER

Associate Editor of World Journal of Gastroenterology , Jurgen Stein, MD, PhD,
Professor, Department of Gastroenterology and Clinical Nutrition, DGD Clinics
Frankfurt-Sachsenhausen, Teaching Hospital of the University of Frankfurt, Crohn
Colitis Center Frankfurt, Frankfurt 60594, Germany

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1378 experts in gastroenterology and hepatology
from 68 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science
Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of Open
Access Journals. ISI, Journal Citation Reports®, Gastroenterology and Hepatology, 2013 Impact
Factor: 2.433 (36/74); Total Cites: 20957 (6/74); Current Articles: 1205 (1/74); and Eigenfactor®
Score: 0.05116 (6/74).

FLYLEAF

I-IX

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Dan-Ni Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Saleh A Naser, PhD, Professor, Burnett School of
Biomedical Sciences, College of Medicine, University
of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karolinska Institutet, Stockholm 141-86, Sweden

WJG|www.wjgnet.com

Editorial Board

Responsible Science Editor: Yuan Qi
Proofing Editorial Office Director: Jin-Lei Wang

Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx



http://www.wjgnet.com
PUBLICATION DATE
April 28, 2015
COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

April 28, 2015|Volume 21|Issue 16|

World J Gastroenterol 2015 April 28; 21(16): 4773-4778
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i16.4773

© 2015 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Withdrawal of anti-tumour necrosis factor α therapy in
inflammatory bowel disease
Konstantinos Papamichael, Severine Vermeire
representing a true challenge for patients, clinicians and
health care systems. Consequently, a crucial question is
raised namely if therapy can be stopped once remission
is achieved and if so, how and in whom. Additionally,
in a real-life clinical setting, discontinuation may also
be considered for other reasons such as the patient’s
preference, pregnancy, social reasons as moving to
countries or continents with less access, or different
local policy or reimbursement. In contrast to initiation
of anti-TNFα therapy guidelines regarding stopping of
this treatment are missing. As a result, the decision of
discontinuation is still a challenging aspect in the use
of anti-TNFα therapy. Currently this is typically based
on an estimated, case-by-case, benefit-risk ratio. This
editorial is intended to provide an overview of recent
data on this topic and shed light on the proposed drug
withdrawal strategies.
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Core tip: Anti-tumour necrosis factor α (anti-TNFα)
therapy is an established treatment in inflammatory
bowel disease. Although guidelines exist on initiation
of anti-TNFα therapy in inflammatory bowel diseases,
information on if, when, how and in whom therapy
can be stopped is limited. This is nevertheless an
important topic taking under consideration the cost and
the possible adverse events associated with biological
agents as well as the desire of patients to discontinue
medication especially after a long maintained remission.
Moreover, although drug discontinuation for reasons
other than loss of response is very usual in real-life
clinical practice, the optimal withdrawal strategy is still
debated.

Abstract
Anti-tumour necrosis factor α (anti-TNFα) therapy
is an established treatment in inflammatory bowel
disease. However, this treatment is associated with
high costs and the possibility of severe adverse events
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proportion of patients, in clinical remission can stop
anti-TNFα therapy without a major impact on disease
control even for a relatively long time period, while on
immunomodulators (IMM) (Table 1). The pivotal STORI
trial showed that it was possible to identify a subgroup
of patients with only a 10% relapse risk 24 mo post[3]
discontinuation .
Nevertheless, the results of the various studies may
not always be comparable as the type of IBD (CD vs
UC), of anti-TNFα therapy (infliximab vs adalimumab),
the study design (prospective vs retrospective
observational), the studied outcome (clinical vs
endoscopic), the duration of remission before stopping
anti-TNFα agents and the phenotypic and clinical
characteristics of the patients often differ, as were the
definition of relapse and the (median) follow up time
[21]
after anti-TNFα cessation . Moreover, CD patients are
very heterogeneous in terms of disease type (luminal
or fistulising), location (ileal, ileo-colonic or colonic) and
behaviour (inflammatory, stricturing, or penetrating)
and the consequences of relapse may widely vary,
while establishment of complete mucosal healing and
clinical remission is much more straightforward in UC
than in CD.
One argument in favour of discontinuation of
anti-TNFα therapy is the fact that all studies show
that anti-TNFα therapy can be restarted without
risking loss of response or adverse events in a large
proportion of patients (Table 1). In a recent study
[22]
by Baert et al
re-starting of infliximab therapy reintroduced response in 84.5% of patients at week 14,
70% at 1 year, and in 61% of patients at more than 4
years. Re-introduction of anti-TNFα therapy therefore
[22]
seems possibly independent of the drug holiday ,
[23]
although Laharie et al
showed that retreatment
with IFX in CD primary responders should be
administered within 50 wk after induction, for better
efficacy and tolerance.
Discontinuation of anti-TNFα therapy for clinical
remission has been shown to be feasible in other
autoimmune, chronic diseases such as rheumatoid
[24]
[25]
[26]
arthritis , Behçet’s uveitis , spondyloarthritis
and
[27]
sarcoidosis .

INTRODUCTION
Anti-tumor necrosis factor α (anti-TNFα) therapy
has greatly improved the management of patients
with inflammatory bowel diseases (IBD) namely
[1]
Crohn’s disease (CD) and ulcerative colitis (UC) .
However, this treatment is associated with high costs
and the possibility of severe adverse events such
as opportunistic infections or risk for lymphoma.
These aspects represent a true challenge not only
for patients and clinicians but also for health care
[2]
systems . Consequently, a crucial question is raised:
can therapy be stopped once remission is achieved
and if so, when, how and in whom? Additionally, in
a real-life clinical setting, discontinuation may also
be considered for other reasons such as the patient’
s own preference, pregnancy, moving to places with
less access to biological agents, local policy or different
[2]
reimbursement systems .
Nowadays, as supporting data is lacking, there are
no stopping rules for anti-TNFα therapy in IBD. There
is even less information regarding prognostic factors
that could predict relapse or sustained remission after
anti-TNFα therapy discontinuation. The only provided
evidence regarding CD comes from the landmark
[3]
[4-8]
STORI trial and a few retrospective observational
[9-12]
or small prospective studies
, while for UC there
[7,9,13]
are even less data available
(Table 1). As a result,
the decision of discontinuation is currently made on
the basis of an individual judgement of benefits versus
[14-18]
risks and cost-effectiveness
.
Another important issue when considering cessation
of anti-TNFα therapy is whether the drug can safely be
restarted when needed and whether efficacy will be
similar. Possible lower response rates after re-initiation
of biological therapy, limited alternative treatment
options and/or immunogenicity concerns are all factors
[18,19]
which constitute to the fear of stopping treatment
.

When should we stop?

WITHDRAWAL OF ANTI-TNFα THERAPY
IN INFLAMMATORY BOWEL DISEASE. IS
IT FEASIBLE?

Stopping of anti-TNFα therapy is more likely to succeed
in terms of maintaining prolonged remission when
complete clinical (CDAI < 150), endoscopic (complete
mucosal healing) and serological (normal CRP)
[20]
remission, were achieved prior to discontinuation .
However, the minimum time of remission before
stopping anti-TNFα therapy has not been yet well
defined. It is proposed that clinical remission for
over than one year prior to discontinuation of ant[11,20]
TNFα therapy is adequate
while others suggest
to stop after a minimum of two years of clinical and
endoscopic remission or longer if only clinical remission
[28]
can be documented .

Current guidelines suggest that anti-TNFα therapy
should be started early in the course of the IBD
to maximize its efficacy before irreversible bowel
[20]
damage has occurred . On the other hand, there
are no rules and/or recommendations with respect
to stopping, although it is often empirically proposed
not to routinely stop anti-TNFα agents in IBD
patients who respond, and especially in patients with
disabling features of disease and/or at high-risk for
[14-18]
relapse
. However, recent data indicate that a
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Table 1 Studies on the discontinuation of anti-tumor necrosis factor α therapy in inflammatory bowel disease
IBD type Anti-TNFα therapy
CD
CD
CD
UC
CD
UC
CD
CD
UC
CD
CD
CD

IFX
IFX
IFX
IFX
IFX or ADM
IFX
IFX or ADM
IFX or ADM
IFX
IFX
IFX or ADM
IFX

n Median follow up, mo
115
48
53
28
121
51
37
17
34
100
86
92

SCR at the end of follow up, %

Clinical benefit after re-introduction of antiTNFα therapy for relapse, %

Ref.

55
35
12
40
55
65
26 (1 yr)
71
65
52
64 (1 yr)
28

88
ND
96
71
55
94
ND
100
90
ND
93
89

[3]
[4]
[7]
[7]
[11]
[13]
[10]
[9]
[9]
[6]
[12]
[5]

28
49
18
29
12
12
1-44 (range)
13
13
120
17
47

IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; IFX: Infliximab; ADM: Adalimumab; TNFα: Tumor necrosis factor α; ND:
Not defined; SCR: Sustained clinical remission.

Moreover, preliminary evidence suggests that a
long lasting and profound drug-free remission may be
achieved in case of a short duration of disease from
diagnosis to start of anti-TNFα therapy, probably before
irreversible immunological aberrations and more
[6,7]
intestinal tissue impairment have occurred .

However, in previous studies infliximab discontinuation
led to a higher rate of relapse in patients with perianal
[23,30,31]
fistulising compared to luminal CD
. One
possible explanation could be that in most of these
studies clinical remission and relapse for the majority
of patients with (perianal) fistulising CD were not
evaluated by imaging techniques or this information
was missing. This is very important taking into account
that perianal disease is often active despite external
fistulae closure. Consequently, evaluation of CD
patients with stricturing and/or penetrating disease,
before discontinuation of anti-TNFα therapy, may
include also imaging techniques. Patients with internal
fistulas, an intestinal stenosis or a complex perianal
fistulising disease may have a poor prognosis after
discontinuation of the anti-TNFα therapy.
Moreover although complete mucosal healing at the
time of IFX discontinuation for clinical remission in CD
patients was predictive for sustained clinical remission
[3,6]
after cessation of the drug , this was not confirmed
[11,13,32]
by other studies
.
Finally, regarding the role of therapeutic drug
monitoring on the decision making of stopping antiTNF therapy for clinical remission preliminary evidence
points out that low IFX trough levels at the time of
discontinuation are predictive of sustained remission
after drug cessation in CD, while the role of antibodies
[3,6]
to IFX has not been yet clearly defined . It seems
that these patients do not need the drug anymore to
maintain remission which is in agreement with the
results of the TAXIT trial where 9% of the patients
being in remission had undetectable trough levels and
[33]
were stopped successfully without relapse .

HOW SHOULD WE STOP?
The optimal treatment following discontinuation of antiTNFα therapy in IBD has not yet been clearly defined,
as in all previous studies the majority of patients
(67%-100%) maintained clinical remission after
cessation of treatment, by a continuous administration
[2,21]
of an IMM
. Consequently, it is unclear whether a
sustained clinical remission can be achieved during a
true drug-free period.
Most will agree that a close follow up is needed
when anti-TNF is stopped but how to monitor
these patients in the most optimal way is not clear.
Monitoring of CRP and fecal calprotectin levels every
8-12 wk may be very useful for predicting early
clinical relapse with endoscopic re-evaluation in case
of a significant increase of these biomarkers (Figure
[29]
1) . If and when endoscopic evaluation should be
implemented in the follow up of patients who remain
[28]
in full remission remains to be elucidated .

In whom?
Another important issue, before applying a stopping
strategy for anti-TNFα therapy, is to assess prediction
of sustained remission after withdrawal of the drugs, in
order to identify the ideal candidate for discontinuation
of anti-TNFα treatment. We believe that the decisionmaking approach to stop anti-TNFα therapy is currently
based on limited data (Table 2).
Although patients with (perianal) fistulising CD were
[3]
excluded from many studies including the STORI trial
current data suggest that these patients relapse with
[5,6,9,11,12]
the same rate as those with luminal disease
.
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Start anti-TNF

Re-start anti-TNF

Re-start anti-TNF

Stop anti-TNF

Stop anti-TNF

Threshold
normal

Time (yr)
Fecal calprotectin and
CRP q8-12 wk

Fecal calprotectin and
CRP q8-12 wk

Drug holiday period

Drug holiday period

Figure 1 new concept of intermittent anti-tumor necrosis factor α therapy in inflammatory bowel disease. Stopping anti-TNFα agents after achieving a deep
remission may result in prolonged clinical remission. Close monitoring of these patients with fecal calprotectin and CRP measurements (arrows) will allow early reinitiation of anti-TNFα therapy, when inflammation is starting to rise, which may result to a sustained clinical benefit (dotted line) preventing a disease flare (red cross).
These patients may be considered as treated periodically and not episodically. TNF: Tumor necrosis factor; CRP: C-reactive protein.

as safety and costs issues may hinder the longterm, sustained clinical benefit deriving from this
therapy. This could be achieved either by lowering
[33]
the dose of these drugs , based on therapeutic
[34]
drug monitoring
or by stopping them following
the intermittent non-continuous pharmacological
[2]
treatment approach . Patients following the latter
strategy may be considered as treated periodically
[35]
rather than episodically (Figure 1) . A paradigm
of this therapeutic pharmacological approach from
real-life clinical practice is described in Figure 2. We
believe that prediction of sustained clinical remission
after discontinuation of anti-TNFα therapy along with
the close monitoring of these patients so as to avoid
an upcoming disease flare by early re-introduction
of these drugs may be a first step for optimizing
maintenance anti-TNFα treatment in patients achieving
remission.

Table 2 Risk factors for relapse after stopping antitumor necrosis factor α therapy for remission (clinical or
endoscopic) in inflammatory bowel disease
Risk factors

Ref.

Clinical or phenotypic
Corticosteroid use between 12 and 6 mo before baseline
[3]
Male gender
[3]
Absence of previous surgical resection
[3]
Longer disease duration from diagnosis to first infliximab
[7]
Previous biological therapy
[11-13]
Dose intensification during the first year of anti-TNFα therapy [11]
Age at CD diagnosis ≥ 25 yr
[6]
Ileocolonic disease at diagnosis
[12]
Active smoking
[5]
Previous antimetabolite failure
[5]
Perianal disease
[5]
Serological1
Hemoglobin levels ≤ 14.5 g/dL
[3]
White blood count > 6 × 109/L
[3]
High sensitive CRP ≥ 5 mg/L
[3]
Infliximab trough levels ≥ 2 μg/mL
[3]
Serum calprotectin > 5675 ng/mL
[37]
Endoscopic1
CDEIS > 0
[3]
Mucosal1
Lack of normalization of IL-17A and TNFα expression levels
[10]
Microbiological1 (CD-associated dysbiosis)
Low rate of Faecalibacterium prausnitzii in fecal samples
[38]
Low rate of Bacteroides in fecal samples
[38]
Fecal1
Fecal calprotectin ≥ 300 μg/g
[3]
Genetic
Fc gamma receptor ⅢB-NA2/NA2 genotype
[39]
(fistulising disease)

CONCLUSION
Intentional cessation of anti-TNFα treatment will
become a more prevalent practice in the future
not only for safety and cost reasons but probably
also due to newly available non TNFα neutralizing
pharmaceutical therapeutics options, although with
the introduction of biosimilars, costs will probably
become less important. Anti-TNFα withdrawal strategy
to achieve disease control based on an on-demand
use of anti-TNFα therapy (when relapse is suspected
after discontinuation of the drugs) and a continuous
treatment with IMM, could be an option to reduce
chronic exposure to biologics, at least to a highly
selected IBD population.

1

at the time of anti-TNFα therapy discontinuation. CD: Crohn’s disease;
CRP: C-reactive protein; CDEIS: Crohn’s Disease Endoscopic index of
severity; IL: Interleukin; NA: Neutrophil antigen; TNFα: Tumor necrosis
factor α.
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Last follow up
7/10/2014
Still on IFX?

Start IFX
July 2004
Stop IFX
August 2004

2

3

Re-start IFX
December 2006
Stop IFX
February 2007

Re-start IFX
27/1/2012

4

Re-start IFX
December 2010
Stop IFX
June 2011

Figure 2 Successful intermittent infliximab therapy in a patient with
ulcerative colitis: a paradigm from real-life clinical practice. This is an
example of a UC patient (male, age at diagnosis 33 years) with pancolitis,
treated in our center, who received successfully intermittent infliximab (IFX)
therapy (black arrows represent time periods of clinical remission). He has
been treated with IFX for relapse, after discontinuation of the drug on his own
preference while in clinical remission continuing on azathioprine. At the last
time of follow up he was still in clinical and biochemical (normal CRP) remission
under IFX maintenance monotherapy. This patient has never developed
antibodies to IFX despite receiving interrupted therapy, while the last available
(25/2/2014) trough concentrations of IFX were 8.09 μg/mL (q5).

5

6

Nevertheless, in order to elucidate whether dis
continuation of anti-TNFα therapy for remission will
become a routine strategy in the future for the longterm management of IBD patients and to define
the optimal withdrawal strategy more studies are
needed. One of them would definitely be the SPARE
study from the Groupe d’Etude Therapeutique des
Affections Inflammatoires Digestives group, a Phase
Ⅳ , prospective, open-label, randomized controlled
trial comparing infliximab antimetabolites combi
nation therapy to anti-metabolites monotherapy and
infliximab monotherapy in CD patients in sustain
ed steroid-free remission on combination therapy
[36]
(ClinicalTrials.gov Identifier: NCT02177071) . The main
goal of this study is to demonstrate that infliximab
scheduled maintenance with or without antimetabolites
is superior to antimetabolites alone to maintain
sustained steroid-free remission over 2 years, while
the latter is non inferior with regards to the mean time
[36]
spent in remission over the same duration .

7

8

9

10

11
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REVIEW

Challenges in animal modelling of mesenchymal stromal
cell therapy for inflammatory bowel disease
Raghavan Chinnadurai, Spencer Ng, Vijayakumar Velu, Jacques Galipeau
been well demonstrated in early phase clinical trials
but efficacy in randomized clinical trials needs to
be demonstrated. Understanding MSC mechanisms
of action to reduce gut injury and inflammation is
necessary to improve current ongoing and future clinical
trials. However, two major hurdles impede the direct
translation of data derived from animal experiments
to the clinical situation: (1) limitations of the currently
available animal models of colitis that reflect human
inflammatory bowel diseases (IBD). The etiology and
progression of human IBD are multifactorial and hence
a challenge to mimic in animal models; and (2) Species
specific differences in the functionality of MSCs derived
from mice versus humans. MSCs derived from mice and
humans are not identical in their mechanisms of action
in suppressing inflammation. Thus, preclinical animal
studies with murine derived MSCs cannot be considered
as an exact replica of human MSC based clinical trials.
In the present review, we discuss the therapeutic
properties of MSCs in preclinical and clinical studies of
IBD. We also discuss the challenges and approaches
of using appropriate animal models of colitis, not
only to study putative MSC therapeutic efficacy and
their mechanisms of action, but also the suitability of
translating findings derived from such studies to the
clinic.
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Core tip: Several clinical trials have investigated the
use of mesenchymal stromal cells (MSCs) for the
treatment of inflammatory bowel disease. Although
MSC therapy has proven to be safe, efficacy remains to
be determined. Animal model studies are necessary to
evaluate the efficacy and mechanism of action of MSCs,
which will improve ongoing clinical trials. However,
clinical translation is largely hampered by (1) variability

Abstract
Utilization of mesenchymal stromal cells (MSCs) for
the treatment of Crohn’s disease and ulcerative colitis
is of translational interest. Safety of MSC therapy has
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of colitis animal models available; and (2) differences
in the biology of murine and human MSC counterparts.
Here we discuss the challenges and approaches of
translating animal studies to clinical trials.

clinical therapies.

Chinnadurai R, Ng S, Velu V, Galipeau J. Challenges in animal
modelling of mesenchymal stromal cell therapy for inflammatory
bowel disease. World J Gastroenterol 2015; 21(16): 4779-4787
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i16/4779.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
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Crohn’s disease (CD) and ulcerative colitis (UC) are
inflammatory diseases of the gastrointestinal system
caused by the multiple factors such as genetic
susceptibility, breakdown of mucosal immune tolerance,
[8,9]
and self-immune activation to gut microbiota
.
Current treatment approaches are predominately
aimed at suppressing overt inflammation and include
the use of pharmacological agents, biologicals,
and surgery to remove sections of inflamed bowel.
However, these treatment modalities have limitations
[10]
due to non-adherence and relapse . In the past
decade, alternative cell-based immunosuppressive
therapies utilizing MSCs have been tested in clinical
[11,12]
trials for both luminal and fistulizing forms of IBD
.
Immunosuppressive and differentiation properties
of MSCs are thought to play a major role in amelio
[13]
rating luminal and fistula conditions, respectively .
Almost all the early phase clinical trials are aimed
at determining the safety and tolerability of utilizing
autologous and allogeneic adipose- or bone marrowderived sources of MSCs for the treatment of
[13]
IBD . The results proved MSC therapy is safe but
efficacy data remains elusive and conflicting clinical
benefit has been reported so far. A large Phase Ⅲ
study for the treatment of complex cryptoglandular
perianal fistulas using autologous adipose derived
[14]
MSCs showed no efficacy . In addition, a recent
phase Ⅱ placebo-controlled, parallel group, multicenter study to investigate the safety and efficacy of
®
allogeneic Multistem , stem cells derived from adult
bone marrow and non-embryonic tissue sources, in
subjects with moderate to severe ulcerative colitis
showed no clinical benefit (NCT01240915). However,
another earlier phase Ⅱ clinical trial using allogeneic
bone marrow-derived MSCs for refractory luminal
CD demonstrated that 12 out of 15 patients showed
reduction in CD activity index providing evidence of
[15]
clinical efficacy . Thus clinical trial provide conflicting
results on the efficacy of MSCs, which is in contrast
to the data derived from preclinical animal model
studies. Most of the preclinical in vivo data with animal
models of colitis demonstrated the consistent efficacy of
MSC’s therapeutic properties. Hence, variations in the
clinical outcome could be due to two major factors: (1)
discrepancies in MSC source, preparation, and handling
methods, all of which may affect the quality of the
cellular product. Our group and others demonstrated
that thawed MSCs from cryopreservation showed
attenuated biodistribution and immunosuppressive
properties compared to actively growing MSCs in
in vitro cultures. This observation may provide an
explanation for variations in industry sponsored clinical
[16-18]
trial outcomes
. Similarly prolonged expansion

Clinical trials utilizing MSCs for
inflammatory bowel diseases

INTRODUCTION
Mesenchymal stromal cells (MSCs) are under intense
clinical investigation worldwide for a number of
regenerative and immune disorders. MSCs are
attractive for cell therapy due to their immunomo
dulatory and regenerative properties and robust in
[1,2]
vitro proliferative capacity . Currently more than
300 clinical trials have been registered to test MSCs
as therapeutics for various auto and alloimmune
disorders such as inflammatory bowel diseases,
graft vs host disease, multiple sclerosis, autoimmune
rheumatic diseases, and autoimmune diabetes
(clinicaltrials.gov). Isolation and expansion of MSCs
for cell therapy can be achieved through harvesting
various tissue sources such as bone marrow, adipose,
[3,4]
umbilical cord and placenta
. The International
Society for Cellular Therapy (ISCT) defined minimal
criteria for the definition of multipotent MSCs such
as (1) plastic adherence in standard in vitro culture
conditions; (2) expression of CD105, CD73 and
CD90, and lack of CD45, CD34, CD14 or CD11b,
CD79α or CD19 and HLA-DR; and (3) differentiation
to osteoblasts, adipocytes, and chondroblasts in
[5]
vitro . As an extension to these standards, ISCT
has proposed further criteria for the immunological
[6]
characterization of MSCs . These include: (1) MSC
response to the cytokines IFN-γ and TNF-α; (2)
indoleamine 2,3-dioxygenase (IDO) response in
cytokine licensing assays; (3) testing the functionality
of the expanded cell product; (4) usage of purified
immune responders in the functional assays; (5)
analysis of mechanistic and efficacy studies of human
MSCs in xenotransplantation models; (6) immune
reaction to the infused MSCs; and (7) analysis of
the lymphocyte populations of patients treated with
[7]
MSCs . Implementing some of these suggested
analyses in preclinical studies involving animal models
of tissue injury and inflammatory disorders will provide
critical insight into MSC mechanisms of action and
improve future clinical trials involving MSCs. Here
we review the available data that utilize MSCs for
mitigating colitis in animal models and highlight the
challenges in translating these studies into effective
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Figure 1 Challenges in modelling efficacy and mechanisms of action of mesenchymal stromal cells between preclinical and clinical studies. Right:
Current clinical trials fall into two major groups: (1) allogeneic studies where inflammatory bowel diseases patients receive mesenchymal stromal cells (MSCs) from a
random MHC unmatched randomdonor; and (2) autologous studies where patients are given their own MSCs. In human MSCs, immunosuppression is dependent on
Indoleamine 2, 3 dioxygenase (IDO) activity, an enzyme that converts the essential amino acid tryptophan into the immunosuppressive catabolite, kynurenine. Left:
Murine MSCs differ from human MSCs in their primary mechanism of immune suppression, utilizing inducible nitric oxide synthase (iNOS) to create nitric oxide as a
product of L-arginine catabolism. The therapeutic effects of murine MSCs can be tested by engraftment into a colitic mouse, and is syngeneic if the MSCs are derived
from a mouse with the same strain/background as the colitic mouse. However, murine MSCs may potentially transform after prolonged in vitro culture due to genomic
instability. IBD: Inflammatory bowel diseases.

of MSCs lead to a senescent phenotype, resulting
in their failure to mitigate lethal endotoxima in
[19]
animals . Thus, cellular preparation methods are one
of the determining factors of clinical outcome; and
(2) variability in immune cellular responses among
patients, a complexity not often seen in controlled
animal models of inflammation. Etiology and prognosis
of human IBD are multifactorial and hence animal
models of colitis do not fully represent human IBD.
For this reason, translation of cellular or biological
therapy from animal model of colitis in to human
inflammatory bowel disease remains a challenge. This
notion is supported by the failure of biologicals to show
clinical benefit despite proven efficacy in animal model
[10,20]
studies
. In addition, MSCs derived from mice and
humans do not share identical immunobiology and
hence data derived from murine MSCs do not entirely
inform MSC based clinical trials in human (Figure 1).
Thus, the use of an appropriate and standardized MSC
cellular infusion product in animal models of colitis that
most closely replicates human bowel inflammation
should yield data most suited for clinical translation.
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Animal models of inflammatory
bowel diseases
Animal models for colitis can be divided into: (1)
chemical induced acute colitis; (2) adoptive T cell
transfer mediated chronic colitis; and (3) spontaneous
colitis (Figure 1 Left). Chemical induced colitis models
commonly utilize 2,4,6, trinitrobenzene sulfonic
acid (TNBS), oxazolone, and dextran sodium sulfate
[21]
(DSS) . In the TNBS model, colitis is induced in
the rodents by intrarectal administration of alcohol
containing TNBS. Alcohol serves not only as a carrier
but also inflicts damage to the mucosal barrier. This
aids TNBS in acting as a hapten for mucosal colonizing
microbiota and subsequent Th1-dependent immune
[22,23]
activation and infiltration of CD4+ T cells
. Studies
-/in IFNγ BALB/c mice demonstrated that TNBS
induced colitis also involves the elaboration of Th2
[24-26]
cytokines, which is often seen in ulcerative colitis
.
Although the TNBS model reflects human intestinal
bowel inflammation to some degree, it is limited by
the fact that it is a mouse strain dependent model
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[37]

and it does not depict the spontaneous relapse often
[21,27]
seen in human ulcerative colitis
. Thus, while the
TNBS induced colitis model can be used to study the
potential efficacy of MSCs, the mechanism behind
these effects may be difficult to elucidate due to the
lack of involvement of entire lympho myeloid cellular
compartments and disease reoccurrence seen in
human disease. Similar to the TNBS colitis model,
intrarectal administration of oxazolone as a hapten
induces colitis in the animals but the inflammation
[28]
is largely mediated by Th2 cytokines . Hence this
model is used to study Th2 associated inflammation
in colitis, an effect more pronounced in UC compared
[29]
to CD . Human bone marrow derived MSCs induce
Th2-dependent immune responses and have been
shown to have therapeutic benefits in the animal
model of multiple sclerosis. Currently, it is unknown
whether human MSCs exert such an effect in colitic
[30]
animals . Due to the confounding nature of Th2
polarizing responses with both human MSCs and
oxozalone-induced colitis, this model is not well suited
for studying the mechanistic underpinnings of MSC
therapy.
In the widely used DSS colitis model, mice consume
drinking water containing DSS to induce colitis. DSS
causes severe injury in the intestinal epithelium leading
to the infiltration of polymorphonuclear leukocytes,
intestinal wall thickening, diarrhea, and decreases in
[31]
body weight . DSS mediated acute colitis models
do not faithfully recapitulate T cell mediated gut
injury seen in human IBD. Moreover, the secondary
inflammation seen in DSS induced colitis is mediated
by innate immune cells (as opposed to T-cells) and
[32]
hence it is not equivalent to IBD of humans . Due
to these limitations, caution needs to be drawn
on utilizing this model to study both efficacy and
mechanisms of action of MSCs. Alternatively, in the
T cell transfer colitis model, adoptive transfer of flow
cytometry sorted naïve CD4+CD45RBhi+ cells induce
chronic colitis in severe combined immunodeficient
[33]
(scid) mice, lacking endogenous T and B cells .
This model has the advantage to study early and late
immunological changes associated with IBD. Adoptive
transfer of CD4+CD25+ regulatory T cells ameliorates
colitis induced by CD4+CD45RBhi+ cells, suggesting
that this model may be well suited to study cell
[34]
therapy . However, unlike regulatory T cells, MSCs
possess a larger array of immunoregulatory properties
and lack of the involvement complex systemic immune
response in scid mice makes this model difficult to
study MSC’s mechanism of action.
An alternative approach to study chronic IBD
progression is by examining the spontaneous
colitis in genetic knockout animals lacking key
-/immunoregulatory molecules. IL-10 mice are a
perfect example for such studies, which develop
spontaneous chronic colitis starting from week
[35,36]
4-6 to week 16-20
. Spontaneous colitis in
-/IL-10 mice is analogous to chronic IBD seen in
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humans , which involves Th1 CD4+ T cells and
the lack of mucosal immune tolerance due to the
[38]
absence of immunosuppressive IL-10 cytokine .
Histopathological changes, total body weight loss, and
IFN-γ and TNF-α upregulation have been reported in
these animals during chronic colitis progression. The
therapeutic effect of cytokines, antibodies, and
chemical compounds have been tested in this model
as a proof-of-concept in treating chronic IBD involving
[39-41]
T cell mediated gut pathology
. Altogether, each
colitis model has advantages and disadvantages for
the study of MSC efficacy and mechanisms of action.
Investigators may require the use of at least two of
the models, for example an acute and a chronic colitis
model, described above to validate their findings
relevant to the clinical trials.

Differences in MSC biology derived
from mice and humans
MSC transplantation studies in the animal model of
colitis can be divided into two categories (1) syngeneic/
allogeneic; and (2) xenogeneic (Figure 1 Left). In the
case of syngeneic/allogeneic studies, MSCs are derived
from mouse species with/without difference in genetic
background to the recipient animals. This is in contrast
to xenogeneic studies, where human MSCs are used
as a therapeutic agent in immune competent colitic
animals. In syngeneic transplantation studies, MSCs
are major histocompatibility complex (MHC) matched.
These studies provide critical proof-of-concept data
for clinical trials involving autologous MSC therapy.
However, the major limitation for translating data
from such studies to clinical trials is the differential
characteristics of murine derived MSCs compared
to human MSC counterparts. In vitro expansion and
biological properties of MSCs are examples of such
important differences. Human MSCs can readily be
expanded ex vivo from the bone marrow or other
tissues and can be cultured in basal growth medium.
Indeed, robust in vitro proliferation properties of
human MSCs make them an especially attractive
cellular pharmaceutical for use in clinical trials. Despite
their ability to proliferate in vitro, prolonged culture
[42]
leads human MSCs to undergo cellular senescence .
This is in stark contrast to murine MSCs, which do
not exhibit this property, as they do not proliferate
in vitro like human MSCs. Moreover, murine MSCs
are sensitive to oxygen and prolonged culture
[43]
selects for hypoxia-resistant immortalized clones .
Immortalized MSCs with chromosomal aberrations
show differential properties compared to primary
[44]
MSCs , including reduced expressions of phenotype
marker CD105, and go on to form osteosarcoma[45]
like tumors when implanted into mice . In addition,
immortalized murine MSCs lose their multilineage
differentiation potential in vitro and differentiate only
[44]
into the osteoblastic lineage . Hence, primary but not
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immortalized murine MSCs need to be used in the cell
therapy experiments, posing a hurdle for the use of
murine MSCs in animal model studies.
In addition to the phenotypical differences,
murine and human MSCs differ in their mechanisms
of immunosuppression. Human MSCs suppresses T
cell proliferation through indoleamine 2,3-dioxyge
[46,47]
nase (IDO)
. IFN-γ secreted by activated T cells
upregulates IDO expression in MSCs, an enzyme
that converts tryptophan to the immunosuppressive
[46]
metabolite, kynurenine . Blocking of IDO activity
abolishes MSC’s suppressive activity, which points
to the immunological significance of this pathway in
[46-48]
human MSCs
. Murine MSCs, on the other hand,
do not suppress via IDO, alternatively utilizing nitric
[49,50]
oxide (NO) to dampen inflammation
. Blocking of
IFN-γ inducible nitric oxide synthase (iNOS) activity
[49,50]
negates the suppressive capacity of murine MSCs
.
Although, IDO knockout murine MSCs induce partial
immune tolerance in mice with kidney allografts,
IFN-γ does not induce IDO substantially in murine
MSCs, suggesting a less important role for IDO in
[51]
the immunobiology of murine derived MSCs . While
both of these enzymes exert their immunosuppressive
effects differentially, studying the IDO pathway of
human MSCs in a mouse model of colitis will likely
yield the most relevant data for translation to clinical
trials (Figure 1 Right).
Xenotransplantation methods afford an opportunity
to study the effect of human MSCs in mice with
[52-58]
colitis
. A recently published study from our group
demonstrated that intravenously infused human
MSCs in immune competent mice could be detected
only up to 24 h in the lungs and not in the colon or
[17]
any other organs in any time points tested . Hence
human MSCs get immune rejected rapidly in immune
competent mice and studying their therapeutic effect
despite of immune rejection is challenging. Another
variable to be considered is the health status of the
MSC donors. MSCs derived from patients with IBD or
healthy individuals represent the cellular products used
in autologous and allogeneic clinical trials, respectively.
Currently, it is unclear if MSCs derived from IBD
patients are functionally comparable to healthy donor
MSCs. MSCs derived from patients with rheumatoid
arthritis, immune thrombocytopenia, Gaucher’s Disease,
Sjögren’s syndrome, Myelodysplastic syndromes, and
systemic lupus erythematous show defective phenotype
[59-63]
and function
. Although MSCs derived from Crohn’
s patients show intact phenotype and function in
one study, the mechanism of suppression was not
[64]
established . Defects in the autophagy pathway
have been shown to predispose Crohn’s patients to
disease progression, but whether such defects alter
human MSC suppressive functions remain to be
[65]
investigated . Blocking of autophagy in murine MSCs
actually enhances their immunosuppressive proper
ties in T cell-mediated experimental autoimmune
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encephalomyelitis (EAE), a mouse model of the human
[66]
demyelinating disease, multiple sclerosis . It is
unknown whether this observation can be translated
to human MSCs and in patients with IBD. Further
studies are required to understand the efficacy and
mechanism of action of MSCs derived from patients
with IBD, which inform insights for autologous MSC
therapy for IBD (Figure 1 Right). In summary, both
syngeneic and xenogeneic transplantation of MSCs
from patients with IBD or random healthy donors in
animal model of colitis have limitations, impeding the
direct translation of the findings to the clinic.

Efficacy and mechanism of action
of MSCs in mouse models of
colitis
Efficacy of human MSCs derived from adipose tissue,
umbilical cord and bone marrow has been shown for
[52-58]
TNBS and DSS induced colitis in mice and rats
.
Multiple mechanisms have been demonstrated such
[58]
as induction of IL-10 secreting regulatory T cells ,
down regulation of IL-23/IL-17 regulated inflammatory
[57]
[54]
reactions , and the modulation of Treg/Th17 cells ,
but the key factor in human MSCs responsible for
therapeutic effect in colitic mice remains unknown.
Hence, the efficacy of human MSCs in immune
competent colitic mice is suggestive of the role of
soluble factors produced by MSCs within a short period
of time before clearance by the recipient immune
system.
In an alternative approach in three independent
studies, human MSCs preactivated in vitro with IL-1β,
IFN-γ, and nucleotide-binding oligomerization domain 2
(NOD2)-activating ligands before engraftment showed
[55,56,67]
enhanced therapeutic benefits
. Activation of
NOD2 in human MSCs has been shown to suppress
mononuclear cell proliferation through prostaglandin
[55]
E2 production . IL-1β primed MSCs express higher
levels of CXCR4 on the surface and hence migrate
[67]
to the inflammatory sites more efficiently . Human
MSCs pretreated with IFN-γ ameliorate colitis through
[56]
the attenuation of Th1 inflammatory responses .
However, these studies still do not fully explain
the mechanism of xenogeneic or allogeneic MSC
mediated suppression of inflammation in colitic
mice. Interestingly, IFN-γ pretreated syngeneic but
[68]
not allogeneic MSCs ameliorate EAE . In addition,
allogeneic MSCs are immune rejected by MHC class Ⅰand class Ⅱ-mismatched recipient mice and hence
they are not intrinsically immunoprivileged and cannot
serve as a “universal donor” in immunocompetent
[69]
MHC-mismatched recipients . The therapeutic effect
seen with xeno- and allogeneic transplantation studies
in colitic mice can be described as a “hit and vanish”
phenomenon of MSC action.
Biodistribution properties of MSCs are important
for their therapeutic efficacy. MSC engraftment to the
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colon may play a part in their therapeutic effects as
topical administration of MSCs engraft to the inflamed
[70]
colon and attenuates inflammation . Castelo-Branco
[71]
et al
demonstrated that intraperitoneal but not
intravenous injected cryopreserved allogeneic MSCs
migrate to the colon and ameliorate TNBS colitis
This study suggested the defective distribution of
intravenously infused cryopreserved, allogeneic MSCs,
ultimately resulting in their failure to engraft into the
colon. In this study, distribution was affected by two
factors: (1) cryopreservation; and (2) allogeneic source
of the MSCs. Industry sponsored clinical trials largely
utilize thawed MSCs from cryopreservation while most
[72]
preclinical studies utilize live MSCs from culture .
Our group has demonstrated that cryopreserved MSCs
exhibit a heat shock response and defective actin
polymerization, which affects their immunosuppressive
[16,17]
and engraftment properties
. Altogether, cell
preparation, handling methods, and the MHC matching
of the cellular product likely affects the ensuing clinical
outcome. How these factors mechanistically alter
the disease course in colitic animals require further
investigation.

vivo characteristics of a critical immunoregulatory
pathway specific to human MSCs.
In support of the second approach, we studied
the in vivo significance of an effector pathway
shared between mouse and human MSCs. Both
human and murine MSCs secrete high levels of IL-6.
When BALB/c mice were sublethally irradiated and
subsequently given single intraperitoneal injection
of MHC mismatched C57Bl/6 MSCs, mortality was
[74]
reduced in a dose dependent manner . This effect
was abrogated when similarly conditioned mice were
-/given MSCs from IL-6 animals. MSCs accelerated
the recovery of damaged intestinal epithelium by
stimulating the proliferation of intestinal crypt cell pool.
Thus, IL-6 produced by murine MSCs ameliorate gut
injury in the absence of immune rejection in irradiated
[74]
mice . However MSCs contain a large array of
immunoregulatory and regenerative molecules and
some of these are specific to murine immunobiology
(e.g., iNOS), which could dominate the effect of other
pathways that are shared by human and mice. The
field of comparative MSC biology to identify shared
and differentially operating pathways between mice
and human is still in its infancy and requires further
investigation. Regardless of the approach used in these
mechanistic assays, in vivo colitic animal model studies
are required for their validation as a companion to
translation into clinical trials.

Approaches to study the
mechanism of action of MSCs in
mouse models of colitis
Two approaches can be employed to study the
mechanism of action of MSCs in animal models of
colitis, which can be translated to human MSC based
clinical trials. (1) overexpression of key effector
pathways specific to human MSCs in their murine
counterparts; and (2) investigation of pathways shared
[73]
by human and murine MSCs. Ling et al
pioneered
the first approach by overexpressing human IDO
protein in murine MSCs. The human IDO gene was
cloned downstream of the murine iNOS promoter and
transfected into MSCs derived from iNOS knockout
animals. In this way, inflammatory stimuli induced
transcription of human IDO transcription in place of
iNOS. These IDO humanized murine MSCs were able to
inhibit T cell proliferation and blockade of IDO activity
with 1-methyl tryptophan (1-MT) abolished their
suppressive effects. In addition, IDO overexpressing
murine MSCs promoted tumor growth in melanoma
and lymphoma models, an effect that was also
reversed by 1-MT administration. While this is a novel
approach to study human specific effector pathways
in murine MSCs, caution needs to be taken when
such MSCs are generated since the genome of murine
MSCs is unstable and may result in the transformation
of these primary MSCs into immortalized cells. In
addition, transfection of primary cells and subsequent
culture under selection pressure to generate clones
may lead to the loss of key immunosuppressive and
regenerative properties. Despite these shortcomings,
such an approach is important for identifying the in
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CONCLUSION
MSCs are an attractive agent for cell-based therapies
not only for IBD, but also other auto- and allo-immune
ailments. Lack of a comprehensive, comparative
characterization of murine and human MSCs impede
the direct translation of the preclinical animal model
findings to clinical trials. Conflicting results seen in
MSC efficacy studies are likely to reflect differences in
MSC source, cell preparation and handling methods.
Utilization of appropriate animal models and MSCs
derived from animal and human origin to address
these issues will help to understand their mechanism
of action in inflammatory and regenerative settings.
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Due to extremely poor prognosis, pancreatic cancer
(PDAC) represents the fourth leading cause of cancerrelated death in Western countries. For more than a
decade, gemcitabine (Gem) has been the mainstay
of first-line PDAC treatment. Many efforts aimed
at improving single-agent Gem efficacy by either
combining it with a second cytotoxic/molecularly
targeted agent or pharmacokinetic modulation provided
disappointing results. Recently, the field of systemic
therapy of advanced PDAC is finally moving forward.
Polychemotherapy has shown promise over single-agent
Gem: regimens like PEFG-PEXG-PDXG and GTX provide
significant potential advantages in terms of survival
and/or disease control, although sometimes at the cost
of poor tolerability. The PRODIGE 4/ACCORD 11 was
the first phase Ⅲ trial to provide unequivocal benefit
using the polychemotherapy regimen FOLFIRINOX;
however the less favorable safety profile and the
characteristics of the enrolled population, restrict the
use of FOLFIRINOX to young and fit PDAC patients. The
nanoparticle albumin-bound paclitaxel (nab -Paclitaxel)
formulation was developed to overcome resistance due
to the desmoplastic stroma surrounding pancreatic
cancer cells. Regardless of whether or not this is its
main mechanisms of action, the combination of nab Paclitaxel plus Gem showed a statistically and clinically
significant survival advantage over single agent Gem
and significantly improved all the secondary endpoints.
Furthermore, recent findings on maintenance therapy
are opening up potential new avenues in the treatment
of advanced PDAC, particularly in a new era in which
highly effective first-line regimens allow patients
to experience prolonged disease control. Here, we
provide an overview of recent advances in the systemic
treatment of advanced PDAC, mostly focusing on recent
findings that have set new standards in metastatic
disease. Potential avenues for further development in
the metastatic setting and current efforts to integrate
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new effective chemotherapy regimens in earlier stages
of disease (neoadjuvant, adjuvant, and multimodal
approaches in both resectable and unresectable
patients) are also briefly discussed.

care, providing significant clinical benefits in at least
[8]
one study . However, no significant difference was
found in one-year mortality for 5-FU alone versus 5-FU
[7]
combinations (OR = 0.90, 95%CI: 0.62 -1.30) .

Key words: Pancreatic cancer; Metastatic disease;
Chemotherapy; Folfirinox; nab -Paclitaxel

PAST: GEM AS THE CORNERSTONE OF
SYSTEMIC THERAPY

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

Since the first demonstration of clinical benefit in
1997, Gem has been the cornerstone of first-line
[9]
PDAC treatment. In a phase Ⅲ study, Burris et al
randomized 126 locally advanced or metastatic PDAC
2
patients to receive Gem 1000 mg/m (once weekly for
7 wk followed by a week of rest and then once weekly
2
for 3 out of 4 wk) or 5-FU 600 mg/m (once weekly).
Patients had to be symptomatic at study entry (70%
of the patients had a Karnofsky PS - KPS < 80%).
Indeed, the primary study endpoint was clinical
benefit response (CBR), a composite assessment of
[10,11]
pain, analgesic consumption, KPS, and weight
.
Gem demonstrated to be superior to 5-FU in terms
of CBR (23.8% vs 4.8%, P = 0.0022), and relatively,
unexpectedly in the secondary endpoint of overall
survival (OS) (5.65 mo vs 4.41 mo, P = 0.0025). In
addition, the 6-, 9-, and 12-mo survival rates were
higher with Gem (46%, 24%, and 18%, respectively)
[9]
than with 5-FU (31%, 6%, and 2%, respectively) ,
although the real impact of Gem, as compared to 5-FU,
on OS has been questioned by subsequent meta[12]
analyses .
One approach aimed at improving Gem activity
has been pharmacokinetic modulation, achieved by
[13-16]
prolonging the infusion time
. This approach is
justified by the observation that deoxycytidine kinase,
the enzyme that catalyzes the conversion of Gem to
its active triphosphate metabolite, is rapidly saturated
at plasma concentrations achieved with the standard
30-min infusion. Indeed, Gem doses of 300-350
2
mg/m infused over 30 min have reportedly failed
to result in increased intracellular accumulation of
Gem triphosphate in peripheral blood mononuclear
[17-19]
cells
. Conversely, infusion of the same Gem doses
over a prolonged period at a constant dose rate of 10
2
mg/m per minute would avoid enzyme saturation
and permit greater intracellular accumulation, possibly
increasing Gem antitumor activity. Fixed dose-rate
(FDR) Gem infusion has proven feasible, well tolerated
[20]
(even in patients with impaired liver function ), and
[15,21,22]
has shown promising clinical activity
. Although,
FDR-Gem failed to significantly extend survival over
standard 30-min infusion in a randomized phase Ⅲ
trial, pharmacokinetic Gem modulation did show a
trend towards increased clinical activity and proved
equivalent by adding a second chemotherapy drug
(oxaliplatin) to a Gem backbone. However, FDR-Gem
2
was administered at a higher (1500 mg/m ) weekly
dose, as compared to the standard 30-min infusion
2 [23]
(administered at 1000 mg/m ) .

Core tip: In this paper, we provide an overview on the
latest progress in the systemic treatment of advanced
pancreatic cancer, mostly focusing on recent findings
that have set new standards in metastatic disease.
Potential avenues for further development in the
metastatic setting and current efforts to integrate new
effective chemotherapy regimens in earlier stages
of disease (neoadjuvant, adjuvant, and multimodal
approaches in both resectable and unresectable
patients) are also briefly discussed.
Vaccaro V, Sperduti I, Vari S, Bria E, Melisi D, Garufi C, Nuzzo C,
Scarpa A, Tortora G, Cognetti F, Reni M, Milella M. Metastatic
pancreatic cancer: Is there a light at the end of the tunnel? World
J Gastroenterol 2015; 21(16): 4788-4801 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i16/4788.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i16.4788

INTRODUCTION
Pancreatic cancer ranks as the fourth leading cause
of cancer-related deaths in the United States and in
[1]
most Western countries . With a 5-year survival rate
of 6% and mortality closely approaching incidence
(approximately 46000 new cases and 39000 deaths
estimated in the United States in 2014), pancreatic
adenocarcinoma (PDAC) remains arguably the most
[1,2]
aggressive
and resistant among solid tumors,
[3]
to either classic chemotherapeutics or targeted
[4]
agents .
Besides the dismal prognosis, PDAC patients are
usually affected by a complex association of symptoms
(obstructive jaundice, pain, and weight loss, etc.) that
require prompt and frequent palliative measures in
order to improve patient performance status (PS) and
quality of life (QoL), regardless of the specific oncologic
[5,6]
treatment adopted .
Before the advent of gemcitabine (Gem), fluorouracil
(5-FU), in different doses, schedules, and combination
regimens, has been considered the cornerstone in the
palliative treatment of advanced PDAC. A Cochrane
[7]
systematic review demonstrated that 5-FU-based
chemotherapy significantly prolongs 6- and 12-mo
survival [odds ratio (OR) = 0.37, 95% confidence
interval (CI): 0.25-0.57, P value < 0.00001 for the
12-mo comparison], compared to best supportive
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Until recently, efforts to improve on single-agent
Gem efficacy by combining it with either a second
cytotoxic drug or a molecularly targeted agent have
[24,25]
failed
. The addition of erlotinib, an oral epidermal
growth factor receptor tyrosine kinase inhibitor, to Gem
has produced a clinically negligible, albeit statistically
significant, improvement in OS in advanced, inoperable
[26]
PDAC . Even though, the combination of Gem and
erlotinib is not widely employed, particularly in Europe,
currently available evidence suggests that PDAC
patients who develop skin toxicity during treatment
[27-29]
may derive substantial benefit from this approach
.
The addition of oxaliplatin to Gem in the study
[30]
by Louvet et al
improved response rate (ORR),
progression-free survival (PFS) and CBR over single
agent Gem, but no statically significant difference in
OS was observed (9.0 mo vs 7.1 mo, respectively,
P = 0.13). Similar results were shown in a second
study on the combination of Gem/oxaliplatin, in which
combination therapy was actually therapeutically
[23]
equivalent to FDR-Gem alone . Similarly, cisplatin
plus Gem showed no statistically significant benefit
in survival, with comparable tumor responses
[31,32]
and PFS
. The Gem/capecitabine combination
demonstrated a significant improvement in ORR
(19.1% vs 12.4%, P = 0.034) and PFS [hazard ratio
(HR) = 0.78, 95%CI: 0.66-0.93; P = 0.004)] but
failed to increase OS (HR = 0.86, 95%CI: 0.72-1.02;
[33]
P = 0.08) .
The overall negative results with Gem-based
combinations have generally been attributed to a
lack of statistical power to detect small differences in
survival, thus prompting for cumulative analyses that
could detect small survival differences with adequate
statistical power. Several meta-analyses have been
conducted with the aim of assessing the potential
of Gem-based chemotherapy doublets to increase
survival in advanced PDAC.
Our group conducted a literature-based metaanalysis on 6296 patients enrolled in 20 randomized
clinical trials comparing the single agent Gem versus
[24]
Gem-based combinations . No survival benefits were
observed with combination therapies [relative risk
(RR) = 0.93, 95%CI: 0.84-1.03; P = 0.17). However,
a statistically significant, albeit minimal, advantage for
Gem-based combinations was found for PFS (RR =
0.91, 95%CI: 0.84-0.98; P = 0.015) and ORR (RR =
1.57, 95%CI: 1.31-1.86; P < 0.0001): this translates
into a number of patients needed to treat for a single
patient to benefit (NNT) of 39 patients for PFS (with a
2.6% absolute benefit) and 33 patients for ORR. None
of the 4 different combination groups (Gem plus a
platinum salt, Gem plus a fluoropyrimidine, Gem plus
other classical cytotoxic agents, and Gem plus targeted
drugs) demonstrated an OS benefit over singleagent Gem, while significant advantages in PFS (RR =
0.67, 95%CI: 0.53-0.83; P = 0.0004) and ORR were
[24]
obtained for platinum-containing combinations .
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Several other meta-analyses have been conducted,
exploring whether adding a second drug to Gem would
impact on survival of advanced PDAC patients. Sultana
[12]
et al
conducted a meta-analysis on 19 studies,
involving 4697 patients, and found a statistically
significant, but clinically negligible, OS benefit for Gembased combinations (HR= 0.91, 95%CI: 0.85-0.97;
P = 0.004), particularly when Gem was combined
[32]
with platinum salts. Heinemann et al
analyzed 15
randomized trials involving 4465 patients. Overall, they
demonstrated a small, albeit statistically significant,
survival advantage for Gem-based combinations,
as compared to single-agent Gem (HR = 0.91, P
= 0.004). The combined analysis of 5 randomized
trials showed a significant prolongation in OS (HR =
0.85, P = 0.010) and a significant benefit in PFS and
ORR for the combination of Gem with platinum salt.
Meta-analytic results from 6 studies demonstrated a
significant, albeit modest, improvement in survival
(HR = 0.90, P = 0.03) for Gem/fluoropyrimidine
combination, more pronounced when the association
with capecitabine in 3 trials was considered (HR =
0.83, P = 0.01). In a subgroup analysis conducted
on 1682 patients (38% of the overall population) for
whom PS data were available, OS benefit for Gembased combinations seemed to be confined to patients
[34]
with good PS (HR = 0.76, P < 0.001) . All these
data are consistent with previous meta-analytic results
showing no difference in 1-year mortality rate between
Gem-combination and single agent Gem (OR = 0.88,
95%CI: 0.74-1.05) and a better 6-mo mortality rate
for the subgroup of platinum/Gem schedules (OR =
[7]
[35]
0.59, 95%CI: 0.43-0.81; P = 0.001) . Xie et al
evaluated 18 randomized trials involving 4237 patients
and showed a reduction of 9% in the risk of death with
Gem-based doublets at 6 mo (RR = 0.91, 95%CI:
0.85-0.97; P = 0.005) and of 4% at 1 year (RR = 0.96,
95%CI: 0.93-0.99; P = 0.02); Gem/capecitabine and
Gem/oxaliplatin combinations significantly reduced
the risk of death by 15% (RR = 0.85, 95%CI:
0.73-0.99; P = 0.04) and 20% (RR = 0.80, 95%CI:
0.70-0.91; P = 0.001), respectively. No survival
benefit was shown for Gem-based combinations in
the good PS group of patients and an increased risk
of death was demonstrated for patients with poor PS.
A further meta-analysis on thirty-five trials and a total
of 9979 patients demonstrated that the Gem-based
combination treatments achieved a significant benefit
over single agent Gem (OS: OR = 1.15, P = 0.011;
PFS: OR = 1.27, P < 0.001; ORR: OR = 1.58, P <
0.001). Improvement in terms of survival and ORR
were especially evident when Gem was combined with
fluoropyrimidines (OS: OR = 1.33, P = 0.007; PFS:
OR = 1.53, P < 0.001; ORR: OR = 1.47, P = 0.03).
Similar results were obtained for the combination with
oxaliplatin (OS: OR = 1.33, P = 0.019; PFS: OR = 1.38,
[36]
P = 0.011) . A more recent meta-analysis provided a
statistically significant, even though marginal, survival
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improvement over single agent Gem (pooled HR =
0.93; 95%CI: 0.89-0.97; P = 0.001). As observed by
the authors, such slight improvements were obtained
at the price of a significantly greater incidence of
toxic effects, notably diarrhea, nausea, neutropenia
[37]
and thrombocytopenia . Although slight differences
were obtained in the results, overall all of these metaanalyses ultimately convey the very same message,
that is summarized in the results of a recent pooled
analysis, performed by our group: when the results of
7 randomized trials comparing Gem-monotherapy with
the three most popular combination regimens (Gem/
cisplatin, Gem/capecitabine and Gem/oxaliplatin) were
pooled together, a clinically negligible, albeit statistically
significant, absolute survival benefit (2%-3% at 1
year) was observed, ruling out the possibility that
Gem-based combination regimens could improve
[38]
1-year survival by more than 5% . Thus, the routine
use of Gem-based doublets with either platinum salts
or fluoropyrimidines in metastatic PDAC does not seem
to be supported by available evidence.

in very aggressive diseases, such as advanced PDAC,
QoL is influenced more by disease-related symptoms
than treatment-related toxicity. One of the limits of
Conroy’s trial is that enrollment was restricted to
patients younger than 76 years, with an Eastern
Cooperative Oncology Group (ECOG) PS score of 0 or
1 and a bilirubin level ≤ 1.5 times the upper normal
limit; thus, the proportion of patients carrying a biliary
stent was relatively low (14.3%). On these bases, the
FOLFIRINOX regimen is currently recommended as
a first-line treatment option for young and fit PDAC
patients, with good hepatobiliary function, and dose/
schedule modifications are applied by many groups, in
[41-48]
order to avoid excessive toxicity
.
Before the advent of FOLFIRINOX, other groups
had shown potential advantages for polychemotherapy
over single-agent Gem in advanced PDAC. In 2005,
[49]
Reni et al
performed a randomized phase Ⅲ study
in locally advanced or metastatic pancreatic cancer
with the PEFG regimen, consisting of cisplatin 40 mg/
2
2
m and epirubicin 40 mg/m given on day 1, Gem 600
2
mg/m administered on days 1 and 8 and 5-fluorouracil
2
200 mg/m per day as continuous infusion during the
entire duration of chemotherapy treatment, with cycles
repeated every 28 d. Primary endpoint was 4-mo PFS
improvement with the four-drug combination over
single-agent Gem. A previous phase Ⅱ study on the
same regimen showed interesting ORR results (55%
in the metastatic population), survival (median time
to tumor progression 7 mo and median OS 9.5 mo),
[49]
and safety profile . In the phase Ⅲ trial the primary
endpoint was met with a total of 99 patients enrolled
(affected by either metastatic or locally advanced
disease) and a median follow-up of 33.5 mo, more
than 30% absolute difference in 4-mo progressionfree survival was observed (4-mo PFS: 60%, 95%CI:
46-72, vs 28%, 95%CI: 17-42; HR = 0.46, 95%CI:
0.26-0.79; P = 0.001). Median PFS was 5.4 mo
(95%CI: 2.0-9.6 mo) for the combination regimen
vs 3.3 mo (95%CI: 2.2-5.3) for Gem (HR = 0.51,
95%CI: 0.33-0.78; P = 0.0033); the HR for death
in the PEFG group compared with the Gem group
was 0.65 (95%CI: 0.43-0.99; P = 0.047). Disease
response was reported in 38.5% (95%CI: 25.3-51.7)
in the combination group compared to 8.5% (95%CI:
0.5-16.5) in the monochemotherapy group (OR = 6.60,
95%CI: 2.11-20.60; P = 0.0008). PEFG was quite
well tolerated, although more patients experienced
grade 3-4 neutropenia and thrombocytopenia in the
[50]
PEFG group (P < 0.0001) . The small sample size
and the choice of PFS as the primary endpoint may
have constituted a weakness of the study, making
the results difficult to generalize, leading to a general
reluctance to widely adopt such a regimen as a possible
[51]
standard in advanced PDAC . Other concerns include
the toxicity profile and the potential impairment in QoL
in an already usually highly symptomatic population
[51]
of patients . A simplified schedule characterized
by a better toxicity profile, more suitable for routine

PRESENT: FOLFIRINOX AND OTHER
POLYCHEMOTHERAPY APPROACHES
The multicentre, randomized, phase Ⅱ - Ⅲ trial
PRODIGE 4/ACCORD 11, comparing single-agent Gem
with the polychemotherapy regimen FOLFIRINOX in
patients with metastatic PDAC was published in 2011.
Three hundred forty-two patients were randomly
2
assigned to receive standard Gem 1000 mg/m or
2
FOLFIRINOX (oxaliplatin 85 mg/m , leucovorin 400
2
2
2
mg/m , irinotecan 180 mg/m , 5-FU 400 mg/m
administered by intravenous bolus, followed by a
2
continuous intravenous infusion of 2400 mg/m over
a 46-h period), in cycles repeated every 2 wk. With a
median follow-up of 26.6 mo, median OS was 11.1 mo
(95%CI: 9.0-13.1) in the FOLFIRINOX group and 6.8
mo (95%CI: 5.5-7.6) in the Gem group (HR = 0.57;
95%CI: 0.45-0.73; P < 0.001); 1-year survival rate
was 48.4% in the FOLFIRINOX group, as compared
with 20.6% in the Gem group; HR for death remained
significant when adjusted for independent adverse
prognostic factors. A statistically significant difference
was observed also for PFS (6.4 mo vs 3.3 mo, HR =
0.47; 95%CI: 0.37-0.59; P < 0.001). An impressive
ORR of 31.8% in the FOLFIRINOX group was reported,
as compared to 11.3% in the Gem group. Results
were not influenced by second-line treatments, in fact
approximately 45% of patients in both groups received
second-line therapy. As expected, FOLFIRINOX’s
safety profile was less favorable, with a significantly
higher incidence of grade 3 or 4 neutropenia, febrile
neutropenia, thrombocytopenia, diarrhea, and
[39]
sensory neuropathy, as well as grade 2 alopecia .
Nevertheless, health-related QoL analysis showed that
FOLFIRINOX significantly reduces QoL impairment,
[40]
as compared with Gem , highlighting the fact that
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[52,53]

clinical use, was indeed proposed by the authors
.
Other attempts at making this regimen more easily
manageable and even more active encompassed
substituting the oral capecitabine for 5-FU (PEXG)
and docetaxel for epirubicin (PDXG). The results of
a randomized phase Ⅱ study comparing PEXG and
PDXG confirmed a very high ORR (37% and 60%,
respectively) and notable PFS (approximately 7.5 mo
in both arms) and OS benefit (approximately 11 mo in
[54]
both arms) .
Another multidrug regimen combining Gem, doce
2
taxel, and capecitabine (GTX: capecitabine 750 mg/m
2
per day, days 1-14; Gem 750 mg/m over 75 min on
2
days 4 and 11 and docetaxel 30 mg/m on days 4 and
11; cycles repeated every 21 d) was initially tested
retrospectively in a metastatic PDAC population of 35
patients, with a reported ORR of 29% and disease
[55]
stabilization in an additional 31% . A subsequent
analysis included 154 patients with locally advanced
(73 patients; 24%) or metastatic PDAC (117 patients;
76%) treated with the GTX regimen where the
majority of patients had an ECOG PS of 0 (29%) or
1 (66%) and 49% of patients had received previous
chemotherapy treatment. Metastatic patients who
received GTX as first-line treatment achieved a median
survival of 11.3 mo; partial response and stable
disease were observed in 11% and 62% of patients,
respectively. Unfortunately, responses significantly
correlated with toxicity, namely neutropenia, ALT
elevation and hospitalizations: 9% of patients
experienced grade 3-4 non-hematological toxicity and
41% experienced hematological toxicity (grade 3-4
anemia, neutropenia and thrombocytopenia in 12%,
[56]
34% and 13% of patients, respectively) .

fibroblast, endothelial, immune, and inflammatory
[58,59]
cells
. Analysis of pancreatic cancer tissue samples
[60]
showed that SPARC is overexpressed
preferentially
by stromal fibroblasts and epigenetically silenced
[61]
in pancreatic cancer cells . SPARC expression in
peritumoral fibroblasts is a strong marker of poor
prognosis in patients with resectable pancreatic
adenocarcinoma, independent of common clinical
parameters including tumor size, margin status, and
[62-64]
lymph node metastasis
. As pancreatic cancer
stroma may contribute to poor vascularisation and high
intratumoural pressure, thereby causing decreased
[65]
drug diffusion , SPARC represents an interesting
[63]
stromal target
and the binding between SPARC and
albumin may facilitate the tumor delivery of albumin[58]
bound therapeutic agents . Indeed, preclinical
studies on PDAC stroma targeting strategies showed
promising results and achieved decrease intratumor
interstitial pressure, normalized vascularisation, and
[66-68]
improved drug delivery
.
This stimulated researchers’ interest in testing nabPaclitaxel in PDAC. A phase Ⅰ/Ⅱ study was conducted
in metastatic PDAC patients that received Gem (1000
2
2
mg/m ) with nab-Paclitaxel (100, 125, or 150 mg/m )
on days 1, 8, and 15, every 28 d. In the 44 patients
2
treated at the MTD of 125 mg/m median PFS was 7.9
mo (95%CI: 5.8-1.0 mo), median OS was 12.2 mo
(95%CI: 8.9-17.9 mo), and 1-year survival was 48%;
ORR was 48%, with an overall disease control rate
[60]
of 68% . These promising results, along with the
favorable safety profile prompted starting a phase Ⅲ
study.
Eight-hundred-sixty-one metastatic pancreatic
cancer patients were enrolled in a phase Ⅲ trial and
randomized to receive nab-Paclitaxel at a dose of 125
2
2
mg/m plus Gem (1000 mg/m ) 3 wk on/1 wk off or
2
single agent Gem (1000 mg/m ). OS was significantly
improved with nab-Paclitaxel plus Gem as compared
to Gem monotherapy (8.7 mo vs 6.6 mo, HR = 0.72,
95%CI: 0.62-0.83; P < 0.001), as were the 1-year
(35% vs 22%) and 2-year (10% vs 5%) survival rates.
A significant improvement in PFS was also reported
(5.5 mo vs 3.7 mo, HR = 0.69, 95%CI: 0.58-0.82; P
< 0.001). The ORR was significantly higher with the
combination treatment than with Gem (23% vs 7%;
P < 0.001; response-rate ratio, 3.19). Disease control
rate (DCR; confirmed response or stable disease for ≥
16 wk) was 48% in the nab-Paclitaxel/Gem population
and 33% in the Gem group (ratio for disease control
1.46; 95%CI: 1.23-1.72). The difference between
treatment groups could not be attributed to the use of
[69-71]
second-line therapy
. The most common adverse
events related to nab-Paclitaxel/Gem combination
were fatigue (54%), alopecia (50%), and nausea
(49%). Grade 3 or higher adverse events were
neutropenia (38% in the combination group vs 27% in
the Gem group, with 3% vs 1% of febrile neutropenia,
respectively), fatigue (17% vs 7%), and peripheral

PRESENT: GEM/NAB-PACLITAXEL
Nab-Paclitaxel is a nanoparticle albumin-bound
(nab) paclitaxel characterized by a formulation of
nanoparticle colloidal suspension, with an average size
of 130 nm, prepared with human serum albumin. This
formulation without solvents confers more favorable
pharmacologic characteristics that allow the delivery
of a higher dose of paclitaxel than Cremophorpaclitaxel, significantly lowering the risk of infusion
hypersensitivity reactions and neutropenia and a faster
recovery of peripheral neuropathy upon stopping the
[57]
treatment . Nab-Paclitaxel uptake into cells may
be dependent on SPARC (secreted protein acidic and
rich in cysteine) expression. SPARC is an albuminbinding protein that interacts with an extracellular
matrix, influencing cell migration, proliferation,
angiogenesis (especially during wound healing),
matrix cell adhesion, and tissue remodeling. Pancreatic
cancer is characterized by malignant epithelial cells
surrounded by a rich stromal reaction, composed of
extracellular matrix proteins (collagen, hyaluronic
acid, SPARC) and cellular elements cancer-associated
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Table 1 Selected adjuvant or “strategy” (neoadjuvant vs adjuvant) clinical trials employing contemporary treatment regimens for
resectable pancreatic adenocarcinoma
1

Study ID

NCT00882310
NCT00960284
NCT01150630
NCT01526135
NCT01660711
NCT01845805
NCT01964430
NCT02023021
NCT02047474
NCT02047513
NCT02172976

Design

Phase

Estimated accrual

Status

Adjuvant Gem, Taxotere, and Xeloda
Post-operative Gemcitabine vs PEFG Followed by Chemoradiation
Adjuvant Gem vs Adjuvant PEXG vs Neoadjuvant/Adjuvant PEXG
Adjuvant Gem vs modified FOLFIRINOX2
Neoadjuvant/Adjuvant modified FOLFIRINOX3
Adjuvant nab-Paclitaxel/Gem/Azacitidine
Adjuvant Gem vs nab-Paclitaxel/Gem (APACT)
Adjuvant nab-Paclitaxel/Gem
Neoadjuvant/Adjuvant modified FOLFIRINOX4
Adjuvant only vs Neoadjuvant/Adjuvant nab-Paclitaxel/Gem (NEONAX)
Adjuvant Gemcitabine vs Neoadjuvant/Adjuvant FOLFIRINOX

Ⅱ

32
102
370
490
21
80
800
80
46
166
126

Active, not recruiting
Completed
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Recruiting
Not yet recruiting
Not yet recruiting

Ⅱ/Ⅲ
Ⅱ/Ⅲ
Ⅲ
Ⅱ
Ⅱ
Ⅲ
Ⅱ
Ⅱ

RⅡ5
Ⅱ/Ⅲ

1

ClinicalTrials.gov Identifier; 2Oxaliplatin 85 mg/m2, Irinotecan 165 mg/m2, Leucovorin 400 mg/m2, fluorouracil (5-FU) 2400 mg/m2 c.i.v.i. over 48 h (no
5-FU bolus); 3Oxaliplatin 85 mg/m2, Irinotecan 180 mg/m2, Leucovorin 400 mg/m2, 5-FU 2400 mg/m2 c.i.v.i. over 48 h (no 5-FU bolus); 4Dose/schedule
modifications not specified; 5Randomized phase Ⅱ.

neuropathy (17% vs 1%). Median time to occurrence
of G3 peripheral neuropathy in the combination group
was 140 d, with a median time to recovery of such
toxicity to G1 or lower of 29 d. 44% of patients could
then resume combined treatment and the median OS
of patients experiencing G3 peripheral neuropathy
was strikingly longer (14.9 mo), as compared to that
observed in the ITT population (8.5 mo).
Stromal SPARC expression, evaluated in 36 patients
[61]
enrolled in the phaseⅠ/Ⅱ trial by Von Hoff et al was
demonstrated to be a predictor factor for OS. Patients
with high-SPARC expression showed a prolonged OS
compared with low-SPARC expression group (median
OS: 17.8 mo vs 8.1 mo, respectively; P = 0.0431).
No significant correlation with OS was reported for
[60]
the expression of SPARC in tumor cells . Conversely,
the exploratory analysis of the MPACT study on the
prognostic significance of SPARC expression did
not show any correlation with OS. Stromal SPARC
was neither a prognostic factor, nor a significant,
independent predictive factor for OS or secondary
endpoints, such as PFS, TTF, ORR and DCR. In an
additional analysis, tumor epithelial SPARC, baseline and
change from baseline of plasma SPARC were similarly
not predictive for OS. However, only 256 patients (30%
of the ITT population) were evaluable for stromal SPARC
expression, among the 860 patients enrolled in the
MPACT study, and the IHC assay was different from that
employed in the phase Ⅰ/Ⅱ trial, although it showed
[72]
86% concordance . These two aspects, together
with differences in patient characteristics and tissue of
origin, may explain to some extent the failure of such
exploratory analysis to highlight a significant predictive
value of SPARC expression in this setting. However,
a closer look at survival curves according to SPARC
expression does reveal differences that may have
potential biological and clinical meaning, although they
do not reach statistical significance, thus supporting
the continued exploration of a potential role of SPARC
expression in regulating sensitivity to nab-Paclitaxel/
Gem combinations.

WJG|www.wjgnet.com

FUTURE: IS THERE A RATIONALE FOR
MAINTENANCE THERAPY?
Maintenance therapy refers to systemic therapy
given to cancer patients who have achieved an
objective response or disease stabilization after first
line treatment, with the aim to extend responses
or delay recurrence, eventually prolonging OS. The
maintenance approach is largely used for hematologic
malignancies and has been recently investigated in
solid tumors, providing conflicting results. In breast
cancer this strategy seems to improve PFS without
OS benefit; in colorectal cancer no evidence exists in
[73]
favor of continuous treatment . A PFS advantage
can be obtained with maintenance paclitaxel or
maintenance bevacizumab in ovarian cancer, while
maintenance therapy has been approved by the
US Food and Drug Administration for advanced
[74-76]
NSCLC
. With regard to pancreatic cancer, the
[77]
trial recently published by Reni et al
was the first
to address the role of a maintenance strategy in this
disease. They performed a multicentre phase Ⅱ study
in which 56 metastatic PDAC patients, who were
progression-free after 6 mo from the start of first line
chemotherapy, were randomized to receive sunitinib
37.5 mg/d continuously or observation only, with the
primary endpoint of a 20% improvement in 6-mo PFS
(PFS-6). The study met its primary endpoint: PFS-6
was 3.6% (95%CI: 0%-10.6%) in the observation
group and 22.2% (95%CI: 6.2%-38.2%) in patients
receiving sunitinib. Median PFS were 2.0 and 3.2 mo,
respectively (P < 0.01, HR = 0.51, 95%CI: 0.29-0.89).
Although differences in OS did not reach statistical
significance (HR = 0.71, 95%CI: 0.40-1.26; P = 0.11),
the proportion of patients who were alive at two years
was tripled in the sunitinib maintenance arm (22.9%
vs 7.1%), as compared with the observation arm. Most
common grade 3-4 adverse events in the experimental
arm were: thrombocytopenia, neutropenia and handfoot syndrome (12%) and diarrhea (8%). Although
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Table 2 Selected ongoing studies of contemporary “nanoparticle albumin-paclitaxel-based” systemic therapy in borderline
resectable, locally advanced and metastatic pancreatic cancer
1

Title (Study ID )
Randomized Phase Ⅱ Trial of Pre-Operative Gemcitabine and nab-Paclitaxel With or With Out
Hydroxychloroquine (NCT01978184)
Phase 1/2 Safety and Feasibility of Gemcitabine and nab-Paclitaxel in Combination With LDE-225 as Neoadjuvant
Therapy in Patients With Borderline Resectable Pancreatic Adenocarcinoma (NCT01431794)
A Pilot Phase Ⅱ Multi Center Study of Gemcitabine and nab-Paclitaxel (Abraxane) as Preoperative Therapy for
Potentially Operable Pancreatic Cancer (NCT01298011)
Phase Ⅱ Study of Preoperative FOLFIRINOX Versus Gemcitabine/Nab-Paclitaxel in Patients With Resectable
Pancreatic Cancer (NCT02243007)
Phase Ⅱ Neoadjuvant Chemotheraphy (Gemcitabine and nab-Paclitaxel vs mFOLFIRINOX) and Sterotatic Body
Radiation Therapy for Borderline Resectable Pancreatic Cancer (NCT02241551)
Nab-Paclitaxel Plus Gemcitabine With Concurrent MR-Guided IMRT in Patients With Locally Advanced and
Borderline Resectable Pancreatic Cancer (NCT02283372)
A Phase Ⅰ Dual Dose Escalation Study of Radiation and nab-Paclitaxel in Patients With Unresectable and
Borderline Resectable Pancreatic Cancer (NCT02207465)
A Phase 2 Trial of Gemcitabine Plus nab-Paclitaxel With or Without FG-3019 as Neoadjuvant Chemotherapy in
Locally Advanced, Unresectable Pancreatic Cancer (NCT02210559)
A Phase Ⅰ Study of Chemoradiotherapy Using Gemcitabine Plus nab-Paclitaxel for Unresectable Locally Advanced
Pancreatic Adenocarcinoma (NCT02272738)
A Phase 1, Multicenter, Open-label, Dose-escalation Study to Investigate the Safety and Pharmacokinetics of Nab®
- Paclitaxel (ABI-007) Plus Gemcitabine in Subjects With Advanced Pancreatic Cancer Who Have Cholestatic
Hyperbilirubenemia Secondary to Bile Duct Obstruction (NCT02267707)
Evaluation of Tumoral Perfusion Modification by Dynamic Imaging After Chemotherapy Combining Gemcitabine
and nab-Paclitaxel (Abraxane) in Patients With Potentially Operable, Locally Advanced or Metastatic Pancreatic
Adenocarcinoma (NCT01715142)
A Phase Ⅱ Randomized Trial Comparing a Combination of Abraxane and Gemcitabine Versus Gemcitabine
Alone as First Line Treatment in Locally Advanced Unresectable Pancreatic Cancer. GAP (Gemcitabine Abraxane
Pancreas) Trial (NCT02043730)
A Multicenter Phase Ⅰ/Ⅱ Randomized Phase Ⅱ Study of Gemcitabine and nab-Paclitaxel With or Without NPC-1C
in Patients With Metastatic or Locally Advanced Pancreatic Cancer (NCT01834235)
A Phase IB Study of Erlotinib in Combination With Gemcitabine and nab-Paclitaxel in Patients With Previously
Untreated Advanced Pancreatic Cancer (NCT01010945)
A Phase 1 Study to Assess Safety, Pharmacokinetics, and Pharmacodynamics of PLX7486 as a Single Agent and in
Combination With Gemcitabine and nab-Paclitaxel in Patients With Advanced Solid Tumors (NCT01804530)
An Open-Label, Phase Ⅰ Dose Escalation Trial of TH-302 in Combination With Gemcitabine and Nab-Paclitaxel
in Previously Untreated Subjects With Metastatic or Locally Advanced Unresectable Pancreatic Adenocarcinoma
(NCT02047500)
Phase Ⅱ Study Evaluating Bi-weekly Dosing of Gemcitabine Plus nab-Paclitaxel in the Treatment of Surgically
Unresectable/Metastatic Pancreatic Cancer (NCT01851174)
Phase 1B Trial of ADI-PEG 20 Plus nab-Paclitaxel and Gemcitabine in Subjects With Advanced Pancreatic Cancer
(NCT02101580)
Phase Ⅱ Trial of Abraxane® in the Treatment of Patients With Pancreatic Cancer Who Have Failed First-Line
Treatment With Gemcitabine-Based Therapy (NCT00691054)
A Phase Ⅰ/Ⅱ/Pharmacodynamic Study of Hydroxychloroquine in Combination With Gemcitabine/Abraxane to
Inhibit Autophagy in Pancreatic Cancer (NCT01506973)
BYL719 in Combination With Gemcitabine and (Nab)-Paclitaxel in Locally Advanced and Metastatic Pancreatic
Cancer (NCT02155088)
A Phase Ⅰ and Randomized, Double-Blinded Phase Ⅱ Study of nab-paclitaxel/Gemcitabine Plus AZD1775 or
Placebo in Treatment-Naïve Metastatic Adenocarcinoma of the Pancreas (NCT02194829)
A Phase Ib Study of Dovitinib in Combination With Gemcitabine and nab-Paclitaxel in Patients With Advanced
Solid Tumors and Pancreatic Cancer (NCT02048943)
Phase I-Ⅱ Trial of Gemcitabine Plus nab-Paclitaxel (GemBrax) Followed by Folfirinox as First Line Treatment of
Patients With Metastatic Pancreatic Adenocarcinoma (NCT01964287)
A Phase 1b Dose Escalation Study of Vantictumab (OMP-18R5) in Combination With nab-Paclitaxel and
Gemcitabine in Patients With Previously Untreated Stage Ⅳ Pancreatic Cancer (NCT02005315)
A Phase 1b Dose Escalation Study of OMP-54F28 in Combination With nab-Paclitaxel and Gemcitabine in Patients
With Previously Untreated Stage Ⅳ Pancreatic Cancer (NCT02050178)
A Phase 2, Randomized, Multicenter Study of PEGPH20 (PEGylated Recombinant Human Hyaluronidase)
Combined With nab-Paclitaxel Plus Gemcitabine Compared With nab-Paclitaxel Plus Gemcitabine in Subjects With
Stage Ⅳ Previously Untreated Pancreatic Cancer (NCT01839487)
A Phase Ⅰ/Ⅱ Study of Indoximod in Combination With Gemcitabine and nab-Paclitaxel in Patients With Metastatic
Adenocarcinoma of the Pancreas (NCT02077881)
A Phase 1b/2 Study of OMP-59R5 in Combination With nab-Paclitaxel and Gemcitabine in Subjects With
Previously Untreated Stage Ⅳ Pancreatic Cancer (NCT01647828)
Phase Ⅰ Trial of the Proapoptotic Agonist, LCL161, and Gemcitabine Plus nab-Paclitaxel in Patients With Metastatic
Pancreatic Cancer (NCT01934634)
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Phase

Stage

Status

Phase 2

Potentially
resectable
Resectable

Recruiting

Resectable

Active, not
recruiting
Not yet
recruiting
Not yet
recruiting
Not yet
recruiting
Recruiting

Phase 1
Phase 2
Phase 2
Phase 2

Resectable

Phase 2

BR

Phase 1

BR or LA

Phase 1
Phase 2
Phase 1
Phase 1

Phase 0

Recruiting

BR or LA
unresectable
LA,
Recruiting
unresectable
LA,
Recruiting
unresectable
LA
Not yet
unresectable or recruiting
metastatic
Stage I-Ⅱ-Ⅲ-Ⅳ Not yet
recruiting

Phase 2

Stage Ⅲ

Active, not
recruiting

Phase 1
Phase 2
Phase 1

Stage Ⅲ-Ⅳ

Recruiting

Stage Ⅲ-Ⅳ

Completed

Phase 1

Stage Ⅲ-Ⅳ

Recruiting

Phase 1

Stage Ⅲ-Ⅳ

Recruiting

Phase 2

Stage Ⅲ-Ⅳ

Recruiting

Phase 1

Stage Ⅲ-Ⅳ

Phase 2

Stage Ⅲ-Ⅳ

Not yet
recruiting
Completed

Phase 1
Phase 2
Phase 1

Stage Ⅲ-Ⅳ

Recruiting

Stage Ⅲ-Ⅳ

Recruiting

Phase 1
Phase 2
Phase 1

Stage Ⅲ-Ⅳ

Suspended

Stage Ⅲ-

Phase 1
Phase 2
Phase 1

Stage Ⅳ

Not yet
recruiting
Recruiting

Stage Ⅳ

Recruiting

Phase 1

Stage Ⅳ

Recruiting

Phase 2

Stage Ⅳ

Recruiting

Phase 1
Phase 2
Phase 1
Phase 2
Phase 1

Stage Ⅳ
Stage Ⅳ

Not yet
recruiting
Recruiting

Stage Ⅳ

Recruiting

Ⅳ-recurrent
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A Phase Ⅰ Study of nab-paclitaxel (Abraxane), Gemcitabine, and Capecitabine (Xeloda) (AGX) in Patients With
Previously Untreated, Metastatic Pancreatic Adenocarcinoma (NCT01161186)
A Phase 1b/2 Pilot Trial of nab-Paclitaxel Plus Cisplatin Plus Gemcitabine (Nabplagem) in Patients With Previously
Untreated Metastatic Pancreatic Ductal Adenocarcinoma (PDA) (NCT01893801)
A Phase Ⅰ/Ⅱ, Two-Part, Multicenter Study to Evaluate the Safety and Efficacy of M402 in Combination With nabPaclitaxel and Gemcitabine in Patients With Metastatic Pancreatic Cancer (NCT01621243)
A Phase 2, Randomized, Double-blind Study of Gemcitabine And nab-Paclitaxel Combined With Momelotinib in
Subjects With Previously Untreated Metastatic Pancreatic Ductal Adenocarcinoma Preceded by a Dose-finding,
Lead-in Phase (NCT02101021)
Phase 1/2 Study Of PF-03084014 In Combination With Gemcitabine And nab-Paclitaxel In Patients With Previously
Untreated Metastatic Pancreatic Ductal Adenocarcinoma (NCT02109445)
Phase Ⅰ/Ⅱ Study to Evaluate nab-Paclitaxel in Substitution of CPT11 or Oxaliplatin in FOLFIRINOX Schedule as
First Line Treatment in Metastatic Pancreatic Cancer (NCT02109341)
A Randomized, Double-Blinded, Placebo-Controlled Phase Ⅱ Trial Of Gemcitabine Plus nab-Paclitaxel Combined
With OGX-427 Or Placebo In Patients With Metastatic Pancreatic Cancer (The Rainier Trial) (NCT01844817)
A Phase Ⅱ Study of Gemcitabine and Nanoparticle-Bound Paclitaxel as Second Line Therapy in Patients With
Metastatic Pancreatic Cancer (NCT02242409)
Enzalutamide in Combination With Gemcitabine and nab-Paclitaxel for the Treatment of Advanced Pancreatic
Cancer (NCT02138383)
A Phase Ib/Ⅱ Study of the Selective Inhibitor of Nuclear Export (SINE) KPT-330, Gemcitabine and nab-Paclitaxel
in Patients With Metastatic Pancreatic Cancer (NCT02178436)
Phase Ⅱ Trial of nab-Paclitaxel Plus S-1 in First-line Treatment of Patients With Advanced Pancreatic Cancer
(NCT02124317)
Biological Effect of nab-Paclitaxel Combined to Gemcitabine in Metastatic Pancreatic Cancer (NCT02174887)

Phase 1

Stage Ⅳ

Completed

Phase 1
Phase 2
Phase 1
Phase 2
Phase 2

Stage Ⅳ

Recruiting

Stage Ⅳ

Recruiting

Stage Ⅳ

Not yet
recruiting

Phase 1
Phase 2
Phase 1
Phase 2
Phase 2

Stage Ⅳ
Stage Ⅳ

Not yet
recruiting
Recruiting

Stage Ⅳ

Recruiting

Phase 2

Stage Ⅳ

Recruiting

Phase 1

Stage Ⅳ

Recruiting

Phase 1
Phase 2
Phase 2

Stage Ⅳ

Not yet
recruiting
Recruiting

Phase 1

Stage Ⅳ

A 3-Arm Phase 2 Double-Blind Randomized Study of Gemcitabine, Abraxane® Plus Placebo Versus Gemcitabine,
Abraxane® Plus 1 or 2 Truncated Courses of Demcizumab in Subjects With 1st-Line Metastatic Pancreatic Ductal
Adenocarcinoma (NCT02289898)
A Phase Ib Clinical Study of BBI608 in Combination With Gemcitabine and nab-Paclitaxel in Adult Patients With
Metastatic Pancreatic Adenocarcinoma (NCT02231723)
Nab-paclitaxel Plus Gemcitabine in Chinese Patients With Advanced Pancreatic Cancer (NCT02135822)

Phase 2

Stage Ⅳ

Phase 1

Stage Ⅳ

Recruiting

Phase 2

Advanced

Recruiting

Stage Ⅳ

Not yet
recruiting
Not yet
recruiting

1

ClinicalTrials.gov Identifier. nab-Paclitaxel: Nanoparticle albumin-bound paclitaxel.

the study has obvious limitations (small sample size
above all), it does provide a proof of the principle that
switch maintenance in appropriately selected patients
may indeed be beneficial in advanced PDAC; this
becomes all the more relevant now that the proportion
of advanced PDAC patients who reach the 6-mo
landmark without experiencing progression of their
disease is up to approximately 50% with contemporary
first-line chemotherapy (such as FOLFIRINOX or nabPaclitaxel/Gem). Such provocative findings open up
an entirely new field in the treatment of PDAC, which
clearly deserves further investigation.

comparator arm is no longer acceptable, except,
perhaps, in specific subpopulations of unfit patients.
The first burning question is: how will such advances
in systemic therapy impact on outcomes in earlier
stages of disease [locally advanced (LAPC), borderline
resectable (BRPC), and frankly resectable disease],
where there is, theoretically, much more to be gained
and patients may be rendered NED and potentially
cured? FOLFIRINOX is being actively pursued as a
neoadjuvant/induction chemotherapy regimen in the
[45,46,80-83]
multimodal management of LAPC and BRPC
,
most often with dose modifications aimed at improving
tolerability and reducing the risk of serious toxicity:
with ORR ranging from 27% to 50% and resectability
rates of 12%-51%, such approach appears promising,
although its ultimate impact on survival endpoints
(median PFS ranging from 8 to 13 mo and median
OS approximately 22 mo), as compared with more
traditional regimens, will need to be judged on more
congruous numbers of patients with adequate follow
up. The combination of nab-Paclitaxel and Gem is
also an attractive neoadjuvant treatment strategy for
LAPC and BRPC. Although, currently available data
in this setting are still anecdotal (case reports and
[84-88]
preliminary reports of small case series)
, such
combination is extremely interesting, particularly
because of the peculiar mechanism of action, which
may encompass stromal depletion, arguably much
more relevant in the primary pancreatic tumor than
[58]
in metastatic lesions . Even more importantly, both

WHERE DO WE GO FROM HERE?
Despite twenty years of well-deserved therapeutic
[24,78,79]
nihilism
, the field of systemic therapy for
advanced/metastatic pancreatic cancer is finally
moving forward: in only three years the median and
1-year OS have almost doubled from the 6 mo and
20% of the Gem era to the 9-11 mo and 35%-48%
achieved with nab-Paclitaxel/Gem and FOLFIRINOX.
Such evidence clearly sets new standard(s) of systemic
therapy in metastatic pancreatic cancer, so that the use
of Gem monotherapy appears nowadays justified only
in a minority of patients, characterized by suboptimal
PS (KPS < 70%), advanced age, and/or significant
comorbidities. These results also substantially raise the
bar for the design of present and future clinical trials,
where the use of Gem monotherapy as the standard
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Table 3 Selected ongoing studies of ”folfirinox-based”and other contemporary regimens in borderline resectable, locally advanced
and metastatic pancreatic cancer
1

Title (Study ID )

Phase

Stage

Status

A Phase Ⅱ Study of Neoadjuvant FOLFIRINOX in Patients With Resectable Pancreatic Ductal Adenocarcinoma
With Tissue Collection (NCT02178709)
Phase Ⅱ Study of Preoperative FOLFIRINOX Versus Gemcitabine/nab-Paclitaxel in Patients With Resectable
Pancreatic Cancer (NCT02243007)
Neoadjuvant CAPOXIRI Chemotherapy in the Treatment of Resectable, Borderline Resectable and Locally
Advanced Pancreatic Adenocarcinoma Protocol (NCT01760252)
GTX-RT in Borderline Resectable Pancreatic Cancer (NCT01754623)

Phase 2

Resectable

Recruiting

Phase 2

Resectable

Phase 2
Phase 2

Resectable,
BR and LA
BR

Not yet
recruiting
Recruiting

Neoadjuvant FOLFIRINOX for Borderline Resectable Pancreatic Cancer - a Pilot Study (NCT02148549)
Phase Ⅱ Neoadjuvant Chemotheraphy (Gemcitabine and nab-Paclitaxel vs mFOLFIRINOX) and Sterotatic Body
Radiation Therapy for Borderline Resectable Pancreatic Cancer (NCT02241551)
Phase IB Study of FOLFIRINOX Plus PF-04136309 in Patients With Borderline Resectable and Locally Advanced
Pancreatic Adenocarcinoma (NCT01413022)
Phase Ⅱ Single Arm Clinical Trial of FOLFIRINOX for Unresectable Locally Advanced and Borderline Resectable
Pancreatic Cancer (NCT01688336)
Prospective Randomized Multicenter Phase Ⅱ Trial to Investigate Intensified Neoadjuvant Chemotherapy in
Locally Advanced Pancreatic Cancer (NEOLAP) (NCT02125136)
The Effect of FOLFIRINOX and Stereotactic Body Radiation Therapy for Locally Advanced, Non-Resectable
Pancreatic Cancer (BCC-RAD-13) (NCT02128100)
A Phase Ⅱ, Randomized, Open Label Study of Single Dose siG12D LODER in Combination With Chemotherapy
in Patients With Unresectable Locally Advanced Pancreatic Cancer (NCT01676259)
A Prospective Evaluation of Neoadjuvant FOLFIRINOX Regimen in Patients With Non-metastatic Pancreas
Cancer (Baylor University Medical Center and Texas Oncology Experience) (NCT01771146)

Phase 1
Phase 2

BR
BR

Phase 1

BR or LA

Phase 2

BR or LA
unresectable
LA

Phase 2
Phase 2
Phase 2
Not
provided

Phase 1b Clinical Trial of LDE225 in Combination With Fluorouracil, Leucovorin, Oxaliplatin and Irinotecan
(FOLFIRINOX) in Previously Untreated Locally Advanced or Metastatic Pancreatic Adenocarcinoma, With an
Expansion Cohort at the Recommended Phase 2 Dose (NCT01485744)
A Phase Ⅰ Study of FOLFIRINOX Plus IPI-926 for Advanced Pancreatic Adenocarcinoma (NCT01383538)

Phase 1

Phase Ⅱ Study: Neoadjuvant Gemcitabine, Docetaxel and Capecitabine Followed by Neoadjuvant Radiation
Therapy With Gemcitabine and Capecitabine in the Treatment of Stage Ⅱ and Ⅲ Pancreatic Adenocarcinoma
(NCT01065870)
A Phase Ⅰ-Ⅱ Study of PAXG in Stage Ⅲ-Ⅳ Pancreatic Adenocarcinoma (NCT01730222)
Phase Ⅱ Study of Modified FOLFIRINOX in Advanced Pancreatic Cancer (NCT01523457)
Ceritinib and Combination Chemotherapy in Treating Patients With Advanced Solid Tumors or Locally
Advanced or Metastatic Pancreatic Cancer (NCT02227940)
Phase 2, Multicenter Study of FOLFIRINOX Followed by Ipilimumab in Combination With Allogeneic GM-CSF
Transfected Pancreatic Tumor Vaccine (GVAX) in the Treatment of Metastatic Pancreatic Cancer (NCT01896869)
A Phase Ⅱ Study of Induction Consolidation and Maintenance Approach for Patients With Advanced Pancreatic
Cancer (NCT01488552)
A Phase Ⅰ Open-Label Dose-Escalation Clinical Trial of CPI-613 in Combination With Modified FOLFIRINOX in
Patients With Metastatic Pancreatic Cancer and Good Performance Status (NCT01835041)
Phase ⅠB/Randomized Phase Ⅱ Study of Folfirinox Plus AMG-479 (Ganitumab) or Placebo in Patients With
Previously Untreated, Metastatic Pancreatic Adenocarcinoma (NCT01473303)
Phase Ⅱ Trial to Investigate the Efficacy and Safety of mFOLFIRINOX in Patients With Metastatic Pancreatic
Cancer in China (NCT02028806)
S1313, A Phase IB/Ⅱ Randomized Study of Modified FOLFIRINOX + Pegylated Recombinant Human
Hyaluronidase (PEGPH20) Versus Modified FOLFIRINOX Alone in Patients With Good Performance Status
Metastatic Pancreatic Adenocarcinoma (NCT01959139)
Phase I-Ⅱ Trial of Gemcitabine Plus nab-Paclitaxel (GemBrax) Followed by Folfirinox as First Line Treatment of
Patients With Metastatic Pancreatic Adenocarcinoma (NCT01964287)
Phase Ⅱ Study of Modified FOLFIRINOX in Advanced Pancreatic Cancer (NCT01523457)
Phase Ⅰ/Ⅱ Study to Evaluate nab-Paclitaxel in Substitution of CPT11 or Oxaliplatin in FOLFIRINOX Schedule as
First Line Treatment in Metastatic Pancreatic Cancer (NCT02109341)
Phase Ⅱ Study for Inoperable Non-Metastatic Pancreatic Cancer (Stage ⅣA) With Neoadjuvant Gemzar, Taxotere
and Xeloda (GTX), and Radiation With Gemzar (NCT00869258)
Phase Ⅱ Study of Gemcitabine/Taxotere/Xeloda (GTX) in Combination With Cisplatin in Subjects With
Metastatic Pancreatic Cancer (NCT01459614)
Phase-2 Study Evaluating Overall Response Rate (Efficacy) and Autonomy Daily Living Preservation (Tolerance)
of "FOLFIRINOX " Pharmacogenetic Dose Adjusted, in Elderly Patients (70 yr or Older) With a Metastatic
Pancreatic Adenocarcinoma (NCT02143219)

Phase 2
Phase 3

Phase 1

LA,
unresectable
LA,
unresectable
Localized,
Nonmetastatic
LA
unresectable
or metastatic
Not
provided
Stage Ⅱ-Ⅲ

Active, not
recruiting
Recruiting
Not yet
recruiting
Recruiting
Recruiting
Not yet
recruiting
Not yet
recruiting
Not yet
recruiting
Recruiting

Recruiting

Active, not
recruiting
Recruiting

Phase 1-2 Stage Ⅲ-Ⅳ
Phase 2 Stage Ⅲ-Ⅳ
Phase 1 Stage Ⅲ-Ⅳ,
recurrent
Phase 2
Stage Ⅳ

Recruiting
Recruiting
Not yet
recruiting
Recruiting

Phase 1-2

Stage Ⅳ

Recruiting

Phase 1

Stage Ⅳ

Recruiting

Phase 1
Phase 2
Phase 2

Stage Ⅳ

Withdrawn

Stage Ⅳ

Recruiting

Phase 1
Phase 2

Stage Ⅳ

Recruiting

Phase 1
Phase 2
Phase 2
Phase 1
Phase 2
Phase 2

Stage Ⅳ

Recruiting

Stage Ⅳ
Stage Ⅳ

Recruiting
Recruiting

Stage Ⅳ

Phase 2

Stage Ⅳ

Phase 2

Stage Ⅳ

Active, not
recruiting
Active, not
recruiting
Not yet
recruiting

1

ClinicalTrials.gov Identifier. BR: Borderline resectable; LA: Locally advanced; nab-Paclitaxel: Nanoparticle albumin-bound paclitaxel.
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strategies (aggressive polychemotherapy with PEFGor FOLFIRINOX-like regimens and nab-Paclitaxel/Gem
combinations) are being tested in the adjuvant setting
or in “strategy studies”, comparing neoadjuvant vs
adjuvant chemotherapy with such novel regimens, in an
attempt to improve the “cure” rate obtained by surgery
in resectable PDAC patients (Table 1).
The second question is: how do we build on current
standards to push forward survival of advanced
PDAC patients even further? In relation to this, is the
question of if, and how, we can integrate promising
molecularly targeted agents into current treatment
paradigms. Many ongoing phase Ⅰ-Ⅱ trials (Tables 2
and 3) are aimed at making the most of both worlds
(polychemotherapy approaches and nab-Paclitaxel)
and try to incorporate nab-Paclitaxel into PEFG- or
FOLFIRINOX-like backbones, mostly by substituting
nab-Paclitaxel for one of the components of the
[89]
original regimen
(see also NCT01730222 and
NCT02109341, Tables 2 and 3). An “add on” strategy
is also the preferred design to try incorporating
biological agents into first-line treatment (Tables 2
and 3). Such a strategy, however, has many potential
pitfalls in our opinion: (1) if we are to learn from
past experience, twenty years of negative studies
using the Gem vs Gem + an additional agent (either
a second chemotherapy drug or a targeted agent)
paradigm should have taught us that such an “add on
to current standard” strategy does not pay off (nab[24,38]
Paclitaxel/Gem being the only notable exception)
;
(2) while the combination of nab-Paclitaxel/Gem
may still constitute a reasonable backbone for “add
on” strategies, FOLFIRINOX-like regimens have
substantial toxicity issues (so that most groups
have adopted “modified” schedules), making it very
unlikely that other agents may be simply added,
without modifying the original regimen (and thereby
potentially diminishing its efficacy); and (3) one of
the most important clinical consequences of finally
having “active” first-line regimens is that an increasing
proportion of patients experience prolonged disease
control, which enables them to receive a second or
subsequent lines of therapy with clinical benefit. Thus,
if the aim is to prolong disease control across multiple
lines of treatment using all or most active agents
upfront may actually turn out to be detrimental over
the entire course of the disease.
Although there is no easy solution to the challenge
of identifying optimal development strategies in
advanced PDAC, one possibility is to exploit different
disease settings, as an alternative to the classical “all in
first-line” or “at relapse” strategies, to test the activity
of new agents. In this respect, data recently obtained
in the maintenance setting, even with a relatively
inactive (in first- or second-line) class of agents
[90-93]
such as VEGF/VEGFR inhibitors
, is extremely
provocative. Indeed, these results raise the interesting
hypothesis that targeting the VEGFR pathway, which
may be of marginal relevance and insufficient to alter

WJG|www.wjgnet.com

the natural history of the disease against a bulky
and rapidly growing tumor, could still be effective
against progression under conditions of maximum
cytoreduction and chemotherapy-induced tumour
damage As more patients achieve disease control at
6 mo and as more active agents against pancreatic
cancer become available, the maintenance setting may
potentially achieve even more exciting results. Another
disease setting that is currently relatively unexplored
as a testing arena for new drugs is neoadjuvant
treatment, which would also have the advantage of
being able to truly (histologically) assess response and
get access to post-treatment cancer tissue and tumor
microenvironment, to look for drug effects on specific
pathways/tissue components.
Last, but not least, thanks to novel technologies
and “omics”-based characterization efforts, the
molecular classification of pancreatic cancer(s) is
evolving, as in many other malignancies, towards the
clusterization of individual cases in discrete subgroups,
characterized by alterations in common pathways.
Some of these “driver” alterations could already
be exploited therapeutically, while some other will
require more preclinical modeling efforts, in order to
make them suitable therapeutic targets. In addition
to yielding novel therapeutic targets, such efforts
are expected to rapidly lead to the identification of
potentially predictive biomarkers, which would help
select populations of pancreatic cancer patients who
would derive the most benefit from specific therapeutic
approaches. While eagerly awaiting this “new wave” of
biology-based improvements in pancreatic cancer care,
we will continue to work together with our patients and
look at the therapeutic options that have been made
recently available with renewed hope.
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REVIEW

Vanek’s tumor of the small bowel in adults
Bassam Abboud
IFPs arising below the Treitz ligament can present with
an acute abdomen, usually due to intussusceptions.
Abdominal computed tomography is currently considered
the most sensitive radiological method to show the
polyp or to confirm intussusceptions. Most inflammatory
fibroid polyps can be removed by endoscopy. Surgery is
rarely needed. Exploratory laparoscopy or laparotomy
is frequently recommended as the best treatment for
intussusceptions caused by IFP. The operation should
be performed as early as possible in order to prevent
the intussusceptions from leading to ischemia, necrosis
and subsequent perforation of the invaginated bowel
segment. This report aims at reviewing the diagnosis,
etiology, genetics, clinical presentation, endoscopy,
radiology, and best treatment of IFP.
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Core tip: Inflammatory fibroid polyps, or Vanek’s tumor,
are one of the least common benign small bowel
tumors. Abdominal computed tomography is currently
considered the most sensitive radiological method to
show the polyp or to confirm complications. This report
aims at reviewing the etiology, diagnosis, and treatment
options of this entity, with emphasis on the success rate
of radiologic investigations, the need for laparoscopic
diagnosis and the role of surgery. The debate arises
over the importance of the differential diagnosis.
Moreover, if surgery is performed, consideration needs
to be given to what operation should be undertaken
and in which patients.

Abstract
Inflammatory fibroid polyps (IFPs), or Vanek’s tumor, are
one of the least common benign small bowel tumors.
IFP affects both sexes and all age groups, with a peak
of incidence in the fifth and seventh decades. They
can be found throughout the gastrointestinal tract but
most commonly in the gastric antrum or ileum. The
underlying cause of IFPs is still unknown. Genetic study
of IFP showed mutations in platelet derived growth
factor alpha in some cases. At the time of diagnosis
most IFPs have a diameter of 3 to 4 cm. The lesions
have always been recorded as solitary polyps. Symptoms
depend on the location and the size of the lesion,
including abdominal pain, vomiting, altered small bowel
movements, gastrointestinal bleeding and loss of weight.
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[22]

Helwig and Ranier
in 1953 for gastric polyps has
gained acceptance for similar lesions throughout the
GI tract. Since then several hundred reports, mainly
case series and reports on single cases, have been
published which predominantly focused on clinical and
morphologic aspects. Notably, inflammatory fibroid
polyps have been regarded as reactive lesions for
decades. In 2008, however, the neoplastic nature of
IFP became evident by the detection of activating
[14]
PDGFRA mutations in these tumors . IFPs can
develop in many different locations in the GI tract. The
most common site is the gastric antrum (66%-75%),
followed by the small bowel (18%-20%), colorectal
region (4%-7%), gallbladder (1%), esophagus (1%),
duodenum (1%), and appendix (< 1%). However, the
ileal segment is the most common site where these
[22-35]
polyps cause intussusception
.

INTRODUCTION
Inflammatory fibroid polyps (IFPs), or Vanek’s tumor,
are one of the least common benign small bowel
tumors. They fall under the classification of submucosal
connective tissue tumors. IFP affects both sexes (with
slight predominance of the condition in men) and all
age groups, with a peak of incidence in the fifth and
[1-11]
seventh decades
. The mean age of patients with
gastric tumors is significantly higher compared with IFP
of the small bowel (72 years vs 53 years). IFP account
[11]
for 0.1%-3.0% of all gastric polyps . They can be
found throughout the gastrointestinal (GI) tract-most
commonly in the gastric antrum or ileum, but rarely in
the duodenum and jejunum. The underlying cause of
IFPs is still unknown. Many have suggested etiologies
possibly related to chemical, physical, or metabolic
triggers. Genetic study of IFP showed mutations in
platelet derived growth factor alpha (PDGFRA) in some
[12-16]
cases
. At the time of diagnosis most IFPs have a
diameter of 3 to 4 cm; however, there is also a report
[3]
of a case with an IFP 20 cm in size . The lesions have
always been recorded as solitary polyps. Symptoms
depend on the location and the size of the lesion, and
include abdominal pain, vomiting, altered small bowel
movements, GI bleeding, loss of weight and intestinal
intussusceptions. Abdominal computed tomography
(CT) is currently considered the most sensitive
radiological method to show the polyp or to confirm
[17,18]
intussusceptions
. Most inflammatory fibroid polyps
can be removed by endoscopy. Only rarely is surgery
necessary. IFPs arising below the Treitz ligament
can present with an acute abdomen (obstructive
ileus) usually due to intussusceptions. Exploratory
laparoscopy or laparotomy is frequently recommended
as the best treatment for intussusceptions caused
by IFP. The operation should be performed as early
as possible in order to prevent the intussusceptions
from leading to ischemia, necrosis and subsequent
[19-21]
perforation of the invaginated bowel segment
.

GENETICS
The gene PDGFRA is located at 4q12.
The first genetic study of IFP showed mutations
[14]
in PDGFRA . The frequency of mutations among
case series ranges from 21.7% to 69.6%. Activating
PDGFRA mutations occur in exons 12, 14 and 18. A
genotype-phenotype correlation could be established
in terms of tumor location as gastric IFP harbors
significantly more frequent exon 18 mutations. Exon
12 mutations are, however, associated with small
bowel lesions. So far, only two cases with exon 14
mutations have been described, one originating from
[12-16]
the small bowel the other from the stomach
.

ETIOLOGY
Historically, IFP have been thought to represent a
reactive inflammatory lesion. It was assumed that IFP
might be associated for example with Helicobacter
infection or type A gastritis. After discovery of
[14]
activating PDGFRA mutations
in these tumors it
became apparent that IFP represent true neoplasms
which are obviously driven by activating mutations
in the PDGFRA gene. The precise etiopathogenesis of
IFPs remains unknown, but trauma, allergic reaction,
genetic tendency, bacterial, physical, chemical and
even metabolic stimuli have been suggested as
initiators of the process. For some authors, it could be
a consequence of chronic irritation and inflammation or
a consequence of extreme reaction of the body to an
intestinal trauma or a localized variant of eosinophilic
gastroenteritis, given that it has a marked eosinophilic
infiltration. The more common occurrence of these
lesions in the stomach, with its coarse food content
and active muscular contractions, supports a traumatic
etiology, but it is difficult to account for lesions in the
[2]
lower ileum on this basis . Some cases of association
[36-38]
between IFP and Crohn’s disease were reported
.

DEFINITIONS
IFPs are rare, idiopathic, localized, pseudotumor,
benign neoplastic lesions originating in the submucosa
of the gastrointestinal tract. The disease was first
[4]
described in the stomach by Vanek in 1949 as a
benign, non-encapsulated, submucosal granuloma,
composed mainly of loose connective tissues, vessels
and with an eosinophilic inflammatory component. At
the same time the German pathologist Franz Bolck
noticed these lesions, too, and referred to them as
granuloblastoma of the stomach. The involvement
[4-9]
of the small intestine and colon by IFPs is rare .
Various names for IFPs have been suggested,
including eosinophilic granuloma, submucosal fibroma,
hemangiopericytoma, inflammatory pseudotumor
and fibroma. However, the term IFP first proposed by
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for a long time or are incidental findings at endoscopy
and laparotomy. When they are symptomatic, the
clinical symptoms depend on the location and size of
[2]
the tumor . Abdominal pain is the main symptom in
patients with lesions in the stomach. Intussusception
and obstruction are the most frequent initial symptoms
[8,47-61]
when the polyp is located in the small intestine
.
Other GI symptoms, such as vomiting, diarrhea,
bloody stools (larger polyps tend to erode and ulcerate
superficially), tenesmus, and alterations in bowel
habits, are also seen although their frequencies are
low. Patients with IFPs in the small bowel are most
likely to present with chronic episodes of colicky
abdominal pain, lower GI bleeding, anemia and,
more rarely, intestinal obstruction due to episodes
of intestinal intussusception and rarely with necrosis
[58,62-67]
and perforation
. Although malignant diseases
represent the major causes of intussusceptions in
adults, there are few reports of intestinal obstruction
and perforation caused by IFPs. Pre-operative
diagnosis of intussusceptions is rare but can occur in
finding a palpable mass on the abdomen or with the
use of imaging techniques.

HISTOLOGY
IFP are benign. So far local recurrences have been
described only anecdotally. No convincing case with
invasive growth or aggressive outcome has been
reported. It was suggested that IFP with concentric
stromal proliferation may originate from a population
of dendritic interstitial cells. Macroscopically, these
tumors are pedunculated or sessile, measure 0.2-20
[39-42]
cm in diameter
and project into the bowel lumen.
The mucosal surface is usually ulcerated and pale.
Histologically IFP arise from the submucosa and are
characterized by vascular and fibroblast proliferation and
an inflammatory response, dominated by eosinophils.
Microscopically, it is composed of mononuclear, spindleshaped cells, which are characteristically arranged in
whorls or in an onion skin like fashion around blood
vessels or mucosal glands, forming a confused or
whirl-like structure. The inflammatory infiltration also
includes blood vessels, eosinophils, lymphocytes,
macrophages, and mastocytes. The matrix consists
of fine fibrillar collagen but might also be collagenrich. The “classic” (or gastric) type which was originally
described by Josef Vanek is characterized by a heavy
inflammatory infiltrate which is rich in eosinophilic
granulocytes. These lesions show many spindle cells
but only little collagen. Some authors have shown that
there is another morphological subtype (“intestinal
type”) which, in contrast, is paucicellular and collagenrich. Both cellular elements, fibroblastic spindle cells
and inflammatory infiltrate, are less numerous. These
tumors tend to be larger than those of the gastric
[15]
type . Outside of ulcerations no necroses are found.
There is no considerable proliferative activity as mitoses
of the spindle cell are almost never seen and Ki67 is
below 1%. Immunohistochemically, the spindle cells
are mostly positive for CD34 but this feature may
be absent especially in the intestinal type. PDGFRA
[14]
expression is frequently found . Immunostains for
KIT, DOG-1, S100 and EMA are consistently negative.
This may be important in the differential diagnosis of
gastrointestinal stromal tumors, perineurioma and
other spindle cell lesions of the gastrointestinal tract.
IFP are clearly distinct from gastrointestinal stromal
tumors by their morphology, submucosal origin and
clinical behavior, although both entities share common
[16]
mutational subtypes of the PDGFRA gene . An
immunohistochemical study of IFP showed a strong
positivity for vimentin and the absence of staining
for macrophages (HAM-56) expression in all cases
evaluated, which suggests a major component of
spindle cells best recognizable as fibroblasts. Further
immunohistochemical analysis can demonstrate
variable reactivity for actin, CD34, desmin, CD117 and
[23,43-46]
S100
.

DIAGNOSIS
An accurate diagnosis is based on a good medical
history, thorough physical examination, and specific
imaging modalities, such as X-ray, ultrasonography
(US), CT, magnetic resonance imaging (MRI),
enteroclysis, endoscopic procedures, angiography, and
[17,18,69-72]
capsule endoscopy
. Diagnostic laparoscopy
(DL) may assist in the diagnosis of intussusception
in cases in which the diagnosis is suspected but not
confirmed by preoperative workup. Moreover, DL can
help to establish the cause and is less traumatic than
[48]
an exploratory laparotomy .

RADIOLOGICAL APPEARANCE
[2,17,18]

Typically, abdominal X‑ray examination
is
the first diagnostic tool used, because obstructive
symptoms dominate the clinical picture in most cases.
Barium enema was the gold standard for diagnosis
of intussusception until the mid-1980s. Around the
same time, it was found that air could be used to
diagnose and treat intussusception. Today, enteroclysis
is rarely used in the diagnosis of intussusception.
This invasive double-contrast imaging method is
performed under fluoroscopy, MRI, or CT imaging.
Although enteroclysis shows not only the inside of
the lumen but also has high sensitivity and specificity
for revealing small and mucosal lesions, its invasive
nature limits its use. US is considered a useful tool in
the diagnosis of intussusceptions. The primary imaging
modality of choice is ultrasound scanning, which
enables the diagnosis or exclusion of intussusception
with a sensitivity of 98% and 100%, respectively, a
specificity of 88%, and a negative predictive value

CLINICAL PRESENTATION
IFPs are usually asymptomatic, remain undiagnosed
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of 100%. Its classical imaging features include the
target or doughnut sign in the transverse view and
the pseudokidney, sandwich, or hayfork sign in
longitudinal view. However, obesity and the presence
of a large amount of air in the distended bowel loops
can limit image quality and subsequent diagnostic
[70,71]
accuracy
. Abdominal CT is currently considered
the most sensitive radiological method for confirming
intussusception, with a reported diagnostic accuracy of
58%-100%. In contrast to US, CT is unaffected by the
presence of gas in the bowel lumen. With CT scan the
mean sensitivity, specificity, positive predictive value,
and negative predictive value for diagnosing surgical
enteroenteric lesions using a measured lesion length
of > 3.5 cm were 100%, 57.3%, 5.7,% and 100%,
respectively. Similarly, the figures for polyps with a
measured axial diameter > 3 cm were 100%, 32.9%,
3.7% and 100%, respectively. MRI can contribute
to the radiological diagnosis of intussusception by
demonstrating the "bowel-within-bowel" or "coiledspring" appearance. A polyp can be detected as
a leading point using a combination of breathingindependent T2-weighted MRI and gadoliniumenhanced breath-hold T1-weighted imaging. A study
comparing MRI and CT for the diagnosis of intestinal
obstruction showed that the cause of obstruction was
correctly diagnosed by CT in 71% and by MRI in 95%
of cases. The sensitivity, specificity and accuracy for
MRI imaging was 95%, 100% and 96%, respectively
as compared to 71%, 71% and 71% for helical
[17,18,48,50,69-72]
CT
.

is rarely made by colonoscopy, and the diagnosis is
[2,48]
usually made during surgery
.

DIFFERENTIAL DIAGNOSIS
The underlying cause in most cases of enteroenteric
intussusceptions was benign, whereas it was mostly
malignant in the ileocolic and colocolic cases. That is,
the potential for malignancy increased from proximal to
distal intussusception. Causes of intestinal obstruction
in adult patients include adhesion bands, malignant
tumors and hernia in descending order of appearance.
Most lead points in the GI tract involve primary
or metastatic malignancy, lipomas, leiomyomas,
adenomas, neurofibromas, postoperative adhesions,
Meckel’s diverticulum, foreign bodies, vascular
anomalies, lymphoid hyperplasia, trauma, celiac
disease, cytomegalovirus colitis, lymphoid hyperplasia
secondary to lupus, Henoch-Schönlein purpura,
Wiskott-Aldrich syndrome, appendiceal stump, or IFP.
The etiologies of intussusceptions in the small bowel
and the colon are quite different. In the small intestine
there is a predominance of benign processes, with
up to 90% of cases including hamartomas, lipomas,
leiomyoma neurofibromas, adenomas, Peutz-Jeghers
syndrome, IFP, adhesions, Meckel’s diverticulum,
lymphoid hyperplasia, trauma, celiac disease, intestinal
duplication, Henoch-Schönlein purpura, appendiceal
stump, and tuberculosis and more rarely IFPs. The
ileum segment is the most common site where these
polyps cause intussusception. Malignant lesions (either
primary or metastatic) account for 14%-47% of cases
of intussusception in the small intestine. On the other
hand, intussusception occurring in the large bowel is
more likely to have a malignant etiology and accounts
[2,40,48]
for 43%-80% of cases
. Colon adenocarcinoma
is the most important cause of malignant large bowel
intussusception. Benign lesions provoking large
bowel intussusception include lipomas, leiomyomas,
adenomatous polyps and endometriosis. IFPs can
mimic several other tumor and non-tumor processes of
the gastrointestinal tract. Differential histopathological
diagnoses include spindle cell lesions, such as
inflammatory fibrosarcoma, spindle-cell carcinoids, and
gastrointestinal stromal tumors (GISTs). Differentiation
can be difficult, especially between IFPs and GISTs.
GISTs are common in the stomach and frequently
present as polypoid masses. In the intestine, these
tumors can present with intussusception similar to IFP.
Immunohistochemistry is used to distinguish between
IFPs and GISTs. Both tumors are positive for CD34 and
vimentin, but GISTs are positive for CD117, while IFPs
[2]
are not .

ENDOSCOPIC EVALUATION
The gastric IFP may be diagnosed and treated by
[73]
gastroscopy . Double-balloon enteroscopy, also
known as “push-and-pull” enteroscopy, can be used
to examine approximately 70-150 cm of the small
bowel, and double balloon enteroscopy can examine
the full length of the small bowel, both antegrade and
[74]
retrograde . Capsule endoscopy and digital balloon
endoscopy are newer means of diagnosing various
gastrointestinal disorders. Capsule endoscopy is a
noninvasive diagnostic test used to locate the source
of gastrointestinal bleeding and to identify the causes
of other intestinal disorders, including intussusce
ption and various tumors. On capsule endoscopy,
intussusception has been reported to appear as a
mass lesion of the small bowel. Although obstructive
symptoms are contraindicated for capsule endoscopy,
this new method for evaluating the small bowel could
be helpful in cases with long-standing abdominal pain
and negative results on radiological examination,
CT, or barium studies, to exclude the possibility of
malignancy. Colonoscopy is useful only in cases in
which colonic involvement is strongly suspected, and
it allows the lesion to be diagnosed and biopsied. On
colonoscopy, intussusception is seen as an intraluminal
mass directed centrally and distally. However, diagnosis
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Inflammatory fibroid polyps are benign and do not
recur nor metastasize. Exploratory laparoscopy
or laparotomy is frequently recommended as the
best treatment for intussusceptions caused by IFP.
The lesion seems to lack malignant potential and
recurrence of the polyp has been reported very rarely.
The operation should be performed as early as possible
in order to prevent the intussusceptions from leading
to ischemia, necrosis and subsequent perforation of the
invaginated bowel segment. When surgery is delayed
and intestinal perforation with peritonitis occurs, there
is a considerable increase in morbidity and mortality.
The appropriate management of adult intussusceptions
remains controversial, with the debate focusing mostly
on the issue of primary en bloc resection vs initial
reduction followed by more limited resection. Thus, the
most important factors in the surgical decision process
in an adult patient without a histopathological diagnosis
in the preoperative period and intussusception was
detected during a surgical operation, and are the
location and size of the mass and viability of the
[2,47-50]
invaginated segment
. Reduction by surgery
before resection may theoretically permit more limited
resection; however, the risk of potential intraluminal
seeding or venous tumor dissemination during the
manipulation of a malignant lesion should also be
taken into consideration. The incidence of malignancy
as the cause of small intestinal intussusceptions
ranges from 1% to 47%, and the majority of lesions
are metastatic. Therefore, recent reports have
recommended initial reduction of externally viable
small bowel prior to resection. The likelihood of cancer
in ileocolic and colocolic intussusception is 43%-100%.
The vast majority of these lesions arise as a primary
lesion, in which resection without reduction is
[47-50]
recommended
.
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The debate arises over the importance of the diffe
rential diagnosis. Moreover, if surgery is performed,
consideration needs to be given to what operation
should be undertaken and in which patients.
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New endoscopic ultrasound techniques for digestive tract
diseases: A comprehensive review
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masses and lymphadenopathy. EUS-elastography
evaluates tissue elasticity and therefore, can be used
to differentiate various lesions. Contrast-enhanced
EUS can distinguish benign from malignant pancreatic
lesions and lymphadenopathy using the intravenous
injection of contrast agents. This review discusses the
principles and types of these new techniques, as well
as their clinical applications and limitations.
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Core tip: This article primarily focuses on emerging
techniques such as elastography and contrast-enhanced
endoscopic ultrasound. Principles, types and clinical
applications are discussed. These emerging techniques
have high accuracy, sensitivity and specificity in
differential diagnosis between benign and malignant
lesions.
Meng FS, Zhang ZH, Ji F. New endoscopic ultrasound techniques
for digestive tract diseases: A comprehensive review. World J
Gastroenterol 2015; 21(16): 4809-4816 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i16/4809.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i16.4809

Abstract

INTRODUCTION

Endoscopic ultrasound (EUS) is one of the most
important modalities for the diagnosis of digestive
tract diseases. EUS has been evolving ever since it
was introduced. New techniques such as elastography
and contrast enhancement have emerged, increasing
the accuracy, sensitivity and specificity of EUS for the
diagnosis of digestive tract diseases including pancreatic
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Endoscopic ultrasound (EUS) has continuously evolved
since its initial introduction. With the development of
accessories and technologies, EUS-guided fine-needle
aspiration (FNA) has emerged as the gold standard
for the diagnosis of gastrointestinal lesions. However,
EUS-FNA is technically demanding and is associated
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with a low (but not negligible) risk of complications.
EUS-elastography and contrast-enhanced EUS have
emerged as non-invasive techniques in diagnosis of
digestive disorders. Recently, 3-D EUS technology
and EUS-guided interventions such as biliary and
pancreatic fluid collection drainage and fine-needle
injections have been introduced and are rapidly
gaining in popularity. EUS-guided interventions will be
discussed elsewhere.
Recently, many studies have demonstrated that
elastography and contrast-enhanced EUS have high
accuracy, sensitivity and specificity in discriminating
between benign and malignant lesions (Table 1).

primarily blue masses are malignant, whereas red and
green masses are considered to be benign.

CONTRAST-ENHANCED EUS
Principle

The contrast agents used in this new technique
are gas-containing microbubbles that are covered
[14]
by a protective shell . The principles of contrastenhanced EUS are as follows: when subjected to an
ultrasonic signal, the microbubbles oscillate or break
and generate components that can be detected and
[15,16]
reconstructed on an ultrasound image
, and
components of a higher frequency are required for
[17]
EUS enhancement .
Two generations of contrast agents have been
developed. The first-generation agent was Levovist,
which is composed of microbubbles of air covered
[18]
by galactose and palmitic acid . However, Levovist
requires high acoustic power to oscillate the
microbubbles. Second-generation contrast agents,
such as Sonovue, Sonazoid and Definity, can be
[19,20]
oscillated or broken by lower acoustic power
. The
development of these contrast agents promoted the
[21]
use of harmonic imaging in EUS .
The contrast microbubbles are restricted to the
vascular system and do not lead to enhancement of
[21]
the entire circulatory system . They are generally
safe, and adverse events have rarely been observed.

EUS-ELASTOGRAPHY
Principle

Elasticity varies in different types of tissues and in the
[1]
same tissue affected by different pathologic states .
Elastography can evaluate the hardness of tissue by
[2]
measuring its elasticity . The principle of elastography
is that tissue compression produces strain; alterations
in strain can be detected and displayed in real time
alongside conventional B-mode images with special
[3,4]
software . Elastography was developed in order to
complement conventional EUS for the assessment
of previously hard-to-reach tumors near the gastro
[5,6]
intestinal tract, such as pancreatic masses
and
[1,7]
lymph nodes .

Categories

Categories

Qualitative elastography: Less tissue deformation
is caused by compression of hard tissue than of soft
[4]
tissue . The degree of deformation is represented by
[4,8]
different colors . Hard tissue is blue and soft tissue
is red; tissues with an intermediate elasticity are in the
[6,9]
green-yellow spectrum .

Contrast-enhanced color and power Doppler
sonography (CD-EUS): CD-EUS allows the detection
of intra-tumoral vasculature through the enhancement
[22,23]
of tumor vessels
; it increases the sensitivity to
signals from vessels by producing pseudo-Doppler
[24]
signals from microbubbles . However, CD-EUS
technique has a limited ability to detect slow blood
flow and it suffers from Doppler-related artifacts such
[14,25]
as motion and blooming
.

Quantitative elastography

Hue/SH analysis: A histogram is used to represent
the digital color distribution. Specialized software
(Image J or SH) analyzes the color of the pixels inside
the target lesions and each pixel color is represented
[4,8]
by a value from 0 to 255 (soft to hard) . Histograms
produce an average value that represents the overall
[6]
elasticity of tissues .

Contrast-enhanced harmonic EUS (CH-EUS): CHEUS has been developed to overcome the limitations
of CD-EUS. This technique allows microvessels and
[26]
parenchymal perfusion to be visualized . Moreover,
by measuring the time-course of changes in the
intensity of echogenicity (time-intensity curve),
[27,28]
vascularity can be quantitatively analyzed
.

Strain ratio: Strain ratio (SR) is based on a different
principle from histograms. The elasticity of the target
tissue is expressed not as an absolute value, but as a
relative ratio compared to the reference value provided
[2]
by these tissues . Two non-overlapping areas inside
the region of interest (ROI) are selected: The lesion
(area A) and the reference zone (area B). The B/A
[10,11]
quotient yields the SR
.
Elastography has been used to evaluate several
organs including the breast, thyroid, prostate, cervix,
[12,13]
liver and others
. Studies have demonstrated that
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EUS-GUIDED CONFOCAL MICROSCOPY
Confocal endomicroscopy is an emerging technique
and allows real-time optical biopsies to be perfo
rmed in the gastrointestinal tract. The technique
uses a EUS puncture needle in which the stylet is
replaced by a confocal mini-probe. The mini-probe,
which is preloaded into the EUS needle, is guided
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Table 1 Summary of studies with new endoscopic ultrasound techniques
Ref.

No. of cases

Target lesions

Techniques

Accuracy

Specificity

Sensitivity

König et al[13]
Kanamori et al[48]
Alam et al[12]
Kamoi et al[54]

151
46
85
107

RTE
CE
RTE
RTE

84.10%
82.10%
84%
76%

N/A
77.30%
59%
81%

N/A
88.20%
98%
68%

Ohno et al[44]
Giovannini et al[33]

87
222

Prostatic lesions
LNs lesions
LNs lesions
Prostatic
Lesions
IPMNs
LNs and PLs

CE
RTE

75.90%
N/A

Săftoiu et al[22]
Napoleon et al[42]
Xia et al[49]
Săftoiu et al[6]
Xu et al[7]
Sakamoto et al[51]
Kapoor et al[55]
Waage et al[56]
Hocke et al[5]

54
35
43
258
368
76
50
69
58

Pancreatic masses
Pancreatic masses
Intra-abdominal lesions
Pancreatic masses
LNs lesions
GISTs
Prostatic lesions
Rectal lesions
Pancreatic lesions

83.30%
86%
97.60%
85.40%
N/A
83%
N/A
94%
N/A

Dawwas et al[31]
Kitano et al[39]
Gong et al[41]
Knabe et al[3]
Lee et al[43]
Havre et al[34]
Imazu et al[59]

104
277
1139
40
37
39
36

Pancreatic masses
Pancreatic lesions
Pancreatic masses
LN lesions
Pancreatic lesions
Pancreatic lesions
GB lesions

CE and RTE
CE
CE
RTE
RTE
CH
RTE
RTE
RTE
CE
RTE
CH
CE
RTE
CH
RTE
CH

92.90%
82.5% (LN)
80.0% (PL)
95.20%
88%
100%
66%
91%
63%
86.80%
96%
94.7%(RTE)
89.5%(CE)
16.70%
94.40%
93%
86.70%
N/A
71%
98%

60%
91.8% (LN)
92.3% (PL)
75.80%
89%
96.30%
93.40%
85%
100%
91.70%
93%
33.4%(RTE)
92.3%(CE)
100%
91.20%
93%
88.90%
93%
67%
89.60%

86.50%
N/A
N/A
51.5
92%
N/A
94.40%

LN: Lymph node; PL: Pancreatic lesion; RTE: Real-time elastography; CE: Contrast-enhanced; CH: Contrast-enhanced harmonic; IPMN: Intraductal
papillary mucinous neoplasm; GIST: Gastrointestinal stromal tumor; GB: Gallbladder; N/A: Not available.

Figure 1 A patient with a malignant pancreatic tumor. The elastography
image in the left panel shows a homogeneous blue mass (red circle). The
B-mode reference image is shown in the right panel (Popescu et al[4]).

Figure 2 A patient with chronic pancreatitis. The elastography image in
the left panel shows a heterogeneous green mass (red circle). The B-mode
reference image is shown in the right panel (Popescu et al[4]).

endosonographically into the target lesion. The intratumoral CM examination begins after the injection of
[29,30]
fluorescein
.

is homogeneously soft on EUS-elastography.
[31]
A prospective study conducted by Dawwas et al
which used elastography to differentiate pancreatic
masses revealed that quantitative and qualitative EUS
elastography techniques had a sensitivity of 100.0%
and 95.7%, a specificity of 16.7% and 22.2%, a
positive predictive value (PPV) of 86.1% and 86.4%,
a negative predictive value (NPV) of 100.0% and
50.0%, and an overall accuracy of 86.5% and 83.8%,
respectively. A recent meta-analysis that reviewed six
studies showed that using the qualitative color pattern
as the diagnostic standard, the pooled sensitivity was
99% (95%CI: 98%-100%) and the specificity was

CLINICAL APPLICATIONS
EUS-elastography and CH-EUS for solid pancreatic
lesions

Many published studies have reported that a EUSelastography finding of a blue (i.e., hard) pancreatic
lesion is highly sensitive and specific for adenocarcinoma
(Figure 1). Chronic pancreatitis is an intermediately soft
(green) mass (Figure 2), and normal pancreatic tissue
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sensitivity of 93.4%, a specificity of 66.0%, a PPV of
92.5%, an NPV of 68.9%, and an overall accuracy
of 85.4 %. Another multicenter study conducted by
[33]
Giovannini et al
yielded similar results. A study
[34]
conducted by Havre et al
showed that the median
SR in malignant lesions was 7.05 (3.02-27.57)
and was 1.56 (0.07-35.55) (P < 0.001) in benign
[8]
lesions. Iglesias-Garcia et al reported that the
SR was significantly higher among patients with
pancreatic cancers than in those with inflammatory
masses. An earlier study conducted by Săftoiu et
[35]
al
in 2008 investigated the ability of quantitative
EUS elastography to differentiate between benign
and malignant pancreatic masses, and its sensitivity,
specificity, PPV, NPV and accuracy were 91.4%,
87.9%, 88.9%, 90.6%, and 89.7%, respectively.
[36]
Ying et al analyzed 10 studies including 893 pan
creatic masses and found that the pooled sensitivity
and specificity for the diagnosis of malignant pancreatic
masses were 0.98 (95%CI: 0.93-1.00) and 0.69 (95%CI:
0.52-0.82) for qualitative EUS elastography, and 0.96
(95%CI: 0.86-0.99) and 0.76 (95%CI: 0.58-0.87) for
quantitative EUS elastography, respectively. Another
[37]
meta-analysis conducted by Li et al
yielded similar
conclusions.
However, other elastography studies have reported
less promising results. One study found overly similar
color patterns between cancerous masses and
[38]
pancreatitis . One recently published large singlecenter study reported that quantitative elastography
was not as accurate as was described in previous
[31]
studies and meta-analyses .
There are four types of enhancement patterns in
CH-EUS: non-enhancement, hypo-enhancement, iso[39]
enhancement and hyper-enhancement . A hypoenhancing pattern has been considered to be one
of the most common distinguishing characteristics
of pancreatic adenocarcinoma (Figure 3), and is
more diagnostically accurate than the finding of a
[40]
hypoechoic lesion on conventional EUS (P < 0.001) .
A recent meta-analysis of CE-EUS showed that this
method can identify pancreatic adenocarcinomas with
a pooled sensitivity and specificity of 94% and 89%,
[41]
respectively . Hypo-vascularity which is a sign of
ductal carcinomas in CH-EUS yielded a sensitivity of
[36,40,42]
89%-95% and a specificity of 64%-89%
. In
particular, CH-EUS was significantly more accurate
than CT in diagnosing small ductal carcinomas ≤ 2 cm
[39]
(P < 0.034) .
[43]
Lee et al demonstrated that pancreatic carcinomas
and pancreatic neuroendocrine tumors showed
different enhancement patterns on CE-EUS, suggesting
that the enhancement pattern may be an important
characteristic for diagnosis.

A

B

C

Figure 3 Typical contrast-enhanced harmonic endoscopic ultrasound
images of pancreatic tumors. A: Pancreatic carcinoma with hypoen
hancement. Conventional EUS (left) shows a hypoechoic mass at the pancreas
tail. Contrast-enhanced harmonic endoscopic ultrasound (CH-EUS) (right)
indicates that the mass has hypoenhancement compared with the surrounding
tissue; B: Chronic pancreatitis with isoenhancement. Conventional EUS (left)
shows a hypoechoic mass at the pancreas body. CH-EUS (right) indicates
homogeneous enhancement mass similar to the surrounding tissue; a margin is
not observed; C: Neuroendocrine tumor with hyperenhancement. Conventional
EUS (left) shows a hypoechoic mass at the pancreas body. CH-EUS (right)
indicates that enhancement in the mass is higher than in the surrounding tissue
(Kwek et al[65]).
[32]

74% (95%CI: 65%-82%) .
More recent studies have focused on quantitative
elastography. A European multicenter study conducted
[6]
by Săftoiu et al demonstrated that Hue histogram
elastography using 175 as the cut-off value had a
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Differentiating between benign and malignant
intraductal papillary mucinous neoplasms of the
pancreas is challenging. Mural nodules have been
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identified as one of the most important signs predicting
for malignancy. An earlier study conducted by Ohno
[44]
et al
analyzed the enhancement pattern of mural
nodules and found that papillary and invasive nodular
patterns were more frequently related to invasive
cancer. A recent study of CE-EUS in the differentiation
of pancreatic cystic lesions showed that CE-EUS
considerably increases the sensitivity of displaying
[45]
cystic wall vascularization .

possible cancers within diffuse inflammatory lesions.
CH-EUS clearly depicts subtle lesions that conventional
EUS is unable to identify and, can be used to select
[52]
targets for EUS-FNA . Real-time CH-EUS-FNA can
identify and avoid an avascular site, helping to prevent
sampling of necrotic areas and allowing the selection
[53]
of more suitable sites for biopsy .

EUS-elastography and CH-EUS for lymph nodes

The use of EUS-elastography has been investigated for
the diagnosis and evaluation of prostate cancer, rectal
cancer, and inflammatory bowel disease. In prostate
cancer, EUS-elastography has been demonstrated to
[54]
be better than conventional EUS , and it increases
the specificity of prostate biopsies by highlighting areas
[55]
that are highly suspicious for malignancy . A study of
[56]
transrectal elastography conducted by Waage et al
showed that the sensitivity, specificity and accuracy
rates of SR were 93%, 96% and 94%, respectively.
[57]
Dietrich et al
reported that left hepatic tumors can
be differentiated by EUS-elastography.
Elastography of the hepatobiliary system is parti
cularly useful for evaluation of the papilla of Vater and
[58]
staging papillary carcinoma and papillomatosis .
A recent study of CH-EUS for the differential diagnosis
of gallbladder wall thickening, which was conducted
[59]
by Imazu et al , reported that the overall sensitivity,
specificity and accuracy rates of CH-EUS for diagnosing
malignant GB wall thickening were 89.6%, 98% and
94.4%, respectively.
CE-EUS has also been used in other gastrointestinal
diseases, such as inflammatory bowel disease. A
study published in 2012 showed that CE-EUS had
excellent sensitivity and specificity for the diagnosis of
[60]
postoperative recurrence in Crohn’s disease .

OTHER CLINICAL APPLICATIONS

At present, the established standards indicating
malignant involvement of lymph nodes (LN) include
the following: round shape, hypo-echogenicity,
diameter > 1 cm and distinguishing margin. However,
all four features of malignant involvement are present
[46]
in only one-fourth of malignant LNs
and the
[8]
specificity of these findings is poor .
[7]
A recent meta-analysis conducted by Xu et al found
that EUS elastography demonstrated a pooled sensitivity
of 88% and specificity of 85% for differentiating between
benign and malignant LNs. A study conducted by Okasha
[1]
et al reached similar conclusions. However, a recent
[47]
study by Larsen et al delivered a disappointing result.
The investigators concluded that EUS-elastography
was not better than conventional EUS in differentiating
between malignant and benign LNs.
On CD-EUS, the presence of a filling defect is a
typical characteristic of malignant lymphadenopathy,
with a sensitivity of 100% and a specificity of
[48]
[49]
86.4% . In a study conducted by Xia et al , the
sensitivity, specificity and accuracy rates of CD-EUS
in diagnosing LN lesions with unknown origin were
96.3%, 100% and 97.6%,respectively.

EUS-elastography and CH-EUS for gastrointestinal
submucosal lesions

EUS-confocal microscopy for pancreatic cystic lesions

The risk classifications for GISTs are based on size
and the number of mitoses/50 high power fields.
Immunohistochemical analysis should also be performed.
Therefore, elastographic evaluation of malignancy in
such lesions may be difficult.
[50]
A recent study conducted by Kannengiesser et al
demonstrated that the enhancement pattern of CHEUS was able to distinguish between GISTs and other
benign submucosal tumors such as leiomyoma or
lipoma by the enhancement pattern. All histologically
proven GISTs showed hyper-enhancement, while lipoma
and leiomyoma both showed hypo-enhancement. A
[51]
study conducted by Sakamoto et al
demonstrated
that the overall sensitivity, specificity and accuracy of
CH-EUS in prediction of malignant GISTs were 100%,
63% and 83%, respectively.

Studies of EUS-confocal microscopy are rare. A recent
[61]
study conducted by Giovannini et al
demonstrated
that EUS-confocal microscopy can effectively distin
guish different pancreatic cystic lesions.

LIMITATIONS AND FUTURE
DEVELOPMENT
EUS-elastography is an operator-dependent technique,
with a high image selection bias and, in some cases,
a lack of reproducibility. Excessive compression of
the tissue can artificially cause more deformation.
The presence of certain tissues (e.g., vessels, cysts,
and bone) in the ROI significantly influences elasticity
measurements. Furthermore, the appropriate cutoff values for quantitative elastography remain
controversial. Some authors have reported promising
findings, while others noted disappointing results.
Consequently, most authors have indicated that
elastography is not ready to replace EUS-FNA, but

EUS-elastography and CH-EUS guided FNA

Elastography can help the user to select a site where
FNA can be performed with improved diagnostic yield,
particularly in patients with either necrotic tumors or
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may be a supplementary procedure in patients with
negative or inconclusive EUS-FNA findings, if a strong
[4]
suspicion of malignancy still exists .
CE-EUS has been criticized for its qualitative
nature, and quantitative methods have been proposed
[62]
to improve its reliability .
The therapeutic potential of CE-EUS is to selectively
deliver medications and reduce side-effects using
[63,64]
contrast microbubbles as carriers
.

9

10

11

CONCLUSION
EUS-elastography and CH-EUS are emerging techni
ques. These techniques are simple and easy to perform
(using a touch of a button for elastography), do not
require extensive training and costly devices, have a
low cost and low complication rate, do not add extra
time to EUS procedures, and can provide valuable
information regarding the characteristics of focal
masses. Therefore, both are effective supplemental
techniques in EUS-FNA and should be implemented
in clinical practice. A combination of these emerging
techniques can further increase the ability of EUS
to diagnose pancreatic masses. However, these
techniques should be performed in tertiary centers by
experienced operators with expertise in EUS and EUSFNA.

12

13

14

15
16

REFERENCES
1

2

3

4
5

6

7

8

Okasha HH, Mansour M, Attia KA, Khattab HM, Sakr AY, Naguib
M, Aref W, Al-Naggar AA, Ezzat R. Role of high resolution
ultrasound/endosonography and elastography in predicting lymph
node malignancy. Endosc Ultrasound 2014; 3: 58-62 [PMID:
24949412 DOI: 10.4103/2303-9027.121252]
Dietrich CF, Săftoiu A, Jenssen C. Real time elastography
endoscopic ultrasound (RTE-EUS), a comprehensive review. Eur
J Radiol 2014; 83: 405-414 [PMID: 23643030 DOI: 10.1016/
j.ejrad.2013.03.023]
Knabe M, Günter E, Ell C, Pech O. Can EUS elastography
improve lymph node staging in esophageal cancer? Surg Endosc
2013; 27: 1196-1202 [PMID: 23093233 DOI: 10.1007/s00464012-2575-y]
Popescu A, Săftoiu A. Can elastography replace fine needle
aspiration? Endosc Ultrasound 2014; 3: 109-117 [PMID: 24955340
DOI: 10.4103/2303-9027.123009]
Hocke M, Ignee A, Dietrich CF. Advanced endosonographic
diagnostic tools for discrimination of focal chronic pancreatitis
and pancreatic carcinoma--elastography, contrast enhanced high
mechanical index (CEHMI) and low mechanical index (CELMI)
endosonography in direct comparison. Z Gastroenterol 2012; 50:
199-203 [PMID: 22298098 DOI: 10.1055/s-0031-1281824]
Săftoiu A, Vilmann P, Gorunescu F, Janssen J, Hocke M, Larsen
M, Iglesias-Garcia J, Arcidiacono P, Will U, Giovannini M,
Dietrich C, Havre R, Gheorghe C, McKay C, Gheonea DI, Ciurea
T. Accuracy of endoscopic ultrasound elastography used for
differential diagnosis of focal pancreatic masses: a multicenter
study. Endoscopy 2011; 43: 596-603 [PMID: 21437851 DOI:
10.1055/s-0030-1256314]
Xu W, Shi J, Zeng X, Li X, Xie WF, Guo J, Lin Y. EUS
elastography for the differentiation of benign and malignant lymph
nodes: a meta-analysis. Gastrointest Endosc 2011; 74: 1001-109;
quiz 1001-109; [PMID: 22032315 DOI: 10.1016/j.gie.2011.07.026]
Iglesias-Garcia J, Lindkvist B, Lariño-Noia J, Domínguez-Muñoz

WJG|www.wjgnet.com

17

18
19

20

21
22

23

4814

JE. Endoscopic ultrasound elastography. Endosc Ultrasound 2012;
1: 8-16 [PMID: 24949330 DOI: 10.7178/eus.01.003]
Gheonea DI, Săftoiu A. Beyond conventional endoscopic
ultrasound: elastography, contrast enhancement and hybrid
techniques. Curr Opin Gastroenterol 2011; 27: 423-429 [PMID:
21844751 DOI: 10.1097/Mog.0b013e328349cfab]
Iglesias-Garcia J, Larino-Noia J, Abdulkader I, Forteza J,
Dominguez-Munoz JE. Quantitative endoscopic ultrasound
elastography: an accurate method for the differentiation of solid
pancreatic masses. Gastroenterology 2010; 139: 1172-1180 [PMID:
20600020 DOI: 10.1053/j.gastro.2010.06.059]
Itokawa F, Itoi T, Sofuni A, Kurihara T, Tsuchiya T, Ishii K, Tsuji
S, Ikeuchi N, Umeda J, Tanaka R, Yokoyama N, Moriyasu F,
Kasuya K, Nagao T, Kamisawa T, Tsuchida A. EUS elastography
combined with the strain ratio of tissue elasticity for diagnosis of
solid pancreatic masses. J Gastroenterol 2011; 46: 843-853 [PMID:
21505859 DOI: 10.1007/s00535-011-0399-5]
Alam F, Naito K, Horiguchi J, Fukuda H, Tachikake T, Ito K.
Accuracy of sonographic elastography in the differential diagnosis
of enlarged cervical lymph nodes: comparison with conventional
B-mode sonography. AJR Am J Roentgenol 2008; 191: 604-610
[PMID: 18647939 DOI: 10.2214/Ajr.07.3401]
König K, Scheipers U, Pesavento A, Lorenz A, Ermert H, Senge
T. Initial experiences with real-time elastography guided biopsies
of the prostate. J Urol 2005; 174: 115-117 [PMID: 15947593 DOI:
10.1097/01.ju.0000162043.72294.4a]
Reddy NK, Ioncică AM, Săftoiu A, Vilmann P, Bhutani MS.
Contrast-enhanced endoscopic ultrasonography. World J
Gastroenterol 2011; 17: 42-48 [PMID: 21218082 DOI: 10.3748/
wjg.v17.i1.42]
Kaufmann BA, Lindner JR. Molecular imaging with targeted
contrast ultrasound. Curr Opin Biotechnol 2007; 18: 11-16 [PMID:
17241779 DOI: 10.1016/j.copbio.2007.01.004]
Serrani M, Caletti G, Fusaroli P. Contrast enhancement and
elastography in endoscopic ultrasound: an overview of clinical
applications in pancreatic diseases. Minerva Med 2014; 105:
353-361 [PMID: 25028864]
Yip HC, Teoh AY, Chong CC, Lau JY. Current status and future
applications of contrast-enhanced endoscopic ultrasonography.
World J Gastrointest Endosc 2014; 6: 121-127 [PMID: 24748919
DOI: 10.4253/wjge.v6.i4.121]
Kitano M, Sakamoto H, Kudo M. Contrast-enhanced endoscopic
ultrasound. Dig Endosc 2014; 26 Suppl 1: 79-85 [PMID: 24118242
DOI: 10.1111/Den.12179]
Sanchez MV, Varadarajulu S, Napoleon B. EUS contrast agents:
what is available, how do they work, and are they effective?
Gastrointest Endosc 2009; 69: S71-S77 [PMID: 19179175 DOI:
10.1016/j.gie.2008.12.004]
Kitano M, Kudo M, Sakamoto H, Nakatani T, Maekawa
K, Mizuguchi N, Ito Y, Miki M, Matsui U, Von Schrenck T.
Preliminary study of contrast-enhanced harmonic endosonography
with second-generation contrast agents. J Med Ultra 2008; 35:
11-18 [DOI: 10.1007/s10396-007-0167-6]
Săftoiu A, Dietrich CF, Vilmann P. Contrast-enhanced harmonic
endoscopic ultrasound. Endoscopy 2012; 44: 612-617 [PMID:
22528674 DOI: 10.1055/s-0032-1308909]
Săftoiu A, Iordache SA, Gheonea DI, Popescu C, Maloş A,
Gorunescu F, Ciurea T, Iordache A, Popescu GL, Manea CT.
Combined contrast-enhanced power Doppler and real-time
sonoelastography performed during EUS, used in the differential
diagnosis of focal pancreatic masses (with videos). Gastrointest
Endosc 2010; 72: 739-747 [PMID: 20674916 DOI: 10.1016/
j.gie.2010.02.056]
Ishikawa T, Itoh A, Kawashima H, Ohno E, Matsubara H, Itoh
Y, Nakamura Y, Nakamura M, Miyahara R, Hayashi K, Ishigami
M, Katano Y, Ohmiya N, Goto H, Hirooka Y. Usefulness of EUS
combined with contrast-enhancement in the differential diagnosis
of malignant versus benign and preoperative localization of
pancreatic endocrine tumors. Gastrointest Endosc 2010; 71:
951-959 [PMID: 20438884 DOI: 10.1016/j.gie.2009.12.023]

April 28, 2015|Volume 21|Issue 16|

Meng FS et al . New endoscopic ultrasound techniques
24

25

26

27

28

29
30

31

32

33

34

35

36

37

38

Iglesias-Garcia J, Lindkvist B, Cruz-Soares JB, Larino-Noia J,
Dominguez-Munoz E. Does Contrast Enhancement Play a Role
as an Adjunct to Endoscopic Ultrasound for the Diagnosis of
Chronic Pancreatitis? a Pilot Study. Gastroenterology 2012; 142:
S243-S244
Kitano M, Sakamoto H, Komaki T, Kudo M. New techniques
and future perspective of EUS for the differential diagnosis of
pancreatic malignancies: contrast harmonic imaging. Dig Endosc
2011; 23 Suppl 1: 46-50 [PMID: 21535201 DOI: 10.1111/
j.1443-1661.2011.01146.x]
Kitano M, Sakamoto H, Matsui U, Ito Y, Maekawa K, von
Schrenck T, Kudo M. A novel perfusion imaging technique of
the pancreas: contrast-enhanced harmonic EUS (with video).
Gastrointest Endosc 2008; 67: 141-150 [PMID: 18155437 DOI:
10.1016/j.gie.2007.07.045]
Hirooka Y, Itoh A, Kawashima H, Ohno E, Itoh Y, Nakamura
Y, Hiramatsu T, Sugimoto H, Sumi H, Hayashi D, Ohmiya N,
Miyahara R, Nakamura M, Funasaka K, Ishigami M, Katano
Y, Goto H. Contrast-enhanced endoscopic ultrasonography in
digestive diseases. J Gastroenterol 2012; 47: 1063-1072 [PMID:
23001249 DOI: 10.1007/s00535-012-0662-4]
Fusaroli P, Saftoiu A, Mancino MG, Caletti G, Eloubeidi
MA. Techniques of image enhancement in EUS (with videos).
Gastrointest Endosc 2011; 74: 645-655 [PMID: 21679945 DOI:
10.1016/j.gie.2011.03.1246]
Dunbar K, Canto M. Confocal endomicroscopy. Curr Opin
Gastroenterol 2008; 24: 631-637 [PMID: 19122507 DOI: 10.1097/
MOG.0b013e32830c91c7]
Konda VJ, Aslanian HR, Wallace MB, Siddiqui UD, Hart J,
Waxman I. First assessment of needle-based confocal laser
endomicroscopy during EUS-FNA procedures of the pancreas
(with videos). Gastrointest Endosc 2011; 74: 1049-1060 [PMID:
21924718 DOI: 10.1016/j.gie.2011.07.018]
Dawwas MF, Taha H, Leeds JS, Nayar MK, Oppong KW.
Diagnostic accuracy of quantitative EUS elastography for
discriminating malignant from benign solid pancreatic masses: a
prospective, single-center study. Gastrointest Endosc 2012; 76:
953-961 [PMID: 22854060 DOI: 10.1016/j.gie.2012.05.034]
Xu W, Shi J, Li X, Zeng X, Lin Y. Endoscopic ultrasound
elastography for differentiation of benign and malignant pancreatic
masses: a systemic review and meta-analysis. Eur J Gastroenterol
Hepatol 2013; 25: 218-224 [PMID: 23169307 DOI: 10.1097/
Meg.0b013e32835a7f7c]
Giovannini M, Thomas B, Erwan B, Christian P, Fabrice C,
Benjamin E, Geneviève M, Paolo A, Pierre D, Robert Y, Walter
S, Hanz S, Carl S, Christoph D, Pierre E, Jean-Luc VL, Jacques
D, Peter V, Andrian S. Endoscopic ultrasound elastography for
evaluation of lymph nodes and pancreatic masses: a multicenter
study. World J Gastroenterol 2009; 15: 1587-1593 [PMID:
19340900 DOI: 10.3748/wjg.15.1587]
Havre RF, Ødegaard S, Gilja OH, Nesje LB. Characterization of
solid focal pancreatic lesions using endoscopic ultrasonography
with real-time elastography. Scand J Gastroenterol 2014; 49:
742-751 [PMID: 24713038 DOI: 10.3109/00365521.2014.905627]
Săftoiu A, Vilmann P, Gorunescu F, Gheonea DI, Gorunescu M,
Ciurea T, Popescu GL, Iordache A, Hassan H, Iordache S. Neural
network analysis of dynamic sequences of EUS elastography used
for the differential diagnosis of chronic pancreatitis and pancreatic
cancer. Gastrointest Endosc 2008; 68: 1086-1094 [PMID:
18656186 DOI: 10.1016/j.gie.2008.04.031]
Ying L, Lin X, Xie ZL, Hu YP, Tang KF, Shi KQ. Clinical utility of
endoscopic ultrasound elastography for identification of malignant
pancreatic masses: a meta-analysis. J Gastroenterol Hepatol 2013;
28: 1434-1443 [PMID: 23731128 DOI: 10.1111/Jgh.12292]
Li X, Xu W, Shi J, Lin Y, Zeng X. Endoscopic ultrasound
elastography for differentiating between pancreatic adenocarcinoma
and inflammatory masses: a meta-analysis. World J Gastroenterol
2013; 19: 6284-6291 [PMID: 24115828 DOI: 10.3748/wjg.v19.
i37.6284]
Janssen J, Schlörer E, Greiner L. EUS elastography of the

WJG|www.wjgnet.com

39

40

41

42

43

44

45

46

47

48

49

50

51

52

4815

pancreas: feasibility and pattern description of the normal pancreas,
chronic pancreatitis, and focal pancreatic lesions. Gastrointest
Endosc 2007; 65: 971-978 [PMID: 17531630 DOI: 10.1016/
j.gie.2006.12.057]
Kitano M, Kudo M, Yamao K, Takagi T, Sakamoto H, Komaki
T, Kamata K, Imai H, Chiba Y, Okada M, Murakami T, Takeyama
Y. Characterization of small solid tumors in the pancreas: the
value of contrast-enhanced harmonic endoscopic ultrasonography.
Am J Gastroenterol 2012; 107: 303-310 [PMID: 22008892 DOI:
10.1038/ajg.2011.354]
Fusaroli P, Spada A, Mancino MG, Caletti G. Contrast harmonic
echo-endoscopic ultrasound improves accuracy in diagnosis of
solid pancreatic masses. Clin Gastroenterol Hepatol 2010; 8:
629-34.e1-2 [PMID: 20417721 DOI: 10.1016/j.cgh.2010.04.012]
Gong TT, Hu DM, Zhu Q. Contrast-enhanced EUS for differential
diagnosis of pancreatic mass lesions: a meta-analysis. Gastrointest
Endosc 2012; 76: 301-309 [PMID: 22703697 DOI: 10.1016/
j.gie.2012.02.051]
Napoleon B, Alvarez-Sanchez MV, Gincoul R, Pujol B, Lefort
C, Lepilliez V, Labadie M, Souquet JC, Queneau PE, Scoazec
JY, Chayvialle JA, Ponchon T. Contrast-enhanced harmonic
endoscopic ultrasound in solid lesions of the pancreas: results of a
pilot study. Endoscopy 2010; 42: 564-570 [PMID: 20593334 DOI:
10.1055/s-0030-1255537]
Lee TY, Cheon YK, Shim CS. Clinical role of contrast-enhanced
harmonic endoscopic ultrasound in differentiating solid lesions of
the pancreas: a single-center experience in Korea. Gut Liver 2013;
7: 599-604 [PMID: 24073319 DOI: 10.5009/gnl.2013.7.5.599]
Ohno E, Hirooka Y, Itoh A, Ishigami M, Katano Y, Ohmiya N,
Niwa Y, Goto H. Intraductal papillary mucinous neoplasms of
the pancreas: differentiation of malignant and benign tumors
by endoscopic ultrasound findings of mural nodules. Ann
Surg 2009; 249: 628-634 [PMID: 19300203 DOI: 10.1097/
SLA.0b013e3181a189a8]
Hocke M, Cui XW, Domagk D, Ignee A, Dietrich CF. Pancreatic
cystic lesions: The value of contrast-enhanced endoscopic
ultrasound to influence the clinical pathway. Endosc Ultrasound
2014; 3: 123-130 [PMID: 24955342 DOI: 10.4103/2303-9027.131
040]
Strongin A, Singh H, Eloubeidi MA, Siddiqui AA. Role of
endoscopic ultrasonography in the evaluation of extrahepatic
cholangiocarcinoma. Endosc Ultrasound 2013; 2: 71-76 [PMID:
24949368 DOI: 10.7178/Eus.05.003]
Larsen MH, Fristrup C, Hansen TP, Hovendal CP, Mortensen MB.
Endoscopic ultrasound, endoscopic sonoelastography, and strain
ratio evaluation of lymph nodes with histology as gold standard.
Endoscopy 2012; 44: 759-766 [PMID: 22752891 DOI: 10.1055/
s-0032-1309817]
Kanamori A, Hirooka Y, Itoh A, Hashimoto S, Kawashima
H, Hara K, Uchida H, Goto J, Ohmiya N, Niwa Y, Goto H.
Usefulness of contrast-enhanced endoscopic ultrasonography in the
differentiation between malignant and benign lymphadenopathy.
Am J Gastroenterol 2006; 101: 45-51 [PMID: 16405532 DOI:
10.1111/j.1572-0241.2006.00394.x]
Xia Y, Kitano M, Kudo M, Imai H, Kamata K, Sakamoto
H, Komaki T. Characterization of intra-abdominal lesions of
undetermined origin by contrast-enhanced harmonic EUS (with
videos). Gastrointest Endosc 2010; 72: 637-642 [PMID: 20646696
DOI: 10.1016/j.gie.2010.04.013]
Kannengiesser K, Mahlke R, Petersen F, Peters A, Ross M,
Kucharzik T, Maaser C. Contrast-enhanced harmonic endoscopic
ultrasound is able to discriminate benign submucosal lesions from
gastrointestinal stromal tumors. Scand J Gastroenterol 2012; 47:
1515-1520 [DOI: 10.3109/00365521.2012.729082]
Sakamoto H, Kitano M, Matsui S, Kamata K, Komaki T, Imai
H, Dote K, Kudo M. Estimation of malignant potential of GI
stromal tumors by contrast-enhanced harmonic EUS (with videos).
Gastrointest Endosc 2011; 73: 227-237 [PMID: 21295636 DOI:
10.1016/j.gie.2010.10.011]
Romagnuolo J, Hoffman B, Vela S, Hawes R, Vignesh S.

April 28, 2015|Volume 21|Issue 16|

Meng FS et al . New endoscopic ultrasound techniques

53
54

55

56

57
58

59

Accuracy of contrast-enhanced harmonic EUS with a secondgeneration perflutren lipid microsphere contrast agent (with video).
Gastrointest Endosc 2011; 73: 52-63 [PMID: 21184870 DOI:
10.1016/j.gie.2010.09.014]
Kitano M, Sakamoto H, Komaki T, Kudo M. FNA Guided
By Contrast-Enhanced Harmonic EUS in Pancreatic Tumors.
Gastrointestinal Endosc 2009; 69: Ab328-Ab329
Kamoi K, Okihara K, Ochiai A, Ukimura O, Mizutani Y, Kawauchi
A, Miki T. The utility of transrectal real-time elastography in
the diagnosis of prostate cancer. Ultrasound Med Biol 2008; 34:
1025-1032 [PMID: 18255215 DOI: 10.1016/j.ultrasmedbio.2007.1
2.002]
Kapoor A, Kapoor A, Mahajan G, Sidhu BS. Real-time
elastography in the detection of prostate cancer in patients with
raised PSA level. Ultrasound Med Biol 2011; 37: 1374-1381
[PMID: 21816287 DOI: 10.1016/j.ultrasmedbio.2011.05.014]
Waage JE, Havre RF, Odegaard S, Leh S, Eide GE, Baatrup
G. Endorectal elastography in the evaluation of rectal tumours.
Colorectal Dis 2011; 13: 1130-1137 [PMID: 21040360 DOI:
10.1111/j.1463-1318.2010.02440.x]
Dietrich CF. Real Time Elastography Indications Not Only in the
Gastrointestinal Tract. Endoskopie Heute 2010; 23: 177-212 [DOI:
10.1055/s-0030-1262579]
Cui XW, Ignee A, Braden B, Woenckhaus M, Dietrich CF.
Biliary papillomatosis and new ultrasound imaging modalities. Z
Gastroenterol 2012; 50: 226-231 [PMID: 22298103 DOI: 10.1055/
s-0031-1281967]
Imazu H, Mori N, Kanazawa K, Chiba M, Toyoizumi H, Torisu

60

61
62

63
64
65

Y, Koyama S, Hino S, Ang TL, Tajiri H. Contrast-enhanced
harmonic endoscopic ultrasonography in the differential diagnosis
of gallbladder wall thickening. Dig Dis Sci 2014; 59: 1909-1916
[PMID: 24664415 DOI: 10.1007/s10620-014-3115-5]
Paredes JM, Ripollés T, Cortés X, Moreno N, Martínez MJ,
Bustamante-Balén M, Delgado F, Moreno-Osset E. Contrastenhanced ultrasonography: usefulness in the assessment of
postoperative recurrence of Crohn’s disease. J Crohns Colitis 2013;
7: 192-201 [PMID: 22542055 DOI: 10.1016/j.crohns.2012.03.017]
Giovannini M, Caillol F, Lemaistre A, Monges G, Napoleon B,
Pujol B. Endoscopic ultrasound guided confocal microscopy: Atlas
of cystic pancreatic lesions. Endosc Ultra 2014; 3: S19-S21
Fusaroli P, Kypraios D, Mancino MG, Spada A, Benini MC,
Bianchi M, Bocus P, De Angelis C, De Luca L, Fabbri C, Grillo
A, Marzioni M, Reggio D, Togliani T, Zanarini S, Caletti G.
Interobserver agreement in contrast harmonic endoscopic
ultrasound. J Gastroenterol Hepatol 2012; 27: 1063-1069 [PMID:
22414180 DOI: 10.1111/j.1440-1746.2012.07115.x]
Hernot S, Klibanov AL. Microbubbles in ultrasound-triggered
drug and gene delivery. Adv Drug Deliv Rev 2008; 60: 1153-1166
[PMID: 18486268 DOI: 10.1016/j.addr.2008.03.005]
Kitano M, Sakamoto H, Kudo M. Endoscopic ultrasound: contrast
enhancement. Gastrointest Endosc Clin N Am 2012; 22: 349-58, xi
[PMID: 22632956 DOI: 10.1016/j.giec.2012.04.013]
Kwek BE, Ang TL, Seo DW, Imazu H. Contrast-enhanced
harmonic endoscopic ultrasonography of solid pancreatic lesions.
Endosc Ultrasound 2013; 2: 142-147 [PMID: 24949382 DOI:
10.7178/eus.06.005]

P- Reviewer: Amornyotin S, Figueiredo PN, Sureka B S- Editor: Qi Y
L- Editor: Wang TQ E- Editor: Zhang DN

WJG|www.wjgnet.com

4816

April 28, 2015|Volume 21|Issue 16|

World J Gastroenterol 2015 April 28; 21(16): 4817-4828
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v21.i16.4817

© 2015 Baishideng Publishing Group Inc. All rights reserved.

ORIGINAL ARTICLE
Basic Study

Murine study of portal hypertension associated endothelin-1
hypo-response
Nicholas Theodorakis, Mary Maluccio, Nicholas Skill
partial portal vein ligation surgery to induce portal
hypertension or sham surgery. Development of portal
hypertension was determined by measuring the splenic
pulp pressure, abdominal aortic flow and portal systemic
shunting. To measure splenic pulp pressure, a microtip
pressure transducer was inserted into the spleen pulp.
Abdominal aortic flow was measured by placing an
ultrasonic Doppler flow probe around the abdominal
aorta between the diaphragm and celiac artery. Portal
systemic shunting was calculated by injection of
fluorescent microspheres in to the splenic vein and
determining the percentage accumulation of spheres in
liver and pulmonary beds. Endothelin-1 hypo-response
was evaluated by measuring the change in abdominal
aortic flow in response to endothelin-1 intravenous
administration. In addition, thoracic aorta endothelin-1
contraction was measured in 5 mm isolated thoracic
aorta rings ex-vivo using an ADI small vessel myograph.
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RESULTS: In wild type and iNOS-/- mice splenic pulp
pressure increased from 7.5 ± 1.1 mmHg and 7.2
± 1 mmHg to 25.4 ± 3.1 mmHg and 22 ± 4 mmHg
-/respectively. In eNOS mice splenic pulp pressure
was increased after 1 d (P = ns), after which it
decreased and by 7 d was not significantly elevated
when compared to 7 d sham operated controls (6.9
± 0.6 mmHg and 7.3 ± 0.8 mmHg respectively, P =
0.3). Abdominal aortic flow was increased by 80%
and 73% in 7 d portal vein ligated wild type and iNOS
when compared to shams, whereas there was no
-/significant difference in 7 d portal vein ligated eNOS
mice when compared to shams. Endothelin-1 induced
a rapid reduction in abdominal aortic blood flow in
-/-/wild type, eNOS and iNOS sham mice (50% ± 8%,
73% ± 9% and 47% ± 9% respectively). Following
portal vein ligation endothelin-1 reduction in blood
flow was significantly diminished in each mouse group.
Abdominal aortic flow was reduced by 19% ± 9%,
-/32% ± 10% and 9% ± 9% in wild type, eNOS and
-/iNOS mice respectively.

Abstract
AIM: To investigate endothelin-1 hypo-responsive
associated with portal hypertension in order to improve
patient treatment outcomes.
METHODS: Wild type, eNOS-/- and iNOS-/- mice received
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CONCLUSION: Aberrant endothelin-1 response in
murine portal hypertension is NOS isoform independent.
Moreover, portal hypertension in the portal vein ligation
model is independent of ET-1 function.

increases flow and lowers pressure. In patients
with PHT reduced vascular resistance increases blood
supply to the portal system, which is congested
because of increased hepatic resistance, and increases
portal pressure. Consequently, reducing cardiac output
and increasing vascular resistance has the potential
to reduce portal pressure and lower the risk of
esophageal variceal hemorrhage. Primarily prophylaxis
using β-blockers (e.g., propranolol) to prevent/treat
variceal bleeding in cirrhotic patients by the reduction
of heart rate by 25% is the mainstay of treatment
[14-16]
but does not work for all
. Moreover, the use of
vasoconstrictors such as octreotide demonstrate the
potential for vasoconstrictors despite limited reductions
in bleeding and no improvement in overall outcomes
when compared to direct endoscopic treatments to
[17,18]
the varices (banding and sclerotherapy)
. The
introduction of long-acting octreotide analogs may
provide better results although care should be
taken to avoid renal complications caused by renal
[19,20]
hypertension
.
Therefore, to date, options for patients with
PHT, whom are at risk of variceal formation and
hemorrhage, are limited. One reason for this deficiency
in treatment options is due to our lack of knowledge
relating to vascular aberrancies concomitant with
PHT. Previous studies have demonstrated that PHT is
associated with a significant diminution of reactivity
[21]
to specific vasoconstrictors . Endothelin-1 (ET1),
a potent vasoconstrictor, is associated with vascular
[22]
resistance and blood pressure . Previous studies
indicate that synthesis of the potent vasoconstrictor
[23,24]
ET1 is increased contemporaneously with PHT
.
Plasma ET1 concentrations are three times higher
[25]
in patients with cirrhosis than in healthy controls .
Subsequent studies showed that despite increased
ET1 levels vessels from PHT animals exhibited a
markedly reduced contractile response to exogenous
[26,27]
ET1
. In cirrhotic rats mesenteric arterial response
to endothelin-1 is markedly reduced concomitant with
[28]
a 5-fold reduction in ET1 cellular signaling . This
reduction in vasoconstrictor response has been linked
to elevations in expression of vasodilators prostacyclin
(PGI2) and nitric oxide (NO) which counter ET1 induced
[29-32]
vasoconstriction
because disruption of NO or PGI2
biosynthesis reduces portal pressure in experimental
[33-35]
models of PHT
. Suggesting that inhibition of
vasodilators NO or PGI2 would also ameliorate ET-1
vasoconstriction in PHT animals.
Therein this manuscript examines the importance
and etiology of NO biosynthesis in impaired ET1
vasoconstriction associated with PHT. This initial study
utilizes the pre-hepatic murine portal vein ligation (PVL)
model because PHT develops rapidly and vascular
[30]
aberrancies have been reported in this model .
At present we do not fully know the importance
and etiology of ET1 hypo-response in PHT. Previous
studies have suggested that NO plays a significant
[36,37]
role in ET1 hypo response
. This is based on data

Key words: Liver disease; Portal hypertension; Hyperdynamic circulation; Endothelin-1; Nitric oxide synthase
isoforms
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Portal hypertension (PHT) is a complication
associated with vascular derangements in response to
liver disease and fibrosis. Perturbations of nitric oxide
(NO) and endothelin-1 are believed to be interrelated
and play a key role in PHT vasculopathy. This study
investigates the importance of NO biosynthesis in
endothelin-1 vasoconstriction hypo-response seen
in patients with PHT. PHT was induced in wild type,
-/-/eNOS and iNOS mice by partial portal vein ligation
(PVL) and endothelin-1 contractile response was
determined. Endothelin-1 (ET-1) induced contraction
was significantly reduced following PVL in all mouse
groups. Aberrant ET-1 function associated with PHT is
NO independent.
Theodorakis N, Maluccio M, Skill N. Murine study of portal
hypertension associated endothelin-1 hypo-response. World J
Gastroenterol 2015; 21(16): 4817-4828 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i16/4817.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i16.4817

INTRODUCTION
Portal hypertension (PHT) is a life threatening
complication of liver cirrhosis. Elevated portal venous
pressure increases morbidity and mortality by
promoting the formation and potential hemorrhage
[1,2]
of gastric and esophageal varices . PHT typically
originates from underlying hepatic disease and is
exacerbated by systemic and splanchnic vascular
[3]
deregulation . Hepatic injury stimulates liver
stellate cell differentiation to adopt a smooth muscle
cell phenotype resulting in sinusoidal contraction,
increased sinusoidal perfusion resistance and increased
[4]
portal pressure . In addition, dilation of systemic and
splanchnic vessels causes a hyperdynamic circulatory
dysfunction characterized by increased cardiac output
[5-8]
and hyperemia
. Consequently, although the
underlying etiology of PHT is usually hepatic, clinical
manifestations and intervention pertain more to
[9]
vascular and cardiac control .
Vascular dilators and constrictors play a signi
ficant role in controlling blood flow and pressure
[10-13]
via modulation of vascular resistance to flow
.
Increased vascular resistance reduces flow and
increases pressure whereas decreased resistance
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that shows ET1 hypo-response is not observed when
[38-41]
NO synthesis is inhibited
and the connection
between ET1 signaling, via endothelin receptor A
(ETA) and endothelin receptor B (ETB) receptors, and
[42]
vasodilatory compounds. (Figure 1) Vascular smooth
muscle cell ETA and ETB promotes vasoconstriction
via phospholipase C, phosphoinositide metabolism and
2+[43]
increased Ca
. Whereas, endothelial cell ETB are
functionally coupled with NO and PGI2 biosynthesis
[44-48]
and promote vasodilation
. Therefore, increased
levels of NO biosynthesis via nitric oxide synthase
isoforms could explain ET1 hypo-contractile response.
In experimental animal studies ETB antagonism
prevents hyperemia and PHT following portal vein
[49]
ligation . However, testing the role of ETA and ETB in
PHT murine models is hindered because, homozygous
ETA or ETB receptor gene knock out results in lethal
[50]
developmental phenotypes in the mouse . In
-/-/contrast, eNOS and iNOS mice are viable and
have previously been used to better understand the
[34,35]
pathophysiology of PHT
.
To examine the relationship between eNOS and
ET-1 hypo-response this manuscript examines the
development of ET1 hypo response and PHT in a
-/murine PVL model of pre-hepatic PHT using eNOS
mice. If the hypothesis that eNOS is important to the
development of ET1 hyper-response is correct then
eNOS gene deletion will prevent aberrant ET1 function
following PVL. In contrast, we observed that eNOS
gene deletion enhanced ET1 contraction in sham mice
and did not prevent ET1 hypo-response following PVL.
In addition we found that aberrant ET1 contractility
is not central to the development of PHT in the PVL
model and that eNOS mediated hyperemia is key. This
data does not negate the role and importance of ET1
in portal hypertension. Normalized ET1 contractility,
potentially, would reduce portal venous flow, pressure
and bleeding. Our data suggests that targeting of
NO biosynthesis would not mediate this affect and
alternate targeting and study is required.

animals were allowed to recover under a heat lamp.

Physiological measurements

Physiological measurements were performed as
[34]
previously described by Theodorakis et al
2003.
At the indicated times post sham-operation or
PVL, animals were anesthetized and subjected to
laparotomy to allow physiological measurements to be
taken. Portal pressure was determined by measuring
the splenic pulp pressure (SPP). We have previously
shown that portal venous pressure and splenic pulp
[34]
pressure are directly proportional . To measure
SPP, a microtip pressure transducer (ADI, CO) was
inserted into the spleen pulp. Abdominal aortic
flow (Qao) was measured by placing an ultrasonic
Doppler flow probe (Transonic #11RB) around the
abdominal aorta between the diaphragm and celiac
artery. Flow rates were obtained with a Transonic
T206 Blood Flow Meter (Transonic Instruments, NY)
and recorded using ADI Chart 5 software. Aortic
blood flows were standardized per gram of body
weight. Fluorescent microspheres were used to assess
the degree of portosystemic shunting as described
[34]
previously . 0-7 d after sham operation or PVL, mice
were anesthetized and a laparotomy was performed
6
as described earlier. Approximately 15 x 10 μm red
polystyrene fluorescent microspheres (Molecular
Probes, Eugene, OR) were injected into the spleen
(red spheres). The liver and lungs were collected and
placed in 20 ml of 2% sodium dodecyl sulfate, 0.1
mol/L EDTA, 10 mmol/L Tris, pH 8.0, and the tissue
was homogenized. Proteinase K was added to 0.1
mg/ml, and the proteins were digested overnight at
45  ℃. Microspheres were collected by centrifugation
at 1000 × g, washed in 0.2% Tween-80, centrifuged
again, and re-suspended in 0.1 ml of 0.2% Tween-80.
Microspheres were counted using a hemocytometer
and a Nikon TE300 inverted microscope equipped for
epifluorescence. The degree of shunting was calculated
as the percentage of microspheres in the lungs
compared to lung and liver combined.

MATERIALS AND METHODS

Gene-deficient mice

Pre-hepatic PHT model: Partial portal vein ligation

Mice containing targeted mutations in the nos2 gene
tm1Lau
(iNOS; strain B6,129P-Nos2
,and the nos3 gene
tm1Unc
(eNOS, strain C57BL/6J-Nos3
, were purchased from
The Jackson Laboratory, ME. Age-matched mice from
congeneic strains (B6, 129P or C57BL/6J) were used
as wild type controls. Mice genotypes were confirmed
by PCR on DNA isolated from tail samples using
Qiagen Dneasy kit (Qiagen Inc, Stamford, CA), as per
manufactures instructions. Gene-specific primers: nos3:
5’gtgtgaaggcaaccattctg 3’actcatccatgcacaggacc and
nos2: 5’ggcttcacgggtcagagcca 3’tgcccattgctgggacagtc
(cycle = 1 min each of 94 ℃, 60 ℃ and 74 ℃ x 25) are
complementary to the site specific mutations previously
[51]
published by Shesely et al
(1996) and Laubach et
[52]
al (1995).

All studies were approved by the Indiana University
committee for animal research and adhered to
AAALC and federal guidelines for the humane care
and treatment of animals. Mice were maintained in
sterilized isolette cages on a 12-h light/dark cycle and
were allowed access to food and water ad libitum.
Mice were anesthetized using halothane inhalation. A
midline laparotomy was performed and the portal vein
was exposed. A blunt-ended 27-gauge needle was
placed alongside the portal vein and a 4-0 silk suture
was tied around the vein and needle, after which
the needle was withdrawn, producing a standardized
stenosis. In sham animals the procedure consisted
of dissection and visual inspection of the portal vein
without ligature. The abdomen was closed and the
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Figure 1 Illustration of interrelationship between Endothelin-1 induced vasoconstriction and nitric oxide mediated vasodilation. Endothelin-1, PGI2 and NO
are closely related in relation to vascular smooth muscle cell tone. (Reprinted with permission Ohkita et al[42] 2002).

Endothelin-1 function

L NaHCO3, 1.18 mmol/L KH2PO4, 27 µmol/L EDTA,
5.5 mmol/L glucose). ET1 contractility was measured
on a small vessel myograph (610 M, ADI, CO) as per
manufacturer’s instructions. This instrument provides
a temperature controlled oxygenated environment
to measure vessel contractility/dilation. Vessels are
attached to two wires (0.2 mm diameter). One wire
is an anchor while the other is attached to a strain
gauge. Segments were incrementally pre-tensioned by
separating the two wires to 100 mmHg, as previously
described and according to manufacturer’s detailed
[55]
instructions . Vessel contractility was measured in
-8
-4
response to 10 -10 mol/L ET1. Four vessel segments
were analyzed per mouse, five mice per group.

In-vivo: Seven days Sham and PVL mice were
anesthetized using halothane inhalation. A midline
laparotomy was performed and the abdominal aorta
was exposed. A Doppler flow probe was placed on the
aorta between the diaphragm and celiac artery. Flow
rates were allowed to stabilize and were monitored
while the femoral vein was cannulated. Mice were
discarded if Qao decreased by more than 20% during
the cannulation. 10 µg/l (4 nmol/L) ET1 bolus (50 µl)
was injected in to the femoral vein and the abdominal
aortic flow was constantly recorded. The dose of ET1 (5
[53]
pmol/kg) was similar to that used in human studies .
Except ET1 was given as a bolus rather than via a
peristaltic pump. Preliminary studies showed that 1hr
following 5 pmol/kg ET1 injection plasma nitrite/nitrate
(NOx) was increased 41%. Moreover, 4 nmol/L is
significantly greater than normal murine plasma ET1
[54]
levels (1 pmol/L) . This high dose will equalize out
any differences in endogenous ET1 levels between PVL
and sham mice.

Statistical analysis

The data shown are mean ± SE, with 5-7 animals
per experimental group. Statistical significance was
estimated using one-way ANOVA statistical analysis. A
value of p < 0.05 was considered significant.

RESULTS

Ex-vivo: Seven days Sham and PVL mice were anes
thetized using halothane inhalation. The abdominal
aorta was carefully dissected and placed in oxygenated
Krebs-Ringer solution (119 mmol/L NaCl, 4.7 mmol/L
KCl, 2.5 mmol/L CaCl, 1.17 mmol/L MgSO4, 25 mmol/
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Plasma NOx and ET-1 were determined using
commercially available assays (Oxford Biomedical,
Oxford, MI) (R&D systems, Minneapolis, MN). Plasma
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NOx and ET-1 were not significantly different between
-/-/unadulterated C57B/6J (wild type), iNOS and eNOS
[34,56]
mice. This is similar to previous studies
. Plasma
NOx was increased 1 d following PVL in wild type (41%,
-/p = 0.03) and iNOS (35%, p = 0.02) but was not
-/altered in eNOS mice (11.7 ± 0.9 vs 9.9 ± 0.6 µmol/L,
1 d sham and 1 d PVL respectively, p = 0.31). Similarly
serum ET-1 increased 1 d following PVL (1 ± 0.7 pg/
ml vs 12 ± 3 pg/ml 1 d sham and PVL respectively, P
= 0.02). After which levels returned to normal (2 ± 1.1
P = 0.23) and were not different to shams. In a similar
manner serum ET-1 was increased 9 and 10 fold in
-/-/eNOS and iNOS mice respectively 1 d following PVL.

splenic vein via the spleen and monitoring the
distribution of spheres between the lung and
liver: In sham mice spheres were exclusively found
in the liver, indicating normal circulation and no
shunting. Following PVL sphere location changed from
predominantly hepatic to predominantly pulmonary,
indicative of collateral circulation. The rate of collateral
circulation development was steady in wild type and
-/-/iNOS mice. (Figure 2g-h) However, in eNOS mice
the rate of collateralization was significantly slower,
(Figure 2i) suggesting that acute collateralization is
eNOS dependent but that alternate mechanisms are
also involved.

Hemodynamics following PVL

ET1 induced aortic contractility

The development of PHT was evaluated by recording
(1) splenic pulp pressure; (2) aortic flow; and (3)
portal systemic shunting as indices of portal pressure,
hyperdynamic and collateral circulation respectively.

To better understand the interrelationship between
ET1 and NO we initially performed a dose response
experiment to optimize ET1 induced NO synthesis. This
would confirm ETB binding and investigates vessel ET1
pressor response in the face of both constrictive and
dilatory mechanisms. In-vivo ET1 dose was determined
by monitoring plasma NOx levels following exogenous
50 µl bolus (0-20 µg/l) ET1 IV injection. Plasma NOx
was increased 1hr following 2.5 (23%, p = 0.1) and 5
pmol/kg (41%, p = 0.04) ET1 IV injection. In contrast,
IV injection of 10 pmol/kg ET1 reduced NOx 55%
(p < 0.01). 5 pmol/kg ET1 was subsequently used
for in-vivo experiments. Aortic response to ET1 was
determined by (1) in-vivo monitoring of aortic blood
flow; and (2) ex-vivo monitoring of isolated aorta
segment contractility.

Splenic pulp pressure was quantified by placing
a micro tip pressure transducer into the spleen:
The spleen/body weight ratio was significantly
increased in all wild type, iNOS, and eNOS mice 7 d
following PVL (85%, 90% and 111% respectively).
-/-/In wild type, eNOS and iNOS mice splenic pulp
pressure was increased immediately following ligation
-/of the portal vein. In wild type and iNOS mice splenic
pulp pressure increased from 7.5 ± 1.1 mmHg and 7.2
± 1 mmHg to 25.4 ± 3.1 mmHg and 22 ± 4 mmHg
-/respectively (Figure 2a and b). In eNOS mice splenic
pulp pressure was increased after 1 d (p = ns), after
which it decreased and by 7 d was not significantly
elevated when compared to 7 d sham operated
controls (6.9 ± 0.6 mmHg and 7.3 ± 0.8 mmHg
respectively, p = 0.3) (Figure 2c). This is similar to
[34]
data reported previously .
Abdominal aortic flow (Qao) was measured by
placing a doppler flow probe around the aorta
between the diaphragm and celiac artery: Heart
rate was not significantly altered by PVL in any mouse
groups (data not shown). Immediately after portal
vein ligation Qao reduced rapidly (0.15 ± 0.02 ml/
min per gram vs 0.12 ± 0.01 ml/min per gram BW
1 d wild type sham and PVL respectively), decreasing
-/by 20%, 22% and 30% in wild type, eNOS and
-/iNOS mice respectively. Two days following PVL Qao
had recovered and was greater in PVL mice when
-/compared to shams in wild type and iNOS mice (0.17
± 0.02 ml/min per gram and 0.18 ± 0.04 ml/min
per gram BW). By 7 d Qao had increased by 80% and
73% in wild type and iNOS (Figure 2d and e), whereas
-/there was no significant difference in eNOS mice
between 7 d sham and 7 d PVL (Figure 2f).

Aortic in-vivo response to ET1 was determined
by monitoring abdominal aortic blood flow
following IV injection of 50 µl 10 µg/l ET1 via
the femoral vein: Bolus IV injection of 50 µl 10 µg/l
-/-/(4.8 pmol/kg) ET1 to wild type, eNOS and iNOS
mice induced a rapid reduction in abdominal aortic
blood flow (50% ± 8%, 73% ± 9% and 47% ± 9%
respectively). The ET1 induced reduction in flow was
-/significantly greater in eNOS mice compared to both
-/wild types and iNOS mice (p = 0.02) (Figure 3a). 7
d following PVL ET1 induced reduction in blood flow
was significantly diminished in each mouse group.
Abdominal aortic flow was reduced by 19% ± 9%,
-/32% ± 10% and 9% ± 9% in wild type, eNOS and
-/iNOS mice respectively (Figure 3b). Aberrant ET1
-/function was significantly greater in iNOS mice (81%)
-/when compared to wild type (62%) or eNOS (67%).
The dose of ET1 is non-physiological and was used
because it elicited a detectable increase in plasma NOx
indicative of ET-B activation. Moreover, the dose given
is equivalent to that used in human studies (4.8 pmol/
[53]
kg) . No change in heart rate was observed following
ET1 injection.

Portal systemic shunting was determined by
injecting fluorescent microspheres in to the

Vessel ex-vivo response to ET1 was determined
in isolated abdominal aortic segments attached
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Figure 2 Partial portal vein ligation induces chronic hyperemia and persistent portal hypertension in wild type and iNOS-/- mice but not eNOS-/- mice. Wild
type (a, d, g), iNOS-/- (b, e, h) and eNOS-/- (c, f, i) mice were subjected to partial portal vein ligation surgery. 0-7 d thereafter-splenic pulp pressure (a-c), aortic
blood flow (d-f) and portal systemic shunting (g-i) were determined. a-c: Splenic pulp pressure was increased acutely in all mouse groups following ligation (0-1 d).
After which pressure was increased further in wild type and iNOS-/- but not in eNOS-/- mice; d, e: Aortic flow was significantly reduced in wild type, iNOS-/- and eNOS‑/mice (0-1 d). In wild type and iNOS-/- mice this low blood flow converted to hyperemia and increased steadily. In eNOS mice flow returned to pre-surgical baseline and
was not increased; g-i: Portal systemic shunting increased steadily in wild type and iNOS-/- mice (g, h). There was a significant delay in the development of collateral
circulation in eNOS-/- mice (i).

to a force transducer within an isolated tissue
bath: Four segments per mouse and 5 mice per
group were assayed. Vessels were pre- tensioned to
100 mmHg and equilibrated for 20 min. Vessels were
-8
-4
exposed to logarithmic increases in ET1 (10 -10
mol/L). Maximal vessel contractility was recorded.
-/-/Wild type, eNOS and iNOS mouse aortic segments
increased tension steadily in response to ET1 (Figure
3c). There was no significant difference between the
ET1 aortic contractile response of wild type, eNOS
-8
-5
and iNOS mice at doses between 10 and 10 mol/L.
However, at increased doses aortic vessels from
-.‑
unadulterated eNOS mice contracted significantly
greater (43%, p = 0.03) then wild-type controls. 7
-4
d following PVL contraction to 10 mol/L ET1 was
reduced from 4.2 ± 0.32 to 1.7 ± 0.7 mmol/L in wild
-/type mice, 6 ± 0.6 to 1.8 ± 0.1 mmol/L in eNOS
mice and 4.9 ± 0.7 to 1.5 ± 0.2 mmol/L in iNOS
-/mice (Figure 3d).

hypothesis was challenged using the well-established
pre-hepatic partial PVL of PHT and targeted eNOS and
iNOS gene deleted mice. The PVL model was used
because reduced extra-hepatic arterial ET1 contractile
response is known to develop rapidly in this model in
the absence of the milieu of inflammatory and cytokine
changes associated with the carbon tetrachloride or
[60]
bile duct ligation models of intra-hepatic PHT . This
allows us to focus on the ET1 vasculopathy in isolation
-/from hepatic pathology. iNOS mice were included
as an isoform and gene deletion control. In both the
-/PVL and CCl4 models of PHT iNOS mice develop
PHT similar to wild type controls, including increased
plasma NOx, hyperemia, and increased splenic pulp
-/pressure. In contrast, eNOS mice didn’t develop
hyperemia or PHT 7-14 d following PVL.
In this study we found that eNOS gene deletion
increased ET1 contractility. This increase in ET1
-/contraction in sham eNOS mice is probably due to
absent eNOS mediated NO biosynthesis and dilation to
counteract ET1 contraction via ETA receptor activation.
However, contrary to our hypothesis we observed
-/ET1 hypo response in eNOS mice following PVL,
suggesting that ET1 hypo-response in murine models
of PHT it is a parallel occurrence rather than a pivotal
component of PHT and has no distinguishable role
in hyper-dynamic associated hyperemia. Therefore,
our hypothesis that eNOS gene deletion would
prevent aberrant ET1 function was false. At this point
we suggest that alternative explanations for the
-/development of ET1 hypo-response in eNOS mice
include: (1) reduced blood flow, observed immediately
following PVL (0-1 d), may increase ET1 expression
and modify ET1 response. Previous studies have
shown increased ET1 expression following occlusion
[61]
of portosystemic shunts in cirrhotic patient ; (2)

DISCUSSION
The study described in this manuscript focuses on
the role of eNOS in ET-1 hypo response associated
with PHT. Previous reports introduced the hypothesis
that ET1 hypo-response was linked to NO and/or
[40,49,57]
hyperemia
. This study tests this hypothesis
and the potential of targeting NO biosynthesis to
reduce portal pressure, variceal formation and
hemorrhage. This is important because eNOS and
NO are known to be important to PHT and are the
[11,58,59]
basis for intervention in numerous studies
. To
investigate the role of eNOS in PHT we hypothesized
that eNOS is important to the development of ET1
hypo response and that eNOS gene deletion would
prevent aberrant ET1 function in murine models. The
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Figure 3 Endothelin-1 hypo-response develops in wild type, iNOS-/- and eNOS-/- mice following portal vein ligation. A: Aortic blood flow was monitored in
unadulterated wild type (squares), iNOS-/- (diamonds) and eNOS-/- (triangle) mice prior to and following IV administration of 5 pmol/kg endothelin-1 (ET1). ET1 induced
a rapid vessel contraction and subsequent reduction in flow. Response to ET1 was significantly greater in eNOS-/- when compared to wild type controls; b: Wild
type, iNOS-/- and eNOS-/- mice were subjected to sham (open bars) or portal vein ligation surgery (PVL) (shaded bars). After 7 d changes in aortic flow was recorded
following IV administration of 5 pmol/kg ET1. In all mouse groups the response to ET1 was markedly reduced following PVL (iNOS > wild type > eNOS-/-); c: ET1
induced contraction of isolated aortic segments from unadulterated wild type (triangle) iNOS-/- (square) and eNOS-/- (triangle) mice were determined using an ADI 610M
small animal myograph. Aortic vessel segments contracted to exogenous ET1. At high ET1 dose (10-4 mol/L) aortic vessel segments from eNOS-/- mice contracted
significantly greater then segments from wild type controls; d: Wild type, iNOS-/- and eNOS-/- mice were subjected to sham (open bars) or portal vein ligation surgery
(shaded bars). After 7 d the aorta was carefully dissected and ET1 contractility was measured. Ex-vivo aorta ET1 (10-4 mol/l) contractility was significantly decreased
in vessels from 7 d wild type, iNOS-/- and eNOS-/- PVL mice when compared to shams (PVL vs sham, p < 0.01).

rapid engorgement of the portal vein by PVL activates
stretch receptors in endothelial cells leading to
[62]
signaling and phenotypic changes ; (3) formation
of free radical and oxidative damage. Cell stretching,
low blood flow and ET are all linked to the formation
[63-65]
of oxygen free radicals
. Free radicals are linked
to up-regulation of NO, which acts as a superoxide
radical scavenger, and increases of splanchnic blood
[66-68]
flow
. This would explain why ET1 hypo response
-/was greater in iNOS mice following PVL as iNOS has
[69]
frequently been linked with NADPH oxidase ; (4)
alternate NOS isoforms may play a key role. Although,
normally associated with neurons NOS1 or neural NOS
[70]
is increased in the mesenteric artery of PVL rats .
Addition studies are required to better understand
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the etiology of aberrant ET1 response in PHT; and
(5) finally, as with all experimental models, especially
using gene-modified mice, data should be used
with caution. Firstly, murine models are not 100%
comparable to human disease. This is especially true
of the PVL model, which does not mimic the underlying
causation of the majority of patients with PHT. PVL is
a model of pre-hepatic PHT, which is usually caused
by thrombus, or malignancies encroaching upon the
portal vein. However, the PVL is a “clean” model in
that it doesn’t include hepatic pathology and allows for
investigation of PHT vasculopathy in the absence of
a pro-inflammatory background. Secondly, alternate
mechanisms can compensate for gene deletion. eNOS
and iNOS null mice may manifest adaptive effects

4824

April 28, 2015|Volume 21|Issue 16|

Theodorakis N et al . ET1 hypo-response in murine pre-hepatic PHT
such that they may not produce outcomes as a direct
consequence of a lack of eNOS or iNOS function. An
-/alternative to using eNOS mice would be to use
the reported selective eNOS inhibitor cavtratin, a
caveolin-1 derived peptide, developed within the Sessa
[71,72]
laboratory
. Although, cavtratin is reported to
inhibit eNOS with little effect on iNOS a question has
been raised regarding its solubility and applicability
[73]
because of its size (3 kDa) . Finally, we measured
ET1 response in abdominal aortic vessels rather than
[30]
in mesenteric vessels used in other studies . This
was because of size restrictions. We were unable to
isolate responsive mesenteric vessels from either sham
of PVL mice. However, are able to demonstrate ET1
hypo-responsive in the abdominal aorta of PVL mice
when compared to shams. Demonstrating that in PVL
mice the abdominal aorta reaction to ET1 is reduced in
a similar manner to mesenteric vessels of PVL rats in
contrast to increased reaction to ET1 observed in the
[30,74]
thoracic aorta of PVL rats
.
Ultimately, the data presented in this manuscript
suggests that targeting eNOS would not abrogate ET1
hypo-response even though previous studies have
suggested a link between ET1 and eNOS via ETB.
This does not refute the positive results seen with ET1
receptor antagonists. Correcting ET1 function has a
significant role in the treatment of PHT and prevention
of variceal formation and hemorrhage. Selective and
non-selective ET-A and ET-B antagonists have significant
potential in the treatment of various pathophysiological
[53]
components of PHT . However questions remain
whether such antagonists should be used clinically to
treat PHT because of differences between hepatic and
extra hepatic outcomes. ET1 response is increased in
the liver but is decreased in the systemic vasculature.
Moreover, ET-B receptors on vascular smooth muscle
can contribute to vasoconstriction in some circum
stances and/or locations. Consequently, alternate
targets are required that focus on the etiology of ET1
hypo response and receptor downstream changes.
However, correcting vascular dysfunction following
prolonged inflammatory liver disease might be more
complicated than removing the etiological trigger. Wang
[75]
et al (2004) argue that in patients with chronic portal
vein hypertension the vascular wall changes, due to
the long-term dilation, and recovery will be hard even
if the effect of vasodilatation is completely eliminated.
[76]
More recently, Resch et al have described mesenteric
arterial remodeling, leading to decreased vessel
stiffness, in the CCl4 model of PHT. In contrast, they
found no evidence of vascular remodeling in the rat PVL
model of PHT, suggesting that irreversible changes are
more likely a response to an inflammatory milieu and
not as a consequence of mechanical changes (PVL) or
increased NO biosynthesis. Because ET1 hypo response
developed in the absence of an inflammatory response
and was distant from mechanical/hemodynamic (stretch
and low flow in the portal vein) changes it is probably
in response to paracrine signaling. Further studies are
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required to better understand this paracrine signaling.
In conclusion, ET1 dysfunction occurs in the absence
of increased NO, chronic liver disease, hyperemia
or vascular remodeling and is eNOS and iNOS
independent. Moreover, in the PVL model ET1 hyporesponse is not sufficient, on its own, to induce a
hyper-dynamic circulation or an increase in portal
pressure. However, improved ET1 contractility may
improve clinical options and thus decrease mortality
and morbidity. Additional studies are required to
determine the etiology, role and correction of ET1
hypo-response in PHT.
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Background

Portal hypertension is a significant complication of liver disease and can
increase morbidity and mortality. Increased hepatic resistance in portal
venous flow in combination with elevated portal venous flow raises portal
venous pressure and promotes the vascular aberrancies and hemorrhage.
Attempts to reduce portal pressure by increasing vascular resistance using
vasoconstrictors are hindered by the development of a vascular hypo-response
to vasoconstrictors, such as endothelin-1 (ET1). This hypo-response has been
linked to increased levels of the vasodilator nitric oxide.

Research frontiers

Current beta-blocker treatment of patients with portal hypertension is
problematic. Some patients do not respond and systemic blood pressure is
not lowered. Others develop complications and have to terminate treatment.
Consequently, alternative approaches are being sort. Amelioration of vascular
response to vasoconstrictors in patients with portal hypertension would
significantly improve treatment, morbidity and mortality.

Innovations and breakthroughs

By using targeted gene deletion mice this study advances our cognizable
knowledge of portal hypertension. Previous studies have suggested that hyporesponse to vasoconstrictors is related to an increase in the biosynthesis of
the vasodilator nitric oxide. Arguing that inhibition of nitric oxide synthase will
ameliorate vascular response to vasoconstrictors. In contrary to this hypothesis
we demonstrate that the development of a hypo-response to vasoconstrictors
is not due to over production of the vasodilator nitric oxide. Targeted gene
deletion of the two main nitric oxide synthase enzymes did not ameliorate
vasoconstrictor hypo-response. This information directs future study to look at
alternate pathways and mechanisms other than nitric oxide.

Applications

This study guides future investigations aimed towards the development of
new treatment options for patients with portal hypertension and are at risk of
variceal formation/hemorrhage. By demonstrating that ET1 hypo-response is
independent of NOS isoforms alternate approaches can be researched.

Terminology

Vasoconstrictor hypo-response is a condition where vascular tissues have
a reduced or absent constrictive response to vasoconstrictors. The use of
vasoconstrictors to increase vascular resistance and reduce flow is impaired in
patients with portal hypertension. Inter alia, because of ET1 hypo-response.

Peer-review

In this study, the authors examined the importance and etiology of impaired
ET1 vasoconstriction in portal hypertension. They used portal vein ligation a
prehepatic model of portal hypertension that lacks the milieu of inflammatory and
cytokine changes associated with the CCl4 or bile duct ligation models of intrahepatic portal hypertension. Although this prehepatic model of portal hypertension
somewhat simplifies the complexity of involved pathways, however, it is radically
different from the more clinically relevant model of CCl4 model.
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Abstract
AIM: To assess the effects of ME-49 Toxoplasma gondii
(T. gondii ) strain infection on the myenteric plexus and
external muscle of the jejunum in rats.
METHODS: Thirty rats were distributed into two
groups: the control group (CG) (n = 15) received 1 mL
of saline solution orally, and the infected group (IG) (n
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= 15) inoculated with 1 mL of saline solution containing
500 oocysts of M-49 T. gondii strain orally. After 36 d
of infection, the rats were euthanized. Infection with T.
gondii was confirmed by blood samples collected from
all rats at the beginning and end of the experiment. The
jejunum of five animals was removed and submitted to
routine histological processing (paraffin) for analysis of
external muscle thickness. The remaining jejunum from
the others animals was used to analyze the general
population and the NADH-diaphorase, VIPergic and
nitrergic subpopulations of myenteric neurons; and the
enteric glial cells (S100-IR).

http://www.wjgnet.com/1007-9327/full/v21/i16/4829.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i16.4829

INTRODUCTION
Several pathogens invade animals via the digestive
tract. Some of these pathogens (viruses, bacteria,
protozoans and helminths) are able to survive in the
hostile environment of the intestinal lumen. However,
others, such as the protozoan Toxoplasma gondii (T.
gondii), break the barrier of the intestinal epithelium,
invade the lamina propria (causing an inflammatory
reaction) and migrate to the bloodstream to spread
in the host organism, searching for sites to evade the
[1-4]
immune system .
The consequences of oral infection with T. gondii
may vary, depending on parasite genotype and
host species, from asymptomatic infection to the
development of several alterations that may lead to
[1-3]
death of the host .
In rats, it is known that the intestinal mucosa still
shows signs of injury, detected by histopathological
analysis, even after T. gondii had crossed the intestinal
barrier, spreading through the host organism, forming
[5]
tissue cysts (chronic phase) . In addition, components
of the nervous system intrinsic to the digestive tract,
the enteric nervous system (ENS), reveal signs of
plasticity due to alterations induced by toxoplasmic
infections in the intestinal wall. Therefore, available
[5-15]
experimental studies carried out in rats
have
shown that these plastic alterations depend on several
factors such as strain; infectious stage (tachyzoites,
bradyzoites, sporozoites) and inoculation route (oral
or intraperitoneal) of the parasite; infection phase
(acute or chronic) assessed; digestive tract region
and group of nervous cells assessed. For instance,
while chronic infection caused by tachyzoites from a
genotype Ⅰ strain (for the SAG2 gene) causes atrophy
[7]
of cell bodies in ileal myenteric neurons , this same
infection causes hypertrophy of cell bodies in colonic
[8]
myenteric neurons .
It is also possible that other alterations can be
mediated by enteric glial cells. These cells form a vast
network throughout the gastrointestinal wall, especially
[16]
where there are myenteric and submucosal plexi .
[17]
Enteric glial cells are small and star-like
and can be
identified by the presence of specific proteins such as
the glial fibrillary acidic protein, vimentin, glutamine
synthetase and S100. They contain neurotransmitter
precursors such as GABA and NO and express
receptors for determined cytokines such as interleukin
(IL)-1β, IL-6, TNFα, and neuropeptides such as
[17-19]
neurokinin A and substance P after activation
. Due
to these characteristics, they act together in the neuroimmune axis established in the intestinal wall, and are
therefore able to modulate some motility functions
and gastrointestinal secretions. However, just one

RESULTS: Serological analysis showed that animals
from the IG were infected with the parasite.
Hypertrophy affecting jejunal muscle thickness was
observed in the IG rats (77.02 ± 42.71) in relation
to the CG (51.40 ± 12.34), P < 0.05. In addition,
31.2% of the total number of myenteric neurons died
(CG: 39839.3 ± 5362.3; IG: 26766.6 ± 2177.6; P <
0.05); hyperplasia of nitrergic myenteric neurons was
observed (CG: 7959.0 ± 1290.4; IG: 10893.0 ± 1156.3;
P < 0.05); general hypertrophy of the cell body in the
remaining myenteric neurons was noted [CG: 232.5
(187.2-286.0); IG: 248.2 (204.4-293.0); P < 0.05];
hypertrophy of the smallest varicosities containing VIP
neurotransmitter was seen (CG: 0.46 ± 0.10; IG: 0.80
± 0.16; P < 0.05) and a reduction of 25.3% in enteric
glia cells (CG: 12.64 ± 1.27; IG: 10.09 ± 2.10; P < 0.05)
was observed in the infected rats.
CONCLUSION: It was concluded that infection with
oocysts of ME-49 T. gondii strain caused quantitative
and plastic alterations in the myenteric plexus of the
jejunum in rats.
Key words: Enteric nervous system; Infectious diseases;
Glial cells; Nitric oxide; Neuronal plasticity; Small
intestine; Toxoplasmosis; Vasoactive intestinal peptide
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The authors assessed the effects of ME-49

Toxoplasma gondii (T. gondii ) strain infection on the

myenteric plexus and external muscle of the jejunum
in rats. They found an uncommon result when T. gondii
infection was evaluated in rats: death of myenteric
neurons and enteric glial cells. In addition, the remaining
neurons showed hypertrophy and the number of
nitrergic neurons increased. These alterations were
possibly responsible for hypertrophy of the external
muscle observed in the jejunal wall. The strain (ME-49)
and the life form (oocysts) of T. gondii used here were
the determinants of all these findings.
Araújo EJA, Zaniolo LM, Vicentino SL, Góis MB, Zanoni JN,
da Silva AV, Sant’Ana DMG. Toxoplasma gondii causes death
and plastic alteration in the jejunal myenteric plexus. World J
Gastroenterol 2015; 21(16): 4829-4839 Available from: URL:
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[21]

study has assessed enteric glial cells during T. gondii
[5]
infection .
Considering the lack of studies on the impact of
the infection caused by genotype Ⅱ strains on the
jejunal myenteric plexus, this study was carried out to
assess the possible alterations caused by oral infection
with T. gondii oocysts (ME-49 strain, genotype Ⅱ)
in the jejunum of rats. Specifically, we evaluated
the thickness of intestinal wall; quantitative and
morphometric of the total population of myenteric
neurons as well as three subpopulations: NADHdiaphorase positive - composed of mitochondria-rich
neurons; Nitrergic - produce nitric oxide; VIPergic
- produce vasoactive intestinal peptide; and the
total population of enteric glial cells that express the
cytoplasm structural cytoplasmic protein: S-100.

the direct agglutination method in order to verify the
presence of serum anti-T. gondii antibodies. Sera were
considered positive when titers were greater than 25.
Thirty-six days after infection, the rats were
[22]
euthanized in a chamber saturated with halothane .
Necropsy was performed immediately and the jejunum
was removed, using the following anatomic limits as
reference: duodenojejunal flexure and ileocecal fold.
Each intestinal segment was then measured, washed
and underwent intestinal wall analysis techniques.

Histological analysis

A two-centimeter ring from the proximal jejunum
of five animals was submitted to routine histological
processing (paraffin). From each jejunum, four
transversal semi-serial 4 µm-sections were stained
with hematoxylin and eosin (HE). Images of the
histological sections were captured by a high resolution
digital camera coupled to a trinocular photomicroscope
(× 20 objective). These images were analyzed by
the Motic Image Plus version 2.0 in order to carry out
80 measurements of the external muscle thickness,
distributed uniformly around the whole intestinal
circumference.

MATERIALS AND METHODS
The experimental protocol of this study was previously
approved by the Ethics Committee in Research
Involving Animal Experimentation from Paranaense
University, Brazil (Protocol 12361/2008).

Animal care and use statement

Histochemical technique

The animal protocol was designed to minimize pain or
discomfort to the animals. During the experiments,
the rats was maintained in an air-conditioned room
(approximately 25 ℃), 12 h/12 h light/dark, with food
and water ad libitum. Half of the animals (infected
group) received, by intragastric gavage, 500 T. gondii
sporulated oocysts in 1 mL of sterile saline solution.
The rats in the control group received only sterile saline
solution. Thirty-six days after infection, the rats were
euthanized in a chamber saturated with halothane for
tissue collection.

Wholemount preparations containing the jejunal
myenteric plexus of five animals from each group
were submitted to the Giemsa technique to highlight
[23]
the total neuronal population . From these same
animals, 5 cm jejunal segments were submitted to a
modified NADH-diaphorase histochemistry technique.
These segments were washed in Krebs solution and
then immersed for 5 min in Krebs solution + 0.3%
Triton X-100 and washed (2 × 10 min each) with Krebs
solution and immersed for 45 min in an incubation
medium containing in each 100 mL: 25 mL Nitro Blue
Tetrazolium (Sigma, St. Louis, MO, United States); 25
mL phosphate buffer 0.1 mol/L, pH 7.3; 50 mL distilled
water and 5 mg β-NADH (Sigma, St. Louis, MO, United
[24]
States) . The intestinal segments were then dissected
using a stereo microscope with transillumination
to remove the mucosa and submucosa in order to
analyze the jejunal myenteric neuronal subpopulation
rich in mitochondria (NADHd-p).

Experimental design

The study included thirty 60-day-old male Wistar rats
(Rattus norvegicus), weight 258.5 ± 13.6 g, which
were equally and randomly assigned into the control
[control group (CG); n = 15] and infected [infected
group (IG); n = 15] groups.
In order to obtain the oocysts, cats (Felis catus)
were inoculated orally with tissue cysts of T. gondii
(ME-49 strain, genotype Ⅱ), isolated from infected
mice (Mus musculus). Stools were collected for seven
days. Oocysts were concentrated by the Sheather
[20]
method and sporulated in sulfuric acid at 2% .
Each rat in the IG received, 500 T. gondii sporulated
oocysts re-suspended in 1 mL of sterile saline solution
orally, while rats in the CG received only saline
solution. Both groups were maintained in an airconditioned room (approximately 25 ℃), and received
commercial feed for rodents and water ad libitum.
Infection by T. gondii was confirmed by blood
samples collected from all rats at the beginning and
end of the experiment. The serum was submitted to

WJG|www.wjgnet.com

Immunohistochemical technique

Intestinal segments were washed with PBS 0.1 mol/L
[25]
pH 7.4 and filled with Zamboni fixative solution
for
18 h at 4 ℃. After fixation, segments were opened
along the mesenteric edge and washed in 80%
ethanol solution to remove the fixation agent, followed
by dehydration in ethanol solutions with ascending
concentrations (95%-100%), deorphanization in xylol
and rehydration in ethanol solutions with descending
concentrations (100%, 90%, 80%, 50%) and
stored in PBS + sodium azide 0.04% at 4 ℃. After
microdissection, wholemount preparations with the
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Germany), a light microscope resolution camera
coupled to a light microscope5 equipped with filters
for immunofluorescence in a × 40 objective, then
transferred to a microcomputer by the AxioVision 4.1
program. Image-Pro Plus 4.5.0.29 (Media Cybernetics,
®
Silver Spring, MD, United States ). software was
adopted during the morphometric analysis of
varicosities. Areas with 400 varicosities were measured
for each animal, totaling 2000 per group. Only the
nerve fibers which were not inside the ganglia were
[29]
analyzed . Photomicrographs were obtained through
images provided by a confocal microscope (LSM 5
®
Pascal, Zeiss ).

Table 1 Initial and final weight; length, width and area of
the jejunum and thickness of the external muscle layer of the
jejunum in rats from the control group and infected group
Parameters
Initial body weight (g)
Final body weight (g)
Length (cm)
Width (cm)
Area (cm2)
Muscular fold thickness (mm)

CG

IG

254.8 ± 15.90
394.1 ± 14.941
108.4 ± 5.07
0.96 ± 0.15
104.35 ± 19.15
51.40 ± 12.341

262.4 ± 11.29
419.8 ± 31.531
110.4 ± 6.83
0.96 ± 0.15
106.82 ± 23.53
77.02 ± 42.711

1

Significantly different (P < 0.05). IG: Infected group; CG: Control group.

mesenteric plexus of each animal from both groups
were obtained, washed with PBS 0.1 mol/L + Triton
0.3% for 5 min, and incubated in protein blocking
solution for 2 h. The wholemount preparations were
then incubated separately in different solutions
containing the rabbit primary antibodies: anti-VIP, anti[26]
[27,28]
NOS1
and anti-S 100
in order to label VIPergic
and nitrergic myenteric neurons and enteric glial cells,
respectively. Wholemount preparations remained in a
cold room (4 ℃) for 48 h and then washed three times
in PBS 0.1 mol/L for 5 min. Then they were incubated
in solution containing donkey anti-rabbit secondary
antibody conjugated with fluorescein (1:500) at room
temperature and protected from light for 2 h. The
preparations were then washed three times in PBS 0.1
mol/L for 5 min, mounted using PBS/glycerol (9:1)
and stored in the fridge.

Statistical analysis

Data from neuronal counting were initially submitted
to the Shapiro-Wilk test and those from the morpho
metric analyses were submitted to the D’Agostino
Pearson test to verify distribution type. Data with
normal distribution were expressed by mean ± SD,
and those with free distribution were expressed by
the median and percentiles (P25; P75). The Student t
test was adopted to compare data between the control
and experimental groups regarding independent
samples (for data with normal distribution) and the
Mann-Whitney for data with free distribution, and P
values less than 0.05 were considered significant.
Correlation analysis was verified with the Spearman
nonparametric test. Analyses were carried out with
[30]
statistics software . The statistical methods in this
study were reviewed by Professor Aristeu Vieira
da Silva from State University of Feira de Santana
(Universidade Estadual de Feira de Santana), Brazil,
who is biomedical statistician and co-author of this
paper.

Quantitative analysis

We counted the total number of myenteric neurons
from each rat in 120 400X-magnified fields under the
microscope (for the GIEMSA and NADH-diaphorase
techniques) or in 32 images captured by a highdefinition digital camera coupled to a fluorescence
+
microscope (for the immunohistochemistry NOS ).
The result of this count was projected to one square
centimeters and to the total area of the jejunum.
Neurons positioned on the limits of each microscope
field/image were counted in alternate fields/images.
A similar procedure was adopted for counting
the enteric glial cells. In this case, we counted all
+
enteric glial cells (S-100 ) present in twenty × 200
magnified images captured by a high-resolution
camera coupled to a fluorescent microscope. The
number found in the sample area was projected to 1
2
mm .

RESULTS
The results of the serological test performed before
infection showed that all rats from the CG and IG
were IgM and IgG negative for T. gondii. At the end
of the experiment, the serological test confirmed that
animals from the IG were infected with T. gondii, while
animals from the CG remained susceptible to infection.
In addition, animals from the IG had loose stools when
compared to animals from the CG.
At the end of the experiment, body mass of the
animals in the IG was greater than that in the CG (P <
0.05). With regard to the size of the jejunum (length,
width and area), infection did not cause any alterations
(P > 0.05). However, the morphometric analysis of the
intestinal wall revealed hypertrophy affecting jejunal
muscle thickness (P < 0.05) in the IG compared with
the CG (Table 1).
Infected animals showed death of neurons according
to quantitative analyses of the myenteric population
stained using the Giemsa technique. However, the
number of NADHd-p neurons was unaltered. In

Morphometric analysis

The area of the cellular body, cytoplasm and nucleus
of 300 jejunal myenteric neurons from each animal
was measured using the captured images.
Measurement of the VIP-IR varicosities of the
myenteric plexus and of the cell body area of
NOS-IR myenteric neurons was carried out using
images captured by the AxioCam (Zeiss, Jena,
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Figure 1 Photomicrograph of the myenteric ganglia in the jejunum of healthy (A, C and E) and infected rats (B, D and F); NADH-diaphorase (A and B);
Giemsa (C and D). NOS-IR (E and F) showing the increase in the nitrergic myenteric neuron population in rats infected with oocysts of the ME-49 genotype Ⅱ (F)
strain of Toxoplasma gondii.

Table 2 Population density and morphometric analysis of the cell body of myenteric neurons labeled with Giemsa, NADHd-p and
NOS immunohistochemistry in healthy and infected rats with the ME-49 strain of Toxoplasma gondii during 36 d
Measures

GIEMSA

Number of
neurons/cm2
Projection of
number of
neurons for the
organ
Cell body (mm2)
Nucleus (mm2)
Cytoplasm (mm2)
Ratio

NADHd-p

NOS

CG

IG

CG

IG

CG

IG

39839.3 ± 5362.31

26766.6 ± 2177.61

11484.5 ± 2211.8

13155.9 ± 1319.3

7959.0 ± 1290.41

10893 ± 1156.31

4157229.4 ± 559555.11 2859215.3 ± 232611.31 1198410.1 ± 230807.1 1405318.8 ± 157570.2 735729.9 ± 125754.71 939630.1 ± 156871.21

232.5 (187.2-286.0)1
99.9 (82.5-115.3)1
130.8 (99.4-175.1)1
0.42 (0.37-0.48)

248.2 (204.4-293.0)1
102.6 (88.5-119.2)1
141.6 (112.1-182.4)1
0.41 (0.37-0.47)

146.7 (96.8-202.0)1
64.9 (43.7-88.5)1
79.2 (48.0-115.9)1
0.44 (0.37-0.51)1

155.8 (108.0-14.8)1
76.9 (54.1-99.2)1
74.2 (48.2-117.4)1
0.48 (0.40-0.57)1

328.1 ± 2.431
97.5 ± 0.701
230.6 ± 2.11
0.30 ± 0.002

344.1 ± 2.21
100.9 ± 0.671
243.8 ± 1.91
0.31 ± 0.003

1

For the same neuronal marker, are significantly different (t, P < 0.05). IG: Infected group; CG: Control group.

WJG|www.wjgnet.com

4833

April 28, 2015|Volume 21|Issue 16|

Araújo EJA et al . T. gondii alters the jejunal myenteric plexus
When T. gondii crosses the gastrointestinal tract wall
[31-33]
it can cause multifunctional alterations
. These
alterations seem to be related to several factors such
as genotype strain, life form and inoculation route
(oral or intraperitoneal) of the parasite in addition to
the infection phase (acute or chronic), digestive tract
[5-15]
region and the type of cells assessed
.
For the organ and host species assessed in this
study, rat jejunum previously studied by our research
group using oocysts of another strain (M7741 genotype Ⅲ), showed that T. gondii was capable of
promoting plastic alterations in the enteric neurons
[10]
without leading to neuronal death during the acute
[12]
or chronic
phases. This finding was different from
that observed in the present study which demonstrated
that strain ME-49 caused the death of 31.2% of total
myenteric neurons. Myenteric neuronal death caused
by toxoplasmic infection is not a common finding. Until
now this phenomenon had only been observed in the
[33]
[11]
duodenum of poultry
and the stomach of rats
infected by the T. gondii genotype Ⅲ strain.
In addition, the proportion of nitrergic myenteric
neurons increased from 17.7% in the CG to 32.8%
in the IG. The number of nitrergic enteric neurons
found in CG animals corresponds to 18% of the total
[34]
myenteric neurons described in the literature .
An increase in the proportion of nitrergic myenteric
neurons was also observed in the jejunum of pigs
infected with the M7741 (genotype Ⅲ) strain of T.
[35]
gondii , but not in the jejunum of rats infected with
[12]
the same strain . This shows that the ME-49 strain of
T. gondii used in the present study was a determinant
of the death of myenteric neurons in rat jejunum.
The NADHd-p jejunal myenteric neurons analyzed
in this study showed no alterations due to infection;
however, there was a reduction of 50% in these
cells in the jejunum of pigs infected with the M7741
[35]
(genotype Ⅲ) strain of T. gondii . Rats infected
with the M7741 (genotype Ⅲ) strain of T. gondii also
showed no alteration in the population density of
[10]
NADHd-p myenteric neurons . These results reinforce
the fact that observable alterations in the myenteric
plexus of animals infected with T. gondii depend on
genotype strain, life form and inoculation route (oral
or intraperitoneal) of the parasite in addition to the
infection phase (acute or chronic), digestive tract
region and the type of neurons assessed. This explains
the diarrhea seen in some species when infected
with T. gondii, while in others this clinical sign is not
observed. However, some infected animals which do
not exhibit diarrhea may develop constipation. In
addition, some of the cases considered “asymptomatic”
could represent a misunderstanding caused by lack
of attention given to possible intestinal constipation.
Further studies are necessary to assess the intestinal
motility of animals infected by T. gondii.
The modifications in the myenteric neuronal
density observed in rats from the IG may be related

Table 3 Smaller, medium and larger areas (mm²) of VIPergic
varicosities and number of enteric glial cells/mm² from the
jejunal myenteric plexus of rats from the Control Group and
from the Group infected with oocysts of Toxoplasma gondii
ME-49 strain
Parameters
Smaller areas (mm2)
Larger areas (mm2)
Medium areas (mm2)
Enteric glial cells/mm²

CG

IG

0.46 ± 0.101
21.68 ± 5.13
9.28 ± 5.84
1011.18 ± 25.481

0.80 ± 0.161
24.50 ± 0.90
9.51 ± 5.99
807.24 ± 39.981

1

Significantly different (t, P < 0.05). IG: Infected group; CG: Control group.

addition, an increase in nitrergic myenteric neurons in
the IG was observed (Table 2 and Figure 1).
The morphometric analysis of the myenteric
neurons showed that cellular bodies demonstrated
slight hypertrophy in the total population as well as
in the nitrergic and NADHd-p subpopulations (P <
0.05). For the total population, hypertrophy was due
to an increase in the area of cytoplasm and nucleus;
however, the proportion occupied by the nucleus
inside the cell body was not compromised (P < 0.05).
This same phenomenon was observed in nitrergic
neurons (P < 0.05). Conversely, neurons from the
subpopulation with more mitochondria inside the cell
body (NADHd-p) showed an increase in the nucleus
area and a reduction in the cytoplasm area, causing
discrete atrophy of the cell body as well as an increase
in the proportion occupied by the nucleus inside the
cell body (P < 0.05) (Table 2).
The smallest areas of the VIPergic varicosities in the
IG increased by 73.9% compared to the CG (P < 0.05);
however, the larger and medium varicosities remained
unaltered in animals from the IG (P < 0.05). In this
study, enteric glial cell S-100 IR showed a quantitative
alteration (P < 0.05) after infection. The total number
of enteric glial cells was 1537 ± 38.7 in the CG and
1227 ± 60.8 in the IG in 1.52 mm² (P < 0.05). Thus,
there was a 25.3% reduction in the animals from
the IG (P < 0.05). The area of the VIP-IR varicosities
found in the myenteric plexus and the enteric glial cell
distribution are shown in Table 3.

DISCUSSION
Experimental infection induced by T. gondii (ME-49
strain, genotype Ⅱ) oocysts was the cause of the
alterations observed in the jejunal wall structure
assessed in this study, mainly within the myenteric
plexus. This finding is supported by the fact that
animals from the CG remained healthy throughout the
experiment, while animals from the IG showed anti-T.
gondii serum IgG antibodies, indicating true infection
by the parasite.
In general, animals are infected by ingesting
tissue cysts of T. gondii present in raw or rare meat
or oocysts found in contaminated food or water.
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Figure 2 External muscle layer thickness of the jejunal wall of healthy (A) and infected rats (B) with the ME-49 genotype Ⅱ strain of Toxoplasma gondii,
colored by the HE histological technique.

to the hypertrophy observed in 49.80% of the
external muscle layer (Figure 2), as these neurons
innervate this muscle. The death of myenteric neurons
may trigger several functional disorders directly or
[36-39]
indirectly
. Our data suggest that hypertrophy
of the external muscle layer was a compensation
mechanism due to neuronal loss in order to maintain
the jejunum of the infected animals in an adequate
condition for the digestion and absorption of nutrients.
It is interesting to observe that despite morphological
alterations in the intestine after 36 d of infection,
our results show that the rats continued developing
including gaining body mass. In the jejunum of pigs,
M7741 (genotype Ⅲ) of the T. gondii caused atrophy
of the external muscle layer after 30 d of infection and
[40]
then hypertrophy 60 d after infection . Hypertrophy
of the external muscle layer was also found in the
jejunum and ileum of chicken infected with ME-49
tissue cysts of T. gondii and in the jejunum of these
same animals when infected with oocysts of the
[32,41]
M7741 strain
. There are no previous studies in the
literature assessing the effects of T. gondii infection on
the external muscle layer of the intestine in rats.
The morphometric analysis of myenteric neurons
revealed that, even after 36 d of infection, these
cells showed hypertrophied cell bodies in both the
total population as well as in the subpopulations
assessed in this study. It should be emphasized that
the hypertrophy observed in the cell body of the total
population and nitrergic subpopulation was the result
of an increase both in the nucleus area as well as in
the area of the cytoplasm. On the other hand, an
increase in the nuclear area (18.5%) and a reduction
in the cytoplasmic area (5.3%) were observed in the
NADHd-p population, leading to slight hypertrophy of
their cell body.
Considering that the results from the present
study showed different plasticity between NADHd-p
and nitrergic myenteric neurons and that the
myenteric plexus carries subpopulations of inhibitory
(nitrergic/VIPergic) and excitatory (cholinergic) motor
[42]
neurons , it is possible to infer that a considerable
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portion of NADHd-p neurons assessed in this study
belongs to the subpopulation of cholinergic myenteric
neurons. This same rationale can be applied to the
population density assessment, as the increase in the
proportion of nitrergic myenteric neurons (from 17.7%
to 32.8% of the total) observed in animals infected
by T. gondii suggests a reduction in the number of
cholinergic neurons from 82.3% to 62.3% of the
total. In this context, it is possible that the increase
(18.5%) in the nuclear area of the NADHd-p myenteric
neurons (possibly cholinergic, as discussed above)
may be related to an increase in metabolic activity of
cholinergic myenteric neurons seen as a compensatory
effect in relation to the reduction in population density
of these cells.
The increase in population density of nitrergic
myenteric neurons along with their hypertrophy
shows that infection caused by ME-49 strain T. gondii
provoked a plastic alteration in a large part of the
jejunal myenteric plexus of infected rats. Within this
context we can also include the increase observed
in the smaller varicosities with VIP of nerve fibers of
the myenteric plexus of infected animals. As these
fibers with VIP belong, mainly, to inhibitory motor
[43,44]
neurons which also produce nitric oxide (NO)
, it is
suggested that the increase in the varicosities is related
to an increase in NO production, thus potentializing
the effects of the inhibitory motor route to recover the
homeostasis of intestinal motility when looser stools
were detected in infected animals. On the other hand,
a parallel study with the same animals in this study
showed a reduction of 28.4% in VIP-IR submucous
neurons in the submucous plexus and atrophy of their
[5]
cell bodies .
Another approach adopted by this study included
the quantification of enteric glial cells which showed
a reduction in these cells (P < 0.05) in the myenteric
plexus of the jejunum of rats infected with T. gondii. It
can be inferred that the loss of the neuronal population
by 32% occurred due to a reduction in enteric glial
cells. These cells play an important neurotrophic,
[45-47]
anti-apoptotic
and neuromuscular transmitter
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Figure 3 Photomicrographs of the VIPergic fibers (A and B) and enteric glial cells (C and D) in the jejunal myenteric plexus of healthy (A and C) and
infected (B and D) rats with the ME-49 genotype Ⅱ strain of Toxoplasma gondii.
[42,43,36]

[18,51]

role
. As a reduction of a little more than 25%
of glial S-100 IR cells in the myenteric plexus of the
jejunum in rats was demonstrated in this study, it is
suggested that the alterations observed occurred due
to the death of glial cells.
Therefore, we believe that the death of enteric glial
cells was a determining factor in the changes in the
metabolic profile and chemical code of the remaining
neurons. This finding is supported by the fact that
there were changes in the phenotypic profile in the
subpopulations that predominate in the myenteric
plexus and that these changes in expression would
have caused an increase in the proportion of inhibitory
motor neurons (nitrergic) (from 17.7% to 32.8% of
the total). However, with the increase in the number
of nitrergic neurons, there was an increment in NO
production which may induce the release of NO by
[48]
the neurons . This study describes an increase of
73% in the smallest areas of the VIPergic varicosities
in the myenteric plexus of animals from the IG and
we question whether the increase in the smallest
varicosities of the VIPergic fibers and consequently
their greater expression in the myenteric plexus
occurred through this mechanism (Figure 3).
[49,50]
VIP is an anti-inflammatory neuropeptide
,
therefore its increase may be related to modulation of
the inflammatory reaction and recruitment of cells that
will act upon tissue repair. It is believed that through
this mechanism the enteric glial cells play a central
role as mediators of multidirectional interactions
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among neurons and the immune system
, which
in a dynamic way contributes to the homeostasis of
[52]
the whole gastrointestinal tract . However, as there
are no other studies assessing enteric glial cells during
[5]
infection by T. gondii , we are unable to compare our
results.
It is possible that all these modifications in the
myenteric plexus were established after the death
of 32% of the total neurons and 25% of the total
enteric glial cells in this region of the digestive
tract. It may be that there was effectivity in all the
observed plastic alterations, as the infected animals
continued developing with body mass gains, indicating
that digestion and absorption of nutrients were not
affected.
However, it is important to highlight that atrophy
of the cell body in nitrergic myenteric neurons in
the jejunum has been observed in rats infected
[12]
with oocysts of the T. gondii: strain M7741 . A
comparison between these findings and the results
from our present study suggest that the ME-49 strain
is more virulent to the myenteric plexus neurons of
rat jejunum. For the population of nitrergic myenteric
neurons, the T. gondii M7741 strain was capable of
[35]
causing, in the jejunum of pigs , reactions similar to
those observed in our study with the ME-49 strain, in
rats. However, with regard to the NADHd population,
pigs infected by strain M7741 showed the opposite
result when compared to rats infected by the ME-49
strain.
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T. gondii ME-49 strain infection. The objective of this study was to assess the
possible effects of this parasite on the myenteric plexus and external muscle of
the jejunum in rats. The findings suggest that infection by oocysts of ME-49 T.
gondii strain caused quantitative and plastic alterations in the myenteric plexus
of the jejunum in rats to maintain the homeostasis of the animals. This is a wellwritten paper containing interesting results.

This is the first study to assess enteric glial cell
reaction to this protozoal infection. New studies are
necessary to compare results and understand the
questions raised here. Future studies on the assessment
of the intestinal transit of animals infected by T. gondii
strains need to be carried out to understand the impact
of plastic alterations and population density in the
myenteric plexus on the motility of different regions of
the digestive tract.
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METHODS: The expression of cystathionine β-synthase
(CBS) and cystathionine γ-lyase (CSE) in cultured
smooth muscle cells from the gastric fundus was
examined by the immunocytochemistry technique.
The tension of the gastric fundus smooth muscle was
recorded by an isometric force transducer under the
condition of isometric contraction with each end of the
smooth muscle strip tied with a silk thread. Intracellular
recording was used to identify whether hydrogen
sulfide affects the resting membrane potential of the
gastric fundus in vitro . Cells were freshly separated
from the gastric fundus of mice using a variety of
enzyme digestion methods and whole-cell patch-clamp
technique was used to find the effects of hydrogen
sulfide on voltage-dependent potassium channel and
calcium channel. Calcium imaging with fura-3AM
loading was used to investigate the mechanism by
which hydrogen sulfide regulates gastric fundus motility
in cultured smooth muscle cells.
RESULTS: We found that both CBS and CSE were
expressed in the cultured smooth muscle cells
from the gastric fundus and that H2S increased the
smooth muscle tension of the gastric fundus in mice
at low concentrations. In addition, nicardipine and
aminooxyacetic acid (AOAA), a CBS inhibitor, reduced
the tension, whereas Nω-nitro-L-arginine methyl
ester, a nonspecific nitric oxide synthase, increased
the tension. The AOAA-induced relaxation was
significantly recovered by H2S, and the NaHS-induced
increase in tonic contraction was blocked by 5 mmol/L
4-aminopyridine and 1 μmol/L nicardipine. NaHS
significantly depolarized the membrane potential and
inhibited the voltage-dependent potassium currents.
2+
Moreover, NaHS increased L-type Ca currents and
2+
caused an elevation in intracellular calcium ([Ca ]i).

Abstract
AIM: To investigate the effect of hydrogen sulfide (H2S)
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CONCLUSION: These findings suggest that H2S may
be an excitatory modulator in the gastric fundus in
mice. The excitatory effect is mediated by voltagedependent potassium and L-type calcium channels.

receptive relaxation; for example, after swallowing,
gastric accommodation of the meal involves fundic
relaxation via activation of the vagal inhibitory pathway.
Then, the stored fundic contents are gradually delivered
to the caudad stomach via peristaltic contractions,
[13]
modified by the vagal excitatory pathway . This
basic theory suggests that the basic tone of the
gastric fundus smooth muscle is very important to
gastric receptive relaxation. However, few studies
have investigated the effect of H2S on gastric fundus
motility. The present study aimed to investigate the
effect of H2S on gastric fundus motility and its ion
channel-based mechanism.

Key words: Gastric fundus smooth muscle; Hydrogen
sulfide; Tension; Voltage-dependent potassium channel;
L-type calcium channel
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The results demonstrated that the cystathionine
β-synthase and cystathionine γ-lyase were both
expressed in cultured smooth muscle of the gastric
fundus. hydrogen sulfide (H2S) increased the tension
of the gastric fundus and depolarized the resting
membrane potential. H 2S decreased the current of
voltage dependent potassium channel and calcium
channel and then increased the intracellular calcium.

MATERIALS AND METHODS
Ethics

This study was carried out in strict accordance to the
recommendation in the Guide for the Care and Use
of Laboratory Animals of the Science and Technology
Commission of P.R.C. (STCC Publication No. 2, revised
1988). The protocol was approved by the Committee
on the Ethics of Animal Experiments of Shanghai
Jiaotong University School of Medicine (Permit
Number: Hu 686-2009).

Meng XM, Huang X, Zhang CM, Liu DH, Lu HL, Kim Y, Xu
WX. Hydrogen sulfide-induced enhancement of gastric fundus
smooth muscle tone is mediated by voltage-dependent potassium
and calcium channels in mice. World J Gastroenterol 2015;
21(16): 4840-4851 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/4840.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.4840

Animals

Adult male ICR mice aged 5 wk (20-35 g) were
provided by the Experimental Animal Center of the
Chinese Academy of Sciences, Shanghai, China. The
mice were housed at a constant temperature (20-25 ℃)
under a 12 h light/dark cycle with free access to water
and food.

INTRODUCTION
Hydrogen sulfide (H2S) has been proved to be a
novel gasotransmitter in addition to nitric oxide (NO)
[1,2]
and carbon monoxide (CO) in recent years . The
endogenous production of H2S in the gastrointestinal
[3,4]
tract has been demonstrated in tissue homogenates .
Two pyridoxal-dependent enzymes, cystathionine
β-synthase (CBS) and cystathionine g-lyase (CSE), are
mainly responsible for H2S synthesis. CBS and CSE
have been found throughout the entire gastrointestinal
[4]
tract and are detected in several cell types, including
smooth muscle cells, enteric neurons, interstitial cells
of Cajal (ICC) and epithelial cells, varying between
[4-8]
species and regions of the gastrointestinal tract .
Recently, many reports have demonstrated the role
of endogenous and exogenous H2S in gastrointestinal
motility. The first work on the role of H2S in gastro
intestinal smooth muscle involved the guinea pig ileum
smooth muscle, in which cyanide and nitroprusside
augmented its relaxation but H 2S reversed the
[9]
relaxation caused by nitric oxide . The ATP-sensitive
potassium (KATP) channel has been demonstrated to
contribute to intestinal smooth muscle relaxation in the
[10]
rat jejunum , the human, rat and mouse jejunum
[11]
and colon . Nevertheless, in the urinary bladder,
H2S increased the bladder contraction mediated by
[12]
capsaicin-sensitive nerves .
The gastric fundus is mainly responsible for gastric

WJG|www.wjgnet.com

Tissue preparation and isometric measurements

The mice were killed by cervical dislocation, and
the stomach was removed quickly, usually in 2 min,
and placed in aerated (95% O2 and 5% CO2) Krebs
solution containing the following (in mmol/L): NaCl
121.9, NaHCO3 15.5, KCl 5.9, MgSO4 1.2, KH2PO4 1.2,
glucose 11.5, and CaCl2 2.5. The stomach was cut
along the lesser curvature, washed with iced Krebs,
pinned to the base of a Sylgard dish with the mucosa
facing upward, and the mucosa and submucosa were
removed. Full-thickness muscle strips (2 mm × 8 mm)
of the fundus were obtained along the circular axis.
A silk thread (USP 5/0) was attached to both ends of
the strips, and the strips were hung along the circular
axis in 8-mL organ baths perfused with warm (37 ℃)
oxygenated Krebs solution. Mechanical activity was
recorded by an isometric force transducer (RM6240C,
Chengdu Instrument Factory, China) connected to an
amplifier. The strip was equilibrated for 30 min with
0.3-0.5 g of the basal tension before addition of the
experimental drugs.

Preparation of cultured smooth muscle cells and
immunocytochemistry

Mouse gastric smooth muscle was isolated as described
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above, with a few modifications. After washing three
times in phosphate-buffered saline (PBS) with 1%
antibiotic/antimycotic (Gibco, Grand Island, NY,
United States), the muscle was planted in six-well
plates immersed in Dulbecco’s Modified Eagle Medium
(DMEM) (Gibco, Grand Island, NY, United States),
supplemented with 10% fetal bovine serum and
1% antibiotic/antimycotic (Gibco, Grand, NY, United
States). The culture medium was changed every 48 h,
and the cells were subcultured for 4-6 d.
A double-labeling immunocytochemical study was
used to examine the expression of CBS and CSE.
Cells grown on polylysine-coated sterile glass coverslips were washed three times with 0.1 mol/L PBS
and fixed with 4% paraformaldehyde for 20 min at
4 ℃. The cells were washed in PBS for 10 min and
incubated in PBS containing 10% normal goat serum
for 30 min on ice, followed closely by being incubated
with either rabbit anti-CBS (1:100, Abcam Ltd., Hong
Kong) or rabbit anti-CSE polyclonal antibody (1:100,
Proteintech Group, Ltd., United States) mixed with
mouse monoclonal anti-smooth muscle α-actin (1:100,
Santa Cruz Ltd., United States) at 4 ℃ overnight. After
washing, the cells were incubated at room temperature
with Alexa Fluor 488-conjugated goat anti-mouse IgG
(1:100, Jackson Immuno Research, West Grove, PA,
United States) mixed with Dylight 594-conjugated
goat anti-rabbit IgG (1:100, ImmunoReagents Inc,
Raleigh, NC, United States) for 30 min. Nuclei were
stained with 4’,6-diamidino-2-phenylindole for 5 min.
The controls used the same procedure but omitted
the primary antibodies. The cells were observed under
a fluorescence microscope (BX3, Olympus, Tokyo,
Japan).

I (Sigma-Aldrich, St. Louis, MO, United States), 500
μg of papain (Sigma-Aldrich, St. Louis, MO, United
States), 2 mg of bovine serum albumin (Sigma-Aldrich,
St. Louis, MO, United States) and 1.5 mg of DTT at
37 ℃ for 10 min. After digestion, the tissue fragment
was reserved and washed with modified Kraft-Bruhe
(KB) solution containing the following (in mmol/L):
glutamic acid 50, taurine 20, EGTA 0.5, Hepes 10,
MgCl2 3, KCl 50, KH2PO4 20, and glucose 10, adjusted
to pH 7.4 with KOH. Then, the solution was triturated
with a glass pipette and kept in modified KraftBruhe (KB) solution. The suspension was transferred
to a perfusion chamber on the stage of an inverted
microscope, and the cells were recorded after being
allowed to settle for 30 min. The cells were perfused
in physiologic saline solution (PSS) containing the
following (in mmol/L): NaCl 135, KCl 5, CaCl2 2.5,
glucose 10, Hepes 10, and MgCl2 1.2, adjusted to pH
7.4 with Tris. A single 4-channel perfusion system
(BPS-4, ALA Inc., Westbury, NY, United States) was
used to change the perfusate. The whole-cell patchclamp technique was used to record the transient
2+
outward potassium current and L-type Ca current
with an EPC-10 amplifier (HEKA Elektronik, Lambrecht,
Germany). The pipette resistance was 2-4 MΩ. For
recording the transient outward potassium current,
the pipette was filled with a solution comprising the
following (in mmol/L): KCl 20, potassium-aspartic acid
110, di-tris-creatine phosphate 2.5, Mg-ATP 5, Hepes
5, MgCl2 1.0 and EGTA 10, adjusted to pH 7.3 with
2+
Tris. For recording the L-type Ca channel current,
the pipette was filled was a solution comprising the
following (in mmol/L): CsCl 130, MgCl2 1, Na2ATP 5,
Na2GTP 0.5, EGTA 11 and HEPES 10, adjusted to pH 7.3
with CsOH.

Intracellular microelectrode recordings

The strips (8 mm × 10 mm) were pinned in a
chamber with a piece of Sylgard in the bottom with
the circular muscle side up and perfused with Krebs
solution. A 2-h equilibration is necessary before
performing the recording. Nicardipine is present to
lessen the movement of the strips. We used a glass
microelectrode filled with 3 mol/L KCl (30-60 MΩ of
resistance) to impale the cells. Membrane potentials
were recorded with a standard electrometer (Duo 773,
WPI Inc., Sarasota, FL, United States). The 3% KClagar bridge between the bath solution and the Ag-AgCl
reference electrode was used to stabilize the electrode
potentials.

[Ca2+]i measurement

Cell preparation and voltage patch-clamp experiment

Drugs

The cells were obtained as previously described
and placed on polylysine-coated slides. They were
2+
cultivated in a carbon dioxide incubator at 37 ℃. [Ca ]i
was measured in cells loaded with 1 μmol/L fura-3
acetoxymethyl ester (fura-3AM) (Sigma-Aldrich, St.
Louis, MO, United States) dissolved in PSS containing
1 μmol/L F127 in a carbon dioxide incubator for 1
h. After fura-3AM loading, the cells were washed
three times in PSS and placed under a fluorescence
microscope (BX3, Olympus, Tokyo, Japan). The cells
were perfused in a flowing PSS perfusion solution at
room temperature.

Smooth muscle cells were prepared from the fundus
2+
as described above. The strip was incubated in a Ca free solution containing the following (in mmol/L):
NaCl 135, KCl 5, glucose 10, Hepes 10, and MgCl2
1.2, adjusted to pH 7.4 with Tris. The strip was cut
into pieces and incubated in 1 mL of digestive medium
2+
(Ca -free solution) containing 2 mg of collagenase
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Sodium hydrogen sulfide (NaHS), 4-aminopyridine
(4-AP), nicardipine, aminooxyacetic acid (AOAA), DLpropargylglycine (PAG), Nω-nitro-L-arginine methyl
ester (L-NAME) were all purchased from Sigma
(Sigma-Aldrich, St. Louis, MO, United States). All were
dissolved in distilled water except nicardipine, which
was distilled in DMSO (dimethyl sulfoxide).
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Figure 1 Double immunofluorescence labeling of cystathionine β-synthase and cystathionine γ-lyase proteins in cultured mouse gastric smooth muscle
cells. A: CBS-IR is present in α-actin IR smooth muscle cells; B: CSE-IR is present in α-actin IR smooth muscle cells; C: Negative control without primary antibodies
(scale bar =100 μm). CBS: cystathionine β-synthase; CSE: cystathionine γ-lyase; IR: immunoreactivity.

Statistical analysis

Effect of exogenous and endogenous H2S on gastric
fundus smooth muscle contraction

The data were analyzed using Origin 7.5 software
and are expressed as mean ± SE. Data from multiple
groups were evaluated using one-way analysis of
variance followed by a post-hoc Bonferroni test,
whereas Student’s paired t-test was used to evaluate
paired data sets. A p value < 0.05 was considered
statistically significant.

We observed the effect of H2S on gastric fundus
smooth muscle tonic contraction. We observed that
NaHS, an H2S donor, significantly enhanced the tension
of the fundus smooth muscle at lower concentrations.
The basal tension was increased from 0 mg in the
control to 6.71 ± 2.11, 16.86 ± 5.67, 33.57 ± 10.32,
52.86 ± 13.06, 72.00 ± 9.62, 84.43 ± 6.56, and
52.57 ± 5.99 mg in force in cells treated with NaHS
at 60, 90, 120, 150, 180, 210, and 240 μmol/L,
respectively (P < 0.05, n = 10; Figure 2Aa, Ab).
L-NAME (100 μmol/L), a non-specific inhibitor of NOS,
increased the tension of fundus smooth muscle strips
from 0 mg in the control to 52.40 ± 16.47 mg in force
(P < 0.05, n = 10), whereas the CBS inhibitor AOAA (1
mmol/L) decreased the tension from 0 mg in force in
the control to -241.30 ± 28.57 mg in force (P < 0.05,
n = 10, Figure 2Ba, Bb). The AOAA-induced decrease
in the tension was reversed by NaHS (Figure 3Aa, Ab,
Ad; P < 0.05, n = 10). Interestingly, the CSE inhibitor,

RESULTS
Expression of CBS and CSE in gastric fundus smooth
muscles

To determine whether H2S can be generated from the
gastric fundus smooth muscle, CBS and CSE protein
immunoreactivity (IR) was examined by double
immunofluorescence labeling of cultured fundus
smooth muscle cells. We found that both CBS and
CSE were expressed in α-actin-positive cells (Figure
1), which suggests that H2S can be endogenously
generated in gastric fundus smooth muscle cells.
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Figure 2 Effect of H2S on the tension of gastric smooth muscle. A: Different doses of NaHS significantly enhanced the gastric fundus smooth muscle tension (a:
Representative trace of changes in gastric fundus smooth muscle tension induced by different concentrations of NaHS; b: Summarized graph showing the effects of
different concentrations of NaHS in inducing basal tension); B: Effects of endogenous H2S on the gastric fundus smooth muscle tension (a: Representative traces of
AOAA- and L-NAME-induced basal tension; b: Summarized graph showing the changes in AOAA and L-NAME-induced tonic contraction). Data are expressed as
mean ± SE, n = 10, aP < 0.05, vs the control. AOAA: aminooxyacetic acid; L-NAME: Nω-nitro-L-arginine methyl.

PAG (1 mmol/L), did not significantly affect the tension
(from 0 mg in force by the control to -4.25 ± 2.81 mg
in force, Figure 3Ac, P > 0.05, n = 10), which indicates
that CBS may predominate over the gastric fundus in
modulating smooth muscle contraction. Consequently,
we investigated whether potassium and calcium
channels are involved in the NaHS-induced excitatory
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effect on fundus smooth muscle tonic contraction.
4-AP (5 mmol/L), a voltage-dependent potassium
channel blocker, elicited strong tonic contraction and
completely blocked the NaHS-induced enhancement
of fundus smooth muscle tone (Figure 3Ba, Bb; n =
8). We then tested the effect of nicardipine, an L-type
calcium channel blocker, on NaHS-induced fundus
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1g
150 s
4-AP 5 mmol/L

c
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NaHS 150 μmol/L

250 s

Nicardipine 1 μmol/L

Figure 3 Effects of aminooxyacetic acid, DL-propargylglycine and ion channel blockers on NaHS-induced gastric fundus smooth muscle tonic contraction.
A: Effects of AOAA and PAG on gastric fundus smooth muscle basal tension (a, b: H2S significantly recovered the AOAA-induced decrease in basal tension; c:
Summarized graph showing the changes in AOAA- and PAG-induced tonic contractions; d: The recovery effect of NaHS on the AOAA-induced decrease in gastric
fundus smooth muscle tension); B: Effects of a potassium channel blocker and L-type calcium channel blocker on NaHS-induced tonic contraction (a: Representative
traces of NaHS-induced tonic contraction; b,c: Effect of 4-AP (5 mmol/L) on NaHS-induced tonic contraction, and effect of nicardipine (1μmol/L) on NaHS-induced
tonic contraction. Data are expressed as mean ± SE, n = 10, aP < 0.05, vs the control. AOAA: aminooxyacetic acid; PAG: DL-propargylglycine.
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Figure 4 Effect of NaHS on the membrane potential of the gastric fundus smooth muscle. A: Raw trace of the NaHS-induced change in membrane potential; B:
Summarized graph showing the change in the NaHS-induced increase in the membrane potential. Data are expressed as mean ± SE, n = 6, aP < 0.05 vs the control.

smooth muscle tonic contraction. As shown in Figure
3Ba and Bc (n = 8), nicardipine (1 μmol/L) completely
blocked the excitatory effect of NaHS (150 μmol/L)
on fundus smooth muscle tonic contraction. These
results suggest that the excitatory effect of NaHS may
be mediated via the voltage-dependent potassium
channels and L-type calcium channels, resulting in the
2+
depolarization of membrane potential and Ca influx.

36.02 pA by 50 μmol/L, 100 μmol/L, and 200 μmol/L
NaHS, respectively (Figure 5Aa, Ab, Ac; P < 0.05,
n = 6). To further determine the effect of NaHS on
the current-voltage (I-V) relationship of IKv, IKv was
elicited by a step voltage command pulse from -40
mV to +100 mV for 400 ms with a 20-mV increment
in 10-s intervals. NaHS significantly decreased IKv at
every membrane potential level from +20 mV to +100
mV in the I-V curve (Figure 5Ba). The IKv at +60 mV
was decreased by 16.18% ± 4.96% (Figure 5Bb, P <
0.05, n = 6) with the application of 200 μmol/L NaHS.
These results suggest that IKv may contribute to
NaHS-induced membrane potential depolarization in
mouse gastric fundus smooth muscle.
The L-type calcium current (ICa) was activated by a
single depolarizing step pulse (in which the membrane
potential was held at -80 mV and depolarized to 0 mV
in 10-s intervals) for 440 ms first by using the wholecell patch-clamp technique. The inward calcium current
was increased with the application of a succession of
NaHS. The peak relative currents were increased from
1 in the control to 1.13 ± 0.13, 1.26 ± 0.05, and 1.34
± 0.08, by 50 μmol/L, 100 μmol/L, and 200 μmol/L
NaHS, respectively (Figure 6Aa, Ab, Ac; P < 0.05, n =
6). The effect of NaHS on the I-V relationship of ICa is
shown in Figure 6. The bath application of 200 μmol/L
NaHS showed augmentation of the peak current on
the I-V curve. NaHS significantly increased ICa at
membrane potentials from -10 mV to +10 mV in the I-V
curve (Figure 6Bb; P < 0.05, n = 6). The ICa at 0 mV
was increased by 22.10% ± 3.90% (Figure 6Bb; P <
0.05, n = 6) with the application of 200 μmol/L NaHS.

Effect of NaHS on the membrane potential

To further understand the above results, we observed
the effect of NaHS (100 μmol/L) on membrane
potential by intracellular recording. We found that
NaHS depolarized the membrane potential from -31.82
± 1.36 mV in the control to -25.44 ± 1.13 mV (Figure
4A, B; P < 0.05, n = 6). The result indicates that the
NaHS-induced excitatory effect may be related to
depolarization of the membrane potential.

Effect of NaHS on voltage-dependent potassium current
and L-type calcium current

To determine the mechanism of NaHS-induced
membrane potential depolarization, we further
examined the effect of NaHS on the voltage-dependent
potassium current (IKv). Initially, IKv was elicited by a
single depolarizing step pulse (in which the membrane
potential was held at -60 mV and depolarized to +60
mV in 10-s intervals) for 440 ms using the whole-cell
patch-clamp technique in freshly dispersed fundus
smooth muscle cells. The mean peak current was
increased from 777.26 ± 59.78 pA in the control to
753.89 ± 89.70 pA, 659.86 ± 48.04 pA, and 559.06 ±
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Figure 5 Effects of NaHS on IKv in gastric fundus smooth muscle cells. Aa: Representative traces elicited by a single depolarized step pulse; Ab: The timedependent effect of different concentrations of NaHS on IKv; Ac: Summarized graph showing the changes in the NaHS-induced inhibition of IKv elicited by a single
depolarized step pulse; Ba: Representative traces of the NaHS-induced decrease in IKv in gastric smooth muscle cells; Bb: The I-V relation curve of the NaHSinduced change in IKv. Data are expressed as mean ± SE, n = 6, aP < 0.05 vs the control.

These results suggest that the L-type calcium channel
is involved in the excitatory effect of NaHS on fundus
smooth muscle contraction.

250 μmol/L NaHS, respectively, with the maximum at
200 μmol/L (Figure 7Ab; P < 0.05, n = 6).
2+
Because extracellular Ca entry can result from
the opening of L-type calcium channels, we observed
2+
whether the change in intracellular Ca is associated
with L-type calcium channels. When perfused with PSS
containing 200 μmol/L NaHS, the F/Fo was markedly
increased (Figure 7Ba), but pretreatment with 1 μmol/
L nicardipine caused the NaHS-induced increase in
F/Fo to be almost completely abolished (Figure 7Ba).
Then, we perfused the sample with PSS containing
1 μmol/L nicardipine and 200 μmol/L NaHS, which
2+
attenuated the increase in intracellular Ca induced by
200 μmol/L NaHS (Figure 7Bb). These results indicate
2+
that NaHS increases the intracellular Ca levels via
L-type calcium channels.

Effect of NaHS on [Ca2+]i

The above results suggest that NaHS-induced
depolarization activates the L-type calcium channel
via the inhibition of voltage-dependent potassium
currents. Thus, we directly observed the effect of NaHS
on changes in intracellular calcium levels. NaHS has
2+
been shown to elicit an increase in intracellular Ca in
cultured fundus smooth muscles cells (Figure 7Aa and
Ab). The F/Fo response to NaHS varied in magnitude
from 1.02 ± 0.004 in the control to 1.06 ± 0.015,
1.18 ± 0.037, 1.33 ± 0.047, and 1.27 ± 0.023 when
treated with 50 μmol/L, 100 μmol/L, 200 μmol/L, and

WJG|www.wjgnet.com

4847

April 28, 2015|Volume 21|Issue 16|

Meng XM et al . Hydrogen sulfide and voltage-dependent potassium and calcium channels

A a

0 mV

1 control
2 NaHS 200 μmol/L

1 nA

-80 mV

50 ms

1
2

b

c

1.4
a

NaHS 50 μmol/L

-450

1.3
a

NaHS 200 μmol/L

I/Imax

Current (pA)

NaHS 100 μmol/L
-600

1.2
a
1.1

-700
1.0
0

100

200

t /s

300

B a

400

500

0

50
100
NaHS (μmol/L)

b
1 nA

200

0.2
-40

-20

0

20

40

60 (mV)

50 ms
-0.2
Control

+60 mV

-40 mV

-80 mV

-

-0.6

-

-1.0
a

NaHS 200 μm

Control
NaHS 200 μmol/L

-1.4
I/Imax

Figure 6 Effects of NaHS on ICa in gastric fundus smooth muscle cells. Aa: Representative traces elicited by a single depolarized step pulse; Ab: The timedependent effect of different concentrations of NaHS on ICa; Ac: Summarized graph showing the change in the NaHS-induced inhibition of ICa elicited by a single
depolarized step pulse; Ba: Representative traces of the NaHS-induced increase in ICa in gastric smooth muscle cells; Bb: The I-V relation curve of the NaHS-induced
change in ICa. Data are expressed as mean ± SE, n = 6, aP < 0.05 vs the control.
[19,20]

mouse fundus and distal colon
. NaHS also exerted
relaxant effects on guinea pig, rabbit and rat ileum
[3,10,19,21,22]
and jejunum preparations
. Furthermore,
NaHS inhibits peristaltic activity in the mouse small
[11]
intestine and colon . Our previous studies indicated
dual effects of H2S on the spontaneous contraction
of gastric antral smooth muscle; for example, a low
concentration of NaHS increased tonic contraction,
whereas a high concentration reduced the amplitude
and tone of gastric smooth muscle spontaneous
[23]
contraction in guinea pigs . We have explored that
NO and H2S play opposite roles in regulating the
tension of gastric antrum before, and they share no
[24]
common pathways . These studies suggest that the
role of H2S in the regulation of gastrointestinal motility

DISCUSSION
Gasotransmitters are gas molecules endogenously
synthesized in a regulated manner, causing welldefined physiological and/or pathophysiological effects,
acting at specific cellular and molecular targets and
[2,14,15]
employing specific mechanisms of inactivation
.
H2S is of particular interest in the gastrointestinal
tract as it is both produced both by gastrointestinal
tissues and generated in large quantities by the
[3,4,15-18]
bacterial flora in the lumen of the gut
. In the
gastrointestinal tract, both excitatory and inhibitory
effects on smooth muscle have been reported. For
example, NaHS concentration-dependently relaxed
prostaglandin F2a-contracted circular muscle strips of
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Figure 7 Effect of NaHS on [Ca2+]i in cultured gastric fundus smooth muscles. Aa: The time-dependent effects of different concentrations of NaHS on [Ca2+]i.
Ab: Summary graph showing the effects of the NaHS-induced increase in intracellular calcium; Ba: Raw traces of the NaHS-induced increase in intracellular calcium.
Representative traces showing the effect of nicardipine on the H2S-induced increase in intracellular calcium; Bb: Summary graph showing the effects of nicardipine on
the H2S-induced increase in intracellular calcium in the presence of nicardipine. Data are expressed as mean ± SE, n = 6, aP < 0.05 vs the control.

displays a regional variation. The stomach gastric
fundus is involved in receptive contraction concerned
with gastric accommodation, and the gastric antrum is
involved in gastric emptying concerned with the pyloric
pump; in contrast, the jejunum and colon are involved
in migrating the motility complex aimed at absorption.
Therefore, the effects of H2S in the stomach might
differ from those in the jejunum and colon.
In the present study, we found that both CBS
and CSE, which catalyze the generation of H2S, were
expressed in primary cultured smooth muscle cells
(Figure 1). We deduce that H2S can be generated
endogenously and continuously in gastric smooth
muscle cells and influences physiological processes.
Meanwhile, we observed that NaHS at lower
concentrations increased the basal tension of smooth
muscles in the gastric fundus (Figure 2). AOAA, an
inhibitor of CBS, decreased the basal tension, and
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PAG, an inhibitor of CSE, did not affect the tension
significantly (Figure 3). All these results demonstrate
that CBS may be the predominant enzyme in the
gastric fundus. Although AOAA is widely used as
an inhibitor of several pyridoxal phosphate-depen
dent enzymes, including aspartate transaminase,
[25]
4-aminobutyrate and dopa-decarboxylase , it may
[26]
[4]
also inhibit NADH shuttles . In contrast, Martin et al
have demonstrated that AOAA reduces H2S generation.
In our study, we also observed that the decrease in the
tension induced by AOAA was significantly reversed by
NaHS (Figure 3), suggesting that the AOAA-induced
inhibitory effect on gastric fundus smooth muscles was
partially mediated by inhibition of CBS to generate
endogenous H2S. NO is a well-known relaxation agent
for smooth muscle as a contrary experiment control,
L-NAME, a nonspecific inhibitor of NOS, significantly
enhanced the tension of fundus smooth muscle. As
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shown in our results, the effect of AOAA on gastric
fundus smooth muscle is the opposite to that of L-NAME,
which indicates that H2S may be an excitatory gaseous
transmitter in the gastric fundus under physiological
conditions.
It is undeniable that membrane potential is important
for electric-contraction coupling. Furthermore, distinct
from other parts of the gastrointestinal tract, gastric
fundus smooth muscle cells are electrically quiescent or,
in some occasions, generate the discharge of membrane
[27]
noises . We observed the membrane potential of
gastric fundus smooth muscles using the intracellular
recording technique and found that 100 μmol/L NaHS
significantly depolarized the membrane potential (Figure
4). Because voltage-dependent potassium channels are
the most important regulators of maintaining the resting
membrane potential, we observed the effect of 4-AP, an
inhibitor of IKV, on the NaHS-induced excitatory effect
in succession and found that the NaHS-induced tonic
contraction of fundus smooth muscle was completely
blocked by 4-AP. Gastrointestinal smooth muscle cells
[28,29]
express voltage-dependent calcium channels
, and
these channels are the backbone of electric-contraction
[30]
coupling in the gut . Therefore, we also used nicardipine
to block the L-type calcium channels and found that
the NaHS-induced tonic contraction was completely
abolished (Figure 3). These results suggest that H2S
may be activated by L-type calcium channels through
the inhibition of IKV and depolarization of the membrane
potential.
However, H2S inhibited L-type calcium channels,
resulting in the inhibition of intracellular calcium
[31]
concentrations in rat cardiomyocytes . Moreover,
H2S raised the intracellular calcium concentrations in
2+
endothelial cells via KATP channels and the Na+-Ca
[32]
exchanger . These studies indicated that the function
of H2S may be complicated in different tissues. In
the present study, to further explore the ion channel
mechanism involved in the NaHS-induced excitatory
effect on fundus smooth muscles, we observed the
effect of H2S on IKV, L-type calcium current and
intracellular calcium concentration using the wholecell patch-clamp and calcium imaging techniques. We
found that H2S inhibited IKV (Figure 5) but increased
the L-type calcium current (Figure 6) and intracellular
calcium levels (Figure 7). The H2S-induced increase
in intracellular calcium was significantly blocked by
nicardipine (Figure 7). We conclude that the excitatory
effect of NaHS on the fundus smooth muscle was
mediated by intracellular calcium due to the activation
of L-type calcium channels via inhibition of the IKVinduced depolarization of the membrane potential. The
present study demonstrates that H2S is an excitatory
gaseous molecule in the gastric fundus in mice, but its
exact mechanism still needs further investigation.
In summary, we showed that the H2S-producing
enzymes CBS and CSE are expressed in the gastric
fundus in mice. H2S at physiological concentrations
may excite the fundus smooth muscles and induce
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tonic contraction. CBS may be more important for
the excitatory effect of endogenous H2S on gastric
motility. Endogenous H2S induces the depolarization
of membrane potential via the inhibition of voltagedependent potassium channels. In succession, NaHSinduced depolarization activates L-type calcium
channels, raises the intracellular calcium level and
finally induces fundus smooth muscle tonic contraction.
Under physiological conditions, endogenous H2S and
NO levels might maintain a relative balance to ensure
the basic physiological tone of fundus smooth muscle.
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Abstract
AIM: To determine the molecular mechanisms of Shugan
decoction (SGD) in the regulation of colonic motility and
visceral hyperalgesia (VHL) in irritable bowel syndrome
(IBS).
METHODS: The chemical compounds contained
in SGD were measured by high-performance liquid
chromatography. A rat model of IBS was induced by
chronic water avoidance stress (WAS). The number
of fecal pellets was counted after WAS and the pain
pressure threshold was measured by colorectal
distension. Morphological changes in colonic mucosa
were detected by hematoxylin-eosin staining. The
contents of tumor necrosis factor (TNF)-α in colonic
tissue and calcitonin-gene-related peptide (CGRP) in
serum were measured by ELISA. The protein expression
of serotonin [5-hydroxytryptamide (5-HT)], serotonin
transporter (SERT), chromogranin A (CgA) and CGRP in
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colon tissue was measured by immunohistochemistry.

In recent years, laxatives or antidiarrheal agents, with
or without spasmolytics, as well as serotonergic agents
[e.g., tegaserod, a serotonin 5-hydroxytryptamine
(5-HT4) agonist, and alosetron, a 5-HT3 antagonist],
have achieved some therapeutic effects, but have
not obtained satisfactory results due to their adverse
[3]
effects . Thus, to date, there are no standard
therapeutic agents to treat IBS. Acupuncture and
traditional Chinese medicine (TCM) have attracted
increased attention due to their potential in the
treatment of IBS. The efficacy of acupuncture on
visceral hypersensitivity and related motility dysfunction
[4]
in IBS has been demonstrated . In China, there are
many clinical formulas of TCM used in the treatment of
[2,5]
IBS , for example, TongXieYaoFang (TXYF), is a classic
[2]
TCM prescription consisting of white attractylodes
rhizome (Baizhu), white peony root (Baishao), dried old
orange peel (Chenpi) and Ledebouriella root (Fangfeng).
Shugan decoction (SGD) is another formula used to
treat patients with diarrhea-predominant IBS, which is
composed of TXYF and Radix bupleuri (Chaihu), and
[6,7]
can alleviate visceral pain and improve bowel habits .
SGD shows an excellent therapeutic effect on patients
who lack coordination between the liver and the spleen
[6]
(TCM syndrome type) . However, the functional
mechanism of SGD is poorly understood.
Visceral hypersensitivity and gastrointestinal
dysmotility are two primary characteristics of IBS.
Transient receptor potential vanilloid type 1 (TRPV1)
and TRP ankyrin-1 (TRPA1) have been shown to play
an important role in visceral hypersensitivity, and are
correlated with severity of abdominal pain in patients
with IBS and inflammatory bowel disease (IBD), as
well as IBS-like symptoms in rats with water avoidance
[8-12]
stress (WAS)
. Alterations in protease-activated
receptor (PAR)2 and PAR4 have also been indicated in
[13-16]
visceral pain in IBS patients and stressed mice
.
Serotonin (5-HT) in both the central and peripheral
nervous systems, is involved in visceral hypersensitivity
and gut motility disorders which can be attenuated
[2,4,5,17]
by acupuncture and TCM
. Although their
mechanisms have not been fully elucidated, regulation
of the 5-HT signaling pathway has been shown to
play an important role in relieving the symptoms
of IBS. In recent studies, it was demonstrated that
many types of endocrine cells are affected in IBS
[18-20]
patients
. Lower densities of cells positive for 5-HT
and peptide YY are found in the colon of patients with
IBS, compared with healthy individuals. In addition,
the density of chromogranin A (CgA) is reduced in the
[18-20]
colon of patients with IBS
.
A suitable animal model is important for elucidating
the pathophysiological process of IBS. Previous studies
have shown that repeated exposure to WAS induces
sustained visceral hypersensitivity and gastrointestinal
[21]
motility disorders in rats . Therefore, WAS-exposed
rats could reflect the typical characteristics of IBS. In
the present study, the efficacy of SGD and its underlying
mechanisms of action on visceral hypersensitivity and

RESULTS: SGD inhibited colonic motility dysfunction
and VHL in rats with IBS. Blockers of transient receptor
potential (TRP) vanilloid 1 (TRPV1) (Ruthenium Red)
and TRP ankyrin-1 (TRPA1) (HC-030031) and activator
of protease-activated receptor (PAR)4 increased the
pain pressure threshold, whereas activators of PAR2
and TRPV4 decreased the pain pressure threshold
in rats with IBS. The effect of SGD on pain pressure
threshold in these rats was abolished by activators
of TRPV1 (capsaicin), TRPV4 (RN1747), TRPA1
(Polygodial) and PAR2 (AC55541). In addition, CGRP
levels in serum and colonic tissue were both increased
in these rats. TNF-α level in colonic tissue was also
significantly upregulated. However, the levels of 5-HT,
SERT and CgA in colonic tissue were decreased. All
these pathological changes in rats with IBS were
attenuated by SGD.
CONCLUSION: SGD alleviated VHL and attenuated
colon motility in IBS, partly by regulating TRPV1,
TRPV4, TRPA1, PAR2, 5-HT, CgA and SERT, and
reducing CGRP and TNF-α level.
Key words: Shugan decoction; Visceral hyperalgesia;
Serotonin; Transient receptor potential; Proteaseactivated receptor; Serotonin transporter; Calcitoningene-related peptide; Tumor necrosis factor-α
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The present study demonstrated that
Shugan decoction alleviated visceral hyperalgesia and
attenuated colon motility in a rat model of irritable
bowel syndrome, partly by regulating the expression
of transient receptor potential (TRP) vanilloid 1, TRP
vanilloid 4, TRP ankyrin-1 and protease-activated
receptor 2, serotonin, chromogranin A and serotonin
transporter, and reducing the levels of calcitonin-generelated peptide and tumor necrosis factor-α.
Shi HL, Liu CH, Ding LL, Zheng Y, Fei XY, Lu L, Zhou XM,
Yuan JY, Xie JQ. Alterations in serotonin, transient receptor
potential channels and protease-activated receptors in rats with
irritable bowel syndrome attenuated by Shugan decoction. World
J Gastroenterol 2015; 21(16): 4852-4863 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i16/4852.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i16.4852

INTRODUCTION
Irritable bowel syndrome (IBS) is a functional
gastrointestinal disorder characterized by altered
bowel evacuation, bloating and visceral pain, without
[1,2]
anatomical or biochemical abnormalities
. The
pathological mechanism of IBS is not well understood.
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Table 1 Formulation of Shugan decoction and TongXieYaoFang
Chinese name
Baizhu
Baishao
Chenpi
Fangfeng
Chaihu

Latin name

Common name

Drug (dry, g)

Rhizoma Atractylodis Macrocephalae
Radix Paeoniae Alba
Pericarpium Citri Reticulatae
Radix Saposhnikoviae
Radix bupleuri

White attractylodes rhizome
white peony root
dried old orange peel
Ledebouriella root
Radix bupleuri

9.0
6.0
6.0
4.5
6.0

colonic dysmotility were evaluated using WAS in a rat
model of IBS.

Shugan decoction

drying oven, 125 g SGD powder and 100 g TXYF
powder were obtained separately.

Chromatography analysis

MATERIALS AND METHODS

The samples were determined using the Agilent 1100
chromatographic system, consisting of a solvent
degasser, a quaternary gradient pump, a diode array
detector, and a data station with analytical software
(Chemstation 8.03; Agilent, SF, CA, United States).
The separation was performed on a Kromasil C18
analytical column (250 mm × 4.6 mm, 5 µm) and
maintained at 25 ℃. The mobile phase was a mixture
of methanol/0.1% phosphoric acid aqueous solution
(85:15, v:v) with a flow rate of 1 mL/min. The injection
volume was 10 µL and the detection wavelength was
set at 210 nm. The standard solutions of saikosaponin
d, penoniflorin, poncirin and atractylenolide Ⅲ were
prepared with methanol.

Drug and materials

White attractylodes rhizome (Baizhu), white peony
root (Baishao), dried old orange peel (Chenpi),
ledebouriella root (Fangfeng), and Radix bupleuri
(Chaihu) were purchased as crude herbs from the
Yanghetang Pharmacy (Shanghai, China). Rabbit antiCgA polyclonal antibody was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA, United States);
the SABC kit was purchased from Boston Biochem
(Wuhan, China). Methanol was obtained from Merck
(Darmstadt, Germany). Triple deionized water was
from Millipore (Bedford, MA, United States) and was
prepared for all aqueous solutions. Ruthenium Red,
capsaicin, HC-030031, polygodial, AY-NH2, RN1747
and AC55541 were obtained from Tocris Bioscience
(MI, United Kingdom). Saikosaponin d, penoniflorin,
poncirin, synephrine, atractylenolide Ⅲ, isofraxidin,
hesperidin and neohesperidin were purchased from
Shanghai Research and Development Centre for
Standardization of Chinese Medicines (Shanghai,
China). Calcitonin-gene-related peptide (CGRP) ELISA
kit was purchased from Cusabio Biotech (Wuhan,
China). Tumor necrosis factor (TNF)-α ELISA kit was
obtained from ExCell (Shanghai, China). Rabbit anti-5HT antibody was obtained from ShangHai Xiangsheng
Biotechnology Co. Ltd. (Shanghai, China).

Animals and treatments

Male Sprague-Dawley rats (150-200 g body weight)
were purchased from SLAC Laboratory Animal Co.
Ltd. (Shanghai, China), and fed in the Experimental
Animal Center of Shanghai University of Traditional
Chinese Medicine. All animals were maintained at
22  ℃ with a 12-h light/dark cycle and had free access
to rodent chow and water. All animal experiments
were performed according to the protocols approved
by the Animal Care and Use Committee of Shanghai
University of Traditional Chinese Medicine. The rats
were randomly divided into the control and WAS
groups. After 3 d, the WAS rats were randomly divided
into five subgroups: (1) IBS model group; (2) SGD-H
group (1.97 g/kg); (3) SGD-M group (0.98 g/kg);
(4) SGD-L group (0.49 g/kg); and (5) TXYF group
(0.68 g/kg). SGD or TXYF extract was dissolved in
distilled water and rats were treated by intragastric
administration 1 h before WAS on day 4 and
maintained for 7 d. The rats in the control and model
groups were treated with distilled water.

Preparation of SGD and TXYF extracts

SGD is comprised of five types of herbs with different
mass ratios, which are listed in Table 1, and the
total mass used was 31.5 g (common dose for adult
humans). TXYF contained four types of herbs with a
total mass of 25.5 g dry herbs, which are also listed
in Table 1. The dry powder of an aqueous extract of
SGD or TXYF was prepared by the Herbal Chemistry
Laboratory at Shanghai University of Traditional
Chinese Medicine. SGD and TXYF extracts were
prepared as follows. Briefly, 315 g crude SGD and 255
g crude TXYF were powdered and soaked in 8 volumes
of water for 12 h, boiled for 2 h, filtered, and the liquid
collected. The procedure was then repeated. The liquid
from the two procedures was mixed together and
evaporated under vacuum until the aqueous phase
was extracted completely. After drying in a vacuum

WJG|www.wjgnet.com

Formula names
TongXieYaoFang

WAS

[21]

WAS was induced as described previously , with
minor modifications. The rats were placed on an
island-like plastic platform (10 cm × 8 cm × 8 cm),
which was fixed in the center of a plexiglass pool (45
cm × 25 cm × 25 cm) filled with fresh tap water (25  ℃)
up to 7 cm (1 cm below the top of the platform), for
1 h once daily and repeated for 10 consecutive days.
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Stress procedures were performed between 09:00 and
11:30 am to minimize diurnal variations in response.

collected. The level of calcitonin-gene-related peptide
(CGRP) in serum was measured by ELISA (Cusabio
Biotech), and the level of TNF-α in colonic tissue
was determined by ELISA (ExCell), according to the
manufacturer’s instructions.

Measurement of fecal pellet output

Fecal pellet output was used to estimate distal colonic
[22]
motility as a validated index . Fecal pellets found in
the pool were counted at the end of 1 h WAS. Control
animals were left in the home cage for 1 h to count the
fecal pellets.

Immunohistochemistry

The sections were deparaffinized in xylene and an
ethanol gradient. The endogenous peroxidase was
quenched in methanol: 30% H2O2 (9:1) for 10 min,
and microwaved for 10 min in citrate buffer (10 mmol/
L, pH 6.0) for antigen retrieval. Sections were blocked
in 5% bovine serum albumin at 37 ℃ for 1 h, followed
by incubation with goat anti-rabbit polyclonal CgA
antibody (Santa Cruz Biotechnology) at 1:30 dilution,
or rabbit anti-5-HT polyclonal antibody (Xiangsheng,
Shanghai, China) at 1:100 dilution overnight at
4 ℃, then followed by incubation with secondary
antibody-peroxidase conjugate at 37 ℃ for 1 h. PBS
was used for washing after each step. Subsequent
visualization was performed using diaminobenzidine as
a chromogen (Dako, Denmark).
Positive expression was displayed by brown color,
and the cell nuclei were stained blue by hematoxylin.
Positive expression of CgA and 5-HT in the colon was
observed and photographed under a light microscope
at × 200 magnification. Five randomly selected ×
200 magnification fields were evaluated using a BH2
microscope (Olympus, Tokyo, Japan) equipped with
a Nikon 4500 digital camera. The area and optical
density (OD) of CgA- and 5-HT-positive cells in each
field were counted and processed by the computeraided automatic image analysis system (Qiu Wei,
Shanghai, China). The immunohistochemical index
was calculated as the average integral OD: [(positive
area × OD)/ total area].

Colorectal distension and pain pressure threshold

Colorectal distension (CRD) induces contraction of
the abdominal and hind limb muscles, and is termed
abdominal withdrawal reflex (AWR), which has been
validated as a quantitative method to determine
[10,23]
visceral sensitivity in rats
. Behavioral responses
to CRD were assessed by measuring the pressure
threshold of CRD, that is, the minimum pressure
that induced the first AWR. Immediately after the
th
end of 1 h WAS on the 10 day, the rats were lightly
anesthetized with ether while a deflated latex balloon (5
mm diameter at full inflation) was inserted intra-anally
into the descending colon and rectum with its end 1
cm proximal to the anal sphincter. The balloon catheter
(2 mm diameter) was fixed at the root of the tail.
The rats were then placed into a small Lucite cubicle
(20 cm × 8 cm × 8 cm) and allowed to recover from
anesthesia for 30 min before testing. To measure the
pressure threshold of CRD, the colorectal balloon was
progressively inflated with an increment of 5 mmHg
until pain behavior was observed, namely, at the first
sign of obvious contraction in the abdominal wall. The
measurement was repeated three times with at least
5-min intervals for recovery. During the measurement,
the investigators were blinded to the treatment groups.

Hematoxylin-eosin staining

Statistical analysis

Rats were deeply anesthetized with sodium pento
barbital, and the colonic tissues were excised and fixed
in 10% formaldehyde solution. After being paraffin
embedded and sectioned, the paraffin slides were
deparaffinized in xylene Ⅰ, Ⅱ and Ⅲ for 15, 10 and
10 min, respectively, and dehydrated in 100%, 95%,
85% and 75% ethanol for 5 min, respectively. The
sections were stained with hematoxylin-eosin (HE),
dehydrated in 95%, 85% and 75% ethanol, cleared in
xylene, and finally mounted with Permount Mounting
Medium (Shanghai, China). Morphological changes in
the colonic mucosa were observed and photographed
under a light microscope (200 × objective) equipped
with a Nikon color digital camera system.

Each value represents mean ± SD. Differences between
two groups were analyzed using the Student’s t test,
and statistical comparisons among more than two
groups were subjected to One-way analysis of variance
(ANOVA) followed by Dunnett’s test using GraphPad Prism
5.0. P < 0.05 was considered statistically significant.

RESULTS
Chemical compounds in water extract of SGD

The ingredients in the water extract of SGD were
determined by high-performance liquid chromatography
(HPLC) analysis. Although many chemical compounds
were detected by HPLC-MS/MS analysis (data not
shown), we could not obtain all the standard chemical
compounds shown in the HPLC-MS/MS analysis, thus,
we were only able to confirm the following chemical
ingredients in the water extract of SGD: saikosaponin
d, penoniflorin, poncirin, and atractylenolide Ⅲ (Figure
1). The other chemical ingredients should be analyzed
further.

ELISA

Blood samples were centrifuged at 3000 rpm, at 4 ℃
for 10 min. Serum was collected and immediately
frozen in liquid nitrogen and stored at -80 ℃ for further
study. The frozen colonic tissues were homogenized
and lysed in tissue lysis buffer, and centrifuged at
12000 g, at 4 ℃ for 10 min. The supernatant was
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Figure 1 Analysis of the chemical constituents of Shugan decoction by high-performance liquid chromatography. HPLC chromatogram of SGD and standard
reference monitored at 210 nm; Peak 1: saikosaponin d; Peak 2: penoniflorin; Peak 3: poncirin; Peak 4: atractylenolide Ⅲ. A: HPLC chromatogram of SGD; B: HPLC
chromatogram of saikosaponin d; C: HPLC chromatogram of penoniflorin; D: HPLC chromatogram of poncirin; E: HPLC chromatogram of atractylenolide Ⅲ. SGD:
Shugan decoction; HPLC: High-performance liquid chromatography.

pressure threshold of rats in the IBS model group
was significantly lower than that of rats in the control
group (P < 0.01), which demonstrated that visceral
hyperalgesia (VHL) was successfully induced by WAS
(Figure 2). The AWR pressure threshold of SGDtreated rats was significantly higher than that of the
IBS model rats (P < 0.01). TXYF was able to reverse
the AWR pressure threshold in model rats (P < 0.01).
However, SGD-H and SGD-M had a greater effect on
AWR pressure threshold than TXYF (P < 0.01, P < 0.01,
respectively).
As shown in Figure 3, compared with control rats,
the number of fecal pellets produced by model rats
was significantly increased (P < 0.01), then attenuated
by the water extract of SGD (P < 0.01). TXYF also
decreased the number of fecal pellets produced by
model rats (P < 0.01). However, SGD-H had a better
effect on fecal pellet output than TXYF (P < 0.05).

Pressure of visceral pain threshold
(mmHg)

250
d,f
b,d,f

200
b

b,d

b,d

SGD-L

TXYF

150
100
50
0
Control

IBS

SGD-H

SGD-M

Figure 2 Abdominal withdrawal reflex pressure threshold measured
in response to colorectal distension. Data are presented as mean ±
SD, bP < 0.01 vs control; dP < 0.01 vs irritable bowel syndrome; fP < 0.01
vs TongXieYaoFang. Statistical comparisons were performed using Oneway ANOVA followed by Dunnett’s test using GraphPad Prism 5.0. (n =
9 or 10). IBS: Irritable bowel syndrome; SGD: Shugan decoction; TXYF:
TongXieYaoFang.

TRP channels and PARs involved in visceral
hypersensitivity induced by WAS

Effects of water extract of SGD on WAS-induced visceral
hyperalgesia and colon hypermotility

Blockers of TRPV1 (Ruthenium Red) and TRPA1
(HC-030031), or the PAR4 agonist (AY-NH2) increased
the AWR pressure threshold in IBS model rats (P <

At the end of 10 d of WAS stimulation, the AWR
pressure threshold of CRD was measured. The AWR
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decoction; TXYF: TongXieYaoFang.
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Figure 4 Transient receptor potential channels and protease-activated receptors involved in water avoidance stress-induced visceral hyperalgesia. A: TRP
channels and PARs involved in WAS-induced VHL; B: TRP channels and PARs involved in the effect of SGD on VHL. The blockers or activators of TRP channels
and PARs were given by intraperitoneal injection after WAS on day 10. One hour later, rats were subjected to colorectal distension and AWR pressure threshold
measurement. Ruthenium Red: blocker of TRPV1, 5 mg/kg; HC-030031: blocker of TRPA1, 5 mg/kg; AY-NH2: activator of PAR4, 1 mg/kg; RN1747: activator of
TRPV4, 5 mg/kg; AC55541: activator of PAR2, 0.78 mg/kg; capsaicin: activator of TRPV1, 5 mg/kg; Polygodial: activator of TRPA1, 5 mg/kg. Ruthenium Red was
dissolved in distilled water. Other blockers or activators were dissolved in 10% dimethylsulfoxide/5% Tween 80/ 85% saline. Data are presented as mean ± SD, bP < 0.01
vs control; cP < 0.05, dP < 0.01 vs IBS. Statistical comparisons were performed using One-way ANOVA followed by Dunnett’s test using GraphPad Prism 5.0. (n = 5-7).
TRP: Transient receptor potential; PAR: protease-activated receptor; WAS: Water avoidance stress; VHL: Visceral hyperalgesia; IBS: Irritable bowel syndrome; SGD:
Shugan decoction.

0.01, P < 0.01, P < 0.05, respectively) (Figure 4A).
In contrast, agonists of PAR2 (AC55541), TRPV1
(capsaicin), TRPV4 (RN1747) and TRPA1 (polygodial)
decreased AWR pressure threshold in model rats (P
< 0.01, P < 0.01, P < 0.01, P < 0.01, respectively)
(Figure 4A and B). The effect of SGD on AWR pressure
threshold was weakened or abolished by agonists of
PAR2 (AC55541), TRPV1 (capsaicin), TRPV4 (RN1747)
and TRPA1 (polygodial) (P < 0.01, P < 0.01, P < 0.01,
P < 0.01, respectively).

serum (P < 0.05, P < 0.01, respectively) (Figure 5A)
and colonic tissue (Figure 5B) of WAS rats.

5-HT and CgA expression in colonic mucosa of WAS
rats

To determine whether the expression of 5-HT and
CgA in the colonic tissue of rats was affected by WAS,
the expression of 5-HT and CgA was detected by
immunohistochemistry. As shown in Figure 6, after
repeated exposure to WAS, the expression of 5-HT or
CgA in colonic mucosa of IBS model rats was lower than
that in the colonic mucosa of control rats (P < 0.05, P
< 0.05, respectively). Treatment with the water extract
of SGD increased expression of 5-HT and CgA in the
colonic mucosa of IBS model rats (P < 0.01, P < 0.01,
respectively). TXYF increased the expression of CgA (P
< 0.01), but not 5-HT (P > 0.05) in colonic mucosa.

Effects of water extract of SGD on CGRP level in serum
and colonic mucosa of WAS rats

ELISA and immunohistochemistry indicated that CGRP
in serum (P < 0.01) or in colonic tissue of WAS rats
was elevated, compared with control rats. The water
extract of SGD and TXYF reduced CGRP expression in
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Figure 5 Calcitonin-gene-related peptide level in serum and colonic tissues. A: CGRP level in serum measured by ELISA; B: CGRP expression in colonic
tissues measured by immunochemistry. Data are presented as mean ± SD, bP < 0.01 vs control; cP < 0.05, dP < 0.01 vs IBS. Statistical comparisons were performed
using One-way ANOVA followed by Dunnett’s test using GraphPad Prism 5.0. (n = 3 or 4). CGRP: Calcitonin-gene-related peptide; IBS: Irritable bowel syndrome;
SGD: Shugan decoction; TXYF: TongXieYaoFang.
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Figure 6 Endocrine cells in colonic tissues. A, C: 5-HT levels in colonic tissues measured by IHC; B, D: CgA expression in colon tissues measured by
immunohistochemistry. Data are presented as mean ± SD, aP < 0.05 vs control; dP < 0.01 vs IBS, Statistical comparisons were performed using One-way ANOVA
followed by Dunnett’s test using GraphPad Prism 5.0.; fP < 0.01 vs TXYF, difference between SGD-M and TXYF was analyzed by Student’s t test using GraphPad
Prism 5.0. (n = 3-5). 5-HT: 5-hydroxytryptamide; IHC: Immunohistochemistry; IBS: Irritable bowel syndrome; SGD: Shugan decoction; TXYF: TongXieYaoFang.

Protein expression of serotonin transporter in colonic
mucosa of WAS rats

colonic tissue samples from IBS patients, animal
models of IBS are pivotal in clarifying the pathogenesis
of IBS. To date, repeated WAS and neonatal maternal
separation have been used to create animal models
of IBS to study the pathological process or to evaluate
[21,23]
the efficacy of western medicines or TCM
. In
previous studies, rats with repeated exposure to
WAS developed persistent VHL, exhibited anxiety-like
[21,23]
behaviors, and increased fecal pellet output
. In our
study, the AWR pressure threshold in response to CRD
in model rats was lower than that in control rats, which
indicated that the WAS rats suffered from VHL. The
number of fecal pellets excreted after 1 h exposure
to WAS in model rats was increased compared with
control rats, which showed that abnormal colonic
motility was present in the model rats. The water
extract of SGD significantly improved this dysfunction
(visceral hypersensitivity and abnormal colonic
motility).
Abnormal pain perception or visceral hypersensitivity
is considered to be an important pathological basis
[11]
underlying the symptoms of some IBS patients .
The mechanism of action of SGD on VHL was also
investigated in the present study. TRPV1 is widely
expressed in the colonic afferent dorsal root ganglia
(DRG) neurons and throughout the gastrointestinal
tract. TRPV1 is a ligand-gated ion channel that
modulates the sensation of pain and thermal hype
[24,25]
ralgesia as well as colonic hypersensitivity
. TRPA1 is

Figure 7 shows that the protein expression of serotonin
transporter (SERT) was significantly decreased in
colonic tissues of IBS model rats, compared with
control rats. After treatment with the water extract of
SGD or TXYF, SERT expression in colonic tissues was
increased.

TNF-α level in colonic tissue or serum of WAS rats

Although HE staining showed no inflammation in the
colonic tissues of rats with chronic WAS (data not
shown), Figure 8 shows that the level of TNF-α in
colonic tissue of IBS model rats was higher than that
in control rats (P < 0.05). The water extract of SGD,
but not TXYF significantly reduced the TNF-α level
in colonic tissue of WAS rats (P < 0.05, P > 0.05,
respectively).

DISCUSSION
In this study, we found that the water extract of SGD
attenuated VHL by inhibiting the activation of TRPV1,
TRPV4, TRPA1 and PAR2 and regulating 5-HT, SERT
and CgA expression, as well as TNF-α and CGRP levels,
which may contribute to the improvement in VHL and
abnormal colonic motility in WAS rats.
Currently, the detailed pathological mechanism
of IBS is not clear. Due to the difficulty in removing
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Figure 7 Serotonin transporter expression in colon tissue measured by immunochemistry. IBS: Irritable bowel syndrome; SGD: Shugan decoction; TXYF:
TongXieYaoFang.
[23,29]

with IBS-like symptoms
. Some studies have shown
that increased TRPV1 expression is also present in the
[11,30]
colonic tissue of IBS patients
. However, evidence
of the involvement of TRPV1 in visceral perception in
IBS and in WAS rats with IBS-like symptoms is still
lacking. In our previous studies, SGD decreased the
elevated expression of TRPV1, substance P and CGRP
[23,29]
in the DRG and colonic tissue
. However, whether
TRPV1 is involved in the therapeutic effect of SGD
on VHL of WAS-induced IBS-like symptoms has not
been clarified. In a neonatal maternal separation IBS
murine model, expression of the TRPV4 gene was
[31]
significantly increased . However, the role of TRPV4
in visceral perception in IBS is not well understood. In
the present study, blockers of TRPV1 and TRPA1 and
an activator of TRPV4 showed that TRPV1, TRPV4 and
TRPA1 are involved in WAS-induced VHL. PARs play
[32]
an important role in the modulation of visceral pain .
PAR2 is highly expressed in the gastrointestinal tract
and implicated in the genesis of hyperalgesia in a
[32]
number of models of colitis . Activation of PAR2 in the
[33]
lumen affects visceral pain . In rats, the intracolonic
infusion of PAR2 agonists (SLIGRL and trypsin) induces
[34]
delayed hypersensitivity to colonic distension . In
contrast, PAR4 may mediate antinociceptive activity.
PAR4 activation significantly increases the nociceptive
[35]
threshold in response to noxious stimuli . Thus,
blockade of PAR2 at the periphery and/or inhibition of
colonic luminal protease activity may be new targets
for treating gut hypersensitivity and IBS. In the present
study, activators of PAR2 and PAR4 showed that
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Figure 8 Tumor necrosis factor-α level in colonic tissue. Data are
presented as mean ± SD, aP < 0.05, bP < 0.01 vs control, Statistical com
parisons were performed using One-way ANOVA followed by Dunnett’s test
using GraphPad Prism 5.0.; cP < 0.05 vs IBS; eP < 0.05 vs TXYF, difference
between SGD-M and TXYF was analyzed by the Student’s t test using
GraphPad Prism 5.0. (n = 4). TNF: Tumor necrosis factor; SGD: Shugan
decoction; IBS: Irritable bowel syndrome; TXYF: TongXieYaoFang.
[26]

coexpressed with TRPV1 in primary sensory neurons ,
and has attracted the attention of researchers
investigating gut sensation. TRPA1 deletion markedly
reduces colitis-induced mechanical hyperalgesia in
[27]
mice . Moreover, activation of TRPA1 is proposed
to contribute to the somatic hyperalgesia triggered
[28]
by tissue damage and inflammation . In WAS rats,
protein expression of TRPV1 and TRPA1 in the colonic
[10]
afferent DRG is significantly upregulated . In our
previous studies, increased expression of TRPV1 was
also found in the DRG and colonic tissue of WAS rats
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activation of PAR2, but not PAR4 was involved in WASinduced VHL. However, PAR4 activation increased AWR
pressure threshold. Moreover, activators of TRPV1,
TRPV4, TRPA1 and PAR2 also demonstrated that SGD
attenuated VHL in WAS rats by inhibiting TRPV1, TRPV4,
TRPA1 and PAR2. Whether there is crosstalk between
TRPV1, TRPV4, TRPA1 and PAR2 warrants further study.
5-HT is an important neurotransmitter which
is involved in mediating psychological stress, VHL
and gastrointestinal dysmotility by influencing the
sympathetic, parasympathetic, and enteric nervous
[18,36]
systems
. In healthy individuals, 5-HT is released
mainly from enterochromaffin (EC) cells in the
gastrointestinal tract and is inactivated via reuptake
[37]
by SERT from the mucosa into nerve fibers . Altered
SERT expression and function in IBS could result in
abdominal hypersensitivity and abnormal colonic
[5,18]
motility
. Previous studies indicated that mucosal
5-HT and SERT were both decreased in ulcerative colitis,
diarrhea-predominant IBS (IBS-D), and constipation[18]
predominant IBS (IBS-C) . However, Kerckhoffs
[38]
et al
reported that IBS-C patients have increased
mucosal 5-HT concentration and EC cell numbers,
whereas IBS-D patients have reduced mucosal 5-HT
concentration. Other studies have also shown that
SERT expression was increased in the colon together
with an increased concentration of 5-HT in neonatal
[5]
maternally separated rats . Thus, altered SERT
expression in different states may be associated with
different processes of IBS development, which should
be investigated in further studies. In the present study,
compared with control rats, expression of SERT and
5-HT was significantly decreased in the colonic mucosa
of WAS rats. The water extract of SGD upregulated the
expression of SERT and 5-HT in the colon. The above
results indicated that the water extract of SGD regulated
the expression of 5-HT and SERT to attenuate IBSlike symptoms. These results also suggested that the
decreased level of 5-HT in the colon possibly resulted
from reduced biosynthesis of 5-HT, but not a change in
5-HT reuptake by SERT.
Endocrine cells are also important in the pathological
[20]
process of IBS . Recent research demonstrated
that colonic endocrine cells are altered in patients
[18-20]
with IBS
. Increased numbers of mast cells in the
[39]
terminal ileum are observed in patients with IBS .
It is reported that there are low densities of 5-HTimmunoreactive (EC) cells, peptide-YY-immunoreactive
cells and CgA-immunoreactive (enteroendocrine) cells in
[20]
the colon of patients with IBS . In the present study,
low expression of CgA and 5-HT was seen in the colonic
mucosa of WAS rats, which indicated low densities of
CgA-positive and 5-HT-positive endocrine cells. These
changes were improved by the water extract of SGD.
Although HE staining results did not show inflam
mation in colonic tissue in model rats, the level of
TNF-α in colonic tissue was significantly increased,
but not serum TNF-α levels, and was decreased by
[40]
the water extract of SGD. Foley et al
proved that

WJG|www.wjgnet.com

TNF-α decreased SERT function and expression in
Caco 2 cells. In the present study, the change in SERT
and TNF-α was similar. However, whether there was
a correlation between the expression of SERT and
the level of TNF-α in this model requires clarification.
In other research, TNF-α stimulated the expression
and secretion of CGRP from rat trigeminal ganglion
[41]
neurons . In the present study, serum and colonic
tissue CGRP levels were both increased in model
rats after repeated exposure to WAS, accompanied
by an increase in the level of TNF-α in colonic tissue.
Following treatment with the water extract of SGD, the
alterations in TNF-α and CGRP levels in model rats was
attenuated.
In conclusion, the water extract of SGD enhanced
the decreased AWR pressure threshold in response to
CRD and attenuated abnormal colonic transit mainly
by inhibiting TRPV1, TRPV4, TRPA1 and PAR2, but also
by regulating 5-HT, SERT and CgA, as well as possibly
reversing the imbalance in colonic 5-HT-positive and
CgA-positive endocrine cells, thus decreasing the level
of CGRP and TNF-α.
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Background

Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder and not
an organic disease. It is characterized by altered bowel evacuation, bloating
and visceral pain, without anatomical or biochemical abnormalities. Currently,
there are no standard drugs to treat IBS. Traditional Chinese medicine (TCM)
has shown promising effects on IBS, however, the mechanism of action
requires clarification. In this investigation, the efficacy of Shugan decoction
(SGD) and its underlying mechanisms in IBS were evaluated in IBS-like rats
with visceral hypersensitivity and colonic dysmotility.

Research frontiers

The pathological mechanism of IBS is not well understood. Visceral
hypersensitivity and gastrointestinal dysmotility are two pivotal characteristics
of IBS. Transient receptor potential vanilloid type 1 (TRPV1), TRP ankyrin-1
(TRPA1), protease-activated receptor (PAR)2 and PAR4, as well as serotonin
[5-hydroxytryptamine (5-HT)] in the central and peripheral nervous systems
play important roles in abdominal pain severity and gut motility disorders in
IBS and inflammatory bowel disease. In the present study, SGD alleviated
visceral hyperalgesia (VHL) and attenuated colon motility in model rats, partly
by regulating TRPV1, TRPV4, TRPA1, PAR2, 5-HT, chromogranin A (CgA),
serotonin transporter (SERT) and reducing calcitonin-gene-related peptide
(CGRP) and tumor necrosis factor (TNF)-α level.

Innovations and breakthroughs

TRPV1, TRPA1, PAR2, PAR4, 5-HT and 5-HT-positive endocrine cells are
involved in abdominal pain severity and gut motility disorders in IBS patients.
The effect of TCM on the above molecules, as well as its functional mechanism,
is poorly understood. In the present investigation, the water extract of SGD
attenuated the decrease in pain pressure threshold in response to colorectal
distension and attenuated abnormal colonic transit, mainly by inhibiting TRPV1,
TRPV4, TRPA1 and PAR2, and regulating 5-HT, SERT and CgA, as well as
possibly reversing the imbalance in colonic 5-HT-positive and CgA-positive
endocrine cells, decreasing the level of CGRP and TNF-α.

Applications

Increased stress in daily life has led to an increase in IBS, and the development
of therapeutic agents is urgently needed. TCM has some beneficial effects on
IBS, however, its use in IBS patients is hindered by our lack of understanding
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of its mechanism of action. In the present investigation, SGD relieved VHL
and attenuated abnormal colonic transit, mainly by inhibiting TRPV1, TRPV4,
TRPA1 and PAR2, regulating 5-HT, SERT and CgA, as well as possibly
reversing the imbalance of colonic 5-HT-positive and CgA-positive endocrine
cells, decreasing the level of CGRP and TNF-α. Thus, the present study shows
the beneficial therapeutic effect and functional mechanism of TCM such as
SGD in IBS patients.

10

Terminology

11

IBS is a functional gastrointestinal disorder, and is characterized by altered
bowel evacuation, bloating and visceral pain, without anatomical or biochemical
abnormalities. TongXieYaoFang (TXYF) is a classic TCM prescription and
consists of white attractylodes rhizome (Baizhu), white peony root (Baishao),
dried old orange peel (Chenpi) and Ledebouriella root (Fangfeng). SGD is
another formula used to treat patients with diarrhea-predominant IBS, which is
composed of TXYF and Radix bupleuri (Chaihu), and can alleviate visceral pain
and improve the bowel habits of patients with a lack of coordination between the
liver and the spleen (TCM syndrome type). TRPV1 is widely expressed in the
colonic afferent dorsal root ganglia neurons and throughout the gastrointestinal
tract. TRPV1 is a ligand-gated ion channel that modulates pain sensation and
thermal hyperalgesia as well as colonic hypersensitivity. TRPA1 is coexpressed
with TRPV1 in primary sensory neurons. PAR2 is highly expressed in the
gastrointestinal tract and implicated in the genesis of hyperalgesia in a number
of models of colitis. 5-HT is an important neurotransmitter, which alters visceral
perception and motor dysfunction in IBS by influencing the sympathetic,
parasympathetic, and enteric nervous systems.

12

13

14

Peer-review

The authors described Shugan-decoction attenuates the alteration of 5-HT,
TRP channels and PAR receptors of rats exposed to water avoidance stress.
The article is informative and well-presented.
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Abstract
AIM: To study the inflammatory microenvironment and
expression of chemokines in hepatocellular carcinoma
(HCC) in nude mice.
METHODS: CBRH-7919 HCC cells were injected into
the subcutaneous region of nude mice. Beginning
two weeks after the challenge, tumor growth was
measured every week for six weeks. The stromal
microenvironment and inflammatory cell infiltration was
assessed by immunohistochemistry in paired tumor
and adjacent peritumoral samples, and macrophage
phenotype was assessed using double-stain immu
nohistochemistry incorporating expression of an
intracellular enzyme. A chemokine PCR array, comprised
of 98 genes, was used to screen differential gene
expressions, which were validated by Western blotting.
Additionally, expression of identified chemokines was
knocked-down by RNA interference, and the effect on
tumor growth was assessed.
RESULTS: Inflammatory cell infiltrates are a key
feature of adjacent peritumoral tissues with increased
macrophage, neutrophil, and T cell (specifically helper
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and activated subsets) infiltration. Macrophages within
adjacent peritumoral tissues express inducible nitric
oxide synthase, suggestive of a proinflammatory
phenotype. Fifty-one genes were identified in tumor
tissues during the progression period, including 50
that were overexpressed (including CXCL1 , CXCL2 and
CXCL3 ) and three that were underexpressed (CXCR1 ,
Ifg and Actb ). RNA interference of CXCL1 in the
CBRH-7919 cells decreased the growth of tumors in
nude mice and inhibited expression of CXCL2, CXCL3
and interleukin-1β protein.

plays a critical role in modulating the process of liver
ﬁbrosis, hepatocarcinogenesis, epithelial-mesenchymal
[4-8]
transition, tumor invasion and metastasis
. The
tumor microenvironment consists of: (1)hepatic
stellate cells, ﬁbroblasts, immune cells (including
regulatory and cytotoxic T cells and tumor-associated
macrophages), and endothelial cells; (2) growth
actors (including transforming growth factor [TGF]-1
and platelet-derived growth factor); (3) proteolytic
enzymes (such as matrix metalloproteinases and tissue
inhibitor of metalloproteinases); and (4) extracellular
matrix proteins and inﬂammatory cytokines. These
play a critical role in HCC development, tumor control
[9,10]
and response to treatment
.
The aim of this study was to elucidate the
mechanisms that underlie chronic inflammation
in HCC disease progression in order to identify
potential therapeutic targets. We also discuss
the current understanding of each component of
the tumor microenvironment and their roles in
the pathogenesis of HCC. Thus, understanding
the inflammatory microenvironment is critical to
promote understanding of the molecular, cellular
and pathophysiological mechanisms of HCC, and is
essential for the development of new therapeutic
strategies. Nevertheless, to date, the inflammatory
microenvironment and differential expression pattern
of chemokines in hepatocellular carcinoma is still not
clear.
In this study, infiltration of inflammatory cells
in the stromal microenvironment was assessed by
immunohistochemistry in paired tumor and adjacent
peritumoral samples. Macrophage phenotype was
assessed using double-staining immunohistoche
mistry, incorporating expression of an intracellular
enzyme. PCR array analysis was used to evaluate the
expression profiles of chemokines and their receptors
[11]
in subcutaneous CBRH-7919 cell xenograft tumors
and peritumoral tissues. The expression of chemokines
identified by the PCR array were verified by Western
blotting and immunohistochemistry. Additionally,
knockdown of chemokines by RNA interference (RNAi)
was used to assess the effect on tumor growth.

CONCLUSION: These findings suggest that CXCL1
plays a critical role in tumor growth and may serve as a
potential molecular target for use in HCC therapy.
Key words: Chemokines; Gene expression profile;
Hepatocellular carcinoma; PCR array; RNA interference
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: An orthotopic transplantation tumor model
of hepatocellular carcinoma (HCC) with CBRH-7919
cells was established. Inflammatory cell infiltration
and macrophage phenotype were assessed by
immunohistochemistry. A chemokine PCR array was
used to identify differentially expressed genes, and
tumor growth was assessed after knockdown with RNA
interference. This study describes the inflammatory
microenvironment and differential expression of
chemokines in hepatocellular carcinoma. The data
suggest that CXCL1 plays a critical role in tumor growth
and may serve as a potential molecular target for use
in HCC therapy.
Han KQ, He XQ, Ma MY, Guo XD, Zhang XM, Chen J,
Han H, Zhang WW, Zhu QG, Nian H, Ma LJ. Inflammatory
microenvironment and expression of chemokines in
hepatocellular carcinoma. World J Gastroenterol 2015;
21(16): 4864-4874 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/4864.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.4864

MATERIALS AND METHODS

INTRODUCTION

Cell cultures

The human hepatocellular carcinoma cell line
CBRH-7919 (Chinese Academy of Science, Shanghai,
China) was used in this study. Cells were cultured
at 37 ℃ in a humidified atmosphere with 5% CO2 in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco of
Thermo Fisher Scientific, Waltham, MA, United States)
supplemented with 10% fetal bovine serum, 100
mg/mL penicillin G, and 50 µg/mL streptomycin (Life
Technologies of Thermo Fisher Scientific).

Hepatocellular carcinoma (HCC) is one of the most
common tumors worldwide, and the fifth leading cause
[1,2]
of cancer-related deaths
due to its rapid growth,
early metastasis, and relationships with chronic
hepatitis. At the time of diagnosis, surgical resection
remains the most effective treatment for early disease.
However, more than 75% of patients relapse within
five years, and the overall survival for HCC patients
[3]
has not yet been improved .
Recent studies have indicated that the tumor inﬂam
matory microenvironment plays an essential role in
the progression of HCC. The tumor microenvironment
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Animal model

Male Balb/c nude mice were obtained from Laboratory
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Figure 1 Establishment of mouse model with CBRH-7919 cells. A xenograft
tumor is apparent in the subcutaneous abdominal region.
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Animal Service Center of the Medical College of Shanghai.
All mice were maintained under specific pathogen free
conditions and had free access to sterilized food and
autoclaved water. These experimental procedures were
approved by the Animal Ethics Committee of Shanghai
University of Traditional Chinese Medicine.
Male Balb/c nude mice (4 wk of age, 15-18 g) were
subcutaneously injected with 0.1 mL of a CBRH-7919
7
cell suspension (1 × 10 cells) using a 21-gauge
needle. Mice were observed after two weeks, and
their tumors were excised, weighed, and measured. A
portion of the tumor tissue was fixed in 10% formalin
for subsequent histologic examination, and the
remaining tissue was snap frozen in liquid nitrogen and
stored at -70 ℃ for molecular studies.

3

4

5

6

Figure 2 Tumor growth curve determined by the international veterinary
information service system.

light. The two images were imported into Corel-Paint
X3 (version 13; Corel Corp., Ottawa, CA) to assess
macrophage infiltrate.

Histologic evaluation

Formalin-fixed tumors were embedded in paraffin, and
4 µm sections were cut and stained with hematoxylin
and eosin (HE).

Isolation of total RNA

HCC tissue samples were dissolved with 1 mL of Trizol
reagent (Invitrogen of Thermo Fisher Scientific) and
homogenized; the sample volume did not exceed 10%
of the volume of Trizol reagent. The homogenized
samples were incubated at 15-30 ℃ for 5 min in
clear polypropylene tubes to permit the complete
dissociation of nucleoprotein complexes. Chloroform
(0.2 mL) was added to the tube. After vigorous
shaking, the mixture was incubated again at 15-30 ℃
for 2-3 min. After centrifugation at 12000 × g for
15 min at 4 ℃, the RNA in the aqueous phase was
moved to a fresh RNA-free tube and mixed with 0.5
mL isopropyl alcohol. The samples were incubated at
15-30 ℃ for 10 min and centrifuged at 12000 × g for
10 min at 4 ℃. The supernatant was removed and
the RNA pellet was washed once with 75% ethanol,
redissolved in RNase-free water, and stored at -70 ℃.
All samples were treated with MinElute (Qiagen, Vinlo,
Netherlands) to remove residual DNA. The quality of
the RNA was analyzed on an RNA chip by means of a
bioanalyzer (model 2100; Agilent Technologies); the
260/280 ratio of array-tested RNA was 1.8-2.0.

Observation of inflammatory cell infiltration and
macrophage phenotype

Inflammatory cell phenotype was assessed by
immunohistochemistry on three tumor tissues and
adjacent normal biopsies. Tissue was stained using the
+
[12]
Envision biotin-free system incorporating either the
+
Envision peroxidase-linked biotin-free system (K5007)
or CSA Ⅱ biotin-free tyramide signal amplification
(K1497; Dako of Agilent Technologies, Santa Clara, CA,
United States) depending on antibody requirements.
One microscopic high-powered field (HPF) from each
sample was digitally imaged (× 640 magnification)
with normal tissue as representative of tissue type,
distinct from the area of most positive staining. The
number of positive cells was counted to give a score of
inflammatory cellular infiltrate.
Macrophage phenotype was also assessed in
three pairs of tumor and adjacent tissue biopsies as
described above. A double-stain immunohistochemical
technique was used, incorporating detection of an
intracellular enzymatic marker of macrophage function,
namely [inducible nitric oxide synthase (iNOS), a
proinflammatory classically activated macrophage) or
[13,14]
arginase I (alternatively activated macrophage]
,
identified by peroxidase-linked immunoreactivity. The
area of most positive macrophage infiltration within
one HPF (× 680 magnification), distinct from lymphoid
aggregation, was identified under fluorescent light
at 580 nm using a Texas red filter set and digitally
imaged, and also captured under standard optical

WJG|www.wjgnet.com

2

OligoDNA microarray analysis

Files were extracted from Agilent Feature Extraction
Software (version 9.5.3) and imported into the
Agilent GeneSpring GX software (version 7.3 or later)
for further analysis. The microarray datasets were
normalized in GeneSpring GX using the Agilent FE
one-color scenario (mainly median normalization).
The positive effect of this median normalization is
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A

B

Figure 3 Tumor tissues from nude mice were stained with hematoxylin and eosin. A: Tumor tissue (× 200); B: Peritumor tissue (× 200).

Table 1 Observation of inflammatory cell phenotype in paired tumor and adjacent peritumoral samples, n = 3
Inflammatory cell
T helper cell
Cytotoxic T cell
B cell
Activated T cell
NK cell
Macrophage
Mast cell
Neutrophil
Plasma cell
iNOS+ cells median (range)
Arginase I+ cells median (range)

Tumor sample

Peritumoral samples

Mean difference

(95%CI)

P

12.09 ± 10.74
7.25 ± 8.07
2.88 ± 6.36
2.12 ± 2.37
0.29 ± 1.30
9.03 ± 9.97
9.00 ± 5.35
1.56 ± 3.22
5.59 ± 7.11
0 (0-3)
1 (0-2)

20.08 ± 13.31
6.05 ± 8.41
4.31 ± 6.87
6.96 ± 5.17
2.30 ± 5.18
19.76 ± 9.41
10.44 ± 9.00
14.83 ± 14.76
6.50 ± 8.00
10 (6-16)
0 (0-1)

7.53
11.87
10.87
5.10
1.83
8.07
0.78
13.28
0.67
-

(2.75-13.31)
(21.60-2.14)
(19.60-4.07)
(3.17-7.02)
(0.21-3.45)
(4.00-12.13)
(21.07-3.09)
(8.37-18.19)
(20.16-4.14)
-

0.005
0.800
0.600
0.005
0.060
0.005
0.600
0.005
0.800
0.005
0.005

Data are expressed as mean ± SD unless otherwise indicated. iNOS: Inducible nitric oxide synthase.

illustrated in a box-plot, and genes marked present (“All
Targets Value”) were chosen for data analysis. Finally,
a fold-change analysis was carried out by calculating
the ratio between the treatment and the control to
identify differentially expressed genes. A cutoff value of
twofold change was used; genes with expression levels
that differed by at least twofold from the mean in at
least one sample were selected for further evaluation.
The gene expression profiling data complied with the
Minimum Information About Microarray Experiments
standard. The microarray experiment was completed
by Shanghai KangChen Bio-tech Company (Shanghai,
China).

CA) for 40 min at room temperature. Subsequently,
the sections were stained using Standard UltraSensitive ABC Peroxidase Staining kit (Pierce of
Thermo Fisher Scientific) and 3,3′-diaminobenzidine
(Vector Laboratories), and counterstained by
hematoxylin. Mouse xenograft tumors from the
hepatocellular cancer cell line CBRH-7919, known to
[15]
stain strongly for CXCL1, CXCL2, CXCL3 and CXCR1
were used as a positive control.

Western blot analysis

HCC cell extracts from tumor and peritumoral tissues
were analyzed using antibodies against CXCL1, CXCL2,
CXCL3 and their receptor CXCR1. Equal amounts of
protein were subjected to sodium dodecyl sulfatepolyacrylamide gel electrophoresis and the intracellular
amount of GAPDH was analyzed as a loading control.
Finally, the immunoreactive bands were developed
on X-ray film using an ECL Western Blotting Analysis
System (Amersham, Buckinghamshire, United Kingdom)
according to the manufacturer’s instructions.

Immunohistochemistry

Paraffin blocks were cut (6 µm sections), and sections
were deparaffinized followed by antigen retrieval using
citric acid buffer (pH 6.0, 95 ℃ for 15 min). Slides
were treated with 3% hydrogen peroxide in methanol
to block endogenous peroxidase activity. After 20
min of blocking in 1% bovine serum albumin (BSA),
the slides were incubated overnight at 4 ℃ with antihuman CXCL1 (Ab86436), CXCL2 (Ab25130), CXCL3
(Ab10064), and CXCR1 (Ab60254) antibodies (all
goat polyclonal antibodies, 1:250 in 1% BSA; Abcam,
Cambridge, United Kingdom). Next, the slides were
incubated with 2 µg/mL of biotinylated anti-goat IgG
secondary antibody (Vector Laboratories, Burlingame,

WJG|www.wjgnet.com

Quantitative real-time PCR

Total RNA was isolated as described above, and the
concentration was measured by using a Nanodrop
2000 spectrophotometer (Thermo Fisher Scientific).
RNA was converted to cDNA using the RevertAid
First Strand cDNA Synthesis Kit (Thermo Fisher
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A

B

C

D

E

F

G

H

Figure 4 Inflammatory cell infiltration in tumors compared to adjacent peritumoral tissues. A, C, E: Peritumoral tissues; B: Increased macrophage infiltrate in
tumor tissue; D: Increased neutrophil infiltrate in tumor tissue; F: CD25+, activated T cells were increased in tumor tissue.

Scientific). The level of CXCL1 mRNA expression was
evaluated by qRT-PCR performed using DyNAmo
ColorFlash SYBR Green qPCR Kit on an ABI 7300
system (Applied Biosystems of Thermo Fisher
Scientific). The following primers were used: CXCL1,
5′-TAGAAGGTGTTGAGCGGGAAG-3′ (sense) and

WJG|www.wjgnet.com

5′-TGAGACGAGAAGGAGCATTGG-3′ (antisense);
GAPDH, 5′-GTCGGTGTGAACGGATTTG-3′ (sense) and
5′-TCCCATTCTCAGCCTTGAC-3′ (antisense).

RNA interference

The siRNAs against CXCL1 were designed and ordered
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Table 2 Upregulated chemokine-related genes in tumor
tissues compared with peritumoral tissues

Table 3 Downregulated chemokine-related genes in tumor
tissues compared with peritumoral tissues

Accession No.

Gene name

Gene symbol

Fold change

Accession No.

A01
A02
A04
A05
A07
A08
A11
B06
B07
B08
B09
B10
B11
C01
C02
C04
C05
C11
C12
D01
D02
D03
D04
D05
D07
D08
D09
D10
D12
E02
E04
E05
E09
E10
E12
F01
F02
F04
F05
F07
F09
F10
F11
F12
G02
G03
G04
G06
G07
G08
G09
G12
H02
H03
H04

C5aR
CCR10
Scya11
Scya12
CKb11
HC11
CKb-6
MRP-1
MCP-3
MCP-2
MRP-2
Cmkbr1
Cmkbr9
Ccr2a
CKR3
CD195
CCR-6
mcmklrl
Cklf
Cklfsf3
Cklfsf4
Cklfsf5
Cklfsf6
Cxc3
KC
C7
Cxc11
Pbsf
KS1
Zmynd15
Gm1960
LIX
Cd183
CD184
B0NZ0
Rdc1
CCBP1
AI853548
MOP1
KIAA4048
Il-4
Il-6
CR3
2E6
Crk1
Cxcl4
Cxcl7
Tgfb
Ly105
Lps
Tnfa
Ccxcr1
beta2m
Gapd
Gur

C5ar1
Ccbp2
Ccl11
Ccl12
Ccl19
Ccl2
Ccl24
Ccl6
Ccl7
Ccl8
Ccl9
Ccr1
Ccr10
Ccr2
Ccr3
Ccr5
Ccr6
Cmklr1
Cmtm2a
Cmtm3
Cmtm4
Cmtm5
Cmtm6
Cx3cl1
Cxcl1
Cxcl10
Cxcl11
Cxcl12
Cxcl14
Cxcl16
Cxcl3
Cxcl5
Cxxr3
Cxcr4
Cxcr6
Cxcr7
Darc
Gpr17
Hifla
Il16
Il4
Il6
Itgam
Itgbz
Mapk14
Pf4
Ppbp
Tgfb1
Tlr2
Tlr4
Tnf
Xcr1
B2m
Gapdh
Gusb

8.86
5.39
97.95
4.75
71.66
25.81
17.46
20.28
22.47
16.51
20.72
5.2
2.01
14.64
14.14
9.77
4.4
8.96
2.25
28.58
2.94
4.14
5.27
32.58
23.49
3.15
4.84
246.94
323.14
2.3
12.76
458.57
12.42
3.16
9.26
3.6
68.4
7.55
12.83
3.96
3.73
87.67
5.51
15.7
6.74
9.21
14.62
12.46
8.67
10.41
2.37
17.78
6.14
41.27
3.63

E07
F06
H01

I18ra
Ifng
β-actin

Gene symbol

Fold change

Cxcr1
Ifg
Actb

-4.18
-2.02
-2.80

this study. Western blot analysis was used to assess
the expression of CXCL2, CXCL3 and interleukin (IL)1β.

Statistical analysis

Data are summarized as mean ± SE. All statistical
calculations were performed using either Student’s t or
Wilcoxon’s rank sum tests performed with SPSS version
18 (SPSS Inc., Chicago, IL, United States). A P < 0.05
was considered statistically significant. The statistical
methods of this study were reviewed by Wenjun Li.

RESULTS
Establishment of an HCC mouse model in vivo

As shown in Figure 1, the tumor growth developed
rapidly between weeks 1-6 after xenograft tumor
transplantation. The mice were evaluated for the
formation of a tumor every week. Fourteen days after
challenge with the CBRH-7919 cells, a local tumor
was initially observed in the subcutaneous abdominal
region of the mice (Figure 2).
HE staining confirmed tumorigenesis. Tumor tissue
characteristics included atypia, a large core, darker
colors, various cell sizes, irregular shapes, and nuclear
division. Many of these characteristics were similar to
those of the original CBRH-7919 cells (Figure 3).

Observation of inflammatory cell infiltration and
macrophage phenotype

Macrophage, helper T cells, activated T cells, and
neutrophils were significantly increased in peritumoral
tissue compared to tumor tissue (Ps < 0.005) (Table 1).
There were no iNOS+ proinflammatory macrophages
in the tumor tissue, whereas an average of 10 cells
(range: 6-16) with positive expression were found
within peritumoral tissue. The median number of
arginase I+ cells within the tumor and peritumoral
tissues were 1 (range: 0-2) and 0 (range: 0-1),
respectively (P < 0.005). The relative proportion of
regulatory to proinflammatory macrophages was
higher in peritumoral tissue (Figure 4).

from Shanghai GenePharma Co., Ltd. CBRH-7919 cells
were transfected with the siRNAs using Lipofectamine
RNAi Max (Invitrogen) according to manufacturer’s
protocol. Cells were incubated for 48 h, and knock
down efficiency was determined by both qRT-PCR and
Western blot analysis. The siRNA with the sequence
5’-GTCTCAGGACAGAGAAGTT-3’ showed the highest
efficiency in the knockdown of CXCL1 and was used in
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Gene name

Expressions of chemokine-related genes in HCC

The expressions of chemokine-related genes during
HCC progression were evaluated in tumor and
peritumoral tissues using a chemokine PCR array.
A total of 50 genes were identified as upregulated,
including CXCL1, CXCL2, CXCL3 and IL-1β , whereas
CXCR1, Ifg and Actb were downregulated in tumor
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tissues (Tables 2 and 3; Figure 5).

2.0

1

-8.0

Immunohistochemical and western blot analyses

The expression of selected genes was analyzed
using immunohistochemistry and Western blotting
(Figure 6) to confirm the changes observed by the
PCR microarray. These results were consistent with
those of the microarray analysis. CXCL1, CXCL2, and
CXCL3 expression was higher and CXCR1 expression
was lower in tumor tissues during HCC progression
compared to the controls (Figure 6).

32.713665
16.356833

0.0

8.267231

16.534462

zheng

-19.0

0.0
Actb
B2m
Ccl6
Ccl8
Gapdh
Cc12
Cc17
Cc112
Tnf
Il16
Tlr4
Cxcl1
Ccl9
Ccr5
Cmklr1
Mapk14
Tlr2
Cmtm6
Cxcl10
Cxcr4
Pf4
Cxcl16
Ccr1
Gusb
Itgam
Cxcr7
Hifla
Ccr3
Tgfb1
Itgb2
Ccr2
Cxcl3
C5ar1
Cmtm3
Cxcl5
Cxcl12
Cxcl14
Ccl11
Il6
Ppbp
Gpr17
Cxcr3
Ccl24
Xcr1
Cx3cl1
Cmtm4
Cxcr6
Ccbp2
Ccr9
Ccl25
Darc
Ccl19
Slit2
Ccl20
Cxcl11
Ccr6
Cmtm5
Ccr10
Il4
Cxcr1
Ifng
Cmtm2a
Ccr8
Tymp
Ccl26
Ccl28

Tumor transplantation experiment

Gene silencing of CXCL1 inhibits the growth of CBRH-7919
tumors in vivo. Dissection of the subcutaneous tumors
th
and evaluation in mice were carried out on the 45 day.
Results showed the complete formation of tumors in all
mice (Figure 7). The volume of tumors in the group with
shCXCL1 were significantly smaller than those in the
control group (P < 0.05).

CXCL1 silencing inhibits expression of CXCL2, CXCL3
and IL-1β

Western blotting analysis was performed to detect
the expression of CXCL2, CXCL3 and IL-1β after
knockdown of CXCL1. The results indicate that the
protein expression levels of CXCL2, CXCL3 and IL-1β
were significantly decreased compared with those of
the control group and NC-RNAi-LV group (P < 0.01)
(Figure 8).

DISCUSSION
Although efforts have been made to investigate the
cellular and molecular pathways involved in cancerrelated inflammation, as well as their potential as
cancer biomarkers and therapeutic targets, the
mechanisms regarding how inflammation contributes
to cancer initiation, progression, metastasis, and
angiogenesis remain largely unknown. In this study,
we investigate the inflammatory microenvironment
and expression of chemokines in HCC in nude mice.
Our results show that transplanted tumors contained
cells with inflammatory and macrophage phenotypes.
A chemokine PCR array was used to identify differential
gene expressions, which were validated by western
blotting. Additionally, knockdown CXCL1 by RNAi
suppressed tumor growth and expression of CXCL2,
CXCL3 and IL-1β.
Chemokines and their receptors play an intricate
[16,17]
role in HCC progression
. Chemokines are
divided by their different structure and function
into four families: including CC, CXC, C, and CX3C.
CXC chemokines are the second largest family of
chemokines, and increasing evidence suggests that
chemokine expression is associated with tumor
[18]
angiogenesis, tumor, progression, and metastasis .
CXCL1 is a growth-regulated oncogene with
melanoma growth-stimulating activity. Studies have

Figure 5 Hierarchical clustering analysis and line plots of genes with
altered expression in tumor tissues compared with peritumoral tissues.
Expression profiles of chemokine-associated genes were obtained using
a PCR microarray. Two-dimensional hierarchical clusters were prepared in
GeneSpring 6.1 and Gene Tree View using these gene expression profiles.
Red: Upregulation; Green: Downregulation.
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Figure 6 CXCL1, CXCL2, CXCL3, and CXCR1 expression in carcinoma cells xenografted into nude mice. Immunostaining for A, B: CXCL1; C, D: CXCL2; E, F;
CXCL3; and G, H: CXCR1 in pertumoral (A, C, E and G) and tumor (B, D, F and H) tissues (× 200). Western blot analyses of the tumor and peritumoral tissues from
the CBRH-7919 cell line or shown to the right in tumor (N) and peritumoral (A) tissues.

shown that CXCL1 can regulate tumor epithelialstromal interactions that facilitate tumor growth and
invasion, and CXCL1 has also been associated with
[19-22]
angiogenesis
. CXCL1 is primarily regulated by
growth factors/mediators, such as vascular endothelial
growth factor (VEGF), TGF-β, c-Jun N-terminal kinase,
and phosphoinositol 3-kinase. For instance, VEGF
can stimulate CXCL1 release in both a time- and
concentration-dependent manner, and this can be
[23-26]
inhibited by VEGF receptor antagonists
.
Some studies suggest that chemokines also mediate
tumor metastasis. Both CXCL1 and CXCL2 are closely
[23]
related to metastasis . CXCL1 and CXCL2 expression
can be suppressed by inhibiting phosphorylated IκBa
and nuclear factor (NF)-κB activation. NF-κB promotes
the survival of premalignant epithelial cells while also
stimulating the release of proinflammatory mediators.
NF-κB affects the expression of at least 400 genes with
a variety functions, including inflammation, invasion
and metastasis. Thus, downregulation of chemokines
[4,27-29]
represents a potential treatment for cancer
.
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CXCL2 and CXCL3 are upregulated by proinflammatory
cytokines. Our study shows that CXCL1, CXCL2, and
CXCL3 are upregulated and CXCR1 is downregulated in
the tumors of mice with HCC. These CXC chemokines
and chemokine receptor are also expressed in several
solid tumors. In human colon carcinoma cell lines,
CXCL1 and its receptor CXCR2 have been associated
with metastatic potential and are thought to modulate
cell proliferation and invasion in both an autocrine
and paracrine manner. CXCL1 is also overexpressed
in human bladder carcinomas, and this increase in
expression is associated with higher bladder carcinoma
grade and stage. Studies have also reported that
CXCL1 is overexpressed in colon, renal, gastric, skin,
and breast cancers. However, other studies on CXCL1
expression in non-small cell lung cancer have reported
[30-32]
the opposite results
.
CXCR1 binds to only CXCL-8. Several studies
have suggested that CXCR1 is an important player in
tumor progression. Neutralization CXCR1 using small
molecule antagonists affects cell proliferation and
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Figure 7 Growth CBRH-7919 xenografts with silencing of CXCL1. Tumor
growth curve was determined by the International Veterinary Information
Service system. All data are expressed as mean ± SD; aP < 0.05 vs control (NC).
shCXCL1: Short hairpin RNA targeting CXCL1.

0

migration. Recent reports have also demonstrated
CXCR1 expression in all melanoma cases, irrespective
of stage and grade, and modulating CXCR1 expression
and/or activity has been shown to regulate malignant
[33-35]
melanoma growth, angiogenesis, and metastasis
.
In addition, activating both CXCR1 and CXCR2
increased the rate of cell proliferation in prostate
[36,37]
cancer
.
RNAi is one of the post-transcriptional gene
silencing mechanisms, which has emerged as a
powerful tool to induce loss-of-function phenotypes
and is now widely used in the research of gene analysis
and therapy. A lentivirus is a retrovirus, and lentiviral
vectors can efficiently deliver si/shRNA-expression
cassettes into various cells with sustained expression
[38]
and potent function of the encoded siRNAs .
Our study shows that 50 chemokine-related
genes were upregulated in HCC tissues and three
additional genes were downregulated. Western blotting
confirmed the changes in CXCL1, CXCL2, CXCL3, and
CXCR1 expression in the CBRH-7919 HCC mouse
model. Furthermore, we used a chemically modified
siRNA, which is thought to be more stable and
effective than a non-modified siRNA. The introduction
of siRNA targeting CXCL1 into CBRH-7919 resulted in
efficient and specific inhibition of CXCL1 expression, as
demonstrated by Western blotting. The results show
that gene silencing of CXCL1 inhibits the growth of
CBRH-7919 tumors in vivo and significantly decreases
protein expression levels of CXCL2, CXCL3 and IL-1β.
Our study provides the first evidence that the targeted
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Figure 8 Expression of CXCL2, CXCL3 and IL-1β with CXCL1 silencing.
Representative Western blot showing expression in control untreated (1),
control RNA interference (NC-RNAi-LV; 2), and CXCL1-targeted RNA
interference (CXCL1-RNAi-LV; 3) groups; aP < 0.05, bP < 0.01 vs control.

silencing of CXCL1 expression results in inhibited
growth in HCC. These findings support the hypothesis
that CXCL1 plays an important role in protecting
CBRH-7919 cells from cell death, thus indicating
CXCL1 is a target for future therapeutic interventions.
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Recent reports show that inflammation is a crucial factor in the tumor
microenvironment, and has become a hot topic in the past few years. The tumor
microenvironment is an indispensable participant in the neoplastic process,
promoting proliferation, survival, and migration of such tumors, and consists of
cancer cells, tumor-associated fibroblasts, and chemokines. Chemokines play
a paramount role in tumor progression, angiogenesis, invasion and metastasis.
Hepatocellular carcinoma (HCC) tumors express a number of chemokines/
receptors, including CXCL12-CXCR4, CX3CL1-CX3CR1, and CCL20-CCR6.
However, the inflammatory microenvironment and differential expression
pattern of chemokines in HCC is still not clear.

Research frontiers

In this study, inflammatory cell infiltration in the stromal microenvironment was
assessed by immunohistochemistry in paired tumor and adjacent peritumoral
samples, and macrophage phenotype was assessed using double-stain
immunohistochemistry. PCR array analysis was used to evaluate the expression
profiles of chemokines and their receptors in tumors grown in nude mice that
were challenged with liver cancer (CBRH-7919 cells injected subcutaneously).
The expression of some chemokines was regulated in a variety of patterns
during the progression of the tumors. The expression of chemokines was
confirmed by Western blotting and immunohistochemistry, demonstrating the

4872

April 28, 2015|Volume 21|Issue 16|

Han KQ et al . Inflammatory chemokines in HCC
change in chemokines and receptors at the protein level in HCC. Additionally,
the effect of chemokine expression knockdown by RNA interference on tumor
growth was assessed.
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Recent studies have highlighted that the tumor inﬂammatory microenvironment
plays an essential role in the progression of HCC. The tumor microenvironment
plays a critical role in modulating the process of liver ﬁbrosis, hepatocarcinogenesis,
epithelial-mesenchymal transition, tumor invasion, and metastasis. Thus,
understanding the inflammatory microenvironment is critical to promote
understanding of the molecular, cellular, and pathophysiologic mechanisms of HCC,
and is essential for the development of new therapeutic strategies.
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This study provides insight into the roles of CXCL1, CXCL2, and CXCL3 in a
proinflammatory peritumoral microenvironment that affect HCC development
and progression. Understanding CXCL1 is involved in tumor progression
may facilitate the design of new therapeutic approaches that inhibit tumor cell
growth.
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CXCL1 is a member of CXC chemokines family, which is identified as growthregulated oncogene with melanoma growth-stimulating activity. CXCL1 may
regulate tumor epithelial stromal interactions that facilitate tumor growth and
invasion. CXCL1 is primarily regulated by growth factors/mediators, such
as vascular endothelial growth factor, transforming growth factor-β, c-Jun
N-terminal kinase, and phosphoinositol 3-kinase.
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Abstract
AIM: To compare two different laparotomy methods
for modeling rabbit VX2 hepatocarcinoma.
METHODS: Thirty New Zealand rabbits were randomly
divided into two groups: A and B. Group A was
assigned a traditional laparotomy method (embedding
tumor fragments directly into the liver with tweezers).
Group B was subjected to an improved laparotomy
method (injection of tumor fragments into the liver
through a 15 G syringe needle). The operation time,
incision length, incision infection rate, and mortality
rate were compared between the two groups after
laparotomy. Magnetic resonance imaging (MRI) was
performed to evaluate tumor formation rates and the
characteristics of the tumors 2 wk after laparotomy.
RESULTS: The mean operation times for the two
groups (Group A vs Group B) were 23.2 ± 3.4 min
vs 17.5 ± 2.9 min (P < 0.05); the incision length
was 3.3 ± 0.5 cm vs 2.4 ± 0.6 cm (P < 0.05); and
the mortality rate after 2 wk was 26.7% vs 0% (P <
0.05); all of these outcomes were significantly different
between the two groups. The incision infection rates
in the two groups were 6.7% vs 0% (P > 0.05), which
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were not significantly different. MRI performed after 2
weeks showed that the tumor formation rates in the
two groups were 90.9% vs 93.3% (P > 0.05). These
rates were not significantly different between the two
groups. The celiac implantation rate and abdominal
wall metastasis rate in the two groups were 36.4%
vs 13.3% (P < 0.05) and 27.2% vs 6.7% (P < 0.05),
respectively, which were significantly different between
the two groups.
CONCLUSION: The tumor formation rates were not
significantly different between the two methods for
modeling rabbit VX2 hepatocarcinoma. However, the
improved method is recommended because it has
certain advantages.

and other experimental studies due to the rapid
growth of these tumors and their similarity to human
[4-6]
hepatocellular carcinoma . There are various ways
to establish rabbit VX2 hepatocarcinoma, including the
widely adopted classical method of open laparotomy
implantation. In open laparotomy implantation, the
implant substance can be a cell suspension or tumor
fragments, with the latter being reported to show a
[7]
higher success rate . However, traditional laparotomy
implantation methods may cause spill-out into the
celiac. We developed a modified method that uses
a syringe to inject tumor fragments to improve the
success rate of implantation. Here we compared the
two different methods for implanting VX2 tumors, and
the results are presented below.

Key words: Rabbit VX2 hepatocarcinoma; Laparotomy;
Modeling; Magnetic resonance imaging

MATERIALS AND METHODS
Experimental animals

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

Thirty New Zealand white rabbits of both sexes weighing
2.0-3.0 kg were provided by the experimental animal
center of Second Xiangya Hospital of Central South
University. The animal experiments were performed in
accordance with a protocol approved by the animal care
committee and were in compliance with institutional
guidelines (Permit Number: 2012-0087).

Core tip: A crucial issue in studying liver cancer is the
establishment of an animal model to simulate human
liver cancer. There are various ways to establish rabbit
VX2 hepatocarcinoma, and using an open laparotomy
implant is a widely adopted classical method. We
injected tumor fragments into the left lobe of the
rabbit liver, deviating from the abdominal wall using a
15 G syringe needle instead of building a sinus using
tweezers. This improved method is recommended
because of advantages such as decreased injury to the
liver, shorter operation time, lower death rates, reduced
abdominal cavity implantation and fewer abdominal
wall invasions.

Surgical instruments

Basic surgical instruments and supplies were used,
including a 15 G needle connected to a 5 mL syringe.

Experimental methods

Establishment of the rabbit VX2 liver carcinoma
model: The 30 New Zealand white rabbits were
divided into two groups using a random number table,
with 15 rabbits being placed in each group. Direct
embedding of tumor fragments was performed on the
rabbits in Group A (traditional open method group).
Group B was subjected to the modified method, in
which tumor fragments were injected with a 15 G
needle connected to a 5 mL syringe. Four hours before
the operation, the rabbits were fasted and only given
water. The hair around the operation field was shaved
using a razor. Intramuscular injections of gentamicin
(80000 units) were administered before the operation
and once a day after the operation for a total of two
days. All rabbits were anesthetized with 2 ml/kg
chloral hydrate via ear vein injection.
Tumor-bearing rabbits were anesthetized with
chloral hydrate. Tissue at the edge of the tumor was
removed under sterile conditions. Then, the tumor was
placed in physiological saline solution for washing, and
necrotic tissue, fascia and other connective tissues
were removed. This procedure was followed by soaking
the tumor in physiological saline solution and cutting it
into small pieces (0.5-1 mm diameter) using scissors.
Then, the incision in the tumor-bearing rabbits was
sutured, and gentamicin (80000 units) was injected
intramuscularly.

Chen Z, Kang Z, Xiao EH, Tong M, Xiao YD, Li HB.
Comparison of two different laparotomy methods for modeling
rabbit VX2 hepatocarcinoma. World J Gastroenterol 2015;
21(16): 4875-4882 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/4875.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.4875

INTRODUCTION
Liver cancer, the third leading cause of cancer death
worldwide, is a primary malignancy originating in
the liver. There are approximately 60-70 million liver
cancer deaths each year, 50% of which occur in
China. Most patients are diagnosed in intermediate
[1,2]
or advanced stages of the disease . Early detection
and diagnosis of liver cancer are an important issue
that must be addressed. It is crucial to establish an
animal model simulating human liver cancer to study
this disease. VX2 carcinoma is a type of animal tumor
that was derived from a rabbit papilloma by Shope
[3]
and Hurst . Rabbit VX2 hepatocarcinoma is an ideal
model of liver cancer and is widely used for imaging
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A

B

C

D

E

F

Figure 1 Process of establishing the rabbit VX2 hepatocarcinoma model. Tumor-bearing rabbits were anesthetized with chloral hydrate. A: Fish-like tissue at
the edge of the tumor was removed under sterile conditions; B: The tumor tissue was placed in saline for washing and to remove the necrotic tissue, fascia and other
connective tissues; C: The tumor tissue was cut into small pieces (0.5-1 mm diameter) using scissors; D: Healthy rabbits were anesthetized and placed on a rabbit
operating table with their limbs fixed at the four corners. Routine sterilization of the surgical field was performed, and a vertical incision was made below the xiphoid.
Then, the liver was exposed; E: After exposure of the middle lobe of the liver using smooth forceps, a 15 G needle was inserted sideways and upward into the visceral
surface of the liver lobe, and 0.5 mL of tumor fragments was injected with a 5 mL syringe. During this process, we ensured that the tumor fragments were injected
into the liver parenchyma; F: The puncture site was covered with gelfoam after removal of the needle, and the incision was sutured after confirming that there was no
obvious bleeding.

Healthy rabbits were anesthetized and placed on a
rabbit operating table with their limbs fixed at the four
corners. Routine sterilization of the surgical field was
performed, and a vertical incision was made below the
xiphoid. When the liver was exposed, the 15 rabbits in
Group A were subjected to the following conventional
open laparotomy implantation method: stretching of
the left lobe using smooth forceps, puncturing of the
liver tissue to build a sinus with an ostium diameter
of approximately 2 mm using ophthalmic scissors,
insertion of tumor fragments into the sinus, covering
the sinus with gelfoam, and suturing the incision after
confirming that there was no obvious bleeding. Group
B was subjected to the following modified implantation
method: exposure of the middle lobe of the liver using
smooth forceps, insertion of a 15 G needle sideways
and upward into the visceral surface of the liver lobe
and then injection of 0.5 ml of tumor fragments with
a 5 ml syringe. During this process, we made sure
that the tumor fragments were injected into the liver
parenchyma. We could see that the surface of the
puncture site was intumescent and white. Finally, the
puncture site was covered with gelfoam after removal
of the needle, and the incision was sutured after
confirming that there was no obvious bleeding. The
modified implantation method is shown in Figure 1.

MRI detection: All of the rabbits in Groups A and
B were subjected to 3 T MRI to assess the implant.
Successful implantation criteria were as follows:
intrahepatic nodules or space-occupying masses
identified via MRI with a slightly low signal on T1WI
and slightly high signal on T2WI. Celiac implantation
and abdominal wall violation were also assessed via
MRI. All scans were performed on a 3-T MR scanner
(Philips Achieva 3.0-T X-series, Phillips Healthcare, The
Netherlands) using the 16-element phased array of
a SENSEXL Torso coil. The imaging protocol included
the following parameters: (1) coronal sense turbo
spin-echo T2-weighted fat-suppressed MRI [repetition
time (TR)/echo time (TE), 1565/70 ms; average, 3;
flip angle, 90 degrees; matrix size, 252 × 193; field
of view (FOV), 24 cm × 24 cm; section thickness, 3
mm; and gap, 0.3 mm]; (2) axial plane sense turbo
spin-echo T2-weighted fat-suppressed MRI (TR/TE,
1565/70 ms; average, 3; flip angle, 90 degrees;
matrix size, 252 × 192; FOV, 24 cm × 24 cm; section
thickness, 4 mm and gap, 0.4 mm); and (3) axial
plane sense turbo spin-echo T1-weighted MRI (T1WI;
TR/TE, 10/2.3 ms; average, 3, flip angle, 15 degrees;
matrix, 252 × 193; FOV, 24 cm × 24 cm; section
thickness, 4 mm; and gap, 0.4).

Postoperative indicators: Observed indicators
included the operation time, incision size, infection
rate, rabbit survival after 2 wk, and tumor formation
as assessed by magnetic resonance imaging (MRI).

Following MRI examination, the experimental rabbits
were sacrificed via air embolism, and the liver was
anatomized to observe the growth of the tumors.
The tumors were removed and fixed in formalin.
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Table 1 Comparison of the operation time and incision size between the traditional laparotomy method and the modified
laparotomy method (t test, mean ± SD)
Group
A (traditional laparotomy method)
B (modified laparotomy method)
t test
P value

Mean operation time (min)

Mean incision size (cm)

21.2 ± 2.6
17.6 ± 2.4
3.903
0.001

3.3 ± 0.5
2.6 ± 0.4
2.928
0.007

Table 2 Comparison of incision infections and the mortality rates between the traditional laparotomy method and the modified
laparotomy method (Fisher exact test)
Group

Number of
infected rabbits

Number of noninfected rabbits

2
1

9
14

A (traditional laparotomy method)
B (modified laparotomy method)
P value

Postoperative
Mortality in each
incision infection
group
rate (%)
18.2
6.7
0.556

5
0

Survival in each
group

Mortality rate
(%)

10
15

33.3
0
0.042

Pathological testing was performed to confirm the
histopathology of the intrahepatic nodules or spaceoccupying masses found through MRI.

the postoperative incision infection rate between the
two groups. The data for comparison of the two groups
are shown in Tables 1 and 2.

Statistical analysis

MRI detection of VX2 hepatocarcinoma and the
characteristics of tumor formation

The data were analyzed using SPSS 17.0 software.
All of the data for continuous variables are expressed
as the median and range. The t-test was employed
to compare the differences between the medians of
continuous variables for operation time and incision
2
size. The Fisher exact test or χ test was used to
compare proportions between groups regarding
incision infections, death rates, inoculation success
rates, celiac implantation and abdominal wall violation.
Statistical significance was defined as p < 0.05.

MRI examination was performed on the remaining
10 experimental rabbits in Group A and 15 in Group
B to evaluate the inoculation success rate and tumor
growth. Nine out of 10 of the remaining rabbits in
Group A and 14 out of 15 of the rabbits in Group B
were implanted successfully (Figure 2). Six of the
10 rabbits in Group A and 2 of the 15 in Group B
appeared to exhibit celiac implantation (Figure 3). Five
of the 10 rabbits in Group A and 1 of the 15 in Group
B appeared to show abdominal wall invasion (Figure
4). There was no significant difference between the
two groups in the implantation success rate. The celiac
implantation ratio and the frequency of invasion of the
abdominal wall in Group A were higher than in Group
B. The MRI findings for the two groups are shown in
Table 3.

RESULTS
Operation time and incision size

Five rabbits in Group A (traditional laparotomy method,
15) died within two weeks. Four of these rabbits died
on the day of operation, and coagulated blood that
may have resulted from liver rupture was found in
their abdominal cavities during autopsy. The other
rabbit died four days after the operation. Festering was
observed on the abdominal wall, which may have been
due to infection.
No death was observed in Group B (modified
laparotomy method, 15) within two weeks. Two of
the remaining 11 rabbits in Group A and 1 of the 15
rabbits in Group B developed an incision infection.
After disinfection of the incision and injection of
antibiotic treatment, the infections of 1 of the rabbits
in Group A and the 1 rabbit in Group B were relieved.
The statistical data showed that the operation time
for Group B was shorter than that for Group A.
Additionally, the incision length was shorter, and
postoperative mortality at 2 wk was lower in Group B
than in Group A. There was no obvious difference in
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Pathological examination

It was confirmed that the intrahepatic nodules or
masses observed by MRI were VX2 hepatocarcinomas
and that they shared common characteristics with
human hepatic carcinoma. The histological findings are
shown in Figure 5.

DISCUSSION
There are many methods for establishing a rabbit
VX2 hepatocarcinoma model, such as puncture
[8]
under computed tomography (CT) or ultrasound
[9]
(US) guidance, direct percutaneous puncture
[10,11]
[12-15]
inoculation
, open implantation
, and perfusion
[16]
via the hepatic artery or portal vein . Because
special equipment and laboratory space are needed
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A

B

C

D

Figure 2 Magnetic resonance imaging of successfully implanted VX2 hepatocarcinoma (shown by arrow). A, B: T1- and T2-weighted images of a successfully
implanted VX2 hepatocarcinoma; C, D: T1- and T2-weighted images of another successfully implanted VX2 hepatocarcinoma.

A

B

C

D

Figure 3 Magnetic resonance imaging of an implanted VX2 hepatocarcinoma with celiac implantation (shown with an arrow). A, B: T1- and T2-weighted
images of an implanted VX2 hepatocarcinoma with celiac implantation; C, D: T1- and T2-weighted images of another implanted VX2 hepatocarcinoma with celiac
implantation.

for implantation under CT or US guidance, the
application of this procedure is limited. In contrast,
direct percutaneous puncture inoculation presents
the disadvantage of a lower success rate. Therefore,
open implantation, which shows an acceptable success
[17]
rate , is now widely used. However, it is extremely

WJG|www.wjgnet.com

easy for invasion of nearby tissues and liver damage
to occur after conventional open implantation. To
improve the success rate of modeling, researchers
[18]
have proposed several modifications .
The difference between the improved laparotomy
method and the conventional method is that im
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A

B

C

D

Figure 4 Magnetic resonance imaging of an implanted VX2 hepatocarcinoma with abdominal wall invasion (shown by arrow). A, B: T1- and T2-weighted
images of an implanted VX2 carcinoma with abdominal wall invasion; C, D: T1- and T2-weighted images of another implanted VX2 hepatocarcinoma with abdominal
wall invasion.

A

B

Figure 5 Histological findings for intrahepatic nodules or masses observed through magnetic resonance imaging. HE staining (A: × 100; B: × 400): the tumor
cells were morphologically diverse, with obviously heterogeneous and trachychromatic nuclei; karyokinesis could also be found (shown by arrow).

Table 3 Comparison of magnetic resonance imaging findings between the traditional laparotomy method and the modified
laparotomy method (Fisher exact test)
Group

Successfully
implanted

A (traditional
laparotomy
method)
B (modified
laparotomy
method)
P value

Unsuccessfully Successful
implanted
implantation
rate

With celiac
implantation

No celiac
implantation

Celiac
implantation
rate

With
No abdominal Abdominal
abdominal
wall invasion wall invasion
wall invasion
rate

9

1

90%

6

4

60%

5

5

50%

14

1

93.3%

2

13

13.3%

1

14

6.7%

1

0.028

plantation of tumor fragments is accomplished via
injection instead of by building a sinus using tweezers.
This subtle change has many advantages. First, because
the rabbit liver is thin, brittle and fragile, it is likely to

WJG|www.wjgnet.com

0.023

bleed after conventional piercing. Once bleeding occurs,
it is difficult to stop under experimental conditions. The
modified laparotomy method involving injection with
a 15 G syringe needle can markedly decrease both

4880

April 28, 2015|Volume 21|Issue 16|

Chen Z et al . Modeling rabbit VX2 hepatocarcinoma

Applications

bleeding and the death rate caused by liver rupture.
Second, the conventional method can lead to abdominal
[12]
cavity transplantation , as the tumor fragments
inserted with tweezers can easily enter the abdominal
cavity. Additionally, the sinus becomes wider after tumor
insertion, which also facilitates the spilling of tumor
[19]
tissue out of the sinus. Third, Lee et al found that the
left lobe of the rabbit liver is preferable for implanting
[17]
VX2 carcinoma. Yoon et al
showed that implanting
VX2 carcinoma in the left lobe of the rabbit liver, which
deviates from the abdominal wall, was effective in
preventing tumor invasion in the muscular tissue of
the rabbit abdominal wall. We were able to perform
implantation effectively using the improved puncture
method developed in this study. Fourth, compared with
building a sinus in liver tissue using tweezers, injection
requires a smaller operating field and surgical incision,
decreases injury and shortens the incision and suturing
time. Therefore, this method can improve efficiency,
decrease surgical risk, and be easily performed.
Both Groups A and B showed a high success
rate, as the process of laparotomy occurred under
direct vision, which can ensure that the tumor tissue
becomes embedded into the liver tissue. The infection
rate did not differ between the two groups, due to
the aseptic procedure, correct incision and suturing
performed by the same skilled operator.
Considering the above-mentioned analysis, we
concluded that there was no difference in the tumor
formation rate between the improved and conventional
laparotomy methods for modeling rabbit VX2 hepa
tocarcinoma. Nevertheless, the improved method is
recommended because it has several advantages,
such as decreasing injury to the liver, shorter operation
time, a lower death rate, less abdominal cavity
implantation and fewer abdominal wall invasions.
In conclusion, we found that the tumor formation
rates were not significantly different between the two
methods for modeling rabbit VX2 hepatocarcinoma.
However, the improved method is recommended
because it shows several advantages.

The improved method is recommended because of showing advantages such
as decreased injury to the liver, shorter operation time, a lower death rate, less
abdominal cavity implantation and fewer abdominal wall invasions.

Terminology

Open laparotomy implantation is a widely adopted classical method for
establishing rabbit VX2 carcinoma. In this study, the authors improved this
method, which could be useful in the study of liver cancer.

Peer-review

This is an important field of study and the authors examine an interesting
approach. Overall the writing and phrasing should be improved. In addition, the
weaknesses of the various models could be discussed more. Indeed, the most
interesting aspect to the study may rather be the description of the method as
the results are so dramatically related to sample size. Therefore the text should
more closely reflect the procedural aspect of the study.
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ORIGINAL ARTICLE
Basic Study

Intestinal dendritic cells change in number in fulminant
hepatic failure
Xu Cao, Mei Liu, Peng Wang, Dong-Yan Liu
METHODS: An animal model of FHF was created.
Intestinal CD11b/c was detected by immunohistochemistry
and Western blot. Quantitative real-time polymerase chain
reaction (PCR) was used to detect intestinal integrin-α
mRNA expression. Intestinal CD83, CD86, CD74, CD3 and
AKT were detected by immunohistochemistry, Western
blot and PCR. Phosphorylated-AKT (p-AKT) was detected
by immunohistochemistry and Western blot.
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RESULTS: In the FHF group [D-galactosamine (D-Galn)
+ lipopolysaccharide (LPS) group], the mice began
to die after 6 h; conversely, in the D-Galn and LPS
groups, the activity of mice was poor, but there were
no deaths. Immunohistochemistry results showed that
in FHF, the expression of CD11b/c (7988400 ± 385941
vs 1102400 ± 132273, P < 0.05), CD83 (13875000
± 467493 vs 9257600 ± 400364, P < 0.05), CD86
(7988400 ± 385941 vs 1102400 ± 13227, P < 0.05)
and CD74 (11056000 ± 431427 vs 4633400 ± 267903,
P < 0.05) was significantly increased compared with
the normal saline (NS) group. Compared with the NS
group, the protein expression of CD11b/c (5.4817 ±
0.77 vs 1.4073 ± 0.37, P < 0.05) and CD86 (4.2673
± 0.69 vs 1.1379 ± 0.42, P < 0.05) was significantly
increased. Itg-α (1.1224 ± 0.3 vs 0.4907 ± 0.19, P
< 0.05), CD83 (3.6986 ± 0.40 vs 1.0762 ± 0.22, P <
0.05) and CD86 (1.5801 ± 0.32 vs 0.8846 ± 0.10, P <
0.05) mRNA expression was increased significantly in
the FHF group. At the protein level, expression of CD74
in the FHF group (2.3513 ± 0.52) was significantly
increased compared with the NS group (1.1298 ± 0.33),
whereas in the LPS group (2.3891 ± 0.47), the level
of CD74 was the highest (P < 0.05). At the gene level,
the relative expression of CD74 mRNA in the FHF group
(1.5383 ± 0.26) was also significantly increased in
comparison to the NS group (0.7648 ± 0.22; P < 0.05).
CD3 expression was the highest in the FHF group
(P < 0.05). In the FHF, LPS and D-Galn groups, the
expression of AKT at the protein and mRNA levels was
elevated compared with the NS group, but there was

Abstract
AIM: To investigate the change in intestinal dendritic
cell (DC) number in fulminant hepatic failure (FHF).

WJG|www.wjgnet.com

4883

April 28, 2015|Volume 21|Issue 16|

Cao X et al . Intestinal DC number in FHF

no statistical significance (P > 0.05). The p-AKT protein
expression in the FHF (1.54 ± 0.06), LPS (1.56 ± 0.05)
and D-Galn (1.29 ± 0.03) groups was higher than that
in the NS group (1.07 ± 0.03) (P < 0.05).

antigen presenting cells (APC), play a crucial role in
both innate and adaptive immunity against microbial
antigens. Activated mature intestinal DCs are the main
stimulators of naive T cells, ultimately shaping the
[3]
adaptive mucosal immune system . Additionally, the
[4]
invariant natural killer T cells regulate DC numbers .
T cell responses are initiated with specific peptideMHC protein complexes on the surface of APC and
through signals provided by co-stimulators expressed
[5]
on APC . In response to BT, gut epithelial cells release
chemokines that induce the recruitment of DCs to
[6]
the mucosa . DCs that underlie the epithelium may
open tight junctions between epithelial cells, sending
[7,8]
dendrites into the lumen to directly sample bacteria .
Previous studies have shown that both viable and
killed probiotic bacteria had strain-speciﬁc effects on
[9-11]
the phenotype of human and murine DCs
. For
example, lamina propria DCs can be distinguished
according to CD11c (high and low), CD11b, CD103,
[12]
CX3CR1, and CD70
expression. LP-DCs can be
+
divided into two different subsets: CD103 CX3CR1
DCs that induce the development of regulatory
+
T cells and CD103 CX3CR1 DCs with features of
macrophages, which promote TNF production and the
development of Th1/Th17 T cells. It has been reported
that bacterial translocation in rats with cirrhotic ascites
was associated with an increase in the total number
+
of intestinal CD103 DCs in the lamina propria and in
[13]
mesenteric lymph nodes .
Preventing the occurrence of SBP is essential to
avoid liver damage and reduce mortality in patients
with FHF. In this study, the intestinal CD11b/c,
CD83, CD86, the major histocompatibility complex
Ⅱ-associated invariant chain Ii (also known as CD74),
the T cell marker (CD3), and AKT/ phosphorylated-AKT
(p-AKT) were assessed to gain a better understanding
of how the distribution of DCs and the corresponding
immune response change after the onset of FHF.

CONCLUSION: In FHF, a large number of DCs mature,
express CD86, and activate MHC class Ⅱ molecular
pathways to induce a T cell response, and the AKT
pathway is activated.
Key words: Fulminant hepatic failure; Intestinal dendritic
cells; MHC Ⅱ; CD3; AKT/Phosphorylated-AKT
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this study, we showed that the expression
of CD11b/c, CD83, CD86, CD74 and CD3 in the
fulminant hepatic failure (FHF) group [D-galactosamine
(D-Galn) + lipopolysaccharide (LPS) group] was
significantly higher compared with the normal saline
(NS) group. Additionally, the phosphorylated-AKT
protein expression in the FHF, LPS and D-Galn groups
was higher than that in the NS group. This result
showed that a large number of dendritic cells mature,
express CD86, and activate MHC class Ⅱ molecular
pathways to induce a T cell response in FHF. In
addition, the AKT pathway in FHF was activated.
Cao X, Liu M, Wang P, Liu DY. Intestinal dendritic cells change
in number in fulminant hepatic failure. World J Gastroenterol
2015; 21(16): 4883-4893 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i16/4883.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.4883

INTRODUCTION
Fulminant hepatic failure (FHF) is a clinical syndrome
resulting from a rapid loss of hepatocyte function
with acute morbidity. A lack of effective treatment
[1,2]
has resulted in high mortality so far . During the
progression of FHF, bacterial overgrowth in the small
intestine affects intracellular signal transduction
pathways, leading to the disruption of epithelial
tight junctions and an increase in the paracellular
permeability to macromolecules. Furthermore, intestinal
bacterial translocation (BT) through the gastrointestinal
barrier into the blood is associated with decreased
intestinal resistance. This mechanism may lead to
primary peritonitis. Clinically, this event is diagnosed
as spontaneous bacterial peritonitis (SBP). Therefore,
a decrease in intestinal permeability would prevent
BT, suppress intestinal endotoxemia, prevent the
occurrence of SBP, and thus enhance recovery from
liver injury.
In the gut, dendritic cells (DCs), which are professional
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MATERIALS AND METHODS
All animals in this study were from the Animal Center
of Shengjing Hospital of China Medical University. Adult
wild-type rats were anesthetized and killed by cervical
dislocation. All studies were performed in accordance
with the protocol approved by the Institutional Animal
Care and Use Committee of the China Medical University
for Basic Research in Developmental Disabilities. All
surgery was performed under anesthesia, and all efforts
were made to minimize suffering.

Animal model

A mouse model of FHF was established as described
[14]
previously . BALB/C mice housed in a specificpathogen-free environment, weighing 18-22 g, were
purchased from the Experimental Animal Center of
China Medical University. All pups were randomly
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divided into four groups: normal saline (NS, 15 mice),
lipopolysaccharide (LPS, 30 mice), D-galactosamine
(D-Galn, 30 mice), and FHF (LPS + D-Galn, 100
mice). Mice were injected intraperitoneally with LPS
(10 μg/kg, Sigma, United States) and/or D-Galn (800
mg/kg, Sigma, United States). Mice were sacrificed
via decapitation 9 h after the injection of NS, LPS, or
D-Galn.

X-OMAT film (Perkin Elmer, American). Images were
scanned, and densitometry was analyzed for protein
levels normalized to GAPDH using the Image-pro plus
6.0 software (Media Cybernetics, American).

Quantitative real-time polymerase chain reaction of
intestinal integrin-α , CD83, CD86, CD74, CD3, and AKT
mRNAs

Total RNA was extracted from the intestinal tissue of
FHF mice using an RNA Mini Kit from Takara (Takara
Biotechnology Co., Dalian, China). The quality of
extracted RNA was determined by the number
and size of the bands obtained using agarose gel
electrophoresis. cDNA (Takara Biotechnology Co.,
Dalian, China) was synthesized using 100 ng RNA. The
levels of individual RNA transcripts were quantified
using quantitative real-time polymerase chain reaction
(PCR). The primers used were as follows: CD3εForward (F): 5’-TCACGGAGATGTCGCCAGA-3’, CD3εReverse (R): 5’-TTGCCATCCAGTTTGCCCTTA-3’;
integrin-α (Itg-α)-F: 5’-ATGGCTCCGGTAGCATCAACA-3’,
Itg-α-R: 5’-CTCGTCCGAGTACTGCATCAAAG-3’;
C D 7 4 - F : 5 ’ - A G C C A G AT G C G G AT G G C TA - 3 ’,
C D 7 4 - R : 5 ’ -T C C T G G G T C AT G TT G C C G TA- 3 ’ ;
CD86-F: 5’-ATATGACCGTTGTGTGTGTTCTGGA-3’,
CD86-R: 5’-AGGGCCACAGTAACTGAAGCTGTAA-3’;
CD83-F: 5’-AAGTACAGGGCAGAAGCTGTGTTG-3’,
CD83-R: 5’-AAGCTTGTTCCGTACCAGGTTTAGA-3’;
AKT-F: 5’-GAGGTTGCCCACACGCTTA-3’, AKT-R:
5’-GGCGTACTCCATGACAAAGCAG-3’; GAPDH-F:
5’-GGTGAAGGTCGGTGTGAACG-3’, GAPDH-R:
5’-CTCGCTCCTGGAAGATGGTG-3’.
The primers and fluorescent probes were purchased
from Takara. The PCR conditions were as follows: a
preliminary cycle at 95 ℃ for 10 s, followed by 45
cycles at 95 ℃ for 5 s and at 60 ℃ for 20 s, followed
by 1 min at 60 ℃ and 5 s at 95 ℃. We also confirmed
that the efficiency of amplification for GAPDH was
100% in the exponential phase of PCR. The mRNA
levels were normalized to GADPH mRNA according to
the following formula: relative levels of target mRNA =
-ΔΔCT
2
× 100 %, where ΔΔ CT = (CTFHF, LPS, D-Galn groups - CT
GAPDH) - (CTNS group - CTGAPDH). The intestinal mRNA levels
of the FHF groups were compared with those of other
groups.

Tissue preparation

BALB/C mice were sacrificed by decapitation. To
standardize analysis, half of the small intestine was
fixed in situ with 4% paraformaldehyde in phosphatebuffered saline (pH 7.4) and then embedded in
paraffin. The rest of the small intestine was harvested
for mRNA and protein analysis.

Immunohistochemistry for the detection of CD11b/c,
CD83, CD86, CD74, CD3, AKT, and p-AKT

Paraffin-embedded sections of intestinal tissues were
deparaffinized, rehydrated, and incubated with mouse
anti-mouse CD11b/c (Abcam, United Kingdom),
mouse anti-mouse CD86 (Santa Cruz Biotechnology,
United States), rabbit anti-mouse CD3 (Sigma,
United States), rabbit anti-mouse AKT (Thermo Fisher
Scientificm, United States), rabbit anti-mouse CD74
(Santa Cruz Biotechnology, United States), rabbit
anti-mouse p-AKT(Santa Cruz Biotechnology, United
States) and goat anti-mouse CD83 (Santa Cruz
Biotechnology, United States). Slides were rinsed three
times with PBS between incubations, and sections
were incubated with biotinylated secondary antibodies
and horseradish peroxidase labeled avidin (ZSGB-BIO,
China). Slides were rinsed three times with PBS after
each incubation, and sections were counterstained
with hematoxylin. For negative controls, the primary
antibody was replaced with PBS. After scanning, the
median absorbance values were determined using
Image-Pro analysis software (Media Cybernetics,
United States).

Protein determination

A BCA Protein Assay Kit (Beyotime, Shanghai, China)
was used to determine the protein concentration
of intestinal tissue according to the manufacturer’s
instructions.

Statistical analysis

Western blot for analysis of CD11b/c, CD83, CD86, CD74,
CD3, AKT and p-AKT protein in intestinal tissues

For each experiment, at least 15 mice were tested per
group. Data regarding group differences were reported
as mean ± SD. Significant differences between
treatment groups were determined using one-way
analysis of variance with the Dunnett test.

Proteins extracted from intestinal tissues were separated
using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to polyvinyl fluoride
membranes. Membranes were blocked with Tris-buffer
containing 5% skim milk and probed with anti-CD11b/c,
-CD86, -CD74, -CD3, -AKT and -p-AKT antibodies
or anti-GAPDH followed by a peroxidase-conjugated
secondary antibody. They were then incubated with an
enhanced chemiluminescent substrate and exposed to

WJG|www.wjgnet.com

RESULTS
Number of mature DCs

The DC surface markers, CD11b/c (Figure 1A) and CD83
(Figure 1B), were detected using immunohistochemistry.

4885

April 28, 2015|Volume 21|Issue 16|

Cao X et al . Intestinal DC number in FHF

A

C

9 × 10

Integrated optical density of CD11b/c

B

8 × 10

D

6

Integrated optical density of CD83

6

b

6

7 × 10

b

6

6 × 10

b

6

5 × 10

6

4 × 10

6

3 × 10

6

2 × 10

6

1 × 10

0

D-Galn

LPS

FHF

7

1.6 × 10

b

7

1.4 × 10

b

7

1.2 × 10

7

1.0 × 10

6

8.0 × 10

6

6.0 × 10

6

4.0 × 10

6

2.0 × 10

0

NS

D-Galn

LPS

FHF

NS

Figure 1 Immunohistochemical staining of CD11b/c (A) and CD83 (B) and integrated optical density of CD11b/c (C) and CD83 (D). From left to right panel:
Normal saline (NS) group, D-galactosamine (D-Galn) group, lipopolysaccharide (LPS) group, and fulminant hepatic failure (FHF) group (A and B). The integrated
optical density of CD11b/c (C) and CD83 (D) in the FHF group was notably increased compared with those of the NS group, but there was no significant difference
compared with the LPS and D-Galn groups. The integrated optical density of CD11b/c in the LPS and D-Galn groups, as well as CD83 in the LPS group, was notably
increased compared with that of the NS group (bP < 0.001 vs the NS group, one way ANOVA with Dunnett test, n ≥ 15).

A

Mature DC markers were expressed on the cytoplasmic
membrane and in the cytoplasm of intestinal mucosal
cells. In the FHF group, DCs were found to be distributed
throughout the basal layer and in the lymphatic vessels,
but they only appeared on the basal layer in the NS
group (Figure 1A). In the FHF, LPS, and D-Galn groups,
CD11b/c staining (Figure 1C) was significantly higher
than that of the NS group. CD83 staining (Figure 1D) in
the other three groups was higher than that of the NS
group. To further confirm DC maturation, CD11b protein
expression was measured (Figure 2A). The results
demonstrated that the CD11b protein expression in the
FHF, D-Galn and LPS groups was higher than that of the
NS group (Figure 2B). At the genetic level, CD11b is
encoded by the Itg-α , which is part of the integrin family.
The Itg-α (Figure 3A) and CD83 (Figure 3B) mRNA
expression changes were consistent with the changes in
their protein levels; the protein levels observed in each
of the three treatment groups were higher than those
of the NS group. Additionally, an increase in protein
expression was more pronounced in the LPS and FHF
groups. These data indicated that a greater number of
DCs matured in the intestinal tissues of the FHF mice.

CD11b
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Figure 2 Intestinal CD11b protein expression. A: CD11b protein was detected
by Western blot; B: Densitometric analysis using Image-Pro software. The
absorbance value of CD11b/absorbance value of GAPDH in the fulminant hepatic
failure (FHF) was notably increased compared with those of the normal saline
(NS) and D-galactosamine (D-Galn) groups, but there was no significant change
compared with that of the lipopolysaccharide (LPS) group (bP < 0.001 vs the NS
group, aP < 0.05 vs the D-Galn group, one-way ANOVA with Dunnett test; n ≥ 15).
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Figure 3 Relative expression of intestinal integrin-α (A) and CD83 (B) mRNAs. The relative levels of intestinal integrin-α (Itg-α) mRNA in the fulminant hepatic
failure (FHF) group were significantly increased compared to the normal saline (NS) group, but there was no significant difference compared with those of the
lipopolysaccharide (LPS) and D-galactosamine (D-Galn) groups. The relative levels of intestinal CD83 mRNA in the FHF group were significantly increased compared
with the NS group, LPS group and D-Galn group (bP < 0.001 vs the NS group, aP < 0.05 vs the LPS and D-Galn groups, one-way ANOVA with Dunnett test; n ≥ 15).

Mature DCs express CD86 and induce the activation of
MHC Ⅱ (CD74) to elicit a T cell response

mechanism by which cells avoid apoptosis because it
promotes the progression of the cell cycle and thus
cell proliferation and activation. The activation of AKT
is usually characterized by phosphorylation. AKT is
primarily expressed in the basal layer of the intestinal
mucosa. The results of immunohistochemistry staining
showed that in the FHF, LPS and D-Galn groups, AKT
(Figure 7A and C) was not significantly changed, but
p-AKT (Figure 7B and D) was higher than that of the
NS group. Compared with the NS group, AKT protein
(Figure 8A and B) was only non-significantly increased
in the FHF, LPS and D-Galn groups. However, the
expression of p-AKT protein (Figure 8A and C) showed
a significant difference. In addition, the AKT mRNA
(Figure 9) levels were not significantly different among
these groups. We concluded that the AKT signaling
pathway was activated in the FHF group.

To explore how DCs might influence the development
of FHF, the co-stimulatory molecule, CD86, was tested.
The staining results (Figure 4A and D) showed that
CD86 expression in the FHF, LPS and D-Galn groups
was significantly higher than that of the NS group.
The CD86 protein (Figure 5A and C), approximately
56 kDa, was remarkably increased in the FHF group
compared with the other groups. Similarly, CD86
mRNA (Figure 6A) in the three treatment groups
was much higher than in the NS group. To determine
whether the MHC Ⅱ molecular pathway was activated,
CD74 was measured. As shown in Figure 4B, CD74
was expressed both on the cell membrane and in the
cytoplasm and was significantly increased (Figure 4E)
in the FHF group. In all the three treatment groups,
CD74 protein was expressed at a significantly higher
level compared with the NS group (Figure 5A), and
CD74 mRNA was significantly increased as well (Figure
6B). To determine whether there was an increased
number of T cells present in intestinal tissue samples
from the FHF group, we measured CD3 staining. CD3
was distributed in the intestinal mucosal tissue (Figure
4C) and in the FHF group its number was the highest
(Figure 4F). The CD3 protein expression (Figure 5B
and 5) in the FHF group was also much higher than in
other groups. The CD3 mRNA (Figure 6C) of the three
treatment groups was still far higher than that of the
NS group. However, there was no difference among
the three treatment groups. Therefore, we concluded
that in the FHF group, the number and activity of
intestinal mature DCs were significantly increased and
that the T cells were also increased. Thus, these data
suggested that the entire intestinal mucosal immune
barrier was influenced.

DISCUSSION
The gut microbiome plays both physiological and
pathological roles in intestinal homeostasis and the
[15]
pathogenesis of inflammatory bowel diseases . As
effector cells of both innate and adaptive immune
responses, DCs are central not only for maintaining
protective immunity against pathogens but also for
preventing inflammatory intestinal immune responses
against the microbiota and food antigens. Similar
effector functions to those involved in protective
immunity against pathogens are engaged during
inappropriate inflammatory responses against
[16]
harmless antigens . The pathological changes
of other organs often affect the gut, as occurs in
many hepatic diseases. In the case of FHF, SBP is
a common complication caused by pathological BT.
The clinical pathological causes of BT are the increase
in intestinal permeability and the disruption of the
[17,18]
intestinal mucosal barrier
. These changes indicate
that DCs may be involved in FHF due to their role as

Alterations in the AKT signaling pathway

The AKT signal transduction pathway is an important
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Figure 4 Immunohistochemical staining of CD86 (A), CD74 (B), and CD3(C) and integrated optical density of CD86 (D) CD74 (E), and CD3 (F). From left
to right panel: Normal saline (NS) group, D-galactosamine (D-Galn) group, lipopolysaccharide (LPS) group, and fulminant hepatic failure (FHF) group (A, B and C).
The integrated optical density of CD86 (D) and CD74 (E) in the FHF group was notably increased compared to the NS group. However, CD86 and CD74 were not
significantly different among the FHF, LPS and D-Galn groups. The integrated optical density of CD3 in the FHF group was notably increased compared with the NS,
LPS and D-Galn groups (bP < 0.001 vs the NS group, aP < 0.05 vs LPS and D-Galn groups, one-way ANOVA with Dunnett test; n ≥ 15).

professional APCs present in the gut and their ability to
disrupt tight junctions to sample bacteria in the lumen.
The intestinal mucosa contains many subtypes
of DCs, which are present in two functionally distinct
states; i.e., immature and mature cells. The subtypes
of DCs vary based on their typical tissue localization.
For example, DCs isolated from intestinal tissues
are endowed with unique mucosal functions that are
specific to these DC subsets. It was originally thought
that mature DCs induced protective immunity to
infectious agents but that immature DCs induced
[19]
tolerance to innocuous antigens . CD83 has been
implicated in the regulation of inflammation, and
[20]
it is expressed on a number of cell types . In this
study, by using CD11b/c and CD83 as DC maturation
markers, we demonstrated that mature intestinal DCs
in the FHF group showed a significantly increased
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trend. These data were in agreement with other
studies in which CD83 expression was upregulated
[21]
in a chemical-induced murine colitis model . Some
studies showed that LPS injection can influence the
[22]
expression of MCH-Ⅱ and CD11b in brain sections .
Our results might also be associated with the
[23]
concentration of LPS used in vivo .
DCs have roles in both the innate and adaptive
immune responses. DCs are sentinels of the immune
system recognizing and translating pathogenic signals
[24]
into immune responses . Thus, an increase of
intestinal DCs suggested that the intestinal mucosa
had been injured in FHF. Some studies have shown
that the presence of CD83 on mDC membranes
[25]
enhanced T lymphocyte proliferation . For instance,
CD80/CD86, expressed in DCs, plays a central role
in T cell activation by delivery of co-stimulatory
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Figure 5 Intestinal CD86 (A), CD74 (B), and CD3 (C) protein expression. A and B: CD86, CD74, and CD3 protein expression was detected by Western blot; C, D
and E: Densitometric analysis using Image-Pro software. The absorbance values for CD86 and CD74 and the CD3/absorbance value of GAPDH in tissues from the
fulminant hepatic failure (FHF) group were notably increased compared with those of the normal saline (NS) group. The CD86 and CD3 levels were increased, but for
CD74 there were no significant differences compared with the lipopolysaccharide (LPS) and D-galactosamine (D-Galn) groups (bP < 0.001 vs the NS group, aP < 0.05
vs the LPS and D-Galn groups, one-way ANOVA with Dunnett test; n ≥ 15).
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Figure 6 Relative levels of intestinal CD86 (A), CD74 (B), and CD3 (C) mRNAs. Levels of intestinal CD86, CD74 and CD3 mRNAs in tissues from the fulminant
hepatic failure (FHF) group were significantly increased compared with those of the normal saline (NS) group, but there were no significant differences compared with
tissues from the lipopolysaccharide (LPS) and D-galactosamine (D-Galn) groups (bP < 0.001 vs the NS group, one-way ANOVA with Dunnett test; n ≥ 15).
[28]

acts as a chaperone for MHC Ⅱ protein expression .
It is a key substrate that contributes to the survival of
[29,30]
DCs
. Downregulation of CD74 has been shown
[31,32]
to regulate DC migration in vitro and in vivo
.
It was also reported that post-infectious intestinal
lamina propria DCs displayed increased CD86 and
MHC class Ⅱ, resulting in the enhanced induction of T
[33]
cell proliferation . Other reports suggested that DCs
displayed higher expression of MHC Ⅱ and CD86 in

signals to naïve T cells, activating them to become
[26]
effector T cells . The report showed that the
expression intensity of CD86 with LPS stimulation was
[27]
significantly higher . The results of the current study
demonstrated that CD86 and CD3 were significantly
increased in FHF tissues. These data indicated that
intestinal T cell activation was increased in FHF as a
result of ligation with CD80/CD86 on DCs.
CD74 is a type Ⅱ integral membrane protein and
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Figure 7 Immunohistochemistry staining of AKT (A) and phosphorylated-AKT (B) and integrated optical density of AKT (C) and phosphorylated-AKT (D).
From left to right panel: Normal saline (NS) group, D-galactosamine (D-Galn) group, lipopolysaccharide (LPS) group, and fulminant hepatic failure (FHF) group (A and
B). The integrated optical density of AKT (C) in the FHF group was not significantly different compared to the NS group, LPS group and D-Galn group The integrated
optical density of phosphorylated-AKT (p-AKT) (D) in the FHF was notably increased compared with the NS group but not significantly different compared with the
LPS and D-Galn groups (aP < 0.05 vs the NS group, one-way ANOVA Dunnett test; n ≥ 15).
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Figure 8 Intestinal AKT and phosphorylated-AKT protein expression. A: AKT and p-AKT protein expression was detected by Western blot; B and C:
Densitometric analysis using the Image-Pro software. The ratio of the absorbance of AKT/absorbance of GAPDH in the fulminant hepatic failure (FHF) group was
not significantly different compared with those of normal saline (NS), lipopolysaccharide (LPS) and D-galactosamine (D-Galn) groups. The ratio of the absorbance
of phosphorylated-AKT (p-AKT)/absorbance of GAPDH in the FHF group was notably increased compared with that of NS group, but was not significantly different
compared with those of the LPS and D-Galn groups (aP < 0.05 vs the NS group, one-way ANOVA with Dunnett test; n ≥ 15).
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peritonitis (SBP), which is caused by bacterial translocation from the gut after
serious liver damage and is associated with significantly increased mortality.
Dendritic cells (DCs) play an important role in the generation and regulation of
immune responses and oversee intestinal immune homeostasis in SBP. Studies
on intestinal DCs were performed to understand the mechanisms of SBP.
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DCs are sentinels of the immune system that recognize and translate
pathogenic signals into immune responses. Intestinal DC numbers and
function in liver diseases have become a topic of interest. This study is basic to
understanding the mechanisms of SBP.
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To date, many studies have been carried out primarily on bacterial translation
and cytokine expression by T cells and DCs. In this study, the authors
carefully studied changes in the number of intestinal DCs by employing
immunohistochemistry, Western blot and polymerase chain reaction and found
that a large number of DCs matured, expressed CD86, and activated the MHC
Ⅱ molecular pathway to induce a T cell response in FHF. Furthermore, the AKT
signaling pathway was activated in FHF.

NS

Figure 9 Relative levels of intestinal AKT mRNA. The relative levels of
intestinal AKT mRNA among the four groups were not significantly different (P
> 0.05, one-way ANOVA with Dunnett test; n ≥ 15). D-Galn: D-galactosamine;
FHF: Fulminant hepatic failure; LPS: Lipopolysaccharide; NS: Normal saline.

Applications

By identifying the intestinal DCs in FHF, the authors evaluated CD86, CD83
and CD74 in intestinal DCs, which could improve our understanding of the
mechanisms of SBP in FHF.

[34]

LPS-induced liver injury . In this study, CD74 was
significantly increased in FHF tissue. Collectively, these
results imply that in FHF, SBP would lead to the rapid
maturation of DCs and the subsequent activation of T
cells to produce an adaptive immune response.
AKT signaling has been reported to play a key role
in regulating cell growth, survival, and metabolism in a
[35]
variety of apoptotic paradigms . Activated AKT, which
in turn phosphorylates and inactivates components of
the apoptotic machinery, participates in cell survival,
[36,37]
proliferation and apoptosis inhibition
. Abnormal
activation of the AKT pathway may lead to disease
and dysfunction. Studies have found that crosslinking
CD80/CD86 in human DCs activated the PI3K/AKT
[38]
pathway . AKT activation has also been shown to be
an early sign of intestinal microenvironmental change
[39]
and is closely related to the treatment of gut injury .
Therefore, we measured p-AKT as a first attempt to
understand the role of the AKT pathway in FHF. Our
results demonstrated that p-AKT was significantly
increased in FHF. In addition, other researchers have
shown that activation of the AKT pathway might be
[40]
involved in the pathogenesis of Crohn’s disease .
Moreover, AKT activation might be involved in the
[41]
transition from intestinal inflammation to cancer .
Taken together, these results suggested that the AKT
pathway was activated in FHF and might participate in
early intestinal mucosal injury.
DCs play an important role in intestinal mucosal
health because they can induce a T cell adaptive
immune response. In this study, a large number of
DCs matured, expressed CD86, and activated MHC
class Ⅱ molecular pathways to induce a T cell response
in FHF. In addition, the AKT signaling pathway was
activated in FHF.

Terminology

Integrin-α (Itg-α): At the genetic level, CD11b is encoded by the Itg-α gene,
which is part of the integrin family.

Peer-review

The authors performed experiments to detect CD86, CD83 and CD74 in
the intestinal DCs in FHF and found that a large number of DCs matured,
expressed CD86, and activated the MHC Ⅱ molecular pathway to induce
a T cell response in FHF. Furthermore, the authors detected AKT and
phosphorylated-AKT, and the results showed that the AKT signaling pathway
was activated in FHF.
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Abstract
AIM: To compare ultrasound-based acoustic structure
quantification (ASQ) with established non-invasive
techniques for grading and staging fatty liver disease.
METHODS: Type 2 diabetic patients at risk of nonalcoholic fatty liver disease (n = 50) and healthy
volunteers (n = 20) were evaluated using laboratory
analysis and anthropometric measurements, transient
elastography (TE), controlled attenuation parameter
(CAP), proton magnetic resonance spectroscopy
1
( H-MRS; only available for the diabetic cohort),
and ASQ. ASQ parameters mode, average and focal
disturbance (FD) ratio were compared with: (1) the
extent of liver fibrosis estimated from TE and nonalcoholic fatty liver disease (NAFLD) fibrosis scores;
and (2) the amount of steatosis, which was classified
according to CAP values.
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RESULTS: Forty-seven diabetic patients (age 67.0 ±
8.6 years; body mass index 29.4 ± 4.5 kg/m²) with
reliable CAP measurements and all controls (age 26.5
± 3.2 years; body mass index 22.0 ± 2.7 kg/m²) were
included in the analysis. All ASQ parameters showed
differences between healthy controls and diabetic
patients (p < 0.001, respectively). The ASQ FD ratio
(logarithmic) correlated with the CAP (r = -0.81, p
1
< 0.001) and H-MRS (r = -0.43, p = 0.004) results.
The FD ratio [CAP < 250 dB/m: 107 (102-109), CAP
between 250 and 300 dB/m: 106 (102-114); CAP
between 300 and 350 dB/m: 105 (100-112), CAP ≥
350 dB/m: 102 (99-108)] as well as mode and average
parameters, were reduced in cases with advanced
steatosis (ANOVA p < 0.05). However, none of the ASQ
parameters showed a significant difference in patients
with advanced fibrosis, as determined by TE and the
NAFLD fibrosis score (p > 0.08, respectively).

interest for the screening, diagnosis, and monitoring
[1-3]
of patients with chronic liver diseases . In particular,
fibrosis staging by means of elastography is highly
accurate for detecting advanced liver injury and has,
therefore, been progressively implemented in clinical
[1]
practice .
In addition to fibrosis characterization, non-invasive
quantification of hepatic fat content has attracted
increasing attention in terms of both risk assessment
and monitoring of patients with non-alcoholic fatty
liver disease (NAFLD) and liver diseases from other
[1,4]
etiologies . The controlled attenuation parameter
(CAP) - computed by commercial software that comes
with the transient elastography device (Fibroscan)
- correlates steatosis with the signal attenuation
during liver stiffness measurement (LSM), and is very
[5-9]
accurate to detect advanced hepatic steatosis
.
Moreover, magnetic resonance based techniques (e.g.,
1
proton magnetic resonance spectroscopy, H-MRS)
allow quantification of the hepatic lipid fraction, an
[10,11]
additional parameter of the severity of steatosis
.
However, these approaches are affected by high costs
1
and limited availability ( H-MRS) or by anthropometry
[4,8]
(CAP) .
Analysis of B-Mode ultrasound may represent a
further option for the non-invasive grading and staging
of liver damage, as conventional sonography is highly
[12,13]
sensitive to subtle changes in tissue texture
.
However, comparison of gray scale images is operatordependent and also varies with some technical
[12]
parameters . Computerized analysis of acoustic tissue
properties may overcome these limitations: acoustic
structure quantification (ASQ) software analyzes
the characteristic intensity pattern (“speckles”) of
conventional B-Mode ultrasound and compares its
distribution histogram with a theoretical probability
density function (PDF, Rayleigh distribution) of the
[13,14]
echo amplitude
. Histology-based studies have
reported that ASQ parameters correlate with the degree
of fibrosis in patients with liver diseases of different
[13-15]
etiologies
. Moreover, a pilot study revealed strong
agreement between ASQ values and hepatic fat
[16]
accumulation in an animal model .
ASQ results have not yet been compared with those
of established non-invasive techniques. Therefore,
we prospectively compared ASQ measurements in
healthy controls and diabetic patients at risk for NAFLD
or associated liver injury with TE and CAP values
1
(reference standards) as well as H-MRS results and
serum based NAFLD fibrosis scores.

CONCLUSION: ASQ parameters correlate with steatosis,
but not with fibrosis in fatty liver disease. Steatosis
estimation with ASQ should be further evaluated in
biopsy-controlled studies.
Key words: Transient elastography; Non-alcoholic fatty
liver disease; Liver stiffness; Non-alcoholic fatty liver
disease; Fibrosis score; Controlled attenuation parameter
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-invasive characterization of hepatic
steatosis and fibrosis is becoming important for the
screening, diagnosis, and monitoring of patients with
chronic liver diseases. This work compared acoustic
structure quantification (ASQ) and established noninvasive methods to characterize fatty liver disease.
ASQ parameters differed between healthy controls and
diabetic patients with fatty liver disease independent of
the extent of fibrosis. The focal disturbance ratio and
further ASQ parameters correlated with the severity of
steatosis. Therefore, ASQ could be used to evaluate
steatosis and merits further investigation; however,
ASQ seems to be impractical to characterize fibrosis in
patients with fatty liver disease.
Karlas T, Berger J, Garnov N, Lindner F, Busse H, Linder N,
Schaudinn A, Relke B, Chakaroun R, Tröltzsch M, Wiegand
J, Keim V. Estimating steatosis and fibrosis: Comparison of
acoustic structure quantification with established techniques.
World J Gastroenterol 2015; 21(16): 4894-4902 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i16/4894.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i16.4894

MATERIALS AND METHODS
Patients and controls

The study was reviewed and approved by the local
ethics committee (University of Leipzig, register no.
358/08-B-ff and no. 419-12-17122012) and performed
in accordance with the ethical guidelines of the Helsinki

INTRODUCTION
Non-invasive characterization of hepatic steatosis and
fibrosis are attracting growing scientific and medical
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Declaration. Written informed consent was obtained
from all participants before study enrollment.
Between April 2013 and March 2014, outpatients
with type 2 diabetes mellitus at risk of NAFLD and
without other liver diseases were recruited. For the
control group, healthy volunteers with no history of any
chronic liver disease, diabetes mellitus, or metabolic
syndrome, were recruited. Increased ultrasound
echogenicity of the liver parenchyma (compared
with the right renal cortex) or CAP > 252 dB/m were
[5]
regarded as exclusion criteria for the control group .
Significant alcohol intake (weekly consumption > 210 g
for men and 140 g for woman, respectively) was ruled
[17]
out for the total study cohort before inclusion .
For all participants, anthropometric examination,
ultrasound, LSM (transient elastography, M probe),
CAP assessment and laboratory parameters (patients
only) were performed on the same day after a fasting
1
period of at least three hours. H-MRS was performed
either on the same day or after 6 mo during follow-up
visits.

indicated fatty liver disease , and values ≥ 300 dB/m
[8]
were regarded as advanced steatosis . No patient
had values between 250 and 252 dB/m; therefore, the
diabetic subjects were classified into four groups to
better present the data: (1) CAP < 250 dB/m; (2) CAP
≥ 250 and < 300 dB/m; (3) CAP ≥ 300 and < 350
dB/m; and (4) CAP ≥ 350 dB/m.

Acoustic structure quantification

Analytical method: The ASQ software analyzes
the linear raw data from ultrasound B-mode images.
It provides a number of tissue parameters that are
related to the scattering of echoes in user-defined
region of interests (ROI). The histogram of the
measured intensity distribution in the B-mode image
ROI is essentially compared with the PDF of an ideal,
[22]
homogenous scatterer (Rayleigh distribution) . ASQ
subdivides the primary ROI into a large number of (up
2
to 1000) secondary ROIs and displays the so-called C histogram of the distribution of frequency ratios given
by frequency of the ratio
2
2
2
C = σ /σR , where σ and σR stand for the standard
deviations of measured and estimated (Rayleigh) PDFs,
[13]
respectively . In the liver, ASQ uses an empirical cut-off
parameter α and reports slightly modified parameters σ
2
m and Cm instead to minimize the influence of individual
[13]
strong scatterers .
Mode (value with highest appearance, “peak
2
value”), average and SD are then derived from the C
2
or Cm histogram. A more recent ASQ implementation
computes two curves (displayed in red and blue),
depending on whether the variation in α quantitatively
changes the σ parameter by less (depicted in red) or
more (depicted in blue) than an empirical percentage
(20%), respectively. The focal disturbance (FD) ratio is
then defined as the ratio of the areas under the curve
[16]
between the red and blue curve .

Laboratory assessment and NAFLD fibrosis score

Albumin, blood count, and serum levels of amino
transferases (ALT and AST) were determined for all
diabetic patients. Individuals with highly elevated
aminotransferases (at least five times the upper normal
limit) were excluded from further examinations because
of the risk of inaccurate LSM.
The NAFLD fibrosis score was calculated according
[18]
to Angulo et al : Score = -1.675 + 0.037 × age
2
(years) + 0.094 × body mass index (kg/m ) + 1.13 ×
diabetes (yes 1, no 0) + 0.99 × AST/ALT ratio - 0.013
× platelet (Gpt/l) - 0.66 × albumin (g/dl). A score
of at least 0.676 indicated high risk of advanced liver
[18]
fibrosis .

Ultrasound, elastography, and controlled attenuation
parameter

All subjects underwent conventional ultrasound to
rule out mechanical cholestasis. LSM was performed
using the M probe of transient elastography (TE;
Fibroscan, Echosens, Paris, France). According to the
manufacturer’s recommendation, examinations with
fewer than 10 valid measurements or an interquartile
range > 30% of the median LSM value (only in cases
with liver stiffness ≥ 7.1 kPa) were excluded from
[19]
further analysis . TE values ≥ 7.9 kPa indicated the
[20]
presence of advanced fibrosis .
The CAP gives additional information about the
attenuation of ultrasonic signals during TE examination.
CAP computation is included in the TE software, and
[21]
the results (CAP, LSM) are shown together . CAP was
only considered when TE measurements were valid
[5,21]
and reliable
. CAP served as reference method;
therefore, only cases with valid CAP results were
included in the final analysis. CAP values ≥ 252 dB/m

WJG|www.wjgnet.com

ASQ imaging: In the present study, B-mode images
of the right liver lobe were recorded in the region
of LSM and CAP acquisition using a curved array
transducer (PVT-375 BT 3.5 MHz) and an Aplio
500 ultrasound scanner (Toshiba Medical Systems,
Otawara, Japan). Display depth and focus were fixed
at 10 and 5.5 cm, respectively. The ultrasound signal
gain was set to 90%. A raw data loop of 2-3 s was
recorded using the ASQ preset mode and files were
exported to a PC workstation in DICOM format. ASQ
was analyzed with the vendor’s software (PC-ASQR,
Aplio500, Version 1.01R000). Mode, average and FD
ratio were computed in four ROIs covering most of the
liver parenchyma, but avoiding larger vessels and bile
ducts (Figure 1). The respective mean ASQ values of
five separate frames were computed to obtain more
reliable measures for each subject.
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Figure 1 Acoustic structure quantification analysis of liver tissue. Four separate regions of interest were drawn to cover most of the parenchyma, but avoiding
large vessels. The acoustic structure quantification software automatically calculated the parameters mode, average and standard deviation for both curves of the
histogram (green frame), as well as the ratio of the areas under both curves (focal disturbance ratio, red frame).

fat peaks were corrected for T2 relaxation (using MR
spectra at different echo times) and were used to
[8]
calculate the hepatic fat fraction .

Table 1 Clinical characteristics of the study cohort n (%)
Parameter
Sex (F/M)
Age (yr)
Body mass index (kg/m²)
< 25 kg/m²
25-30 kg/m²
> 30 kg/m²
Waist-to-hip ratio
< 1.0
≥ 1.0
CAP (dB/m)
< 250 dB/m
250-300 dB/m
300-350 dB/m
> 350 dB/m

Healthy controls

Type 2 diabetes
mellitus

10/10
26.5 ± 3.2
22.0 ± 2.7
19 (95)
1 (5)
0.85 ± 0.08
19 (95)
1 (5)
192 (151-237)
20 (100)
-

23/24
67.0 ± 8.6b
29.4 ± 4.5b
7 (15)
21 (45)
19 (40)
0.97 ± 0.08b
27 (57%)
20 (43%)
329 (100-396)d
6 (13)
10 (21)
19 (40)
12 (26)

Data processing and statistical methods

All parameters were recorded in a spreadsheet file
(Microsoft Excel, Microsoft). Statistical testing was
carried out using commercial software (MedCalc 14.12,
MedCalc Software, Ostend, Belgium). Data were
expressed either as mean ± SD or median and range,
as appropriate.
2
Fisher’s exact test and χ tests were used to test
for the association of variables. Nonparametric tests
(Mann-Whitney U test, Kruskal-Wallis test) were used
to compare median values of independent samples,
where post-hoc pair-wise comparisons were performed
[23]
according to Conover . For mean values, the t-test
was applied. The Pearson correlation coefficient
was calculated to analyze the degree of association
between two variables. P values < 0.05 indicated a
significant difference. Diagnostic performance of ASQ
parameters was analyzed using receiver operating
characteristic (ROC) curves.
The statistical methods of this study were reviewed
by PD Dr. David Petroff (IFB Adiposity Diseases,
Leipzig University Medical Center/Clinical Trial Center,
University of Leipzig, Leipzig, Germany).

b

P < 0.01 vs controls; dP < 0.01 vs controls by design. Controls were
excluded if CAP > 252 dB/m. CAP: Controlled attenuation parameter.

Magnetic resonance spectroscopy

1

The majority of patients (79%) underwent H-MRS
on the same or the following day of ASQ and TE
examinations. In 21% of the cases, the time interval
1
between ultrasound examination and H-MRS was 6.5
mo (range: 6.2-7.3 mo) for technical reasons.
1
H-MRS was performed as described previously
[8]
with some technical modifications . In brief, T2corrected, single-voxel MR spectra were acquired on
a 1.5-T scanner (Achieva XR, Philips Healthcare, Best,
Netherlands) using local shimming and a stimulatedecho acquisition method (STEAM). Voxels sized 20 mm
× 20 mm × 20 mm were placed in liver segment Ⅶ,
avoiding larger bile ducts and vessels. Spectroscopic
data were acquired without water suppression, using
the following sequence parameters: repetition time, TR
= 3.000 ms; number of echoes, 5; echo times 10-50
ms; 2048 data points; bandwidth 1.000 Hz/pixel; 40
averages; total acquisition time 270 s. MR spectra
were analyzed using a commercial tool (LCModel 6.3,
Oakville, Canada) that determines the relative hepatic
lipid concentrations. Calculated areas of water and

WJG|www.wjgnet.com

RESULTS
Clinical characteristics of the study cohort

Fifty patients with type 2 diabetes mellitus and
20 healthy volunteers were recruited. TE and CAP
were available in 47 of the diabetic patients (94%):
three subjects had an invalid measurement (two
males, all cases with fewer than ten valid shots)
1
and where excluded from further analysis. H-MRS
was available for n = 43 diabetic patients because
of contraindications and technical reasons in four
cases. The characteristics of the analyzed cohort are
displayed in Table 1.
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D
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n = 10

< 7.9 kPa
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b
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ASQ mode 2
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b
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n = 20
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ASQ mode 1

b

150
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b
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C

Controls
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b
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ASQ average 2

ASQ average 1
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B

b
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(no risk)

n = 37
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n = 20
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Fibrosis risk according to liver stiffness (TE)

n = 37

n = 10

< 7.9 kPa
(low risk)

≥ 7.9 kPa

(high risk)

Fibrosis risk according to liver stiffness (TE)

Figure 2 Correlation of acoustic structure quantification parameters with liver stiffness. Acoustic structure quantification (ASQ) parameters mode and the
average of the "red" (A, C) and "blue" C2-histogram (B, D) show no significant differences between diabetic patients with and without increased liver stiffness (transient
elastography, TE). The differences of all parameters between both patient groups and healthy controls (bP < 0.01 vs control, Mann-Whitney U test) suggest an
influence of diabetes-related anthropometric and metabolic factors, e.g., steatosis, on ASQ analysis.

Non-invasive fibrosis estimation with ASQ vs TE and
NAFLD score

Non-invasive steatosis characterization with ASQ vs
CAP and 1H-MRS

LSM values (logarithmic) showed good correlation
with NAFLD fibrosis scores: r = 0.46 (0.20; 0.66), p =
0.0012. None of the healthy controls had elevated TE,
whereas advanced hepatic fibrosis was considerable in
the diabetic cohort: ten patients (21%) had LSM > 7.9
kPa and 12 patients (26%) had NAFLD scores > 0.676.
The association of ASQ parameters mode, average,
and FD ratio was analyzed according to the risk of
hepatic fibrosis. All parameters showed differences
between healthy controls and diabetic patients (Figures
1 and 2). No significant association of mode and
2
average for both (blue and red) C -histogram curves
was observed in diabetic patients, independent of
the presence of fibrosis as defined by TE (Figure 2)
or NAFLD score (p-values >0.08, respectively). In
addition, FD ratios did not differ between both groups
of diabetic patients: 0.060 (0.044; 0.076) vs 0.053
(0.037; 0.089) (TE cut-off, p = 0.640) and 0.059
(0.030; 0.125) vs 0.057 (0.047; 0.071) (NAFLD
fibrosis score cut-off, p = 0.946), respectively.

WJG|www.wjgnet.com

Diabetic patients were classified according to the
degree of fatty liver disease, defined by CAP values:
only n = 6 cases were at low risk for fatty liver
(CAP < 250 dB m), whereas n = 33 were above the
highly specific cut-off level (CAP > 300 dB/m) for
[8]
advanced hepatic steatosis . Gender distribution
did not differ between healthy controls and the four
diabetes subgroups, whereas BMI was increased in
patients with advanced hepatic steatosis (Table 2).
1
Furthermore, H-MRS revealed a positive correlation
between CAP and the hepatic fat fraction [n = 43; r =
0.5 (0.31; 0.73), p < 0.001] (cf. also table 2).
2
ASQ parameters mode and average of both C histogram curves and FD ratio differed between
healthy controls and diabetic patients (p-values
< 0.001). They also showed a stepwise decrease
according to the CAP-defined classification of steatosis
in diabetic patients (Table 2, Figure 3). ROC analysis
for the detection of advanced steatosis (defined by
CAP > 300 dB/m) in diabetic patients by the FD ratio
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Table 2 Distribution of anthropometry, hepatic lipid content, fibrosis risk and acoustic structure quantification parameters in
different grades of fatty liver n (%)
Parameter

Controls

Type 2 diabetes mellitus
CAP < 250 dB/m

Sex (F/M)
Body mass index (kg/m²)b
Waist-to-hip ratiob
Liver stiffness (kpa)a
c
≥ 7.9 kpa
NAFLD fibrosis score
≥ 0.676
1
H-MR spectroscopy
(relative lipid signal, %)
Asq
Mode 1 (red histogram)b
Average 1 (red histogram)a
Mode 2 (blue histogram)b
Average 2 (blue histogram)b
Focal disturbance (FD) ratiob

10/10
22.0 ± 2.7
0.85 ± 0.08
4.9 (2.9-6.8)
0 (0)
-

CAP 250-< 300 dB/m CAP 300-< 350 dB/m

-

2/4
26.7 ± 4.6
1.00 ± 0.03
3.5 (3-6.1)
0 (0)
-0.68 (-2.45-1.25)
1 (17)
4.19 (2.69-16.62)

6/4
28.3 ± 5.1
0.91 ± 0.13
5.1 (3.5-11.7)
1 (10)
0.29 (-0.3-1.26)
3 (30)
9.77 (1.56-15.71)

8/11
29.2 ± 4.3
0.98 ± 0.06
5.7 (3.4-12.3)
5 (26)
-0.4 (-3.04-1.1)
2 (11)
18.99 (5.66-35.55)

114 (105-121)
117 (109-125)
126 (110-135)
132 (116-149)
0.34 (0.12-0.71)

107 (102-109)
110 (104-116)
117 (114-126)
122 (116-139)
0.16 (0.03-0.36)

106 (102-114)
108 (106-114)
119 (105-125)
123 (114-130)
0.07 (0.03-0.18)

105 (100-112)
106 (103-112)
114 (107-119)
118 (109-134)
0.06 (0.02-0.09)

CAP ≥ 350 dB/m
7/5
32.1 ± 3
1.01 ± 0.05
6.9 (4.1-70.6)
4 (33)
0.11 (-1.68-2.28)
4 (33)
18.38 (9.42-41.11)

102 (99-108)
105 (102-112)
114 (105-121)
115 (106-123)
0.04 (0.02-0.13)

a

P < 0.05 (Kruskal-Wallis test), bP < 0.01 (Kruskal-Wallis test) vs healthy controls; cP < 0.05 (exact test for count data), vs healthy controls. ASQ: Acoustic
structure quantification; CAP: Controlled attenuation parameter.

ASQ focal disturbance ratio vs CAP

Log (ASQ FD ratio)

10

Controls

B

Diabetic patients

a

1

a
a

0.1

0.01

1

Log (ASQ FD ratio)

A

r = -0.81 (-0.88; -0.71)
(P < 0.001)
0.1

Controls
Diabetic patients

0.01
< 240

< 250

250-300

300-350 ≥ 350

100

150
200
250
300
350
400
Controlled attenuation parameter (dB/m)

Figure 3 Correlation of acoustic structure quantification focal disturbance ratio and controlled attenuation parameter values in healthy controls and
diabetic patients. Acoustic structure quantification (ASQ) focal disturbance (FD) ratio decreased in patients with advanced steatosis compared with healthy controls
and patients with mild steatosis (aP < 0.05, vs control, Kruskal-Wallis test) (A). Logarithmic ASQ values correlated strongly with controlled attenuation parameter (CAP)
values (B).

revealed an area under the curve (accuracy) of 0.76
(0.61; 0.87) (sensitivity 97%, specificity 50%) at a
cut-off value of 0.092. With the addition of control
subjects, the accuracy increased to 0.89 (sensitivity
97%, specificity 78%) with the same cut-off.
As with the CAP results (Figure 3B), ASQ parameters
1
were negatively correlated with H-MRS in the diabetic
cohort (table 2), e.g., r = -0.43 (-0.65; -0.15), p
= 0.004 for the FD ratio. Agreement between both
methods increased when only cases with a hepatic fat
fraction < 25% were considered (n = 36): r = -0.64
(-0.80; -0.40), p < 0.001.

non-invasive methods for the grading and staging
of fatty liver disease. Our data underline the value
of ASQ for the quantification of liver fat: the FD ratio
showed a strong correlation with the CAP method,
which in turn achieved high diagnostic accuracy
for the grading of liver steatosis compared with
[1,4-9]
liver histology
. Furthermore, the FD ratio also
correlated with the hepatic lipid fraction, as quantified
1
by H-MRS, especially in cases with low to moderate
hepatic fat content. These results confirm data from
a mouse model, which demonstrated the potential
value of the refined ASQ algorithm for non-invasive
[16]
liver fat quantification . Our findings are also in
line with preliminary observations on the regression
of FD ratios in NAFLD patients treated for morbid
[24]
obesity . Therefore, ASQ may become a novel tool
for the estimation of hepatic steatosis that is equally as

DISCUSSION
The present study provided a comprehensive
comparison of the ASQ technique with established
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[4]

1

accurate as other non-invasive methods .
ASQ was originally developed as an alternative
to liver biopsy for fibrosis staging. Three biopsycontrolled, cross-sectional studies have shown a
correlation of ASQ parameters (mode and average)
[13-15]
with the extent of liver fibrosis
. However, these
ASQ parameters correlated with CAP results and thus
with the degree of liver steatosis in our cohort (Table
2). All ASQ parameters also differed between healthy
controls and patients at risk of fatty liver disease,
independent of the extent of fibrosis. By contrast,
none of these parameters were associated with either
the NAFLD fibrosis score or liver tissue stiffness,
although both approaches represent well-established
[3,4]
surrogates of liver fibrosis . We therefore assumed
that anthropometric factors and advanced steatosis,
which were associated with a higher frequency of
increased liver stiffness in our cohort, interfered with
fibrosis in the B-mode speckle pattern and thus limited
the prognostic value of ASQ for fibrosis in such cases.
The three previous studies where ASQ correlated with
fibrosis were performed either in lean cohorts without
[13]
advanced steatosis and cirrhosis , in patients with
[14]
homogeneous steatosis for all fibrosis stages , or
did not analyze the impact of steatosis on ASQ results
[15]
[15]
in detail . Furthermore, the study of Ricci et al
reported low diagnostic accuracy of ASQ for fibrosis
detection (AUROC 0.71 for any grade) in patients with
viral hepatitis, which may be associated with steatosis
[25]
especially for cases with progressive fibrosis . Thus,
our results may demonstrate a limited value of ASQ for
characterizing fibrosis in the presence of steatosis. This
finding is supported by recent data from a histologycontrolled cohort where ASQ proved imprecise in
[26]
assessing liver fibrosis .
Our study had some limitations: quantitative
analysis of ASQ parameters is still an experimental
approach and the method has not yet been
standardized (e.g., position and size of B-Mode ROIs,
number of measurements, technical ultrasound
parameters). Most previous ASQ studies did not
[13,15]
adequately describe their data acquisition
, which
prevented a proper comparison with our results.
Another source of discrepancy in fibrosis detection
[16]
is a vendor’s update to the ASQ data processing
[13-15]
that came with the introduction of the FD ratio
.
Furthermore, we only correlated ASQ results with
other non-invasive detection techniques because liver
histology was ethically prohibited in this pilot study
and only provides a semi-quantitative estimate of
[8]
steatosis . However, an impact of the non-invasive
reference methods on our study findings cannot
[8]
be ruled out. As has been discussed previously ,
anthropometric factors, as well as the extent of liver
fat, can alter liver stiffness, CAP and MR spectroscopic
[27-31]
results
. In particular, MR techniques are
susceptible to fibrosis-related iron deposits and may
not properly discriminate between advanced grades of
[27,28]
hepatic steatosis
. This could explain the moderate
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correlation between H-MRS and ASQ in our cohort,
where advanced steatosis and fibrosis was highly
prevalent. Accordingly, the findings of our pilot study
should be further verified in histology-controlled
studies.
In conclusion, our results provided the first evidence
that ASQ FD ratio could be used for non-invasive
evaluation of hepatic steatosis in patients at risk of
fatty liver disease, and merits further investigation. In
its current implementation, the ASQ algorithm seems
to be impractical to characterize fibrosis in patients
with fatty liver disease. There is also a need for biopsycontrolled studies to further validate ASQ parameters
and to evaluate critical factors, such as data acquisition
or patient anthropometry.
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Background

Non-invasive characterization of hepatic fat content and fibrosis is becoming
important for the care of patients with chronic liver diseases. Among different
approaches, liver stiffness measurement combined with ultrasound attenuation
analysis represent the current non-invasive references standards to estimate
fibrosis and steatosis.

Research frontiers

Computerized analysis of acoustic tissue properties may represent an
alternative for grading and staging of liver damage. To this end, acoustic
structure quantification (ASQ) software analyzes the intensity pattern of B-Mode
ultrasound. Several ASQ parameters correlate with the extent of fibrosis in
histology-controlled studies. However, ASQ has not yet been compared with
established non-invasive techniques, and the impact of hepatic steatosis on
ASQ has not yet been studied.

Innovations and breakthroughs

These results provide the first evidence that ASQ parameters correlate with the
extent of hepatic steatosis. However, ASQ may be impractical to characterize
fibrosis in patients with fatty liver disease.

Applications

If further proved in biopsy-controlled studies, ASQ may complement ultrasound
assessment of patients with chronic liver diseases, especially for the noninvasive estimation of hepatic fat content.

Terminology

Non-alcoholic fatty liver disease (NAFLD): obesity, nutrition and further factors
can lead to fat deposition in hepatocytes, which is called NAFLD. This process
may lead to hepatic inflammation and ultimately to fibrosis and cirrhosis.
Elastography: measurement of tissue stiffness by means of mechanical and
ultrasound impulses. Liver stiffness correlates with the extent of fibrosis.

Peer-review

The authors compared ultrasound-based ASQ with established non-invasive
techniques for grading and staging fatty liver disease. The topic is relevant
because NAFLD is perhaps the commonest liver disease. The authors claim
that this study provides the first evidence that the ASQ FD ratio could be used
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for non-invasive evaluation of hepatic steatosis in patients at risk for fatty liver
disease. Overall, this is a well written manuscript.
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AIM: To evaluate whether an endoscopy position
detecting unit (UPD-3) can improve cecal intubation
rates, cecal intubation times and visual analog scale
(VAS) pain scores, regardless of the colonoscopist’s
level of experience.
METHODS: A total of 260 patients (170 men and 90
women) who underwent a colonoscopy were divided
into the UPD-3-guided group or the conventional
group (no UPD-3 guidance). Colonoscopies were
performed by experts (experience of more than 1000
colonoscopies) or trainees (experience of less than 100
colonoscopies). Cecal intubation rates, cecal intubation
times, insertion methods (straight insertion: shortening
the colonic fold through the bending technique; roping
insertion: right turn shortening technique) and patient
discomfort were assessed. Patient discomfort during
the endoscope insertion was scored by the VAS that
was divided into 6 degrees of pain.
RESULTS: The cecum intubation rates, cecal intu
bation times, number of cecal intubations that were
performed in < 15 min and insertion methods were
not significantly different between the conventional
group and the UPD-3-guided group. The number of
patients who experienced pain during the insertion was
markedly less in the UPD-3-guided group than in the
conventional group. Univariate and multivariate analysis
showed that the following factors were associated with
lower VAS pain scores during endoscope insertion:
insertion method (straight insertion) and UPD-3
guidance in the trainee group. For the experts group,
univariate analysis showed that only the insertion
method (straight insertion) was associated with lower
VAS pain scores.
CONCLUSION: Although UPD-3 guidance did not
shorten intubation times, it resulted in less patient pain
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[4,10]

during endoscope insertion compared with conventional
endoscopy for the procedures performed by trainees.

colonoscopies being performed
. Several factors,
such as female sex and old age, have been associated
[9,11-20]
with the difficulty of cecal intubation
, which may
particularly apply to inexperienced colonoscopists.
However, the resources for total colonoscopy, i.e., the
number of expert colonoscopists, are limited.
Patient comfort during and after colonoscopy is an
important factor in determining patients’ compliance
with the procedures for the screening and surveillance
of colorectal cancer. A number of techniques and
endoscopes have been reported to reduce patient
abdominal discomfort during difficult colonoscopies,
[21]
such as the use of a pediatric colonoscope , double
[22]
balloon endoscope
and attachment of a transparent
[23,24]
hood to the tip of the endoscope
. Sedation during
colonoscopy is commonly performed in many clinics
and hospitals to reduce the discomfort of insertion
but there is growing recognition of the benefits of
non-sedated colonoscopy. The patient who receives a
non-sedated colonoscopy does not have to be in the
hospital after examination for a long time and it costs
less than sedated colonoscopy.
[25-27]
There have been few reports
on the effect
of using an Endoscope Position Detecting Unit (UPD)
during colonoscopy on the level of pain in non-sedated
patients. The aim of this study was to evaluate
whether UPD-3 can improve cecal intubation rates,
cecal intubation times and Visual Analog Scale (VAS)
pain scores, regardless of the level of experience of the
colonoscopist.

Key words: Colonoscopy; Training; Endoscopy position
detecting unit
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Non-sedated colonoscopy may be an un
comfortable or painful examination. It is very important
for the colonoscopist to understand the shape of
the endoscope during its insertion to successfully
accomplish cecal intubation with minimal pain.
ScopeGuide endoscopy position detecting unit (UPD-3)
is designed to provide real-time three-dimensional
images of the shape and configuration of the colono
scope inside the body. This study was conducted to
evaluate the clinical impact of UPD-3, regardless of the
level of experience of the colonoscopist. According to
this study, ScopeGuide UPD-3 is useful for reducing
patient abdominal discomfort during colonoscopies
performed by trainees.
Fukuzawa M, Uematsu J, Kono S, Suzuki S, Sato T, Yagi N,
Tsuji Y, Yagi K, Kusano C, Gotoda T, Kawai T, Moriyasu F.
Clinical impact of endoscopy position detecting unit (UPD-3)
for a non-sedated colonoscopy. World J Gastroenterol 2015;
21(16): 4903-4910 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/4903.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.4903

MATERIALS AND METHODS
Patients

INTRODUCTION

All patients were informed of the risks and benefits
of colonoscopy and all patients provided written
informed consent to undergo a colonoscopy. Between
February 2012 and June 2012, a total of 260
patients (170 men and 90 women) who underwent
a colonoscopy were divided into the UPD-3-guided
group or the conventional group (no UPD-3 guidance).
All colonoscopies were performed in four rooms.
Conventional colonoscopies were performed in three
rooms and UPD-3 guided colonoscopies were performed
in one room in parallel. Finally, the number of patients
was paired between the 2 groups and retrospective
analyses were performed (Figure 1). Procedures were
performed by 7 colonoscopists who were divided into
2 groups according to their colonoscopy experience:
the expert colonoscopists (EC) group, which included
colonoscopists with more than 10 years of experience
involving more than 1000 procedures (MF, KY and
MN), and the trainee colonoscopists (TC) group, with
less than 3 years of colonoscopy practice involving
less than 100 procedures (SA, YK, MA and MH). If an
examining colonoscopist from the TC group failed to
pass the endoscope through the sigmoid-descending
colon junction within 15 min and a patient complained

Colorectal cancer is one of the major malignant
cancers in Western countries and its incidence is
rapidly increasing in other countries, including Japan.
Colonoscopy has been considered the standard
[1,2]
screening method for colorectal neoplasms . However,
expertise is required to correctly perform colonoscopy.
Accumulation of a considerable amount of experience
is necessary to be able to perform cecal intubation in
a short time without causing pain to the non-sedated
[3-7]
patient
. Previous studies have reported that
trainees should perform more than 150 colonoscopy
examinations to become technically competent in
[8]
diagnostic colonoscopy . Complete examination by
colonoscopy may be difficult technically because of
the shape of the endoscope, which may form a loop
during insertion into the sigmoid or transverse colon.
Furthermore, this looping and resultant stretching of
the colon is a major source of pain for patients during
colonoscopy and contributes to unsuccessful cecal
intubation. Recent studies have reported low success
rates of cecal intubations performed by inexperienced
[4,9]
colonoscopists
and have pointed out the risk
of complications due to the increasing number of
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Room 1, 2, 3
(Conventional)

Room 4
(UPD)

n = 131
consecutive
patients
Success
(n = 131)
4 patients
Trainee → Expert

n = 129
consecutive
patients

Success
(n = 129)
2 patients
Trainee → Expert

Statistical analysis

Figure 1 Inclusion schema of study. UPD: Position detecting unit.

of severe pain, a colonoscopist from the EC group
replaced the initial examiner before midazolam was
administered and the insertion was continued to the
cecum.
We examined the association between patient
discomfort during endoscope insertion and sex (male/
female), age (< 65 years old/> 64 years old), UPD-3
use, experience of the colonoscopist (expert/trainee),
insertion method (straight insertion: shortening the
colonic fold by the bending technique; roping insertion:
right turn shortening technique), past experience of
abdominal surgery and use of antispasmodics. Patients
recorded their pain level during insertion of the
endoscope until it reached the cecum base. Another
member of the medical staff, who did not know
how the procedures were performed, interviewed
the patients immediately after completion of their
colonoscopies. Patients’ pain and discomfort during
endoscope insertion was scored by the VAS that was
divided into 6 degrees (from 0 to 5). The VAS scores 0
and 1 were defined as painless and 2 to 5 were defined
as painful. We then compared the various clinical
characteristics and results of colonoscopy between
the conventional and UPD-3-guided group and further
investigated the factors affecting VAS pain scores
during endoscope insertion by all colonoscopists, as
well in the TC group only and in the EC group only.
The study protocol was prepared in accordance with
the Helsinki Declaration of 1975, as revised in 2008.
Written informed consent to participate in the study
was given by all subjects.

disease, severe hematochezia, age younger than 18
years and prior experience of repeated colonoscopies
for therapeutic procedures, including polypectomy.
Patients underwent bowel preparation, taking
sennoside on the day before their examination and
2 liters of polyethylene glycol solution in the morning
of their colonoscopy. Scopolamine butylbromide (20
mg) was administered intramuscularly to suppress
bowel movement, whereas patients with cardiac
disease or benign prostatic hypertrophy or glaucoma
received glucagon (1 IU) intramuscularly. Sedatives
were administered to patients based on the examining
colonoscopist’s judgment or when requested by the
patient due to abdominal pain or distension, and these
cases were excluded from the study. Examinations
were performed using a CF-Q260DI colonoscope
(Olympus Co., Tokyo, Japan) with a distal tip diameter
of 12.4 mm in the UPD-3 guided group. Examinations
were performed using either a CF-Q260AI colonoscope
(Olympus Co.) with a distal tip diameter of 12.2 mm
or a CF-H260AI colonoscope (Olympus Co.) with a
distal tip diameter of 13.2 mm in the conventional
group. Carbon dioxide insufflation was available for all
procedures.

Endoscopy position detecting unit
It is very important for the colonoscopist to understand
the shape of the endoscope during its insertion to
successfully accomplish cecal intubation with minimal
pain. Traditionally, an X-ray image of the area of
interest in the patient was obtained with the endoscope
insertion unit inserted to check the insertion state,
such as the insertion position and the orientation of the
insertion unit in the body cavity. However, such X-ray
imaging is not completely harmless to the body and
is restricted to the area of irradiation and is thus not
always suitable as a detection method for the insertion
state of the endoscope insertion unit.
A magnetic imaging system of colonoscope (Unit

Colonoscopy

The indications for colonoscopy examination were the
standard clinical criteria as follows: colorectal cancer
screening, surveillance for polyps, a positive fecal
occult blood test, abdominal symptoms or anemia.
Exclusion factors included severe heart or lung
disease, prior colorectal resection, inflammatory bowel
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**********
**********
**********
******
******
******

Figure 2 Position detecting unit system. The new Scope Guide receiver dish is compact and thin. Faster frame rate for enhanced image quality with picture in
picture.

of Position Detection: UPD, Olympus Optical Co.,
Ltd.) provides a new facility for viewing real-time
three-dimensional (3D) images of the shape and
configuration of the colonoscope inside the body,
without exposing patients or medical staff to radiation.
Electromagnetic coils incorporated along the length
of the colonoscope’s insertion tube generate a pulsed
low-intensity magnetic field that is picked up by
the receiver dish. The magnetic pulses are used to
calculate the precise position and orientation of the
colonoscope. A new, improved UPD-3 model generates
3D images faster than ever. When used in conjunction
with a monitor with picture-in-picture functionality, the
ScopeGuide image is viewed alongside the endoscopic
image (Figure 2).

was considered to indicate a statistically significant
difference between groups. All statistical evaluations
were performed using SPSS version 15.0 J software
(SPSS Japan Inc., Tokyo, Japan).

RESULTS
A total of 260 patients (170 men and 90 women)
underwent colonoscopy during the study period.
The mean age of the patients was 62.5 years (range
23-89; > 65: 133 patients; < 65: 127 patients). The
patients were assigned to either the conventional group
(n = 131) or the UPD-3-guided group (n = 129). Onehundred and sixty-six patients were examined by
expert colonoscopists and 94 patients were examined
by trainee colonoscopists. There were 20 postabdominal operation cases (7.7%) and 239 cases using
antispasmodics (91.9%). The baseline characteristics
of the patients are summarized in Table 1.
The cecum-intubated proportions were the same in
patients in the conventional group and those in the UPD3-guided group (both 100%). In 6 cases (4 patients
from the conventional group and 2 patients from
the UPD-3-guided group), the trainee colonoscopist
initially performing the procedure was replaced by an
experienced colonoscopist due to technical difficulties
resulting in intolerable pain for the patient.
The average cecal intubation time was 13.2 ± 4.1
min in the conventional group and 12.5 ± 2.3 min
in the UPD-3-guided group. The time taken for the

Statistical analysis

Continuous variables were expressed as the mean
± SD. Categorical variables were expressed as
frequencies and percentages. Differences between
the 2 groups of patients (conventional group vs UPD3-guided group) were detected using an independent
t-test or Mann-Whitney U test for continuous data,
2
and the χ test or the Fisher’s exact test for categorical
data, as appropriate. Univariate and multivariate
linear regression models were used to identify factors
affecting VAS pain scores during endoscope insertion.
Multivariate linear regression with stepwise selection
was applied; variables that did not improve the model
fit at P < 0.05 were discarded. A P-value < 0.05
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EC group, univariate and multivariate analysis showed
that only the insertion method (straight insertion
methods) was related to lower VAS pain scores during
colonoscope insertion (Table 5).

Table 1 Baseline characteristics of the patients n (%)

Patients
Female
Age (yr, mean ± SD)
Abdominal surgery
Examination by an
expert colonoscopist
Antispasmodics use

Overall

Conventional

UPD

P value

260
90 (34.6)
62.5 ± 4.8
20 (7.7)
166 (63.8)

131
48 (36.6)
62.5 ± 5.3
9 (6.9)
83 (63.4)

129
42 (32.6)
62.9 ± 6.5
11 (8.5)
83 (64.3)

0.726
0.455
0.334
0.768

239 (91.9)

120 (91.6)

119 (92.2)

0.849

DISCUSSION
In the present study, there were no differences
between the conventional endoscopy and UPD-3guided groups in cecal intubation rates, mean cecal
intubation time, number of cecal intubation procedures
that were performed in < 15 min and insertion
methods. The number of patients who experienced
pain during the insertion was significantly lower in
the UPD-3-guided group than in the conventional
endoscopy group.
Based on the results of univariate and multivariate
analyses for factors influencing VAS pain scores
during colonoscope insertion, the straight insertion
technique was found to be associated with less pain
when experts performed the procedure. When trainees
performed the procedure, however, UPD-3 guidance in
combination with the straight insertion technique was
found to be associated with less pain.
Because colonoscopy is generally regarded as an
examination often involving pain, various approaches
to reduce the pain have been reported. In Western
countries, colonoscopy is frequently performed
under sedation, based on a large number of reports
[28,29]
supporting its safety and effectiveness
. In
contrast, in Japan, colonoscopy is most commonly
performed without sedation owing to its safety and
effectiveness and it is frequently difficult to ensure
sufficient numbers of recovery beds for patients
undergoing endoscopy under sedation. Furthermore,
in recent years, the use of an endoscope with a hood
attached to its tip for colonoscopy without sedation
has been reported to shorten the time required to
intubate the cecum, thus reducing the amount of pain
compared with conventional endoscopy (without a
[23,24]
hood)
. On the other hand, some reports pointed
out that colonoscopy with carbon dioxide insufflation
is indispensable for treatment, such as for colorectal
[30]
endoscopic submucosal dissection , as it reduces the
feeling of fullness after surgery. However, this does not
[31]
alleviate the pain experienced during insertion . For
pain reduction, selecting an appropriate endoscope
insertion technique is an important factor. At present,
a method in which the endoscope is made to form
a loop at the sigmoid colon and is withdrawn before
intubating the cecum is considered a common
technique on a worldwide basis. However, in the
case of loop formation, the length of the endoscope
may be insufficient, leading to difficulties in inserting
it into the cecum and completing the examination
procedure. One of the most important points regarding
examination techniques such as colonoscopy is the
education of trainees. Longer procedure times and

UPD: Position detecting unit.

Table 2 Results of colonoscopy n (%)

Cecal intubation rate
Cecal intubation time
(min, mean ± SD)
Cecal intubation time
(< 15 mn)
Straight insertion
methods
Change of the
colonoscopist
Absence of pain

Overall

Conventional

UPD

P value

100%
12.9 ± 4.3

100%
13.2 ± 4.1

100%
12.5 ± 2.3

0.455

182 (70.0)

92 (70.2)

90 (69.8)

0.935

120 (46.1)

58 (44.3)

62 (48.1)

0.540

6 (2.3)

4 (3.1)

2 (1.6)

0,420

143 (55.0)

64 (48.9)

79 (61.2)

0.045

UPD: Position detecting unit.

endoscope to reach the cecum was not significantly
different between patients in the conventional group
and those in the UPD-3-guided group. The number of
cecal intubations that were performed in < 15 min,
the insertion methods used and the VAS pain scores
were comparable between the patients examined
by a trainee colonoscopist and those examined by
an expert colonoscopist. Moreover, there were no
significant differences in these parameters between the
conventional group and the UPD-3-guided group. The
number of patients who experienced pain during the
insertion was markedly less in the UPD-3-guided group
than in the conventional endoscopy group (Table 2).
To investigate the factors affecting VAS pain scores
during insertion of the colonoscope, we performed
univariate and multivariate linear regression analyses
(Table 3). Univariate analysis showed that the
following factors were related to lower VAS pain
scores during colonoscope insertion: straight insertion
methods, UPD-3 guidance, examination by an expert
colonoscopist and absence of abdominal surgery. After
controlling for other covariates in the multivariate
model, the same 4 factors were found to significantly
affect VAS pain scores during colonoscope insertion.
However, univariate analysis showed that only for
the TC group, straight insertion methods and UPD-3
guidance were related to lower VAS pain scores
during colonoscope insertion. After controlling for
other covariates in the multivariate model, the same
2 factors were found to significantly affect VAS pain
scores during colonoscope insertion (Table 4). For the
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Table 3 Univariate and multivariate analysis of the factors affecting visual analog scale pain scores for colonoscope insertion
Factors

Pain

Insertion methods (straight vs roping)
UPD vs Conventional
Expert vs Trainee
Abdominal surgery (+ vs -)
Gender (Male vs Female)
Antispasmodic (+ vs -)
Age (≥ 65 vs < 64)

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Univariate analysis
88/55
32/85
79/64
50/67
111/32
55/62
5/138
15/102
98/45
72/45
132/11
107/10
72/71
61/56

Multivariate analysis

P value

P value

OR

95%CI

< 0.001

< 0.001

4.1

2.3-7.3

0.045

0.041

1.8

1.1-3.2

< 0.001

< 0.001

4.2

2.3-7.6

0.005

0.006

4.7

1.5-15.0

0.238

0.231

1.4

0.8-2.6

0.801
0.774

UPD: Position detecting unit.

Table 4 Univariate and multivariate analysis of factors affecting visual analog scale pain scores for colonoscope insertion by trainees
Factors

Pain

Insertion methods (straight vs roping)
UPD vs conventional
Abdominal surgery (+ vs - )
Antispasmodic (+ vs -)
Age (≥ 65 vs < 64 )
Gender (Male vs Female)

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Univariate analysis
22/10
14/48
21/11
25/37
1/31
6/56
30/2
59/3
16/16
33/29
21/11
41/21

Multivariate analysis

P value

P value

OR

95%CI

< 0.001

< 0.001

6.8

2.6-18.2

0.020

0.043

2.7

1.1-7.2

0.252

0.429

2.6

0.2-28.8

0.773
0.767
0.961

UPD: Position detecting unit.

Table 5 Univariate and multivariate analysis of factors affecting visual analog scale pain scores for colonoscope insertion by experts
Factors

Pain

Insertion methods (straight vs roping)
Gender (Male vs Female)
UPD vs Conventional
Abdominal surgery (+ vs -)
Antispasmodic (+ vs -)
Age (≥ 65 vs < 64 )

No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes

Univariate analysis
66/45
18/37
77/34
31/24
58/53
25/30
4/107
9/46
102/9
48/7
84/27
28/27

Multivariate analysis

P value

P value

OR

95%CI

0.001

0.002

3.0

1.5-5.9

0.098

0.486

1.3

0.6-2.8

0.410
0.422
0.343
0.958

UPD: Position detecting unit.

increased abdominal pain and discomfort are caused
by both the patient’s condition and the colonoscopist’
[8-32]
s skills and experience
. However, training methods
for colonoscope insertion using UPD-3 have not yet
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been established.
Unlike conventional colonoscopy under fluoroscopy,
the UPD-3 apparatus used in the present study does
not involve the risk of radiation exposure and allows
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colonoscopists to view the 3D shape of the endoscope
similarly to X-ray imaging. It is also very compact and
provides clear images without a time delay following
actual endoscope handling. In the present study, the
use of a UPD-3 by experts was not a pain-reducing
factor, whereas its use in combination with the straight
insertion technique by trainees resulted in reduced
pain.
One limitation of this study is that because it is a
case study rather than a randomized control study, the
data obtained from this study may be biased in several
respects and therefore it may be necessary to conduct
prospective comparative studies in the future.
Considering the increasing incidence of colon
cancer, reducing the pain involved in colonoscopy is
crucial for the promotion of fecal occult blood tests, as
well as for increasing the rate of patients undergoing
colonoscopy. At the same time, training for those in
charge of the examination procedures in educational
institutions, such as university hospitals, is also an
important issue. As an initial approach, it may be
possible to reduce the pain involved in colonoscope
insertion by providing trainees with the opportunity to
master the straight insertion technique combined with
a UPD-3.
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Abstract
AIM: To investigate the outcome of palliative chemo
therapy in old patients with gastroesophageal cancer at
the National Center for Tumor Diseases, Heidelberg.
METHODS: Using a prospectively generated data
base, we retrospectively analyzed 55 patients ≥ 70
years under palliative chemotherapy for advanced
gastroesophageal cancer at the outpatient clinic of
the National Center for Tumor Diseases Heidelberg,
Germany between January 2006 and December
2013. Further requirements for inclusion were (1)
histologically proven diagnosis of gastroesophageal
cancer; (2) advanced (metastatic or inoperable) disease;
and (3) no history of radiation or radiochemotherapy.
The clinical information included Eastern Cooperative
Oncology Group performance status (ECOG PS),
presence and site of metastases at diagnosis, date
of previous surgery and perioperative chemotherapy,
start and stop date of first-line treatment, toxicities and
consecutive dosage reductions of first-line treatment,
response to first-line therapy, date of progression,
usage of second-line therapies and date and cause
of death. Survival times [progression-free survival
(PFS), overall survival (OS) and residual survival (RS)]
were calculated. Toxicity and safety were examined.
Prognostic factors including ECOG PS, age and previous
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[1]

perioperative treatment were analyzed.

than for younger persons . The current epidemiologic
development in the western world will therefore result
in a rising incidence of cancer, and an increasing
proportion of old and very old patients among
[2]
all cancer cases . Despite this development for
most malignancies, older cancer patients remain
[3]
underrepresented in clinical studies , and age above
70 years often is an exclusion criterion. There is
widespread critique concerning this issue, but to date,
extrapolation of trial results to the older population
[4]
remains questionable . When treating elderly cancer
patients, medical comorbidities, impaired organ
function and reduced functional status are frequently
[5]
found . Ensuring an adequate antitumor treatment
while avoiding toxicity is a pivotal question of geriatric
oncology in daily routine.
Gastric cancer and cancer of the gastroesophageal
junction belong to the most common cancer forms
[6]
worldwide . In the United States, there were diagnosed
approximately 40000 new cases of esophageal and
[7]
gastric cancer with estimated 26000 deaths in 2013 .
While incidence rates for distal gastric cancer keep
[8]
declining continuously over the past decades ,
the incidence for cancer of the esophagogastric
[9]
junction remains increasing . In the United States,
the 5-year relative survival for all stages in patients
[8]
aged 65 or more is 26% , and for metastasized
disease it is less than 5% for all patients. To date,
palliative chemotherapy is the accepted standard
of care for patients with metastasized disease since
benefits in terms of survival times and quality of
[10,11]
life have been widely shown
. Still, there is no
internationally accepted standard therapy for the first[12]
line situation . Combination therapies are considered
[11]
to be more active than single-agent approaches .
For cytotoxic double combinations, infusional or oral
fluoropyrimidines in combination with platin-derivates
[13-15]
have been shown to be active
. The addition of
docetaxel as a cytotoxic triplet combination showed
improved efficacy in terms of response rate and overall
[16]
survival but is associated with increased toxicity .
For HER2-positive patients, trastuzumab is known to
significantly improve overall survival in combination
[17]
with a fluoropyrimidine and cisplatin . Although
gastroesophageal carcinomas predominantely occur in
[8]
elder patients , the knowledge and recommendations
about an adequate first-line treatment for older
persons are sparse. There is some evidence that
for patients older than 65 years survival times are
comparable to those of younger ones, but grade 3 or
higher toxicities might be more frequent for currently
[18]
used regimens . Oxaliplatin-based combinations
might have a better toxicity profile and seem to be
associated with an improved efficacy in contrast to
[14]
cisplatin based regimens , whereas the benefit of
using three-drug cytostatic combinations in elderly
[19]
patients is questionable .
Since most patients develop disease progression

RESULTS: Median age of our cohort was 76 years.
86% of patients received a combination of two cytotoxic
drugs. 76 percent of patients had an oxaliplatin-based
first-line therapy with the oxaliplatin and 5-fluorouracil
regimen being the predominantely chosen regimen
(69%). Drug modifications due to toxicity were
necessary in 56% of patients, and 11% of patients
stopped treatment due to toxicities. Survival times of
our cohort are in good accordance with the major phase
Ⅲ trials that included mostly younger patients: PFS and
OS were 5.8 and 9.5 mo, respectively. Survival differed
significantly between patient groups with low (≤ 1) and
high (≥ 2) ECOG PS (12.7 mo vs 3.8 mo, P < 0.001).
Very old patients (≥ 75 years) did not show a worse
outcome in terms of survival. Patients receiving secondline treatment (51%) had a significantly longer RS than
patients with best supportive care (6.8 vs 1.4 mo, P =
0.001). Initial ECOG PS was a strong prognostic factor
for PFS, OS and RS.
CONCLUSION: Old patients with non-curable gastro
esophageal cancer should be offered chemotherapy, and
ECOG PS is a tool for balancing benefit and harm upfront.
Second-line treatment is reasonable.
Key words: Gastroesophageal cancer; Old patients;
Palliative chemotherapy; Toxicity; Eastern Cooperative
Oncology Group performance status
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Data concerning efficacy and safety of
palliative chemotherapy for gastroesophageal cancer
in patients ≥ 70 years are scarce. Concerns about
poor tolerability due to reduced functional status
are common, and older patients are at risk for
undertreatment. In our analysis of 55 patients ≥ 70
years, the survival times were in good accordance to
the results of the landmark phase Ⅲ trials including
younger patients. Except for increased polyneuropathy,
toxicity rates were also comparable. Initial Eastern
Cooperative Oncology Group performance status was a
strong prognostic factor for PFS, OS and RS.
Berger AK, Zschaebitz S, Komander C, Jäger D, Haag GM.
Palliative chemotherapy for gastroesophageal cancer in old and
very old patients: A retrospective cohort study at the National
Center for Tumor Diseases, Heidelberg. World J Gastroenterol
2015; 21(16): 4911-4918 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i16/4911.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.4911

INTRODUCTION
For older adults, cancer incidence rates are higher
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Statistical analysis

under first-line therapy, options for second-line
treatment are frequently needed. Recently, the value
of a second-line therapy with either docetaxel or
[20]
irinotecan was shown . But again, specific data for
old patients are rarely found.
In our study, we retrospectively analyzed palliative
chemotherapy and outcomes for old and very old
patients (≥ 70 years) with advanced gastroesophageal
cancer at the outpatient clinic of the National
Center for Tumor Diseases (NCT) at Heidelberg
University Hospital. In particular, we investigated the
characteristics, toxicities and outcomes of cytotoxic
treatment strategies in the first-line situation and
evaluated the frequency and efficacy of second-line
chemotherapy.

Man Whitney U-Test and Fisher’s exact test were used
for comparing independent samples of quantitative
and binary data, respectively. Progression-free survival
(PFS) was defined as time from start of palliative firstline treatment to documented tumor progression or
death. Overall survival (OS) was defined as the time
from start of palliative first-line treatment to death.
Residual survival (RS) was defined as the time from
the day of documented disease progression to death.
Time-to event data were analyzed using standard
methods, including Kaplan-Meier product-limit
estimates. Multivariate analysis was performed using
cox regression analysis. All analyses of prognostic
factors were of an exploratory nature. Statistical
analysis was performed using the SPSS statistical
software, Version 21. The statistical methods of this
study were reviewed by Georg Martin Haag, NCT
Heidelberg.

MATERIALS AND METHODS
Using a prospectively maintained database (the
NCT Clinical Cancer Registry), we retrospectively
identified patients aged 70 years or over who started
palliative first-line chemotherapy for advanced
gastroesophageal cancer at the outpatient clinic of
the NCT Heidelberg, Germany between January
2006 and December 2013. Further requirements for
inclusion were (1) histologically proven diagnosis of
gastroesophageal cancer; (2) advanced (metastatic
or inoperable) disease; and (3) no history of radiation
or radiochemotherapy. The observation period for
each patient started with initiation of palliative firstline treatment (i.e., first systemic chemotherapy after
primary diagnosis of metastatic or inoperable disease
or, in resected patients, after diagnosis of recurrence).
The follow-up period for this analysis ended on July 1,
2014. Survival data were available for all patients.
Via an electronic medical record, the responsible
oncologists and medical staff routinely documented
the clinical data. The retrieved information included
Eastern Cooperative Oncology Group performance
[21]
status (ECOG PS) , presence and site of metastases
at diagnosis, date of previous surgery and periope
rative chemotherapy, start and stop date of firstline treatment, toxicities and consecutive dosage
reductions of first-line treatment, response to firstline therapy, date of progression, usage of second-line
therapies and date and cause of death. Toxic effects
were registered according to the National Cancer
Institute´s common terminology criteria for adverse
[22]
events . Tumor response was routinely evaluated
according to the response evaluation criteria in solid
[23]
tumors . The attending oncologist decided about the
cytotoxic regimen and the start and end of antitumor
treatment.
The study was approved by the local Ethics Com
mittee (Ethics Committee University of Heidelberg;
S-335/2014, 28.07.2014). According to local ethics
policy for retrospective analysis of own anonymized
clinical data, IC was not obtained.
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RESULTS
Patients’ demographics

We identified 55 patients meeting the inclusion criteria.
Median duration of observation was 9.1 mo (range
0.9-45.8). The median age at diagnosis of advanced
disease was 76 years (range 70-86), 32 patients
(58.2%) were 75 years or older. Fifteen patients
(27.3%) with secondary metastases or local recurrent
tumor had undergone prior tumor resection. Twelve
of these had received perioperative chemotherapies.
Thirty-seven patients (67.3%) had an ECOG PS of 0
or 1. Four patients started treatment with an ECOG
PS of 3. Complete patient characteristics are outlined
in Table 1. At time of analysis, 50 deaths (90.9%) had
occurred. Of those, 18 patients had died during firstline treatment before documented tumor progression.
In 8 of those cases, tumor-associated factors (e.g.,
tumor bleeding) or tumor progression were clinically
assumed and documented as causes of death. One
patient died from pleural empyema and one further
patient died from cholangitis. In 8 cases, no further
information on the exact mode of death was available.

First-line chemotherapy and toxicities

Median duration of first-line therapy was 105 d
(range 6-568). Patients with an ECOG PS ≥ 2 had
a median duration of therapy of 70 d compared to
146 d for ECOG PS ≤ 1 (P = 0.006). Forty-seven
patients (85.5%) received a combination of two
cytotoxic agents (doublet). Three patients (5.5%) were
treated with a single-agent therapy (oral or infusional
fluoropyrimidine), and five patients (9.1%) underwent
therapy with three cytotoxic agents (triplet). Seven
of our patients (12.7%) had a cisplatin containing
regimen for first-line treatment. In 42 cases (76.4%),
oxaliplatin-based regimens were used. Three patients
were treated in a clinical trial (Cisplatin-based chemo
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Table 1 Patients demographics

Table 2 Characteristics of chemotherapy

Patient characteristics

n (%)

Treatment characteristics

Number of patients
Median age (range), yr
Gender
Female
Male
ECOG PS
0
1
2
3
Metastatic disease
Locally advanced tumor
Primary palliative treatment
Secondary palliative treatment
Prior (neo) adjuvant CTX
Histology
Adenocarcinoma
Sqaumous cell carcinoma
Site of Tumor
Stomach, distal
Cardia
Esophagus, distal
Other
NA
Number of deaths
Cause of death
Tumor
Infection
Unknown

55
76 (70-86)

Median duration of first-line therapy (range), d
First-line therapy
Single-agent (Fluoropyrimidine)
Doublet
FLO
FLP
XP
FOLFIRI
Other
Triplet
EOX
FLOT
TFLP
Oxaliplatin-based therapy
Cisplatin-based therapy
Other therapy
Trastuzumab containing therapy
Participation in clinical trial
Toxicities with dosage reduction
Polyneuropathy
Hematotoxicity
Leucopenia
Thrombopenia
Fatigue
Nausea
Other
Toxicities with interruption of treatment
Polyneuropathy
Fatigue
Anaphylaxia
Infection
Second-line treatment

16 (29.1)
39 (70.9)
10 (18.2)
27 (49.1)
14 (25.5)
4 (7.3)
52 (94.5)
3 (5.5)
40 (72.7)
15 (27.3)
12 (21.8)
52 (94.5)
3 (5.5)
25 (45.5)
15 (27.3)
9 (16.4)
2 (3.6)
4 (7.3)
50 (90.9)
40 (80)
2 (4)
8 (16)

ECOG PS: Eastern Cooperative Oncology Group performance status.

therapy +/- an anti EGFR antibody).
For this analysis, we included all toxicities that
led to treatment modifications (Grade 3 or worse).
In total, 31 patients (56.4%) developed such side
effects. In 14 of those cases (45.2% of all relevant
side effects or 25.5% of all patients) polyneuropathy
(PNP) and in 6 cases (19.4% or 10.9%, respectively)
hematotoxicity caused dosage reductions. Six patients
(10.9%) discontinued therapy due to toxicity. PNP
leading to treatment modifications was significantly
more common in patients receiving prolonged firstline
therapy (13 of 31 patients with a first-line ≥ 80 d vs
1 of 24 patients with a duration < 80 d (P = 0.002).
No significant differences in toxicities requiring
discontinuation of therapy were found for patients with
an ECOG PS ≥ 2 or for patients ≥ 75 years, and we
also did not find significant differences for combination
regimens (doublet vs triplet vs monotherapies). A
summary of therapies and toxicities is given in Table 2.

3 (5.5)
47 (85.5)
38 (69.1)
2 (3.6)
2 (3.6)
2 (3.6)
3 (5.5)
5 (9.1)
2 (3.6)
2 (3.6)
1 (1.8)
42 (76.4)
7 (12.7)
6 (10.9)
5 (9.1)
3 (5.5)
31 (56.4)
14 (25.5)
6 (10.9)
3 (5.5)
3 (5.5)
4 (7.3)
4 (7.3)
3 (5.5)
6 (10.9)
2 (3.6)
2 (3.6)
1 (1.8)
1 (1.8)
28 (50.9)

FLO: 5-Fluorouracil (5-FU), leucovorin, oxaliplatin; FLP: 5-FU, leucovorin,
cisplatin; XP: Capecitabine, cisplatin; FOLFIRI: 5-FU, leucovorin, irinotecan;
EOX: Epirubicin, oxaliplatin, capecitabine; FLOT: 5-FU, leucovorin,
oxaliplatin, docetaxel; TFLP: Docetaxel, 5-FU, leucovorin, cisplatin.

metastasized compared to locally advanced tumors,
previous tumor resection or not.
Overall survival: Median overall survival in our
patients was 9.5 mo (95%CI: 5.8-13.2). Median
OS for patients with ECOG PS 0 or 1 was 12.7 mo
(95%CI: 10.8-14.7) vs 3.8 mo (95%CI: 0.9-6.7) for
patients with ECOG 2 or higher, (P < 0.001, Figure
1B). There was no apparent association between age
at diagnosis and OS. Patients receiving a monotherapy
had a median OS of 2.1 (95%CI: 0.2-4.0) mo vs 9.5
mo for doublets (95%CI: 6.2-12.7) and 19.0 mo for
triplets (95%CI: 5.5-32.5, P < 0.001). OS did not
significantly differ between the groups of patients
with metastasized compared to irresectable locally
advanced tumors or those with or without previous
tumor resection.
Second-line chemotherapy and residual survival:
Regarding the group of patients being alive at the time
point of documented tumor progression, second-line
chemotherapy was offered to 28 patients, whereas
7 patients received best supportive care (BSC)
only. Patients receiving second-line treatment had a
significantly longer RS than the BSC group (6.8 mo vs

Progression and survival

Progression-free survival: Median PFS was 5.8 mo
(95%CI: 4.1-7.6 mo). Median PFS for patients with
an ECOG PS 0 or 1 was 6.8 mo (95%CI: 5.4-8.1)
compared to 2.5 mo (95%CI: 1.5-3.5) for patients
with ECOG PS ≥ 2; (P < 0.001; Figure 1A). Age ≥
75 years was not associated with significant different
PFS, neither there were significant differences for
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n (%)
105 (6-568)
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0.8

0.4

BSC
Secondline
BSC, censored
Secondline, censored

1.0

1
3
1, censored
3, censored

0.8

Median PFS
ECOG 0 or 1: 6.8 mo (95%CI: 5.4-8.1)
ECOG 2 or 3: 2.5 mo (95%CI: 1.5-3.5)
P < 0.001

0.2

Median RS
BSC: 1.4 mo (95%CI: 1.2-1.7)
Secondline: 6.8 mo (95%CI: 3.9-9.6)
P = 0.001

0.6
0.4
0.2
0.0
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1.0
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0
2
0
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ECOG
ECOG
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1.0

0
2
0
2
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40.0

0.0

50.0

0.8

ECOG 2 or 3: 3.8 mo (95%CI: 0.9-6.7)
P < 0.001
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0.2
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40.0
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40.0

0
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0
2
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1
3
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Median RS
ECOG 0 or 1: 7.4 mo (95%CI: 4.6-10.2)
ECOG 2 or 3: 4.0 mo (95%CI: 3.0-5.0)
P = 0.047

0.6
0.4
0.2
0.0
0.0

Figure 1 Progression-free survival (A), overall survival (B) by Eastern
Cooperative Oncology Group performance status.

10.0

20.0

t /mo

30.0

40.0

Figure 3 Residual survival by Eastern Cooperative Oncology Group
performance status.

1.4. mo, P = 0.001; Figure 2). Patients with an ECOG
PS of 0 or 1 before first-line therapy had a significantly
longer RS (7.4 mo vs 4.0 mo, P = 0.047; Figure 3). No
significant influence on RS was found for the variables
age or duration of first-line treatment.
Multivariate analysis of overall survival confirmed
the prognostic role of the initial ECOG PS (Hazard
Ratio for patients with an ECOG PS of 2/3 3.9) and
the application of secondline therapy (Hazard Ratio for
patients receiving a secondline therapy 0.44, Table 3).

Our median times for PFS (5.8 mo) and for OS (9.5
mo) are in very good accordance with the results of
the major phase Ⅲ trial collectives including mainly
younger patients. For a study collective with a median
[13]
age of 56 years, Kang et al
found a PFS of 5.6 mo
and an OS of 10.5 mo for a doublet treatment with
capecitabine and cisplatin. Concordant data for PFS
(5.6 mo) and OS (10.7 mo) are recently reported
[27]
for the combination of cisplatin and capecitabine .
Median age in the latter trial was 59 years with 30% of
patients being older than 65 years. Similar results (PFS
5.8 mo, OS 10.7 mo) were described for a doublet
treatment with oxaliplatin and 5-fluorouracil (FLO) in
[14]
a study collective with a median age of 64 years . In
a subgroup analysis of this trial’s patients older than
65 years, FLO seemed to be associated with improved
survival times compared to a cisplatin-containing
doublet. Comparable results for a modified FOLFOX
regimen (PFS 6.8 and OS 10.5 mo, respectively) are
recently reported in a phase Ⅱ study with 43 patients
[25]
older than 69 years . In a feasibility study, a triple
combination (FLOT) failed to improve survival times for
[19]
patients older than 69 years
compared to the FLO
regimen.

DISCUSSION
Although gastroesophageal cancer predominantely
[24]
occurs in patients older than 65 years , the landmark
phase Ⅲ trials establishing the standard protocols
for palliative chemotherapy usually included much
younger patients. Recently, some effort has been
made to evaluate cytotoxic treatment strategies for
patients ≥ 65 years in the perioperative and palliative
[19,25,26]
setting
. In our study, we analyzed a remarkably
old cohort of palliative patients with a median age of
76 years (range 70-86) with the majority of patients
(60%) being even older than 75 years. We did not
find significant differences for survival times between
the patient groups aged 70-74 years and ≥ 75 years.
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second-line therapy than for the BSC group. One
possible explanation for this advantage is that only
patients in good condition were offered secondline therapy. However, given that our results are
comparable to the recent randomized phase Ⅲ trial
[20]
on second-line therapy , we strongly believe that
second-line strategies should be offered to old and
very old patients in good performance status after first
progression.
Fear of increased toxicities and uncertainty
concerning both clinical value and physiological
resources may cause withholding or limitation of
tumor-specific therapies by the attending oncologist.
Therefore, old cancer patients are at risk for
therapeutic disparity and undertreatment. In our
analysis of unselected old patients, higher age was not
significantly associated with impaired survival times.
Thus, the feasibility and efficacy of systemic treatment
in advanced gastroesophageal cancer in the old
population seems to be independent of chronological
age. The evaluation of the “functional age” rather
than biological age is known as more appropriate for
assessing the eligibility for chemotherapy, and the
usefulness of comprehensive geriatric assessments
[32-34]
(CGA) in this setting has been demonstrated
. CGA
has not been established in our outpatient setting yet,
and rather in our patients we use the ECOG PS as the
initial classification system. In our study population,
all survival times were significantly depending on
the initial ECOG PS. An ECOG PS ≥ 2 was strongly
associated with a poor clinical outcome with a median
OS of only 3.8 mo. Thus, systemic cytotoxic treatment
for old patients in reduced performance status should
only be offered cautiously. In contrast, treatment
decisions based on chronological age only would reflect
a form of “ageism” and should be avoided.

Table 3 Multivariate analysis of overall survival
Prognostic factor
Initial ECOG (2/3 vs 0/11)
Secondline (Yes vs No1)
Very old (≥ 75 yr vs < 75 yr1)

Hazard ratio 95%CI
3.9
0.44
1.36

2.0-7.5
0.2-0.8
0.7-2.5

Significance
P < 0.001
P = 0.006
P = 0.314

1

Reference. ECOG: Eastern Cooperative Oncology Group.

Surprisingly, only 3 of our patients (5.5%) received
single-agent therapy. OS was significantly shorter
than for patients under combination therapy.
Considering the small number, we do not have
enough data to come to firm conclusions regarding
the role of less intensive chemotherapies in older
[28]
patients. Nevertheless, Sun et al
recently reported
significantly reduced toxicities for single-agent
treatment in a Korean geriatric collective while survival
times did not differ significantly but were generally
striking low (OS 6.6 mo for single-agent treatment
vs 7.6 for doublet combinations). Median age for
single-agent treatment was 77 years, and 73 years
for patients receiving doublet combinations in this
[28]
analysis . 90% of our patients initially received
cytotoxic doublet combinations. Platin-derivates were
used in 90% of all regimens with the FLO regimen
being predominant (oxaliplatin usage 76%, FLO
regimen 69%). Notably, more than half of our patients
needed dose adjustments due to toxicities. One third
of the oxaliplatin group developed relevant PNP leading
to treatment modifications. This is clearly more than
expected from the trials so far that described grade
[14]
[25]
[19]
3/4 PNP in 14% , 2%
or 20% . Relevant PNP
in our cohort was found significantly more frequent
when treatment duration exceeded 80 d. Cessation
of therapy was necessary in 11% of our patients with
4% caused by PNP. Rates for grade 3/4 hematotoxicity
(11%), nausea (7%) and fatigue (7%) were found to
be comparable to the results from phase Ⅲ trials.
Thus, in terms of survival, we did not find
any evidence that old and even very old patients
that have been deemed fit enough for palliative
chemotherapy do have an inferior outcome compared
to younger patients in clinical studies. These findings
are consistent with current own data concerning
palliative chemotherapy in old patients with pancreatic
[29]
cancer
and with previous analysis of other solid
[30,31]
malignancies
. Based on the convincing survival
times, in our opinion doublet combinations should be
considered for first-line treatment whenever possible
in old and even very old patients. However, oncologists
should be aware that toxicities might appear more
frequent. Symptoms of PNP should be monitored
closely, and patients and their relatives should be
informed in advance. In case of successful and
prolonged treatment with oxaliplatin, planning dose
reductions upfront might be reasonable.
In our cohort, residual survival after first progression
was significantly longer for patients who received
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COMMENTS
COMMENTS
Background

Palliative chemotherapy is the preferred treatment for metastatic esopha
gogastric cancer. Superiority regarding overall survival and quality of life
compared to best supportive care alone has been shown in several trials.
Despite the fact that esophagogastric cancer occurs more often in old patients,
this group of patients is underrepresented in clinical trials. When treating old
and very old cancer patients, medical comorbidities, impaired organ function
and reduced functional status are frequently found. Concerns about poor
tolerability might prevent physicians from initiating a tumorspecific therapy.

Research frontiers

Within clinical trials representing old patients in a good general state, there
is some evidence that for patients older than 65 years survival times are
comparable to those of younger ones, but grade 3 or higher toxicities might
be more frequent for currently used regimens. Oxaliplatin-based combinations
seem to have a better toxicity profile and seem to be associated with an
improved efficacy in contrast to cisplatin-based regimens, whereas the
additional benefit of using three-drug cytostatic combinations in elderly patients
is questionable. Secondline therapy might be an option in selected patients with
a good general condition after progression on first-line therapy. In general, data
from clinical trials represent a selected cohort of old patients, whereas real-life
data of elderly patients are scarce.

Innovations and breakthroughs

In this study, the authors analyzed efficacy and toxicity in old patients with
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metastatic esophagogastric cancer. The applied chemotherapeutical regimens
were documented, patterns of toxicity were analyzed. Eastern Cooperative
Oncology Group (ECOG)-Score and age were analyzed as potential prognostic
factors. Within this real-life setting, efficacy in terms of PFS, OS and residual
survival after tumorprogression (RS), was comparable to major phase Ⅲ trials
with younger patients. Toxicity was within the expected range. Initial ECOGScore is a strong prognostic marker regarding overall survival and RS.

12

Applications

13

Tumorspecific treatment should be offered to old and very old patients in
a good general condition regardless of chronological age. Initial ECOGScore is a major prognostic marker which could help selecting patients for
chemotherapeutical treatment.

Terminology

PFS: Progression-free survival is defined as the time between initiation of
systemic therapy and tumor progression or death from any course. Overall
Survival is defined as the time between initiation of systemic therapy and death
from any cause. The ECOG Scale of Performance Status is widely used to
quantify the functional status of cancer patients, and is an important factor
determining prognosis in a number of malignant conditions.

14

Peer-review

The manuscript has a high significance and novelty. Generally speaking, the
presentation and organization of the manuscripts good, the quality of language
is good. This manuscript describes a single-center clinical study on the effects
of palliative chemotherapy in old patients with gastroesophageal cancer. The
technique is not novel but the subject of research is ignored by academic world.
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AIM: To investigate the preventive effects of low-dose
proton-pump inhibitors (PPIs) for upper gastrointestinal
bleeding (UGIB) in end-stage renal disease.
METHODS: This was a retrospective cohort study that
reviewed 544 patients with end-stage renal disease
who started dialysis at our center between 2005 and
2013. We examined the incidence of UGIB in 175
patients treated with low-dose PPIs and 369 patients
not treated with PPIs (control group).
RESULTS: During the study period, 41 patients
developed UGIB, a rate of 14.4/1000 person-years.
The mean time between the start of dialysis and UGIB
events was 26.3 ± 29.6 mo. Bleeding occurred in only
two patients in the PPI group (2.5/1000 person-years)
and in 39 patients in the control group (19.2/1000
person-years). Kaplan-Meier analysis of cumulative
non-bleeding survival showed that the probability of
UGIB was significantly lower in the PPI group than in
the control group (log-rank test, P < 0.001). Univariate
analysis showed that coronary artery disease, PPI
use, anti-coagulation, and anti-platelet therapy were
associated with UGIB. After adjustments for the
potential factors influencing risk of UGIB, PPI use was
shown to be significantly beneficial in reducing UGIB
compared to the control group (HR = 13.7, 95%CI:
1.8-101.6; P = 0.011).
CONCLUSION: The use of low-dose PPIs in patients
with end-stage renal disease is associated with a low
frequency of UGIB.
Key words: Dialysis; End-stage renal disease; Peptic
ulcer; Gastrointestinal hemorrhage; Proton pump
inhibitors
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PPIs rarely produces adverse events and PPIs are
considered safe in patients with ESRD. When medical
insurance coverage of low-dose PPI was instituted
in Korea, prescriptions for low-dose PPI increased in
patients with gastrointestinal symptoms. We found
that about 30% of patients with ESRD who started
dialysis at our center were prescribed PPI at discharge
between 2010 and 2012. In the present study, we
retrospectively investigated the protective effect of
low-dose PPIs on UGIB in a cohort of patients with
ESRD.

Core tip: Patients with end-stage renal disease are
at a high risk for upper gastrointestinal bleeding
(UGIB). The aim of this study was to assess the
effects of low-dose proton-pump inhibitors (PPIs)
for the prevention of UGIB in a cohort of patients
with end-stage renal disease who began dialysis at
our center between 2005 and 2013. The cumulative
non-bleeding survival showed that the probability of
UGIB was significantly lower in the PPI group than
in the controls. PPI use was beneficial in reducing
UGIB compared to the control (HR = 13.7, 95%CI:
1.8-101.6; P = 0.011).

MATERIALS AND METHODS
Study design and patients

The present study was based on a retrospective review
of the clinical records of patients with ESRD who
began dialysis between January 2005 and May 2013
at Hallym University Sacred Heart Hospital, Anyang,
Korea. Patients were excluded if: they had a previous
peptic (gastric and/or duodenal) ulcer; were younger
than 18 years of age; had a history of gastric surgery,
malignancy, or liver cirrhosis; had undergone dialysis
for < 3 mo; had a total follow-up duration of < 6 mo;
received renal transplantation; or were prescribed
a histamine H2-receptor antagonist, corticosteroid,
or NSAID. We divided the patients into the those
receiving PPIs and those not treated with PPIs (control
group). This study was approved by the Investigation
and Ethics Committee for Human Research at the
Hallym Sacred Heart Hospital, in accordance with the
principles of good clinical practice and the Declaration
of Helsinki.

Song YR, Kim HJ, Kim JK, Kim SG, Kim SE. Proton-pump
inhibitors for prevention of upper gastrointestinal bleeding
in patients undergoing dialysis. World J Gastroenterol 2015;
21(16): 4919-4924 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/4919.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.4919

INTRODUCTION
Patients with end-stage renal disease (ESRD) are at
[1-4]
high risk for bleeding complications . Upper gastro
intestinal bleeding (UGIB) occurs most frequently in
patients undergoing dialysis and is associated with
higher re-bleeding risk and mortality than the general
[5-7]
population
. Neither the origin nor pathogenesis
of UGIB has been elucidated, although platelet
dysfunction, blood coagulation abnormalities, and
[8,9]
anemia may contribute to bleeding tendency
.
Patients undergoing hemodialysis (HD) have increased
risk for UGIB due to repeated anti-coagulant exposure
[10]
compared with peritoneal dialysis (PD) patients .
In the general population, the incidence of UGIB has
been declining over time; however, UGIB among
patients with ESRD has not decreased in the past ten
years according to data from the United States Renal
[11]
Data System . It was estimated that UGIB accounts
[4]
for 3%-7% of all deaths among patients with ESRD ,
and prevention of UGIB remains a challenge for the
nephrologist. There are multiple strategies to reduce
UGIB, and proton-pump inhibitors (PPIs) have been
demonstrated to reduce the risk of UGIB and are
advocated for patients at high risk for UGIB who are
taking aspirin, dual anti-platelet therapy, and non[12,13]
steroidal anti-inflammatory drugs (NSAIDs)
.
Patients with ESRD have a high prevalence of
gastrointestinal symptoms with increased use of
[14]
acid suppressive therapy . According to the 2011
annual report from the Korean registry system, the
frequencies of gastrointestinal disease in patients
undergoing HD and PD were 10.1% and 9.3%,
[15]
respectively . Long-term acid suppression with

WJG|www.wjgnet.com

Diagnosis of UGIB

UGIB was defined as a diagnosis made by the gas
troenterologist in combination with no other defined
bleeding cause. A gastroenterologist performed an
endoscopy if a patient with ESRD showed a clinical
suspicion of bleeding, such as hematemesis, melena,
hematochezia, or unexplained hemoglobin decrease
of > 2 g/dL. An endoscopic finding of high-risk
stigmata, including active bleeding, visible vessel, or
adherent clot, and blood in the stomach was defined
as bleeding. Patients bleeding from esophageal and/or
gastric varices were excluded from the study. Peptic
ulcer bleeding was classified as gastric ulcer, duodenal
ulcer, or both. Re-bleeding was defined as a repeat
endoscopy for a clinical suspicion of re-bleeding and a
finding of high-risk stigmata and blood in the stomach.

Statistical analysis

Statistical analysis was performed using SPSS version
18.0 (SPSS Inc., Chicago, IL, United States). All data
are expressed as mean ± SD or median with ranges.
Continuous data were analyzed by Student’s t test for
equal variance or Mann-Whitney U test for unequal
variance, and categorical valuables were investigated
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Table 1 Clinical characteristics of patients according to
proton-pump inhibitor use

Table 2 Causes of upper gastrointestinal bleeding in patients
with end-stage renal disease

Characteristic

PPI group
(n = 175)

Control group
(n = 369)

Cause

Age, yr
Follow-up (mo)
Sex, male
Hypertension
Diabetes
Smoking
Hemodialysis
Body mass index (kg/m2)
Previous cardiovascular disease
Cerebrovascular accident
Coronary heart disease
Chronic liver disease
Aspirin use
Dual anti-platelet therapy
Warfarin
Helicobacter pyroli
Positive
No test
Baseline laboratory findings
Hemoglobin (g/L)
Hematocrit (%)
Creatinine (mmol/L)
Protein (g/L)
Albumin (g/L)
C-reactive protein (mg/L)
Death

63.9 ± 12.8
55.7 ± 33.6a
98 (57.1)
99 (56.6)
90 (51.4)
11 (40.7)
153 (87.4)
23.4 ± 3.2

62.7 ± 14.5
66.5 ± 37.5
201 (54.5)
215 (58.3)
203 (55.0)
4 (12.1)
333 (90.24)
23.5 ± 3.9

18 (10.3)
28 (16.0)
2 (1.1)
82 (46.9)
15 (8.6)
9 (5.1)

49 (13.3)
68 (18.4)
3 (0.8)
175 (47.4)
32 (8.7)
8 (2.2)

36 (6.0)
139 (79.4)

53 (15.0)
316 (85.6)

9.1 ± 1.6
27.3 ± 5.3
6.7 ± 2.9
7.3 ± 0.9
4.1 ± 0.9
11.0 ± 18.8
7 (4.0)

8.8 ± 1.6
26.2 ± 5.1
7.2 ± 3.2
7.2 ± 0.9
3.9 ± 0.6
9.6 ± 17.2
18 (4.9)

Gastric ulcer
Duodenal ulcer
Duodenal and gastric ulcer
Dieulafoy’s lesion
Mallory-Weiss tear
Gastric erosion
Duodenal erosion
Gastric cancer

19
7
1
7
2
2
2
1

no significant differences in age, sex, primary renal
disease, mode of dialysis, smoking, warfarin use,
anti-platelet use, body mass index, or biochemical
parameters between the two groups.

UGIB in patients with ESRD

During the study period, 41 patients developed UGIB,
a rate of 14.4 /1000 person-years, and the incidence
of UGIB was 20.7/1000 person-years in patients
receiving warfarin or anti-platelet therapy. The mean
time between the initiation of dialysis and UGIB events
was 26.3 ± 29.6 mo. Table 2 shows the sources of
UGIB. Gastric lesions were the most common cause
of UGIB in patients with ESRD, accounting for 50%
of bleeding sources. Eighteen patients presented with
melena or hematochezia, 13 patients were admitted
with hematemesis, and 10 underwent endoscopy
due to unexplained anemia. The hemoglobin level at
admission was 6.6 ± 1.8 g/dL and 40 patients received
a red blood cell transfusion, with a median of 4.0 units
(range: 1-15 units) and average of 4.5 units. Two
patients experienced re-bleeding, one in the control
group and the other in the PPI group, and there was
one death related to UGIB in the control group.

Data are presented as mean ± SD, or n (%); aP < 0.05 vs control. PPI:
Proton-pump inhibitors.

by Pearson’s χ test. The cumulative non-bleeding
rates in the two groups were estimated using KaplanMeier survival estimates and the log-rank test was
used to determine the differences between the curves.
Multivariate Cox’s proportional hazard model analysis
was used to evaluate the independent predictors for
UGIB. Differences with P < 0.05 were accepted as
statistically significant.
2

Predictors for UGIB

There were no significant differences in age, sex,
primary renal disease, diabetes, body mass index, or
biochemical parameters between patients with and
without UGIB. Patients with UGIB had significantly
higher frequency of warfarin use (P = 0.017) and antiplatelet therapy (P = 0.041) than those without UGIB.
Bleeding occurred in only two patients (2.5/1000
person-years) in the PPI group and 39 patients
(19.2/1000 person-years) in the control group. KaplanMeier analysis of cumulative non-bleeding survival
showed that the probability of UGIB was significantly
lower in the PPI group than in the control group (log
rank test, P < 0.001; Figure 1). In the subgroup
analysis of patients treated with warfarin or antiplatelet therapy, PPI use significantly decreased the
risk for UGIB (log rank test, P = 0.003; Figure 2).
Univariate analysis showed that coronary artery
disease, no use of PPIs, warfarin, and anti-platelet
therapy were associated with UGIB. After adjustments
for age, sex, diabetes, hypertension, smoking,

RESULTS
Patients’ characteristics

We retrospectively reviewed 544 patients with ESRD
who began dialysis at Hallym University Sacred Heart
Hospital between January 2005 and March 2013. The
demographic and clinical characteristics of the cohort
are as follows: mean age, 63.1 ± 14.0 years; male,
54.0% (n = 299); patients undergoing HD, 87.7% (n
= 486); diabetes, 52.9% (n = 293); smoking, 2.7%
(n = 15). Ninety-six patients had a history of coronary
artery disease, 17 patients were treated with warfarin,
257 patients received aspirin, and 42 patients received
dual anti-platelet therapy. Among the 544 patients,
there were 175 in the PPI group (152 patients
received pantoprazole 20 mg orally once a day and
23 received rabeprazole 10 mg orally once a day) and
369 in the control group. The baseline characteristics
of the groups are summarized in Table 1. There were

WJG|www.wjgnet.com

Patients (n )

4921

April 28, 2015|Volume 21|Issue 16|

Song YR et al . Low-dose PPIs in patients undergoing dialysis
1.0

1.0

0.9

UGIB-free survival rate

UGIB-free survival rate

PPI group (n = 175)

Control group (n = 369)
0.8
Log-rank test P < 0.001
0.7

0.6

0.9

0.8

PPI group (n = 85)

Control group (n = 178)
Log-rank test P = 0.003

0.7
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Observation period (mo)

Figure 1 Kaplan-Meier analysis of cumulative non-bleeding survival
according to proton-pump inhibitor use in patients with end-stage renal
disease. UGIB: Upper gastrointestinal bleeding.

Figure 2 Kaplan-Meier analysis of cumulative non-bleeding survival
according to proton-pump inhibitor use in dialysis patients treated with anticoagulation or anti-platelet therapy. UGIB: Upper gastrointestinal bleeding.
[3]

with ESRD was 22.8/1000 person-years , similar to
the incidence in the control group and higher than
that in the PPI group. The incidence of UGIB in HD
patients was 42.0/1000 person-years according to
data from Taiwan National Health Insurance Research
[5]
Database , which is higher than the incidence in our
study. These results may be related to inclusion of PD
patients and exclusion of patients with liver cirrhosis
and patients receiving NSAIDs or steroids. In the
present study, the two- and four-year cumulative
incidences of UGIB in the control group were 8.2%
and 13.1%, respectively. Although the risk factors
related with UGIB in patients with ESRD are uncertain,
we found that warfarin therapy and use of antiplatelet agents are significantly associated. Wassel et
[3]
al reported that smoking, history of cardiovascular
disease, and inability to ambulate were associated
with a higher risk of UGIB. In data from Taiwan HD
patients, diabetes, cirrhosis, coronary artery disease,
and use of NSAIDs were significant risk factors for
[16]
[17]
UGIB . Chen et al
found that diabetes, congestive
heart failure, albumin, and PD were risk factors for
peptic ulcers in patients with ESRD. In the present
study, we did not include data regarding ambulatory
status and excluded patients with liver cirrhosis and
those receiving NSAIDs.
We investigated the efficacy of PPIs in the pre
vention of UGIB in patients with ESRD. In the Korean
National Health Insurance program, low-dose PPIs
are covered for prophylaxis against ulcers or to relieve
gastric or reflux symptoms. Due to the retrospective
observational nature of the present study, patients were
not randomly assigned to the PPI or control group. Most
of the patients in the PPI group had gastric or reflux
symptoms and there were no significant differences in
age, sex, diabetes, cardiovascular disease, or smoking
between the two groups. Nonetheless, we found a
significant preventive effect of PPIs on UGIB in patients
with ESRD. PPIs are frequently used to prevent UGIB
in patients receiving dual anti-platelet therapy. Liang et

Table 3 Predictors for upper gastrointestinal bleeding in
patients with end-stage renal disease
Variable
PPI (no treatment vs treatment)
Warfarin
Anti-platelet therapy
Coronary artery disease
Cerebrovascular disease
Smoking
Diabetes
Hypertension
Age

HR

95%CI

P value

13.689
4.728
2.476
2.079
1.492
2.154
1.020
1.318
1.002

1.84-101.64
1.57-14.25
1.38-4.44
0.954-4.532
0.973-2.287
0.659-7.043
0.48-2.30
0.59-2.92
0.97-1.03

0.011
0.006
0.002
0.094
0.067
0.204
0.899
0.497
0.870

All models were adjusted for age, sex, diabetes, hypertension, smoking,
coronary heart disease, cerebrovascular disease, hemoglobin, albumin and
mode of dialysis. PPI: Proton-pump inhibitor.

coronary heart disease, hemoglobin, albumin, and
mode of dialysis, PPI use was significantly beneficial in
reducing UGIB compared to the control (HR = 13.7,
95%CI: 1.8-101.6, P = 0.011; Table 3).

DISCUSSION
In the present study, we found that the incidence
of UGIB in patients with ESRD was relatively high,
and the use of PPIs was associated with a significant
reduction in UGIB events. In our cohort, the incidence
of UGIB in patients with ESRD was 14.4/1000 personyears and the mean time from initiation of dialysis to
UGIB was 26.3 ± 29.6 mo. The incidence of UGIB was
significantly lower in the PPI group than in the control
group, and these preventive effects were maintained
in patients receiving anti-platelet or warfarin therapy.
These results suggest that UGIB may be prevented by
PPIs in patients with ESRD.
The risk of UGIB in dialysis patients is thought
to be higher than in the general population. In the
United States Renal Data System Dialysis Morbidity
and Mortality Study, the incidence of UGIB in patients
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[18]

mortality and may be safe and effective for prevention of UGIB in patients
undergoing dialysis.

al
reported that prophylactic use of omeprazole was
effective in lowering the incidence of peptic ulcer disease
in HD patients. To our knowledge, this is the first report
to suggest the preventive efficacy of PPI for UGIB in
patients undergoing dialysis. Because several studies
have suggested relationships among impaired bone
[19]
[20]
[21]
metabolism , fractures , vascular calcification , and
PPIs, we evaluated mortality in the two groups. There
was no significant difference in mortality according to
the use of PPIs. However, we did not assess vascular
calcification and bone mineral density.
This study had several limitations. First, as this was
not a randomized controlled trial, we can not draw
general conclusions. However, in practice, it is difficult
to perform a randomized controlled trial due to ethical
problems. Second, we examined Helicobacter pylori
in only a small portion of patients. Third, we excluded
patients receiving H2 receptor antagonists. It has been
suggested that H2 receptor antagonists can be used
as alternatives to PPIs to prevent UGIB during dual
anti-platelet therapy without an increase in the risk of
cardiovascular outcomes. Finally, we did not assess
long-term adverse effects of PPIs in patients with
ESRD because we did not assess vascular calcification,
serum magnesium, mineral bone disease states, or
bone fractures.
In conclusion, we found that the risk of UGIB in
patients with ESRD was lower in the PPI group than
the control group. In addition, PPI did not increase
mortality and may be safe and effective for prevention
of UGIB in patients undergoing dialysis. Future largescale controlled trials are necessary to confirm our
results.

Terminology

UGIB is diagnosed by performing an endoscopy if a patient with ESRD shows
a clinical suspicion of bleeding, such as hematemesis, melena, hematochezia,
or unexplained hemoglobin decrease of > 2 g/dL. In this study, bleeding was
used to describe an endoscopic finding of high-risk stigmata, including active
bleeding, visible vessel, or adherent clot, and blood in the stomach.

Peer-review

This is an interesting study in which the authors investigated the preventive
effect of PPI on UGIB in patients with ESRD, especially patients undergoing
dialysis. The results are interesting and suggest that PPI could be used for
preventing UGIB in patients undergoing dialysis.
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are no formal guidelines about the use of a PPI for gastroprotection in patients
with ESRD. The current research investigated whether PPIs are effective in
reducing UGIB in patients undergoing dialysis.

11

12

Innovations and breakthroughs

This study revealed a significant preventive effect of PPIs on UGIB in patients
with ESRD. PPIs are frequently used to prevent UGIB in patients receiving dual
anti-platelet therapy. One study reported that prophylactic use of omeprazole
was effective in lowering the incidence of peptic ulcer disease in hemodialysis
patients. To our knowledge, this is the first report to suggest the preventive
efficacy of PPI for UGIB in patients undergoing dialysis.

13

Applications

The study results show that the risk of UGIB in patients with ESRD is lower
in the PPI group than the control group. In addition, PPI did not increase the
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Abstract
AIM: To determine the long-term hepatobiliary
complications of alveolar echinococcosis (AE) and
treatment options using interventional methods.
METHODS: Included in the study were 35 patients
with AE enrolled in the Echinococcus Multilocularis
Data Bank of the University Hospital of Ulm. Patients
underwent endoscopic intervention for treatment of
hepatobiliary complications between 1979 and 2012.
Patients’ epidemiologic data, clinical symptoms, and
indications for the intervention, the type of intervention
and any additional procedures, hepatic laboratory
parameters (pre- and post-intervention), medication
and surgical treatment (pre- and post-intervention), as
well as complications associated with the intervention
and patients‘ subsequent clinical courses were analyzed.
In order to compare patients with AE with and without
history of intervention, data from an additional 322
patients with AE who had not experienced hepatobiliary
complications and had not undergone endoscopic
intervention were retrieved and analyzed.
RESULTS: Included in the study were 22 male and
13 female patients whose average age at first dia
gnosis was 48.1 years and 52.7 years at the time of
intervention. The average time elapsed between first
diagnosis and onset of hepatobiliary complications
was 3.7 years. The most common symptoms were
jaundice, abdominal pains, and weight loss. The
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number of interventions per patient ranged from one to
ten. Endoscopic retrograde cholangiopancreatography
(ERCP) was most frequently performed in combination
with stent placement (82.9%), followed by per
cutaneous transhepatic cholangiodrainage (31.4%) and
ERCP without stent placement (22.9%). In 14.3% of
cases, magnetic resonance cholangiopancreatography
was performed. A total of eight patients received a
biliary stent. A comparison of biochemical hepatic
function parameters at first diagnosis between patients
who had or had not undergone intervention revealed
that these were significantly elevated in six patients who
had undergone intervention. Complications (cholangitis,
pancreatitis) occurred in six patients during and in 12
patients following the intervention. The average survival
following onset of hepatobiliary complications was 8.8
years.

Worldwide, the range of the parasite is limited to cold
[4]
and temperate regions of the northern hemisphere .
Although its incidence in endemic regions is generally
[1,5]
low (0.03-1.20 per 100000 persons) , more recent
studies suggest that the endemic regions of E.
multilocularis are larger than previously believed. In
addition, increased fox (Vulpes vulpes) populations,
[6-8]
including in urban areas, have been reported , with
[6]
an associated increased infection risk for humans .
Despite abundant clinical resources and technical
advances, the diagnosis of AE in infected individuals,
especially among inexperienced clinicians, remains
challenging. With delayed diagnosis, therapy often
begins in a late stage of the disease, which significantly
limits treatment options. A characteristic feature of AE
is its tumor-like growth, which may lead to infiltration
[1]
of neighboring organs . The liver is the first organ to
be affected by larval infestation. Hepatic lesions are
localized to the right hepatic lobe in seven of ten cases,
while in 40%, the liver hilus is additionally affected. Only
[9]
in two of ten cases are both hepatic lobes infested .
Patients are typically asymptomatic during the
initial phase of the infection. The first symptoms may
include upper abdominal pain and cholestatic jaundice.
[5]
The incubation time ranges from five to fifteen years .
Radical resection of the echinococcal lesion is the
only curative therapy. Untreated patients experience
a mortality rate of 95% within ten years of first
[10]
diagnosis . Only early detection serves to increase
[11]
the rate of curative resection , which is confirmed
on the basis of imaging methods and serologic
[12]
markers . Complications such as biliary obstruction,
portal hypertension, and bleeding esophageal varices
have been described in advanced disease stages
and are ascribed to the invasive growth of the E.
[13]
multilocularis lesion in the liver .
Biliary complications such as intrabiliary rupture
in combination with obstructive jaundice in cystic
echinococcosis, which is caused by E. granulosus,
has an incidence of 1%-25% and, in cases of biliary
fistulae, can often be effectively treated using
endoscopic retrograde cholangiopancreatography
[14,15]
(ERCP)
. By contrast, a search of the literature with
respect to the use of interventional methods such as
ERCP in the treatment of hepatobiliary complications
of AE reveals no prospective studies and only a few
[13,16]
case studies
and reports of experience with small
[17-20]
numbers of patients
. A recently published study
with 26 cases represents the largest currently available
study of patients with hepatobiliary complications in
[21]
AE . The authors postulate that surgical interventions
represent risk factors for the occurrence of such
complications. The incidence of biliary complications
was reported to be about 30% with an average survival
[21]
of three years following hepatobiliary complications .
[16]
[13]
The studies by Ozturk et al
and Sezgin et al
with
13 and 12 patients, respectively, primarily address
the main clinical symptoms and changes in laboratory

CONCLUSION: Hepatobiliary complications occur in
about 10% of patients. A significant increase in hepatic
transaminase concentrations facilitates the diagnosis.
Interventional methods represent viable management
options.
Key words: Alveolar echinococcosis; Endoscopic retrograde
cholangiopancreatography; Hepatobiliary complication;
Magnetic resonance cholangiopancreatography;
Percutaneous transhepatic cholangiodrainage; Stent
placement; Treatment
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Approximately 10% of patients with alveolar
echinococcosis experience hepatobiliary complications
that occur on average 3.7 years (range: 0-41 years)
following first diagnosis. Elevated hepatic transaminases
in association with jaundice, abdominal pain, and weight
loss are typical symptoms facilitating the diagnosis.
Interventional endoscopic methods represent important
options in these patients’ management. Even in cases of
repeated interventions, the rates of complications and
treatment-associated mortality are low. The average
survival following onset of hepatobiliary complications
and interventional treatment stands at 8.8 years.
Graeter T, Ehing F, Oeztuerk S, Mason RA, Haenle MM, Kratzer
W, Seufferlein T, Gruener B. Hepatobiliary complications of
alveolar echinococcosis: A long-term follow-up study. World J
Gastroenterol 2015; 21(16): 4925-4932 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i16/4925.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i16.4925

INTRODUCTION
Alveolar echinococcosis (AE) is a rare but potentially lifethreatening parasitic disease that results from infection
[1-3]
with the larval stage of Echinococcus multilocularis .
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parameters associated with biliary complications.
[17]
Hilmioglu et al report on six patients and their ERCP
results, which they discuss in terms of characteristic
cholangiographic findings. Other authors report single
[18]
cases, such as Gschwantler et al
who report on a
combined endoscopic and pharmaceutic approach
in a patient with rupture of an AE lesion into the bile
[19]
duct, Koroglu et al , who describe the complete
disappearance of AE following percutaneous drainage,
[20]
and Rosenfeld et al , who discuss the onset of
painless jaundice and the subsequent therapy. Finally,
a few authors mention endoscopic and percutaneous
interventions as treatment options for patients in
whom the risks of surgery are unacceptably high or in
whom the total resection of the AE lesion cannot be
[22-24]
guaranteed
.
The objective of the study was to describe the
clinical and biochemical outcomes of patients with
hepatobiliary complications of AE and to determine
treatment options using interventional methods.

with the clinical courses of 322 patients without history
of hepatobiliary complications and, thus, without
intervention with respect to prior treatment (surgery,
medication) and laboratory parameters including
hepatic function tests. Prior to analysis, all patient data
were anonymized.
The study was conducted in conformity to the basic
principles of Helsinki Declaration. It was approved by
the local ethics committee. We declare that none of
the authors of the present study has any competing
commercial, personal, political, intellectual or religious
interest with respect to the present study.

Statistical analysis

Data were analyzed using the SAS 9.2 statistical
software package (SAS Institute, Cary, NC, United
States). Data were first analyzed descriptively. For
quantitative variables, mean, standard deviation, and
minimum and maximum values were derived. For
qualitative variables, absolute and relative values are
given. In order to identify differences between patients
with hepatobiliary complications and those without
hepatobiliary complications and without intervention,
the Wilcoxon rank-sum test was used for quantitative
2
variables; for qualitative variables, the χ test or, when
the number of cases was too small, Fisher’s exact
test was used. All tests were two-sided. Statistical
significance was established at P < 0.05. The statistical
methods of this study were reviewed by Suemeyra
Oeztuerk (BSc) from Department of Internal Medicine I,
University Hospital Ulm.

MATERIALS AND METHODS
Between 1979 and 2012, AE was diagnosed in 357
patients presenting to the Echinococcosis Specialty Clinic
of the University of Ulm. In the present study, we report
on 35 patients examined and treated for hepatobiliary
complications of AE with interventional methods
including ERCP, with or without stent placement,
percutaneous transhepatic cholangiodrainage (PTCD),
and magnetic resonance cholangiopancreatography
(MRCP). Criteria for inclusion in the study included
confirmed diagnosis of AE, use of at least one of
the above-mentioned methods for treatment of
hepatobiliary complications, and availability of preand post-procedure data on laboratory findings,
medication, and surgery. Not all patients were
diagnosed and treated in our clinic; patients’ records,
however, contained reports and discharge summaries
from outside institutions. Patient data was derived
retrospectively from the Echinococcus Multilocularis
Data Bank of the University Hospital of Ulm. Patients’
epidemiologic data, clinical symptoms, and indications
for the intervention, the type of intervention and any
additional procedures, hepatic laboratory parameters
(pre- and post-intervention), medication and surgical
treatment (pre- and post-intervention), as well as
complications associated with the intervention and
patients’ subsequent clinical courses were recorded.
In addition, available discharge summaries, digital
patient records, and reports from outside institutions
were reviewed with retrospective compilation of
information regarding the indication for the in
tervention, biochemical hepatic function parameters
before and after the intervention, type of intervention,
and prior treatment and medication. The subsequent
clinical courses of these patients through the end of
2012 were analyzed. All data were then compared
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RESULTS
Included in the present study were 35 patients (22
male, 13 female), whose average age at the time of
intervention was 52.7 years (range: 18-82 years).
Age distribution at the time of intervention showed
two peaks, at 70-79 years (25.7%) and 40-49 years
(22.9%), with fewer interventions in patients over
the age of 80 years (5.7%) and under 20 years
(2.9%). The time from first diagnosis to the onset of
hepatobiliary complications showed high variability
(0-41 years), with an average of 3.7 years. In 65%,
this period was less than one year (Figure 1).
The most frequent symptom of hepatobiliary
complications was jaundice (54.3%) (Table 1). The
total number of interventions performed in any
individual case ranged from one to ten; more than
one method could have been employed in patients
undergoing multiple interventions. ERCP was most
frequently performed in combination with stent
placement (82.9%). In addition to the intervention,
16 patients underwent additional procedures. A stent
was placed in 74.3% of patients (n = 26). Twentyfive patients underwent stent exchange at some
point in their clinical course, with only one patient
not undergoing exchange. The most frequent reason
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< 5 yr (n = 1)
5-10 yr (n = 7)
10-20 yr (n = 3)
20-40 yr (n = 1)

< 12 mo
34.3%
(n = 12)

< 6 mo
54.3%
(n = 19)

11.4%
(n = 4)

< 1 d (n = 15)
1 d - 1 mo (n = 3)
1-6 mo (n = 1)

6-12 mo

Figure 1 Time from first diagnosis to onset of hepatobiliary complications (average time to onset 3.7 years after first diagnosis).

prior to onset of hepatobiliary complications, including
albendazole (n = 14), mebendazole (n = 8), and
amphotericin B (n = 1). Eleven patients underwent
further treatment following the first intervention,
including partial liver resection (n = 1), curative
hemihepatectomy (n = 1), and pharmacotherapy with
albendazole (n = 9).
In the group of patients who had not experienced
hepatobiliary complications, 46.3% (149/322) had
undergone surgery, whereas 50.9% (164/322) had
not. In the remaining 2.8% of patients (n = 9), it was
not possible on the basis of the available records to
retrospectively determine whether or not they had
undergone surgery. In the group of patients who had
undergone a single intervention, 14/35 (40%) also
required surgical treatment, whereas 21/35 (60%)
patients did not undergo surgery. There was no
significant difference in the rate of surgery between the
groups with and without hepatobiliary complications.
Non-resectable AE was diagnosed in 63.0%
(225/357) of patients, and hepatobiliary complications
were reported in 10.7% (24/225) of these. Patients
were considered to have non-resectable AE if they
were deemed unsuitable for operation or if curative
surgery was unfeasible.
A comparison of biochemical hepatic function
parameters at the time of first diagnosis, intervention,
and post-intervention in six patients revealed that
all parameters increased from the point of first
diagnosis to intervention and then declined following
intervention. In fact, aspartate transaminase, gammaglutamyl transpeptidase, alkaline phosphatase, and
total bilirubin concentrations fell to levels below those
documented at first diagnosis (Table 2).
There was a statistically significant difference in
biochemical hepatic function parameters between the
group of patients with hepatobiliary complications
and subsequent intervention and those who did
not experience complications (P < 0.05). The same

Table 1 Clinical data of patients with hepatobiliary complications
of alveolar echinococcosis
Characteristic

Frequency

1

Symptoms
Jaundice
Abdominal pain
Weight loss
Indication for intervention1
Cholestasis
Jaundice
Stenosis of biliary tract
Cholangitis
Intervention method1
ERCP + stent replacement
PTCD
ERCP without stent replacement
MRCP
Additional procedures1
Papillotomy
Dilatation of the bile ducts
Gallstone extraction
Types of stents
Plastic stent
Pigtail drainage
Metal stent
Percutaneous drainage
Transhepatic jejunal endless drainage
No data

54.3%
31.4%
20.0%
54.3%
25.7%
17.1%
11.4%
82.9%
31.4%
22.9%
14.3%
68.8%
50.0%
25.0%
30.8%
7.7%
3.9%
3.9%
3.9%
50.0%

1

Multiple indications possible. ERCP: Endoscopic retrograde cholangiop
ancreatography; MRCP: Magnetic resonance cholangiopancreatography;
PTCD: Percutaneous transhepatic cholangiodrainage.

was cholangitis (n = 7), followed by unsuccessful first
attempt (n = 5), and stent occlusion (n = 4).
Of the 35 patients who had undergone a single
intervention, 14 (40%) had also been treated
surgically, in 12 cases prior to intervention. Procedures
included partial resection of the liver (n = 7), curative
hemihepatectomy (n = 2), partial resection of the
liver following histological confirmation (n = 2),
and liver segment resection (n = 1). Antihelminthic
pharmacotherapy was administered in 23 patients
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Table 4 Type of complications

Table 2 Hepatic function parameters in six patients with
alveolar echinococcosis with hepatobiliary complications and
intervention
Parameter
ALT, U/L
AST, U/L
GGT, U/L
AP, U/L
Bilirubin, mmol/L

First diagnosis

Intervention

Post-intervention

109.0 ± 64.3
72.7 ± 50.0
301.3 ± 237.3
272.3 ± 134.8
101.3 ± 164.8

169.0 ± 87.4
108.7 ± 41.9
393.3 ± 242.3
300.3 ± 75.5
147.1 ± 154.2

118.5 ± 154.9
66.7 ± 50.0
227.3 ± 117.7
246.5 ± 95.5
83.6 ± 89.8

Complication

ALT: Alanine transaminase; AP: Alkaline phosphotase; AST: Aspartate
transaminase; GGT: Gamma-glutamyl transpeptidase.

Table 3 Hepatic function parameters in patients with and
without hepatobiliary complications of alveolar echinococcosis
and subsequent intervention at time of first diagnosis
Parameter

Hepatobiliary complications

ALT, U/L
AST, U/L
GGT, U/L
AP, U/L
Bilirubin, mmol/L

No (n = 148)

Yes (n = 24)

43.2 ± 73.6
29.3 ± 35.4
94.4 ± 133.2
123.8 ± 88.6
9.8 ± 6.2

59.8 ± 48.7
41.4 ± 35.5
186.4 ± 194.1
200.3 ± 125.5
36.5 ± 86.7

66.7%
16.7%
16.7%
41.7%
33.3%
8.3%
8.3%
8.3%
8.3%
8.3%
8.3%
8.3%

1

Multiple indications possible.

P value

DISCUSSION

0.0035
0.0431
0.0005
0.0016
0.0148

To date, only a few studies have investigated the
biliary complications of AE. In addition to rare vascular,
cerebral, and musculoskeletal complications, AE is
associated with hepatobiliary complications, for which
the incidence and treatment have been reported in only
[13-16,21]
a few studies with small numbers of patients
and
[17-20]
case reports
. Vascular complications include the
[25,26]
[27,28]
Budd-Chiari
and Vena-cava syndrome
, which
[25]
are caused by occlusions of the hepatic veins
or
[27]
inferior vena cava , respectively. Cerebral involvement
is associated with immunosuppression and occurs
[29,30]
in 1%-5% of cases
, whereas musculoskeletal
manifestation resembles a type of spondylitis when
the spinal column is impacted, or an abscess in soft
[31,32]
tissue
. Hepatobiliary complications manifest
as cholestatic jaundice, cholangitis, biliary colic,
[1,5]
and fever . The rate of biliary invasion is given
[16]
at 11.4% . In our overall collective, hepatobiliary
complications occurred in 35 of a total 357 patients.
The resulting complication rate of 9.8% is comparable
[16]
to findings published by Ozturk et al . A recent study
[21]
by Frei et al
reports a complication rate of 30% in
patients with non-resectable AE. In the present study,
24/322 patients with non-resectable AE experienced
hepatobiliary complications, corresponding to a rate of
10.7%.
The main symptoms reported by patients in our
collective included jaundice, abdominal complaints, and
weight loss, which correspond to symptoms reported in
[13]
other studies . Similarly, the predominant indications
of intervention in our study were obstructive jaundice
and cholangitis, which agrees with the results of other
[16,17]
studies
. Other indications for intervention reported
[16]
in the literature, such as biliary fistulae , portal vein
[22]
thrombosis, and esophageal varices , were not
observed in our collective. On average, hepatobiliary
complications occurred 3.7 years following first

ALT: Alanine transaminase; AP: Alkaline phosphotase; AST: Aspartate
transaminase; GGT: Gamma-glutamyl transpeptidase.

parameters were significantly higher in patients with
hepatobiliary complication compared to the group of
patients who had not undergone intervention (Table 3).
Six patients (17.1%) experienced complications
during the first intervention (Table 4). Complications
occurred in three patients undergoing ERCP and
stent placement (8.6%), in two patients undergoing
only ERCP (5.7%), and in one patient with PTCD
(2.9%). Within the first week after the intervention,
an additional 34.4% of patients (n = 12) experienced
complications.
Antibiotic treatment was administered in ten pati
ents following intervention, with metronidazole and
amoxicillin being the two more frequently administered
agents (in two patients each).
During follow-up through December 2012, a total
of 11 (31.4%) patients died, whereas 23 (65.7%)
patients remained alive (Figure 2). The average age
at time of death was 75.6 years (range: 18-91 years),
whereas the average time from onset of hepatobiliary
complications to death was 7.2 years (range: 4 d to
15 years). The average age at the conclusion of the
follow-up period of the 23 patients who remained alive
was 55.4 years (range: 26-86 years), whereas the
average time from onset of hepatobiliary complications
to conclusion of follow-up was 9.2 years (range: 3 mo
to 34 years). For the entire collective of patients (living
and deceased), the average period following onset of
hepatobiliary complications was 8.8 years.
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Frequency

During first intervention
Failure visualize bile ducts
Bleeding at the papilla of vater
Bile leakage
Within first week after intervention1
Pancreatitis
Cholangitis
Hemorrhage
Wound infection
Fistula formation
Bacteremia
Abdominal pain
Abscess information
Pneumoperitoneum
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not able to identify any difference in the rate of surgery
between patients with and without hepatobiliary
complications. Our data also confirm that prior liver
resection does not represent a risk factor for the
[21]
development of hepatobiliary complications .
[21]
To date, only one study by Frei et al
has inves
tigated survival following onset of hepatobiliary
complications. They report a survival of only three
years following onset of complications, which, in their
series, occurred in about 30% of patients. By contrast,
data in the present study show an average survival of
8.8 years following onset of complications. On average,
[21]
Frei et al
also report the onset of hepatobiliary
complications 15.0 years following first diagnosis of AE
compared with the average of 3.7 years in the present
study.
The main limitation of this study is its retrospective
design. As a result, it was not possible to retrieve more
detailed information about the complications occurring
in these patients.
The data of the present study allow us to conclude
that hepatobiliary complications requiring treatment
occur in about 10% of patients with AE. Significant
increases in biochemical hepatic function parameters
are already present at the time of first diagnosis. On
average, hepatobiliary complications occurred 3.7
years following first diagnosis of AE, but this time
to occurrence is subject to high variability (0-41
years). Despite the fact that many patients will
require multiple treatments, endoscopic interventional
methods offer a well-established treatment procedure
with a tolerable rate of complications and treatmentassociated mortality and an average survival of 8.8
years.

Confirmed alveolar echinococcosis
n = 357

No complications
n = 322

Hepatobiliary complications
n = 35

Died

Living

n = 11

n = 23

Date/cause of death
known
n =8
n = 1 E. multilocularis
n = 1 Renal carcinoma
n = 2 Stroke
n = 4 old age

Unknown
n =1

Date/cause of death
unknown
n =3

Figure 2 Overview of patients with alveolar echinococcosis through
December 2012.

diagnosis. This was more rapid than the average of 15
[21]
years reported in the recent study by Frei et al .
Other data show that only in a few cases (n = 5)
did a single interventional procedure suffice in the
treatment hepatobiliary complications of AE. This
corresponds to experience with other disorders, such
as chronic pancreatitis or benign stenosis of the bile
duct secondary to iatrogenic injury, in which, on
[32]
average, two to eight ERCPs are required . With
malignant bile duct stenosis, the literature reports not
only multiple interventions but, in many cases, also
[33,34]
simultaneous double stenting
. Despite frequent
repetition, however, the complication rates associated
with interventional procedures is low, reported at
[35]
[36]
9.8% for ERCP
and 7.9% for PTCD . MRCP is
[37]
generally accomplished without complication .
Our rate of complications is comparable to, or lower
than, corresponding reports in the literature. Only
the subgroup of ten patients in whom symptoms
did resolve within one week showed an elevated
complication rate of 28.6%; this is most likely due
to the complex nature of the clinical situation and
[35]
the need for stent placement . In order to avoid
complications secondary to stent occlusion, stents
[32]
should be regularly exchanged .
As a result of intervention, six patients exhibited
improvement in biochemical hepatic function
parameters, with concentrations falling to levels
lower than those measured at first diagnosis. This
improvement is associated with patients’ improved
[13,16]
clinical conditions
, which is reflected in our study by
the fact that, following intervention, only two patients
required additional surgery. In our collective, we were
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Abstract
AIM: To clarify the utility of using des-γ-carboxy
prothrombin (DCP) and α-fetoprotein (AFP) levels
to predict the prognosis of hepatocellular carcinoma
(HCC) in patients with hepatitis B virus (HBV) and the
hepatitis C virus (HCV) infections.
METHODS: A total of 205 patients with HCC (105
patients with HBV infection 100 patients with HCV
infection) who underwent primary hepatectomy
between January 2004 and May 2012 were enrolled
retrospectively. Preoperative AFP and DCP levels were
used to create interactive dot diagrams to predict
recurrence within 2 years after hepatectomy, and
cutoff levels were calculated. Patients in the HBV and
HCV groups were classified into three groups: a group
with low AFP and DCP levels (LL group), a group in
which one of the two parameters was high and the
other was low (HL group), and a group with high AFP
and DCP levels (HH group). Liver function parameters,
the postoperative recurrence-free survival rate, and
postoperative overall survival were compared between
groups. The survival curves were compared by logrank test using the Kaplan-Meier method. Multivariate
analysis using a Cox forward stepwise logistic
regression model was conducted for a prognosis.
RESULTS: The preoperative AFP cutoff levels for
recurrence within 2 years after hepatectomy in the HBV
and HCV groups were 529.8 ng/mL and 60 mAU/mL,
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respectively; for preoperative DCP levels, the cutoff
levels were 21.0 ng/mL in the HBV group and 67 mAU/
mL in the HCV group. The HBV group was significantly
different from the other groups in terms of vascular
invasion, major hepatectomy, volume of intraoperative
blood loss, and surgical duration. Significant differences
were found between the LL group, the HL group, and
the HH group in terms of both mean disease-free
survival time (MDFST) and mean overall survival time
(MOST): 64.81 ± 7.47 vs 36.63 ± 7.62 vs 18.98 ± 6.17
mo (P = 0.001) and 85.30 ± 6.55 vs 59.44 ± 7.87 vs
46.57 ± 11.20 mo (P = 0.018). In contrast, the HCV
group exhibited a significant difference in tumor size,
vascular invasion, volume of intraoperative blood loss,
and surgical duration; however, no significant difference
was observed between the three groups in liver
function parameters except for albumin levels. In the
LL group, the HL group, and the HH group, the MDFST
was 50.09 ± 5.90, 31.01 ± 7.21, and 14.81 ± 3.08 mo
(log-rank test, P < 0.001), respectively, and the MOST
was 79.45 ± 8.30, 58.82 ± 7.56, and 32.87 ± 6.31 mo
(log-rank test, P < 0.001), respectively.

INTRODUCTION
Chronic hepatitis caused by viral hepatitis often
progresses to cirrhosis and hepatocellular carcinoma
[1]
(HCC) . In Asia, HCC is mainly caused by infection
with the hepatitis B virus (HBV), whereas in western
countries, it is characteristically caused by infection
[2]
with the hepatitis C virus (HCV) . The oncogenic
[3,4]
mechanisms differ between the two virus types , and
these mechanisms should be taken into consideration
when evaluating prognosis and establishing treatment
regimens.
Various staging systems have been developed
to predict the survival for HCC patients, such as the
[5]
[6]
tumor-node-metastasis , Okuda et al , the Cancer
[7]
of the Liver Italian Program (CLIP) , Japan Integrated
[8]
[9]
Staging (JIS) , and the Barcelona Clinic Liver Cancer
staging systems. These systems classify tumors
according to tumor size, tumor number, vascular
invasion, and metastatic regions (regardless of whether
they are intrahepatic or extrahepatic metastases).
Each of these parameters is closely associated with the
[5-9]
overall prognosis of HCC patients .
Liver function parameters are also important
[6]
prognostic factors for HCC. In fact, the Okuda ,
[7]
[8]
CLIP , and JIS staging systems consider both tumor
extension and liver function parameters in tumor
classification. Accordingly, it has been reported that
tumor-related factors and liver function parameters
are also both closely associated with the prognosis of
[6-10]
patients with HCC
.
In addition to these factors that impact tumorigenesis
and liver function, α-fetoprotein (AFP) and des-γcarboxy prothrombin (DCP) levels are tumor markers
[11,12]
and known prognostic factors for HCC
. Discovered
[13]
by Abelev et al
in 1963, AFP is a glycoprotein with
an albumin-like structure produced by liver cells and in
the yolk sac during the fetal stage with a half-life of 4-6
d and a molecular weight of 65 kDa. AFP production
in the liver is increased in hepatocellular carcinoma as
[14]
well as in chronic hepatitis and cirrhosis ; therefore,
AFP is considered to have low specificity for the
diagnosis of cancer. In contrast, prothrombin is formed
after the γ-carboxylation of vitamin K-dependent
propeptides, and DCP is produced as a result of
an acquired posttranslational defect in the vitamin
K-dependent carboxylase system. According to a 1984
[15]
report by Liebman et al , DCP has a molecular weight
of 72 kDa and a half-life of 40-72 h. DCP production
does not increase in chronic hepatitis or cirrhosis,
and DCP is considered to have high specificity for the
diagnosis of cancer. However, DCP has no prognostic
value in cases with vitamin K deficiency or vitamin K

CONCLUSION: In the HBV group, the prognosis was
poor when either AFP or DCP levels were high. In the
HCV group, the prognosis was good when either or
both levels were low; however, the prognosis was poor
when both levels were high. High levels of both AFP
and DCP were an independent risk factor associated
with tumor recurrence in the HBV and HCV groups. The
relationship between tumor marker levels and prognosis
was characteristic to the type of viral hepatitis.
Key words: Hepatocellular carcinoma; Hepatitis B;
Hepatitis C; Des-γ-carboxy prothrombin; α-fetoprotein
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: There is no consensus regarding using
cutoff levels of tumor markers to predict survival
and recurrence after hepatectomy for hepatocellular
carcinoma. Furthermore, the prognostic characteristics
of these tumor markers according to hepatitis type
remain unclear. The α-fetoprotein (AFP) cutoff level
for recurrence within 2 years after surgery was 21.0
ng/mL in the hepatitis C virus (HCV) group compared
with 529.8 ng/mL in the hepatitis B virus (HBV) group.
Furthermore, patients in the HBV group with high levels
of either AFP or des-γ-carboxy prothrombin (DCP) had
poor prognoses, as did those patients with high levels
of both tumor markers. In contrast, only those patients
in the HCV group who had high levels of both AFP and
DCP had poor prognoses. We believe that to predict
prognosis, preoperative levels of tumor markers should
be distinguished and assessed according to the type of
viral hepatitis.
Meguro M, Mizuguchi T, Nishidate T, Okita K, Ishii M,
Ota S, Ueki T, Akizuki E, Hirata K. Prognostic roles of
preoperative α-fetoprotein and des-γ-carboxy prothrombin in
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function inhibition.
Although the associations between these tumor
markers and postoperative prognosis in HCC patients
[16-18]
have been reported
, there is no consensus
regarding the cutoff levels of these markers to
predict survival and recurrence after hepatectomy.
Furthermore, the prognostic characteristics of these
tumor markers according to hepatitis type remain
unclear. Therefore, the aim of the present study was
both to compare preoperative tumor marker levels
and prognosis after hepatectomy and to clarify the
characteristics of these tumor marker levels according
to hepatitis type. The prognostic findings associated
with these tumor marker levels could inform the
development of new selection criteria for living donor
liver transplantation candidates with HCC, especially
[19]
beyond the Milan criteria .

January 2004 to May 2012
256 HCC patients

Non-B/Non-C hepatitis
40 HCC patients
HBV and HCV combined
6 HCC patients

HBV 107 HCC patients
HCV 103 HCC patients
Warfarin
2 HBV HCC
Warfarin
3 HCV HCC

HBV 105 HCC patients
HCV 100 HCC patients

MATERIALS AND METHODS
Patients and follow-up

Figure 1 Flowchart of selection of hepatocellular carcinoma patients in
this retrospective study. A total of 40 patients with non-B/non-C hepatitis,
including those with obstructive jaundice with false-positive preoperative DCP
levels, and patients with alcoholic hepatitis were excluded from the study. Six
patients with combined HBV and HCV infections were also excluded. Finally,
107 HCC patients with HBV infection and 103 HCC patients with HCV infection
were included for analysis. Two patients in the HBV group and three in the
HCV group were receiving warfarin and subsequently excluded. Therefore, 105
patients in the HBV group and 100 patients in the HCV group were included
in this retrospective study. HCC: Hepatocellular carcinoma; HBV: Hepatitis B
virus; HCV: Hepatitis C virus; DCP: Des-γ-carboxy prothrombin.

We retrospectively reviewed the medical records of
256 consecutive HCC patients who underwent primary
hepatectomy at the Sapporo Medical University
Hospital (Sapporo, Japan) from January 2004 to May
[20]
2012. Using the Child-Pugh classification system ,
the volume of resectable liver was determined,
including the following items: prothrombin time (PT),
serum total bilirubin (TBIL) levels, and serum albumin
(ALB) levels, all of which are measured on both
preoperative function tests and the indocyanine green
[21]
retention rate at 15 min (ICGR15)
as measured
by three-dimensional computed tomography. AFP
and DCP levels were measured immediately before
surgery. The present study excluded 40 patients with
non-B/non-C hepatitis and six patients with concurrent
HBV and HCV infections. In addition, two patients in
the HBV group and three in the HCV group receiving
warfarin were also excluded. The final sample included
105 patients with HBV infection and 100 with HCV
infection (Figure 1).
The operation type was classified as follows: partial
hepatic resection including tumor enucleation (Hr0);
subsegmentectomy (HrS); monosegmentectomy
(Hr1); bisegmentectomy, including right hepatectomy,
left hepatectomy, and central bisegmentectomy (Hr2);
and trisegmentectomy (Hr3). Hr0, HrS, and Hr1 were
defined as minor hepatectomy, whereas Hr2 and
Hr3 resections were considered major hepatectomy.
Red cell concentrate transfusion was administered
at the discretion of the anesthetist on the basis of
intraoperative factors, such as systemic hemodynamic
factors, hemoglobin levels, and blood lactate levels
on blood gas analysis. Following hepatectomy, the
number of tumors, tumor size, presence or absence
of vascular invasion, and condition of underlying
liver tissue (normal liver, chronic hepatitis, and liver
cirrhosis) were determined.
All patients were followed up every 3 mo until the
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end of March 2013, until their last visit to our hospital,
or until death. The study design conformed to the
ethical guidelines of the Declaration of Helsinki, and
informed consent was obtained from each subject
before registration.

Surgical procedure

The surgery included total and pure laparoscopic
procedures and laparoscopically assisted approaches.
We used either five or six ports (5-12 mm in
diameter) depending on the tumor location, and
the first periumbilical port for the laparoscopic
camera was inserted using the open technique. If
the volume of blood loss exceeded 300 mL from
[22]
any of these ports, the Pringle maneuver
was
performed for hepatectomy. The procedures were
performed under carbon dioxide pneumoperitoneum,
and intra-abdominal pressure was maintained at <
12 mmHg based on electronic readings. We used
a variable view angle, high-definition endoscopic
camera. Intraoperative ultrasonography (BK Medical,
Herlev, Denmark) was performed routinely to
examine the location and diameter of the hepatic
tumor as well as the positional relationship of the
tumor with the main hepatic vessels. Parenchymal
transection and hemostasis were performed with a
laparoscopic Cavitron ultrasonic surgical aspirator
(CUSA; Valleylab, Boulder, CO, United States), a
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Table 1 Characteristics of hepatocellular carcinoma patients with hepatitis B virus infection
All patients (n = 105) LL group (n = 55) HL group (n = 34)

Variables
Age (yr)
Sex, male/female
Body mass index (kg/m2)
Open/pure lap/lap-assisted
Hr
0/S/1/2/3
Preoperative laboratory values
Aspartate transaminase (U/L)
Alanine transaminase (U/L)
Platelets (× 104/µL)
Serum ALB (g/dL)
PT (%)
Serum TBIL (mg/dL)
ICGR15
AFP (ng/mL)
DCP (mAU/mL)
Intraoperative data
Blood loss (mL)
Surgical duration (min)
Blood transfusion
RCC: yes/no (%)
Pathological results
Tumor size (cm)
Multiple tumors: yes/no (%)
Vascular invasion: yes/no (%)
Remnant liver: NL/CH/LC
Histological tumor differentiation
Well/moderately/poorly
Recurrence within 2 yr after liver resection
Yes/no (%)

HH group (n = 16)

P value

62 (57-68)
90/15
23.7 ± 3.1
83/8/14

62 (59-66)
48/7
24.0 ± 2.6
43/6/6

64 (56-70)
29/5
23.5 ± 3.3
29/1/4

63 (56-70)
13/3
23.1 ± 4.3
11/1/4

0.962
0.829
0.691
0.390

50/25/14/14/2

34/13/6/2/0

14/10/4/4/2

2/2/4/8/0

< 0.001

31 (22-46)
29 (20-39)
16.6 ± 13.3
3.95 ± 0.46
93.3 ± 12.2
0.79 ± 0.44
9.6 (5.7-14.9)
24.2 (3.8-165.0)
38 (20-364)

31 (22-41)
32 (17-42)
16.4 ± 12.7
3.99 ± 0.46
95.5 ± 11.1
0.80 ± 0.45
9.4 (5.9-14.0)
5.2 (2.4-31.1)
22 (15-28)

30 (25-48)
27 (21-42)
16.2 ± 16.2
3.87 ± 0.43
90.3 ± 14.1
0.85 ± 0.49
12.5 (5.7-22.5)
45.0 (5.1-246.5)
399 (90-1,667)

400 (130-660)
332 (243-411)

360 (110-560)
313 (236-370)

435 (100-1,040)
361 (243-450)

880 (130-1330)
432 (270-604)

0.042
0.020

21/84 (20.0%)

4/51 (7.2%)

10/24 (29.4%)

7/9 (43.8%)

0.001

4.27 ± 3.21
39/66 (37.1%)
34/71 (32.4%)
13/47/41

3.26 ± 2.56
19/36 (34.5%)
10/45 (18.2%)
6/23/26

4.97 ± 2.71
15/19 (44.1%)
14/20 (41.1%)
3/17/14

6.24 ± 4.77
5/11 (31.3%)
10/6 (62.5%)
4/7/5

< 0.001
0.575
0.002
0.464

14/63/28

11/35/9

3/18/13

0/10/6

0.048

43 (24-62)
27 (19-52)
18.0 ± 8.6
3.98 ± 0.53
92.2 ± 10.6
0.65 ± 0.24
8.5 (5.0-14.6)
1950 (753.5-2827.0)
4460 (223-34373)

0.153
0.978
0.168
0.334
0.062
0.681
0.334
< 0.001
< 0.001

50/55 (47.6%)

Data are presented as medians (25th-75th percentile range) for skewed distribution and mean ± SD for normal distribution. LL group: AFP values < 529.8
ng/mL and DCP values < 60 mAU/mL; HL group: AFP values > 529.8 ng/mL or DCP values > 60 mAU/mL; HH group: AFP values > 529.8 ng/mL
and DCP values > 60 mAU/mL; Open group: open laparotomy hepatectomy group; Lap group: laparoscopic hepatectomy group; Pure Lap: pure
laparoscopic hepatectomy; Lap-assisted: laparoscopy-assisted hepatectomy. Hr0: Partial hepatectomy; HrS: Subsegmentectomy; Hr1: Sectionectomy; Hr2:
Bisegmentectomy; Hr3: Trisegmentectomy; ALB: Albumin; PT: Prothrombin; TBIL: Total bilirubin; ICGR15: Indocyanine green retention rate at 15 min;
AFP: alpha-fetoprotein; DCP: des-γ-carboxy prothrombin.

harmonic scalpel (UltraCision; Ethicon Endo-Surgery,
Inc., Blue Ash, OH, United States), saline-associated
monopolar electrocautery, and a thermofusion device
(BiClamp; ERBE, Marietta, GA, United States). The
resected specimen was placed in a plastic bag and
extracted through a slightly enlarged periumbilical
port site or additional minilaparotomy. For open
laparotomy, right subcostal, upper middle, or inverted
L-shaped or T-shaped incisions were made depending
on tumor location. Intraoperative ultrasonography
(Hitachi-Aloka Medical, Ltd., Tokyo, Japan) was
performed routinely. Parenchymal transection and
hemostasis were performed primarily using a CUSA,
saline-associated monopolar electrocautery, and
an absorbable fibrin sealant patch (Tachosil, Baxter
Healthcare Corporation, Irvine, CA, United States) as
necessary.

or analysis of variance was used for comparisons
of continuous variables. Recurrence-free survival or
overall survival rates were estimated using the KaplanMeier method and compared using the log-rank test. A
P value < 0.05 was considered statistically significant.
Variables with statistical significance (P < 0.05) in
the univariate analysis were subjected to multivariate
analysis using a Cox forward stepwise logistic
regression model. Statistical analysis was performed
®
using StatView software (version 5.0; SAS Institute
Inc., Cary, NC, United States) and SPSS version 21.0
for Windows (IBM-SPSS Inc., Chicago, IL, United
States). Interactive dot diagrams were created using
®
MedCalc software (version 10.2.0.0; Mariakerke,
Ostend, Belgium).

Statistical analysis

HBV group

th

RESULTS

th

The clinical characteristics of all patients in the HBV
group (n = 105) are shown in Table 1. The median
age was 62 years, and there were more males than
females. Major hepatectomy was performed in 16
patients (15.2%), and anatomical resection was

Data are presented as medians (25 -75 percentile
range) for skewed distributions and as mean ± SD for
2
normal distributions. The Pearson χ analysis or Fisher
exact test was used to compare categorical variables,
whereas the Kruskal-Wallis, Mann-Whitney U test,
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B

α-fetoprotein
Cutoff value
529.8 ng/mL
Sensitivity: 32.0
Specificity: 90.9

Des-γ-carboxy prothrombin
Cutoff value
60 mAU/mL
Sensitivity: 54.0
Specificity: 70.9

100000

100000

10000

10000
Log DCP values (mAU/mL)

Log AFP values (ng/mL)

A

1000
100
10
0
0.1

1000
100
10
0
0.1

More than 2 yr
disease-free
after liver resection
(n = 55)

Recurrence
within 2 yr
after liver resection
(n = 50)

More than 2 yr
disease-free
after liver resection
(n = 55)

Recurrence
within 2 yr
after liver resection
(n = 50)

Figure 2 Interactive dot diagrams. A: Interactive dot diagrams showing α-fetoprotein levels were used to predict recurrence within 2 years after hepatectomy
among hepatocellular carcinoma patients with hepatitis B infection; B: Interactive dot diagrams showing des-γ-carboxy prothrombin levels were used to predict
recurrence within 2 years after hepatectomy among hepatocellular carcinoma patients with hepatitis B infection. The horizontal line indicates the cutoff point with the
best separation (minimal false-negative and false-positive results) between the two subgroups.

performed in 55 patients (52.4%). Preoperative liver
function was good in most patients, with a median
ICGR15 level of 9.6%. The median preoperative levels
of AFP and DCP were 24.2 ng/mL and 38 mAU/mL,
respectively. The median volume of intraoperative
blood loss was 400 mL and median surgical duration
was 332 min. The mean tumor size was 4.27 ±
3.21 cm; 39 patients (37.1%) had multiple tumors,
and vascular invasion was observed in 34 patients
(32.4%). Sixty patients (61.0%) presented with
either normal liver function or chronic hepatitis. Fifty
patients (47.6%) developed recurrence within 2
years after surgery.
The preoperative AFP and DCP cutoff levels
for recurrence within 2 years of hepatectomy
calculated using an interactive dot diagram were
529.8 ng/mL (sensitivity, 32.0%; specificity, 90.0%)
and 60 mAU/mL (sensitivity, 54.0%; specificity,
70.9%), respectively (Figure 2). Table 1 depicts the
characteristics of patients in three groups when these
cutoff levels were used as the reference levels: a
group with low AFP and DCP levels (LL group, n = 55),
a group in which one of the two parameters was high
and the other was low [high and low (HL) group, n =
34], and a group with high AFP and DCP levels (HH
group, n = 16). The rates of anatomical resection in
the LL, HL, and HH groups were significantly different
(38.2%, 58.8%, and 87.5%; P = 0.002). There were
no significant differences observed between groups in
any preoperative liver function parameter, including
aspartate transaminase levels, alanine transaminase
levels, platelet count, serum ALB, serum TBIL, PT,
and ICGR15 levels. However, there were significant
differences in AFP levels (P < 0.001), DCP levels (P <
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0.001), volume of intraoperative blood loss (P = 0.042),
surgical duration (P = 0.020), rate of intraoperative
transfusion (P = 0.001), tumor size (P < 0.001),
vascular invasion (P = 0.002), and histological tumor
differentiation (P = 0.048). The mean disease-free
survival time (MDFST) in the LL, HL, and HH groups
was 64.81 ± 7.47, 36.63 ± 7.62, and 18.98 ± 6.17
mo, respectively (log-rank test, P = 0.001); the mean
overall survival time (MOST) in the LL, HL, and HH
groups was 85.30 ± 6.55, 59.44 ± 7.87, and 46.57
± 11.20 mo, respectively (log-rank test, P = 0.018).
Significant differences were observed between all
groups on both measures (Figure 3).
Our univariate and multivariate analyses to
determine the risk factors associated with tumor
recurrence after hepatectomy in the patients with
HBV infection (n = 105) are shown in Table 2. The
multivariate analysis revealed that high levels of TBIL
(P = 0.004), HH group (P = 0.031), large tumor size
(P = 0.003), and the presence of vascular invasion
(P = 0.002) were associated with significantly higher
incidences of tumor recurrence after liver resection.
Our univariate and multivariate analyses to
determine the risk factors associated with poor
overall survival after hepatectomy in patients with
HBV infection (n = 105) are shown in Table 3. The
multivariate analysis revealed that the presence of
vascular invasion (P = 0.008) was associated with
significantly higher incidences of poor overall survival
after liver resection.

HCV group

The clinical characteristics of all patients in the HCV
group (n = 100) are shown in Table 4. The median
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A

Disease free survival

1.0

MDFST ± SE

Log-Rank test P = 0.001

0.8

LL group
(n = 55)

64.81 ± 7.47%

0.6

HL group
(n = 34)

36.63 ± 7.62%

0.4

HH group
(n = 16)

18.98 ± 6.17%

P = 0.011
P < 0.001

P = 0.203

0.2
0.0
0

Number at risk
LL group
HL group
HH group

B

55
34
16
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40
60
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100
Time after operation (mo)
40
19
7
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6
1

Overall survival
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5
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11
4
1
MOST ± SE

Log-Rank test P = 0.018

0.8

LL group
(n = 55)

85.30 ± 6.55%

0.6

HL group
(n = 34)

59.44 ± 7.87%

0.4

HH group
(n = 16)

46.57 ± 11.20%

P = 0.029
P = 0.008

P = 0.465

0.2
0.0
0
Number at risk
LL group
HL group
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34
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Time after operation (mo)
48
28
9
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8

35
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23
10
3
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15
9
2

Figure 3 Disease-free survival and overall survival of hepatocellular carcinoma patients with hepatitis B viral infection. A: In the disease-free survival
analysis, there were significant differences between the three groups; B: In the analysis of overall survival, there were significant differences between the three
groups.

age was 71 years, and there were more males than
females. Major hepatectomy of type Hr2 or higher was
performed in five patients (5.0%), and anatomical
resection combining subsegmentectomy of the liver,
segmentectomy of the liver, and hepatic lobe resection
was performed in 43 patients (43.0%). Many patients
had poor preoperative liver function, and 58 patients
(58.0%) had liver cirrhosis with a median ICGR15 level
of 14.2%. The median preoperative levels of AFP and
DCP were 18.6 ng/mL and 45 mAU/mL, respectively.
The median volume of intraoperative blood loss was
330 mL, and the median surgical duration was 304
min. The mean tumor size was 3.51 ± 2.48 cm, and
multiple tumors were observed in 36 patients (36.0%).
Furthermore, vascular invasion was observed in 30
patients (30.0%), and 51 patients (51.0%) developed
recurrence within 2 years after hepatectomy.
The preoperative cutoff levels for recurrence within
2 years after hepatectomy, as calculated using an
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interactive dot diagram, were 21.0 ng/mL for AFP
(sensitivity, 58.8%; specificity, 67.3%) and 67 mAU/
mL for DCP (sensitivity, 60.8%; specificity, 75.5%)
(Figure 4). Table 4 summarizes the characteristics
of HCC patients with HCV infection in the LL group
(n = 34), HL group (n = 39), and HH group (n =
27) with these cutoff levels as baselines. There were
no significant differences observed in pathological
background (P = 0.161), type of operation (P = 0.784),
or histological differentiation (P = 0.213). There were
significant differences in preoperative ALB levels (P
= 0.006); however, no significant difference was
observed for other laboratory variables. There were
also significant differences between groups in AFP
levels (P < 0.001), DCP levels (P < 0.001), volume of
intraoperative blood loss (P = 0.006), surgical duration
(P = 0.040), intraoperative transfusion rate (P =
0.030), tumor size (P = 0.008), and vascular invasion
(P = 0.018). MDFST and MOST for the LL, HL, and HH
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Table 2 Univariate and multivariate analyses of factors associated with tumor recurrence in patients with hepatitis B virus infection
Variables

Univariate analysis

Age
Sex, male
Preoperative laboratory values
Aspartate transaminase
Alanine transaminase
Platelets
Serum ALB
PT
Serum TBIL
ICGR15
Tumor markers
HH group
HL group
Intraoperative data
Blood loss
Surgical duration
Pathologic results
Tumor size
Multiple tumors
Vascular invasion

Multivariate analysis

HR

95%CI

P value

HR

0.977
1.077

0.952-1.003
0.512-2.264

0.086
0.843

95%CI

P value

1.008
0.999
1.001
0.648
0.974
2.305
1.033

1.003-1.013
0.989-1.009
0.979-1.024
0.367-1.142
0.953-0.996
1.346-3.947
1.008-1.059

0.001
0.811
0.929
0.134
0.021
0.002
0.011

1.001

0.993-1.010

0.778

0.976
4.068
0.967

0.946-1.007
1.586-10.436
0.919-1.018

0.124
0.004
0.967

3.235
2.042

1.673-6.257
1.164-3.583

< 0.001
0.013

2.464
1.083

1.086-5.587
0.497-2.360

0.031
0.841

1.001
1.002

1.000-1.001
1.000-1.004

0.002
0.003

1.000
1.000

1.000-1.001
0.997-1.003

0.416
0.868

1.148
1.363
2.088

1.068-1.234
1.152-1.612
1.261-3.458

< 0.001
< 0.001
0.004

1.182
1.336
2.624

1.059-1.318
0.955-1.869
1.408-4.892

0.003
0.091
0.002

HH group: Alpha-fetoprotein values > 529.8 ng/mL and des-gamma-carboxy prothrombin values > 60 mAU/mL; HL group: Alpha-fetoprotein values >
529.8 ng/mL or des-gamma-carboxy prothrombin values > 60 mAU/mL. Bold represents statistical significance. ALB: Albumin; PT: Prothrombin; TBIL:
Total bilirubin; ICGR15: Indocyanine green retention rate at 15 min.

Table 3 Univariate and multivariate analyses of factors associated with poor overall survival in patients with hepatitis B virus
infection
Variables

Univariate analysis

Age
Sex, male
Preoperative laboratory values
Aspartate transaminase
Alanine transaminase
Platelets
Serum ALB
PT
Serum TBIL
ICGR15
Tumor markers
HH group
HL group
Intraoperative data
Blood loss
Surgical duration
Pathologic results
Tumor size
Multiple tumors
Vascular invasion

Multivariate analysis

HR

95%CI

P value

0.996
1.440

0.964-1.028
0.511-4.056

0.797
0.490

HR

95%CI

P value

1.008
0.992
1.015
0.469
0.975
2.249
1.056

1.002-1.014
0.976-1.007
0.994-1.035
0.234-0.939
0.950-1.000
1.125-4.495
1.025-1.087

0.012
0.296
0.158
0.033
0.051
0.022
< 0.001

1.004

0.992-1.016

0.518

1.584
1.040

0.447-5.613
0.976-1.108

0.476
0.229

2.985
2.112

1.259-7.075
1.054-4.232

0.013
0.035

2.274
1.025

0.698-7.403
0.390-2.693

0.173
0.960

1.001
1.004

1.001-1.001
1.001-1.008

< 0.001
0.005

1.000
1.002

1.000-1.001
0.996-1.007

0.391
0.534

1.239
1.385
2.491

1.133-1.356
1.121-1.711
1.335-4.647

< 0.001
0.002
0.004

1.127
1.200
3.173

0.969-1.310
0.813-1.772
1.352-7.447

0.122
0.358
0.008

HH group: Alpha-fetoprotein values > 529.8 ng/mL and des-gamma-carboxy prothrombin values > 60 mAU/mL; HL group: Alpha-fetoprotein values >
529.8 ng/mL or des-gamma-carboxy prothrombin values > 60 mAU/mL. Bold represents statistical significance. ALB: Albumin; PT: Prothrombin; TBIL:
Total bilirubin; ICGR15: Indocyanine green retention rate at 15 min.

groups were 50.09 ± 5.90, 31.01 ± 7.21, and 14.81
± 3.08 mo (log-rank test, P < 0.001), respectively,
and 79.45 ± 8.30, 58.82 ± 7.56, and 32.87 ± 6.31
mo (log-rank test, P < 0.001), respectively, with a
significant difference observed between all groups
(Figure 5).
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Our univariate and multivariate analyses to
determine the risk factors associated with tumor
recurrence after hepatectomy in the patients with
HCV infection (n = 100) are shown in Table 5. The
multivariate analysis revealed that high levels of
ICGR15 (P < 0.001), HH group (P < 0.001), HL group
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Table 4 Characteristics of hepatocellular carcinoma patients with hepatitis C virus infection
Variables
Age (yr)
Sex, male/female
Body mass index
Open/Pure Lap/Lap-assisted
Hr
0/S/1/2/3
Preoperative laboratory values
Aspartate transaminase (U/L)
Alanine transaminase (U/L)
Platelets (× 104/µL)
Serum ALB (g/dL)
PT (%)
Serum TBIL (mg/dL)
ICGR15
AFP (ng/mL)
DCP (mAU/mL)
Intraoperative data
Blood loss (mL)
Surgical duration (min)
Blood transfusion
RCC: yes/no (%)
Pathologic results
Tumor size (cm)
Multiple tumor: yes/no (%)
Vascular invasion: yes/no (%)
Remnant liver: NL/CH/LC
Histological tumor differentiation
Well/Moderately/Poorly
Recurrence within 2 yr after hepatectomy
Yes/no (%)

All patients (n = 100)

LL group (n = 34)

HL group (n = 39)

HH group (n = 27)

P value

71 (62-77)
82/18
23.6 ± 3.6
77/12/11

72 (64-77)
22/12
23.6 ± 2.9
26/3/5

70 (62-75)
29/10
23.8 ± 3.8
27/8/4

70 (65-77)
16/11
23.4 ± 4.1
24/1/2

0.766
0.413
0.737
0.218

57/27/11/2/3

23/8/3/0/0

21/10/5/1/2

13/9/3/1/1

0.784

47 (30-64)
38 (26-57)
13.5 ± 6.8
3.76 ± 0.39
89.8 ± 13.4
0.78 ± 0.34
14.2 (8.4-18.5)
18.6 (5.6-134.0)
45 (21-244)

41 (23-56)
33 (21-53)
13.9 ± 4.7
3.94 ± 0.40
92.5 ± 11.4
0.74 ± 0.32
12.1 (8.1-15.4)
5.3 (3.8-11.0)
22 (15-35)

48 (35-67)
41 (28-57)
13.9 ± 9.2
3.67 ± 0.35
87.8 ± 15.0
0.79 ± 0.33
14.7 (8.4-21.5)
21.1 (6.9-99.2)
37 (23-134)

53 (47-71)
42 (29-62)
12.5 ± 4.4
3.67 ± 0.38
89.2 ± 13.5
0.81 ± 0.39
15.6 (13.0-24.6)
299.7 (68.1-1046.0)
429 (124-1902)

0.101
0.496
0.804
0.006
0.254
0.777
0.163
< 0.001
< 0.001

330 (20-650)
304 (230-377)

263 (70-500)
303 (175-377)

230 (20-500)
296 (230-352)

535 (300-1270)
345 (282-475)

0.006
0.040

12/88 (12.0%)

3/31 (8.8%)

2/37 (5.1%)

7/20 (25.9%)

0.030

3.51 ± 2.48
36/64 (36.0%)
30/70 (30.0%)
5/37/58

2.84 ± 1.23
8/26 (23.5%)
5/29 (14.7%)
2/18/14

3.26 ± 2.31
17/22 (43.6%)
12/27 (30.8%)
2027/10/2

4.72 ± 3.39
11/16 (40.7%)
13/14 (48.1%)
2017/9/1

0.008
0.171
0.018
0.161

17/63/20

7/23/4

8/24/7

2/16/9

0.213

51/49 (51.0%)

Data are presented as medians (25th-75th percentile range) for skewed distribution and mean ± SD for normal distribution. Bold represents statistically
significance. LL group: AFP values < 21.0 ng/mL and DCP values < 67 mAU/mL; HL group: AFP values < 21.0 ng/mL or DCP values < 67 mAU/mLF;
HH group: AFP values < 21.0 ng/mL and DCP values < 67 mAU/mL; Open group: Open laparotomy group; Lap group: Laparoscopic hepatectomy group;
Pure Lap: Pure laparoscopic hepatectomy; Lap-assisted, laparoscopy-assisted hepatectomy; Hr0: Partial hepatectomy; HrS: Sub-segmentectomy; Hr1:
Sectionectomy; Hr2: Bisegmentectomy; Hr3: Trisegmentectomy. ALB: albumin; PT: prothrombin; TBIL: total bilirubin; ICGR15: indocyanine green retention
rate at 15 min; AFP: Alpha-fetoprotein; DCP: des-γ-carboxy prothrombin.
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Figure 4 Interactive dot diagrams. A: Interactive dot diagrams showing α-fetoprotein levels were used to predict recurrence within 2 years after hepatectomy
among hepatocellular carcinoma patients with hepatitis C infection; B: Interactive dot diagrams showing des-γ-carboxy prothrombin levels were used to predict
recurrence within 2 years after hepatectomy among hepatocellular carcinoma patients with hepatitis C infection. The horizontal line indicates the cutoff point with the
best separation (minimal false-negative and false-positive results) between the two subgroups.
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Figure 5 Disease-free survival and overall survival in hepatocellular carcinoma patients with hepatitis C viral infection. A: In the disease-free survival
analysis, there were significant differences between the three groups; B: In the analysis of overall survival, there were significant differences between the three
groups.

(P = 0.032), long surgical duration (P = 0.031), large
tumor size (P = 0.012), and the presence of multiple
tumors (P = 0.018) were associated with significantly
higher incidences of tumor recurrence after liver
resection.
Our univariate and multivariate analyses to
determine the risk factors associated with poor
overall survival after hepatectomy in patients with
HCV infection (n = 100) are shown in Table 6. The
multivariate analysis revealed that high levels of ICGR15
(P = 0.047), HH group (P = 0.009), and the presence
of multiple tumors (P = 0.028) were associated with
significantly higher incidences of poor overall survival
after liver resection.

hepatectomy and levels of the tumor markers AFP and
DCP. There was a significant difference between the
HBV and HCV groups in the AFP and DCP cutoff levels
to predict recurrence within 2 years after hepatectomy.
In the HBV group, high AFP or DCP levels were
sufficient to predict poor prognosis. In contrast, a low
level of either or both tumor markers was correlated
with a good prognosis in the HCV group. However,
when levels of both markers were high, prognosis was
poor in both the HBV and HCV groups. Furthermore,
HH group membership was an independent risk factor
associated with tumor recurrence in both the HBV and
HCV group.
It has been reported that among HCC patients
who acquired HBV infection at a relatively young age
(approximately 60 years), many do not have liver
[23-25]
cirrhosis and have normal liver function
. In the
HBV group in the present study (Table 1), the median
patient age was 62 years, the median ICGR15 was

DISCUSSION
We investigated the clinical correlations between
prognosis in HCC patients who underwent initial
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Table 5 Univariate and multivariate analyses of factors associated with tumor recurrence in patients with hepatitis C virus infection
Variables

Univariate analysis

Age
Sex, male
Preoperative laboratory values
Aspartate transaminase
Alanine transaminase
Platelets
Serum ALB
PT
Serum TBIL
ICGR15
Tumor markers
HH group
HL group
Intraoperative data
Blood loss
Surgical duration
Pathologic results
Tumor size
Multiple tumors
Vascular invasion

Multivariate analysis

HR

95%CI

P value

HR

1.001
1.455

0.972-1.031
0.823-2.570

0.950
0.197

95%CI

P value

1.005
1.003
1.015
0.569
0.999
1.281
1.049

0.999-1.011
0.966-1.010
0.983-1.049
0.297-1.092
0.980-1.019
0.610-2.692
1.017-1.081

0.134
0.412
0.363
0.090
0.943
0.513
0.002

1.069

1.032-1.108

< 0.001

4.427
2.210

2.238-8.760
1.166-4.189

< 0.001
0.015

5.098
2.325

2.165-12.005
1.077-5.018

< 0.001
0.032

1.001
1.003

1.000-1.001
1.002-1.004

< 0.001
< 0.001

1.000
1.002

0.999-1.000
0.998-1.006

0.292
0.129

1.290
1.264
2.454

1.178-1.413
1.073-1.487
1.479-4.071

< 0.001
0.005
0.001

1.160
1.264
1.597

1.033-1.302
1.041-1.534
0.890-2.867

0.012
0.018
0.117

Bold represents statistical significance. HH group: Alpha-fetoprotein values > 21.0 ng/mL and des-gamma-carboxy prothrombin values > 67 mAU/mL; HL
group: Alpha-fetoprotein values > 21.0 ng/mL or des-gamma-carboxy prothrombin values > 67 mAU/mL. ALB: Albumin; PT: Prothrombin; TBIL: Total
bilirubin; ICGR15: Indocyanine green retention rate at 15 min.

Table 6 Univariate and multivariate analyses of factors associated with poor overall survival in patients with hepatitis C virus
infection
Variables

Univariate analysis

Age
Sex, male
Preoperative laboratory values
Aspartate transaminase
Alanine transaminase
Platelets
Serum ALB
PT
Serum TBIL
ICGR15
Tumor markers
HH group
HL group
Intraoperative data
Blood loss
Surgical duration
Pathologic results
Tumor size
Multiple tumors
Vascular invasion

Multivariate analysis

HR

95%CI

P value

hr

1.025
1.328

0.987-1.065
0.668-2.642

0.195
0.418

95%CI

P value

1.006
1.001
1.036
0.246
0.994
1.206
1.054

0.999-1.013
0.992-1.009
0.995-1.077
0.114-0.531
0.971-1.018
0.523-2.780
1.021-1.087

0.106
0.849
0.084
< 0.001
0.643
0.660
0.001

0.611

0.219-1.706

0.347

1.042

1.001-1.084

0.047

4.562
2.049

2.031-10.248
0.911-4.609

< 0.001
0.083

4.018
2.209

1.424-11.337
0.829-5.885

0.009
0.113

1.001
1.003

1.000-1.001
1.002-1.004

< 0.001
< 0.001

1.000
1.002

0.999-1.001
0.998-1.005

0.727
0.414

1.285
1.204
2.223

1.162-1.421
1.021-1.420
1.221-4.045

< 0.001
0.027
0.009

1.081
1.257
1.089

0.946-1.235
1.025-1.542
0.490-2.421

0.255
0.028
0.835

Bold represents statistical significance. HH group: Alpha-fetoprotein values > 21.0 ng/mL and des-gamma-carboxy prothrombin values > 67 mAU/mL; HL
group: Alpha-fetoprotein values > 21.0 ng/mL or des-gamma-carboxy prothrombin values > 67 mAU/mL. ALB: Albumin; PT: Prothrombin; TBIL: Total
bilirubin; ICGR15: Indocyanine green retention rate at 15 min.

9.6%, and liver function parameters were good, with
median ALB levels, PTs, and TBIL levels of 3.95 ±
0.46 g/dL, 93.3% ± 12.2%, and 0.79 ± 0.44 mg/dL,
respectively. The literature finds that few HCC patients
[23-25]
with HBV infection present with liver cirrhosis
.
Similarly, in this study, relatively few patients in the
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HBV group had liver cirrhosis [41 patients (39.0%)],
and the platelet count, which is decreased in cirrhosis,
4
was maintained at 16.6 × 10 /µL (Table 1). In the
present study, the subjects in the HBV group were
comparable to subjects in other reports to date; thus,
we believe that this sample was not biased.
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A study evaluating the relationship between
prognosis and levels of AFP and DCP in 1447 HCC
patients used AFP and DCP cutoff levels randomly set
at 400 ng/mL and 100 mAU/mL, respectively. The
patients with high levels of both AFP and DCP had
poor prognoses, which is similar to the findings of our
study. These cutoff levels were similar to the levels in
our HBV group. In addition, of the 1447 patients in
the abovementioned report, 1048 had HBV-induced
[26]
HCC . The cutoff levels commonly used to diagnose
HCC are 20 ng/mL to 200 ng/mL for AFP and 40 mAU/
[27-30]
mL to 100 mAU/mL for DCP
. The cutoff levels to
predict cancer prognosis are almost twice the levels
used for cancer diagnosis. Therefore, once cancer
develops, treatment should be administered before
the tumor marker levels increase to levels indicative of
poor prognosis.
MDFST and MOST in the HBV group were
significantly different from the other groups in all
analyses; however, there was no significant difference
in MDFST and MOST between the HH and HL groups
(P = 0.203 and P = 0.465, respectively) (Figure 3).
The HH group had a relatively large median tumor size
of 6.24 ± 4.77 cm, and there was a high frequency
of patients with vascular invasion (10/16 patients,
62.5%). Tumor size was smaller in the HL group than
in the HH group, and there was less vascular invasion.
However, the prevalence of poorly differentiated
HCC on histological examination in the HL group was
comparable to that in the HH group. Moreover, the
liver function parameters, including the ICGR15 level,
ALB level, PT, and TBIL level, were worse in the HL
group than in the HH group. Although the underlying
mechanisms of poor liver function in the HL group
remain unclear, poor liver function may explain the
similar long-term prognoses found in the HH and
HL groups. It is assumed that when the HBV group
had high levels of either AFP or DCP, liver function
parameters strongly affected prognosis.
Studies suggest that liver function decreases
and liver cirrhosis progresses with age in many HCC
[31,32]
patients with HCV infection
. In the present study,
the median age in the HCV group was 71 years,
and many patients had decreased liver function
parameters (Table 4). Furthermore, the majority of
patients (58/100, 58.0%) had liver cirrhosis (Table 4),
and the characteristics of subjects in the HCV group
were similar to the characteristics of subjects in other
studies; thus, we believe that there was no selection
bias.
In the HCV group, the AFP and DCP cutoff levels
for recurrence within 2 years after hepatectomy were
21.0 ng/mL and 67 mAU/mL, respectively (Figure
4). The specificity of AFP levels to predict recurrence
within 2 years after hepatectomy was relatively low
(67.3%), which is similar to the results of other
[33]
studies . Furthermore, the DCP cutoff level was
approximately the same as that for the HBV group.
The lack of association between DCP cutoff level and
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the underlying virus may be because unlike the AFP
level, the DCP level is typically not elevated in chronic
[14]
hepatitis or liver cirrhosis ; thus, it is not affected
by liver function parameters, but rather fluctuates
specifically in response to tumor marker levels. The
AFP cutoff level varied between the HCV and HBV
groups. However, the lens culinaris agglutinin-reactive
fraction of AFP (AFP-L3) has been shown to have a
[34]
high specificity for a cancer diagnosis . We believe
that the AFP-L3 cutoff level would have been similar in
the HCV and HBV groups.
MDFST and MOST in the HCV group varied by
subgroup (Figure 5). This difference demonstrates
that high levels of either AFP or DCP were clinically
[31]
significant . The analysis of the clinical characteristics
(Table 4) revealed no significant differences in liver
function parameters; however, tumor-related factors,
including tumor size and incidence of vascular invasion,
were different between the groups. This difference
suggests that tumor-related characteristics strongly
affected prognosis with HCV infection; therefore, we
believe that prognosis can be predicted by AFP and
DCP levels together with tumor-related factors.
In our study, various clinical factors were associated
with tumor recurrence and overall survival; therefore,
we conducted a multivariate analysis for prognosis
using a Cox forward stepwise logistic regression
model. In the HBV group, the independent prognostic
factors associated with tumor recurrence were tumor
size, vascular invasion, and TBIL (Table 2). Significant
differences in tumor size and vascular invasion were
found between the three groups (Table 1). Tumor
recurrence prognosis among the three groups was
affected by these two factors, and a significant
difference in disease-free survival was found (Figure
3A). However, membership in the HH group was an
independent prognostic factor associated with tumor
recurrence. Therefore, high levels of both AFP and DCP
may be a prognostic predictor of tumor recurrence in
the HBV group. The only independent prognostic factor
associated with poor overall survival was vascular
invasion (Table 3), which differed significantly between
the three groups (Table 1). Therefore, a significant
difference in overall survival rates was found between
groups (Figure 3B). The identification of AFP and
DCP levels was not always useful for predicting the
prognosis associated with poor overall survival in the
HBV group because neither HH group membership nor
HL group membership was an independent prognostic
factor associated with poor overall survival (Table 3).
In the HCV group, the independent prognostic factors
associated with tumor recurrence were ICGR15, surgical
duration, tumor size, vascular invasion, and multiple
tumors (Table 5). Surgical duration and tumor size
differed significantly between the three groups (Table
4). Tumor recurrence prognosis in all three groups was
affected by these two factors, yielding a significant
difference between groups in disease-free survival
(Figure 5A). However, membership in the HH group
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DCP were high.

and membership in the HL group were independent
prognostic factors associated with tumor recurrence
(Table 5), suggesting that high levels of AFP and/or
DCP are prognostic predictors of tumor recurrence in
the HCV group. The independent prognostic factors
associated with poor overall survival were ICGR15 and
multiple tumors (Table 6), neither of which differed
significantly between the three groups (Table 4). A
prognosis of poor overall survival in all three groups
was not affected by ICGR 15 or multiple tumors.
Membership in the HH group was an independent
prognostic factor associated with poor overall survival
(Table 6), indicating that high levels of both AFP and
DCP are a prognostic predictor of poor overall survival
in the HCV group.
In conclusion, among HCC patients treated in
our department, the AFP cutoff level for recurrence
within 2 years after surgery was 21.0 ng/mL in the
HCV group and 529.8 ng/mL in the HBV group.
Furthermore, patients in the HBV group with high
levels of either AFP or DCP had poor prognoses, as
did patients with high levels of both AFP and DCP. In
contrast, poor prognoses were found in patients in the
HCV group only when both levels were high. High AFP
and DCP levels were an independent risk factor for
tumor recurrence in both the HBV and HCV groups. We
believe that to predict prognosis, preoperative levels of
tumor markers should be distinguished and assessed
according to the type of viral hepatitis.

Applications

In the HBV group, prognosis was poor when either AFP or DCP levels were
high. In the HCV group, prognosis was good when either or both levels were
low; however, prognosis was poor when both levels were high.

Terminology

AFP is a glycoprotein produced by liver cells and in the yolk sac during the fetal
stage with an albumin-like structure, a half-life of 4-6 d and a molecular weight
of 65 kDa. AFP production in the liver is increased in hepatocellular cancer
as well as in chronic hepatitis and cirrhosis; therefore, AFP is considered to
have low specificity for the diagnosis of cancer. Prothrombin is formed after
the γ-carboxylation of vitamin K-dependent propeptides, and DCP is produced
as a result of an acquired posttranslational defect in the vitamin K-dependent
carboxylase system. DCP has a molecular weight of 72 kDa and a half-life of
40-72 h. DCP production does not increase in chronic hepatitis or cirrhosis, and
it is considered to have high specificity for the diagnosis of cancer. However,
DCP has no prognostic value in cases with vitamin K deficiency or vitamin K
function inhibition.

Peer-review

Nice paper. Many patients included but a regression model is needed to confirm
data. If they would do these statistical analysis, paper is interesting enough to
be published.
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AIM: To identify criteria for predicting successful
drainage of unresectable malignant hilar biliary strictures
(UMHBS) because no ideal strategy currently exists.
METHODS: We examined 78 patients with UMHBS
who underwent biliary drainage. Drainage was
considered effective when the serum bilirubin level
decreased by ≥ 50% from the value before stent
placement within 2 wk after drainage, without
additional intervention. Complications that occurred
within 7 d after stent placement were considered as
early complications. Before drainage, the liver volume
of each section (lateral and medial sections of the left
liver and anterior and posterior sections of the right
liver) was measured using computed tomography
(CT) volumetry. Drained liver volume was calculated
based on the volume of each liver section and the
type of bile duct stricture (according to the Bismuth
classification). Tumor volume, which was calculated by
using CT volumetry, was excluded from the volume of
each section. Receiver operating characteristic (ROC)
analysis was performed to identify the optimal cutoff
values for drained liver volume. In addition, factors
associated with the effectiveness of drainage and early
complications were evaluated.
RESULTS: Multivariate analysis showed that drained
liver volume [odds ratio (OR) = 2.92, 95%CI:
1.648-5.197; P < 0.001] and impaired liver function (with
decompensated liver cirrhosis) (OR = 0.06, 95%CI:
0.009-0.426; P = 0.005) were independent factors
contributing to the effectiveness of drainage. ROC
analysis for effective drainage showed cutoff values
of 33% of liver volume for patients with preserved
liver function (with normal liver or compensated liver
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cirrhosis) and 50% for patients with impaired liver
function (with decompensated liver cirrhosis). The
sensitivity and specificity of these cutoff values were
82% and 80% for preserved liver function, and 100%
and 67% for impaired liver function, respectively.
Among patients who met these criteria, the rate of
effective drainage among those with preserved liver
function and impaired liver function was 90% and 80%,
respectively. The rates of effective drainage in both
groups were significantly higher than in those who
did not fulfill these criteria (P < 0.001 and P = 0.02,
respectively). Drainage-associated cholangitis occurred
in 9 patients (12%). A smaller drained liver volume was
associated with drainage-associated cholangitis (P <
0.01).

B
C

D

Figure 1 Computed tomography volumetric identification of liver sections.
Lateral section (A) and medial section (B) of the left liver, and anterior section (C)
and posterior section (D) of the right liver.

CONCLUSION: Liver volume drainage ≥ 33% in
patients with preserved liver function and ≥ 50% in
patients with impaired liver function correlates with
effective biliary drainage in UMHBS.

or by metastases to lymph nodes around the bile
ducts. In biliary obstruction in the hepatic hilum,
effective drainage is difficult to achieve because of
the anatomical complexity of the bile ducts. Various
procedures of biliary drainage of hilar biliary obstruction
have been performed: percutaneous or endoscopic
[1-5]
[6-11]
routes , plastic or metallic stents
, and unilateral
[11-21]
or bilateral hepatic duct drainage
. However, no
consensus has been reached on the optimal drainage
strategy for treating biliary obstruction.
In recent years, advances in diagnostic imaging,
such as multi-detector computed tomography (CT) and
magnetic resonance cholangiopancreatography, have
facilitated improved preoperative identification of an
aberrant hepatic duct and determination of hilar tumor
progression. In this study, we estimated the volumes
of the lateral and medial sections of the left hepatic
liver and the anterior and posterior sections of the right
liver by using CT volumetry in patients who required
drainage for UMHBS. We then measured the drained
liver volume after stenting according to the type of bile
duct stricture (bismuth classification) and assessed the
effects of drainage and early complications related to
drainage procedures.

Key words: Biliary drainage; Computed tomography
volumetry; Hilar biliary stricture; Cholangiocarcinoma;
Liver function; Cholangitis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: An ideal biliary drainage strategy for un
resectable malignant hilar biliary strictures (UMHBS)
has not been defined. The aim of our study was to
identify useful criteria for predicting successful drainage
of UMHBS. In the present study, multivariate analysis
revealed that liver function and drained liver volume
calculated by computed tomography volumetry (CTV)
are independent factors of drainage effectiveness for
UMHBS. Receiver operating characteristic analysis
showed cutoff values of 33% of liver volume for
patients with preserved liver function and 50% for
patients with impaired liver function. Before attempting
biliary drainage procedures, establishing an appropriate
drainage strategy using CTV is important.

MATERIALS AND METHODS

Takahashi E, Fukasawa M, Sato T, Takano S, Kadokura M,
Shindo H, Yokota Y, Enomoto N. Biliary drainage strategy of
unresectable malignant hilar strictures by computed tomography
volumetry. World J Gastroenterol 2015; 21(16): 4946-4953
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i16/4946.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i16.4946

We retrospectively reviewed data on 78 patients who
underwent biliary drainage procedures for UMHBS
between March 2004 and April 2013. The inclusion
criteria were as follows: obstructive jaundice caused
by hilar malignancy (Bismuth type Ⅱ or higher);
abdominal CT scan performed within 2 wk before
drainage; and clinical biochemical tests performed
before and 14 d after stent placement. The exclusion
criteria were as follows: benign stenosis; Bismuth
type Ⅰ obstruction; history of hepatectomy; or the
presence of UMHBS without jaundice before stent
placement, for which a stent was prophylactically
placed. The presence of distant metastasis, locally
far-advanced tumors, and/or poor liver function
would preclude resection based on the consensus of

INTRODUCTION
Effective treatment of obstructive jaundice is essential
for improving the quality of life of patients with
unresectable malignant hilar biliary strictures (UMHBS).
These strictures may be caused by malignancies of the
bile ducts, pancreas, or liver (primary or metastatic)
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Bismuth type Ⅲa

B

B

C

D

A
A

Bismuth type Ⅲb

Figure 2 Calculation of drained liver volume according to the Bismuth classification. The stent is inserted into the left hepatic duct. Drained volume is
calculated as a sum of A + B in Bismuth type Ⅲa (A) and A in Bismuth type Ⅲb (B).

gastroenterologists and surgeons. Figure 1 shows a CT
volumetric image of a patient with UMHBS.
The 4 sections of the liver were defined according
to the distribution of the portal vein branches: lateral
and medial sections of the left liver, and anterior and
posterior sections of the right liver. The drained liver
volume was evaluated as follows. The area of each
section was calculated by manual tracing using CT
scans (axial view) with a 5 mm slice thickness. The
volume of each section was calculated as the summed
area of the comprising sections. Thereafter, drained
liver volume was calculated based on the volume of
each liver section and the type of bile duct stricture
(according to the Bismuth classification). Figure 2A and
B show the valid drainage calculation method. Tumor
volume, which was calculated by using CT volumetry,
was excluded from the volume of each section.
Drainage was considered effective when the serum
bilirubin level decreased by ≥ 50% of the value before
stent placement within 2 wk after drainage, without
additional intervention. Complications that occurred
within 7 d after stent placement were considered as
the early complications.

WJG|www.wjgnet.com

Receiver operating characteristic (ROC) analysis
was performed to determine the cutoff value for
drained liver volume in the group with preserved
liver function (with normal liver or compensated liver
cirrhosis) and the group with impaired liver function
(with decompensated liver cirrhosis). Patients with
hepatic encephalopathy and/or cytologically negative
ascites in addition to chronic liver disease were
considered to have decompensated liver cirrhosis.

Statistical analysis
2

The χ test or Fisher’s exact test of the contingency
table was used for univariate analysis of the categorical
data. Student’s t-test was used for analysis of the
quantitative data. Multivariate analysis of the factors
contributing to the initial drainage effect was performed
using multiple logistic regression analysis. A statistically
significant difference was defined as P < 0.05. The
statistical methods of this study were reviewed by Dr.
Kohta Suzuki from the Department of Health Sciences,
Interdisciplinary Graduate School of Medicine and
Engineering, University of Yamanashi.
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Table 1 Clinical features of 78 patients with malignant hilar
strictures n (%)
Characteristic
Age (yr), mean ± SD
Gender, male/female
Etiology
Cholangiocarcinoma
Hepatocellular carcinoma
Gallbladder carcinoma
Liver metastasis
Lymph node metastasis
Bismuth type (Ⅱ/Ⅲa/Ⅲb/Ⅳ)
Total bilirubin (mg/dL), median (range)
Cholangitis
Liver function
Preserved liver function (without decompensated
liver cirrhosis)
Impaired liver function (with decompensated liver
cirrhosis)
Drainage method (MS/PS/ENBD/PTBD)
Drainage areas
Unilateral/bilateral
Drained liver volume (%), mean ± SD

Table 2 Predictors of initial drainage effectiveness by univariate
analysis n (%)
Effective Ineffective P value
(n = 49) (n = 29)

74.8 ± 10.3
53/25

Age (yr), mean ± SD
74.0 ± 11.6 76.0 ± 7.5
0.39
Gender, male/female
32/17
21/8
0.78
Etiology, cholangiocarcinoma
32 (65.3)
18 (62.1)
0.81
Bismuth type Ⅳ
17 (34.6)
19 (65.5)
0.02
Total bilirubin (mg/dL), mean ± SD
9.9 ± 6.3 10.0 ± 4.7
0.93
Cholangitis
8 (16.3)
5 (17.2)
0.91
Impaired liver function
5 (10.2)
9 (31.0)
0.03
Drainage method, endoscopic drainage 43 (87.8)
27 (93.1)
0.71
Type of stent, metal stent
7 (14.3)
4 (13.8)
1.00
Drainage areas
Unilateral/bilateral
43/6
29/0
0.16
Drained liver volume (%), mean ± SD 51.1 ± 18.6 33.5 ± 12.5 < 0.01

50 (64)
10 (13)
9 (12)
5 (6)
4 (5)
11/24/7/36
9.0 (3.0-31.0)
13 (17)
64 (82)
14 (18)
11/38/21/8

Table 3 Predictors of initial drainage effectiveness by multivariate
analysis

72/6
44.6 ± 18.6

MS: Metal stent; PS: Plastic stent; ENBD: Endoscopic nasobiliary drainage;
PTBD: Percutaneous transhepatic biliary drainage.

RESULTS

OR

95%CI

P value

Bismuth type Ⅳ
Impaired liver function
Drained liver volume

0.92
0.06
2.92

0.245-3.418
0.009-0.426
1.648-5.197

0.896
0.005
< 0.001

0.02), impaired liver function (P = 0.03), and drained
liver volume (%) (P < 0.01). There was no significant
difference between unilateral and bilateral drainage
(Table 2). Multivariate analysis (multiple logistic
analysis) of the 3 factors with significant differences
in univariate analysis indicated that the independent
factors contributing to the effectiveness of drainage
were impaired liver function (OR = 0.06, 95%CI:
0.009-0.426; P = 0.005) and drained liver volume (OR
= 2.92, 95%CI: 1.648-5.197; P < 0.001) (Table 3).
In ROC analysis of the drained liver volume required
for effective drainage, the area under the curve with
preserved liver function and with impaired liver function
was 0.83 and 0.93, respectively (Figure 3). The optimal
cutoff (%), 33% of liver volume for subjects with
preserved liver function and 50% of liver volume for
subjects with impaired liver function, was calculated
by determining the smallest distance between the
ROC curve and the upper left corner of the graph. The
sensitivity and specificity of these cutoff values were
82% and 80% for preserved liver function, and 100%
and 67% for impaired liver function, respectively.
When the cutoff value was set at 33% in patients with
preserved liver function, the rate of effective drainage
was 90% (≥ 33% of liver volume) and 33% (< 33% of
liver volume) (P < 0.001) (Figure 4A). When the cutoff
value was set at 50% in patients with impaired liver
function, the rate of effective drainage was 80% (≥
50% of liver volume) and 11% (< 50% of liver volume;
P = 0.02) (Figure 4B).
Early complications occurring within 7 d after
stent placement were found in 14 patients (18%)
and included pancreatitis in 5 (6%) and drainage-

Table 1 shows patient characteristics and morphological
data. The subject cohort had a mean age of 74.8 ±
10.3 years (53 men and 25 women) and included
50 patients (64%) with cholangiocarcinoma, 10
(13%) with hepatocellular carcinoma, 9 (12%) with
gallbladder carcinoma, 5 (6%) with metastatic liver
carcinoma, and 4 (5%) with lymph node metastasis.
According to Bismuth classification, 11 patients were
classified as type Ⅱ, 24 as type Ⅲa, 7 as type Ⅲb,
and 36 as type Ⅳ. The median total bilirubin level was
9.0 mg/dL (3.0-31.0 mg/dL). Sixty-four patients (82%)
had preserved liver function (without decompensated
liver cirrhosis), and 14 (18%) had impaired liver
function (with decompensated liver cirrhosis). With
regard to the drainage procedure, endoscopic biliary
stenting (metal stent/plastic stent), endoscopic
nasobiliary drainage, and percutaneous transhepatic
biliary drainage were performed in 49 (11/38), 21,
and 8 patients, respectively. Unilateral and bilateral
drainage were performed in 72 patients (92%) and 6
patients (8%), respectively. The average drained liver
volume was 44.6% ± 18.6%.
Drainage procedures were successfully performed
in 78 patients (procedure success rate, 100%). Effective
drainage was achieved in 49 of the patients (63%). Of
the 21 patients who underwent additional drainage
because of ineffective initial drainage, successful
drainage was achieved in 17. Thus, eventually, 66
patients (85%) had effective drainage. Univariate
analysis for each factor potentially influencing the
effectiveness of initial drainage showed that there
were significant differences in Bismuth type Ⅳ (P =
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Figure 3 Area under the receiver operating characteristic curve for predicting effective drainage. Area under the curve in subjects with preserved liver function
(with normal liver or compensated liver cirrhosis) (A) and with impaired liver function (with decompensated liver cirrhosis) (B) is 0.83 and 0.93, respectively. AUC: Area
under the curve.
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Figure 4 Rate of effective drainage and drained liver volume. The rate is significantly higher in patients with drainage ≥ 33% of liver volume in subjects with
preserved liver function (A) and with drainage ≥ 50% of liver volume in subjects with impaired liver function (B).

associated cholangitis in 9 (12%). All pancreatitis
episodes were mild and resolved with conservative
management alone. Among the 9 patients with
cholangitis, 5 patients required additional stenting
and the remaining 4 patients were managed with
antibiotics alone.
Factors associated with cholangitis are shown in
Table 4. Univariate analysis for each factor associated
with cholangitis showed that there was a significant
difference in drained liver volume. Smaller drained
liver volume was associated with drainage-associated
cholangitis (P < 0.01). In the preserved liver function
group, the incidence of cholangitis was 25% in patients
with < 33% of liver volume vs 2.5% in patients with
≥ 33% of liver volume (P < 0.01) (Figure 5A). In
the impaired liver function group, the incidence of
cholangitis was 22% in patients with < 50% of liver
volume vs 0% in patients with ≥ 50% of liver volume
(P = 0.51) (Figure 5B).
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DISCUSSION
To establish a more effective strategy for biliary
drainage, a number of studies concerning the drainage
route, the number, size, and material of the stent
[1-23]
have been reported
. In recent years, advances in
diagnostic imaging have provided detailed information
about bile duct strictures and liver volume. The surgical
indications and extent of resection for hepatectomy
are determined based on the results of preoperative
[24-26]
liver function and remnant liver volume
. However,
few research studies are available on the significance
of individual liver function and liver volume in biliary
drainage.
In the present study, multivariate analysis revealed
that liver function and drained liver volume were
independent factors of drainage effectiveness for
[27]
UMHBS. Vienne et al reported that effective drainage
could be attained by draining ≥ 50% of the liver
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Figure 5 Rate of drainage-associated cholangitis and drained liver volume. There is significant difference between the rate of cholangitis and drained liver
volume in subjects with preserved liver function (A), but no significant difference in those with impaired liver function (B).

Table 4 Predictors of drainage-associated cholangitis by univariate analysis n (%)

Age (yr), mean ± SD
Gender, male/female
Etiology, cholangiocarcinoma
Bismuth type Ⅳ)
Total bilirubin (mg/dL)
Impaired liver function
Drainage method, endoscopic drainage
Type of stent, metal stent
Drainage areas
Unilateral/bilateral
Drained liver volume (%), mean ± SD

Non-cholangitis

n =9

n = 69

76.9 ± 8.3
5/4
6 (66.7)
6 (66.7)
8.3 ± 3.5
2 (22.2)
7 (77.8)
1 (11.1)

74.5 ± 10.5
48/21
44 (63.8)
30 (43.5)
10.6 ± 6.1
7 (10.1)
63 (91.3)
10 (14.5)

0.51
0.46
1.00
0.29
0.12
0.66
0.23
1.00

9/0
29.3 ± 4.4

63/6
46.6 ± 18.9

1.00
< 0.01

volume based on examination of bile duct stricture
type and volume of each section. The required drained
liver volume is expected to be variable depending
on liver function; however, no previous reports are
available on the role of liver function in determining
the drainage method. Our study revealed that effective
drainage could be expected by draining ≥ 33% of the
liver volume in those with preserved liver function and
≥ 50% of the liver volume in those with impaired liver
function. The overall drainage response rate in this
study was 63%, but the response rate was 89% for
the subjects who met the abovementioned criteria.
These subjects had a better response rate than those
[3,13-19]
in earlier studies (49%-87%)
. In addition, of the
29 patients who did not respond to the initial drainage,
24 (83%) did not meet the above criteria. Inadequate
drained volume is a possible reason for drainage
failure. This study is the first report to determine the
drainage method of UMHBS by using both drained liver
volume and liver function. When unilateral drainage
achieves the required drained liver volume, which
occurred in 83% of the subjects, unilateral drainage is
sufficient. Bilateral drainage should be considered only
when the estimated drained liver volume by unilateral
stenting does not reach the abovementioned criteria.
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P value

Cholangitis

Cholangitis is an important complication after
stenting for drainage of hilar biliary strictures.
Contrast injection into the undrained sector and stent
placement within a small area were risk factors for
[5,6,13,16,27]
cholangitis
, which may be attributed to the
decreased bile excretory function in an atrophied
[27]
area . In our series, 3 of 9 patients (33%) who
underwent cholangiography of the undrained section
developed cholangitis (data not shown). In addition, our
study found that drainage of a small area was a risk
factor contributing to post-drainage cholangitis. This
finding supports those of previous studies. Although
there was no statistical difference in cholangitis in
impaired liver function because of a lack of power,
cholangitis was not observed in patients with the
obtained cutoff values or more.
Our study has 2 limitations. First, because it was
a retrospective study, the drainage procedures were
not uniform; the procedures were chosen by the
patient’s attending physician, which might have led to
bias. Second, because of the sample size, statistical
subgroup analyses were not possible (e.g., analysis
by the type of disease and Bismuth classification).
Our observations should be confirmed in a multicenter
prospective study with a large number of patients.
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In conclusion, liver function and drained liver volume
are important factors in the drainage of unresectable
malignant hilar biliary strictures. Assembling an
appropriate drainage strategy using CT volumetry
before ERCP is important.
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Background

The effective treatment of obstructive jaundice is essential for improving the
quality of life of patients with unresectable malignant hilar biliary strictures
(UMHBS). In cases of biliary obstruction in the hepatic hilum, effective drainage
is difficult to achieve because of the anatomical complexity of the bile ducts.
Various procedures of biliary drainage for hilar biliary obstruction have been
performed, involving percutaneous or endoscopic routes, plastic or metallic
stents, and unilateral or bilateral hepatic duct drainage. However, no consensus
has been reached on the optimal drainage strategy for treating biliary
obstruction.
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Research frontiers

The appropriate treatment for patients with UMHBS has been attempted
through the development of stents of various shapes and materials. Computed
tomography (CT) volumetry enables the accurate estimation of drained liver
volume.

10

Innovations and breakthroughs

In the present study, multivariate analysis revealed that liver function and
drained liver volume calculated by computed tomography volumetry are
independent factors of drainage effectiveness for UMHBS. Receiver operating
characteristics analysis for effective drainage showed cutoff values of
33% for the liver volume of patients with preserved liver function (without
decompensated liver cirrhosis) and 50% for the liver volume of patients with
impaired liver function (with decompensated liver cirrhosis). This study is the
first report to assess the drainage method of UMHBS by using both drained
liver volume calculated by using CT volumetry and liver function.
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Applications

By using this cutoff value, appropriate drainage may be possible for individual
cases.

13

Terminology

CT volumetry involves the measurement of volume using CT.

Peer-review
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To estimate whether the accurate drained liver volume using CT volumetry is
superior as an objective evaluation. To choose an appropriate drainage method
for individual cases by using the cutoff determined in the present study before
stating that biliary drainage procedures are useful.
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METHODS: Between January 2003 and December
2013, the medical records of patients diagnosed
with GC were retrospectively reviewed. Those with
previous gastric ulcer (GU) and H. pylori infection
were assigned to the HpGU-GC group (n = 86) and
those with previous duodenal ulcer (DU) disease
and H. pylori infection were assigned to the HpDUGC group (n = 35). The incidence rates of GC in
the HpGU-GC and HpDU-GC groups were analyzed.
Data on demographics (age, gender, peptic ulcer
complications and cancer treatment), GC clinical
characteristics [location, pathological diagnosis,
differentiation, T stage, Lauren’s classification, atrophy
of surrounding mucosa and intestinal metaplasia (IM)],
outcome of eradication therapy for H. pylori infection,
esophagogastroduodenoscopy number and the
duration until GC onset were reviewed. Univariate and
multivariate analyses were performed to identify factors
influencing GC development. The relative risk of GC
was evaluated using a Cox proportional hazards model.
RESULTS: The incidence rates of GC were 3.60%
(86/2387) in the HpGU-GC group and 1.66% (35/2098)
in the HpDU-GC group. The annual incidence was
0.41% in the HpGU-GC group and 0.11% in the HpDUGC group. The rates of moderate-to-severe atrophy
of the surrounding mucosa and IM were higher in the
HpGU-GC group than in the HpDU-GC group (86% vs
34.3%, respectively, and 61.6% vs 14.3%, respectively,
P < 0.05). In the univariate analysis, atrophy of
surrounding mucosa, IM and eradication therapy for H.
pylori infection were significantly associated with the
development of GC (P < 0.05). There was no significant
difference in the prognosis of GC patients between
the HpGU-GC and HpDU-GC groups (P = 0.347).
The relative risk of GC development in the HpGUGC group compared to that of the HpDU-GC group,
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AIM: To evaluate the incidence and clinical charac
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[7-10]

after correction for age and gender, was 1.71 (95%CI:
1.09-2.70; P = 0.02).

not
. Recently, this paradoxical phenomenon has
[7-10]
been described in several studies
.
Post-H. pylori infection clinical prognoses are
associated with increased acid secretion levels and
[11]
inflammation extent and severity . DU disease is
typically associated with antral-predominant gastritis
[12,13]
that leads to normal or increased acid secretion
.
In contrast, GU disease is associated with corpuspredominant gastritis, which provides information on
the extent and severity of gastritis, atrophy and acid
secretion. GC is associated with pangastritis, which
ultimately results in progression from normal gastric
mucosa to intestinal metaplasia (IM) and little to no
[11]
acid secretion . The incidence of GC increases with
[13-15]
the extent of gastritis and the severity
, such
that GU disease and GC form one axis (e.g., atrophic
pangastritis) and DU disease forms a second axis
(antral-predominant or corpus-sparing gastritis). Thus,
GU disease and GC can evolve from DU disease but
the opposite cannot occur. A prospective Japanese
study that followed 275 DU patients found that while
none of the DU patients developed GC, 3.4% of 297
[8]
GU patients did develop GC . A recent retrospective
study of 37 patients with both DU disease and GC
reported clinical and pathological features relevant
[16]
to both diseases . However, while there have been
many studies on GC development in either patients
with H. pylori infection or DU disease, there have been
no studies on GC development in peptic ulcer (either
GU or DU) patients with H. pylori infection.
The aim of this study was to investigate the
incidence of GC development in peptic ulcer patients
with H. pylori infection and to compare the clinical
characteristics of GC between GU and DU patients with
H. pylori infection.

CONCLUSION: GU patients with H. pylori infection had
higher GC incidence rates and relative risks. Atrophy of
surrounding mucosa, IM and eradication therapy were
associated with GC.
Key words: Gastric cancer; Gastric ulcer; Duodenal
ulcer; Helicobacter pylori ; Eradication therapy
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study to investigate gastric
cancer (GC) incidence in peptic ulcer patients with
Helicobacter pylori (H. pylori ) infection and to compare
GC clinical characteristics between patients with gastric
ulcer (GU) and duodenal ulcer (DU) disease. The GC
incidence rate and relative risk in GU patients with H.
pylori infection were higher than in DU patients. The
H. pylori eradication rate was lower in GU than in DU
patients, although the success rate of therapy was
lower than the failure rate in both groups. Atrophy of
surrounding mucosa, intestinal metaplasia and H. pylori
eradication therapy were significantly associated with
GC.
Hwang JJ, Lee DH, Lee AR, Yoon H, Shin CM, Park YS, Kim
N. Characteristics of gastric cancer in peptic ulcer patients with
Helicobacter pylori infection. World J Gastroenterol 2015;
21(16): 4954-4960 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/4954.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.4954

INTRODUCTION

MATERIALS AND METHODS

Following the establishment of the association between
Helicobacter pylori (H. pylori) and chronic gastritis in
[1]
1983 by Warren and Marshall , this association has
been implicated in numerous gastrointestinal diseases.
This spiral-shaped, gram-negative bacterium remains
the most common source of chronic bacterial infection
in humans worldwide. In 1994, the International
Agency for Research on Cancer classified H. pylori
[2]
as a group 1 carcinogen , a definite cause of
cancer in humans. This classification was based on
epidemiological studies which demonstrated that
individuals infected with H. pylori are at an increased
[3]
risk of distal gastric adenocarcinoma . Gastric cancer
(GC) is the second most common cause of cancer[4]
related deaths in the world . H. pylori infection has also
[5,6]
been implicated in peptic ulcer diseases . Therefore,
it is possible that patients with peptic ulcers and H.
pylori infection have a high risk of GC development.
However, a number of studies have shown that while
patients with gastric ulcer (GU) disease have a high
risk of GC, those with duodenal ulcer (DU) disease do

Patient selection

WJG|www.wjgnet.com

This study was conducted at Seoul National University
Bundang Hospital between January 2003 and
December 2013. The medical records of patients newly
diagnosed with GC were retrospectively reviewed.
The patients selected for the study met the following
inclusion criteria: (1) age older than 18 years; (2) a
previous diagnosis of peptic ulcer (GU or DU) disease
by esophagogastroduodenoscopy (EGD); and (3) a
diagnosis of H. pylori infection by EGD concomitant
with diagnosis of peptic ulcer disease. The exclusion
criteria were the following: (1) age younger than 18
years; (2) previous endoscopic submucosal dissection
(ESD) or gastric surgery for GC; (3) a previous history
of H. pylori eradication; (4) a history of medication
with proton pump inhibitors (PPIs) in the 4 wk
preceding the EGD; and (5) a diagnosis of GC within
1 year of study enrollment. The patients participating
in the study were advised to undergo EGD every year
in order to confirm the occurrence of recurrent peptic
ulcer disease and the development of GC.
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Patients who were newly diagnosed with GC and
those who were previously diagnosed with GU and
H. pylori infection were assigned to the HpGU-GC
group and patients who were newly diagnosed with
GC and those diagnosed previously with DU and H.
pylori infection were assigned to the HpDU-GC group.
Patients with GU and DU disease and H. pylori infection
(the HpGUDU-GC group) were excluded from the
analysis because none of them developed GC. Data on
demographics (age, gender, peptic ulcer complications
and cancer treatment), GC clinical characteristics
(location, pathological diagnosis, differentiation, T
stage, Lauren’s classification, atrophy of surrounding
mucosa and IM), outcome of eradication therapy for H.
pylori infection, EGD number and the duration until GC
onset were recorded. The study protocol was approved
by the Ethics Committee of Seoul National University
Bundang Hospital (IRB number: B-1408/262-108).

Patients diagnosed with PU
(n = 4485)

Patients diagnosed with GU
(n = 2387)

Patients diagnosed with DU
(n = 2098)

GC development
GCs with previous PU and Hp infection
(n = 121)

Excluded:
HpGUDU-GC group (n = 0)

HpGU-GC group
(n = 86)

HpDU-GC group
(n = 35)

Statistical analysis

The statistical analysis was performed using the Predictive
Analytics Software 20.0 version for Windows package
(SPSS Inc., IBM, Chicago, IL, United States). The mean
± SD for the quantitative variables were calculated.
The student’s t-test was used to evaluate continuous
variables and the chi square and Fisher’s exact tests were
utilized to assess non-continuous variables. Additionally,
univariate and multivariate analyses were performed
to evaluate independent factors that determine GC
development. A Cox’s proportional hazards model was
used to calculate the relative risk (corrected for age and
gender) for each group. A P value of less than 0.05 was
defined as clinically significant.

Figure 1 A schematic diagram of the study. PU: Peptic ulcer; GU: Gastric
ulcer; DU: Duodenal ulcer; GC: Gastric cancer; Hp: Helicobacter pylori; HpGUGC: GCs with previous GU and H. pylori infection; HpDU-GC: GCs with
previous DU and H. pylori infection; HpGUDU-GC: GCs with previous both GU
and DU and H. pylori infection.

Esophagogastroduodenoscopy and H. pylori infection

EGD was performed annually on the enrolled
patients. A histopathological exam was performed
simultaneously via endoscopic biopsy. The presence
of H. pylori infection was defined by at least one of
13
the following criteria: (1) a positive C-urea breath
test; (2) histological evidence of H. pylori by modified
Giemsa staining in the lesser and greater curvatures
of the body and antrum; and (3) a positive rapid
urease test (CLOtest; Delta West, Bentley, Australia)
by gastric mucosal biopsy from the lesser curvature of
the body and antrum. All of the patients with H. pylori
infection received standard first-line triple therapy [1 g
amoxicillin twice a day (b.i.d), 500 mg clarithromycin
b.i.d. and 20 mg rabeprazole (or 40 mg esomeprazole)
b.i.d. for 7 d]. Patients that failed first-line triple
therapy received rescue therapy until the eradication
treatment was successful.

RESULTS
Patient characteristics

A schematic diagram of the study is shown in Figure
1. Between 2003 and 2013, 4485 patients were
diagnosed with peptic ulcer disease. Of these patients,
2387 had GU and 2098 patients had DU disease. A
total 121 of the patients were newly diagnosed with
GC and previously with a peptic ulcer (GU or DU) with
H. pylori infection. No patient previously diagnosed
with GU and DU disease as well as H. pylori infection
was newly diagnosed with GC. Of the 121 patients
newly diagnosed with GC, 86 were from the HpGUGC group and 35 were from the HpDU-GC group. The
baseline characteristics of the enrolled patients are
provided in Table 1. The average ages of the HpGUGC and HpDU-GC groups were 62.2 ± 10.1 and 62.5
± 13.2 years, respectively (P = 0.412). There were no
statistically significant differences in gender distribution
or peptic ulcer complications (Table 1). Three patients
experienced bleeding, a complication of peptic ulcers,
although it spontaneously stopped without endoscopic
hemostatic therapy and the patients were treated
medically with PPIs. In terms of GC treatment, the
rates of ESD and surgery were 58.1% (50/86) and

Histopathological evaluation of GC

Pathological stage determinations were made
using the American Joint Committee on Cancer
th
TNM classification system and the 6 edition of the
[17]
International Union Against Cancer . The histological
types and tumor differentiation were identified
[18]
using Lauren’s classification
and the World Health
[19]
Organization criteria , respectively. The cancer
location was determined according to the Japanese
[20]
Classification of Gastric Cancer .

Study protocol

The enrolled patients were classified into two groups.
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Table 1 Baseline characteristics of the patients n (%)

Age (yr), mean ± SD
Gender
Male
Female
Complication of
peptic ulcer
Treatment of cancer
ESD
Surgery

Table 2 Characteristics of the developed gastric cancer during
follow-up n (%)

HpGU-GC group
(n = 86)

HpDU-GC group
(n = 35)

P value

62.2 ± 10.1

62.5 ± 13.2

0.412
0.935

68 (79.1)
18 (20.9)
3 (3.5)

28 (80.0)
7 (20.0)
0 (0.0)

HpGU-GC
(n = 86)
Annual incidence (yr)
0.41%
Type of cancer
Early gastric cancer
76 (88.4)
Advanced gastric cancer 10 (11.6)
Location of cancer
Upper
1 (1.2)
Middle
45 (52.3)
Lower
40 (46.5)
Diagnosis of cancer
Adenocarcinoma
77 (89.5)
Signet ring cell
7 (8.1)
carcinoma
Mixed carcinoma
2 (2.4)
Differentiation of cancer
Well-differentiated
42 (48.8)
Moderate-differentiated
31 (36.0)
Poor-differentiated
13 (15.2)
T-stage of cancer
T1a
59 (68.6)
T1b
16 (18.6)
T2
10 (11.6)
T3
1 (1.2)
T4
0 (0.0)
Lauren’s classification
Intestinal type
74 (86.0)
Diffuse type
10 (11.6)
Mixed type
2 (2.4)
Atrophy of surrounding mucosa
Non-mild
12 (14.0)
Moderate-severe
74 (86.0)
Intestinal metaplasia
Non-mild
33 (38.4)
Moderate-severe
53 (61.6)
H. pylori eradication
Success
35 (40.6)
Failure
51 (59.4)
Mean number of
5.5 ± 3.2
endoscopy until GC onset,
mean ± SD
Mean time until GC onset
3.5 ± 2.4
(yr)

0.463
0.728

50 (58.1)
36 (41.9)

18 (51.4)
17 (48.6)

Hp: Helicobacter pylori; GU: Gastric ulcer; DU: Duodenal ulcer; GC: Gastric
cancer; ESD: Endoscopic submucosal dissection.

41.9% (36/86), respectively, in the HpGU-GC group
and 51.4% (18/35) and 48.6% (17/35), respectively,
in the HpDU-GC group. The inter-group differences,
however, were not statistically significant (Table 1).

Development of GC

In the HpGU-GC group, 86 patients (3.6%) developed
GC during the follow-up period, whereas in the HpDUGC group, 35 (1.66%) developed GC. The annual
incidence was 0.41% in the HpGU-GC group and
0.11% in the HpDU-GC group. The GC characteristics
are listed in Table 2. The rate of early GC was higher
than that of advanced gastric cancer in both groups
(HpGU-GC: 88.4% vs 11.6%; HpDU-GC: 80.0%
vs 20.0%). The most common location of GC in the
HpGU-GC group was the middle portion (52.3%) and
the lower portion (65.7%) in the HpDU-GC group.
Adenocarcinoma and intestinal type were, by World
Health Organization criteria and Lauren’s classification,
the most common pathological features of GC in both
groups, although the differences were not statistically
significant. Pathologically, well-differentiated GCs were
more common in the HpGU-GC (48.8%) and HpDU-GC
(40.0%) groups but this was not statistically significant
(Table 2). In both groups, the GC involvement was
within the lamina propria (defined as the T1a stage),
which was statistically significant (P = 0.007). The
rate of moderate-to-severe atrophy of surrounding
mucosa was 86% in the HpGU-GC group and 34.3%
in the HpDU-GC group (P = 0.041). The rate of
moderate-to-severe IM was 61.6% in the HpGU-GC
group and 14.3% in the HpDU-GC group (P = 0.037).
Notably, both of these rates were significantly higher
in the HpGU-GC group than in the HpDU-GC group
(P < 0.05). The eradication rate of H. pylori infection
was 40.6% in the HpGU-GC group and 48.6% in
the HpDU-GC group. The H. pylori-eradication rate
in the HpDU-GC group was significantly higher than
in the HpGU-GC group. However, the success rate of
eradication therapy was lower than the failure rate in
both groups (P = 0.039). The mean EGD from peptic
ulcer diagnosis to GC development was 5.5 ± 3.2 in
the HpGU-GC group and 4.9 ± 3.5 in the HpDU-GC
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HpDU-GC
(n = 35)

value

P

Univariate
analysis

0.534

-

0.341

-

0.515

-

0.134

-

0.007

-

0.083

-

0.041

0.038

0.037

0.032

0.11%
28 (80.0)
7 (20.0)
0 (0.0)
12 (34.3)
23 (65.7)
28 (80.0)
5 (14.2)
2 (5.8)
14 (40.0)
11 (31.4)
10 (28.6)
16 (45.7)
12 (34.2)
3 (8.7)
0 (0.0)
4 (11.4)
23 (65.7)
12 (34.3)
0 (0.0)
23 (65.7)
12 (34.3)
30 (85.7)
5 (14.3)
0.039

0.041

17 (48.6)
18 (51.4)
4.9 ± 3.5

0.076

-

3.1 ± 2.7

0.09

-

Hp: Helicobacter pylori; GU: Gastric ulcer; DU: Duodenal ulcer; GC: Gastric
cancer; Mixed carcinoma: Adenocarcinoma and signet ring cell carcinoma;
Mixed type: Intestinal and diffuse type.

group (P = 0.076). The mean time from peptic ulcer
diagnosis to GC development was 3.5 ± 2.4 years
in the HpGU-GC group and 3.1 ± 2.7 years in the
HpDU-GC group (P = 0.09). In the univariate analysis,
atrophy of surrounding mucosa, IM and eradication
therapy for H. pylori infection were significantly
associated with development of GC (P < 0.05; Table 2).

Prognosis of GC

Table 3 shows the GC prognoses for the two groups.
The number of patients that had a recurrence of
GC after ESD or surgery during the follow-up period
was 6 (7.0%) in the HpGU-GC group and 2 (5.7%)
in the HpDU-GC group, although this difference was
not statistically significant. The end-of-study survival
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Table 3 Prognosis of the developed gastric cancer n (%)

Recurrence of cancer
Prognosis of cancer
Alive
Death
Unknown

HpGU-GC group
(n = 86)

HpDU-GC group
(n = 35)

P value

6 (7.0)

2 (5.7)

0.965
0.347

69 (80.2)
15 (17.5)
2 (2.3)

28 (80.0)
6 (17.2)
1 (2.8)

Table 4 Relative risk of gastric cancer development adjusted
by Cox’s proportional hazard model

Group
HpDU-GC
HpGU-GC

95%CI

P value

1.00
1.71

1.09-2.70

0.02

Hp: Helicobacter pylori; GU: Gastric ulcer; DU: Duodenal ulcer; GC: Gastric
cancer.

Hp: Helicobacter pylori; GU: Gastric ulcer; DU: Duodenal ulcer; GC: Gastric
cancer.

0.6. Female patients and patients who were younger
than 50 years old were found to have a higher risk of
GC than an age- and gender-matched background
population. In the present study, the relative risk of
the HpGU-GC group compared to that of the HpDUGC group (as adjusted for age and gender using a
Cox proportional hazards model) was 1.71 (95%CI:
1.09-2.70, P = 0.02), without inclusion of a reference
to the success of H. pylori eradication therapy. This
rate was very similar to the value of 1.8 reported
[7]
for GU patients in the study by Hansson et al .
Patient age and gender were not associated with GC
development.
[8]
Uemura et al evaluated a large Japanese cohort
with H. pylori infection over the course of a 5-year
follow-up period and reported that even although all of
the DU patients had H. pylori infection, none developed
GC. On the other hand, the rate of H. pylori infection
was 3.4% in GU patients but GC occurs in 5% of GU
patients with H. pylori infection. These inconsistent
results may be explained by the lower rate of mucosal
atrophy in DU compared to GU patients.
In the present study, 86/2387 GU patients with H.
pylori infection developed GC, representing an annual
incidence rate of 0.41%. In contrast, only 35/2098
DU patients with H. pylori infection developed GC,
corresponding to an annual incidence rate of 0.11%.
This is markedly lower than that of GU patients and is
[8]
consistent with a study by Uemura et al . The most
common site involved in both groups was the lamina
propria (defined as stage T1a). This may reflect the
increased possibility of early diagnosis of GC with
regular EGD. The incidence rate and relative risk of
GC development in GU patients with H. pylori infection
were significantly higher than in DU patients with H.
pylori infection. The H. pylori eradication rate in GU
patients was significantly lower than in DU patients,
although the success rate of eradication therapy was
lower than the failure rate in both patient groups. This
finding might reflect the possibility of an association
between the high incidence rate, relative risk of GC
development and low H. pylori eradication rate in GU
patients with H. pylori infection.
One of the most important factors affecting variable
patient outcomes is the extent of gastritis. GU and
GC are associated with atrophic pangastritis and DU
is associated with non-atrophic antral-predominant
[13-15]
gastritis
. In the present study, the rates of

rate was 80.2% in the HpGU-GC group and 80.0%
in the HpDU-GC group but the difference was not
statistically significant (Table 3). The relative risk of
GC development of the HpGU-GC group compared
to that of the HpDU-GC group, as corrected for age
and gender, was 1.71 (95%CI: 1.09-2.70, P = 0.02)
according to a Cox proportional hazards model (Table 4).

DISCUSSION
Patients with H. pylori infection have a high risk of
[2,3]
GC . In fact, a recent review indicated that 2 million
cases of cancer each year worldwide could be attributed
[21]
to H. pylori, a key infectious agent leading to GC .
The EUROGAST study on diverse populations found a
6-fold increase in the risk of gastric adenocarcinoma
development for patients with H. pylori infection
[22]
compared to patients that were not infected . There
is a still much greater risk of adenocarcinoma in H.
pylori-infected individuals younger than 30 years of
[23]
age . H. pylori infection has been associated with
increases in both intestinal and diffuse types of gastric
[23,24]
adenocarcinoma
. However, there appears to be a
difference in the locations of gastric adenocarcinoma
in H. pylori-infected patients. Distal gastric adeno
carcinoma is much more likely to develop in H. pyloriinfected patients than gastroesophageal junction
[25]
adenocarcinoma . In any case, despite the wellestablished and clear association between persistent
H. pylori infection and gastric adenocarcinoma, only
a small percentage of infected individuals will develop
malignancies. This is likely due to a myriad of external
and environmental factors that are believed to affect
the disease course and progression. Factors that
promote malignancy development include certain
dietary influences such as high salt intake, red and
processed meat consumption, and nitrosamines, while
factors that can reduce the risk of malignancy include
[26,27]
diets that are high in fresh foods and vegetables
.
[7]
Hansson et al investigated the risk of GC among
patients with peptic ulcer disease in a Swedish
population-based study. The authors reported that
GC risk leveled off and stabilized after the first 3 and
2 years of GU and DU, respectively. GU patients had
a relative risk of 1.8 throughout the follow-up period,
whereas the relative risk for DU patients was only
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moderate-to-severe atrophy of the surrounding mucosa
and IM were significantly higher in the HpGU-GC group
than in the HpDU-GC group. These results are similar
to those of a previous study which showed that the
severity and extent of gastritis are important factors that
[28]
determine disease prognosis after H. pylori infection .
Because intestinal crypts replace the specialized glands
of atrophic gastritis in IM, it was thought that atrophic
[29]
gastritis and IM were the same entity .
Recent studies have indicated that gastric carci
nogenesis consists of multiple processes. IM, in
accordance with the updated Sydney system, is
[30]
considered to be an important step . It is more
closely associated with GC than atrophic gastritis as a
premalignant lesion. The odds ratios reported for GC in
superficial gastritis and atrophic gastritis according to IM
[31]
severity are 29.3 and 17.4, respectively . In another
study, the annual incidence of GC was determined to be
higher in patients with IM (0.25%) than in patients with
[32]
atrophic gastritis (0.1%) . Results such as these might
constitute evidence supporting the multiple processes of
[33]
gastric carcinogenesis identified by Correa . Indeed,
[34]
IM can be an important predictor of GC risk .
In a study that compared the histopathological
features of GC patients with those of a healthy
control population, the frequency of IM was higher in
GC patients than in the healthy control population,
even although the severity and extent of atrophic
[35]
gastritis were similar in both groups . These results
suggest that for a population in which progression
from atrophic mucosa to IM is possible, there is a
[35]
higher risk of GC . In the present study, the rates of
moderate-to-severe atrophy of surrounding mucosa
and IM were significantly higher in the HpGU-GC group
than in the HpDU-GC group. Furthermore, atrophy
of the surrounding mucosa and IM were significantly
associated with GC development in a univariate
analysis. These results were similar to those from
[30-35]
previous studies
, regardless of the success of H.
pylori eradication therapy.
To our knowledge, this is the first study to have
investigated the incidence of GC development in peptic
ulcer patients with H. pylori infection and to have
compared the clinical characteristics of GC between
GU and DU patients. However, there are several
limitations. Firstly, because this was a retrospective
study based on patients with peptic ulcer diseases and
H. pylori infection, we could not investigate the causes
of failures in H. pylori eradication therapy, histories
of drug intake (non-steroidal anti-inflammatory
drug or aspirin) and the proportion of patients with
H. pylori infection at the time of diagnosis with GU
and DU disease. Secondly, we could not evaluate
the association of the incidence of developing GC in
both GU and DU patients and the success or failure
H. pylori eradication. Selection bias may also exist.
Thirdly, relevant genetic factors were not investigated.
Fourthly, we did not analyze the relative risk of patients
with peptic ulcer disease without H. pylori infection.
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In summary, the incidence rate and relative risk of
GC development in GU patients with H. pylori infection
were significantly higher than in DU patients with H.
pylori infection. The H. pylori eradication rate in GU
patients was significantly lower than in DU patients,
although the success rate of eradication therapy was
lower than the failure rate in both groups of patients.
Atrophy of the surrounding mucosa, IM and eradication
therapy for H. pylori infection were significantly
associated with GC development.
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METHODS: Two hundred and fifty-four formalin-fixed
and paraffin embedded tissue blocks were analyzed,
including tissues from cholangiocarcinoma (n = 254),
and tumor adjacent tissues (n = 238). Tissue sections
were stained for CD15 using immunohistochemical
staining. CD15 expression was detected to identify
the distribution of neutrophils in the local tumor
microenvironment. The neutrophil density of the
tumor tissues and the adjacent tumor tissues was
detected to reflect their inflammatory status. Clinical
data and follow-up information of cholangiocarcinoma
patients who underwent surgery from January 2004
to December 2010 were analyzed retrospectively. The
relationship between clinicopathological features and
the distribution of neutrophils with prognosis of the
patients were analyzed.
RESULTS: The positive expression level of CD15
was only significantly related to the TNM stage.
CD15 expression was higher in tumor tissues than in
adjacent tissues (73.6% vs 54.6%), with significant
differences. Patients with high expression of CD15 had
significantly shorter overall survival (OS) than those
with low expression of CD15 (median overall survival
time 39.77 mo vs 16.87 mo, P = 0.008). Patients
with high CD15 expression had significantly shorter
disease free survival time (DFS) than those with low
expression of CD15 (median DFS 38.27 mo vs 16.83
mo, P = 0.029). COX multivariate analysis indicated
that high CD15 expression in tumor tissues was an
independent risk factor for predicting OS for patients
with cholangiocarcinoma [P = 0.012, relative risk (RR)
= 1.601], but it was not an independent risk factor for
predicting DFS (P = 0.073, RR = 1.462).

Abstract

CONCLUSION: Patients with high CD15 expression in
cancer tissues had shorter DFS and OS. High expression
of CD15 is an independent risk factor for OS.

AIM: To explore the relationship of clinicopathological
features and the distribution of neutrophils in the
tumor microenvironment with the prognosis of
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individualized treatment are the keys to the treatment
of cholangiocarcinoma. The relationship between
inflammation and cancer development has been the
concern of many scholars, and this relationship is also
the focus of the present study. In 2011, Hanahan
[17]
et al
in a review published in Cell proposed ten
important features of malignant tumors, including selfsufficiency in growth signals, insensitivity to antigrowth
signals, resisting cell death, limitless replicative
potential, sustained angiogenesis, tissue invasion and
metastasis, tumor promotion inflammation, avoiding
immune destruction, deregulating cellular energetics,
genome instability and mutation. Among these, the
tumor-promoting inflammation represents the seventh
most important feature. In the course of infection or
injury repair, a large number of inflammatory cells in
vivo aggregate and release large amounts of cytokines,
chemokines, growth factors and cytotoxic mediators,
forming a local inflammatory microenvironment. In
the process of tumor formation, development and
metastasis, cell death and appreciation would occur
in a large number of cells, which would produce a
large amount of inflammatory mediators. Tumor
cells can also produce the factors released through
accumulation of inflammatory cells, and these
factors can lead to the formation of blood vessels and
inflammatory responses. The persistent interactions of
inflammatory mediators and cytokines in inflammatory
cells lead to the long-term presence of a tumor
inflammatory microenvironment, thereby promoting
tumorigenesis, accelerating tumor development, and
playing an important role in the various stages of
tumor metastasis. Neutrophils are major inflammatory
cells in the tumor microenvironment. CD15 is one of
the markers of mature granulocytes. We used CD15
staining to evaluate the distribution of neutrophils
in tumor microenvironment, and to explore the
relationship of clinicopathological features and the
neutrophil distribution in the tumor microenvironment
with prognosis.

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

Core tip: Inflammation is the 7 th important feature
to promote tumor development. However, whether
inflammation promotes tumor growth in cholan
giocarcinoma remains unclear. This study analyzed the
inflammation in the tumor microenvironment of the
cholangiocarcinoma tissues, and further elaborated the
mechanisms of inflammation in cholangiocarcinoma
occurrence, development and metastasis, and provided
new insights into the treatment of cholangiocarcinoma.
Mao ZY, Zhu GQ, Xiong M, Ren L, Bai L. Prognostic value
of neutrophil distribution in cholangiocarcinoma. World J
Gastroenterol 2015; 21(16): 4961-4968 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i16/4961.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i16.4961

INTRODUCTION
Cholangiocarcinoma originates from epithelial tumors.
Diagnosis is often delayed, and prognosis is poor.
Clinicians and scientists around the world are committed
to determining the etiology of cholangiocarcinoma.
Most cholangiocarcinomas are primary. Research from
[1-4]
the United States and Europe , found that hepatitis C
is the most important risk factor for cholangiocarcinoma
(intrahepatic cholangiocarcinoma in particular),
[5-7]
but research from South Korea and China
found
that hepatitis B is a risk factor in intrahepatic
cholangiocarcinoma. A study from Japan confirmed
[8]
the results from Europe and the United States . These
studies also confirmed that cirrhosis is a risk factor of
cholangiocarcinoma. Primary sclerosing cholangitis
may develop into cholangiocarcinoma (especially
hilar cholangiocarcinoma), which is characterized by
chronic inflammation complicated with liver damage
and, possibly, the proliferation of progenitor cells.
The incidence rate of cholangiocarcinoma among
[9-12]
these patients is 5%-10%
. Approximately 50%
of the patients with primary sclerosing cholangitis
were later diagnosed with cholangiocarcinoma within
[9-13]
24 mo
. The average age of these patients is
about 40 years old, while the average age of the
general population who develop cholangiocarcinoma
[4,14]
is about 70 years old
. Although there are many
risk factors that might promote the development of
primary sclerosing cholangitis into cholangiocarcinoma,
they are not sufficient to guide risk stratification for
[11,15,16]
disease surveillance
. A full understanding of
the biological characteristics of cholangiocarcinoma
and important factors that may affect treatment
strategies, and implementation of standardized and
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MATERIALS AND METHODS
Tumor tissues

Two hundred and ninety one resected specimens
from patients who underwent operations for cholan
giocarcinoma from January 2004 to December 2010 at
the Department of General Surgery, General Hospital
of Air Force, China, were analyzed retrospectively.
Clinical data (including age, gender and tumor
pathological features) were collected. The patients
had a clear diagnosis of cholangiocarcinoma and had
neither received radiotherapy or chemotherapy before
surgery, nor preoperative liver transplantation. Those
with a pathological diagnosis of sarcoma, mixed cell
carcinoma or hepatocellular carcinoma were excluded.
After surgery, all tissue samples were fixed in 4%
formalin for 24 h, and then embedded in paraffin for
hematoxylin and eosin (HE) and immunohistochemical
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Table 1 Relationship between CD15 expression and clinicopathological characteristics in tumor tissues n (%)
Clinicopathological parameter
Age (yr)
Gender
Differentiation

TNM stage

Lymphatic metastasis
Neural invasion
Vascular invasion
Infiltration
Size
Edge
Position
Surgical approach

Group
< 60
≥ 60
Male
Female
Well differentiated
Moderately differentiated
Poorly differentiated
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Metastasis
No metastasis
Yes
No
Yes
No
Non- infiltrative
Infiltrative
< 3 cm
≥ 3 cm
Positive
Negative
Intrahepatic
Extrahepatic
Radical
Palliative

n

CD15 expression in tumor tissues

119
135
170
84
17
140
97
136
71
34
13
39
215
82
172
14
240
148
106
138
116
63
191
69
185
243
11

High

Low

χ2

P value

92 (77.3)
95 (70.4)
128 (75.3)
59 (70.2)
11 (64.7)
102 (72.9)
74 (76.3)
92 (67.6)
54 (76.1)
31 (91.2)
10 (76.9)
33 (84.6)
154 (71.6)
56 (68.3)
131 (76.2)
10 (71.4)
177 (73.8)
106 (71.6)
81 (76.4)
95 (68.8)
92 (79.3)
46 (73.0)
141 (73.8)
52 (75.4)
135 (73.0)
179 (73.7)
8 (72.7)

27 (22.7)
40 (29.6)
42 (24.7)
25 (29.8)
6 (35.3)
38 (27.1)
23 (23.7)
44 (32.4)
17 (23.9)
3 (8.8)
3 (23.1)
6 (15.4)
61 (28.4)
26 (31.7)
41 (23.8)
4 (28.6)
63 (26.2)
42 (28.4)
25 (23.6)
43 (31.2)
24 (20.7)
17 (27.0)
50 (26.2)
17 (24.6)
50 (27.0)
64 (26.3)
3 (27.3)

1.569

0.210

0.740

0.390

1.093

0.579

8.589

0.032

2.867

0.090

1.771

0.183

0.037

0.765

0.731

0.393

3.557

0.059

0.016

0.900

0.148

0.701

0.000

1.000

TNM stage: Tumor node metastasis stage.

(IHC) staining. Sections were cut at 4 µm. HE-stained
samples were individually examined microscopically
by two independent pathologists (Ren L and Mao ZY).
The clinicopathological characteristics of the tumors are
shown in Table 1.

moderate (2), or strong (3). The final score of the
specimen area were: percentage of positive cells
× staining intensity × 100. The final score for each
antibody in immunohistochemical staining ranged from
0 to 300 points. With the median score as a borderline,
antibodies were assigned to a high expression group
and a low expression group, and the median value was
assigned to the high expression group.

IHC for CD15

Mouse anti-CD15 Monoclonal Antibody (ZM-0037,
Working Solution, Zhongshan Golden Bridge Biotech
nology Inc., Beijing, China) was used and heatinduced epitope retrieval (pressure cooker preheat
for 5 min in citrate buffer, pH = 6) was used before to
CD15 staining. Primary antibodies were then added
and incubated for 2 h at 37 ℃. Slides were processed
on an immunostainer (LabVision Autostainer 360,
Fujian, China). The primary antibody was replaced
by phosphate-buffered saline as a negative control to
assess the specificity of the antibodies. Hematoxylincounterstained sections were mounted in aqueous
mounting medium and observed under a light micro
scope.
The IHC staining (percentage of stained cells ×
staining intensity) for CD15 was scored for each case
after semi-quantitative evaluation by two independent
pathologists (Ren L and Mao ZY). The percentage
of stained cells observed in every 100 positive cells
was used as the percentage of positive cells. Staining
intensity was scored as negative (0), weak (1),
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Statistical analysis

SPSS19.0 statistical software was used for statistical
2
analysis. A χ test was used to compare rates, and
Spearman’s test was used for correlation analysis.
Kaplan-Meier survival curves were used to calculate
survival, the log-rank test was used for univariate
analysis, and COX regression was adopted for
multivariate survival analysis. A P value < 0.05 was
considered statistically significant.

RESULTS
Expression of CD15 in tumor tissues and adjacent
tissues

The expression of CD15 in the tumor tissues and
adjacent tissues is presented in Table 2. CD15 staining
in membrane and perinuclear granules is shown in
Figure 1. The CD15 expression rate in tumor tissues
was 73.6% (187/254), and was 54.6% in adjacent
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of cholangiocarcinoma, the mechanism is not fully
understood. Many experiments found that the
relationship between a tumor and inflammation can
be studied based on the local inflammatory tumor
microenvironment, and a systemic inflammatory
response. For example, C-reactive protein and IL-6 are
considered to reflect the level of markers of systemic
inflammation. Increased levels can predict the
prognosis of various tumors, and the higher the level
[18,19]
of the inflammation, the worse the prognosis
.
[20]
Coincident with our results, Jensen et al
reported
that the presence of intratumoral neutrophils was an
independent prognostic factor for poor OS following
nephrectomy in localized clear cell tumors, such as
[21]
renal cell carcinoma. Li et al
confirmed recently
that intratumoral neutrophils were a poor prognostic
factor for hepatocellular carcinoma following resection.
Furthermore, elevated neutrophil and monocyte counts
in peripheral blood are associated with poor survival in
[22,23]
patients with metastatic melanoma
, small-cell lung
[24]
[25-27]
[28]
carcinoma , gastric cancer
and other tumors .
All these studies indicated that patients with tumors
infiltrating neutrophils have a poor prognosis, which
may offer some help in a preliminary clinical prognosis
of cancer patients, and provide clues for treatment.
[29]
CD15 is a specific marker of neutrophils . The
white blood cell count is an important index in the
detection of inflammation in vivo. Inflammation can
[30-32]
promote tumor angiogenesis, growth and invasion
.
Neutrophils account for 50%-70% of total circulating
[33,34]
leukocytes
. Neutrophils are the most abundant
white blood cells, which help the body against invading
microorganisms. Therefore, the number of neutrophils
is an important inflammatory marker. Currently the
neutrophil-to-lymphocyte ratio is studied extensively,
and the ratio is used to assess the overall survival of
cancer patients as a simple and effective indicator. A
higher ratio indicates a poor overall survival, and a risk
[35-37]
of early relapse
; thus, an increased neutrophil
count and CD15 expression. This study analyzed the
effects of CD15 expression in local inflammatory status
on DFS and OS, and found that CD15 expression
in cancer tissues was significantly higher than in
the adjacent tissues. By univariate analysis, CD15
expression in cancer tissues affected significantly the
DFS and OS, and high CD15 expression in cancer
tissues predicted higher risk of tumor recurrence and
mortality. CD15 is a primary marker for neutrophils,
high CD15 expression indicates increased neutrophil
count and reduced lymphocyte count. The release of
large amounts of cytokines and other inflammatory
cytokines may contribute to an increase in tumor
[38-43]
metastasis and tumor angiogenesis
. Therefore,
the CD15 expression in cancer tissues suggested poor
prognosis in this study, which is consistent with the
findings mentioned above. CD15 positive neutrophils
may predict poor prognosis, especially for the
prediction of OS, but not for DFS. However, prediction
of OS could help in the treatment of postoperative

Table 2 CD15 expression in tumor tissues and adjacent
tissues
Group

n1

High CD15
expression

Low CD15
expression

Tumor tissues
Adjacent tissues

254
238

187
130

67
108

1

The number of cases is different from the previous because of off-chip
effects during the dyeing process or no tumor tissue.

tissues (130/238). CD15 expression in tumor tissues
was higher than in adjacent tissues (P = 0.000).

Correlations between CD15 expression levels and
clinicopathological characteristics of tumors

The correlations between CD15 expression and
clinicopathological features are shown in Table 3. The
positive expression rate of CD15 was significantly
related to the TNM stage (Figure 2).

Correlation between CD15 expression in tumor tissues
and prognosis

Patients with high expression of CD15 had significantly
shorter overall survival (OS) than those with low
expression, and the difference was statistically
significant (P = 0.008). Patients with high CD15
expression had significantly shorter disease free
survival time (DFS) than those with low CD15
expression (P = 0.029). Based on COX multivariate
analysis, high CD15 expression in cancer tissues was
an independent risk factor in predicting OS for patients
with cholangiocarcinoma [P = 0.012, relative risk (RR)
=1.601]. Univariate analysis showed that patients with
high CD15 expression in tumor tissues had significantly
shorter progression-free survival and overall survival
than those with low expression, and the difference
was statistically significant (median DFS: 38.37 mo vs
16.83 mo; median OS: 39.77 mo vs 16.87 mo, P =
0.029 and 0.008, respectively), as shown in Figures 3
and 4.

Multivariate analysis in CD15 expression and prognosis
of patients with cholangiocarcinoma

The clinical and pathological features of patients with
cholangiocarcinoma were analyzed using univariate
analysis, and the statistically significant results obtained
and CD15 levels were then included in COX multivariate
analysis to observe the effects of the indicators on
prognosis. As shown in Table 3, high CD15 expression
in tumor tissues is an independent risk factor for OS
of the patients with cholangiocarcinoma, and patients
with high CD15 expression in tumor tissues had a 1.601
times higher risk of death compared with patients with
low CD15 expression.

DISCUSSION
Although inflammation is a risk factor for the onset

WJG|www.wjgnet.com
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A

B

C

D

Figure 1 Immunophenotypes of the investigated antigens in tumor tissues. CD15 staining in membrane and perinuclear granules. A: Low CD15 expression,
magnification × 100; B: Low CD15 expression, magnification × 400; C: High CD15 expression, magnification × 100; D: High CD15 expression, magnification × 400.

Table 3 Multivariate survival analysis of CD15 expression in cancer tissues and clinicopathological features
Parameters

Risk of recurrence

Differentiation
TNM stage
Lymphatic metastasis
Neural invasion
Vascular invasion
Infiltration
Size
Edge
Position
Surgical approach
CD15

P value

Exp(B)

0.004
0.001
0.854
0.532
0.227
0.742
0.943
0.014
0.551
0.575
0.073

1.545
1.535
0.952
1.134
0.594
0.928
1.014
1.014
0.859
1.258
1.462

Risk of death

95%CI for Exp(B)
Lower

Upper

1.148
1.185
0.562
0.764
0.255
0.595
0.692
0.692
0.521
0.564
0.965

2.079
1.989
1.611
1.684
1.382
1.448
1.487
1.487
1.416
2.804
2.215

P value

Exp(B)

0.007
0.013
0.114
0.827
0.965
0.585
0.758
0.007
0.466
0.161
0.012

1.43
1.324
1.427
1.039
0.986
1.112
0.949
1.641
0.849
1.62
1.601

95%CI for Exp(B)
Lower

Upper

1.103
1.061
0.918
0.736
0.523
0.759
0.679
1.148
0.546
0.826
1.107

1.853
1.652
2.217
1.468
1.859
1.63
1.326
2.347
1.319
3.178
2.314

TNM: Tumor node metastasis.
100
90

CD15 high expression

80

CD15 low expression

70
60

92

50
40
30
20

44

10
0

54
17

Ⅰ

Ⅱ

31

3

Ⅲ

10 3
Ⅳ

Figure 2 Histogram of the correlation between CD15 expression in tumor
tissues and tumor node metastasis staging. TNM: Tumor node metastasis.
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cholangiocarcinoma, and CD15 immunohistochemical
staining results could predict the survival of patients
earlier, such that intervention can be started earlier,
which would extend the survival of patients.
This study used inflammation-related prognostic
indicators to predict the prognosis of patients with
cholangiocarcinoma. The local inflammatory status
in the tumor microenvironment was evaluated by
CD15 immunohistochemical staining. The results were
scored to detect the distribution of cholangiocarcinoma
inflammatory cells in the tumor microenvironment
and to analyze the correlation between the distribution
of cholangiocarcinoma inflammatory cells in the
tumor microenvironment and local inflammation and
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1.0

1.0
DFS: 38.37 mo vs 16.83 mo
P = 0.029

0.8

CD15
Low expression
High expression
Low expression-censored
High expression-censored

0.6

Cum survival

Cum survival

0.8

0.4

Low expression
High expression
Low expression-censored
High expression-censored

0.4

0.2

0.0

0.0
40.00 60.00 80.00 100.00 120.00
DFS

CD15

0.6

0.2

0.00 20.00

DFS: 39.77 mo vs 16.87 mo
P = 0.008

0.00 20.00

40.00 60.00 80.00 100.00 120.00
OS

Figure 3 CD15 expression in tumor tissues and disease free survival
time. DFS: Disease free survival time.

Figure 4 CD15 expression in tumor tissues and overall survival. OS:
overall survival.

prognosis, to reflect the relationship between inflam
mation and cholangiocarcinoma.
There are currently no approved targeted agents for
[44]
cholangiocarcinoma . However, drug-related genes
have been detected, including KRAS, PIK3CA, MET,
[45]
EGFR, BRAF and NRAS . In some cholangiocarcinomas,
gene mutations occur, but targeted therapy is still not
effective, possibly because cholangiocarcinoma gene
mutation is relatively complex, involving mutations of two
[46]
[47]
or more genes . Yoshikawa et al
used Vandetanib
to treat cholangiocarcinoma and inhibit both VEGFR
and EGFR signalling appears a promising therapeutic
approach for cholangiocarcinoma. The absence of KRAS
mutation and the presence of EGFR amplification may
be potential predictive molecular markers of sensitivity to
EGFR-targeted therapy in cholangiocarcinoma.
[48]
El-Khoueiry et al
used Sorafenib in two clinical
studies for unresectable or metastatic gallbladder
carcinoma and cholangiocarcinoma treatment,
but did not achieve objective responses. Patients
with biliary cancers receiving this drug showed
some therapeutic benefit. Additional studies with
Sorafenib in combination with chemotherapy or other
targeted agents may be warranted. Takahashi et
[49]
al
suggested that Axitinib is a promising therapy
for vascular endothelial growth factor-expressing
cholangiocarcinoma, irrespective of tumor origin and
[50]
Gemcitabine sensitivity. El-Khoueiry et al
reported
that Sorafenib and Erlotinib did not have promising
clinical activities in an unselected population of patients
with biliary cancers. Improved patient selection, based
on tumor biology and molecular markers, is critical
for future evaluation of targeted therapies in this
disease. Based on several promising phase Ⅱ clinical
trials currently underway, the most promising targeted
agents for cholangiocarcinoma thus far include antiEGFR agents, MEK inhibitors and anti-angiogenic
[44]
agents .

In summary, distribution of local inflammatory
cells in patients with cholangiocarcinoma in the tumor
microenvironment is valuable to assess prognosis. The
local inflammatory state, in varying degrees, reflects
the in vivo state of chronic inflammation in patients with
malignant tumors. The chronic inflammatory state and
the resulting immune status deserve further study and
are meaningful for subsequent treatment of cancers.
These results indicate that neutrophil distribution in
various cancers might indicate poor prognosis and may
serve as a target for clinical treatment.
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COMMENTS
COMMENTS
Background

Cholangiocarcinoma accounts for 3% of all gastrointestinal tumors and is the
second most common tumor in hepatobiliary cancers. A full understanding of the
biological characteristics of cholangiocarcinoma and the adoption standardized,
individualized treatment are the key to cholangiocarcinoma treatment.
Clinicians and scientists around the world are committed to determining the
etiology of cholangiocarcinoma to permit early diagnosis and treatment of
cholangiocarcinoma. This study investigated the inflammatory cell distribution
in the tumor microenvironment and further elaborated the mechanisms of
inflammation in cholangiocarcinoma occurrence, development and metastasis,
to provide new insights into the treatment of cholangiocarcinoma.

Research frontiers

In this study, the authors investigated the expression of CD15 by immuno
histochemical (IHC) staining to examine inflammatory state of cholangiocarcinoma.
The results are helpful to understand the occurrence, development and metastasis
of cholangiocarcinoma.

Innovations and breakthroughs

In this study, the authors explored the expression of CD15 to reflect
inflammatory state of cholangiocarcinoma: the expression of CD15 had been
seldom detected in cholangiocarcinoma. The results could help explain the
occurrence, development and metastasis of cholangiocarcinoma.

Applications

IHC staining of CD15 to mark neutrophils and to reflect the inflammation caused
by cholangiocarcinoma is a fast, convenient and economical method in clinical
applications.

Terminology

Cholangiocarcinoma originates from epithelial tumors. Diagnosis is often
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delayed and prognosis is poor. Cholangiocarcinoma accounts for 3% of all
gastrointestinal cancers, and is the second most common tumor in hepatobiliary
cancers.
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The authors conducted an IHC analysis of CD15 to assess the neutrophil
distribution and to further reflect the inflammatory state of cholangiocarcinoma.
The study is very interesting.
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AIM: To assess laparoscopic radical resection of lower
rectal cancer with telescopic anastomosis through
transanal resection without abdominal incisions.
METHODS: From March 2010 to June 2014, 30 patients
(14 men and 16 women, aged 36-78 years, mean age
59.8 years) underwent laparoscopic radical resection of
lower rectal cancer with telescopic anastomosis through
anus-preserving transanal resection. The tumors were
5-7 cm away from the anal margin in 24 cases, and
4 cm in six cases. In preoperative assessment, there
were 21 cases of T1N0M0 and nine of T2N0M0. Through
the middle approach, the sigmoid mesentery was freed
at the root with an ultrasonic scalpel and the roots of
the inferior mesenteric artery and vein were dissected,
clamped and cut. Following the total mesorectal
excision principle, the rectum was separated until the
anorectal ring reached 3-5 cm from the distal end of the
tumor. For perineal surgery, a ring incision was made
2 cm above the dentate line, and sharp dissection was
performed submucosally towards the superior direction,
until the plane of the levator ani muscle, to transect
the rectum. The rectum and distal sigmoid colon
were removed together from the anus, followed by a
telescopic anastomosis between the full thickness of the
proximal colon and the mucosa and submucosal tissue
of the rectum.
RESULTS: For the present cohort of 30 cases, the
mean operative time was 178 min, with an average
of 13 positive lymph nodes detected. One case of
postoperative anastomotic leak was observed, requiring
temporary colostomy, which was closed and recovered
3 mo later. The postoperative pathology showed T1T2N0M0 in 19 cases and T2N1M0 in 11 cases. Twelve
months after surgery, 94.4% patients achieved anal
function Kirwan grade 1, indicating that their anal
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function returned to normal. The patients were followed
up for 1-36 mo, with an average of 23 mo. There was
no local recurrence, and 17 patients survived for > 3
years (with a survival rate of 100%).

were recruited. The ages ranged from 36 to 78 years
(mean: 59.8 years). The tumors were 5-7 cm away
from the anal margin in 24 cases, and 4 cm in six
cases. They were all confirmed as high-grade rectal
adenocarcinoma by preoperative pathology. The
diagnoses were confirmed by colonoscopy biopsies in
all cases. Barium enema, digital rectal examination,
and rectal endoscopy were used to determine the
distance between the lower tumor edge and the anal
margin. Pelvic and liver magnetic resonance imaging
or computed tomography (CT) examination, as well
as transrectal ultrasonography, was carried out to
assess the depth of tumor invasion, presence of liver
metastasis and lymph node enlargement. Preoperative
assessment was T1N0M0 in 21 cases and T2N0M0 in
nine.

CONCLUSION: Laparoscopic radical resection of lower
rectal cancer with telescopic anastomosis through
transanal resection without abdominal incisions is safe
and feasible.
Key words: Laparoscopic resection; Rectal neoplasms;
Anus-preserving rectectomy; Telescopic anastomosis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This study assesses the laparoscopic radical
resection of lower rectal cancer with telescopic anastomosis
through transanal resection without abdominal incisions.
Thirty cases of lower rectal cancer have been treated using
this procedure with satisfactory outcomes in follow-up
observation. We concluded that laparoscopic radical resection
of lower rectal cancer with telescopic anastomosis through
transanal resection without abdominal incisions is safe and
feasible.

Study inclusion and exclusion criteria

Inclusion criteria were: (1) lower rectal cancer with
the lower edge 5-7 cm from the anal margin; (2) T1/
T2N0M0 highly differentiated small adenocarcinomas;
(3) early rectal cancer confined to the bowel wall,
tumor diameter ≤ 3 cm, invasion less than or equal
to half the circle of the intestinal wall; and (4) tubular
adenomas, which are villous tubular and glandular
cancerous tumors for which the resection margin
is > 1 cm; highly differentiated adenocarcinomas
with resection of the lower edge > 2 cm; and poorly
differentiated adenocarcinomas with resection of the
lower edge > 3 cm.
Exclusion criteria were: (1) the lower edge of tumor
< 5 cm from the anal margin; (2) the preoperative
stage of tumor > T1/T2N0M0; (3) tumor diameter
> 3 cm or invasion more than half the circle of the
intestinal wall; and (4) overweight patient with BMI >
30 or with narrow pelvis.

Li SY, Chen G, Du JF, Chen G, Wei XJ, Cui W, Zuo FY, Yu B,
Dong X, Ji XQ, Yuan Q. Laparoscopic resection of lower rectal
cancer with telescopic anastomosis without abdominal incisions.
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DOI: http://dx.doi.org/10.3748/wjg.v21.i16.4969

INTRODUCTION
Procedures for anus-preserving radical resection for
[1-5]
lower rectal cancer are of current research interest .
In recent years, laparoscopic radical surgery of
[6-8]
rectal cancer has been widely carried out , but it
generally requires an assisting abdominal incision for
removal of tumor specimens, which prevents it from
[9-11]
being completely minimally invasive
. We have
completed 420 cases of telescopic anastomosis for anal
[3]
preservation in radical resection of lower rectal cancer .
We first reported laparoscopic radical resection of lower
rectal cancer with telescopic anastomosis through
transanal resection without abdominal incisions in
[12,13]
2011
, which is an abdominal incision-free and scarfree completely minimally invasive technique. So far,
30 cases of lower rectal cancer have been treated using
this procedure with satisfactory outcomes in follow-up
observation.

Surgical techniques

Abdominal surgical procedures: After successful
anesthesia, the patient was placed in a bladder
lithotomy position. Following the four-port trocar
operation, the umbilical camera system was placed
in the observation port, and the working port was
created at the right lower quadrant. A trocar was
placed at each incision of the right middle and left
lower quadrants of the abdomen. With the patient’
s head facing down, the surgical field was revealed.
Through the middle approach, the sigmoid mesentery
was freed at the root with an ultrasonic scalpel, the
adipose tissue and lymph nodes around the roots of
the inferior mesenteric artery and vein were dissected,
and the vascular root was clamped and cut. Bilateral
ureteral tracts were protected. Following the total
mesorectal excision (TME) principle, the rectum was
dissected along the connective tissue between the
visceral and parietal layers of the presacral space
posterior to the rectum, to the anorectal ring and
3-5 cm from the distal end of the tumor. Caution

MATERIALS AND METHODS
Patient data

Thirty patients, including 14 men and 16 women,
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A

B

C

Figure 1 Anal operation. A: Surgical field exposed above the dentate line using the five-stitch suspension method; B: Telescopic anastomosis is completed; C: Anus
after removal of the suspension sutures.

A

B
(3)

(2)
(1)
(1)

(2)
(3)

Figure 2 Rectal mucosa and telescopic anastomosis. A: Rectal mucosa is peeled off while retaining the rectal sheath: (1) Dentate line; (2) Rectal mucosa is
peeled 2-4 cm from 2 cm above the dentate line; (3) Intact rectal muscle sheath 2-4 cm; B: Telescopic anastomosis: (1) Four stitches for telescopic colon seromuscular
layer and rectal sheath; (2) Telescopic full-thickness colon and residual rectal submucosa; (3) Anatomosis is 1-2 cm above the dentate line.
[3]

was exercised to protect the pelvic autonomic nerve
plexus. The cutting margin was 10 cm superior to the
tumor. The corresponding mesentery was dissected
using an ultrasonic scalpel. After completion of the
perineal surgery, a large amount of warm distilled
water was used to rinse the surgical field and a port
was made to the right lower abdomen for placement
of pelvic tube drainage. The trocars were removed and
all ports closed. As a result, no auxiliary abdominal
incision was made, leaving only four 0.5-1.0-cm small
holes.

muscles, and the rectum was cut circularly . The
rectal tumor and distal sigmoid colon were removed
from the anus together, and the sigmoid colon was
cut proximally about 10 cm from the tumor, and
the proximal colon was dragged out of the anus
through the rectum. The distal rectal margin was
sent for frozen section examination. The intact rectal
muscular sheath of 2-4 cm was preserved about
2 cm above the dentate line, as well as the entire
internal and external anal sphincter (Figure 2A). The
distal colon was pulled out of the anus through the
rectal muscular sheath, and at 2.0 cm above the
dentate line set between the distal colon and rectal
muscle sheath and fixed using the four-pin fixation
method, and sutured intermittently at 12, 3, 6 and
[5]
9 points, respectively , to reduce tension and fix
the connection. The full thickness of the proximal
colon and the rectal and intestinal mucosa above
the dentate line were connected using absorbable
sutures with 8-12 stitches (Figure 1B and Figure
2B). After confirmation that the anastomosis had a
satisfactory blood supply in a tension-free state, a
piece of Vaseline gauze was inserted into the anal
canal for support. The suspension sutures were
removed, and the anastomotic portion was gently

Anal operation: After extraepidural administration
to fully relax the anal sphincter, the anus was dilated
up to 4-6 fingers. Using the five-stitch suspension
[3,14]
method
to reveal the field of the anal canal above
the dentate line (Figure 1A), the anorectal tract was
exposed using a double-leaf anal retractor. After
submucosal circular injection of 1:10000 adrenaline
saline 1.0 cm above the dentate line, to significantly
elevate the submucosal tissue, an electric knife was
used to cut open the mucosa 1.5-2.0 cm above
the dentate line. Sharp dissection was performed
along the rectal mucosa, upwards, to peel off the
rectal mucosa for 2-4 cm, to reach the levator ani
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RESULTS

Table 1 Patient data

Surgery was completed successfully in all 30 patients,
with an average length of operation of 178 min,
including about 127 min for abdominal surgery and
about 51 min for anal anastomosis. Mean intraoperative
blood loss was 76 mL, and 13 positive lymph nodes
were detected on average. Postoperative bowel
movement occurred 3 d after surgery. There were no
postoperative complications related to the surgery.
The patients were discharged 12 d after surgery on
average. The postoperative pathology showed T1T2N0M0 in 19 cases and T2N1M0 in 11. In the present
study, no patient received preoperative radiotherapy,
and patients with greater than T2 stage received 7-12
cycles of postoperative systemic chemotherapy with
the mFOLFOX6 protocol (oxaliplatin, 5-fluorouracil and
calcium folinate). Eleven patients with T2N1M0 stage
were given postoperative pelvic radiotherapy at a total
dosage of 10-20 Gy before adjuvant chemotherapy.
No abdominal incision was made, thereby achieving
completely minimally invasive scar-free cosmetic
outcomes. All of the 30 patients underwent a radical
resection without positive circumferential resection of
the margin and without positive distal resection margin
(resection of the lower edge > 2 cm). The patients
were followed up for 1-36 mo, with a mean of 23 mo.
Early after surgery, defecation was 2-6 times/d, and the
patients received two compound diphenoxylate tablets
orally daily. Twelve months after surgery, 91.3% (21/23)
of patients achieved anal function Kirwan grade 1,
indicating that their anal function returned to normal. No
patient received intraoperative diverting stoma, and one
case of postoperative anastomotic leak was observed,
requiring temporary colostomy, which was closed and
recovered 3 mo later. No anastomotic stenosis or local
tumor recurrence occurred. The quality of life was good
for all patients, and 17 of them survived for > 3 years
(with a survival rate of 100%). The patient data are
shown in Table 1.

No. of patients (n = 30)
Age (yr)
36-78 (mean 59.8)
Sex
Male
14
Female
16
Distance from lower tumor edge to anal margin (cm)
5-7
24
4
6
Preoperative tumor stage (n)
28
Ⅰ
2
Ⅱ
0
Ⅲ
0
Ⅳ
Postoperative tumor stage (n)
19
Ⅰ
0
Ⅱ
11
Ⅲ
0
Ⅳ
Postoperative diagnosis of rectal cancer (n)
Intermediately to highly differentiated
18
Intermediately differentiated
8
Poorly differentiated
2
Adenoma
2
Preventive colostomy (n)
No preventive colostomy
29
Preventive colostomy
1
Operative time (min)
178 (range: 150-210)
Blood loss (mL)
60 (range: 30-300)
Hospital stay (d)
12 (range: 7-21)

returned into the anus to complete the anastomosis
between the full-thickness colon and rectal mucosa
and submucosa (Figure 1C). The perineum was then
covered with sterile dressing. Double-lumen presacral
drainage was placed as routine, penetrating the anal
skin, fixed on the skin, and connected with suction or
a sterile bag, which was usually removed after 2-5 d.

Follow-up

According to the 2011 National Comprehensive Cancer
Network guidelines for postoperative monitoring and
follow-up, a medical history was taken and a physical
examination was conducted once every 3 mo for 2
years, then once every 6 mo for 3 years, and once
every 12 mo afterwards. carcinoembryonic antigen
assessment was carried out for tumors at T2 or above
once every 3-6 mo after surgery for 2 years, and once
every 6 mo until 5 years after surgery. Colonoscopy
or proctoscopy of the anastomoses was performed
once every 6 mo for 5 years for early detection of local
recurrence. At the first 2-5 years after surgery, patients
at Stages Ⅱ or Ⅲ received thoracic, abdominal, and
pelvic CT scans each year for early detection of lung
and liver metastases. The endpoint of follow-up was
death or the end of the study.

Anal function

Anal functional assessment

A postoperative questionnaire survey was conducted
for the Kirwan anal function assessment.

WJG|www.wjgnet.com

[15]

Kirwan classification
includes the following five
grades: 1: normal; 2: occasionally needs an enema,
with gas incontinence; 3: needs drug control, daily
enema, needs to wear panty liner with a small amount
of leakage or occasionally mild leakage of excrement;
4: underwear is often contaminated; and 5: requires
colostomy. In this cohort, 6-9 bowel movements per
day were observed after early intake after surgery.
After administration of two compound diphenoxylate
tablets orally 3 times daily for 2-3 d, the defecation
was controlled at 3-6 times daily. Self-control bowel
movements were significantly improved 2-3 mo after
surgery. Twelve months after surgery, 91.3% (21/23)
patients achieved anal function Kirwan grade 1,
indicating that their anal function returned to normal
(Table 2).
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Laparoscopic radical resection of lower rectal
cancer with telescopic anastomosis, through transanal
resection without abdominal incisions, includes the
following features: (1) when using the scalpel to
dissect the lymph nodes and fat tissue at the root
of the mesenteric vessels, caution should be taken
to avoid damage to the autonomic nervous bundle;
(2) when dividing the inferior mesenteric artery and
vein, attention should be paid to retain the mesenteric
vascular bow, and ensure an adequate blood supply
and length of the distal bowel segments, so that
the anastomosis can be connected after the tumor
is removed from the anus; (3) according to TME
principles, the rectum should be dissected along the
connective tissue between the visceral and parietal
layers of the presacral space, posterior to the rectum,
to the anorectal ring and 3-5 cm from the distal end
of the tumor, to ensure complete tumor resection and
lymph node dissection; (4) perineal surgery should be
[3,12]
performed under adequate anesthesia
, so that the
anal sphincter achieves complete relaxation. For this,
we use the five-stitch suspension method, which fully
exposes the field above the dentate line, conducive
to the surgical procedure. However, the suspension
suture must only be closed when the sphincter is
completely relaxed, to avoid damage to the anal skin
and structure, thus affecting postoperative recovery
[12]
of bowel function ; (5) to remove the mucosa
completely while avoiding damage to internal and
external sphincters, scissors can be used for sharp
dissection along the superficial surface of the internal
sphincter, otherwise it will damage the sphincter; (6)
to ensure no fat residue along the colonic anastomosis,
but a good blood supply, the colon ends should be
trimmed to 0.5 cm, so that there is no residual fat
tissue, which is conducive to anastomotic healing; (7)
the telescopic full-thickness colon should be connected
and fixed with the residual rectal sheath using
[5]
interrupted four-stitch sutures , for reinforcement
and reduced tension, which is the key to prevention of
anastomotic fistula; and (8) the telescopic anastomosis
should be closed with 8-12 stitches without too dense
sutures in case of anastomotic stenosis.
Laparoscopic radical resection of lower rectal cancer
with telescopic anastomosis, through transanal resection
without abdominal incisions, is indicated for the same
[3,13]
conditions as open telescopic anastomosis
. The TME
principles should be strictly followed in the selection of
personalized anus-preserving surgery according to the
specific circumstances of the patient.
The lack of a control group is the main limitation
of this study. More cases and longer follow-up will be
included for the observation of oncological outcome,
and we will carry out randomized controlled trials in
future studies.
In conclusion, laparoscopic radical resection of lower
rectal cancer with telescopic anastomosis, through
transanal resection without abdominal incisions, is
safe and feasible, which enables incision-free, scar-

Table 2 Kirwan anal function results 6 and 12 mo after
surgery
Time

Grade
1

6 mo after surgery 17 (65.4)
12 mo after surgery 21 (91.3)

Grade 2 Grade
3
8 (30.8)
2 (8.7)

1 (3.8)
0

Grade
4

Grade
5

Total

0
0

0
0

26
23

Results are expressed as percentages.

DISCUSSION
Laparoscopic anus-preserving radical resection of
rectal cancer has been widely carried out in recent
[16,17]
years
, but an abdominal incision is always required
to remove the specimens, regardless of transumbilical
[18,19]
single-port or assisted laparoscopic surgery
,
undoubtedly making it difficult to achieve the optimal
goal of completely minimally invasive, incisionfree, scar-free surgery. Based on the experience of
open telescopic anastomosis for anal preservation in
[3,14]
radical resection of lower rectal cancer
, we have
established laparoscopic radical resection of lower
rectal cancer with telescopic anastomosis, through
transanal resection without abdominal incisions,
which enables incision-free, scar-free, cosmetic and
[12,13]
minimally invasive treatment
. This innovative
surgery is a major innovation for rectal cancer surgery,
which has not been reported previously.
Telescopic anastomosis for anal preservation in
[12]
radical resection of lower rectal cancer preserves the
anus and bowel movement control for most patients
with lower or ultralow rectal cancer. The innovations
of this surgery include the following: (1) the critical
technique in the telescopic anastomosis is the fourstitch suture between the full-thickness colon and the
residual rectal muscle sheath, which plays a role in
reducing tension and reinforcing the fixation. This is
the key to preventing the occurrence of anastomotic
leakage, effectively reducing the incidence of
anastomotic complications; (2) the anorectal ring and
the entire internal and external sphincters are retained
intact, so bowel control is preserved at 3-6 mo after
surgery, improving postoperative physiological and
quality of life; (3) under laparoscopy, sigmoid and
rectal dissection is completed with an ultrasonic
scalpel to 3-5 cm from the distal end of the tumor.
The specimen is removed through and from the
anus, which enables incision-free, scar-free, cosmetic
and minimally invasive treatment; and (4) due to
the minimal invasiveness, patients experience less
postoperative pain, and can achieve earlier ambulation
and faster recovery. Laparoscopic radical resection
of lower rectal cancer with telescopic anastomosis,
through transanal resection without abdominal
incisions, is safe and feasible, which achieves the goal
of minimally invasive and function-preserving surgery.
This technique may be used for anus-preserving
laparoscopic surgical treatment of lower rectal cancer.
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free, cosmetic and minimally invasive treatment. This
technique may become an option for anus-preserving
laparoscopic surgical treatment of low colorectal cancer.

5

COMMENTS
COMMENTS

6

Background

Procedures for anus-preserving radical resection for lower rectal cancer are
of current research interest. Although laparoscopic radical surgery of rectal
cancer has been widely carried out recently, it generally requires an assisting
abdominal incision for removal of tumor specimens, which prevents it from
being completely minimally invasive.

7

Research frontiers

8

The authors have completed 420 cases of telescopic anastomosis for anal
preservation in radical resection of lower rectal cancer. They first reported
laparoscopic radical resection of lower rectal cancer with telescopic
anastomosis through transanal resection without abdominal incisions, which
is an abdominal incision-free and scar-free completely minimally invasive
technique, in 2011. So far, they have treated 30 cases of lower rectal cancer
using this procedure with satisfactory outcomes in follow-up observation.

9

Innovations and breakthroughs

This study assesses the laparoscopic radical resection of lower rectal cancer
with telescopic anastomosis through transanal resection without abdominal
incisions. Thirty cases of lower rectal cancer have been treated using this
procedure with satisfactory outcomes in follow-up observation. The authors
concluded that laparoscopic radical resection of lower rectal cancer with
telescopic anastomosis through transanal resection without abdominal incisions
is safe and feasible.
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Applications

12

Laparoscopic radical resection of lower rectal cancer with telescopic
anastomosis, through transanal resection without abdominal incisions, is safe
and feasible, which enables incision-free, scar-free, cosmetic and minimally
invasive treatment. This technique may become an option for anus-preserving
laparoscopic surgical treatment of low colorectal cancer.

13

Telescopic anastomosis for anal preservation in radical resection of lower rectal
cancer preserves the anus and bowel movement control for most patients with
lower or ultralow rectal cancer.
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Peer-review

This is an interesting study regarding incision free laparoscopic rectal resection
for rectal cancer.
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Abstract
AIM: To evaluate the impact of metadoxine (MTD)
on the 3- and 6-mo survival of patients with severe
alcoholic hepatitis (AH).
METHODS: This study was an open-label clinical trial,
performed at the “Hospital General de México, Dr.
Eduardo Liceaga”. We randomized 135 patients who
met the criteria for severe AH into the following groups:
35 patients received prednisone (PDN) 40 mg/d, 35
patients received PDN+MTD 500 mg three times daily,
33 patients received pentoxifylline (PTX) 400 mg three
times daily, and 32 patients received PTX+MTD 500 mg
three times daily. The duration of the treatment for all
of the groups was 30 d.
RESULTS: In the groups treated with the MTD, the
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[6]

survival rate was higher at 3 mo (PTX+MTD 59.4%
vs PTX 33.3%, P = 0.04; PDN+MTD 68.6% vs PDN
20%, P = 0.0001) and at 6 mo (PTX+MTD 50% vs PTX
18.2%, P = 0.01; PDN+MTD 48.6% vs PDN 20%, P
= 0.003) than in the groups not treated with MTD. A
relapse in alcohol intake was the primary independent
factor predicting mortality at 6 mo. The patients
receiving MTD maintained greater abstinence than
those who did not receive it (74.5% vs 59.4%, P =
0.02).

with high oxidative stress and liver injury mediated
[7,8]
by acetaldehyde
. Reactive oxygen species
(ROS) are responsible for activating redox-sensitive
transcription factors, such as nuclear factor-kappa
B (NF-κB), thereby maintaining a pro-inflammatory
[7]
profile .
Metadoxine (MTD), an antioxidant, participates
in the synthesis of glutathione (GSH) and inhibits
[9]
hepatic steatosis . The preliminary findings in patients
with severe AH have demonstrated that MTD in
combination with glucocorticoids improves the survival
rates at 30 and 90 d as well as the response to steroid
[10]
therapy, according to the Lille score .
The aim of this study was to evaluate the impact of
MTD added to standard therapy using prednisone (PDN)
or pentoxifylline (PTX) compared with monotherapy on
the 3- and 6-mo survival rates of patients with severe
AH.

CONCLUSION: MTD improves the 3- and 6-mo
survival rates in patients with severe AH. Alcohol
abstinence is a key factor for survival in these patients.
The patients who received the combination therapy
with MTD were more likely to maintain abstinence than
those who received monotherapy with either PDN or
PTX.
Key words: Alcoholic hepatitis; Metadoxine; Survival;
Alcohol abstinence

MATERIALS AND METHODS

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

Study design

This study was a randomized, open-label clinical trial,
performed at the “Hospital General de Mexico, Dr.
Eduardo Liceaga”, Mexico City, from April 2010 to
December 2013.

Core tip: Severe alcoholic hepatitis (AH) has a high
mortality rate. Oxidative stress and the depletion of
mitochondrial glutathione are factors implicated in
injury to the liver. Metadoxine (MTD), an antioxidant
that participates in the synthesis of glutathione and
inhibits hepatic lipid accumulation, appears to be a
novel therapeutic agent in patients with severe AH
because it improves their 3- and 6-mo survival. The
patients who received MTD were also better able
to abstain from alcohol use, which is a key factor
contributing to the improved survival in patients with
severe AH.

Sample size calculation

We used the Epidat 3.1 (Galicia, Spain 2006) statistical
program to calculate the sample size, considering
a difference in the survival rate at 3 mo of 30%
between the groups receiving MTD and those receiving
the standard treatment to be significant. We also
considered a two-tailed confidence level of 95%, a
potency of 80%, and an additional 20% of subjects as
potential losses. There were a total of 35 patients per
group.

Higuera-de la Tijera F, Servín-Caamaño AI, Serralde-Zúñiga AE,
Cruz-Herrera J, Pérez-Torres E, Abdo-Francis JM, Salas-Gordillo
F, Pérez-Hernández JL. Metadoxine improves the three- and sixmonth survival rates in patients with severe alcoholic hepatitis.
World J Gastroenterol 2015; 21(16): 4975-4985 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v21/i16/4975.htm
DOI: http://dx.doi.org/10.3748/wjg.v21.i16.4975

Inclusion criteria

Patients between 18 and 65 years old who met the
[11,12]
clinical and biochemical criteria of severe AH
,
as characterized by a history of chronic and heavy
alcohol intake (> 80 g/d for the previous 5 years),
the rapid onset of jaundice in the absence of a biliary
tract obstruction, painful hepatomegaly and ascites,
transaminases ≥ two times above the normal
value, an aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) ratio ≥ 2, neutrophilia, a total
bilirubin > 5 mg/dL, and a Maddrey’s discriminant
function > 32 (calculated with the formula [4.6 ×
(patient prothrombin time (PT)-control PT, in seconds)
+ total bilirubin in mg/dL]), were included in the study.

INTRODUCTION
Severe alcoholic hepatitis (AH) has a high mortality
[1,2]
rate despite its standard therapy . Some populations,
such as Hispanics, have responded poorly to standard
therapy and show a mortality rate similar to those
treated with placebos, particularly in patients classified
as Age-Bilirubin-International normalized ratio[3-5]
Creatinine (ABIC) classes B and C . Therefore, it is
important to search for new therapeutic options that
are effective and safe.
Acute and chronic alcohol exposure is associated

WJG|www.wjgnet.com

Exclusion criteria

Patients with acquired immunodeficiency syndrome;
neoplasms; autoimmune diseases; psychiatric
disorders other than alcoholism, such as depression
and anxiety according to the Diagnostic and Statistical
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217 patients with clinical and biochemical criteria for
severe alcoholic hepatitis were assessed for eligibility

82 were excluded:
47 diabetics
12 hepatitis C chronic infection
8 consuming other illicit drugs
7 previous therapy with steroids
3 previous therapy with pentoxifylline
3 did not sign consent form
1 hepatocellular carcinoma
1 hepatitis B chronic infection

135 were randomized

35 received
Prednisone
40 mg/d +
Metadoxine 500
mg tid

35 received
Prednisone 40
mg/d

33 received
Pentoxifylline
400 mg tid

32 received
Pentoxifylline
400 mg tid +
Metadoxine 500
mg tid

Duration of treatment: 30 d or until death if it occurred
before this time

4 patients
suspended
therapy due to
gastrointestinal
side effects (but
completed more
than 80% of the
dose) and were
included in the
intention to treat
analysis.

3 patients
suspended
therapy due to
gastrointestinal
side effects (but
completed more
than 80% of the
dose) and were
included in the
intention to treat
analysis.

2 patients
suspended
therapy due to
gastrointestinal
side effects (but
completed more
than 80% of the
dose) and were
included in the
intention to treat
analysis.

3 patients
suspended
therapy due to
gastrointestinal
side effects (but
completed more
than 80% of the
dose) and were
included in the
intention to treat
analysis.

9 patients died
before day 30

19 patients died
before day 30

17 patients died
before day 30

11 patients died
before day 30

Follow-up: 3 and 6 mo or until death if it occurred before this time.
All patients were included in the intention to treat analysis
Figure 1 Enrollment and outcomes.

Manual of Mental Disorders, Fourth Edition (DSMⅣ); a history of atopy or asthma; diabetes; obesity;
pregnancy; hepatitis B or C virus infection; or
tuberculosis were excluded from the study.
Patients with an intake of illicit drugs, herbal
products, antioxidant supplements (multivitamins,
S-adenosyl-L-methionine, MTD, silymarin), or previous
treatment with steroids or PTX within the previous two
years were excluded.
Patients without family support or without access to
telephone communication were also excluded.

cultures, as well as chest radiography and a neutrophil
count in ascites. A liver ultrasound and endoscopy
were performed to determine the presence of varices
in all of the patients.

Randomization and treatment groups

The patients were randomized into four treatment
groups. For the randomization, we used the Epidat 3.1
statistical program (Galicia, Spain 2006) to construct
a table of random numbers to compose four groups of
equal size (Figure 1).
We evaluated 217 patients who met clinical
and biochemical criteria for severe AH. However,
82 subjects met one or more exclusion criteria: 47
were diabetics, 12 had hepatitis C chronic infection,
8 consuming illicit drugs, 7 were previously treated
with steroids, 3 were previously treated with PTX, 3
did not sign consent form, 1 had also hepatocellular
carcinoma, and 1 had also hepatitis B chronic infection.
Therefore, 135 subjects who met all eligibility criteria
and provided written informed consent were randomly
assigned to one of four groups of treatment: A group
receiving PDN (at a dose of 40 mg once daily); a
group receiving PDN (at a dose of 40 mg once daily)
and MTD (at a dose of 500 mg three times daily); a
group receiving PTX (at a dose of 400 mg three times

Pre-inclusion screening

We obtained written informed consent from all of
the patients before they were enrolled in the study.
On the day of admission, we performed a clinical
history and collected peripheral blood samples to
determine each patient’s glucose, urea, creatinine,
total bilirubin, alkaline phosphatase, gamma glutamyl
transpeptidase, ALT, AST, sodium, potassium, albumin,
leucocytes, neutrophils, hemoglobin, platelets, PT and
international normalized ratio levels. The patients were
also tested for HBsAg, anti-HBs, anti-HBc, IgM antiHBc, with serological screening for the hepatitis C virus
and human immunodeficiency virus. The screening for
bacterial infections included urine, blood and ascites
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[14,15]

daily); a group receiving PTX (at a dose of 400mg
three times daily) and MTD (at a dose of 500 mg three
times daily). In all cases, the duration of treatment
was 30 d, or until death if it occurs earlier. The 500-mg
®
metadoxine tablets (Abrixone ) were provided by
Eurodrug Laboratories as a donation for our institution.
The 40-mg prednisone tablets and the 400-mg
pentoxifylline tablets provided by our institution.
Eurdorug Laboratories provided comments regarding
the study design but were not involved in the writing
of the protocol, the conduct of the trial, the decisionmaking with respect to the trial, the analysis of the
data, or the preparation of the manuscript. The doses
[1,2,13]
were selected on the basis of previous studies
.
The dose for metadoxine was selected on the basis of
[13]
the study conducted by Caballería et al .

to have ARF
. These patients were treated with
intravascular volume expansion using an albumin
infusion at 1 g/kg for 48 h. The patients who did
not respond to this treatment were evaluated for
hepatorenal syndrome (HRS) according to the Ascites
International Club criteria and were treated with a
vasopressor (terlipressin or norepinephrine) and
[16,17]
intravascular volume expansion with albumin
.
HE: This condition was defined clinically by both
neuropsychiatric alterations and neuromuscular signs
[18]
according to the West-Haven criteria . Patients
with an HE grade of Ⅰ or Ⅱ were treated orally with
L-ornithine-L-aspartate. Patients with an HE grade of
Ⅲ or Ⅳ were treated intravenously with L-ornithine-Laspartate. In patients for whom L-ornithine-L-aspartate
was contraindicated, oral lactulose for HE grades Ⅰ or
Ⅱ and lactulose enemas for HE grades Ⅲ or Ⅳ were
prescribed.

Study phase and endpoints

The primary endpoints were the 3- and 6-mo survival
rates. The secondary endpoints were the development
or progression of acute renal failure (ARF), variceal
bleeding (VB), hepatic encephalopathy (HE), bacterial
or fungal infections, adverse effects and a relapse to
alcohol consumption between 30 d and 6 mo of the
follow-up. We also performed a sub-analysis stratifying
the patients according to their ABIC class.
The patients were monitored weekly during the
first month, two times per month during the second
and third months, and monthly thereafter until 6 mo.
Each visit included a clinical examination and the
collection of peripheral blood samples. During the
first two weeks, all of the patients were hospitalized;
subsequently, each investigator determined the
duration of the hospitalization. For the hospitalized
patients, the medications were administered under the
supervision of physicians and nurses. For outpatients,
adherence to treatment was monitored by a family
member and reported in a control diary. To increase
compliance with the medication regimen, the patients
were required to return the empty blisters at each
visit.
In patients who were suspected of developing
an infection during the study, cultures and chest
radiography were performed if necessary. In
patients who developed odynophagia or dysphagia,
an endoscopic study was performed to identify
esophageal candidiasis; when suspicious lesions were
observed, brushing and mycological examinations
were performed.

VB: This condition was defined by the presence of melena
or hematemesis associated with gastroesophageal varices
as determined by an endoscopy. These patients were
treated with terlipressin or octreotide, and fresh frozen
plasma and blood were transfused as necessary.
An endoscopic band ligation for esophageal varices
or cyanoacrylate injection for gastric varices was
performed, and antibiotic prophylaxis was prescribed.
Subsequently, the patients received a secondary
[19]
prophylaxis .
Spontaneous bacterial peritonitis: This condition
was defined and treated according to the most recent
guidelines of the European Association for Study of
[17]
Liver Diseases .
Other infections: Urinary tract infections were diag
nosed in the patients having urinary symptoms that
were associated with abnormal urinary examinations
and urinary cultures, including a bacterial count greater
than 100000 CFU. An antibiotic therapy was prescribed
based on the results of the urinary cultures.
Pneumonia was diagnosed in the patients who
developed a cough with expectoration and confirmation
on the chest X-ray. Treatment was initiated with
ceftriaxone and clarithromycin, after which the antibiotic
therapy was adjusted depending on the sputum culture
results.
When patients developed odynophagia or dysphagia,
esophageal candidiasis was suspected. The diagnosis
was confirmed through oral cavity examinations and
an endoscopy indicating the presence of compatible
lesions; brushing was performed for a mycological
examination in all of the cases, and treatment with
fluconazole 100 mg twice daily was prescribed.
Patients with diarrhea were evaluated by microscopic
examinations of fresh stool and stool cultures. These
patients were treated empirically with ciprofloxacin

Management of complications

ARF: This condition was defined according to the
criteria of the Acute Kidney Injury Network as an
abrupt reduction (48 h) in renal function characterized
by an increase of 0.3 mg/dL in the serum creatinine
compared with the baseline value. The patients
who had a baseline value of serum creatinine ≥ 1.5
mg/dL at the time of admission were considered
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Table 1 Baseline characteristics of the patients
Characteristic
Male, n (%)
Age, yr
Alcohol intake, g/d
Child-Pugh
Maddrey´s modified discriminant function
MELD
ABIC
Urea, mg/dL Log10
Creatinine, mg/dL
Sodium, mEq/L
Albumin, mg/dL
Total bilirubin, mg/dL
Alkaline phosphatase, UI/L Log10
Gamma-glutamyltransferase, UI/L Log10
Aspartate aminotransferase, UI/L Log10
Alanine aminotransferase, UI/L Log10
Leucocytes, cell/mm3
Neutrophils, cell/mm3
Hemoglobin, g/dL
Platelets, cell/mm3
Prothrombin time in seconds
INR
Cirrhosis on liver ultrasound, n (%)

PDN (n = 35)

PDN+MTD (n = 35)

33 (94.3)
43.1 ± 9.5
313.7 ± 157.1
12.4 ± 1.0
70.9 ± 25.6
28 ± 4
8.199 ± 1.3
1.60 ± 0.34
1.5 ± 0.7
131.3 ± 5.8
1.9 ± 0.4
24.4 ± 10.5
2.3 ± 0.2
2.5 ± 0.3
2.3 ± 0.2
1.7 ± 0.2
20.9 ± 8.0
16.2 ± 7.0
11.6 ± 2.7
178.1 ± 119.5
22.0 ± 5.8
1.9 ± 0.5
25 (71.4)

32 (91.4)
43.4 ± 9.0
328.9 ± 142.5
12.4 ± 0.9
67.3 ± 19.3
29 ± 6
8.604 ± 2.9
1.64 ± 0.31
1.5 ± 0.8
132.7 ± 5.8
1.9 ± 0.5
24.5 ± 10.1
2.3 ± 0.2
2.4 ± 0.3
2.3 ± 0.2
1.7 ± 0.2
18.5 ± 8.0
15.7 ± 7.5
11.8 ± 2.5
186.0 ± 113.6
21.1 ± 3.6
1.8 ± 0.3
20 (57.1)

PTX (n = 33)
31 (93.9)
43.4 ± 9.9
365.9 ± 196.2
12.6 ± 1.0
93.4 ± 84.7
31 ± 9
8.675 ± 1.8
1.66 ± 0.32
1.7 ± 1.1
130.9 ± 5.1
1.8 ± 0.4
23.0 ± 9.5
2.2 ± 0.2
2.4 ± 0.4
2.2 ± 0.2
1.7 ± 0.2
19.5 ± 9.0
16.6 ± 8.5
10.9 ± 3.0
182.8 ± 117.7
27.6 ± 18.5
2.4 ± 1.9
26 (78.8)

PTX+MTD (n = 32)
28 (87.5)
44.4 ± 9.1
346.5 ± 173.6
12.5 ± 1.0
78.3 ± 40.2
31 ± 7
8,677 ± 1.6
1.64 ± 0.42
1.9 ± 1.5
131.7 ± 4.7
1.8 ± 0.5
25.9 ± 11.6
2.4 ± 0.2
2.4 ± 0.3
2.2 ± 0.3
1.7 ± 0.4
19.2 ± 10.3
17.0 ± 9.9
11.4 ± 2.4
153.0 ± 84.0
23.2 ± 8.8
2.0 ± 0.7
20 (62.5)

P value
0.40
0.94
0.61
0.82
0.14
0.19
0.73
0.94
0.21
0.57
0.89
0.73
0.29
0.73
0.39
0.28
0.71
0.92
0.52
0.61
0.06
0.06
0.24

ABIC: Age-bilirubin-international normalized ratio-creatinine; INR: International normalized ratio; MELD: Model for end-stage liver disease; PDN:
Prednisone; PDN+MTD: Prednisone + metadoxine; PTX: Pentoxifylline; PTX+MTD: Pentoxifylline + metadoxine.

and/or metronidazole.

conducted. SPSS version 18.0 (Chicago, IL, United
States 2009) and Epidat 3.1 (Galicia, Spain 2006)
were used to perform the statistical analyses. A twosided P value of 0.05 was considered to be statistically
significant.

Statistical analysis

The statistical methods of this study were reviewed
by Fátima Higuera-de la Tijera, MD, MSc. and José
L. Pérez Hernández, MD, MSc. From the “Hospital
General de México, Dr. Eduardo Liceaga”. The dis
tribution of variables was analyzed; in cases of
quantitative variables with a non-normal distribution
base, a 10-logarithmic transformation was performed
to normalize their distribution for the analysis using
parametric tests. Descriptive statistics were used. The
quantitative variables were expressed as the mean ±
SD, and the qualitative variables were expressed as
proportions and percentages. To compare the basal
characteristics between the groups, a one-way ANOVA
was performed for the quantitative variables. Tukey’s
or Tamhane’s T2 tests were used according to the
homogeneity of the variance for the post hoc tests,
2
and a χ test with Yates correction or Fisher’s exact test
were used for the qualitative variables. To compare
the primary and secondary endpoints between the
groups, an analysis with an intention to treat (ITT)
2
was conducted. The χ test with a Yates correction,
Fisher’s exact test or Student’s t-test was used when
needed, based on the variable type. A survival analysis
was performed using Kaplan-Meier curves to evaluate
the 3- and 6-mo survival and to evaluate the alcohol
intake relapse between 30 d and 6 mo of followup and compare it with the log-rank test. To identify
the main risk factors associated with 6-mo mortality,
a multivariate analysis using a Cox regression was

WJG|www.wjgnet.com

RESULTS
The baseline characteristics of the patients are listed in
Table 1. In the groups receiving MTD, the survival rate
was significantly higher at 3 mo than in the groups
not receiving MTD: PTX+MTD 19/32 (59.4%) vs PTX
11/33 (33.3%), P = 0.04; PDN+MTD 24/35 (68.6%)
vs PDN 7/35 (20%), P = 0.0001 (Figure 2).
In the groups receiving the MTD, the survival rate
was significantly higher at 6 mo than in the groups not
receiving MTD: PTX+MTD 16/32 (50%) vs PTX 6/33
(18.2%), P = 0.01; PDN+MTD 17/35 (48.6%) vs PDN
7/35 (20%), P = 0.003; (Figure 3).
There was no difference in the survival rates
between the PDN and PTX monotherapy groups at 3
and 6 mo. There was no difference in the survival rate
between the PDN+MTD and PTX+MTD groups at 3 and
6 mo.
According to their ABIC class, 13 patients (9.6%)
were classified as class A, 82 patients (60.7%) as
class B, and 40 patients (29.6%) as class C. The global
survival according to the ABIC class was 10 patients
(76.9%) for class A, 42 patients (51.2%) for class
B, and 9 patients (22.5%) for class C. We performed
a sub-analysis stratifying patients according to their
ABIC class according to the two different groups of
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Figure 2 Kaplan Meier curves showing the 3-mo survival according to the
treatment groups. Pentoxifylline + Metadoxine 59.4% vs Pentoxifylline 33.3%,
Log rank test P = 0.04; Prednisone + Metadoxine 68.6% vs Prednisone 20%,
Log rank test P = 0.0001.

Figure 3 Kaplan Meier curves showing the 6-mo survival according to the
treatment groups. Pentoxifyne + Metadoxine 50% vs Pentoxifylline 18.2%,
Log rank test P = 0.01; Prednisone + Metadoxine 48.6% vs Prednisone 20%,
Log rank test P = 0.003.

treatment into the group of 67 patients who received
concomitant therapy with MTD (MTD Group) and the
group of 68 patients who did not receive MTD (the
standard therapy or ST Group). The improvement in
the survival in the MTD Group was observed primarily
in the ABIC class B: the MTD Group 30/38 (78.9%)
vs the ST Group 12/44 (27.3%), P = 0.0001. There
were no significant differences between the treatment
groups in either the ABIC class A or ABIC class C
patients: the MTD Group 6/6 (100%) vs ST Group 4/7
(57.1%) P = 0.19, and the MTD Group 7/23 (30.4%)
vs ST Group 2/17 (11.8%) P = 0.25, respectively.
Regarding the development of complications
at 3 mo of follow-up, there was significantly less
development of HE and HRS in the patients who
received the concomitant therapy vs the patients
who received the PDN alone. There was no difference
between the PTX+MTD vs the PTX group. Neither were
there any differences among the groups regarding the
development of VB or infections (Table 2)
The occurrence of adverse effects was similar in
all of the groups, principally consisting of epigastric
burning, nausea and vomiting, due to which 12
patients dropped out of the study. The patients who
dropped out included 4 patients in the PDN and MTD
group, 3 patients in the PDN group, 2 patients in the
PTX group, and 3 patients in the PTX and MTD group.
These patients were included in the ITT analysis
because we verified that they had received at least
80% of the treatment. Serious adverse effects were
not reported in any of the groups.

receive MTD; MTD Group 35/47 (74.5%) vs ST Group
19/32 (59.4%), P = 0.02.
In the multivariate analysis, a relapse in alcohol
intake was the primary independent factor predicting
mortality at 6 mo. Additionally, the coexistence of
cirrhosis on the ultrasound was identified as a predictor
factor that was associated with mortality at 6 mo. In
this study, the quantity of the alcohol intake was not
associated with the 6-mo mortality. On the other hand,
the treatment with MTD was identified as a protective
factor (Table 3).

DISCUSSION
The mortality rate in our patients was high despite the
treatment with PDN or PTX. However, other studies in
Mexican population have also shown a high mortality
rate and a poor response to steroid therapy. In a crosssectional study, Ruíz-Zavála A reported a failure to
respond to corticosteroids, evidenced by a Lille score
greater than 0.45 in 90% of the patients diagnosed
with alcoholic hepatitis (a mean Lille score of 0.80
[20]
± 0.18) . Additionally, in a clinical trial in Mexican
patients with severe AH that compared treatment with
PTX vs treatment with PDN, the mortality rate at 30 d
was high, at 46.6% vs 59.9%, respectively, and there
[3]
was no difference between the groups (P = 0.30) .
If we compare the mortality rates according to the
ABIC class, Mexican patients have a higher mortality
rate than other populations despite the treatment with
steroids or PTX. The survival rate in the Mexicans vs
the Europeans according to their ABIC class was as
follows: an ABIC class of A, 81% vs 100%; an ABIC
class of B, 50% vs 70%; and an ABIC class of C, 13%
[4,5]
vs 25%, respectively . The quantity of the alcohol
intake may be an explanation for the higher mortality
observed in the Mexican population, as Altamirano et
[5]
al demonstrated that the consumption of more than
120 g per day of alcohol is associated with greater

Maintenance of abstinence: Seventy-nine of the
patients survived after 30 d (the end of therapy), 54
(68.4%) of whom had maintained alcohol abstinence
and 25 (31.6%) of whom had relapsed into alcohol
intake at 6 mo of follow-up. When we compared the
groups, the patients receiving MTD were better able
to maintain abstinence than the patients who did not
WJG|www.wjgnet.com

4980

April 28, 2015|Volume 21|Issue 16|

Higuera-de la Tijera F et al . Metadoxine improves survival in alcoholic hepatitis
Table 2 Development of complications at the 3-mo follow-up n (%)
Complication
HE
HRS
VB
Infections
None
UTI
SBP
Pneumonia
EC
Diarrhea

PDN+MTD (n = 35) PDN (n = 35)
10 (28.6)
11 (31.4)
10 (28.6)
11 (31.4)
24 (68.6)
0 (0)
2 (5.7)
9 (25.7)
0 (0)
0 (0)

21 (60.0)
19 (54.3)
13 (37.1)
14 (40.0)
21 (60)
3 (8.6)
2 (5.7)
7 (20)
1 (2.85)
1 (2.85)

PTX+MTD (n = 32)
13 (40.6)
11 (34.4)
11 (34.4)
11 (34.4)
21 (65.6)
3 (9.4)
3 (9.4)
1 (3.1)
3 (9.4)
1 (3.1)

PTX (n = 33) P value
17 (51.5)
16 (48.5)
14 (42.4)
12 (36.4)
21 (63.6)
6 (18.25)
3 (9.15)
1 (3.0)
1 (3.0)
1 (3.0)

2

0.008
0.051
0.44
0.45

1

3

HR (95%CI) P value
0.2 (0.1-0.7)
0.3 (0.1-1.0)
0.6 (0.2-1.8)
0.6 (.02-1.8)

0.38
0.25
0.51
0.87

4

HR (95%CI)

5

0.6 (0.2-1.7)
0.5 (0.2-1.5)
0.7 (0.2-1.9)
0.9 (0.3-2.5)

1

Significant difference (P < 0.05); 2P value comparing the PDN vs the PDN+MTD groups; 3HR and 95%CI comparing the PDN vs the PDN+MTD groups; 4P
value comparing the PTX vs the PTX+MTD groups; 5HR and 95%CI comparing the PTX vs the PTX+MTD groups. EC: Esophageal candidiasis; HE: Hepatic
encephalopathy; HR: Hazard ratio; HRS: Hepatorenal syndrome; PDN: Prednisone; PDN+MTD: Prednisone + metadoxine; PTX: Pentoxifylline; PTX+MTD:
Pentoxifylline + metadoxine; SBP: Spontaneous bacterial peritonitis; UTI: Urinary tract infection; VB: Variceal bleeding.

2014 in Boston, Massachusetts. The STOPAH trial was
a multicenter, double-blind, factorial (2 × 2) trial that
included 1103 patients who were randomized to one of
four groups: prednisolone + placebo, PTX + placebo,
prednisolone + PTX, or a double placebo group. The
investigators found that prednisolone, but not PTX,
was associated with a lower risk of 28-d mortality. In
contrast, the mortality rate in the group that received
PTX was similar to the mortality rate of those who
received the double placebo. Beyond 28 d, neither of
the drugs was associated with a survival benefit, and
infections were approximately twice as frequent in the
prednisolone group.
Our study shows that treatment with MTD may
have a protective role, as it improves 3- and 6-mo
survival rates. MTD is the ion pair between pyridoxine
and pyrrolidone carboxylate, the cyclic amide of
glutamic acid that is responsible for the synthesis and
[25]
catalysis of GSH . Alcohol exposure is associated
[6]
with high oxidative stress . The oxidative pathway for
metabolizing alcohol involves alcohol dehydrogenase
(ADH) and acetaldehyde dehydrogenase, and both
of these enzymatic reactions reduce nicotinamide
dinucleotide (NAD) to its reduced form of NADH. An
excess of NADH causes several metabolic disorders,
including the inhibition of the Krebs cycle and fatty acid
[8]
oxidation, which favors steatosis and hyperlipidemia .
Acetaldehyde participates in alcohol-mediated liver
injury by causing cellular damage, inflammation, and
[7]
fibrogenesis ; it promotes cell death by depleting the
concentration of reduced GSH, inducing lipoperoxidation,
and increasing the toxic effect of the free radicals. The
ROS can oxidize and damage the DNA, proteins and
[6]
unsaturated fatty acids, thereby altering cell function .
The oxidation of alcohol also occurs through
cytochrome P450’s generation of ROS, such as
hydrogen peroxide and superoxide ions. In particular,
cytochrome P450 2E1 (CYP2E1) is increased severalfold and contributes to lipoperoxidation and liver injury.
CYP2E1 also converts alcohol to acetaldehyde. The
ROS are responsible for activating the redox-sensitive

Table 3 Multivariate analysis: predictors of mortality at 6 mo
in patients with severe alcoholic hepatitis
Variable
1

Relapse in alcohol intake
Cirrhosis1
Treatment with metadoxine2
Quantity of alcohol intake (> 150 g/d)

HR (95%CI)

P value

8.9 (3.9-20.2)
2.3 (1.1-4.7)
0.3 (0.2-0.7)
1.8 (0.4-7.7)

0.0001
0.02
0.005
0.45

1

Risk factor; 2Protective factor. HR: Hazard ratio; 95%CI: 95% confidence
interval.
[5]

mortality . In our study, the mean alcohol intake
was greater than 300 g per day. Moreover, MexicanAmerican males have a higher prevalence of alcoholic
cirrhosis and a higher mortality rate compared with
[21]
Caucasians .
Controversial results exist concerning whether
steroids or PTX is superior for improving the survival
of patients with severe AH. In our study, there was
no difference in the survival between the PDN and
the PTX groups. Neither was there a difference in
the survival between the PDN+MTD and PTX+MTD
[22]
groups. However, in 2009, De et al
performed a
randomized, double-blind, controlled clinical trial to
compare the efficacy of PTX and prednisolone in the
treatment of severe AH. In this study, the probability
of dying at 3 mo was higher in the prednisolone group
compared with the PTX group (35.29% vs 14.71%, P
= 0.04; log rank test). In 2013, a systematic review
[2]
by Parker et al that included ten trials and a total of
884 patients found that PTX appears to be superior
to a placebo in the prevention of fatal HRS and thus
may be an effective treatment for severe AH when
corticosteroids are contraindicated. However, multiple
trials have failed to show the superiority of either PTX
[23]
or steroids. More recently, Park et al found that PTX
was not superior to prednisolone for improving the
6-mo survival rate (64.5% vs 72.9%, respectively;
P = 0.23). The investigators in the “Steroids or
[24]
Pentoxifyllline for Alcoholic Hepatitis” (STOPAH) trial ,
recently presented their findings at the Liver Meeting
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transcription factors, such as NF-κB, and maintaining
[7]
a pro-inflammatory profile . Other cytochromes, such
as CYP1A2 and CYP3A4, may also contribute to the
[8]
metabolism of ethanol .
Several studies have demonstrated that MTD increa
[26,27]
ses the metabolism and depuration of ethanol
and
acetaldehyde in the liver and plasma and prevents
the damage caused by ethanol and acetaldehyde in
[28]
both hepatocytes and hepatic stellate cells . MTD
[29]
also restores the concentrations of NAD, GSH
and
[30,31]
adenosine triphosphate in the brain and liver
and
acts as an antioxidant because the ion-pair molecule
is capable of dissociating into N-oxide, which acts
[32,33]
as scavenger to trap the ROS and free radicals
.
MTD inhibits the synthesis of the fatty acid esters
in the liver, reduces the hepatic content of the trigly
cerides and prevents the injuries associated with
[13,34-36]
lipoperoxidation
.
The global survival according to the ABIC class in
our patients was similar to that reported by Altamirano
[5]
et al in a previous cohort of Mexican patients. The
majority of our patients (60.7%) were categorized as
ABIC class B. We believe that the greatest benefit that
we observed using MTD therapy in the ABIC class B
may have occurred because this group had the largest
proportion of the patients compared with the ABIC
classes A and C. However, further studies that include
more patients who are categorized as ABIC classes A
and C are needed to validate this assumption.
In regard to the development of complications,
there was significantly less development of HRS in
patients who had received PDN+MTD compared with
those who received PDN alone at the 3-mo follow-up.
Although there was no significant difference between
PTX+MTD and PTX alone, 14.1% fewer patients in
the group treated with PTX+MTD developed HRS
compared with the patients who received PTX alone
(34.4% vs 48.5%, respectively). In our study, MTD had
a protective effect on renal function. Previous studies
have shown that MTD decreases the formation of
acetaldehyde macromolecular adducts in all targets of
ethanol toxicity, including the brain, liver and kidneys.
The effect in the kidneys is due to two mechanisms
of action: the inhibition of adduct formation and the
[37]
increased excretion rate of acetaldehyde .
The impaired renal function is closely associated
with the elevation of inflammatory markers (tumor
necrosis factor-α, interleukin-1β, and interleukin-6),
leading to both an increase in markers of oxidative
[38-40]
stress and a decreased in antioxidants
. All of these
mechanisms are involved in the pathophysiology of
SAH and could be modulated by MTD therapy.
There was less development of HE in the patients
receiving therapy with PDN+MTD compared with
those who received PDN alone. Moreover, 10.9%
fewer patients developed HE in the group treated with
PTX+MTD compared with the patients who received
PTX alone (51.5% vs 40.6%, respectively). In our
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study, MTD demonstrated a protective effect over the
patients’ mental status. Pyrrolidone carboxylate is
an intermediate in the γ-glutamyl cycle, which is an
amino acid transport system into the cell through the
cell membrane. Unlike glutamic acid, the uptake of
pyrrolidone carboxylate by the central nervous system
(CNS) is possible because it crosses the hematoencephalic barrier. In the CNS, it exerts a number
of actions on the cognitive and memory functions
that are affected by alcohol, and it is important and
clinically relevant to restore those superior functions.
Once hydrolyzed by oxoprolinase, the open glutamic
acid becomes available for important metabolic
processes. Its derivative, N-acetyl glutamate, which
is released in the subsequent metabolic steps, plays
an essential role in maintaining the nitrogen balance
because it activates the carbamoyl-synthetase I, a key
enzyme in the urea cycle. Furthermore, by reacting
with oxaloacetate, an intermediate of the Kreb’s
cycle, it participates in the biosynthesis of aspartate,
an essential element in the urea cycle, which is
therefore activated from two different entry points. In
addition, glutamate may react with ammonia to form
glutamine, thereby contributing to the elimination
of toxic ammonia and to the nitrogen fixation by the
[25,41-43]
organism
.
In our study, a relapse in alcohol intake was the
primary independent factor predicting mortality
at 6 mo. Alcohol abstinence is considered to be
the cornerstone of the management of AH. In the
[24]
results from the STOPAH trial , a relapse in alcohol
consumption had a deleterious effect; at 1 year, the
patients who either did not reduce or who increased
their alcohol consumption had a 3-fold risk for death
compared with the patients who abstained (OR = 2.99;
P < 0.001). The patients who reduced their alcohol
consumption but not below a safe level still had a more
than a 2-fold risk for death at 1 year compared with
the patients who abstained (OR = 2.28; P = 0.032), as
did the patients who reduced their alcohol consumption
to below a safe level (OR = 2.17; P = 0.031). Wang et
[44]
al demonstrated that alcohol abstinence ameliorates
AH by decreasing the liver enzyme and fibrotic
markers and improving hepatic steatosis. In our study,
the therapy with MTD helped patients to maintain
alcohol abstinence. This finding is similar to those
reported by several studies that have demonstrated
[45-49]
that MTD is an effective therapy for abstinence
.
Currently, disulfiram, naltrexone and acamprosate are
approved for the treatment of alcoholic dependency;
however, all of these medications are contraindicated
[44]
in patients with severe liver disease , such as our
patients. Patients who have recovered from an episode
of severe alcoholic hepatitis must be supported
in maintaining alcohol abstinence without risk or
[49]
compromise to their liver function. Bono et al
found that alcoholic patients who received treatment
with MTD achieved alcohol abstinence in a greater
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proportion compared with those who did not receive
it. More recently, an interesting retrospective analysis
[45]
by Leggio et al found that patients with ALD who
were treated with MTD had a significant decrease in
drinks per week and demonstrated an improvement
in the AST/ALT ratio compared with those who did not
receive it. The beneficial neurological effects of MTD
therapy in patients with attention-deficit/hyperactivity
disorder have been demonstrated in several studies
[50-52]
conducted by Manor et al
. In animal models, the
effects of MTD on CNS have been studied. Ethanol
and acetaldehyde increase the activity of dopamine
neurons in the reward areas of the CNS, and these
actions are associated with the rewarding and
reinforcing properties of the ethanol. MTD may favor
abstinence through its ability to metabolize and to
clear ethanol and its metabolites from the organism, as
well as through its direct effect on neurotransmitters
such as gamma-aminobutyric acid, acetylcholine and
dopamine, all of which are involved in the neurobiology
[45-52]
of alcohol craving
.
In this study, the presence of cirrhosis on the
ultrasound was identified as a predictive factor associated
[53]
with 6-mo mortality. In a study by Altamirano et al , the
degree of fibrosis, degree of neutrophil infiltration, type
of bilirubinostasis, and presence of megamitochondria
were independently associated with 90-d mortality.
In conclusion, MTD improves the 3- and 6-mo
survival in patients with severe AH, and it has a
tendency to improve serious complications, such as
HRS and HE, particularly when it is added to PDN.
The greatest benefit of MTD therapy was observed in
the ABIC class B patients. However, further studies
including a greater sample size with a larger number
of severe AH patients categorized as ABIC classes A
and C are needed to demonstrate whether MTD also
improves survival in these groups. This study reaffirms
the knowledge that alcohol abstinence is a key factor
for survival in severe AH patients and that MTD is a
safe therapy that helps to achieve this objective.

In the current study, the authors found that metadoxine is an effective therapy
for severe alcoholic hepatitis; the patients treated with metadoxine had better
survival at 3 and at 6 mo compared with those treated with standard therapy with
steroids or pentoxifylline. Furthermore, it is well known that alcohol abstinence
is an important factor associated with long-term survival in these patients. In this
study, the authors found that the patients who received metadoxine were more
likely to maintain alcohol abstinence, and their greater abstinence may be related
to the improvements in the 6-mo survival in the patients treated with this drug.

Applications

The results of this study suggest that metadoxine could be used as an effective
therapy for patients with severe alcoholic hepatitis, and the validated results of
other previous studies have found that metadoxine is an effective therapy to
achieve alcohol abstinence.

Terminology

Severe alcoholic hepatitis is a condition characterized by a rapid onset of
jaundice in the absence of biliary tract obstruction, painful hepatomegaly and
ascites, transaminases ≥ two times above the normal values, an aspartate
aminotransferase/alanine aminotransferase ratio ≥ 2, neutrophilia, a total
bilirubin > 5 mg/dL, and a Maddrey’s discriminant function > 32 (calculated with
the formula [4.6 × (patient prothrombin time (PT)-control PT, in seconds) + total
bilirubin in mg/dL]), which occurs in patients with a history of chronic and heavy
alcohol intake. Metadoxine is the ion pair between pyridoxine and pyrrolidone
carboxylate, the cyclic amid of glutamic acid, which is responsible for the
synthesis and catalyzation of glutathione.

Peer-review

This is an interesting study, focusing on a therapeutic area with largely unmet
needs. This is a single-center open-label clinical trial comparing pentoxifylline,
prednisone or metadoxine alone or in combination to assess their efficacy in
severe alcoholic hepatitis. The results showed that the groups that received
metadoxine achieved better survival. As in other studies, the maintenance
of alcohol abstinence was the best predictor of survival. This study found
that alcohol abstinence is an independent prognostic factor of the six-month
mortality and that patients treated with metadoxine were more likely not to
relapse into alcohol consumption. However, intervention did not prevent the
complications associated with cirrhosis, which may be because the study was
underpowered or that the effect of abstinence itself rather than the intervention
was the main predictor for survival.
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alcohol dependence. However, until the current study, metadoxine had not been
evaluated as a therapy for patients with severe alcoholic hepatitis.
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Abstract
AIM: To investigate the effect of herb-partitioned
moxibustion combined with acupuncture on the
expression of intestinal epithelial tight junction (TJ)
proteins.
METHODS: Sixty patients diagnosed with mild to
moderate Crohn’s disease (CD) were allocated into
the herb-partitioned moxibustion combined with
acupuncture (HMA) group (n = 30) or the mesalazine
(MESA) group (n = 30) using a parallel control method.
There were 2 sets of acupoints used alternately for
HMA treatment. The following points were included in
Set A: ST25 (Tianshu ), RN6 (Qihai ), and RN9 (Shuifen )
for herb-partitioned moxibustion and ST36 (Zusanli ),
ST37 (Shangjuxu ), LI11 (Quchi ), and LI4 (Hegu )
for acupuncture. The points for Set B included BL23
(Shenshu ) and BL25 (Dachangshu ) for herb-partitioned
moxibustion and EX-B2 of T6-T1 (Jiajixue ) for
acupuncture. The patients received the same treatment
6 times a week for 12 consecutive weeks. The MESA
group received 1 g of mesalazine enteric coated tablets
4 times daily for 12 consecutive weeks. Intestinal
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tissues were stained and examined to compare the
morphological and ultrastructural changes before and
after the treatment session. Immunohistochemistry
and in situ hybridization assays were used to detect
the expression of intestinal epithelial TJ proteins zonula
occludens-1 (ZO-1), occludin, and claudin-1. The mRNA
levels were also evaluated.

Shang HX, Wang AQ, Bao CH, Wu HG, Chen WF, Wu LY, Ji
R, Zhao JM, Shi Y. Moxibustion combined with acupuncture
increases tight junction protein expression in Crohn’s disease
patients. World J Gastroenterol 2015; 21(16): 4986-4996
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i16/4986.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i16.4986

RESULTS: After the treatment, both herb-partitioned
moxibustion combined with acupuncture and mesalazine
improved intestinal morphology and ultrastructure of
CD patients; the patients treated with HMA showed
better improvement. HMA significantly increased the
expression of ZO-1 (P = 0.000), occludin (P = 0.021),
and claudin-1 (P = 0.016). MESA significantly increased
the expression of ZO-1 (P = 0.016) and occludin (P
= 0.026). However, there was no significant increase
in the expression of claudin-1 (P = 0.935). There was
no statistically significant difference between the two
groups for the expression of occludin and claudin-1
(P > 0.05). The HMA group showed a significant
improvement in ZO-1 expression compared to the
MESA group (2333.34 ± 352.51 vs 2160.38 ± 307.08,
P = 0.047). HMA significantly increased the expression
of ZO-1 mRNA (P = 0.000), occludin mRNA (P = 0.017),
and claudin-1 mRNA (P = 0.017). MESA significantly
increased the expression of ZO-1 mRNA (P = 0.000),
occludin mRNA (P = 0.042), and claudin-1 mRNA (P =
0.041). There was no statistically significant difference
between the two groups in the expression of occludin
and claudin-1 mRNA (P > 0.05). However, the HMA
group showed a significant improvement in ZO-1 mRNA
expression compared with the MESA group (2378.17 ±
308.77 vs 2200.56 ± 281.88, P = 0.023).

INTRODUCTION
Crohn’s disease (CD) is a chronic relapsing inflammatory
condition involving all layers of the gastrointestinal (GI)
tract and can affect any part of the GI tract from the
[1]
mouth to anus . Clinical epidemiological studies have
shown the prevalence of CD in mainland China is 1.4
cases per 100000 person-years, and the incidence has
[2]
increased steadily and rapidly in recent years .
The clinical management of CD involves conventional
medical treatments including non-steroidal anti-infla
mmatory drugs, such as 5-aminosalicylate (5-ASA),
corticosteroids and immunosuppressive drugs, such
[3]
as thiopurines . However, the European Crohn’s and
Colitis Organization has recognized the efficiency
[4]
of 5-ASA as “limited” in improving patients’ CD
Activity Index (CDAI). The inappropriate use of large
amounts of corticosteroids and insufficient amounts
[5]
of thiopurines is common among Asian physicians
and results in drug resistance and adverse effects.
One new treatment approach in Western countries is
biologic therapy, such as anti-tumor necrosis factor
[6]
(anti-TNF) agents or infliximab . However, in Asia, the
use of biologics is limited by economic burdens due to
the strict coverage range of medical insurance.
Complementary and alternative medicines (CAMs),
such as Chinese medicine, flourish in Asia and
especially in East Asia. In China, more than half of
CD patients receive concomitant traditional Chinese
[7]
therapies
including Chinese materia medica
decoction, acupuncture and moxibustion. The efficacy
and safety of these therapies have been frequently
questioned because of the indiscriminate use of
CAMs in patients with CD. As a result, many attempts
have been made to obtain concrete evidence of their
therapeutic effect and to investigate their possible
[8]
mechanisms. Recent studies have shown that apart
from the undeniable placebo effect, acupuncture and
moxibustion offer additional therapeutic benefits in
patients with mild to moderately active CD. Compared
with the conventional 5-ASA treatment, moxibustion
and acupuncture have a significant advantage in
improving quality-of-life ratings and CDAI scores
[9]
of patients with mild to moderate CD . In further
clinical studies, we found that herb-partitioned
moxibustion combined with acupuncture can inhibit
intestinal epithelial cell apoptosis by decreasing
the overexpression of intestinal mucosa tumor

CONCLUSION: HMA can repair intestinal epithelial
barrier lesions and relieve inflammation by upregulating
the expression of TJ proteins and their mRNAs.
Key words: Crohn’s disease; Herb-partitioned moxibustion;
Acupuncture; Intestinal epithelial cells; Tight junction
proteins
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Crohn’s disease (CD) is a chronic relapsing
inflammatory condition involving all layers of the
gastrointestinal tract. Although its etiopathogenesis
remains unclear, increased permeability of the intestinal
epithelial barrier is one of the crucial factors in CD
onset. Tight junctions (TJs) within intestinal epithelial
cells form the structural basis of the intestinal epithelial
barrier, and reduced expression of TJ proteins is
positively correlated with CD severity. This study
investigated the therapeutic effect of herb-partitioned
moxibustion combined with acupuncture on CD. We
found that this treatment upregulated the expression of
intestinal epithelial TJ proteins and their mRNAs.
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[20]

necrosis factor alpha (TNF-α), tumor necrosis factor
[10]
1 (TNFR1), and tumor necrosis factor 2 (TNFR2) .
The treatments also reduce intestinal inflammation
by increasing hemoglobin (HGB) counts and by
decreasing C-reactive protein levels and erythrocyte
[11]
sedimentation rates in CD patients .
Previous studies have suggested that increased
intestinal permeability may appear precede clinical
[12]
manifestations
and could be used to predict clinical
[13]
relapses
of CD. Animal experiments have been
performed to understand the pathological basis
underlying the occurrence of CD and to investigate
the cause of increased intestinal permeability from
two aspects. One aspect is excessive epithelial cell
[14,15]
apoptosis
. The other aspect is intestinal mucosal
[16]
epithelial barrier dysfunction . The main function
of the intestinal epithelial barrier is to maintain
intestinal permeability, and the barrier depends on the
dynamically changing formation of tight junctions (TJs)
[17]
reacting to varied extracellular stimuli . Through
protein-protein interactions, the cytoplasmic protein
zonula occludens-1 (ZO-1) and the transmembrane
proteins claudin-1 and occludin are able to modulate
and associate with different forms of multimolecular
[18]
complexes to regulate the formation of TJs . In
previous study, we observed decreased intestinal
permeability and reduced expression of TJ proteins
ZO-1, claudin-1 and occludin in a TNBS-induced
CD rat model. However, treatment with herbpartitioned moxibustion and acupuncture increased
the expression of TJ proteins ZO-1, claudin-1 and
occludin. Additionally, the inflammatory reaction in the
intestinal mucosa was improved based on histological
[19]
observation .
Therefore, we hypothesized that herb-partitioned
moxibustion combined with acupuncture could
increase intestinal permeability by upregulating
the expression of TJ proteins ZO-1, claudin-1 and
occludin in CD patients. In this study, we examine the
mechanism of herb-partitioned moxibustion combined
with acupuncture in CD patients and try to verify the
feasibility of acupuncture and moxibustion methods for
treating mild to moderate CD.

Bowel Disease in 2007 ). Patients with mild to
moderate disease and CDAI scores between 150 and
450 were included. The patients were not treated
with other relevant pharmacological therapies and
signed an informed consent. The exclusion criteria
included the following: pregnant or lactating patients,
psychotic patients, and patients with severe heart,
brain, liver, kidney, or hematopoietic system diseases
and other severe diseases. This study was conducted
as a controlled trial with 2 parallel treatment groups.
Patients from the Shanghai Research Institute of
Acupuncture-Moxibustion and Meridian were enrolled
in the herb-partitioned moxibustion combined with
acupuncture group (HMA group, n = 30). The patients
from the endoscopy center of Zhongshan Hospital
affiliated with Fudan University were included in the
mesalazine group (MESA group, n = 30).

Treatments

The patients in the HMA group received herb-parti
tioned moxibustion combined with acupuncture. There
were 2 sets of acupoints used for treatment. The
points in Set A included the following: ST25 (Tianshu),
RN6 (Qihai), and RN9 (Shuifen) for herb-partitioned
moxibustion and ST36 (Zusanli), ST37 (Shangjuxu),
LI11 (Quchi), and LI4 (Hegu) for acupuncture. The
points in Set B were BL23 (Shenshu) and BL25
(Dachangshu) for herb-partitioned moxibustion
and EX-B2 of T6 - T1 (Jiajixue) for acupuncture.
These acupoints were located based on the national
GB-12346-90 acupoint standard. The procedure used
involved placing moxa cones (1.7 cm in height and 1.8
g in weight; Hanyi, Henan, China) on a herbal cake (2.3
cm in diameter and 0.5 cm in length). The herbal cake
consisted of 3 g of Shaoxing wine and 2.5 g of herbal
powder [medicinal formula: Aconite preparata (radix),
Cinnamomi (cortex), etc.]. Four sets of moxa cones
and herbal cakes were used for each treatment. The
skin was cleaned with a tincture of iodine and alcohol,
and then sterile single-use acupuncture needles (Φ 0.30
mm × 40 mm specification, Huatuo, Suzhou, China)
were inserted between 20 mm and 40 mm into the
acupoints. Acupuncture was performed by the same
qualified and skilled physician. When two moxa cones
burned out, the moxa cones, herbal cake and needles
were removed. The treatment was applied once per
day, 6 times per week for 12 consecutive weeks. The
MESA group received mesalazine enteric coated tablets
four times a day for 12 consecutive weeks.

MATERIALS AND METHODS
Patients and group allocation

The study was performed from July 2009 through
March 2010 in the CD clinic of the Shanghai Research
Institute of Acupuncture within the Moxibustion and
Meridian Endoscopy Center of Zhongshan Hospital
affiliated to Fudan University. Ethics approval was
obtained from the Chinese Clinical Trial Register
Center (registration number: ChiCTR-TRC-10000950).
All patients provided written informed consent prior
to the beginning of the trial. Patients with CD were
recruited in accordance with Jinan diagnostic criteria
(revised by the National Conference on Inflammatory
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Tissue sampling

On a voluntary basis and after signing an informed
consent form, intestinal mucosa tissue samples from
10 patients of each group were removed via painless
enteroscopy before and after the treatment session.

Morphological observation

3

Pieces of intestinal mucosa tissues (0.5 cm for each)
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In situ hybridization

were collected from CD patients. The intestinal mucosa
tissues were fixed in 10% neutral-buffered formalin,
embedded in paraffin and then sectioned into 4-μmthick tissue sections. The tissue sections were then
stained with hematoxylin and eosin, dehydrated in
95%, 90% and 70% ethanol and cleared in xylene.
The stained sections were mounted in Permount
or Histoclad and observed using an Olympus DP73
microscope (Olympus, Tokyo, Japan).

Ultrastructural observation

The expression levels of ZO-1, occludin and claudin-1
mRNAs were detected by in situ hybridization.
Digoxigenin-labelled RNA probes were generated
with a DIG RNA labeling kit (Boehringer Mannheim,
Mannheim, Germany) and a relevant plasmid (provided
by JRDUN Biotechnology Co., Ltd., Shanghai, China)
according to the manufacturer’s protocol. The tissues
were dewaxed and hydrated. The sections were
heated at 98 ℃ for 20 min in EDTA solution (0.01 mol/L,
pH 8.0) and pre-treated with the following solutions:
2 µg/mL proteinase K in TE at 37 ℃ for 8 min; 0.1
mol/L glycine in PBS for 10 min; a graded ethanol
series (each concentration for 1 min); and 0.2 × SSC
and 50% formamide to pre-hybridize at 37 ℃ for 30
min. Pre-treated sections were covered with 20-30
mL of hybridization buffer (1 μg/mL RNA probe) and
incubated at 48 ℃ for 8-12 h under a coverslip. The
slides were washed twice at 45 ℃ for 5 min in 2 × SSC
and twice at 37 ℃ for 5 min in 1 ×, 0.5 ×, 0.1 × SSC.
The samples were then blocked in 10% serum. The
sections were then incubated at 37 ℃ for 30 min in
mouse McAb anti-Dig IgG (cat#84-0146, lot#305359,
Invitrogen). The slides were washed three times in
PBS and further incubated at 37 ℃ for 40 min with
goat anti-Mouse IgG-HRP antibody (cat#84-01450,
lot#651053A, Invitrogen). The sections were washed
three times in PBS for 3 min each. The staining detection
was performed using 0.04% DAB and 0.03% H2O2
according to the manufacturer’s recommendations.
The tissues were dehydrated and mounted after
color development. We performed semi-quantitative
analyses of the results, and the positive expression
area index (positive area/total area × OD) values of
ZO-1, occludin and claudin-1 mRNA were calculated in
3 high-power optical fields.

3

The intestinal mucosa tissues were cut into 1-mm
strips, fixed for 4 h at 4 ℃ in 5% glutaraldehyde and
then washed 3 times in 0.1 mol/L phosphate buffered
saline (PBS). The tissues were then postfixed for 2 h
at 4 ℃ in 2% osmium tetroxide and dehydrated in a
graded ethanol series. The tissues were embedded in
Epon 812 and then cut into ultrathin sections (75 nm)
and stained with uranyl acetate and lead citrate. The
sections were viewed in a HITACHI H-600 electron
microscope at 80 kV (HITACHI, Tokyo, Japan).

Immunohistochemical assay

The expression levels of occludin, claudin-1, and ZO-1
were detected by immunohistochemical assays. The
sections were dewaxed, hydrated, and then pretreated
in a microwave (antigen retrieval). The endogenous
peroxidase activity was inhibited with 0.3% H2O2. The
nonspecific binding was blocked with 20% normal goat
serum. All sections were incubated with ZO-1 (Rabbit
anti-ZO-1 polyclonal antibody 1:50, Invitrogen, New
York, United States), occludin (Rabbit anti-Occludin
polyclonal antibody 1:100, Invitrogen, New York,
United States) and claudin-1 antibodies (Mouse antiClaudin-1 monoclonal antibody 1:100, Invitrogen,
New York, United States) for 2 h at 37 ℃. The samples
were washed and then incubated for 30 min at room
temperature with appropriate preabsorbed biotinylated
secondary antibody. The antigen was visualized using the
streptavidin-peroxidase method (JRDUN Biotechnology
Co., Ltd., Shanghai, China), and 3,3-diaminobenzidine
(DAB) (Liquid DAB-Plus Substrate Kit, JRDUN
Biotechnology Co., Ltd., Shanghai, China) was used as
a chromogen. The slides were washed in distilled water
and counterstained with Mayer’s hematoxylin before
they were dehydrated and mounted. The primary
antibody was replaced with PBS for a negative control.
A semi-quantitative analysis of the staining results was
conducted using the IMS medical image quantitative
analysis system (JRDUN Biotechnology Co., Ltd.,
Shanghai, China). Positive results for ZO-1, occludin and
claudin-1 were brown or yellow particles stained among
intestinal epithelium. The positive area and the optical
density (OD) values in 3 high-power optical fields (×
200) of every slice were measured. The immune positive
area index (positive area/total area × OD) values of
ZO-1, occludin and claudin-1 were calculated in every
high-power optical field.
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Statistical analysis

All measurement data are presented as the mean
± SD. All statistical analyses were performed using
SPSS 16.0 (SPSS Inc. Illinois, United States). The
comparison of sex and severity from the baseline
2
data were analyzed using the χ test. The changes
in age, duration of disease from the baseline data
and between group differences after treatment were
compared using two independent sample t-tests.
A paired-samples t-test was used for within group
comparisons. All two-sided P values < 0.05 were
considered statistically significant.

RESULTS
Baseline subject characteristics

Table 1 presents the baseline characteristics of the two
groups by age, sex, duration of disease, and severity
of disease. There were no differences between the
HMA group and the MESA group before the procedure.
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A small amount of particle secretion was observed,
and a few villi could be observed on the cell surfaces.
Figure 2C shows that in the MESA group before
treatment, the connections between the epithelial
cells were quite loose and that there was significant
broadening of intercellular spaces. Particle secretion
was detected. Figure 2D shows that after MESA
treatment the connections between the epithelial
cells were tight. However, there was broadening of
some intercellular spaces, and particle secretion was
detected.

Table 1 Baseline characteristics
n = 30

n = 30

MESA

P value

22
56
31.77 ±
8.77
23/7

18
65
36.93 ± 13.25

0.080

19/11

0.260

1
18
5.67 ± 4.08
18/12

0.507
0.273

HMA

Age (yr)
Min
Max
mean ± SD

Sex (M/F)
Duration of disease (yr)
Min
1
Max
12
mean ± SD
6.33 ± 3.63
Severity of disease (mild/moderate)
22/8

Expression of TJ proteins occludin, claudin-1 and ZO-1

After treatment, the HMA group showed significantly
increased expression of occludin (P = 0.021), claudin-1
(P = 0.016), and ZO-1 (P = 0.000) (Figure 3A, B and
E). The MESA group showed a significant increase in
the expression of occludin (P = 0.026) and ZO-1 (P =
0.016). However, there was no significant increase in
the expression of claudin-1 (P = 0.935) (Figure 3C-E).
There was no statistical difference for the expression
of occludin (P = 0.512) and claudin-1 (P = 0.055)
between groups. The HMA group showed a significant
improvement in ZO-1 expression compared to the
MESA group (2333.34 ± 352.51 vs 2160.38 ± 307.08,
P = 0.047) (Figure 3B, D and E).

HMA: Herb-partitioned moxibustion combined with acupuncture group;
MESA: Mesalazine group.

Intestinal morphological observations

Figure 1 shows the morphological observations of
intestinal mucosa tissues from both groups before
and after treatment. Figure 1A shows that in the HMA
group before treatment, the mucosal epithelium was
seriously damaged. The intestinal glands were rare,
and there were ulcerations and obvious submucosal
hyperemia and edema. Tissue damage was observed
in the mucosa, submucosa and muscular layer,
and there was substantial eosinophil and inflamma
tory cell infiltration in the intestinal mucosa and
submucosa. Figure 1B shows that in the HMA group
after treatment, there was only a small amount of
hyperemia and inflammatory cell infiltration in the
intestinal mucosa and submucosa. The intestinal
glands were arranged in an orderly manner. Figure
1C shows that in the MESA group before treatment,
the mucosal epithelium was also seriously damaged.
There was obvious hyperemia and edema, and
eosinophils and inflammatory cells had infiltrated into
the intestinal mucosa and submucosa. There was
also ulceration and tissue damage in the mucosa,
submucosa and muscular layer. Figure 1D shows that
in the MESA group after treatment, there was less
severe hyperemia and edema in intestinal mucosa and
submucosa. Additionally, some of the intestinal glands
were restored but some were poorly organized.

Expression of TJ proteins occludin, claudin-1 and ZO-1
mRNAs

The HMA group showed significant increases in the
expression of ZO-1 mRNA (P = 0.000), occludin mRNA
(P = 0.017), and claudin-1 mRNA (P = 0.017) (Figure
4A, B and E). The MESA group showed significant
increases in the expression of ZO-1 mRNA (P = 0.000),
occludin mRNA (P = 0.042), and claudin-1 mRNA
(P = 0.041) (Figure 4C-E). There was no difference
between groups in the expression of occludin mRNA
and claudin-1 mRNA (P = 0.748, P = 0.388). The HMA
group showed a significant increase in ZO-1 mRNA
expression compared to the MESA group (2378.17 ±
308.77 vs 2200.56 ± 281.88, P = 0.023) (Figure 4B,
D and E).

DISCUSSION

Intestinal ultrastructural observations

The dominant symptom of CD is “leak-flux diarrhea”
due to epithelial barrier dysfunction, which results in
increased epithelial permeability and a continuous
[21]
loss of solutes . Previous studies have shown that
increases in intestinal permeability not only act as
[22]
an etiological factor in CD
but also precede clinical
relapses in CD and are an indicator of subclinical
[13,23]
disease
. However, increased intestinal permeability
has also presented in first-degree relatives of CD
[24,25]
patients in the absence of clinical symptoms
. This
result suggests that increased intestinal permeability
might be one of several pathogenic factors in CD.
In recent decades, new findings have revealed the

Figure 2 presents ultrastructural images of the
intestinal mucosa tissues from both groups before
and after treatment. Figure 2A shows that in the HMA
group before treatment, the connections between
the epithelial cells were loose and that there was
a significant broadening of intercellular spaces.
Furthermore, the cell membranes were partly injured,
and intestinal epithelial cells contained a small number
of bubbles inside of the cytoplasm. Figure 2B shows
that after HMA treatment the connections between
the epithelial cells were relatively tight and that the
intercellular spaces between cells were not broadened.
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A

B

C

D

Figure 1 Morphological observation of patient intestinal mucosa tissue from two groups before and after treatment. A: HMA group before treatment; B: HMA
group after treatment; C: MESA group before treatment; D: MESA group after treatment. Magnification × 200 (A-D). HMA: Herb-partitioned moxibustion combined with
acupuncture group; MESA: Mesalazine group.

A

B

C

D

Figure 2 Ultrastructural observation of patient intestinal mucosa tissue from two groups before and after treatment. A: HMA group before treatment; B: HMA
group after treatment; C: MESA group before treatment; D: MESA group after treatment. Magnification × 10000 (A-D). HMA: Herb-partitioned moxibustion combined
with acupuncture group; MESA: Mesalazine group.
[35]

major factors underlying CD etiopathogenesis. These
factors include the following: excessive bacterial
translocation caused by intestinal epithelial barrier
[26]
dysfunction , infection resulting in dysfunction of
immunotolerance and aggressive immune response
[27,28]
to bacteria
, significant loss of complexity in
species of the Firmicutes and the Bacteroidetes
phyla and increased Enterobacteriaceae, particularly
[29,30]
Escherichia coli species
. The epithelial barrier is
the primary defense against exogenous pathogens.
Thus, maintaining and repairing the epithelial barrier is
crucial for the treatment and prevention of CD.
The epithelial barrier is a single layer of epithelial
cells that lines the entire digestive tract. A TJ seals the
[31]
intercellular space between adjacent epithelial cells ,
thus, serve as the major determinant of epithelial
[32]
permeability . The crucial feature of TJs is a fibrillike protein structure called TJ strands. The strands
are connected with each other to create a continuous
network. The TJ strands act as a diffusion barrier to
regulate the transport of ions, macromolecules and
[33]
immune cells in the paracellular pathway . A TJ
is a membrane-associated multimolecular complex
[34]
composed of three transmembrane protein families .
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The protein families consist of the claudin family , the
[36]
junctional adhesion molecule (JAM) protein family
and the TJ-associated Marvel domain proteins (TAMPs)
family, which includes occludin, tricellulin and Marvel
[37]
[38]
D3 . Claudins are responsible for the charge
and
[39,40]
size-selectivity
of the TJ barrier. The JAM proteins
and TAMPs are mainly responsible for the stabilization
[41,42]
of TJs and the regulation of epithelial permeability
.
ZO-1 is a member of the membrane-associated
guanylate kinases family. ZO-1 is a multi-domain
scaffolding protein with an important role in the
assembly of the TJ barrier and in the maintenance
[32]
of the cytoskeleton
because it establishes a
connection between the TJ barrier and perijunctional
[43]
actomyosin .
Previous studies have shown that the expression
of TJ proteins occludin, claudin-1, and ZO-1 were
significantly decreased in the lamina propria in both
active and chronic CD patients. The decrease in ZO-1
leads to increased intestinal epithelial permeability
[44,45]
and TJ barrier dysfunction
. In this study, we
evaluated occludin, claudin-1, and ZO-1 as indicators
of intestinal epithelial barrier dysfunction during CD
pathologic processes. We also examined the impact of
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Claudin-1

Occludin

ZO-1

A

E

Before

After

Before

P = 0.047
3000

P = 0.000

3000

P = 0.016

After

Before

P = 0.512
P = 0.021

P = 0.055

4000

P = 0.026

After

P = 0.016

P = 0.935

2000

1000

0

HMA

MESA

Claudin-1 expression

Occludin expression

ZO-1 expression

3000
2000

1000

0

HMA

MESA

2000

1000

0

HMA

MESA

Figure 3 Expression of protein zonula occludens-1, occludin and claudin-1 in two groups before and after the treatment session. A: HMA group before
treatment; B: HMA group after treatment; C: MESA group before treatment; D: MESA group after treatment; E: Bar graphs of the expression of protein zonula
occludens-1, occludin and claudin-1 in HMA group and MESA group before and after the treatment session. HMA: Herb-partitioned moxibustion combined with
acupuncture group; MESA: Mesalazine group; ZO-1: Zonula occludens-1.

HMA therapy on the intestinal epithelium. We chose
mesalazine treatment for the control group patients
because it is one of the most commonly used 5-ASA
therapies used for treating mild to moderate CD. We
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compared HMA with mesalazine treatment to evaluate
the possible application of HMA in CD management.
In this study, we evaluated the morphology and
ultrastructure of intestinal mucosa tissue before and
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Occludin

ZO-1
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E
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P = 0.023
P = 0.000
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1000

0
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HMA

MESA

P = 0.017

P = 0.042

2000
1500
1000
500
0

HMA

MESA

After

P = 0.388

2500

Claudin-1 mRNA levels (%)

P = 0.000

P = 0.748

Occludin mRNA levels (%)

3000

ZO-1 mRNA levels (%)

After

P = 0.017

P = 0.041

HMA

MESA

2000
1500
1000
500
0

Figure 4 Expression of zonula occludens-1 mRNA, occludin mRNA and claudin-1 mRNA in two groups before and after the treatment session. A: HMA
group before treatment; B: HMA group after treatment; C: MESA group before treatment; D: MESA group after treatment; E: Bar graphs of the expression of zonula
occludens-1 mRNA, occludin mRNA and claudin-1 mRNA in HMA group and MESA group before and after the treatment session. HMA: Herb-partitioned moxibustion
combined with acupuncture group; MESA: Mesalazine group; ZO-1: Zonula occludens-1.

after treatment. Before treatment, the morphological
observations using light microscopy showed epithelia
impairment, intestinal gland loss and inflammatory
cellular infiltration. These findings suggested that
the basic structure of the epithelial mucosa was
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damaged and that mucosal inflammation occurred.
Furthermore, analysis of the tissue ultrastructure by
electron microscopy showed intercellular connection
loss and broadened intercellular spaces. These
results suggested that TJs were damaged and failed
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to strengthen the intercellular connections and seal
the intercellular spaces. These defects may lead to a
continuous loss of solute and compromise resistance
against pathogens in the gut lumen. After the
treatments, the morphological and ultrastructural
observations of the MESA group showed partially
recovered but still disorganized intestinal glands.
There was also limited inflammatory cellular infiltration
and comparatively strengthened intercellular
connections with partially narrowed intercellular
spaces. These results suggest that mesalazine
ameliorate inflammation in the intestinal mucosa and
can restore the TJ barrier function. In the HMA group,
the morphological and ultrastructural observations
revealed regularly arranged intestinal glands, mild
and localized inflammatory cellular infiltration,
tight intercellular connections and few broadened
intercellular spaces. These findings suggest that HMA
induces mucosa inflammation remission and repairs
the TJ barrier structure. Our comparisons between the
MESA group and the HMA group indicate that HMA
achieves inflammatory remission similar to mesalazine
and surpasses mesalazine in repairing the TJ barrier
structure in intestinal epithelial mucosa.
We compared the expression of the TJ proteins
and their mRNAs before and after treatment. The data
show that the expression of occludin, claudin-1, and
ZO-1 and their mRNAs are significantly increased in
both the MESA and HMA group after treatment. This
result in combination with morphological evidence
suggests the mechanism of mesalazine and HMA is to
repair the TJ barrier by upregulating the expression of
TJ proteins such as occludin, claudin-1, and ZO-1 and
their mRNAs. The expression of occludin and claudin-1
and their mRNAs showed no significant differences
between the MESA group and the HMA group.
However, the HMA group showed a significant increase
in ZO-1 (P = 0.047) and ZO-1 mRNA (P = 0.023)
expression compared to the MESA group.
ZO-1 mediates the assembly of TJs by organizing
components of TJs and linking them to the cortical
[46]
actin cytoskeleton . We found that there was a
significant difference between groups in the expression
ZO-1 and its mRNA, which may suggest a different
mechanism of HMA and mesalazine in CD patients.
However, the specific functional mechanism of HMA
still requires further investigation.
This study is only an initial attempt to investigate
the effectiveness of HMA treatment and its underlying
mechanism. We should examine several questions
in future studies. What is the indication for HMA in
CD treatment - mild or moderate CD? Is HMA alone
effective in controlling CD symptoms, or does HMA only
function as a supplement to conventional management?
Is there any short-term or long-term adverse reaction
to HMA, and what is the corresponding measurement?
In conclusion, HMA improves intestinal epithelial
barrier repair and reduces inflammation in CD patients

WJG|www.wjgnet.com

by upregulating the expression of the TJ proteins
occludin, claudin-1, and ZO-1 and their mRNAs.
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Although its etiopathogenesis remains obscure, compromised permeability
of the intestinal epithelial barrier is recognized to play a pivotal role in CD
pathology.

Research frontiers

Tight junctions (TJs) within intestinal epithelial cells form the structural basis
of the intestinal epithelial barrier and are the major determinant of epithelial
permeability. Recent studies have confirmed that the decreased expression of
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Abstract
AIM: To evaluate the accuracy of colonoscopy for
the prediction of intestinal involvement in deep pelvic
endometriosis.
METHODS: This prospective observational study was
performed between September 2011 and July 2014.
Only women with both a clinical and imaging diagnosis
of deep pelvic endometriosis were included. The
study was approved by the local ethics committee and
written informed consent was obtained in all cases.
Both colonoscopy and laparoscopy were performed
by expert surgeons with a high level of expertise with
these techniques. Laparoscopy was performed within
4 wk of colonoscopic examination. All hypothetical
colonoscopy findings (eccentric wall thickening with
or without surface nodularities and polypoid lesions
with or without surface nodularities of endometriosis)
were compared with laparoscopic and histological
findings. We calculated the sensitivity, specificity,
positive predictive value and negative predictive value
for the presence of colonoscopic findings of intestinal
endometriosis.
RESULTS: A total of 174 consecutive women aged
between 21-42 years with a diagnosis of deep pelvic
endometriosis who underwent colonoscopy and

4997

April 28, 2015|Volume 21|Issue 16|

Milone M et al . Synchronous

surgical intervention were included in our analysis.
In 76 of the women (43.6%), intestinal endometrial
implants were found at surgery and histopathological
examination. Specifically, 38 of the 76 lesions (50%)
were characterized by the presence of serosal bowel
nodules; 28 of the 76 lesions (36.8%) reached the
muscularis layer; 8 of the 76 lesions (10.5%) reached
the submucosa; and 2 of the 76 lesions (2.6%)
reached the mucosa. Colonoscopic findings suggestive
of intestinal endometriosis were detected in 7 of the
174 (4%) examinations. Colonoscopy failed to diagnose
intestinal endometriosis in 70 of the 76 women
(92.1%). A colonoscopic diagnosis of endometriosis
was obtained in all cases of mucosal involvement, in 3
of 8 cases (37.5%) of submucosal involvement, in no
cases of muscularis layer involvement and in 1 of 38
cases (2.6%) of serosa involvement. The sensitivity,
specificity, positive predictive and negative predictive
values of colonoscopy for the diagnosis of intestinal
endometriosis were 7%, 98%, 85% and 58%,
respectively.

Although a precise diagnosis regarding the presence,
location and extent of endometrial implants should be
required during the preoperative evaluation in order to
ensure the best therapeutic approach and treatment
[2]
planning , there is a notable absence of agreed upon
[3]
disease-specific endoscopic and radiological features .
The reference standard for the diagnosis of
endometriosis is the laparoscopic visualization of su
spicious lesions, which also provides correct staging of
the disease, as established by the American Fertility
[4-6]
Society .
Conversely, the role of colonoscopy in the assessment
of bowel involvement is still controversial.
Despite some authors believing that the paucity
of mucosal involvement makes colonoscopy more
useful in excluding other diagnoses rather than
[7,8]
confirming the diagnosis , other authors identify the
[9]
colonoscopic findings of intestinal endometriosis .
The aim of the present study was to evaluate the
accuracy of colonoscopy for the prediction of intestinal
involvement in deep pelvic endometriosis using
laparoscopic and histological data as the reference
standard.

CONCLUSION: Being an invasive procedure, colonoscopy
should not be routinely performed in the diagnostic
work-up of bowel endometriosis.

MATERIALS AND METHODS

Key words: Endometriosis; Colonoscopy; Intestinal;
Bowel; Laparoscopy

This prospective observational study was carried out
between September 2011 and July 2014 in women
with a clinical and radiological diagnosis of deep pelvic
endometriosis. Written informed consent was obtained
in all cases and was approved by the local ethics
committee.
The inclusion criteria were as follows: clinical
symptoms, such as chronic pelvic pain, dysmenorrhea,
dyspareunia and infertility; gastrointestinal disorders
suggestive of bowel involvement, such as rectal pain
coincident with menses and cramping abdominal pain
before or during the passage of stools; defecation
disorders without signs of bowel obstructions; and
video laparoscopy within 4 wk of the colonoscopic
examination. The patients who did not undergo
video laparoscopy within 4 wk of the imaging were
excluded.
Colonoscopy was performed in all cases by an
expert operator with over 10 years of experience
in intestinal endoscopy, focusing on all hypothetical
colonoscopic findings of endometriosis, according
to previous literature (eccentric wall thickening with
or without surface nodularities and polypoid lesions
with or without surface nodularities). The exam
was performed again until accurate bowel cleaning
was obtained. No biopsies were taken and the
diagnosis was made at bowel resection. Of interest,
the endoscopist was blinded about the previous
radiological diagnosis.
In all surgeries, after adequate adhesiolysis, the
presence, location, number of nodules and extent of
endometriosis were noted during laparoscopic surgery

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

Core tip: Endometriosis is common gynecological
condition that in a substantial number of cases injures
intestinal tissue and causes remarkable morbidity
among affected individuals. A surgical approach is
still the most effective, but preoperative assessment
is often challenging even for expert physicians and
requires several diagnostic techniques for a clear
definition of the location and extent of endometrial
implants. The aim of the present study was to evaluate
the role of colonoscopy in the diagnostic work-up of
bowel endometriosis.
Milone M, Mollo A, Musella M, Maietta P, Sosa Fernandez
LM, Shatalova O, Conforti A, Barone G, De Placido G, Milone
F. Role of colonoscopy in the diagnostic work-up of bowel
endometriosis. World J Gastroenterol 2015; 21(16): 4997-5001
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i16/4997.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i16.4997

INTRODUCTION
Intestinal endometriosis is a condition that causes
significant morbidity in affected individuals and, despite
our current knowledge of this disease, it continues to
[1]
be a challenging diagnosis to make preoperatively .
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endometrial implants were found at surgery and
histopathological examination. Colonoscopy and video
laparoscopy were concordant in 103 out of 174 cases
(59.1%). Colonoscopic findings suggestive of intestinal
endometriosis were detected in 7 out of 174 (4%)
examinations. Colonoscopy failed to diagnose intestinal
endometriosis in 70 out of 76 women (92.1%).
In detail, 38 out of 76 lesions (50%) were
characterized by the presence of serosal bowel nodules;
28 out of 76 lesions (36.8%) reached the muscularis
layer; 8 out of 76 lesions (10.5%) reached the
submucosa and 2 out of 76 lesions (2.6%) reached the
mucosa.
Of interest, diagnosis of intestinal endometriosis
by colonoscopy was obtained in all 2 cases of
mucosa involvement, in 3 out of 8 cases (37.5%) of
submucosa involvement, in no cases of muscularis layer
involvement and in 1 out of 38 cases (2.6%) of serosa
involvement.
We found 2 cases of polypoid lesions without
surface nodularities which were confirmed to be
intestinal endometriosis and 5 cases of wall thickening
without surface nodularities, of which one was not
confirmed to be an intestinal endometriosis.
Six out of 174 cases (3.4%) were true positive,
97 out of 174 cases (55.7%) were true negative, 70
out of 174 cases (40.2%) were false negative and 1
out of 174 (0.5%) were false positive. The sensitivity,
specificity, positive predictive and negative predictive
values of colonoscopy for the diagnosis of intestinal
endometriosis were 7%, 98%, 85% and 58%,
respectively (Table 1).

Table 1 Colonoscopy and deep pelvic endometriosis
Colonoscopy and deep pelvic endometriosis
(n = 174)
Presence of
Absence of
intestinal endometriosis intestinal endometriosis
Presence of
6
colonoscopic findings
Absence of
70
colonoscopic findings
Sensitivity = 7% Specificity = 98%
Positive predictive value = 85%
Negative predictive value = 58%

1
97

performed by expert laparoscopic surgeons (more
than 200 laparoscopic procedures were performed).
All specimens obtained were evaluated histologically
for the presence of endometrial tissue, particularly
focusing on intestinal wall involvement. Diagnosis of
rectosigmoid endometriosis was based on the presence
of ectopic endometrial and stromal tissue penetrating
at least into the serosal layer of the bowel wall.
Colonoscopic findings were compared with laparoscopic
and histological findings. Of interest, bowel resection
was not influenced by colonoscopic findings; bowel
involvement was assessed by laparoscopic evaluation.
We calculated the sensitivity (those with both
presence of colonoscopic findings and diagnosis
of intestinal endometriosis/those with diagnosis of
intestinal endometriosis), specificity (those without the
presence of either colonoscopic findings or diagnosis
of intestinal endometriosis/those without diagnosis
of intestinal endometriosis), positive predictive
value (those with the presence of both colonoscopic
findings and diagnosis of intestinal endometriosis/
those with the presence of colonoscopic findings) and
negative predictive value (those without the presence
of colonoscopic findings or diagnosis of intestinal
endometriosis/those without diagnosis of intestinal
endometriosis) for the presence of colonoscopic
findings of intestinal endometriosis.

DISCUSSION
Endometriosis is a common gynecological disease
defined as the presence of endometrial glands and
stroma outside the uterus which induces a chronic
inflammatory reaction. The most common locations
of endometriosis are the ovaries and the pelvic
peritoneum. Peritoneal lesions can be superficial or
[10]
deep .
Deep pelvic endometriosis is defined as the
presence of endometrial implants, fibrosis and
muscular hyperplasia more than 5 mm below the
[11]
peritoneum . Rectovaginal endometriosis is deep
infiltrating endometriosis that infiltrates the vagina,
rectum and the rectovaginal septum and obliterates
[12]
the posterior cul-de-sac or the pouch of Douglas .
It is much less common than ovarian or peritoneal
endometriosis and affects between 3.8% and 37%
of all patients with endometriosis. Anywhere from
5.3%-12% of patients are estimated to have bowel
endometriosis. The rectosigmoid is the most common
site of gastrointestinal involvement, affecting 74% of
[12,13]
patients
.
Preoperative diagnosis can be challenging. There
is a notable absence of agreed upon disease-specific

Statistical analysis

Statistical methods should be described when they
are used to verify the results. Suitable techniques are
chosen for the statistical treatments; for example,
2
t test (group or paired comparisons), χ test, Ridit,
probit, logit, regression (linear, curvilinear or stepwise),
correlation, analysis of variance (ANOVA), analysis of
covariance, etc.

RESULTS
One hundred and seventy-four consecutive women
in the age range 21-42 years (mean age 29.7 ± 5.2
years) with diagnosis of deep pelvic endometriosis (by
echography and magnetic resonance) who underwent
colonoscopy and surgical intervention were included
in our analysis. In 76 women (43.6%), intestinal
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endoscopic and radiological features. However,
several diagnostic methods have been proposed and
studied in the literature, including digital rectovaginal
examination, transvaginal/transrectal ultrasounds,
magnetic resonance imaging (MRI) colonoscopy,
computed tomography (CT) colonography and,
ultimately, laparoscopic excision with histological
[14-16]
confirmation
.
Laparoscopy is the gold standard for the diagnosis
of endometriosis and histological confirmation can
be beneficial due to high false positive rates of visual
diagnosis. Due to the invasiveness of the procedure,
other methods are often employed to detect the lesion
and to aid with preoperative planning and patient
counseling. Transvaginal ultrasound, transrectal
ultrasound, CT colonography and MRI are examples
of the preoperative methods available to detect deep
[14]
infiltrating RVE .
There is varying data on which offers the highest
sensitivity, specificity, PPV and NPV, and accuracy in
cases of deep rectovaginal endometriosis. On the other
hand, this is the first study, to our best knowledge,
evaluating the usefulness of colonoscopy.
Although colonoscopy is often performed in many
patients with IE to evaluate presenting complaints, most
authors believe that the paucity of mucosal involvement
makes colonoscopy more useful in excluding other
diagnoses rather than confirming the diagnosis. Bowel
endometriosis refers to a condition in which endometrial
glands and stroma infiltrate the bowel wall inward from
the serosa, reaching at least the subserosal fat tissue. It
is particularly common in the subserosa and muscularis
propria of the colon. The submucosa may be involved
but the infiltration of the lesion into the mucosa is
[7]
thought to be rare .
However, several case reports described the
diagnosis of colorectal endometriosis by colonoscopy.
[9]
Furthermore, Kim et al described the colonoscopic
finding of colorectal endometriosis, concluding
that eccentric wall thickening is the most common
colonoscopic finding of colorectal endometriosis and
the histological diagnostic yield of endoscopic biopsy
is high when lesions are accompanied by surface
nodularities.
[9]
Regarding the study by Kim et al , several limi
tations have to be addressed. It is a retrospective
observational study on a small representative study
population that includes only intestinal endometriosis,
not using laparoscopic and/or histological data as
the reference standard. Different from this previous
experience, we designed a prospective observational
study including all women with deep pelvic endo
metriosis, confirming the colonoscopic findings by
certain laparoscopic and histological diagnosis.
At present, recognized endoscopic findings of
colorectal endometriosis include distortion, narrowing
or inward bulging of the bowel lumen, polyps or
masses, and mucosal changes such as erythema and
[9,17,18]
granularity
.
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We can confirm that the colonoscopic findings
of intestinal endometriosis are wall thickening
and polypoid lesions. However, the incidence of
the presence of colonoscopic findings of intestinal
endometriosis in deep pelvic endometriosis is quite low
(4%); therefore, we cannot justify routine colonoscopy
in all women with deep pelvic endometriosis. With the
sensitivity being very low (7%), we cannot identify
intestinal endometriosis by colonoscopy. Furthermore,
the negative predictive value is quite low (58%) and
we cannot exclude the need for a bowel resection
based on a negative colonoscopy examination alone.
Thus, colonoscopy could be considered useless
in the identification of bowel involvement in deep
pelvic endometriosis. Although colonoscopy should be
performed in patients with intestinal symptoms such
as rectal bleeding as the differential diagnoses, we
can hypothesize that, being an invasive procedure, it
should not be routinely performed. However, further
studies are needed to validate its effectiveness.
Furthermore, further studies could be useful to
evaluate the potential role of virtual colonoscopy and
compare the accuracy of these procedures, with virtual
[19,20]
colonoscopy a non-invasive diagnostic tool
.
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Abstract
AIM: To study the ability of endocytoscopy to identify
normal gastric mucosa and to exclude Helicobacter
pylori (H. pylori ) infection.
METHODS: Endocytoscopic examination of the gastric
corpus and antrum was performed in 70 consecutive
patients. Target biopsy specimens were also obtained
from the assessed region and multiple H. pylori tests
were performed. The normal endocytoscopy patterns
of the corpus and antrum were divided into the
normal pit-dominant type (n-Pit) or the normal papilladominant type (n-Pap), respectively characterized as
either regular pits with capillary networks or round,
smooth papillary structures with spiral capillaries. On
the other hand, normal mucosa was defined as mucosa
not demonstrating histological abnormalities, including
inflammation and atrophy.
RESULTS: The sensitivity and specificity of n-Pit for
normal mucosa in the gastric corpus were 94.4%
and 97.1%, respectively, whereas those of n-Pap for
normal mucosa in the antrum were 92.0% and 86.7%,
respectively. The positive predictive values of n-Pit
and n-Pap for H. pylori -negative tissue were 88.6%
and 93.1%, respectively, and their negative predictive
values for H. pylori -negative tissues were 42.9% and
41.5%, respectively. The inter-observer agreement for
determining n-Pit and n-Pap for normal mucosa were
0.857 and 0.769, respectively, which is considered
reliable.
CONCLUSION: N-Pit and n-Pap, seen using EC, are
considered useful predictors of normal mucosa and the
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absence of H. pylori infection.
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Core tip: The identification of minute inflammatory or
atrophic changes is very difficult using conventional
endoscopy. This is because these changes are usually
predicted using non-specific endoscopic findings, such
as superficial color, edema and erosions. However,
endocytoscopy enables real-time histology, which
corresponds well with conventional histopathology. The
procedure is also simple (the endocytoscope only has
to make contact with the gastric wall) and is therefore
expected to be used regularly globally in the future.

Light guide

Figure 1 Single charged-couple device integrated type endocytoscope
(GIF-Y0002, a prototype from Olympus, Tokyo, Japan).
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B, Santi EGR, Kobayashi Y, Kudo S. In vivo gastric mucosal
histopathology using endocytoscopy. World J Gastroenterol
2015; 21(16): 5002-5008 Available from: URL: http://www.
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MATERIALS AND METHODS
Patients

This study was performed at Showa University
Northern Yokohama Hospital, a tertiary referral center
in Japan, between December 2013 and February
2014. Study participants were prospectively and
consecutively recruited from the cohort of patients
undergoing endoscopic examination for any indication.
Patients who had undergone gastric surgery, were
receiving anticoagulant therapy, or had other signi
ficant co-morbidities that might affect endoscopic
examination were excluded from the study.
The study was approved by our Institutional Review
Board and conducted as part of a large study registered
in the University Hospital Medical Information Network
in Japan (UMIN000007745). Written informed consent
was obtained from all patients.

INTRODUCTION
Endocytoscopy (EC) was developed as an ultra-magni
[1,2]
fying technology for in vivo pathological diagnoses .
As a result of in vivo staining, EC enables detailed
examinations, with images comparable to those
obtained using microscopy. In our practice, EC
is primarily used for the differential diagnosis of
neoplastic and non-neoplastic lesions because the
atypical cellular and nuclear structures can be clearly
[3-10]
identified
.
Additionally, EC can be expected to definitively
distinguish between normal mucosa and pathological
gastritis [most commonly induced by Helicobacter
pylori (H. pylori) infection]. Conventional endoscopy
allows the recognition of gastritis dependent upon
non-specific and indirect findings, such as changing
patterns of superficial colors, edema and erosions.
However, EC is expected to be able to more accurately
identify minute changes than any other endoscopic
modality. EC should also be able to differentiate clearly
between the fundic and antral glands, similar to the
capability of narrow band imaging (NBI).
Therefore, the purpose of the present study was
to assess the ability of EC to identify normal gastric
patterns, corresponding to histopathologically normal
mucosa, as well as to exclude cells with possible H.
pylori infections.

WJG|www.wjgnet.com

Objective lens

EC materials

All EC examinations were performed using an inte
grated-type endocytoscope (GIF-Y0002, a prototype
from Olympus, Tokyo, Japan). The endocytoscope used
has one lens that can increase the image magnification
from that of a conventional endoscope to 380 ×
magnification (tissue field of view, 700 μm × 600
μm). A hand-operated lever is used to allow gradual
magnification at the center of the monitor, ensuring
that the area of interest is accurately located (Figure 1).
The clinical use of the prototype endoscope was also
approved by the hospital’s ethics committee.
For EC examination, a previously reported mixture
of 0.1% methylene blue and 0.05% crystal violet
was used to stain in vivo tissues in a manner appro
ximating conventional hematoxylin/eosin-stained
histopathological specimens. Crystal violet effectively
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Gastric pits

Collecting venules

True capillaries

Figure 2 Normal pit-dominant type in the gastric corpus. A regular arrangement of gastric pits is observed, with true capillary network.

A

B

Coiled capillary

Gastric papillae

Figure 3 Normal papilla-dominant type in the gastric antrum (A) and the rounded papillae are tightly-packed and regularly arranged, surrounding coiled
capillaries (B).

dyes the cytoplasm, while methylene blue staining
reveals cell structure details, including the nucleus and
[11]
cytoplasm .

gastric pits widen due to shortening of the secretory
duct (the duct forming the pit) and shrinkage of the
stroma (the stroma forms the papilla), allowing dye
uptake. In the presence of intestinal metaplasia, the
superficial epithelium is completely stained, allowing
goblet cell identification. During active gastritis, necrotic
tissue and bacterial infiltration can be appreciated
following adequate removal of the surface mucus.
Abnormal EC images were classified as having irre
gular EC patterns: i-Pit or i-Pap, respectively (Figure 4).

EC criteria for normal gastric mucosa

The normal EC pattern was divided into two types:
the normal pit-dominant type (n-Pit) and the normal
papilla-dominant type (n-Pap). In the n-Pit type,
regular pits are observed as “pin-holes” or short linear
structures with capillary networks present around the
pit, corresponding to a normal fundus gland (Figure
2). In the n-Pap type, each papillary structure has a
round, smooth surface with a spiral capillary contained
within the pit; these structures are regularly and
closely arranged. The finding is considered to be
indicative of a normal antral gland (Figure 3).
There are also some key points common to the
both types. Normal gastric epithelium does not
consist of intestinal epithelium and does not have an
absorptive function; hence, dye uptake is poor. During
EC of normal mucosa, the staining solution is observed
to pool or accumulate within the gastric pits. Moreover,
active mucus production also prevents staining. These
characteristics are affected by pathological changes.
Atrophic epithelium is superficially stained owing to
the opening of the pit and to the decreased mucus
production. In the presence of atrophic changes, the

WJG|www.wjgnet.com

Endoscopic procedure and assessment

All endoscopic procedures were carried out by one
endoscopist with 2 years of experience involving
more than 100 EC procedures. Conventional upper
gastrointestinal tract endoscopy, using an H260Z
(Olympus, Tokyo, Japan), was performed prior to EC
under intravenous anesthesia. The surface mucus was
cleared using dimethicone/water irrigation (Gascon,
Kissei Medical, Tokyo, Japan).
Staining was then achieved using 2 mL of the
methylene blue and crystal violet mixture, described
above. The time interval between staining and EC
examination was 5 s. EC of the antrum and corpus
(greater curvature side) was performed at maximum
magnification (380 ×) and recorded as high-definition
video and image files. EC assessment was performed
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A

B

C

Figure 4 Irregular endocytoscopic patterns. A: Unclear surface epithelium with necrotic tissue; B: Gastric pits (forming sulcus) are visualized when open and more
easily stained; C: Completely stained epithelium, with goblet cells.

A

B

Figure 5 Histopathology of normal fundus gland and normal antral gland. A: Histopathology showing the arrangement of normal fundus gland in the corpus.
The arrangement of the surface mucosal epithelium is regular, with little inflammation; B: Histopathology showing the arrangement of normal antral gland. There is no
inflammation and the arrangement of the surface mucosal epithelium is regular.

in real time, with the corpus images being classified
as demonstrating either n-Pit or i-Pit; images from the
antral region were similarly classified as n-Pap or i-Pap.
EC assessment was performed in real-time by
one reviewer. To calculate inter-observer agreement
in image classification, the EC image files, excluding
conventional endoscopy, were divided according to the
area of observation (gastric corpus or antral region),
with 2 EC images in each case. An independent
external reviewer, blinded to the patient information,
conventional endoscopy results and histopathological
diagnosis, reviewed and reclassified the EC images
(n-Pit/i-Pit or n-Pap/i-Pap in the corpus or antral
regions, respectively).
After EC examination, two forceps biopsy specimens
were obtained from each region, corresponding to the
area of EC examination, for pathological assessment
and for microscopic H. pylori examination. Two random
biopsies of the antrum and corpus were also taken for
use in the rapid urease test (Pyloritek, Eidia, Tokyo
Japan). A total of four biopsies were performed in each
[12,13]
case. A serum pepsinogen test
was concomitantly
performed. A positive test result in any H. pylori test
was interpreted as indicating the presence of an H.
pylori infection.

WJG|www.wjgnet.com

To calculate inter-observer agreement, the EC
image files not including conventional endoscopy
were divided into two parts (gastric corpus and antral
region), with two EC images in each. A second,
independent external reviewer, blinded to the patient
information, results of conventional endoscopy and
histopathological diagnosis, reviewed the EC images,
classifying them as n-Pit or i-Pit in the gastric corpus
or as n-Pap or i-Pap in the antral region.

Histopathological assessment

Fixed biopsy specimens were assessed for the
presence or absence of active inflammation and
atrophic changes. H. pylori infection was evaluated
[14]
according to the updated Sydney system . Regular
arrangement of the surface mucosal epithelium, with
absent or few inflammatory cells, were the criteria
for normal mucosal assessment of the histopathology
specimens (Figure 5).

Statistical analysis

All analyses were performed using STATA, version 11.2
(Stata, College Station, TX, United States). Continuous
variables are expressed as mean ± sd and confidence
intervals (CI) are given as 95%CI in parentheses.
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Table 1 Association between endocytoscopy findings and
histological assessment and Helicobacter pylori infection examination in gastric corpus

Table 2 Association between endocytoscopy findings and
histological assessment and Helicobacter pylori infection examination in antral region

EC findings (n )

EC findings (n )

n-Pit (35)
i-Pit (35)

Active
inflammation

Atrophic
change

Helicobacter pylori
infection

(+)

(-)

(+)

(-)

(+)

(-)

0
19

35
16

0
16

35
19

4
15

31
20

n-Pap (29)
i-Pap (41)

Active
inflammation

Atrophic
change

Helicobacter pylori
infection

(+)

(-)

(+)

(-)

(+)

(-)

2
19

27
22

4
35

25
6

2
17

27
24

The category in non-active inflammation and no atrophy is defined as
normal mucosa. Sensitivity and specificity of n-Pit to detect normal
mucosa was 94.4% (95%CI: 81.3-99.3), 97.1% (84.7-99.9), respectively.
Sensitivity, specificity, positive predictive value and negative predictive
value of n-Pit for Helicobacter pylori-negative was 60.8% (46.1-74.2),
78.9% (54.4-94.0), 88.6 (73.3-96.8) and 42.9% (26.3-60.6), respectively. EC:
Endocytoscopy; n-Pit: Normal pit-dominant type.

The category in non-active inflammation and no atrophy is defined as
normal mucosa. Sensitivity and specificity of n-Pap to detect normal
mucosa was 92.0% (95%CI: 74.0-99.0), 86.7% (73.2-95.0), respectively.
Sensitivity, specificity, positive predictive value and negative predictive
value of n-Pap for Helicobacter pylori-negative was 52.9% (38.5-67.1),
89.5% (66.9-98.7), 93.1% (77.2-99.2), 41.5 (26.3-57.9), respectively. EC:
Endocytoscopy; n-Pit: Normal pit-dominant type.

Inter-observer agreement was assessed using
kappa statistics and interpreted as proposed by Landis
[15]
and Koch . A kappa value = 0 demonstrated the
absence of agreement; < 0.20, slight agreement;
0.21-0.40, fair; 0.41-0.60, moderate; 0.61-0.80,
substantial; and > 0.81, almost perfect agreement.

73.3%-96.8%) and 42.9% (range: 26.3%-60.6%),
respectively.
The results of the antral region examination are
described in Table 2. The sensitivity and specificity
of the n-Pap determinations corresponding to
histopathologically normal mucosa were 92.0% (range:
73.4%-99.0%) and 86.7% (range: 73.2%-95.0%),
respectively.
The mean kappa score for inter-observer agree
ment between the two independent reviewers was
0.769 (range: 0.620-0.919). The mean sensitivity,
specificity, PPV and NPV for the n-Pap determinations
corresponding to normal (H. pylori-negative)
histopathology were 52.9% (range: 38.5%-67.1%),
89.5% (range: 66.9%-98.7%), 93.1% (range:
77.2%-99.2%) and 41.5% (range: 26.3%-57.9%),
respectively.

RESULTS
A total of 70 consecutive patients were enrolled in
this study (mean age 66.5 ± 12.8 years, 45 males).
Six participants had esophageal cancer and 15 had
gastric cancer not involving the examined areas of the
corpus and antrum; these individuals were referred
to our hospital for treatment. The other indications
for EC were achalasia (n = 6); screening for other
diseases, e.g., liver cirrhosis and preoperative testing
due to colon cancer (n = 13), endoscopic surveillance
following endoscopic treatment (n = 13), medical
examinations (n = 8) and upper endoscopy due to
non-specific abdominal symptoms (n = 9). Each EC
procedure, including biopsy, was performed within 7
min; adverse events were not observed.

DISCUSSION
Endoscopic observation of microorganisms, including
H. pylori, is technically difficult. In an in vivo setting,
an EC magnification of 1100 × is reportedly needed
[3]
to detect H. pylori . Therefore, using microscopy or
EC to look for H. pylori is impractical for the diagnosis
of an H. pylori infection. Moreover, tissue stains,
e.g., Giemsa stain, used for the diagnosis of H. pylori
infections have not yet been proven safe for in vivo
use and further evaluation is required to address their
toxicity and long-term effects prior to their clinical
implementation. At present, other diagnostic tests for
[17]
H. pylori infection are widely available commercially
(i.e., urease test, serum pepsinogen, stool antigen
test). These tests require that patients not be currently
taking any proton pump inhibitors prior to testing. To
date, the most widely used test, currently considered
the gold standard, is the urea breath test. Although
considered to be a non-invasive procedure, the breath
test requires additional scheduling. Amongst its other
attributes, EC has the potential to be a “one-step”
diagnostic tool for diagnosing H. pylori infection.

EC correlation with histological assessment and H.
pylori infection

The gastric corpus examination results are shown
in Table 1. The sensitivity of the n-Pit classifications
for determining a histopathologically normal mucosa
(fundus gland) was 94.4% (range: 81.3%-99.3%),
with a specificity of 97.1% (range: 84.7%-99.9%).
The mean inter-observer kappa score between the two
reviewers was 0.857 (range: 0.737- 0.978). Although
4 H. pylori-positive patients were included among the
patients with n-Pit, they exhibited closed-type atrophic
[16]
gastritis that was confined to the gastric antrum .
The mean sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) for
n-Pit classifications corresponding to normal (H. pylorinegative) tissue were 60.8% (range: 46.1%-74.2%),
78.9% (range: 54.4%-94.0%), 88.6% (range:
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The identification of minute changes in the
microstructure of the gastric mucosa during endoscopy
is a key for determining the status of an H. pylori
[18-20]
[21,22]
infection
. Yagi et al
reported that the regular
arrangement of collecting venules (RAC) is a practical
marker for differentiating normal mucosa from H.
pylori-associated gastritis. RAC consists of collecting
venules and true capillaries (which form networks) that
are visible using conventional endoscopy. The authors
also reported that the identification of a “well-defined
ridge pattern” (wDRP) in the antral mucosa has 100%
specificity for normal (H. pylori-negative) mucosa but
a sensitivity of only 54.5%. Recently, a combination of
magnifying endoscopy (ME) and NBI has been shown
to allow the visualization of small, round pits with a
regular arrangement of capillary networks, indicative of
[23-26]
normal mucosa
. The presence of RAC and wDRP,
observed using conventional endoscopy, and a normal
pit pattern using ME-NBI are considered to be useful
markers for identifying normal mucosa in the absence
of an H. pylori infection.
EC of the gastric mucosa revealed two different
patterns, n-Pit and n-Pap, in the gastric corpus and
antral regions, respectively. These differences are
considered to arise due to differences in the glandular
structures and arrangements between the two
[27]
regions . In the gastric corpus, the collecting venules
and the true capillaries form networks that surround
the gastric glands, feeding into the collecting venules
which descend vertically. In the antrum, the collecting
venules tend to run obliquely and the capillaries are
expanded. Furthermore, surface mucous cells form
papillary structures and expand deeply into the lamina
propria. We can also identify cellular level information
about the goblet cells using endocytoscopy. Addi
tionally, due to the higher magnification that is
possible, more structural change can be seen than
when using ME-NBI, although the microvessels are
less clear than in ME-NBI.
Our results demonstrate that the presence of the
n-Pit morphology in the gastric corpus, observed
using EC, corresponds well with histopathologically
proven normal mucosa, with a high sensitivity and
specificity. Moreover, the excellent inter-observer
agreement shows that the observation of the n-Pit
mucosal pattern in the corpus is a clear-cut, practical
indicator of normal mucosa, even for non-specialists.
The sensitivity and specificity of n-Pap for identifying
normal antral region mucosa were 92.0% and 86.7%,
respectively. Although the sensitivity of n-Pap was
much higher than that of wDRP, as reported by Yagi
et al, n-Pap was not as reliable for identifying normal
mucosa as n-Pit in our series. However, for identifying
[16,28,29]
closed-type gastritis
, n-Pap in the antral region
appears to predict the presence of histological gastritis.
The specificities and PPVs of n-Pit and n-Pap for
identifying H. pylori-negative mucosa were considered
to be sufficient to be useful for excluding the presence
of H. pylori infection. The sensitivities and NPVs of n-Pit
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and n-Pap associated with normal mucosa were not
as reliable, probably due to cases of natural H. pylori
eradication or false negative H. pylori test results.
In conclusion, EC determinations of n-Pit and
n-Pap are useful predictors of normal mucosa and
the absence of H. pylori infection. The results also
correspond well with the presence of normal fundic
and antral glands. This was a pilot study and further
study is needed.
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Abstract
AIM: To investigate the pathophysiology of functional
heartburn (FH) in Japanese patients.
METHODS: A total of 111 patients with proton pump
inhibitor (PPI)-refractory non-erosive gastroesophageal
reflux disease underwent intraesophageal pressure
testing and 24-h multichannel intraluminal impedancepH (24MII-pH) testing. The patients also completed
several questionnaires while they were receiving the
PPI treatment, including the questionnaire for the
diagnosis of reflux disease (QUEST), the frequency
scale for the symptoms of gastroesophageal reflux
disease (FSSG), the gastrointestinal symptoms rating
scale (GSRS), SF-36, and the Cornell Medical Index
(CMI). The subjects were classified into FH and
endoscopy-negative reflux disease (ENRD) groups
based on the Rome Ⅲ criteria.
RESULTS: Thirty-three patients with esophageal
motility disorder were excluded from this study, while
22 patients with abnormal esophageal acid exposure
time (pH-POS) and 34 with hypersensitive esophagus
(HE) were included in the ENRD group. The FH group
included 22 patients with no reflux involvement. Sex,
age, and body mass index did not differ significantly
between the groups. The mean SF-36 values were
< 50 (normal) for all scales in these groups, with no
significant differences. The GSRS scores in these groups
were not different and showed overlap with other
gastrointestinal symptoms. The QUEST and the FSSG
scores did not differ significantly between the groups.
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Neuroticism was diagnosed using the CMI questionnaire
in 17 of the 78 included subjects within the pH-POS
(n = 4), HE (n = 8), and FH (n = 5) groups, with no
significant differences.

heartburn (FH) have been described as belonging
to one of the functional gastrointestinal disorders,
which present with chronic gastrointestinal symptoms
despite the absence of organic gastrointestinal
[7]
disease. According to the latest Rome Ⅲ criteria , a
diagnosis of FH must fulfill all of the following criteria:
(1) burning retrosternal discomfort or pain; (2) no
evidence that gastroesophageal acid reflux is the cause
of the symptoms; (3) no histopathologic evidence of
esophageal motility disorders; and (4) these criteria
have been fulfilled for the past 3 mo, with symptom
onset at least 6 mo before the diagnosis. It has also
been shown that a presumptive diagnosis of heartburn
can be made in cases of endoscopy-negative reflux
disease (ENRD) if 24-h intraesophageal pH monitoring
reveals abnormal acid reflux, or acid reflux within the
normal range that is associated with symptoms that
[8]
abate after a course of PPI treatment . In all other
cases, the diagnosis should be FH. Regarding the
putative mechanism of FH, various mechanisms that
are directly related, indirectly related, or unrelated to
reflux can be cited. Possible reflux-related mechanisms
include acidic factors, such as weak acid reflux, and
other factors, such as weak alkaline (bile) reflux. The
latter may result from hypersensitivity to physiologic
stimuli, abnormal central processing of esophageal
[7]
signals, hypervigilance, or emotional factors .
According to the Rome Ⅲ criteria, FH might
be involved in esophageal motility disorders that
exhibit no histopathologic abnormalities. However,
esophageal motility disorders are present in 4% of
patients who have FH and NERD, and their prevalence
[9]
increases according to the GERD severity . We
have reported that patients with PPI-refractory
NERD have esophageal motility disorders, and that
gastroesophageal reflux plays a role in the symptoms’
[10]
onset . Therefore, it is important to differentiate
esophageal motility disorders from diagnoses of FH
during pathophysiologic investigation. We planned a
prospective study of patients with PPI-refractory NERD,
which is routinely diagnosed as FH, to investigate
the pathophysiology of FH and to define rigorous
diagnostic criteria for FH in Japanese patients.

CONCLUSION: Clinical characteristics of the FH
and PPI-refractory ENRD groups were similar.
Therefore, esophageal function should be examined
via manometry and 24MII-pH testing to differentiate
between them.
Key words: Functional heartburn; endoscopy-negative
reflux disease; proton pump inhibitor-resistant; Rome
Ⅲ criteria; 24-h multichannel intraluminal impedancepH testing
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The Rome Ⅲ criteria define functional
heartburn (FH) by normal esophageal acid exposure
time, with no relationship between symptoms and
reflux, and no response to proton pump inhibitor (PPI)
treatment. However, in Japanese clinical practice, PPIrefractory non-erosive reflux disease is often treated
as FH, thought the pathophysiology of these diseases
is not clear. In this study, we found no differences in
the clinical characteristics of FH and PPI-refractory
endoscopy-negative reflux disease, and recommend
using manometry and 24-h multichannel intraluminal
impedance-pH testing to differentiate between these
two conditions.
Tamura Y, Funaki Y, Izawa S, Iida A, Yamaguchi Y, Adachi K,
Ogasawara N, Sasaki M, Kaneko H, Kasugai K. Pathophysiology
of functional heartburn based on Rome Ⅲ criteria in Japanese
patients. World J Gastroenterol 2015; 21(16): 5009-5016
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i16/5009.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i16.5009

INTRODUCTION
Non-erosive reflux disease (NERD) is characterized
by the absence of esophageal mucosal damage
during upper gastrointestinal endoscopy, despite the
presence of classic symptoms of gastroesophageal
[1]
reflux, such as heartburn and acid reflux . In
addition, NERD accounts for more than half of all
[2]
cases of gastroesophageal reflux disease (GERD) .
Furthermore, acid reflux is known to have only a minor
[3]
effect on the pathophysiologic mechanism of NERD .
For this reason, NERD patients who receive proton
pump inhibitors (PPIs), which are the first-line therapy
for GERD, show a low symptom-improvement rate,
and almost 50% of NERD patients fail to respond to
[2,4-6]
standard acid-suppression therapy that uses PPIs
.
Heartburn symptoms that are defined as functional
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MATERIALS AND METHODS
Subjects

This prospective study was conducted at Aichi Medical
University Hospital between January 2007 and March
2014. All patients who complained of heartburn at
least twice per week for more than 6 mo, and who did
not receive antisecretory therapy, underwent upper
gastrointestinal endoscopy. If no organic abnormalities
(excluding esophageal hiatus hernia) were detected
during the endoscopy, the patients were diagnosed
as having NERD and were prescribed the standard
dose of PPI. PPI-refractory NERD was defined as NERD
with no improvements in heartburn symptoms after
≥ 8 wk of PPI treatment at the standard dose, and
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all patients with PPI-refractory NERD were enrolled in
this study. All medical interviews and examinations
were conducted while the patients were receiving a
continuous course of PPI at the standard doses (30
mg of lansoprazole, 20 mg of rabeprazole, or 20 mg of
omeprazole per day) for ≥ 8 wk.
This study was approved by the Ethics Committee
of Aichi Medical University School of Medicine, and was
performed with the written, informed consent of the
patients.

pH and the symptom indices (SI) of these parameters,
[13]
with a high degree of reliability . SI was defined as
positive if the proportion of the symptoms due to reflux
accounted for ≥ 50% of the overall symptoms in the
[14]
24 h period . After the automatic analysis, an expert
visually confirmed the results. In the group with clear
intraesophageal prolongation of the esophageal acid
reflux exposure time, based on the proportion of the
24-h intraesophageal pH monitoring when the pH was
[15]
< 4 and the DeMeester scores , the reflux of nonacidic material (i.e., liquid or gas with pH ≥ 4) was
evaluated based on the relationship with SI (subgroups
with SI ≥ 50% and with SI < 50%). This method was
chosen as the relationship between symptoms and
liquid/gas reflux materials is difficult to evaluate using
reflux frequencies and time ratios. In this study, reflux
materials consisting of a mixture of liquid and gas was
treated as liquid reflux.

Intraesophageal pressure test

Intraesophageal pressure was measured using a
Polygraf ID multiparameter gastrointestinal motility
function measurement system (Sierra Scientific
Instruments, Los Angeles, CA, United States) and an
8-channel, water-perfused, Dent’s sleeve catheter
that was inserted nasally into the esophagus. With the
patient recumbent, the lower esophageal sphincter (LES)
position from the nasal cavity, LES pressure, and the
primary peristaltic wave was observed over ten water
swallows. Esophageal motility disorders were classified
as achalasia, diffuse esophageal spasm, nutcracker
esophagus, hypertensive LES, ineffective esophageal
motility, and nonspecific esophageal motility disorders,
[11]
according to the classifications of Castell et al .

Medical interview

During the medical examination, reflux symptoms were
assessed using the questionnaire for the diagnosis of
[16]
reflux disease (QUEST)
and the frequency scale
[17]
for the symptoms of GERD (FSSG) . Patients also
completed the gastrointestinal symptoms rating scale
(GSRS) as an indicator of the other gastrointestinal
[18]
symptoms that involve acid reflux, the SF-36
to
evaluate lifestyle and health, and the Cornell Medical
Index (CMI) questionnaire to evaluate for the presence
of neuroticism.

Twenty-four-hour multichannel intraluminal impedancepH testing

Patients in whom esophageal motility disorders were
not detected after the intraesophageal pressure testing
subsequently underwent twenty-four-hour multichannel
intraluminal impedance-pH (24MII-pH) testing (Sleuth
multi impedance pH monitoring system; Sandhill
[12]
Scientific, Highlands Ranch, CO, United States) . This
system includes a portable data logger with impedancepH amplifiers and a catheter with one antimony pH
electrode and eight impedance electrodes at 2, 4, 6, 8,
10, 14, 16, and 18 cm from the tip of the catheter. Each
pair of adjacent electrodes represents an impedancemeasurement segment (length, 2 cm) that corresponds
to one recording channel. The one pH signal and
six impedance signals were recorded at a frequency
of 50 Hz on a 128-MB CompactFlash memory card
(SanDisk, Milpitas, CA, United States). The singleuse MII-pH catheter was transnasally inserted into the
esophagus and positioned with the pH electrode 5 cm
above the upper margin of the LES. The MII-pH data
were continuously recorded for 24 h while the patient
was in the hospital. All patients ate three meals and
were asked to record their posture (e.g., recumbent),
the meals they consumed, and the occurrence of
heartburn or other symptoms. Analysis of the data,
excluding the meal times, was performed using
BioVIEW Analysis software (version 5.3.4; Sandhill
Scientific). This software is capable of automatically
evaluating parameters such as reflux frequency for
liquid, gas, and mixtures of the two, as well as liquid
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Statistical analysis

Data are reported as mean ± sd, and the analysis
2
was performed using the Kruskal-Wallis test or the χ
test, where appropriate. Differences were considered
statistically significant at P < 0.05.

RESULTS
Pathologic classification of PPI-refractory NERD

A total of 111 patients with PPI-refractory NERD
were recruited and underwent intraesophageal
pressure testing. Thirty-three patients were diagnosed
with esophageal motility abnormalities, including
achalasia (n = 4), ineffective esophageal motility
(n = 8), nonspecific esophageal motility disorders
(n = 13), hypertensive LES (n = 5), and nutcracker
esophagus (n = 3). All patients with esophageal
motility disorders were excluded, and the remaining
78 patients [40 men, 38 women; mean age: 55.5 ±
15.4 years; mean body mass index (BMI): 22.3 ± 3.1
2
kg/m ] were evaluated using 24MII-pH. Twenty-two
patients showed a clear intraesophageal prolongation
of esophageal acid exposure time based on the
proportion of the 24 h when their intraesophageal pH
[15]
was < 4 and on the DeMeester scores . In addition,
34 patients were classified into the group with normal
esophageal acid exposure time and SI associated
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PPI-refractory NERD (n = 111)

Esophageal manometry

Normal motility (n = 78)

Esophageal motility disorder (n = 33)

24-h multichannel intraluminal
impedance-pH testing

Symptom indices ≥ 50%

Symptom indices < 50%

Endoscopy-negative reflux disease

Acid related pH-POS (n = 22)

Non-acid related HE (n = 34)

Functional heartburn (n = 22)

Figure 1 Based on the results obtained from intraesophageal manometry and 24-h-long intraesophageal pH/impedance monitoring, the subjects were
classified into three groups according to the Rome Ⅲ criteria: acid reflux-related mechanism (n = 22), non-acid reflux-related mechanism (n = 34), and
functional heartburn (n = 22). pH-POS: Excessive intraesophageal acid exposure time; HE: Hypersensitive esophagus (non-excessive esophageal acid exposure
time and positive symptom index); FH: Functional heartburn; PPI: Proton pump inhibitor.

group contained 22 patients (14 men, 8 women; mean
2
age: 54.8 ± 3.9 years; BMI: 22.9 ± 3.5 kg/m ), the
HE group contained 34 patients (17 men, 17 women;
2
mean age: 54.9 ± 2.6 years; BMI: 22.0 ± 3.0 kg/m ),
and the FH group contained 22 patients (9 men, 13
women; mean age: 57.7 ± 2.7 years; BMI: 21.3
2
± 2.7 kg/m ). When these groups were compared,
no differences in sex, age, or BMI were observed,
and there was no causal relationship with alcohol or
tobacco use (Table 1). The results of the symptom
evaluations did not differ significantly between the
FSSG and QUEST questionnaires, and there were no
differences in any of the GSRS scores (Table 2). The
SF-36 scores fell below the normal population values
on all subscales, although no intergroup differences
were observed. On the CMI health questionnaire,
scores of grades Ⅲ and Ⅳ indicate neuroticism. Four
patients in the pH-POS group scored grades Ⅲ or Ⅳ,
compared to 8 patients in the HE group and 5 patients
in the FH group; these differences were not statistically
significant (Table 1).
The distal and proximal numbers of gastro
esophageal reflux episodes (total and acid) were
significantly higher in the pH-POS group than those
in the HE and FH groups, although there was no
difference between the HE and FH groups (Table 3).

Table 1 Clinical characteristics
Characteristic

pH-POS

HE

FH

P value

(n = 22) (n = 34) (n = 22)
Age, yr
Sex, male:female
Body mass index, kg/m2
Drinking
Smoking
Neuroticism (Ⅲ or Ⅳ)1

54.8 ± 3.9
(26–80)
14:08
21.9 ± 3.5
8 (36.3)
7 (31.8)
4 (22.7)

54.9 ± 2.6
(21–86)
17:17
22.0 ± 3.0
16 (47.0)
10 (29.4)
8 (23.5)

57.7 ± 2.7
(29–76)
9:13
21.3 ± 2.7
8 (36.3)
5 (22.7)
5 (22.7)

0.3
0.3
0.6
0.4
0.7
0.8

Data are expressed as mean ± SD (range), or as n (%), unless otherwise
indicated; 1Neuroticism was defined using the Cornel Medical Index.
P-values were obtained using the Kruskal-Wallis or χ 2 tests. FH: Functional
heartburn; HE: Hypersensitive esophagus (non-excessive esophageal
acid exposure time and positive symptom index); pH-POS: Excessive
intraesophageal acid exposure time.

with ≥ 50% non-acid reflux, and 22 patients were
classified into the group in which reflux contributed to
< 50% of the symptoms. Based on this classification,
patients with PPI-refractory NERD were classified into
4 subgroups according to whether their symptom
onset was associated with: (1) esophageal motility
abnormality; (2) acid reflux; (3) non-acid reflux; or (4)
no reflux (Figure 1).
Based on the results of the esophageal function
testing, the three subgroups, except for those with
esophageal motility abnormality, were classed as:
the pH-positive group (pH-POS) with acid reflux, the
hypersensitive esophagus group (HE) group with no
acid, and the FH group with no reflux. The pH-POS
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DISCUSSION
The Japanese Society of Gastroenterology GERD
[19]
Diagnosis Guideline , which was published in 2009,
provides one flowchart for using PPI as a first-line

5012

April 28, 2015|Volume 21|Issue 16|

Tamura Y et al . FH based on Rome Ⅲ criteria
acid reflux or non-acidic reflux, which is considered
a hypothetical diagnosis in the Rome Ⅲ criteria.
Previous studies have reported that patients with
abnormal gastroesophageal reflux, as confirmed by pH
monitoring and including GERD patients, are typically
[9,20-22]
men and often have a high BMI
. Furthermore,
a comparison of patients with FH and those with
ENRD and some form of reflux-related symptoms
(based on 24MII-pH monitoring) reported that ENRD
was more common among men and was associated
[23]
with a high BMI , whereas FH was more common
[24,25]
in younger patients and among women
. Other
studies have reported that age and lifestyle habits (i.e.,
alcohol or tobacco use) are not specific to either FH
[9,23,26]
or ENRD
. The present study found no significant
differences between the ENRD (pH-POS and HE) and
FH groups when sex, age, BMI, and lifestyle habits
(alcohol and tobacco use) were compared. The reason
for this discrepancy remains unclear, although it may
be related to the fact that BMI is lower in Japan than in
the Western countries where the previous studies were
conducted. In addition, a study investigating symp
toms using questionnaires and 24MII-pH monitoring
reported stronger reflux symptoms than heartburn
[20]
symptoms in these groups , whereas a study that
used pH monitoring to evaluate the occurrence rate of
reflux symptoms reported a higher rate in patients with
[25]
ENRD than in those with FH . However, the present
study found no significant intergroup differences in the
symptoms or their occurrence rates using the FSSG and
QUEST questionnaires. This discrepancy highlights the
difficulty encountered when attempting to differentiate
between ENRD and FH based on symptoms.
ENRD is associated with a marked deterioration
[27]
in quality of life
and has a high rate of overlap
[28]
with other functional gastrointestinal disorders . In
GERD, mild heartburn at least twice per week has a
considerable effect on quality of life, whereas similar
criteria for the frequency and severity of symptoms
[29]
in FH have not yet been identified . In the present
study, the mean SF-36 scores in these groups fell
below the normal population values on all subscales,
although no significant intergroup differences were
observed. This indicates that patients who have FH
experience a similar deterioration in their quality of
life compared to patients who have ENRD (pH-POS
and HE). FH often occurs in tandem with symptoms
that are normally considered to be indicative of
dyspepsia, such as nausea, abdominal bloating, and
[30,31]
early satiation
. In the study of 200 patients with
NERD by Savarino et al, a questionnaire given to the
54 patients who were diagnosed with FH revealed
that the prevalence of postprandial bloating, early
satiation, and nausea was significantly higher in
patients with FH, whereas in a study of 68 patients
[32]
with NERD by Capasso et al , a significantly higher
score for indigestion in functional dyspepsia (FD)
symptoms was found among 25 patients with no
abnormal acid reflux according to pH monitoring. In

Table 2 Questionnaire scores
Questionnaire
FSSG score (median)
QUEST score (median)
GSRS scale
Over all
Acid reflux
Abdominal pain
Indigestion
Diarrhea
Constipation
SF-36 scale
Physical Functioning
Role Physical
Bodily Pain
General Health
Vitality
Social Functioning
Role Emotional
Mental Health

P value1

pH-POS

HE

FH

(n = 22)

(n = 34)

(n = 22)

16.4 ± 7.2
5.8 ± 4.7

18.4 ± 9.6
5.1 ± 4.5

19.5 ± 10.3
4.2 ± 4.2

0.6
0.5

2.5 ± 0.6
3.4 ± 1.6
2.5 ± 1.1
2.9 ± 1.8
1.6 ± 0.7
2.3 ± 1.4

2.5 ± 0.8
3.2 ± 1.5
2.4 ± 1.3
2.8 ± 1.1
1.9 ± 1.2
2.4 ± 1.2

2.2 ± 1.0
3.0 ± 1.4
2.3 ± 1.3
2.5 ± 1.4
1.7 ± 0.1
2.0 ± 1.1

0.5
0.7
0.7
0.5
0.8
0.3

46.5 ± 11.1
40.5 ± 13.2
43.6 ± 9.1
38.9 ± 9.8
46.0 ± 10.6
44.8 ± 10.6
41.9 ± 14.3
43.9 ± 10.5

45.1 ± 16.2
41.0 ± 15.4
44.1 ± 10.1
42.1 ± 6.3
45.5 ± 9.5
39.2 ± 13.1
42.5 ± 14.3
42.2 ± 11.0

44.7 ± 16.1
40.4 ± 15.1
43.5 ± 11.8
43.1 ± 10.5
45.4 ± 11.1
44.6 ± 11.2
44.6 ± 14.2
41.8 ± 13.8

0.9
0.9
0.9
0.5
0.9
0.2
0.8
0.9

1

Determined by the Kruskal-Wallis test; Data are expressed as mean ± SD
unless otherwise indicated. FH: Functional heartburn; FSSG: Frequency
scale for the symptoms of gastroesophageal reflux disease; GSRS:
Gastrointestinal symptoms rating scale; HE: Hypersensitive esophagus
(non-excessive esophageal acid exposure time and positive symptom
index); pH-POS: Excessive intraesophageal acid exposure time; QUEST:
Questionnaire for the diagnosis of reflux disease.

therapy and another flowchart for using endoscopy
as the initial phase of treatment for patients with
symptoms indicative of GERD. Therefore, early
treatment can be started for all patients, even at
facilities where endoscopy is unavailable. In both
cases, a pathophysiologic evaluation using 24-h pH
monitoring at a specialist facility is recommended
only if the symptoms persist after the PPI treatment.
In Japan, pH monitoring and esophageal motility
function tests are not widely used in clinical practice.
As a result, cases in which no obvious organic lesions
or mucosal damage are detected during endoscopy
are typically classified as NERD, as ENRD if the
symptoms respond to PPI treatment, or as FH if PPI
treatment does not improve the symptoms. Thus,
patients with PPI-refractory NERD are often treated
as having FH. Therefore, to identify the characteristics
of Japanese patients with FH, it is appropriate to
target the broadly defined group of patients with FH
who are characterized by a diagnosis of NERD based
on endoscopy and lack of symptom response to PPI
treatment.
One hundred and eleven patients with PPI-refractory
NERD were grouped into those with esophageal motility
abnormalities (n = 33), patients with ENRD and whose
symptoms were related to some form of reflux (pHPOS and HE, n = 56), and patients with FH based on
the Rome Ⅲ criteria (n = 22). Regarding the ENRD
pathophysiology, 22 patients exhibited insufficient
suppression of acid secretion, despite taking a standard
dose of PPI for 8 wk, and 34 patients had weak
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Table 3 Twenty-four-hour intraesophageal pH-multichannel intraluminal impedance testing
pH-POS (n = 22)

Variable
% acid exposure time
Number of reflux episodes
Acid reflux (pH < 4)
Non-acid reflux (pH ≥ 4)
Number of proximal reflux episodes
% of proximal reflux Episodes
% of gastric acid exposure time

b

16.1 ± 15.3
77.8 ± 40.6b
34.1 ± 23.7b
41.0 ± 35.1
34.4 ± 26.7b
42.5 ± 14.3
66.1 ± 20.5

HE (n = 34)

FH (n = 22)

P value1

1.4 ± 2.4
54.6 ± 30.3
11.2 ± 11.1
37.7 ± 32.2
22.2 ± 12.5
42.5 ± 13.3
50.6 ± 30.9

0.7 ± 0.8
33.9 ± 20.8
7.1 ± 6.3
23.8 ± 17.3
14.1 ± 9.0
41.4 ± 14.3
49.9 ± 28.7

< 0.01
< 0.01
< 0.01
0.2
< 0.01
0.9
0.1

1

Determined by the Kruskal-Wallis test; bP < 0.01 vs HE and FH. FH: Functional heartburn; HE: Hypersensitive esophagus (non-excessive esophageal acid
exposure time and positive symptom index); pH-POS: Excessive intraesophageal acid exposure time.

the patients with GSRS, a high degree of overlap in
the gastrointestinal symptoms that were unrelated
to acid was expected in the FH group, although no
significant difference was observed between these
groups. This difference might be explained by whether
the subjects were or were not receiving PPI treatment.
Patients with reflux esophagitis and who were treated
with a PPI (pantoprazole) for up to 16 wk showed
improvements in their reflux, FD, and irritable bowel
[33]
syndrome symptoms . However, when those patients
were monitored for up to 6 mo after stopping the PPI
treatment, their reflux symptoms returned, although
their FD and irritable bowel syndrome symptoms did
not. Similarly, the subjects in the present study had
received PPI treatment at the standard oral dose for
at least 8 wk, and it is possible that it suppressed the
non-acid reflux dyspepsia symptoms.
In clinical practice, the psychologic profile of
patients with reflux symptoms is characterized by
higher scores for anxiety and depression than those
[34]
of patients with no reflux . Similarly, patients with
heartburn that is poorly correlated with acid reflux
during pH monitoring have higher scores for anxiety
and hysteria than those in whom heartburn onset is
[35]
correlated with acid reflux . Therefore, many cases of
FH are interpreted as esophageal neurosis. However,
the present analysis of the CMI health questionnaire
responses found no significant intergroup differences
in the number of patients who were diagnosed with
an emotional disturbance, and the scores were similar
in the FH and ENRD (pH-POS and HE) groups. This
finding suggests that the contribution of emotional
factors to the putative factors that affect FH is not as
high as was previously thought.
[23]
Savarino et al
reported that the increased
number of weakly acidic reflux episodes and the
higher rate of proximal reflux are the main causes of
symptoms in HE patients who were evaluated with
24MII-pH. However, the data in the present indicate
that the total reflux and proximal reflux time of the
acid contents are significantly higher in the pH-POS
group than in the HE and FH groups, which do not
differ. This difference may be related to the presence
or absence of PPI treatment. The present analysis was
undertaken to evaluate the clinical practical situation
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of NERD, and to identify its pathophysiology, while
avoiding the acid-related effects.
This study has several limitations. First, there may
have been a case selection bias, as the subjects were
patients with PPI-refractory NERD who were expertly
examined at a specialist facility. Furthermore, the
sample size was small, as the study was limited to
one facility. Second, the subjects were patients who
were receiving PPI at the standard dose set within the
context of healthcare covered by Japanese national
health insurance. Therefore, caution is required when
comparing the present data with data from other
countries, particularly regarding PPI dose and the
duration of administration.
Despite this study’s limitations, the pathophysiologic
classification of patients with PPI-refractory NERD,
who are routinely encountered in clinical practice,
was achieved by testing their esophageal function. In
addition, the pathology of FH in Japanese patients,
based on the Rome Ⅲ criteria, was clarified through
a comparison of patients with NERD who were
divided into FH and ENRD (pH-POS and HE) groups.
Furthermore, this study was conducted while the
patients were receiving a continuous course of PPI at
the standard doses to reflect the current Japanese
clinical practice and to more clearly define the
pathophysiology of FH, while avoiding the acid-related
effects. A recently published review has mentioned
that the use of 24MII-pH is the only functional method
to reliably perform sub-classification of the complex
population of patients with NERD. In addition, this
technique is recommended to clearly separate the
subsets of patients with real reflux disease from the
[36]
subset with FH . Our study supports this idea, and
indicates that NERD is a markedly heterogeneous
condition from the pathophysiologic and clinical points
of view, and that it should be correctly classified by
esophageal function testing to provide adequate relief
from the related symptom. For example, patients with
FH should be treated with non-PPI and non-reflux
[36]
inhibitor medication, such as with pain modulators .
Our data might contribute to developing a therapeutic
strategy for patients with PPI-refractory NERD.
In conclusion, Japanese patients with PPI-refractory
NERD, who are typically treated as having FH in
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clinical practice, exhibit a mix of several pathologies
and low rates of rigorously defined FD. The FH and
PPI-refractory ENRD groups showed no differences in
their clinical characteristics, such as their background,
symptoms, and neuroticism, and it was difficult to
differentiate between these groups. However, both
manometry and MII-pH testing should be used to
differentiate between patients with PPI-refractory
ENRD and those with FH. Further studies with larger
samples are needed to validate the diagnostic criteria
for FH based on the Rome Ⅲ criteria.

2

3
4
5
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The Rome Ⅲ criteria for functional heartburn (FH) suggest various possible
factors that are involved in these mechanisms, and position FH as being
primarily defined by a normal esophageal acid exposure time, with no
relationship between symptoms and reflux, and no response to proton
pump inhibitor (PPI) treatment. However, in Japanese clinical practice, PPIrefractory non-erosive reflux disease (NERD) is often treated as FH, and the
pathophysiology of these diseases has not been adequately investigated.

6

Research frontiers

This study was performed to elucidate the pathophysiology of FH in Japanese
patients, and found that there were no differences between the clinical
characteristics of FH and PPI-refractory endoscopy-negative reflux disease
(ENRD) patients. It is difficult to differentiate these conditions, and therefore,
both manometry and 24-h multichannel intraluminal impedance-pH (24MII-pH)
testing should be used to obtain an accurate diagnosis.

7

Japanese patients with PPI-refractory NERD, who are typically treated as FH
in clinical practice, demonstrate the combination of several pathologies and
low rates of rigorously defined FH. The FH and PPI-refractory ENRD groups
showed no differences in their clinical characteristics, such as their background,
symptoms, and neuroticism, and it was difficult to differentiate between the
two groups. Those data would contribute to develop a therapeutic strategy for
patients with PPI-refractory NERD.
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Applications

This is thre first prospective study of patients with PPI-refractory NERD, which
is routinely diagnosed as FH, to investigate the pathophysiology of FH and
to define rigorous diagnostic Rome Ⅲ criteria for FH in Japanese patients.
However, there may have been a case selection bias, and the sample size
was small, as the study was limited to one facility. Further studies with larger
samples are needed to validate the diagnostic criteria for FH based on the
Rome Ⅲ.
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Terminology

24MII-pH, which is different from conventional pH monitoring, can discriminate
between the physical characteristics of the refluxate (liquid, gas or mixed) and
non-acidic gastroesophageal reflux. NERD is characterized by the absence of
esophageal mucosal damage seen in upper gastrointestinal endoscopy, despite
the presence of typical symptoms of gastroesophageal reflux such as heartburn
and acid reflux. According to the latest Rome Ⅲ criteria, FH is defined by
burning retrosternal pain or discomfort occurred for the past 3 mo with symptom
onset ≥ 6 mo previously. The absence of gastroesophageal reflux and the
absence of histopathologically defined esophageal motility disorders is also
required.
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This study was carried out to assess the pathophysiologic alterations of patients
with FH and to compare them to those of the other subgroups of patients with
NERD. The study is prospective and well done and an adequate number of
patients were recruited.
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Abstract
AIM: To compare differences between volumetric
interpolated breath-hold examination (VIBE) using
two-point Dixon fat-water separation (Dixon-VIBE)
and chemically selective fat saturation (FS-VIBE) with
magnetic resonance imaging examination.
METHODS: Forty-nine patients were included, who
were scanned with two VIBE sequences (Dixon-VIBE
and FS-VIBE) in hepatobiliary phase after gadoxetic
acid administration. Subjective evaluations including
sharpness of tumor, sharpness of vessels, strength and
homogeneity of fat suppression, and artifacts that were
scored using a 4-point scale. The liver-to-lesion contrast
was also calculated and compared.
RESULTS: Dixon-VIBE with water reconstruction had
significantly higher subjective scores than FS-VIBE in
strength and homogeneity of fat suppression (< 0.0001)
but lower scores in sharpness of tumor (P < 0.0001),
sharpness of vessels (P = 0.0001), and artifacts (P
= 0.034). The liver-to-lesion contrast on Dixon-VIBE
images was significantly lower than that on FS-VIBE
(16.6% ± 9.4% vs 23.9% ± 12.1%, P = 0.0001).
CONCLUSION: Dixon-VIBE provides stronger and
more homogenous fat suppression than FS-VIBE, while
has lower clarity of focal liver lesions in hepatobiliary
phase after gadoxetic acid administration.
Key words: Dixon-volumetric interpolated breath-hold
examination; Fat saturation-volumetric interpolated
breath-hold examination; Gadoxetic acid; Volumetric
interpolated breath-hold examination; Magnetic
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resonance imaging

on the potential added benefit of other methods
for fat suppression like Dixon fat-water separation
[17-21]
technique
. The Dixon technique, described for
[22-24]
water and fat imaging in 1984
, has been improved
extensively in the aspects of phase errors, noise
and artifacts. In addition, this technique is routinely
used to find intracytoplasmic lipid (also referred to as
[25]
microscopic fat) , as well as to have the potential
[26]
for detection and grading of liver iron , based
on comparison of signal intensity on in-phase and
[19]
opposed-phase images. Ragan et al
demonstrated
that 2-point Dixon fat separation with water recon
struction provided more reliable and homogenous fat
suppression than chemical saturation in phantoms and
mouse MR imaging. Previous studies also reported the
similar results for abdominal and pelvic MR imaging in
[21-23]
[23]
humans
. However, Rosenkrantz et al
showed
that the contrast between focal liver lesions and liver
parenchyma was slightly lower for Dixon imaging with
water reconstruction than that for chemical saturation.
To our knowledge, there are no reports yet on the
potential value of two-point Dixon fat-water separation
technique for image quality and focal liver lesions in
hepatobiliary phase of gadoxetic acid-enhanced MR
imaging.
The aim of this study was to compare the image
quality and liver-to-lesion contrast in hapatobiliary
phase between VIBE using two-point Dixon fat-water
separation (Dixon-VIBE) and chemically selective fat
saturation (FS-VIBE).

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

Core tip: The role of three dimensional gradient echo
sequence with volumetric interpolated breath-hold
examination (VIBE) by using chemically selective fatsaturation for abdominal magnetic resonance (MR)
imaging is well established and it is now part of the
standard clinical work-up, especially for dynamic contrastenhanced liver MR imaging. The Dixon technique has
been improved extensively in the aspects of phase errors,
noise and artifacts. There are no reports yet on the
potential value of two-point Dixon fat-water separation
technique for image quality and focal liver lesions in
hepatobiliary phase of gadoxetic acid-enhanced MR
imaging. Therefore, we compare the image quality and
liver-to-lesion contrast in hapatobiliary phase between
VIBE using two-point Dixon fat-water separation and
chemically selective fat saturation.
Ding Y, Rao SX, Chen CZ, Li RC, Zeng MS. Usefulness of
two-point Dixon fat-water separation technique in gadoxetic
acid-enhanced liver magnetic resonance imaging. World J
Gastroenterol 2015; 21(16): 5017-5022 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v21/i16/5017.htm DOI:
http://dx.doi.org/10.3748/wjg.v21.i16.5017

INTRODUCTION

MATERIALS AND METHODS

Gadoxetic acid is a hepatocyte-specific contrast agent
[1-4]
for magnetic resonance (MR) imaging of the liver .
The major value of gadoxetic acid compared with other
gadolinium-based agents is that it can be taken up by
normal functional hepatocytes and excreted into the bile
duct. Many studies have showed that gadoxetic acidenhanced imaging can increase the detection of focal
[5-7]
liver lesions, especially for small liver lesions , as well
as improve the confidence for characterization of liver
[8-10]
lesions
. The role of three dimensional (3D) gradient
echo sequence with volumetric interpolated breathhold examination (VIBE) by using chemically selective
fat-saturation for abdominal MR imaging is well
established and it is now part of the standard clinical
work-up, especially for dynamic contrast-enhanced
[11-13]
liver MR imaging
. Chemically selective fatsaturation imaging reduces the potential degradation
of image quality resulting from motion-related
artifacts, helps increase image contrast resolution and
highlights lesions such as contrast-enhancing tissue,
edema, and blood products by eliminating the high[11,14]
intensity signal of fat
. However, this technique
is susceptible to B0 and B1 inhomogeneities, which
remains a challenge, particularly for imaging off-center,
with large field of view, or anatomies with strong
[15,16]
susceptibility effects
. Studies are therefore focusing

WJG|www.wjgnet.com

Patients

This study was approved by Institutional Review Board
of our hospital. The requirement for informed consent
was waived for our study. This study was performed
at our department between December 2012 and July
2013. Inclusion criteria for patients consisted of (1)
undergoing liver MR imaging with injection of gadoxetic
acid; (2) detectable focal liver lesions; (3) breathholding capacity for at least 18 s; and (4) normal liver
function. Clinical data were obtained from medical
records.

MR imaging

Liver examinations were performed on a 1.5-T MR
system with a phased-array coil (Magneto Aera, Siemens
Medical Solution, Erlangen, Germany). In routine liver
MR protocol at our department, early dynamic contrastenhanced MR imaging and hepatobiliary phase at 20
min were performed using FS-VIBE besides conventional
MRI sequences. Dixon-VIBE was also routinely
performed before gadoxetic acid administration. Besides
conventional MR imaging sequences, Dixon-VIBE
was performed for the hepatobiliary phase before FSVIBE (no more than 2 min). The sequence parameters
are displayed in Table 1. A parallel imaging technique
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which were scored using the following 4-point scale:
4, excellent quality; 3, good quality, not impairing
diagnostic performance; 2, fair quality, somewhat
impairing diagnostic performance; 1, poor quality,
impairing diagnostic performance.

Table 1 Sequence parameters

Repetition time (ms)
Echo time (ms)
Section thickness (mm)
Field of view (mm)
Flip angle (degree)
Matrix
Bandwidth (Hz/pixel)
Acquisition time (s)

Dixon-VIBE

FS-VIBE

8.88
2.39/4.77
3.5
380-400 × 300-324
10
320 × 240
430/490
18

3.47
1.36
3.5
380-400 × 300-324
10
320 × 195
400
14

Quantitative analysis

The signal intensities (SIs) of focal liver lesions were
measured on Dixon-VIBE with water reconstruction
and FS-VIBE images in hepatobiliary phase. The
reader manually traced the lesion boundary by placing
free hand region of interest at the largest axial slice.
The SI of liver parenchyma surrounding the tumor was
also measured avoiding large vessels and artifacts. The
liver-to-lesion contrast (%) was calculated according
[18]
to the Michelson contrast formula : 100 × (SIliver
- SIlesion)/(SIliver + SIlesion), where SIliver is SI of liver
parenchyma and SIlesion is SI of focal liver lesions.

FS: Chemically selective fat saturation; VIBE: Volumetric interpolated
breath-hold examination.

Table 2 mean ± SD for subjective image scores for Dixon
fat-water separation and chemically selective fat saturation
Parameter
Sharpness of tumor
Sharpness of vessels
Strength and homogeneity
of fat suppression
Artifacts

FS-VIBE

Dixon-VIBE

P value

3.22 ± 0.47
3.20 ± 0.46
2.98 ± 0.25

2.78 ± 0.47
2.73 ± 0.49
3.6 ± 0.53

< 0.0001
0.0001
< 0.0001

2.98 ± 0.25

2.86 ± 0.35

0.0340

Statistical analysis

The statistical methods of this study were reviewed
by Ren-chen Li from Zhongshan Hospital Fudan
University. Statistical analyses were performed using
the Statistical Package for the Social Sciences (SPSS
version 18.0, SPSS, Chicago, IL, United States). The
liver-to-lesion contrast was pared using a paired t-test
when data were normally distributed or a Wilcoxon
signed ranked test when data were not normally
distributed. A Wilcoxon signed ranked test was also
used to compare quality factors. Differences with a
P-value less than 0.05 were considered statistically
significant.

FS: Chemically selective fat saturation; VIBE: Volumetric interpolated
breath-hold examination.

(R factor of 2) was performed with generalized
autocalibrating partially parallel acquisition for the 2
sequences. Four image sets were obtained by two-point
Dixon-VIBE: an in-phase image, an out-of-phase image,
a fat-reconstruction image, and a water-reconstruction
image, with the water-reconstruction image being
analogous to the standard FS-VIBE sequence. In all
patients, 0.025 mmol/kg body weight of gadoxetic
acid (Primovist; BayerSchering Pharma AG, Berlin,
Germany) was injected manually at about 1 mL/s, as
recommended, by one investigator through a 20-gange
intravenous catheter placed in a cubical or cephalic
vein. Immediately afterwards, a 20 mL saline flush was
administered at the same injection rate.

RESULTS
Patient characteristics

MR imaging data were evaluated in the hospital’s
Picture Archiving and Communication System. All MR
images were assessed by a single reader (Ren-chen
Li) with 5 years of experience in reading abdominal MR
images. The reader was blinded to clinical data of the
patients. For each patient, qualitative and quantitative
analyses were performed on the largest available
lesion.

A total of 49 consecutive patients meeting the
inclusion criteria were included in our study. Of the
49 patients, 41 were male and 8 were female (media
age, 51 years; range, 26-84). Forty-one target lesions
were confirmed by surgical pathologic assessment (33
hepatocellular carcinomas, 2 cholangiocaicinomas,
4 metastases from colorectal carcinoma, and 2
hemangiomas) and the remaining 8 lesions were
hemangiomas which were confirmed by imaging
findings combined with clinical data. Cirrhosis was
diagnosed in 20 patients by pathologic assessment.
The median size of the lesions was 15 mm (range, 5-70
mm); 12 (24.5%) were ≤ 10 mm, 24 (49.0%) were
between 10 and 20 mm and 13 (26.5%) were > 20 mm.

Qualitative analysis

Dixon-VIBE vs FS-VIBE

Image evaluation

The reader reviewed Dixon-VIBE and FS-VIBE
sequences on 2 separate dates with 4-8 wk separating
interpretation of the 2 sequences. For each data
set, the reader scored the following parameters:
sharpness of tumor, sharpness of vessels, strength
and homogeneity of fat suppression, and artifacts,

WJG|www.wjgnet.com

All the target lesions were detected as hypointense
lesions on both Dixon-VIBE and FS-VIBE. The mean
values for subjective scores (sharpness of tumor,
sharpness of vessels, homogeneity of fat suppression,
and artifacts) are shown in Table 2, Figures 1 and 2,
and the results of liver-to-lesion contrast are displayed
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A

B

Figure 1 A 54-year-old patient with hepatocellular carcinoma. The fat suppression is stronger and more uniform with Dixon-volumetric interpolated breath-hold
examination (VIBE) (A) than chemically selective fat saturation-VIBE (FS-VIBE) (B), the slight signal loss is seen with FS-VIBE (arrowhead, B), and the score was 4
for Dixon-VIBE and 3 for FS-VIBE. However, the hepatic veins are clearer with FS-VIBE. The tumor is well depicted with each sequence (arrow).

A

B

Figure 2 A 68-year-old patient. The border of tumor (arrow) and intrahepatic portal vein are sharper with chemically selective fat saturation-volumetric interpolated
breath-hold examination (FS-VIBE) (B) than Dixon-VIBE (A), and the score was 3 for Dixon-VIBE and 4 for FS-VIBE. Artifact from the air in the stomach is seen with
Dixon-VIBE (arrowhead, A). The suppression of subcutaneous fat is stronger with Dixon-VIBE. VIBE: Volumetric interpolated breath-hold examination; FS: Fat saturation

artifacts (P = 0.034). The liver-to-lesion contrast on
Dixon-VIBE images was significantly lower than that
on FS-VIBE (16.6% ± 9.4% vs 23.9% ± 12.1%, P =
0.0001).

60

P < 0.0001

55
50
45
40
35

DISCUSSION

30
25

The aim of this study was to compare Dixon-VIBE
with conventional FS-VIBE sequence in gadoxetic acidenhanced liver MR imaging. Our results indicated that
Dixon-VIBE with water reconstruction demonstrated
significantly stronger and more homogenous fat
suppression but had lower clarity of hepatic vessels
and lesions and increased artifacts, when compared
with conventional FS-VIBE in hepatobiliary phase.
Inhomogeneous and incomplete fat suppression
especially for the area near the edges of surface coils
could degrade the image quality of conventional FSVIBE for abdominal MR imaging, while Dixon methods
are insensitive to B1 inhomogeneities and provide
[16-18]
robust water-fat separation
. Our study showed
that Dixon-VIBE with water reconstruction yielded fat
suppression with superior quality than conventional FSVIBE, which was in keeping with the results of previous
[21-23]
studies
. We further found the improvement for

20
15
10
5
0
Dixon

FS

Figure 3 Box-and-whisker plots show median and interquartile ranges
for liver-to-lesion contrast in hapatobiliary phase for chemically selective
fat saturation-volumetric interpolated breath-hold examination and
2-point Dixon fat-water separation-volumetric interpolated breath-hold
examination.

in Figure 3. Dixon-VIBE with water reconstruction
had significantly higher subjective scores than FSVIBE in strength and homogeneity of fat suppression
(< 0.0001) but lower scores in sharpness of tumor (P
< 0.0001), sharpness of vessels (P = 0.0001), and

WJG|www.wjgnet.com
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potential degradation of image quality resulting from motion-related artifacts,
helps increase image contrast resolution and highlights lesions such as
contrast-enhancing tissue, edema, and blood products by eliminating the highintensity signal of fat. However, this technique is susceptible to B0 and B1
inhomogeneities, which remains a challenge, particularly for imaging off-center,
with large field of view, or anatomies with strong susceptibility effects. Studies
are therefore focusing on the potential added benefit of other methods for fat
suppression like Dixon fat-water separation technique.

homogeneous fat suppression adjacent to the lung
and chest/abdominal wall by Dixon-VIBE with water
reconstruction. This might have potential value
for visualization of the uptake of gadoxetic acid by
hepatocytes in the hepatobiliary phase. Unfortunately,
our study failed to demonstrate that Dixon-VIBE
with water reconstruction had the superiority for
visualization of focal liver lesions with significantly
lower subjective scores and liver-to-lesion contrast.
The possible reason might be that Dixon fat separation
techniques avoid the potentially severe suppression
artifacts due to B0 inhomogeneities and frequency
offsets among separate volumes of interest, including
inadvertent suppression of the water signal, which can
[19,20]
reduce image contrast
. This results also might be
in part affected by earlier acquisition for Dixon-VIBE
compared with FS-VIBE in our study. In theory, the
peak liver parenchymal enhancement was observed
to occur at 20 min after administration of gadoxetic
acid. However, in our study there was only no more
than 2 min between the two scans. A previous study
also reported the lower, without reaching significant
difference, liver-to-lesion contrast for Dixon-VIBE
than FS-VIBE at about 3-min delayed gadolinium[27]
enhanced liver MR imaging . Our poor results for the
increased artifacts on Dixon-VIBE may be due to the B0
inhomogeneities and relative longer acquisition time.
[28-30]
Some researchers
modified the two-point Dixon
method by acquiring a third image (three-point Dixon)
that was used to compensate for B0 inhomogeneities,
which have not been assessed for high resolution 3D
VIBE breath-hold post-contrast liver MR imaging.
There are some limitations to our study. First, we
did not change the routine default parameters for the 2
sequences, which were different in some parameters.
Second, as above-mentioned we performed DixonVIBE a little earlier (≤ 2 min) than FS-VIBE, which
might affect the calculation of the liver-to-lesion
contrast. Finally, we did not evaluate the detection of
the lesions. However, all the tumors (ranging from 5
mm to 70 mm) could be found in both sequences,
which are consistent with the results of no difference
for detection between the 2 sequences in the previous
[23]
study .
In conclusion, Dixon-VIBE provides stronger and
more homogenous fat suppression than FS-VIBE, while
has lower clarity of focal liver lesions in hepatobiliary
phase after gadoxetic acid administration. Dixon-VIBE
has potential value when incomplete fat suppression is
achieved by the FS-VIBE sequence.

Research frontiers

The Dixon technique has been improved extensively in the aspects of phase
errors, noise and artifacts. In addition, this technique is routinely used to find
intracytoplasmic lipid (also referred to as microscopic fat), as well as to have
the potential for detection and grading of liver iron, based on comparison of
signal intensity on in-phase and opposed-phase images.

Innovations and breakthroughs

Ragan et al demonstrated that 2-point Dixon fat separation with water
reconstruction provided more reliable and homogenous fat suppression than
chemical saturation in phantoms and mouse MR imaging. Previous studies also
reported the similar results for abdominal and pelvic MR imaging in humans.
However, Rosenkrantz et al showed that the contrast between focal liver
lesions and liver parenchyma was slightly lower for Dixon imaging with water
reconstruction than that for chemical saturation. To our knowledge, there are
no reports yet on the potential value of two-point Dixon fat-water separation
technique for image quality and focal liver lesions in hepatobiliary phase of
gadoxetic acid-enhanced MR imaging. Therefore, the authors compared the
image quality and liver-to-lesion contrast in hapatobiliary phase between
VIBE using two-point Dixon fat-water separation (Dixon-VIBE) and chemically
selective fat saturation (FS-VIBE).

Applications

Dixon-VIBE provides stronger and more homogenous fat suppression than FSVIBE, while has lower clarity of focal liver lesions in hepatobiliary phase after
gadoxetic acid administration. Dixon-VIBE has potential value when incomplete
fat suppression is achieved by the FS-VIBE sequence.

Terminology

Dixon-VIBE provides stronger and more homogenous fat suppression than FSVIBE, while has lower clarity of focal liver lesions in hepatobiliary phase after
gadoxetic acid administration.

Peer-review

The paper describes the comparison between VIBE using two-point DixonVIBE and chemically selective FS-VIBE in gadoxetic acid-enhanced liver MR
imaging. Authors demonstrates that Dixon-VIBE provides stronger and more
homogenous fat suppression than FS-VIBE, while has lower clarity of focal liver
lesions in hepatobiliary phase after gadoxetic acid administration. The paper
is scientifically accurate and complete. Many parameters (sharpness of tumor,
sharpness of vessels, strength and homogeneity of fat suppression, artifacts
and liver-to-lesion contrast) have been investigated to explore the differences
between Dixon-VIBE and conventional FS-VIBE sequence.
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Abstract
AIM: To evaluate the efficacy of adding irsogladine
maleate (IM) to proton-pump inhibitor (PPI) therapy in
non-erosive reflux disease (NERD) treatment.
METHODS: One hundred patients with NERD were
recruited and randomized to receive rabeprazole plus
IM (group I) or rabeprazole plus placebo (group P).
The efficacy of the treatment was assessed using the
Frequency Scale for the Symptoms of Gastroesophageal
Reflux Disease (FSSG) and the short form (SF)-36
quality of life questionnaires after four weeks of
treatment. We also assessed whether patients with
NERD with minimal changes (grade M) had different
responses to the therapies compared with patients who
did not have minimal changes (grade N).
RESULTS: Group I and group P showed significant
improvements in their FSSG scores after the treatment
(from 17.9 ± 7.9 to 9.0 ± 7.6, and from 17.7 ± 7.3
to 11.2 ± 7.9, respectively, P = 0.0001), but there
was no statistically significant difference between the
FSSG scores in group I and those in group P. Subgroup
analysis showed that significant improvements in the
FSSG scores occurred in the patients in group I who
had NERD grade N (modified Los Angeles classification)
(7.8 ± 7.4 vs 12.5 ± 9.8, P = 0.041). The SF-36 scores
for patients with NERD grade N who had received IM
and rabeprazole were significantly improved in relation
to their vitality and mental health scores.
CONCLUSION: The addition of IM to rabeprazole
significantly improves gastroesophageal reflux disease
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symptoms and the quality of the lives of patients with
NERD grade N.

NERD did not show adequate improvements in their
reflux symptoms when a standard dose of PPI was
[3,5]
administered . Nevertheless, the initial management
of NERD is the same as that of RE, and it comprises PPI
mono-therapy.
However, recent studies revealed that these en
doscopy-negative patients with reflux symptoms
include different pathophysiological mechanisms. On
the basis of esophageal 24-h multichannel intraluminal
impedance combined with pH measurements, NERD
patients can be classified into three groups, as follows:
(1) patients with abnormal distal esophageal acid
exposure; (2) patients with normal distal esophageal
acid exposure and positive symptom associations
for either acid and/or non-acid reflux (hypersensitive
esophagus); and (3) patients with normal distal
esophageal acid exposure and negative symptom
[6,7]
associations (functional heartburn) . Furthermore,
a meta-analysis emphasized that well-defined NERD
patients, including those in the aforementioned groups
(1) and (2), have responses to PPI therapy that are
similar to those seen in patients with RE, and that
patients with functional heartburn do not respond to
[8]
PPI therapy . However, NERD that is diagnosed on the
basis of endoscopic findings alone cannot exclude some
patients who have functional heartburn.
Although the pathophysiology of NERD remains
unclear, electron microscopy and light microscopy
have revealed esophageal mucosal dilated inter
cellular spaces (DIS) in patients with NERD. Exposure
to excessive amounts of acid could cause the de
velopment of DIS, which correlates well with the
symptom of heartburn, and DIS could be useful
markers for the breaks in the epithelial barrier that
[9,10]
reflect an increase in paracellular permeability
.
Irsogladine maleate (IM) activates gap junctional
intercellular communication, and it has been widely
used as an anti-ulcer treatment in Japan, Korea, and
China; however, little is known about its effects on
patients with NERD. This study aimed to evaluate the
efficacy of adding IM to PPI therapy in the treatment
of patients with NERD in a prospective, randomized,
double-blind, placebo-controlled trial.

Key words: Irsogladine maleate; Rabeprazole; Nonerosive reflux disease; Randomized controlled trial;
Frequency scale for the symptoms of gastroesophageal
reflux disease; Quality of life
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Proton pump inhibitor (PPI) therapy is con
sidered the mainstay for the treatment of non-erosive
reflux disease (NERD). However, it is less effective
in NERD than it is in reflux esophagitis. This study
evaluated the efficacy of adding irsogladine maleate (IM)
to PPI therapy in the treatment of NERD. Adding IM to
rabeprazole improved both the gastroesophageal reflux
disease symptoms and the quality of the lives of patients
with NERD showing no endoscopic abnormalities, a
categorization that was based on the modified Los
Angeles classification.
Suzuki T, Matsushima M, Masui A, Tsuda S, Imai J, Nakamura
J, Tsukune Y, Uchida T, Yuhara H, Igarashi M, Koike J, Mine T.
Irsogladine maleate and rabeprazole in non-erosive reflux disease:
A double-blind, placebo-controlled study. World J Gastroenterol
2015; 21(16): 5023-5031 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i16/5023.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.5023

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a chronic
disorder characterized by unpleasant reflux symp
toms that include heartburn, sore throat, belching,
nausea, voice changes, chest pain, cough, and acid
[1]
regurgitation . GERD includes both reflux esophagitis
(RE) and non-erosive reflux disease (NERD). Accor
[2]
ding to the Montreal consensus conference , RE is
characterized by mucosal damage within the esophagus
that can be visualized during endoscopy, whereas
mucosal breaks are not seen in NERD. Endoscopic
examinations indicate that about two-thirds of patients
[3]
with GERD symptoms have no erosive changes . The
detailed endoscopic findings from patients with NERD
can be divided into two groups that can be defined using
a modification of the Los Angeles classification, with
one group showing no endoscopic abnormalities (grade
N), and the other group showing minimal endoscopic
changes, for example, whitish or reddish edematous
[4]
changes (grade M) . However, little is known about
clinical utility of endoscopic classification in NERD.
Most GERD patients are treated with proton pump
inhibitors (PPI) to control their symptoms. Reports
have suggested that compared with patients with RE,
those with NERD had lower response rates to acid
suppression therapy, and about half of the patients with

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients who presented to Tokai University Hospital
from August 2008 to July 2012 with persistent GERD
symptoms were enrolled to participate in the study if
they did not have mucosal breaks in their esophagi,
and if they had Frequency Scale for the Symptoms
of GERD (FSSG) scores of ≥ 8. The FSSG is used to
diagnose GERD and to determine the efficacy of GERD
treatment. The FSSG questionnaire consists of seven
questions that relate to reflux (questions 1, 4, 6, 7, 9,
10, 12) and five questions that relate to acid-related
dysmotility symptoms (questions 2, 3, 5, 8, 11) that
[11]
were generated by Kusano et al , and it was used in
[11-13]
several clinical studies of GERD
.
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estimated to be 75% in group I and 50% in group P.
As a result, 45 patients were required in each group to
detect a significant difference between the groups with
an α value of 0.05 and a power (1-β) of 0.8.

Table 1 Clinical features of patients receiving rabeprazole
plus irsogladine maleate (group I) or rabeprazole plus placebo
(group P)

Age (yr), mean ± SD
Sex, male/female
BMI (kg/m2)
Height (cm)
Weight (kg), mean ± SD
NERD grade (N/M)
Hiatal hernia (+/-)
Drinking (+/-)
Smoking (+/-)

Group Ⅰ
(n = 49)

Group P
(n = 48)

P value

51.1 ± 16.4
13/36
22.4 ± 4.3
159 ± 7.3
57.1 ± 12.2
21/28
11/38
16/33
2/47

51.1 ± 14.8
19/29
21.8 ± 3.1
161.5 ± 8.7
56.7 ± 8.6
20/28
10/38
20/28
9/39

0.77
0.17
0.59
0.24
0.63
0.91
0.85
0.36
0.05

Statistical analysis

We compared the two groups in relation to the pro
portions of the sexes, smoking habits, the presence
of hiatal hernias, alcohol consumption, and the endo
2
scopic grades using the χ test. Continuous variables
are presented as the means ± SD. Differences in
the continuous variables, including age, the FSSG
scores, and the body mass indices, were analyzed
using the Mann-Whitney U-test. A P value of < 0.05
was considered statistically significant. The SF-36
QOL questionnaire scores were evaluated using the
Wilcoxon signed-rank test.

NERD: Non-erosive reflux disease; BMI: Body mass index.

Patients were excluded from the study if they were
younger than 20 years, were allergic to rabeprazole
or IM, had any level of esophagitis determined by
gastrointestinal endoscopy, were pregnant, were taking
atazanavir sulfate, or anti-coagulant, anti-platelet, or
pro-kinetic agents, had a history of gastrointestinal
malignancy, peptic ulcers, or gastrointestinal tract
surgery, or if they had used any PPI therapy within
four weeks of enrolling in the study.
After providing written informed consent, the patients
were asked to complete a short form (SF)-36 quality of
life (QOL) questionnaire. They were randomized by an
independent investigator who used a random number
generated by a computer to assign the patients to one
of two groups, as follows: those who were to receive
rabeprazole and IM (group I) and those who were
to receive rabeprazole and placebo (group P). At the
end of the four-week study period, the patients were
asked to complete post-treatment FSSG and SF-36
QOL questionnaires. The FSSG results were considered
in terms of the total score and each symptom score.
Patients were asked whether they had experienced any
adverse events at the end of the study.
The primary endpoint of this study was an im
provement in the FSSG score, and determining whether
patients with NERD with minimal changes (grade M)
had different response to the therapies compared with
those without minimal changes (grade N). The study’
s secondary endpoints included the SF-36 scores and
the occurrence of side effects. The university’s ethics
committee approved the study protocol. This study was
performed in accordance with the principles laid down in
the Declaration of Helsinki. The study was registered in
the UMIN Clinical Trials Registry (Registry ID Number:
UMIN000015731).
The sample size was estimated based on the
statistical analysis of the improvements in the FSSG
scores in each group. Previous data have shown that
about half of the patients with NERD have adequate
improvements in their reflux symptoms when they
are treated with a standard PPI dose. In this study,
the predicted improvements in the FSSG scores were

WJG|www.wjgnet.com

RESULTS
One hundred patients with NERD were randomized
to one of the two groups, but three patients were
excluded from the study because some of their data
were missing. Consequently, 97 patients were included
in the analysis. Group I comprised 49 individuals,
which included 13 men, and their mean ± SD age was
51.1 ± 16.4 years. Group P comprised 48 individuals,
which included 19 men, and their mean ± SD age was
51.1 ± 14.8 years. The baseline characteristics of the
patients were comparable (Table 1).
The mean ± SD pre-treatment FSSG scores for
group I and group P were 17.9 ± 7.9 and 17.7 ± 7.3
years, respectively. The mean ± SD post-treatment
FSSG scores for group I and group P were 9.0 ±
7.6 and 11.2 ± 7.9 years, respectively. Although
significant improvements in the FSSG scores were
observed within both groups after treatment (P =
0.0001), there was no statistically significant difference
between the groups with respect to the FSSG scores
after four weeks of treatment (P = 0.15) (Figure 1).
Of the seven subscale scores for reflux, the scores for
question 10 (Do you get bitter liquid coming up into
your throat?) and question 12 (Do you get heartburn
if you bend over?) of the FSSG were significantly
lower in group I compared with group P. There were
no significant differences in the five subscale scores
for acid-related dysmotility symptoms between the
groups (Figure 2). Next, we assessed whether patients
with NERD who had minimal changes (grade M)
had different responses to the therapies compared
with those without minimal changes (grade N). The
clinical characteristics of the patients assigned to
the modified Los Angeles classification grades N and
M are shown in Table 2. The data indicate that the
characteristics associated with NERD grade N were a
shorter stature and a lower frequency of esophageal
hiatal hernias. Subgroup analysis showed that the
FSSG scores for the patients with NERD grade N in
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Before treatment

After treatment
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40
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20

0

Group P

Group I

Group P

Figure 1 Total Frequency Scale for the Symptoms of Gastroesophageal reflux disease scores for groups I and P before and after four weeks of treatment.
Values are expressed as the mean ± SD. FSSG: Frequency Scale for the Symptoms of Gastroesophageal reflux disease; NS: Not significant.
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Figure 2 Changes in the Frequency Scale for the Symptoms of Gastroesophageal reflux disease scores for groups I and P after four weeks of treatment.
Values are expressed as the mean ± standard deviations. Significant differences were found between the groups. aP = 0.03 and bP = 0.01. FSSG: Frequency Scale
for the Symptoms of Gastroesophageal reflux disease.

group I were significantly lower than the FSSG scores
for the patients with NERD grade N in group P after
four weeks of treatment (7.8 ± 7.4 vs 12.5 ± 9.8,
P = 0.041), but there was no statistically significant
difference between the study groups in relation to the
FSSG scores for patients with NERD grade M (Figure 3).
The SF-36 scores for group I significantly improved
in relation to general health, vitality, and mental health
after treatment, whereas the SF-36 scores for group
P improved in relation to general health and mental
health after treatment (Figure 4). Subgroup analysis
showed that the SF-36 scores for patients with NERD
grade N in group I significantly improved in relation

Table 2 Clinical features of non-erosive reflux disease Grade
N and M

Age (yr), mean ± SD
Sex, male/female
BMI (kg/m2)
Height (cm)
Weight (kg)
Hiatal hernia (+/-)
Drinking (+/-)
Smoking (+/-)

Grade N
(n = 56)

Grade M
(n = 41)

P value

49.8 ± 16.7
14/42
22.5 ± 4.4
158.6 ± 7.3
56.7 ± 12.1
7/49
17/39
7/49

53.3 ± 13.7
18/23
21.5 ± 2.6
162.9 ± 8.3
57.2 ± 8.4
14/27
18/23
8/23

0.32
0.05
0.44
0.02
0.50
0.02
0.10
0.30

BMI: Body mass index.
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Figure 3 Comparisons of the total Frequency Scale for the Symptoms of Gastroesophageal reflux disease scores between the study groups in relation
to the non-erosive reflux disease grades N and M after four weeks of treatment. Values are expressed as the mean ± SD. FSSG: Frequency Scale for the
Symptoms of Gastroesophageal reflux disease; NS: Not significant; NERD: Non-erosive reflux disease.
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Figure 4 Quality of life assessment of patients in groups I and P before and after treatment using the Short Form-36 questionnaire. PF: Physical functioning;
RP: Role limitation-physical; BP: bodily pain; GH: General health; VT: Vitality; SF: Social functioning; RE: Role limitation-emotional; MH: Mental health; NS: Not
significant.

any improvements in the SF-36 scores in group P after
treatment, with the exception of the mental health
scores for the patients with NERD grade M.
Patient compliance was determined by counting

to vitality and mental health after treatment, but
there were no statistically significant differences in
the SF-36 scores for patients with NERD grade M in
group I after treatment (Figure 5). We did not detect
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Figure 5 Quality of life assessment of patients in groups I and P before and after treatment using the Short Form-36 questionnaire for non-erosive reflux
disease grades N and M. NERD: Non-erosive reflux disease; PF: Physical functioning; RP: Role limitation-physical; BP: bodily pain; GH: General health; VT: Vitality;
SF: Social functioning; RE: Role limitation-emotional; MH: Mental health; NS: Not significant.

the remaining units of medication at the end of the
four-week study period. All of the patients took more
than 90% of the prescribed medication. No serious
adverse events occurred, and none of the participants
terminated the study because of adverse events.

and gastric accommodation, improved GERD symptoms
in patients with PPI-refractory NERD. However, adding
mosapride, which is another prokinetic agent, to PPI
therapy did not significantly improve GERD symptoms
compared with PPI therapy administered alone to
[22]
patients with NERD . Rebamipide, a cytoprotective
anti-ulcer agent, also failed to effectively control reflux
[23]
symptoms in patients with PPI-refractory NERD . In
the present study, we evaluated the efficacy of adding
IM to rabeprazole in the treatment of patients with
NERD in a prospective, randomized, double-blind,
placebo-controlled trial. The impact of the therapy on
the quality of the patients’ lives was evaluated as a
secondary endpoint.
The results showed that using the PPI alone and
in combination with IM significantly improved the
FSSG scores after four weeks of treatment (P =
0.0001); however, there was no statistically significant
difference between the groups. These data suggest
that controlling acid secretion in the stomach is quite
important for the treatment of NERD. Comparisons of
the groups in relation to each FSSG score showed that
the scores for two reflux-related questions significantly
improved in the patients who received combination

DISCUSSION
The inhibition of acid secretion within the stomach
using PPI or histamine 2 receptor blockers is the main
[14-17]
approach for the treatment of NERD
. However,
approximately half of the patients with NERD are
[18]
resistant to therapy . Many factors are associated
with the pathogenesis of acid-suppression therapyrefractory NERD, including gas or bile acid reflux,
mucosal hypersensitivity, delayed gastric emptying,
[18-21]
and psychological disorders
. An appropriate
therapeutic approach for patients with NERD has
yet to be established if they fail to respond to acid
suppression therapy. Therefore, determining the
efficacy of therapeutic agents added to PPI therapy
in patients with NERD has been anticipated for a long
[12]
time. Sakata et al
reported that rikkunshito, which
acts as a prokinetic agent and improves gastric empting
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[31]

therapy compared with those who received monotherapy, which suggests that IM may play a greater
preventive role in relation to reflux compared with
acid-related dysmotility symptoms. These results
appear to be reasonable, given that IM could affect the
epithelial cell connections or communications in the
esophagus.
The Montreal consensus conference defined NERD
as the presence of troublesome reflux-associated
symptoms in the absence of mucosal breaks on
[2]
endoscopy . Recently, the endoscopic findings
associated with NERD were classified into two groups,
grades N and M. However, the clinical differences
between the groups are not clear. In this study, the
group of patients classified as having NERD grade
N was characterized by shorter statures and lower
[24]
frequencies of esophageal hiatal hernias. Joh et al
reported that NERD grade M patients tended to show
a higher frequency of esophageal hiatal hernias, and
they suggested that the minimal changes are most
likely attributable to gastric acid reflux, which was
based on their ambulatory 24-h esophageal monitoring
data. Our study showed that in patients with NERD
grade N, the addition of IM to PPI therapy significantly
improved the FSSG scores compared with PPI monotherapy, but this was not seen in patients with NERD
grade M. These data suggest that factors that affect
intercellular communication as well as reflux acid may
be associated with the development of NERD grade N,
whereas gastric acid reflux may play a major role in
the development of NERD grade M.
IM facilitates intercellular communication through
the gap junctions in the gastrointestinal tract, including
[25]
the esophagus. Oyamada et al
demonstrated the
existence of connexins 26 and 43 in human esophageal
tissue. Several investigators have suggested that
connexin-mediated intercellular communication could
[26-28]
affect the formation of functional tight junctions
.
A microscopic study found that esophageal mucosal
DIS are present in patients with NERD, they are
produced as a consequence of exposure to excess
acid, and that esophageal mucosal DIS are associated
[6]
with the symptom of heartburn . A more recent
study has shown that hypersensitive esophagus,
which is associated with normal acid exposure and
positive symptom associations for either acid and/or
non-acid reflux, was related to DIS as well as basal
[29]
cell hyperplasia and papillae elongation . Taken
together, these data suggest that the facilitation of
gap junctional intercellular communication by IM may
relieve NERD symptoms by ameliorating esophageal
[7,29,30]
mucosal hypersensitivity to non-acid reflux
. We
could easily speculate based on the current study’s
results that NERD grade N includes more patients with
hypersensitive esophagi than NERD grade M. Further
investigations are required to elucidate the precise
therapeutic mechanisms of IM.
Patients with GERD symptoms tend to have a
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lower QOL compared with the general population .
Recently, the SF-36 questionnaire has been used to
screen for GERD and to assess QOL before and after
[32]
treatment . In the present study, the patients who
received combination therapy showed significant
improvements in three subscale scores, namely,
general health, vitality, and mental health, whereas
patients who received mono-therapy only showed
improvements in two subscale scores. Subgroup
analysis showed significant improvements in the
vitality and mental health scores for patients with
NERD grade N who received combination therapy,
whereas no statistically significant improvements were
observed for the patients with NERD grade M who
received combination therapy. Given that the QOL data
corresponded with the improvements in the GERD
symptoms after the patients had been treated with IM
and PPI, these results are acceptable.
Our study has some limitations that are described
next. The main limitation of this study relates to the
fact that NERD was diagnosed on the basis of the
endoscopic findings alone. An accurate and reliable
definition of NERD is needed to appropriately inform
the discussion about the treatment of NERD. The
second limitation relates to the study being a singlecenter investigation with a relatively small sample
size. Hence, further trials employing larger numbers
of subjects are necessary to verify our findings, and in
these trials the pathological mechanisms underlying
NERD should be investigated. The third limitation
associated with this study relates to the controversy
that surrounds the diagnostic and clinical relevance
of the modified Los Angeles Classification for NERD.
The fourth limitation of this study relates to the effects
that IM metabolites or drug interactions among IM,
rabeprazole, and other medicines might have had on
the results of this study.
In conclusion, this is the first randomized controlled
trial that has demonstrated that adding IM to PPI
therapy improves patients’ GERD symptoms as well as
the quality of their lives, particularly in NERD grade N
patients. We consider that combination therapy may
be an appropriate therapeutic option for patients with
NERD.
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AIM: To evaluate the efficacy of 14-d moxifloxacinbased sequential therapy as first-line eradication
treatment of Helicobacter pylori (H. pylori ) infection.
METHODS: From December 2013 to August 2014, 161
patients with confirmed H. pylori infection randomly
received 14 d of moxifloxacin-based sequential group
(MOX-ST group, n = 80) or clarithromycin-based
sequential group (CLA-ST group, n = 81) therapy. H.
pylori infection was defined on the basis of at least
13
one of the following three tests: a positive C-urea
breath test; histologic evidence of H. pylori by modified
Giemsa staining; or a positive rapid urease test
(CLOtest; Delta West, Bentley, Australia) by gastric
mucosal biopsy. Successful eradication therapy for
H. pylori infection was defined as a negative 13C-urea
breath test four weeks after the end of eradication
treatment. Compliance was defined as good when drug
intake was at least 85%. H. pylori eradication rates,
patient compliance with drug treatment, adverse event
rates, and factors influencing the efficacy of eradication
therapy were evaluated.
RESULTS: The eradication rates by intention-to-treat
analysis were 91.3% (73/80; 95%CI: 86.2%-95.4%)
in the MOX-ST group and 71.6% (58/81; 95%CI:
65.8%-77.4%) in the CLA-ST group (P = 0.014). The
eradication rates by per-protocol analysis were 93.6%
(73/78; 95%CI: 89.1%-98.1%) in the MOX-ST group
and 75.3% (58/77; 95%CI: 69.4%-81.8%) in the CLAST group (P = 0.022). Compliance was 100% in both
groups. The adverse event rates were 12.8% (10/78)
and 24.6% (19/77) in the MOX-ST and CLA-ST group,
respectively (P = 0.038). Most of the adverse events
were mild-to-moderate in intensity; there was none
serious enough to cause discontinuation of treatment
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in either group. In multivariate analysis, advanced
age (≥ 60 years) was a significant independent factor
related to the eradication failure in the CLA-ST group
(adjusted OR = 2.13, 95%CI: 1.97-2.29, P = 0.004),
whereas there was no significance in the MOX-ST
group.

been studied. Sequential therapy is one alternative
regimen, which consists of a PPI and amoxicillin for the
first seven days, followed by a PPI plus metronidazole
[9]
and clarithromycin for another seven days . This
regimen is currently recommended as an alternative
first-line treatment for H. pylori infection in European
[3]
guidelines . In Korea, a region with relatively high
antibiotic resistance, the efficacy of sequential therapy
has been reported in several randomized controlled
[10-12]
trials, including our previous prospective study
.
These studies initially indicated sequential therapy
to be effective, but recent studies have shown less
satisfactory results. The main causes of sequential
therapy failure are patient non-compliance and
[13]
antibiotic resistance . Non-compliance is due mainly
[14]
to patients’ complicated schedules . Another key
element of treatment failure is bacterial resistance to
clarithromycin. Resistance to clarithromycin is relatively
[15,16]
high in Korea
and plays an role in diminishing the
[13]
effect of sequential therapy .
Recently, changing the antibiotic agents that are
included in the eradication regimen to improve H. pylori
eradication therapy efficacy has been studied. The
reason for changing antibiotic agents is to overcome
resistance to clarithromycin. Among several candidates
for new antibiotic agents, moxifloxacin has received
attention. Compared with other fluoroquinolones,
moxifloxacin has a low incidence of adverse events
and small interactions with other drugs. Therefore, we
hypothesized that 14-d moxifloxacin-based sequential
therapy might increase H. pylori eradication as
compared to clarithromycin-based sequential therapy
in an area with high clarithromycin resistance. A
head-to-head comparison between moxifloxacin and
clarithromycin regimens has not been addressed in the
literature yet.
The aim of the present study was to compare the
H. pylori eradication rates, patient compliance, and
adverse events between first-line moxifloxacin-based
sequential therapy and clarithromycin-based sequential
therapy.

CONCLUSION: The 14-d moxifloxacin-based sequential
therapy is effective. Moreover, it shows excellent
patient compliance and safety compared to the 14-d
clarithromycin-based sequential therapy.
Key words: Helicobacter pylori ; First-line eradication
treatment; Moxifloxacin; Sequential therapy; Eradication
rate
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is the first study to evaluate the efficacy
of 14-d moxifloxacin-based sequential therapy compared
to that of 14-d clarithromycin-based sequential therapy
as a first-line eradication treatment of Helicobacter
pylori infection. Our study showed that the moxifloxacinbased therapy is effective and shows excellent patient
compliance and safety compared with the clarithromycinbased sequential therapy. The high eradication rate,
excellent compliance, and safety of the moxifloxacinbased sequential therapy suggest its suitability as an
alternative to standard triple therapy.
Hwang JJ, Lee DH, Lee AR, Yoon H, Shin CM, Park YS, Kim N.
Efficacy of moxifloxacin-based sequential therapy for first-line
eradication of Helicobacter pylori infection in gastrointestinal
disease. World J Gastroenterol 2015; 21(16): 5032-5038
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i16/5032.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i16.5032

INTRODUCTION
Helicobacter pylori (H. pylori) infection is the single
most important factor causing chronic atrophic gastritis,
peptic ulcer disease, gastric cancer, and gastric
[1]
mucosa-associated lymphoid tissue lymphoma . The
eradication of H. pylori infection effectively reduces
the incidence of peptic ulcer and gastric cancer and
[2]
prevents their recurrence . The most important firstline treatment for eradication of H. pylori is currently
the standard triple therapy comprising a proton pump
inhibitor (PPI), clarithromycin, and either amoxicillin
[3,4]
or metronidazole . Although many studies have
indicated that this therapy is highly effective, the
reported eradication rates vary between 70% and
[5,6]
95%
and have shown a tendency to decrease due
[7,8]
to increasing antibiotic resistance . Therefore, more
effective alternative regimens are needed.
Many alternative, first-line treatment regimens have

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patient selection

This study was conducted at Seoul National University
Bundang Hospital between December 2013 and August
2014. A total of 161 patients with H. pylori infection
were enrolled in this prospective, open-labeled,
randomized pilot study. H. pylori infection was defined
on the basis of at least one of the following three
13
13
tests: (1) a positive C-urea breath test ( C-UBT);
(2) histologic evidence of H. pylori by modified Giemsa
staining in the lesser and greater curvature of the body
and antrum of the stomach; or (3) a positive rapid
urease test (CLOtest; Delta West, Bentley, Australia)
by gastric mucosal biopsy from the lesser curvature
of the body and antrum of the stomach. Patients
were excluded if they had received PPIs, H2 receptor
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antagonists, or antibiotics in the previous four weeks,
or if they had used non-steroidal antiinflammatory
13
drugs or steroids in the two weeks prior to the C-UBT.
The other exclusion criteria were age below 18 years,
previous gastric surgery, or endoscopic mucosal
dissection for gastric cancer, advanced gastric cancer,
severe current disease (hepatic, renal, respiratory, or
cardiovascular), pregnancy, and any condition thought
to be associated with poor compliance (e.g., alcoholism
or drug addiction).

oral cavities by gargling, a pre-dose breath sample
13
was obtained. Then, 100 mg of C-urea powder
TM
(UBiTkit ; Otsuka Pharmaceutical Co. Ltd., Tokyo,
Japan) was dissolved in 100 mL of water and was
administered orally, and an additional breath sample
was obtained. Breath samples were taken with
special breath collection bags while patients were in
the sitting position, both before drug administration
(baseline) and 20 min after the powder medication.
The samples were analyzed using an isotope-selective,
®
non-dispersive infrared spectrometer (UBiT-IR 300 ;
Otsuka Pharmaceutical Co. Ltd, Tokyo, Japan).

Study design

This prospective, open-labeled, single-center,
randomized pilot study compared 14-d moxifloxacinbased sequential therapy with 14-d clarithromycinbased sequential therapy as a first-line eradication
treatment of H. pylori infection. All enrolled participants
filled in a questionnaire on demographic information,
history of comorbidities, body mass index (BMI),
smoking habit, and alcohol consumption. Each
participant underwent esophagogastroduodenoscopy
to confirm clinical diagnosis (such as gastritis or peptic
ulcer disease) and to conduct a biopsy for H. pylori
infection, colonization, atrophic changes, and intestinal
metaplasia.
The 161 participants were randomly assigned to
one of the two treatment groups using a computergenerated numeric sequence. The 14-d moxifloxacinbased sequential therapy group (MOX-ST group, n =
80) received 20 mg rabeprazole and 1 g amoxicillin
twice daily for the first week, followed by 20 mg
rabeprazole twice daily, 500 mg metronidazole
twice daily, and moxifloxacin 400 mg once daily
for the remaining week. Participants in the 14-d
clarithromycin-based sequential therapy group (CLAST group, n = 81) received 20 mg rabeprazole and
1 g amoxicillin twice daily for the first week, followed
by 20 mg rabeprazole, 500 mg metronidazole, and
clarithromycin 500 mg twice daily for the remaining
one week.
Patient compliance was evaluated by remnant pill
counting and direct questions from a physician 1 wk
after completion of the treatment. Compliance was
defined as good when less than 15% of the pills were
unconsumed at remnant pill counting. At the same
time, all of the patients were asked about adverse
events. Successful eradication therapy for H. pylori
13
infection was defined as a negative C-UBT test four
weeks after the cessation of eradication treatment. The
study protocol was approved by the Ethics Committee
at Seoul National University Bundang Hospital (IRB
number: B-1409/268-103).
13

Statistical analysis

The primary and secondary outcomes of the present
study were H. pylori eradication rates and treatmentrelated adverse events, respectively. The eradication
rates were determined by intention-to-treat (ITT) and
per-protocol (PP) analyses. ITT analysis compared the
treatment groups, including all patients as originally
allocated; the PP analysis compared the treatment
groups, including only those patients who had
completed the treatment as originally allocated. Mean
standard deviations were calculated for quantitative
variables. Student’s t test was used to evaluate the
2
continuous variables, and χ test and Fisher’s exact test
were utilized to assess the non-continuous variables.
Additionally, univariate and multivariate analyses
were conducted to assess the effects of factors on the
eradication rate. All statistical analyses were performed
using the Predictive Analytics Software 20.0 version for
Windows (SPSS Inc., IBM, Chicago, IL, United States).
A P value of less than 0.05 was defined as clinically
significant.

RESULTS
Characteristics of patients

A schematic diagram of the study is provided in Figure
1. A total of 161 patients with H. pylori infection were
randomly allocated to the MOX-ST group or the CLAST group by 1:1. Of the 161 patients, 155 (96.2%)
completed their allocated regimens. The remaining six
patients (3.8%) were excluded from study analysis.
Therefore, 78 MOX-ST patients and 77 CLA-ST patients
were included in the PP analysis. The enrolled patients’
baseline demographic and clinical characteristics did
not statistically differ between the two groups (Table 1).

Helicobacter pylori eradication rates

Table 2 shows the rates of eradication of H. pylori
infection according to the ITT and PP analyses. The
overall ITT eradication rate was 81.3% (131/161).
The final ITT eradication rates were 91.3% [73/80;
95%CI: 86.2-95.4%] in the MOX-ST group and 71.6%
(58/81; 95%CI: 65.8-77.4%) in the CLA-ST group
(P = 0.014; Table 2). The overall PP eradication rate
was 84.5% (131/155), and the final PP eradication

C-Urea breath test
13

Before the C-UBT, the patients were instructed to
stop taking medications (i.e., antibiotics for 4 wk, or
PPIs for 2 wk) that could affect the result, and fasted
for a minimum of 4 h. After patients cleaned their
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Helicobacter pylori positive patients
(n = 161)

MOX-ST group
(n = 80)

ITT analysis

Table 1 Demographic and clinical data at baseline (intentionto-treat population) n (%)

Noncompliance (n = 0)

Noncompliance (n = 0)

Follow-up loss (n = 2)

Follow-up loss (n = 4)
Discontinued therapy
due to adverse
events (n = 0)

Discontinued therapy
due to adverse
events (n = 0)

n = 78

PP analysis

Included in ITT analysis
Age (yr), mean ± SD
Gender (male)
BMI (kg/m2), mean ± SD
Current smoker
Alcohol drinking
Diabetes
Hypertension
Previous history of peptic ulcer
Endoscopic diagnosis
Gastritis
Gastric ulcer
Duodenal ulcer
Gastric and duodenal ulcer
Adenoma
Dysplasia
Positive CLOtest
H. pylori colonization
Negative
Mild
Moderate
Marked
Atrophic change
Intestinal metaplasia
Drop out
Noncompliance
Follow-up loss
Discontinued therapy
due to adverse events

CLA-ST group
(n = 81)

n = 77

Figure 1 Flow schematic of the study included in intention-to-treat and
per-protocol analyses. MOX-ST: 14-d moxifloxacin-based sequential therapy;
CLA-ST: 14-d clarithromycin-based sequential therapy; ITT: Intention-to-treat;
PP: Per-protocol.

rates were 93.6% (73/78; 95%CI: 89.1%-98.1%)
in the MOX-ST group and 75.3% (58/77; 95%CI:
69.4%-81.8%) in the CLA-ST group (P = 0.022; Table
2). The H. pylori-eradication rates in the MOX-ST
group were significantly higher than those in the CLAST group, according to both the ITT (P = 0.014) and
the PP analysis (P = 0.022).

CLA-ST

P value

80
59.3 ± 13.1
34 (42.5)
22.9 ± 2.2
11 (13.7)
13 (16.2)
5 (6.2)
19 (23.7)
12 (15.0)

81
59.4 ± 13.1
33 (40.7)
22.7 ± 2.9
10 (12.3)
9 (11.1)
8 (9.8)
23 (28.3)
9 (11.1)

NS
0.235
0.773
0.352
0.385
0.351
0.125
0.407
0.348
0.624

70 (87.6)
4 (5.0)
1 (1.2)
1 (1.2)
4 (5.0)
0 (0.0)
59 (73.7)

70 (86.6)
5 (6.1)
1 (1.2)
0 (0.0)
4 (4.9)
1 (1.2)
62 (76.5)

3 (3.7)
34 (42.5)
32 (40.0)
11 (13.8)
8 (10.0)
10 (12.5)
2 (2.5)
0 (0.0)
2 (2.5)
0 (0.0)

5 (6.1)
36 (44.4)
24 (29.6)
16 (19.9)
2 (2.4)
13 (16.0)
4 (4.9)
0 (0.0)
4 (4.9)
0 (0.0)

0.955
0.588

0.087
0.761
0.113

MOX-ST: 14-d moxifloxacin-based sequential therapy; CLA-ST: 14-d
clarithromycin-based sequential therapy; ITT: Intention-to-treat; SD:
Standard deviation; BMI: Body mass index; CLOtest: Rapid urease test; H.
pylori: Helicobacter pylori; NS: Not significant; BMI: Body mass index.

Clinical factors influencing H. pylori eradication

To evaluate the clinical factors influencing the
efficacy of H. pylori eradication, univariate analyses
were performed (as listed in Table 3). In the CLAST group, the eradication rates of participants over
60 years of age was significantly lower than those of
participants under 60 years of age (P = 0.002; Table
3). Other factors in the CLA-ST group did not affect the
eradication response. No factors in the MOX-ST group
affected the eradication response. The multivariate
analysis revealed that age greater than 60 years
[adjusted OR = 2.13, 95%CI: 1.97-2.29, P = 0.004]
was an independent factor predictive of eradication
failure in the CLA-ST group.

Table 2 Helicobacter pylori eradication rates

ITT analysis
Eradication rate
95%CI
PP analysis
Eradication rate
95%CI

MOX-ST

CLA-ST

P value

91.3% (73/80)
86.2%-95.4%

71.6% (58/81)
65.8%-77.4%

0.014

93.6% (73/78)
89.1%-98.1%

75.3% (58/77)
69.4%-81.8%

0.022

ITT: Intention-to-treat; PP: Per-protocol; CI: Confidence interval; MOX-ST:
14-d moxifloxacin-based sequential therapy; CLA-ST: 14-d clarithromycinbased sequential therapy.

Adverse events and compliance

Table 4 lists the adverse events that occurred in the
two groups. Adverse events occurred for 10 of 78
patients (12.8%) in the MOX-ST group and for 19
of 77 patients (24.6%) in the CLA-ST group. The
difference was statistically significant (P = 0.038). The
most common adverse events were bloating/dyspepsia
(4/78, 5.1%) and taste distortion (3/78, 3.8%) in the
MOX-ST group and epigastric discomfort (5/77, 6.4%)
and taste distortion (5/77, 6.4%) in the CLA-ST group.
These differences were not statistically significant (P
> 0.05). Most of the adverse events were mild-tomoderate in intensity; there was none serious enough
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MOX-ST

to cause discontinuation of treatment in either group.
The treatment compliance (as defined as taking at
least 85% of scheduled medication doses) was 100%
in both groups (Table 4).

DISCUSSION
To our knowledge, this is the first study that evaluated
the efficacy of 14-d moxifloxacin-based sequential
therapy compared with 14-d clarithromycin-based
sequential therapy as a first-line eradication treatment
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Table 4 Adverse events and compliance n (%)

Table 3 Univariate analysis of clinical factors influencing the
efficacy

Adverse events
MOX-ST
Eradication P value
rate
Age (yr)
0.436
< 60
97.2% (35/36)
≥ 60
90.4% (38/42)
Gender
0.383
Male
91.1% (31/34)
Female
95.4% (42/44)
Body mass index
0.651
< 25
95.2% (20/21)
≥ 25
92.9% (53/57)
Smoking
0.585
(-)
97.0% (65/67)
(+)
72.7% (8/11)
Alcohol
0.417
(-)
96.9% (63/65)
(+)
76.9% (10/13)
Diabetes
0.706
(-)
94.5% (70/74)
(+)
75.0% (3/4)
Hypertension
0.322
(-)
91.6% (55/60)
(+)
100.0% (18/18)
History of ulcer
0.454
(-)
92.5% (62/67)
(+)
100.0% (11/11)
Presence of ulcer
0.352
(-)
92.6% (63/68)
(+)
100.0% (10/10)
Positive CLOtest
0.259
(-)
76.1% (16/21)
(+)
100.0% (57/57)
Atrophic change
0.111
(-)
95.7% (67/70)
(+)
75.0% (6/8)
Intestinal metaplasia
0.270
(-)
95.5% (65/68)
(+)
80.0% (8/10)
Bacterial density
0.296
None
66.7% (2/3)
Mild
90.6% (29/32)
Moderate
100.0% (32/32)
Marked
90.9% (10/11)
Compliance
NS
Poor
0.0% (0/0)
Good
93.6% (73/78)
Adverse events
0.493
(-)
92.6% (63/68)
(+)
100.0% (10/10)

CLA-ST
Eradication
P value
rate
0.002
81.1% (30/37)
70.0% (28/40)
0.622
71.8% (23/32)
77.7% (35/45)
0.743
86.9% (20/23)
70.3% (38/54)
0.377
77.6% (52/67)
60.0% (6/10)
0.082
77.9% (53/68)
55.5% (5/9)
0.107
76.8% (53/69)
62.5% (5/8)
0.096
79.6% (43/54)
65.2% (15/23)
0.828
75.0% (51/68)
77.7% (7/9)
0.076
78.7% (52/66)
54.5% (6/11)
0.374
63.1% (12/19)
79.3% (46/58)
0.071
76.0% (57/75)
50.0% (1/2)
0.322
76.5% (49/64)
69.2% (9/13)
0.507
60.0% (3/5)
67.6% (23/34)
78.2% (18/23)
93.3% (14/15)
NS
0.0% (0/0)
75.3% (58/77)
0.494
77.6% (45/58)
68.4% (13/19)

Bloating/dyspepsia
Taste distortion
Epigastric discomfort
Nausea
Abdominal pain
Diarrhea
Constipation
Total
Compliance, n (%)

CLA-ST
(n = 77)

P value

4 (5.1)
3 (3.8)
2 (2.6)
1 (1.3)
0 (0.0)
0 (0.0)
0 (0.0)
10 (12.8)
78 (100.0)

4 (5.3)
5 (6.4)
5 (6.4)
1 (1.3)
1 (1.3)
3 (3.9)
0 (0.0)
19 (24.6)
77 (100.0)

0.383
0.316
0.296
0.505
0.309
0.075
NS
0.038
NS

MOX-ST: 14-d moxifloxacin-based sequential therapy; CLA-ST: 14-dclari
thromycin-based sequential therapy; NS: Not significant.

differences (P = 0.038). The drug compliance was
100% in both groups. Thus, our study showed the
14-d moxifloxacin-based sequential therapy is effective
and shows excellent compliance and safety compared
with the 14-d clarithromycin-based sequential therapy.
In the clarithromycin-based sequential therapy,
the key theoretical basis is the effect of amoxicillin
on the bacterial cell wall. Amoxicillin administered in
the first half of the regimen damages cell wall of H.
pylori; this is thought to overcome antibiotic resistance
and increase eradication rate by two mechanisms.
First, damage to the cell wall damage may ease the
penetration of subsequent antibiotics into the H.
pylori strain. Second, the damaged cell wall cannot
[17,18]
develop efflux channels for clarithromycin
.
Several large, multicenter studies have reported
high eradication rates with clarithromycin-based
[11,19,20]
sequential therapy
. An earlier Korean study on
clarithromycin-based sequential therapy performed in
2008 and 2009 reported a high eradication rate (85.9%
[21]
by ITT analysis and 92.6% by PP analysis) . However,
subsequent studies performed in our institution
suggest efficacy of clarithromycin-based sequential
therapy is decreasing in Korea. The eradication rate of
clarithromycin-based sequential therapy was 79.3%
by ITT analysis and 81.9% by PP analysis in 2009
[10]
and 2010 , 75.6% (ITT) and 76.8% (PP) in 2011
[22]
and 2012 , and 71.6% (ITT) and 75.3% (PP) in
2013 and 2014 in these study. These findings imply
that resistance to antibiotics in H. pylori treatment is
increasing, and that clarithromycin-based sequential
therapy might already be suboptimal in areas with
high prevalence of clarithromycin resistance.
A recent meta-analysis evaluating H. pylori strains in
Western populations found fluoroquinolone-resistance
[15]
prevalence in less than 5.0% . Fluoroquinolone
[23]
resistance in Japan is 15% . In Gyeonggi Province,
Korea, the rates of resistance were 5.0% for levofloxacin
and moxifloxacin, 5.0% for amoxicillin, 16.7% for
clarithromycin, 34.3% for metronidazole, and 8.0% for
[8]
tetracycline . These results might be related to different
patterns of regional and institutional fluoroquinolone
[24]
use . This explains why a moxifloxacin-based triple

MOX-ST: 14-d moxifloxacin-based sequential therapy; CLA-ST: 14-d
clarithromycin-based sequential therapy; CLOtest: Rapid urease test; NS:
Not significant.

of H. pylori infection. In this study, eradication rates
in the MOX-ST group (ITT: 91.3%; PP: 93.6%) were
higher than those in the CLA-ST group (71.6%/75.3%),
with statistically significant differences (P < 0.05).
These results represented statistically significant
differences: namely, markedly higher eradication rates
for the MOX-ST group (P < 0.05). Moreover, the total
adverse-event rate for the MOX-ST group was 12.8%
(10/78), which was significantly lower than that for
the CLA-ST group (24.6%, 19/77), with statistically
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regimen achieved successful eradication in 84%-87% of
cases (by PP analysis), as compared with the markedly
lower rates recorded for levofloxacin-based triple
[25-28]
regimens elsewhere in Asia
. These results suggest
that appropriate H. pylori-eradication therapies should
be continually adjusted according to local bacterial
resistance patterns. Therefore, we could explain that the
reason moxifloxacin-based sequential therapy is more
effective than clarithromycin-based sequential therapy
in Korea is the low resistance to moxifloxacin compared
with clarithromycin.
Our study showed that advanced age (≥ 60
years) was a significant independent factor related to
the eradication failure in the CLA-ST group, whereas
there was no significance in the MOX-ST group in
multivariate analysis. Other studies have also reported
that advanced age was associated with treatment
[29,30]
failure in H. pylori eradication therapy
. However,
the mechanisms by which advanced age interfere with
eradication remain unclear. Immunity degradation,
which is one of the physiological changes of the human
body by aging, may be associated with poor treatment
[31]
response . Further studies are needed to investigate
the mechanisms underlying the association between
advanced age and poor response to eradication
treatment.
The most common adverse events of moxifloxacin
are gastrointestinal disturbances, such as diarrhea
and nausea. In the present study, the most common
adverse events were taste distortion, epigastric
discomfort, and abdominal bloating. The total adverseevent rate for the 14-d moxifloxacin-based sequential
treatment was 12.8% (10/78), which was significantly
lower than that for the 14-d clarithromycin-based
sequential treatment (24.6%, 19/77). In both groups,
the adverse events were mild to moderate; none was
serious enough to require discontinuation or interfered
with regular life.
This study has several limitations. First, this study
was a single-center pilot study with a relatively small
sample size. Larger prospective studies will be needed
to confirm our results in regions where different
patterns of resistant are present. However, we think
our exploratory study would be a good reference for
clinicians and researchers to help design new studies
on this subject. Second, we could not investigate the
antibiotic resistance in each patient. However, this was
a pilot study comparing alternative first-line regimens
in a Korean population. Moreover, selection bias is
ruled out by randomized allocation of the participants,
so that the prevalence of primary antibiotic resistance
is expected to be equally distributed among the
therapeutic groups.
In conclusion, 14-d moxifloxacin-based sequential
therapy is a more effective first-line eradication
treatment than 14-d clarithromycin-based sequential
therapy for H. pylori infection. The high eradication
rate, excellent patient compliance, and safety of the
moxifloxacin-based therapy suggest its suitability as
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an alternative to standard triple therapy. Further large
prospective studies are required to determine the
broad application of this regimen in comparison with
currently approved first-line therapies.
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AIM: To investigate the clinical implications of hepatitis
B virus (HBV) preS1 deletion.
METHODS: We developed a fluorescence resonance
energy transfer-based real-time polymerase chain
reaction (RT-PCR) that can detect four genotypes
(wild type, 15-bp, 18-bp and 21-bp deletion). The PCR
method was used in two cohorts of Korean chronic HBV
subjects with genotype C infections. Cohort Ⅰ included
292 chronic HBV subjects randomly selected from
Cheju National University Hospital (Jeju, South Korea)
or Seoul National University Hospital (Seoul, South
Korea), and cohort Ⅱ included 90 consecutive chronic
HBV carriers recruited from Konkuk University Hospital
(Seoul, South Korea); the cohort Ⅱ patients did not
have hepatocellular carcinoma or liver cirrhosis.
RESULTS: The method proposed in this study identified
341 of 382 samples (89.3%). Deletion variants were
identified in 100 (29.3%) of the 341 detected samples.
In both cohorts, the subjects with deletions had a
significantly higher Hepatitis B virus e antigen (HBeAg)positive seroprevalence [cohort Ⅰ, wild (51.0%) vs
deletion (75.0%), P < 0.001; cohort Ⅱ, wild (69.2%)
vs deletion (92.9%), P = 0.002] and higher HBV DNA
levels [cohort Ⅰ, wild (797.7 pg/mL) vs deletion (1678.9
8
pg/mL), P = 0.013; cohort Ⅱ, wild (8.3 × 10 copies/
9
mL) vs deletion (2.2 × 10 copies/mL), P = 0.049],
compared to subjects with wild type HBV.
CONCLUSION: HBV genotype C preS1 deletion may
affect disease progression in chronic HBV subjects
through an extended duration of HBeAg seropositive
status and increased HBV replications.
Key words: Hepatitis B virus; PreS1 start codon deletion;
Hepatitis B virus e antigen; Hepatocellular carcinoma;
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Genotype C

by inducing an endoplasmic reticulum (ER) stress
pathway that is caused by the accumulation of large
hepatitis B surface (LHBs) proteins in the ER or by
[19-21]
altering the transactivating capacity
.
Recently, we introduced two types of preS1
mutations that are related to the progression of liver
[11]
[14]
diseases: W4P/R
and preS1 start codon deletion .
The former proved to be exclusively detected in
males and also proved to be related to liver disease
progression in chronic HBV subjects with genotype C
infections, according to our fluorescence resonance
energy transfer (FRET)-based real-time polymerase
[11]
chain reaction (RT-PCR) method . The latter mutation
proved to be prevalent in chronic HBV subjects with
genotype C, according to our previous molecular
epidemiologic study based on a direct sequencing
[14]
protocol . However, the clinical implications of HBV
preS1 mutations have rarely been investigated.
Furthermore, the direct sequencing protocol has a
limitation that could underestimate the presence of
quasispecies variants in a subject, which could interfere
with the genuine interpretation of specific mutations
from clinical and virological perspectives. To overcome
this drawback, FRET-based RT-PCR could be used for
molecular epidemiologic purposes. The FRET-based RTPCR allows not only the simultaneous identification of
coexisting quasispecies but also the direct identification
of target mutations from primary specimens, such
as serum through melting curve analyses of the
[22,23]
amplification product
.
Therefore, the present study aims to achieve the
following goals: (1) to develop a FRET-based RT-PCR
method to detect the HBV preS1 start codon deletion;
and (2) to determine the clinical implications of this
mutation using the developed methods on DNA from
the sera of genotype C-infected chronic HBV subjects.

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

Core tip: Our data indicate that the hepatitis B virus
(HBV) genotype C preS1 deletion might significantly
contribute to disease progression in chronic HBV
subjects through an extended duration of Hepatitis B
virus e antigen seropositive status and increased HBV
replication. This study provides novel insight into the
greater infectivity and virulence of genotype C compared
with other genotypes. In addition, the fluorescence
resonance energy transfer-based real-time polymerase
chain reaction used to detect the preS1 deletion shows
promise for the earlier prediction of the risk of liver
disease progression in chronic HBV subjects.
Lee SA, Kim KJ, Kim H, Choi WH, Won YS, Kim BJ.
Hepatitis B virus preS1 deletion is related to viral replication
increase and disease progression. World J Gastroenterol 2015;
21(16): 5039-5048 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/5039.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.5039

INTRODUCTION
Hepatitis B virus (HBV) infection is a global health
problem, and more than 350 million people are chronic
[1]
carriers of the virus . The infection is associated with
a wide spectrum of clinical manifestations ranging from
acute or fulminant hepatitis to various forms of chronic
infection, including asymptomatic carrier, chronic
hepatitis, cirrhosis, and hepatocellular carcinoma
[2]
(HCC) . Despite the recent significant decline in
HBV chronic subjects thanks to a successful HBsAg
vaccination program, South Korea is still recognized as
[3]
an endemic area of HBV infection . It has also been
reported that genotype C2 is exclusively prevalent in
[4]
South Korea , which is known to be more prone to
mutations and is related to more severe liver diseases,
as well as having a lower antiviral response compared
[5]
with genotype B . Furthermore, the high prevalence
of basal core promoter (BCP) double mutations and
the presence of distinct immune responses against
HBV proteins in the Korean population could lead to
the generation of distinct HBV variants that are not (or
[6-15]
rarely) encountered in other areas
and that result
in distinct clinical manifestations in Korean chronic HBV
[16]
subjects .
The preS proteins might have a pivotal function in
[17,18]
virus assembly and attachment to hepatocytes
.
Infections with preS/S HBV variants, particularly
deletion variants, correlated with the most progressive
forms of liver disease and HCC. Both preS1 and preS2
mutations reportedly contribute to hepatocarcinogenesis

WJG|www.wjgnet.com

MATERIALS AND METHODS
Subjects

In an effort to further support the clinical implications
of preS1 deletion, our developed RT-PCR method was
applied to two patient cohorts. Cohort Ⅰ included 292
subjects randomly selected from the chronic HBV
subjects who visited Cheju National University Hospital
(Jeju, Korea) in 2003 or Seoul National University
Hospital (Seoul, Korea) in 2005. The cohort Ⅰ study
protocol was approved by the Institutional Review Board
of Seoul National University Hospital (C-1007-021-322).
In cohort Ⅱ, 90 consecutive chronic HBsAg carriers
without liver cirrhosis or HCC were recruited from
January 2012 to March 2012 at Konkuk University
Hospital (Seoul, Korea). The cohort Ⅱ study protocol
was approved by the Institutional Review Board of
Konkuk University Hospital (KUH-1010544). The clinical
details of cohortsⅠand Ⅱ are presented in Table 1.
The HBV DNA sera levels for cohort Ⅰ and cohort Ⅱ
were determined using different methods. In cohort Ⅰ,
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Consensus
Translation
WT
WT'
15 bp Del

GGGTCACCATATTCTTGGGAACAAGAGCTACAGCATGGGAGGTTGGTCTTCCAAACCTCGACAAGGCATGGGGACGAATCTTTC
G H H I L G N K S Y S M G G W S S K P R Q G M G T N L S
GGGTCACCATATTCTTGGGAACAAGAGCTACAGCATGGGAGGTTGGTCTTCCAAACCTCGACAAGGCATGGGGACGAATCTTTC
GGGTCACCATATTCTTGGGAACAAGAGCTACAGCATGGGAGGTCCGTCTTCCAAACCTCGACAAGGCATGGGGACGAATCTTTC
GGGTCACCATATTCTTGGGAACAAGAGCTACAGCA
CCAAACCTCGACAAGGCATGGGGACGAATCTTTC
GGGTCACCATATTCTTGGGAACAAGAGCTACAGCA
CCAAACCTCGACAAGGCATGGGGACGAATCTTTC
GGGTCACCATATTCTTGGGAACAAGAGCTACAGCA
AACCTCGACAAGGCATGGGGACGAATCTTTC
GGGTCACCATATTCTTGGGAACAAGAGCTACAGCA
TACCTCGACAAGGCATGGGGACGAATCTTTC
GGGTCACCATATTCTTGGGAACAAGAGCTACAGCA
CTCGACAAGGCATGGGGACGAATCTTTC
GGGTCACCATATTCTTGGGAACAAGAGCTACAGCA
CTCGACAAGGCATGGGGACGAATCTTTC

18 bp Del
21 bp Del

60
Consensus
Translation
WT
WT'
15 bp Del

70

80

90

100

110

120

130

TGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGACCCTGCGTTCGGAGCCAACTCAAACAATCCAGATTGGGACTT
V P N P L G F F   P D H Q L D P A F G A N   S   N N P   D   W D F
TGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGATCCTGCGTTCGGAGCCAACTCAAACAATCCAGATTGGGACTT
TGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGACCCTGCGTTCGGAGCCAACTCAAACAATCCAGATTGGGACTT
TGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGACCCTGCGTTCGGAGCCAACTCAAACAATCCAGATTGGGACTA
TGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGACCCTGCGTTCGGAGCCAACTCAAACAATCCAGATTGGGACTT
TGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGAGCCTGCGTTCGGAGCCAACTCAAACAATCCAGATTGGGACTT
GGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGACCCTGCGTTCGGAGCCAACTCAAACAATCCAGATTGGGACTT
TGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGACCCTGCATTCGGAGCCAACTCAAACAATCCAGATTGGGACTT
TGTTCCCAATCCTCTGGGATTCTTTCCCGATCACCAGTTGGACCCTGCATTCGGAGCCAACTCAAACAATCCGATTGGGACTT

18 bp Del
21 bp Del

140
Consensus
Translation
WT
WT'
15 bp Del

150

160

  

170

180

190

CAACCCCAACAAGGATCACTGGCCAGAGGCAAATCAGGTAGGAGCGGGAGCATTCGG
N   P   N   K D H W P E A N Q   V G A G A F
CAACCCCAACAAGGATCACTGGCCAAAGGCAAATCAGGTAGGAGTGGGAGCATTCGG
CAACCCCAACAAGGATCATTGGCCAGAGGCAAATCAGGTAGGAGCGGGAGCATTCGG
CAACCCCAACAAGGATCACTGGCCAGAGGCAAATCAGGTAGGAGCGGGAGCATTCGG
CAACCCCAACAAGGATCACTGGCCAGAGACAAATCAGGTAGGAGCGGGAGCATTCGG
CAACCCCAACAAGGGTCACTGACCAGAGGCAAATCAGGTAGGAGCGGGAGCATTCGA
CAACCCCAACAAGGGTCACTGACCAGAGGCAAATCAGGTAGGAGCGGGAGCATTCGA
CAACCCCAACAAGGATCACTGGCCAGAGGCAAATCAGGTAGGAGCGGGAGCATTCGG
CAACCCCAACAAGGATCACTGGCCAGAGGCAAATCAGGTAGGAGCGGGAGCATTCGG

18 bp Del
21 bp Del

Figure 1 Primer and probe positions designed to detect hepatitis B virus pre-S1 gene deletion sequence variants at the start codon of preS1. Four types of
probes for detection of wild type and three deletion types (15-bp, 18-bp and 21-bp deletions) were used to screen the deletion variants. The arrows indicate the primer
positions. The underlining indicates the probe positions. The numbers indicate the nucleotide position on the S gene sequence. The boldface bases indicate different
bases from those of the consensus sequence. The amino acid sequence is shown as the one-letter amino acid symbol. WT: Wild type; WT’: W4P mutation; 15, 18,
21bp Del: 15, 18, 21 base pair deletion.

COBAS Amplicor PCR assay, which has a lower limit of
detection of 300 copies/mL (Roche Molecular Systems,
Branchburg, NJ, United States).

Table 1 Clinical data of the subjects in cohort Ⅰ (292
subjects) and cohort Ⅱ (90 subjects) n (%)
Clinical factor
Patient No.
Age in years, mean ± SD
Male
HBeAg-positive
Liver disease No.
ALT [IU/liter (mean ± SD)]
Median of HBV-DNA (range)

Cohort Ⅰ

Cohort Ⅱ

292
46.8 ± 16.0
225 (77.1)
162 (55.5)
C : CH : LC : HCC
66 : 33 : 67 : 126
77.7 ± 153.4
979.4 (0-6000)1

90
37.8 ± 9.6
46 (51.1)
58 (64.4)
C : CH
36 : 54
117.4 ± 226.5
1.3 × 109
(100-15.1 × 109)2

Primer and probe design for RT-PCR

Figure 1 and Table 2 present the primers designed to
amplify the HBV preS1 gene fragment and the probes
designed to identify the deletion sequence variants
at the start codon, respectively. A total of 99 cloned
TM
HBV genes were aligned using SeqMan Ⅱ software
(DNASTAR). A primer pair for amplification of the
HBV preS1 gene fragment was designed using Oligo
V 6.5 (Molecular Biology Insights), which produced
a 203-224 bp amplicon. We used four pairs of
hybridization probes (an anchor probe and a sensor
probe; HybProbe) to detect wild type at channel 640
and three types of deletion polymorphisms (15-bp
deletion, 18-bp deletion, and 21-bp deletion) at three
separate channels (670, 610 and 640, respectively)
using the LightCycler 2.0 RT-PCR system. The same
preS1 primer set and wild type probe previously
[11]
developed for the W4P/R mutation detection
were

1

Median of HBV-DNA: pg/mL; 2Median of HBV-DNA: copies/mL. C:
Carrier; CH: Chronic hepatitis; LC: Liver cirrhosis; HCC: Hepatocellular
carcinoma; HBeAg: Hepatitis B virus e antigen; ALT: Alanine amino
transferase; IU: International unit.

the serum HBV DNA levels were determined using the
Digene Hybrid Capture Ⅱ assay (Digene Diagnostic
Inc., Gaithersburg, MD, United States), which has a
lower limit of detection of 0.5 pg/mL. In cohort Ⅱ,
the serum HBV DNA levels were assessed using the

WJG|www.wjgnet.com
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Table 2 Primers and HybProbes developed to identify hepatitis B virus preS1 start codon deletion variants by real-time polymerase
chain reaction

Forward primer
Reverse primer
Anchor probe

Name

Sequence (5'→3')

T m (℃)1

Target sequence

HBV_sF
HBV_sR
WT_A

GGGTCACCATATTCTTGGGAAC
CGAATGCTCCCRCTCCTAC
ACAGAAAGATTCGTCCCCATGCCTTGTCGAGG
-FL2
LC Red6403-TGGAAGACGGACCTCCCATG-PH
GATTGGGAACAGAAAGATTCGTCCCCATGCC-FL
LC Red6104-TCGAGGTTTGCTGTAGCT-PH5
CCAGAGGATTGGGAACAGAAAGATTCGTCCCCFL
LC Red640-GCCTTGTCGAGTGCTGTAGC -PH
ACAGAAAGATTCGTCCCCATGCCTTGTCGAGG
-FL
LC Red6706-TTGGTGCTGTAGCTCTT-PH
GATCCTTGTTGGGGTTGAAGTCCC-FL
LC Red6104-ATCTGGATTGTTTGAGTTGGCT-PH

62.5
60.5 or 63.3
72.1

203 - 224 bp of S gene
203 - 224 bp of S gene

63.4
70.3
59.9
70.5

Wild type S gene

640

18 bp deletion

610

64.7
73.2

21 bp deletion

640

57
65.8
62.4

15 bp deletion

670

PreS1

610

Sensor probe
Anchor probe
Sensor probe
Anchor probe

WT_S
18D_A
18D_S
21D_A

Sensor probe
Anchor probe

21D_S
15D_A

Sensor probe
Anchor probe
Sensor probe

15D_S
preS1_A
preS1_S

Channel

1

Temperature was calculated using LC PDS software (version 2.0); 2FL: Fluorescein; 3LC Red640: Light Cycler dye Red640; 4LC Red610: Light Cycler dye
Red610; 5PH: Phosphate; 6LC Red670: Light Cycler dye Red670. Tm: Melting temperature; 15D, 18D, 21D_A: 15, 18, 21 base pair deletion anchor probe; 15D,
18D, 21D_S: 15, 18, 21 base pair deletion sensor probe; S gene: Surface region gene.

used. The remaining probes, which were used to
detect three types of deletion variants, were designed
in this study.

PCR. Direct sequencing was used with the forward
primer.

Statistical analysis

RT-PCR

All detection items in this study were repeated at
least three times, and the results were expressed as
percentages, the mean ± SD, or medians (range).
Differences between categorical variables were
2
analyzed using Fisher’s exact test or the χ test. For
continuous variables, Student’s t-test was used when
the data showed a normal distribution, while the
Mann-Whitney U test was used when the data were
not normally distributed. SPSS version 21.0 software
(Professional Statistic, Chicago, IL, United States) was
used for all statistical analyses and a P value of < 0.05
(two-tailed) was considered statistically significant.

A LightCycler 2.0 system was used, and its four
detection channels were calibrated for color compen
sation and activated for the experiment. The LC
Faststart DNA Master HP kit (Roche Diagnostic, Basel,
Switzerland) was used to prepare the master mix,
according to the kit protocol. A 10 µL reaction mixture
was prepared for each sample and each target variant,
as follows: 1 µL Taq buffer (containing dNTP mix and
10 mmol/L MgCl2), an additional 2 mmol/L MgCl2, 0.75
µmol/L forward primer (HBV_sF), 0.35 µmol/L reverse
primer (HBV_sR), and a pair of 0.18 µmol/L HybProbes
for the target variant (Table 2). Two separate reactions
were performed for each sample: one to detect the wild
type virus at channel 640, and the other to detect the
deletion variants at channels 610, 640, and 670. For the
relative quantification of the deletion variants vs the wild
type in a subject, the melting temperature height values
of the deletion variants vs wild type of 72 subjects with
deletions in cohort Ⅰ were calculated and compared
with subjects with severe types of disease (HCC and
liver cirrhosis) and mild types of disease (carriers and
chronic hepatitis). The values of each deletion probe
were normalized to those of the wild type probe.

Ethics statement

This retrospective study was reviewed and approved by
the Institutional Review Boards (IRBs) at Seoul National
University Hospital (IRB Grant No. C-1007-021-322) for
cohort Ⅰ and at Konkuk University Hospital (IRB Grant
No. KUH-1010544) for cohort Ⅱ. The patients’ medical
records were anonymized and de-identified prior to the
analyses. Experiments were mainly based on viral DNA
extracted from isolates; therefore, the research study
was conducted without informed consent. Informed
consent waivers were granted by the IRBs.

Direct sequencing

RESULTS

To verify the fidelity of the developed FRET based RTPCR, 23 samples from cohort Ⅱ, 10 samples identified
as mixed infections of both wild type and deletion
variants and 13 samples identified as wild type-only
infections, according to the RT-PCR assay, were subject
to direct sequencing analyses. PCR amplification was
performed using the same primer pair used for RT-

WJG|www.wjgnet.com

Determination of the melting temperature for FRETbased RT-PCR to detect the deletion variants

Application of the developed FRET-based RT-PCR to
the wild type and three deletion types of the control
plasmid DNAs cloned from the subjects demonstrated
that separation between the wild type and variants
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Figure 2 Real-time polymerase chain reaction melting curve analyses that identified the hepatitis B virus preS1 deletion variants (WT, 15-bp del, 18-bp del,
or 21-bp del) with deletions at the start codon of preS1 with cloned positive control plasmids and non-template controls. The Tms were determined using
duplicate runs and are presented as average and standard deviation values. The Y-axis is the negative differential of fluorescence over temperature at the detection
channel and is normalized using background fluorescence at channel 530. PCR: Polymerase chain reaction; HBV: Hepatitis B virus; WT: Wild type; 15, 18, 21-bp del:
15, 18, 21-base pair deletion; HCC: Hepatocellular carcinoma; LC: Liver cirrhosis; CH: Chronic hepatitis; C: Carrier.

variants. The 15-bp deletion variant clone formed a
single distinct melting peak at 59.7 ± 0.1 ℃ at Ch.
670, which distinguished it from other cross-reacting
melting peaks of the other variants. The 18-bp deletion
variant clone formed a distinct melting peak at 67.8
± 0.1 ℃ at Ch. 610, which exhibited a cross, as well
as a clearly distinguishable 15-bp deletion peak and
no detectable peaks of the other variants. The 21-bp
deletion variant clone formed a distinct melting peak
at the highest temperature (67.8 ± 0.2 ℃ at Ch. 640),
with a cross and clearly distinguishable melting peaks
from the other variants (Figure 2).

Table 3 Sensitivity of fluorescence resonance energy transferbased real-time polymerase chain reaction assay, according to
the subjects’ clinical statuses n (%)
Diseases

Number of tests positive/total
Cohort Ⅰ

HCC
LC
CH
C
Total

109/125 (87.2)
59/69 (85.5)
33/33 (100)
63/66 (95.5)
264/292 (90.4)

Cohort Ⅱ

50/54 (92.6)
27/36 (75)
77/90 (85.6)

HCC: Hepatocellular carcinoma; LC: Liver cirrhosis; CH: Chronic hepatitis;
C: Carrier.

Application of FRET-based RT-PCR to serum DNA from
chronic Korean subjects in the two patient cohorts

was possible, in addition to separation between the
three different types of variants (15-bp deletion, 18-bp
deletion, and 21-bp deletion). The deletion variants
exhibited distinct melting temperatures according to
the respective probe. As demonstrated in the previous
[11]
report , the wild type formed two distinct melting
peaks at Ch. 640, one at 52.0 ± 0.2 ℃ [no mutation
in codon 4 of preS1 (TGG)] and another at 65.0
± 0.1 ℃ [CCG in codon 4 of preS1], which did not
exhibit distinguishable melting peaks from the other
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In this study, to correct the bias that results from the
time and location of sample collection, we applied the
developed FRET-based RT-PCR to samples from two
different cohorts: cohort Ⅰ (292 samples) and cohort
Ⅱ (90 samples). Applying this PCR method to 382
DNA samples taken from Korean chronic HBV subjects
from the two cohorts resulted in the successful
differentiation of 341 samples (89.3%), including
264 (90.4%) of the 292 samples in cohort Ⅰ and 77

5043

April 28, 2015|Volume 21|Issue 16|

Lee SA et al . PreS1 deletion related to viral replication
(52.7%, 127/241 subjects vs 80.0%, 80/100 subjects,
8
P < 0.001) and HBV DNA levels (4.6 × 10 copies/mL
9
vs 1.4 × 10 copies/mL, P = 0.014) was observed
between the subjects with (241 subjects) and without
(100 subjects) deletions (Table 6).
Of the 100 subjects with deletions in cohorts Ⅰ and
Ⅱ, the 18-bp deletion variants were the most prevalent
(70 subjects, 70%), followed by the 15-bp deletion (38
subjects) and 21-bp deletion (13 subjects). Twentyone subjects (21%) proved to have mixed deletion
variants, with more than two types (Table 6).

Table 4 Ten types of polymorphism detected by fluorescence
resonance energy transfer-based real-time polymerase chain
reaction assay and their prevalences among the 341 detected
subjects
n (%)

Types
WT only
15 del only
18 del only
21 del only
WT + 15 del
WT + 18 del
WT + 21 del
WT + 15 del + 18 del
WT + 18 del + 21 del
WT + 15 del + 18 del + 21 del
Total

241 (70.7)
3 (0.9)
3 (0.9)
4 (1.2)
16 (4.7)
47 (13.8)
6 (1.8)
18 (5.3)
2 (0.6)
1 (0.3)
341

Quantification of variants vs wild type via melting
temperature height value in 72 subjects with deletions
in cohort I, according to the different clinical stages

Significant differences in the prevalence of preS1del were not found between the subjects with
different clinical stages in cohort Ⅰ [CH (27.1%, 26/96
subjects), liver cirrhosis (20.3%, 12/59 subjects)
and HCC (31.2%, 34/109 subjects)]. It is possible
to estimate the relative amounts of deletion variants
vs wild type in a subject by calculating the melting
[24]
temperature height values . We compared the mean
melting temperature height values of the variants
vs the wild type of the 72 subjects with deletions in
cohort Ⅰ, according to the different clinical stages.
Among the subjects with the three types of deletion
variants, those with severe types of diseases (i.e.,
liver cirrhosis and HCC) exhibited significantly higher
levels of melting temperature height values in deletion
variants vs wild type compared with the subjects
with mild types of chronic hepatitis. The latter finding
suggests that increases in deletion variants in a subject
may contribute to liver disease progression (Figure 3).

WT: Wild type; 15, 18, 21 del: 15, 18, 21 base pair deletion mutant; FRETbased real-time PCR: Fluorescence resonance energy transfer-based realtime polymerase chain reaction.

(85.6%) of the 90 samples in cohort Ⅱ (Table 3).
Ten types of polymorphisms were found in the 341
subjects detected from cohorts Ⅰ and Ⅱ. Of the 341
subjects detected, a total of 100 subjects (29.3%)
[72 (27.3%) of the 264 detected samples from
cohort Ⅰ and 28 (36.4%) of the 77 samples from
cohort Ⅱ] proved to have more than one of the three
deletions. Of the 100 subjects with deletions, 90 (90%)
simultaneously exhibited positive signals with wild
type probes, which indicated the coexistence of both
wild type and deletion variants in most subjects with
deletions (Table 4).

Comparison of clinical data between the subjects with
and without deletions

Detecting deletion variants: FRET-based RT-PCR
compared with the direct sequencing protocol

In the 264 subjects detected from cohort Ⅰ , no
significant differences were found in age, gender,
and alanine transaminase (ALT) level between the
subjects with (192 subjects) and without (72 subjects)
deletions. However, significant differences in Hepatitis
B virus e antigen (HBeAg) serostatus and HBV DNA
levels were found. The HBeAg-positive ratio was
significantly higher in the subjects with wild type
HBV than in those with deletions (51.0%, 98/192
subjects vs 75.0%, 54/72 subjects, P < 0.001). The
median HBV DNA level was also significantly higher
in the subjects with wild type HBV than in those with
deletions (797.7 pg/mL vs 1678.9 pg/mL, P = 0.013)
(Table 5).
Similar to cohortⅠ, a significant difference was also
found among the 77 cohort Ⅱ subjects, in terms of two
clinical indicators of HBeAg serostatus (69.2%, 29/49
subjects vs 92.9%, 26/28 subjects, P = 0.002) and HBV
8
9
DNA levels (8.3 × 10 copies/mL vs 2.2 × 10 copies/
mL, P = 0.049) between the subjects with (49 subjects)
and without (28 subjects) deletions (Table 5). This trend
was also found in the combined analyses of the clinical
data of the subjects (n = 341) detected in cohortsⅠand
Ⅱ. A significant difference in the HBeAg serostatus
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To validate the effectiveness of FRET-based RT-PCR in
detecting deletion variants, 23 samples from cohort
Ⅱ (i.e., 10 samples identified as mixed infection of
deletion and wild type and 13 samples of wild typeonly infection identified by FRET-based RT-PCR)
were subjected to direct sequencing analyses. In
direct sequencing data, samples that exhibited the
presence of mixed peaks in the electropherogram
were regarded as mixed infections with wild type and
deletion variants. No difference was found between
the two protocols in the detection of wild type-only
infections. The 13 samples identified as wild type-only
infection using RT-PCR were also identified as wild
type using the direct sequencing protocol. However, a
discrepancy between the two protocols was found in
detecting the deletion variants. While only 7 (70%) of
10 samples were identified as mixed infection using
RT-PCR, mixed infections with both wild type and
deletion variants were proven using direct sequencing
protocols, and mixed peaks were not found in the
other three samples (Table 7). This discrepancy might
have resulted from the sensitivity difference between
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Table 5 Comparison of clinical data between subjects of cohort Ⅰ and Ⅱ with and without deletion variants n (%)
Cohort Ⅰ

Clinical factor

Cohort Ⅱ

Wild type (n = 192) Deletion (n = 72) P value
Age in years, mean ± SD
Male
HBeAg-positive
Liver disease (C : CH : LC : HCC)
ALT [IU/liter (mean ± SD)]
Median of HBV-DNA (range)

46.3 ± 15.7
148 (77.1)
98 (51.0)
43 : 27 : 47 : 75
87.7 ± 182.4
797.7 (0-6000)1

44.7 ± 17.8
52 (72.2)
54 (75.0)
20 : 6 : 12 : 34
54.4 ± 33.5
1678.9 (0-6000)1

Wild type (n = 49)

Deletion (n = 28)

P value

35.8 ± 8.9
20 (40.8)
29 (69.2)
18 : 31
125.5 ± 271.2
8.3 × 108
(100-10.1 × 109)2

39.1 ± 11.1
16 (57.1)
26 (92.9)
9 : 19
120.9 ± 160.3
2.2 × 109
(2.3 × 103-15.1 × 109)2

0.186
0.235
0.002

0.471
0.423
< 0.001
0.295
0.013

0.935
0.049

1

Median level of HBV-DNA, pg/mL; 2Median level of HBV-DNA, copies/mL. C: Carrier; CH: Chronic hepatitis; LC: Liver cirrhosis; HCC: Hepatocellular
carcinoma; HBeAg: Hepatitis B virus e antigen; ALT: Alanine aminotransferase.

Table 6 Comparison of the clinical data between the combined cohort Ⅰ and Ⅱ subjects with and without deletion and the prevalence
of 3 types of deletion variants, according to their clinical statuses n (%)
Wild type (n = 241) Deletion (n = 100) 21 del (n = 13)
Age in years, mean ± SD
Male
HBeAg-positive
Liver disease (C : CH : LC : HCC)
ALT [IU/liter (mean ± SD)]

44.1 ± 15.2
168 (69.7)
127 (52.7)
61 : 58 : 47 : 75
96.8 ± 207.1

43.1 ± 16.3
68 (68.0)
80 (80.0)
29 : 25 : 12 : 34
81.1 ± 111.2

51.6 ± 15.7
6 (69.2)
8 (61.5)
4:3:0:8
63.2 ± 43.3

18 del (n = 70)

15 del (n = 38)

P value

42.0 ± 15.9
46 (65.7)
58 (82.9)
21 : 17 : 9 : 23
85.5 ± 128.3

40.3 ± 14.8
24 (63.1)
33 (86.8)
12 : 13 : 5 : 8
89.0 ± 122.4

0.564
0.797
< 0.001
0.476

One patient from hepatocellular carcinoma (HCC) has mixed mutations of 15, 18 and 21 deletion. Three patients from HCC have mixed mutations of both
15 and 18 deletion. Two patients from liver cirrhosis (LC) have mixed mutations of both 15 and 18 deletion. Two patients from LC have mixed mutations
of both 18 and 21 deletion. Six patients from chronic hepatitis (CH) have mixed mutations of both 15 and 18 deletion. Seven patients from C have mixed
mutations of both 15 and 18 deletion. Median of hepatitis B virus-DNA was converted into copies/mL according to a conversion constant presented by NIH (1
pg = 280000 copies). C: Carrier; HBeAg: Hepatitis B virus e antigen; ALT: Alanine aminotransferase.

HBV infections in Asian areas, including China,
South Korea, and Japan, where HBV infections are
the most prevalent worldwide. Recent studies have
demonstrated that patients with genotype C are
more likely to develop HCC than patients with other
[25-27]
HBV genotypes
. Furthermore, higher levels of
sustained HBeAg seropositivity and serum HBV-DNA,
which are known to be HCC risk factors, were found in
the genotype C subjects compared with the genotype
[25,28]
B subjects
. In a previous study, we found that the
preS1 start codon deletion is related to HCC in Korean
[14]
HBV subjects . Interestingly, comparisons of clinical
information between subjects with the preS1 deletion
and preS2 deletion indicated that the preS2 deletion (as
with most HBV mutations) but not the preS1 deletion
[14]
is positively related to HBeAg seronegative status .
This finding indicates that the preS1 deletion might be
generated in the HBeAg-positive phase rather than in
the HBeAg-negative phase. It also indicates that the
preS1 deletion might be produced by factors other
than the host immune response.
Despite the presence of overt, distinct traits in
genotype C infection, the underlying mechanisms
capable of explaining these distinct traits remain
unknown to date. Therefore, in the present study, we
used the FRET-based RT-PCR method to investigate the
clinical implications of preS1 deletion in Korean chronic
HBV subjects with genotype C infections. Thus, we
demonstrated the significant roles of preS1 start codon
deletions in liver disease progression among Korean

Table 7 Comparison of fluorescence resonance energy transferbased real-time polymerase chain reaction vs direct sequencing
protocol for detection of deletion variants n (%)
Direct sequencing

Only wild type
Mixed infection

Result for FRET-based real-time PCR
Only wild type
1
(n = 13)

Mixed infection
2
(n = 10)

13 (100)
0

3
7 (70)

1

Thirteen samples that were identified as only wild type infection by
FRET-based real-time PCR were subjected to a direct sequencing protocol;
2
The samples identified as mixed infection with both wild type and
deletion variant by FRET-based real-time PCR were subjected to a direct
sequencing protocol. FRET-based real-time PCR: Fluorescence resonance
energy transfer-based real-time polymerase chain reaction.

the two protocols used to detect the deletion variants
in the mixed samples. To address this issue, we
investigated the limits of our RT- PCR method (15-bp-,
18-bp and 21-bp deletion) for detection of deletion
variants mixed with various concentrations of wild
type DNA. Our analysis showed that the RT-PCR could
detect deletion variants even in cases of a 100-fold
higher level of wild type DNA compared with deletion
DNA, irrespective of the deletion types (Figure 4).

DISCUSSION
There are clinical and virological differences between
the HBV genotypes. Genotype C represents most
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B

P = 0.002
8

Melting temperature value eight

Melting temperature value eight

A

P = 0.096

6
4
2
0

HCC (n = 34)

LC (n = 12)

CH_C (n = 26)

P = 0.003
8
6
4
2
0

HCC_LC (n = 46) CH_C (n = 26)

Figure 3 Quantification of deletion variants vs wild type virus by melting temperature height values in 72 cohort I subjects with deletions, according to
their clinical statuses. The melting temperature height values of the deletion probe of each subject were normalized to the wild type probe. A: Comparison of the
melting temperature height values between the subjects with hepatocellular carcinoma (HCC), liver cirrhosis (LC), and mild diseases [chronic hepatitis (CH) and
carrier (C)]; B: Comparison of the melting temperature height values between subjects with severe diseases (HCC and LC) and mild disease (CH and C).
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Figure 4 Detection limits of real-time polymerase chain reaction for detection of deletion variants mixed with various concentration of wild type hepatitis
B virus DNA. Control plasmid DNA was used for this experiment. Wild: Wild type; 15, 18, 21-bp del: 15, 18, 21-base pair deletion.
[14]

chronic HBV subjects infected with genotype C via
enhanced duration of HBeAg-positivity and HBV DNA
replication. Our data might provide, at least in part,
an explanation for the distinct traits of genotype C
infections (higher levels of sustained HBeAg-positivity
and HBV DNA replication) compared with other
genotypes, particularly genotype B infections. Most
HBV mutations found to date, including BCP double
mutations and preC mutations, have been positively
related to HBV persistent infections and HBeAg
[29,30]
seronegative status
. However, this relationship
is not true for the preS1 start codon deletions. To the
best of our knowledge, the preS1 deletion is the first
HBV mutation related to enhanced HBV replication and
HBeAg-positive serostatus.
We applied the proposed FRET-based RT-PCR
method to two different cohorts. The results from both
cohorts were similar, which further strengthens our
data. Our FRET-based RT-PCR method demonstrated
that there were no significant differences in the
prevalence of the preS1 deletion between subjects
with different clinical stages (Tables 5 and 7), which
does not align with the previous result indicating that
the preS1 deletion is significantly more prevalent in
HCC subjects than in subjects with mild types of liver
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disease, CH, and carriers . The difference between
the two studies could be related to differences in the
applied protocols: FRET-based RT-PCR and nesteddirect sequencing. Unlike the latter protocol, the
former can detect deletion variants even if they
exist in a small percentage compared to the wild
type. Because three types of probes (for detecting
the variants) existed in their respective independent
channels, even the majority type cannot interfere with
the detection of other probes. Using control plasmid
DNAs, we discovered that our FRET-based RT- PCR
could accurately detect the respective deletion type
even in cases of mixed DNA showing a 100-fold higher
level of wild type DNA than deletion type DNA (Figure
4). These differences can also explain the disparity
in sensitivity found between our FRET-based RT-PCR
and the direct sequencing protocol for the detection
of deletion variants, demonstrating the superiority of
the former protocol over the latter as a method for
early prediction of liver disease progression. Although
there were no differences in the prevalence of the
preS1 deletion between the different clinical stages, a
comparison of the melting temperature heights across
the different clinical stages demonstrated increases in
the deletion variants vs the wild type in subjects with
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Innovations and breakthroughs

severe liver disease (Figure 3), which indicates the
positive effect of the variants on disease progression.
Interestingly, the most deletion variants (90%,
90/100 variants) coexisted with the wild type in the
subjects with chronic hepatitis (Table 5). This finding
indicates that the preS1 deletion event might occur
sequentially after a wild type infection in HBeAgpositive stages instead of a de novo horizontal infection
of deletion variants. Our phylogenetic study based on
the quasispecies sequences demonstrated the same
coherent clustering of wild type and deletion variants
in a subject (data not shown), thus supporting this
notion.
In particular, irrespective of the deletion types, all
preS1 start codon deletions led to 11-N terminal loss
from the preS1 of the otherwise 119 amino acids,
as shown in genotype D, with 108 amino acids of
preS1. Although the function of N-terminal region
remains unknown, its absence in the genotype D
strain indicates that it is dispensable in the HBV
life cycle. However, together with a previous report
demonstrating that deletions leading to 11 amino acids
in the preS1 5’ region were observed more frequently
[14]
in HCC subjects , our data strongly support that
the N terminal loss of 11 amino acids plays a primary
role in the progression of liver disease through
enhanced HBeAg production and DNA replication.
Alternatively, the N terminal deletion region could lead
to simultaneous deletion of the overlapped polymerase
region. Therefore, the molecular mechanism for
enhanced HBeAg production and DNA replication
induced by deletion variants should be elucidated in a
future study that focuses on the modified function of
the deleted LHBs or deleted polymerase.
In conclusion, the HBV genotype C preS1 deletion
has the potential to lead to disease progression in
chronic HBV subjects through the extended duration
of HBeAg seropositive status and increases in HBV
replications. This study provides novel insight into
the higher infectivity and virulence of genotype C
compared with other genotypes. In addition, the FRETbased RT-PCR for detection of the preS1 deletion
shows promise for the earlier prediction of the risk of
liver disease progression in chronic HBV subjects.

For the first time, the authors proved that the HBV genotype C preS1 deletion
might significantly contribute to disease progression in chronic HBV subjects
by extending the duration of Hepatitis B virus e antigen (HBeAg) seropositive
status and increasing HBV replications. This study provides novel insight
into the understanding of the higher infectivity and virulence of genotype C
compared with other genotypes.

Applications

The FRET-based RT-PCR method for detection of the preS1 deletion
developed in this study might hold potential for the early prediction of the risk of
liver disease progression in chronic HBV subjects.

Terminology

The FRET-based RT-PCR could be used for molecular epidemiologic purposes.
It can permit not only the simultaneous identification of coexisting quasispecies
but also the direct identification of target mutations from primary specimens,
such as serum through melting curve analyses of the amplification product.

Peer-review

For the first time, the authors discovered the clinical implications of the preS1
start codon deletion via a molecular epidemiologic approach using FRET-based
RT-PCR, which might significantly contribute to disease progression in chronic
HBV subjects infected with genotype C by extending the duration of HBeAg
seropositive status and increasing HBV replications. The results are interesting
and may explain the higher infectivity and virulence observed in genotype C
compared with other genotypes.
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rate, and recent improvements of the anterior
rectopexy procedure for treatment of total rectal
prolapse.

Abstract

Key words: Total rectal prolapse; Laparoscopy; Anterior
rectopexy; Ventral rectopexy; Results; Recurrence;
Systematic review

METHODS: MEDLINE, Pubmed, Embase, and other
relevant database were searched to identify studies.
Randomized controlled trials, non-randomized studies
and original articles in English language, with more
than 10 patients who underwent laparoscopic ventral
rectopexy for full-thickness rectal prolapse, with a
follow-up over 3 mo were considered for the review.
RESULTS: Twelve non-randomized case series studies
with 574 patients were included in the review. No
surgical mortality was described. Conversion was
needed in 17 cases (2.9%), most often due to
difficult adhesiolysis. Twenty eight patients (4.8%)
presented with major complications. Seven (1.2%)
mesh-related complications were reported. Most
frequent complications were urinary tract infection
and urinary retention. Mean recurrence rate was 4.7%
with a median follow-up of 23 mo. Improvement of
constipation ranged from 3%-72% of the patients
and worsening or new onset occurred in 0%-20%.
Incontinence improved in 31%-84% patients who
presented fecal incontinence at various stages.
Evaluation of functional score was disparate between
studies.
CONCLUSION: Based on the low long-term re
currence rate and favorable outcome data in terms of
low de novo constipation rate, improvement of anal
incontinence, and low complications rate, laparoscopic
anterior rectopexy seems to emerge as an efficient
procedure for the treatment of patients with total rectal
prolapse.

AIM: to assess effectiveness, complications, recurrence
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of incontinence, constipation, and pain, with an
acceptable rate of recurrence and the lowest rate of
complications.
Two approaches are generally possible to treat the
[7]
patients. The perineal approach with the Delorme and
[8]
the Altemeier procedures are less and less proposed
to the patients due to the high rate of recurrences.
As a result, they are only advocated for patients who
[6]
are not candidates for an abdominal operation . It
is nowadays generally accepted that the abdominal
procedures including the rectopexy to the promontory
carry a lower recurrence rate and improved functional
outcome and are therefore preferred over the perineal
[9]
operations . Since its first description by Orr in 1953,
[10]
and the modification introduced by Loygues in 1984,
the procedure of rectopexy has evolved through years
and has become the procedure of choice in case of
total rectal prolapse, but also in cases of other kind of
posterior pelvic floor dysfunction such as internal rectal
prolapse and enterocele. The aim of this review is to
assess the effectiveness, complications, recurrence
rate, and recent improvements of the so-called
anterior or ventral rectopexy procedure for treatment
of total rectal prolapse.

Core tip: Several procedures have been described
to correct full-thickness rectal prolapse. They can
be separate into abdominal procedures and perineal
procedures. Laparoscopic anterior rectopexy has
become the procedure of choice for the treatment
of total rectal prolapse in many colorectal surgical
teams. This review assesses effectiveness, morbidity,
recurrence rate, and recent improvements of the
technique.
Faucheron JL, Trilling B, Girard E, Sage PY, Barbois S,
Reche F. Anterior rectopexy for full-thickness rectal prolapse:
Technical and functional results. World J Gastroenterol 2015;
21(16): 5049-5055 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/5049.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.5049

INTRODUCTION
Total or complete rectal prolapse is the circumferential
full-thickness protrusion of the rectal wall through
[1]
the anus . The cause of the disease is unknown,
but anatomical disturbances are commonly found in
patients with total rectal prolapse. These are a straight
rectum, a lack of fascial attachments of the rectum
against the sacrum, a redundant sigmoid colon,
a diastasis of the levator ani, an abnormally deep
[2]
Douglas pouch, and a patulous anus . Full-thickness
rectal prolapse can affect men and women, of any
age. However, it is more common in women, reflecting
the fact that obstetric injuries are its most common
[3]
cause . The impact on the quality of life can be very
severe. Patients with total rectal prolapse present with
a lump at the anal verge, typically after defecation,
which may reduce spontaneously or require reduction
by digital pressure. This should be distinguished from
other causes of a lump, such as mucosal prolapse or
hemorrhoids. Many patients report fecal incontinence
which can be passive incontinence, urge incontinence,
or mucus discharge (soiling). Total rectal prolapse may
[4]
[5]
also cause pain, ulceration, bleeding , incarceration
and even gangrene. Patients may report a history of
slow transit constipation, and/or obstructed defecation
syndrome, which is typically characterized by a
sensation of incomplete evacuation or of a blockage,
hard stools, the need to digitate vaginally, anally, or
perianally, straining, repeated (often unsuccessful)
visits to the toilet, and anorectal heaviness or even
pain, bringing up the problem of a past history of
internal rectal prolapse.
Several procedures have been described to correct
[6]
full-thickness rectal prolapse . The objectives of
the surgical treatment are to cure the anatomical
abnormality, to cure the accompanying symptoms
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MATERIALS AND METHODS
Specific guidelines outlined in the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta[11]
Analysis) statement have been followed . A systematic
review of the literature was performed on the major
electronic databases including MEDLINE, PubMed,
EMBASE, and the Cochrane Central Register of
Controlled Trials. Research keywords syntax was:
[(total rectal prolapse) OR (full-thickness rectal
prolapse)] AND [(rectopexy) OR (anterior rectopexy)
OR (ventral rectopexy)] AND [laparoscopy] AND
[(results) OR (technical results) OR (functional results)
OR (morbidity)]. The titles and abstracts resulting
from the search were screened by two reviewers
independently (JLF and BT). The full text versions of
the relevant articles were obtained. All references of
these articles were carefully screened for any further
articles that could have been not identified in the initial
search.
Inclusion criteria were: randomized controlled trials,
non-randomized studies and original articles in English
language, with more than 10 patients, who underwent
laparoscopic ventral rectopexy, for full-thickness rectal
prolapse, with a follow-up over 3 mo, stating outcome
measures of morbidity, functional results (constipation
and fecal incontinence), or recurrence, in adult
population.
Exclusion criteria were: case reports, editorials,
review and meta-analysis, rectopexy associated with
colonic resection, perineal approach, any kind of
rectopexy for other reason than full-thickness rectal
prolapse, and short-term follow-up less than 3 mo.
Duplicate reports were identified and excluded from
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Records identified through database
searchinginitial research (n =186)
laparoscopic rectopexy for rectal prolapse

Additional records identified through
articles bibliography (n = 3)

Records after duplicates removed
(n = 189)
Records excluded (n = 50)
24 Other language
10 Pediatric patients
9 Editorial
5 Fundamental research related
2 Unrelated

Records screened (abstract)
(n = 189)

Full-text articles excluded (n = 127)
59 Technique different than anterior rectopexy
25 Indication other than full thickness prolapse
14 Review
11 Unfulfillment of inclusion criteria (follow up
and number of patients)
11 Duplicate of selected series of patients
7 Case report of complication

Full-text articles assessed for
eligibility (n = 139)

Number of articles
(n = 12)

Figure 1 Selection of studies for the review.

this review. Any difference in opinion was resolved
by common reading and consensus. Articles that not
clearly stated indication, technique and/or outcome
were excluded after common second careful reading
by the two reviewers.

is very difficult to draw conclusions on these data.

DISCUSSION
The abdominal techniques described up to now for
the treatment of total rectal prolapse differ in the
approach (open versus laparoscopic), extent of rectal
mobilization (anterior versus anterior and posterior
versus complete mobilization), excision or simple
incision of the Douglas pouch peritoneum, methods
used for rectal and sacral fixation, type, size, nature
and number of meshes used for the pexy, and addition
or omission of a sigmoid resection. The wide range of
postoperative outcomes we observed in this review
can probably be explained by several parameters,
one of which being the various modifications of the
technique used by the authors.
All the procedures of anterior rectopexy to the
promontory derived from the original open technique
[10]
described by Loygue et al
in 1984. From 1994,
the procedure was proposed through a laparoscopic
[14,24,25]
approach
. The advantages of a laparoscopic
rectopexy to exteriorized rectal prolapse are now well
[14,25-29]
documented
. It has been proven as effective as
open rectopexy in terms of clinical results, functional
results, and recurrence rate. There are significant
reductions in postoperative pain, hospital stay,
recovery time, return to work, and length of scar. The
laparoscopic approach is even cheaper than the open
[30]
approach . The laparoscopic approach has been
the first manner to improve the results of anterior
rectopexy.
Complete mobilization of the rectum down to

RESULTS
The database search identified 186 abstracts, to which
4 further papers were added from the references of the
corresponding adequate articles. Following application
of inclusion and exclusion criteria, 12 non-randomized
case series studies with 574 patients who were treated
by laparoscopic ventral rectopexy for total rectal
[12-23]
prolapse were included in the review (Figure 1)
.
A summary of included studies that gives attention to
some technical issues is shown in Table 1.
Morbidity was also evaluated (Figure 2). Complications
occur in 100 patients (17.4%). No surgical mortality was
described. Conversion was needed in 17 cases (2.9%),
most often due to difficult adhesiolysis. Twenty eight
patients (4.8%) presented with major complications
(Clavien Dindo ≥ Ⅲ; Figure 3). Seven mesh-related
complications (1.2) were reported. Most frequent
complications were urinary tract infection and urinary
retention.
Mean recurrence rate was 4.7% with a median
follow-up of 23 mo. Improvement of constipation
range from 3%-72% of the patients and worsening
or new onset occurred in 0%-20%. Incontinence
improved in 31%-84% patients who presented fecal
incontinence at various stages (Table 1). Evaluation of
functional score was disparate between studies and it
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Table 1 Summary of included studies
Median Recurrence
FU (mo)

Incontinence
Constipation
(improvement(improvementworsening/new on set) worsening)

Ref.

Year Surgical technique

Formijne Jonkers et al[12]

2014

Laparoscopic

42

0

159%-W 25%

Germain et al[13]

2014

Robotic

51.8

13

167%-W 14%

van Geluwe et al[14]

2013

Laparoscopic

25.3

Gosselink et al[15]

2013

Laparoscopic

12

4.6

171%-W 2.3%

NS

W 8%

Mäkelä-Kaikkonen et al[16] 2013 Laparoscopic (50%)
Robotic (50%)
Faucheron et al[17]
2012
Laparoscopic

75

3

NA

Wijffels et al[18]

23

3

NA

2011

Laparoscopic

3

2.5

W 2.5%

Conversion and morbidity

172%

1 conversion (injury of small bowel),
1 ileus, 2 myocardial infarctions
182%
3 conversions (adhesion, rectal tear,
presacral hemorrhage)
184%
8 conversions (5 adhesiolysis,
3 bleeding), 23 UTI, 2 ileus, 9
hematomas, 6 cardiac problems, 1
bowel perforation, 1 examination
under anesthesia, 1 secondary
adhesiolysis, 1 strangulation, 5 mesh
erosions, 5 port site
174%-W 11%
7 urinary retentions, 1 UTI, 1 port
site infection, 1 mesh erosion
W 2.5%
1 conversion (bleeding), 1 vaginal
perforation, 1 wound infection
NA
2 brachial plexus palsy, 3 UTI,
1 ureteral lesion, 1 small bowel
perforation, 1 mesh erosion
NA
1 myocardial infarction, 1 small
bowel obstruction, 1 wound
infection, 3 port site infections, 1
UTI, 1 chest infection

45

35

40

30

35
Number of patients
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10
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NS: Not significate; NA: Not available.

Ⅰ

Ⅱ

Ⅲa

Ⅲb

Ⅳa

Ⅳb

Ⅴ

Figure 3 Severity of complications following Dindo Clavien classification.
adapted from Dindo et al Classification of surgical complication. Ann Surg
2004; 240: 205-213. Horizontal axis for Dindo Clavien grade; Vertical axis for
number of patients.

Figure 2 Type of complications. Horizontal axis for complications; vertical
axis for number of patients.

[33]

rectal mobilization, as stated by Bachoo et al
in their Cochrane review. Some cases of rectal
akinesia have been published to be due to complete
[34]
rectal mobilization during rectopexy . The initially
published anterior rectopexy, known as the Orr-Loygue
procedure, involved anterior and posterior rectal
mobilization to the level of the levator ani muscle, a
Douglas pouch removal, and suturing of two meshes
on to the anterolateral walls of the rectum and the
[10]
sacral promontory . In 2004, D’Hoore has described
a modification that entails posterior dissection limited
to exposure of the sacral promontory, no Douglas
pouch excision, and suturing of a 3 centimeters wide

the levator ani muscles, as used in the sutured
rectopexy or in the posterior mesh rectopexy has
been progressively abandoned by the majority of
authors, due to high rate of postoperative constipation
[31]
and outlet obstruction syndrome . The lateral
wings of the rectum contain important autonomic
[32]
nerves from the pelvic plexus to the rectum .
The section or injury (like burning or compression)
of these lateral ligaments could explain the more
frequent postoperative constipation rate and the
more frequent dyschezia rate observed in the surgical
techniques involving posterior and posterolateral
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[35]

mesh to the ventral aspect of the low rectum . At the
same time, we have described another modification
of the Orr-Loygue procedure (the main author learned
the Orr-Loygue procedure with Parc at Saint-Antoine
hospital) that involved exactly the same level of
rectal dissection as the D’Hoore technique, but also
a Douglas pouch peritoneum excision, the use of two
thinner non absorbable meshes that were fixed on to
the anterolateral part of the low rectum, and finally
the closure of the peritoneum over the meshes to
isolate them from the abdominal cavity and to create a
[25]
shallow neopouch of Douglas .
Excision of the peritoneum of the pouch of Douglas
was an integral part of the procedure described by
Loygue and Parc, for the treatment of patients with
total rectal prolapse. The rationale for that was based
on the fact that in patients suffering from full-thickness
rectal prolapse, one of the anatomical abnormalities
is the depth of the Douglas pouch. Subsequently,
the excision of the redundant peritoneal cul de sac
might well decrease the risk of prolapse recurrence.
In our recent published series of 175 consecutive
patients with full-thickness rectal prolapse treated
laparoscopically with the modification we brought to
the Orr-Loygue procedure, the cumulative recurrence
rate was 3% at 5 years, which is one of the lowest rate
[17]
published until now .
Debate continues as to which type of mesh fixation
is optimum for rectopexy. Up to now, there has been
no randomized trial comparing the use of sutures
or staples, or tacks for the fixation of the meshes to
the rectum or anchorage to the sacral promontory.
Laparoscopic rectopexy using mesh fixation with
spiked chromium staples has been shown to be
[36,37]
feasible and quicker than using sutures
. In our
experience, the choice of the use of staples instead
of sutures was based on the fact that the fixation of
the meshes was safer (the size of staples avoids any
[17]
protrusion inside the rectal lumen) and quicker . The
use of staplers might well be an improvement in the
procedure of laparoscopic anterior rectopexy to the
promontory.
Another debate is about which type of mesh is the
[38]
best for anterior rectopexy. Smart et al
recently
published a systematic review of 13 observational
studies reporting outcome of 866 patients undergoing
anterior rectopexy. A synthetic mesh had been used
in 767 patients and a biological mesh in 99. There was
no difference in terms of recurrence (3.7% vs 4%, p
= 0.78) or mesh related complications (7% vs 0%,
p = 1.0). Unfortunately in this review, the difference
in the length of median follow-up was different from
the synthetic group (up to 74 mo) and the biological
group (12 mo). Given the properties and behavior of
biological grafts, it is quite likely that with longer followup, more recurrences will become evident in patients
undergoing laparoscopic ventral rectopexy with this
[39]
type of implant . Another important drawback of
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biological grafts is the higher cost when compared to
[40]
synthetic mesh . A very recent publication from a
panel of experts suggests that biological grafts might
be a better option in the following circumstances:
young patients, women of reproductive age, diabetics,
smokers, patients with a history of previous pelvic
radiation or sepsis, inflammatory bowel disease, and in
cases of intraoperative breach of the rectum or vagina,
despite these authors failed to provide any data to
[41]
support this .
In the era of robotic surgery, one could consider the
use of robotic-assisted laparoscopic ventral rectopexy
as an improvement for the patients presenting with
a total rectal prolapse. There is evidence that robotic
ventral rectopexy is a feasible and safe procedure and
that bowel function may possibly be better, although
the number of cases and experience of robotic ventral
rectopexy are limited, the methodology of the studies
is weak, and the indications for the operation are
[16,42-45]
different from a study to another
. Robotic
surgery may be more time consuming and more
[16]
expensive so that Mäkelä-Kaikkonen et al concluded
they found no arguments to support the routine use of
robotic assistance in rectopexy operations.
The last improvement in the management of
patients presenting with full-thickness rectal prolapse
might come from the length of the hospital stay. Daycase surgery has been proven efficient in selected
patients, reducing the risk of in-hospital complications
[17,46]
and cost
.
In literature, there is evidence supporting effec
tiveness of the Altemeier procedure with similar wide
range of recurrence rate depending on surgeons’
[1,2,4,6,8,9]
experience
. Like anterior rectopexy, Altemeier
procedure may offer better technical and functional
results with technical modifications and ameliorations.
Until prospective randomized studies comparing
results between these two different approaches will
clarify the issue, laparoscopic rectopexy could still not
be supported as the gold standard treatment of fullthickness rectal prolapse.
Based on the low long-term recurrence rate and
favorable outcome data in terms of low de novo
constipation rate, improvement of anal incontinence,
and low complications rate, laparoscopic anterior
rectopexy seems to emerge as an efficient procedure
for the treatment of patients with total rectal prolapse.
Prospective randomized study comparing this proce
dure with the Altemeier procedure could answer the
question: is the anterior rectopexy the best surgical
option to treat full-thickness rectal prolapse?
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Abstract
AIM: To examine the available evidence on safety,
competency and cost-effectiveness of nursing staff
providing gastrointestinal (GI) endoscopy services.
METHODS: The literature was searched for publications
reporting nurse endoscopy using several databases
and specific search terms. Studies were screened
against eligibility criteria and for relevance. Initial
searches yielded 74 eligible and relevant articles;
26 of these studies were primary research articles
using original datasets relating to the ability of nonphysician endoscopists. These publications included a
total of 28883 procedures performed by non-physician
endoscopists.
RESULTS: The number of publications in the field of
non-specialist gastrointestinal endoscopy reached a peak
between 1999 and 2001 and has decreased thereafter.
17/26 studies related to flexible sigmoidoscopies,
5 to upper GI endoscopy and 6 to colonoscopy. All
studies were from metropolitan centres with nurses
working under strict supervision and guidance by
specialist gastroenterologists. Geographic distribution
of publications showed the majority of research was
conducted in the United States (43%), the United
Kingdom (39%) and the Netherlands (7%). Most
studies conclude that after appropriate training nurse
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endoscopists safely perform procedures. However, in
relation to endoscopic competency, safety or patient
satisfaction, all studies had major methodological
limitations. Patients were often not randomized (21/26
studies) and not appropriately controlled. In relation
to cost-efficiency, nurse endoscopists were less costeffective per procedure at year 1 when compared to
services provided by physicians, due largely to the
increased need for subsequent endoscopies, specialist
follow-up and primary care consultations.

FS. Other studies have since established that nurse
endoscopists can safely perform upper endoscopies
and colonoscopies. In an era where safe, yet costeffective, policies run at the forefront of stakeholders’
minds, the question of how nursing staff can undertake
additional roles in the endoscopic suites is continually
raised. After more than 35 years, it appears timely
to review the available evidence surrounding the role
of nurse endoscopists. To our knowledge, there have
been no systematic reviews of the literature that
have examined the full body of evidence surrounding
uptake, safety, accuracy and most importantly, the
cost-effectiveness of nurse endoscopists.

CONCLUSION: Contrary to general beliefs, endoscopic
services provided by nurse endoscopists are not
more cost effective compared to standard service
models and evidence suggests the opposite. Overall
significant shortcomings and biases limit the validity
and generalizability of studies that have explored
safety and quality of services delivered by non-medical
endoscopists.

MATERIALS AND METHODS
Skill of endoscopy

Competent endoscopy has both procedural (manual
dexterity) and cognitive aspects. Procedural skills
refer to the ability of endoscopists to insert/withdraw
the endoscope, navigate the alimentary tract with
acceptable views and perform further actions such
as biopsy, polypectomy or other interventions.
Procedural (technical) competence necessitates that
these actions are executed in a timely manner that
exposes the patient to acceptable risk of complications.
Procedural or technical skill is generally measured
[2]
by direct observation of the procedure alongside
several quality indicators such as overall procedural
time, caecal intubation time, caecal intubation rate,
polyp/adenoma detection rate, depth of insertion,
adequacy of views on review of video footage, rate of
complications and patient satisfaction.
On the other hand, cognitive (or non-technical)
skill refers to the ability of endoscopists to perform
more complex tasks beyond the procedure itself.
These include: (1) recognizing and interpreting gross
pathology; (2) interpreting the patient’s clinical picture
in relation to endoscopic findings; (3) understanding
the patient’s current clinical risk and how this could
change with/without further endoscopic treatment;
(4) knowledge of any viable alternatives to endoscopic
procedures that could better serve the patient; (5)
recommending treatments/further investigations
appropriate to the severity of pathology seen; and
finally; and (6) understanding the indications and
contraindications for the proposed procedure.
These cognitive elements are important during the
composition of the report and any follow-up by the
endoscopists, as well as during the procedure itself.
By their nature, the cognitive aspects of endoscopy
do not lend themselves towards easy measurement,
especially when comparing competence between
study groups. Assessment of endoscopists’ reports by
consultant gastroenterologists (gold standard) after
review of video footage has been performed with some
merit, but assessment is often subjective and limited
to measuring sensitivity and specificity of detecting

Key words: Nurse endoscopist; Cost-benefit; Service
model; Patient satisfaction; Outcome parameter
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: A systematic review was performed to examine
the available evidence on safety, competency and costeffectiveness of nursing staff providing gastrointestinal
endoscopy services. Most studies conclude that after
appropriate training nurse endoscopists safely perform
procedures. Contrary to general beliefs, endoscopic
services provided by nurse endoscopists are not more
cost effective compared to standard service models
due largely to the increased need for subsequent
endoscopies, specialist follow-up and primary care
consultations. The empirical evidence that supports
non-physician endoscopists is limited to strictly
supervised roles in larger metropolitan settings and
mainly flexible sigmoidoscopy and upper endoscopy for
asymptomatic or low complexity patients.
Stephens M, Hourigan LF, Appleyard M, Ostapowicz G,
Schoeman M, Desmond PV, Andrews JM, Bourke M, Hewitt
D, Margolin DA, Holtmann GJ. Non-physician endoscopists:
A systematic review. World J Gastroenterol 2015; 21(16):
5056-5071 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/5056.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.5056

INTRODUCTION
Nurse endoscopy training and delivery of endoscopic
services was first reported in the United States more
[1]
than 35 years ago for flexible sigmoidoscopy (FS) .
Several studies soon emerged, confirming that nursing
staff with appropriate training and supervision could
adequately perform endoscopic procedures such as
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simple gross pathology .
Physician and surgical trainees in gastroenterology
and surgical specialities undergo extensive training
before providing independent endoscopic services. This
training addresses both the procedural and cognitive
aspects of endoscopy, with procedural competency
being obtained more rapidly compared to cognitive
competency, which requires years of comprehensive
clinical training. Indeed, many studies have shown that
a high level of procedural competency for FS is typically
achieved after around 100-200 supervised procedures,
with higher numbers needed for colonoscopy/upper
endoscopy.
This applies regardless of whether the trainees are
junior doctors, advanced trainees, fellows, or non[5-13]
physician personnel
. It is unlikely however, that
nurses and other non-physician endoscopists routinely
acquire the same level of cognitive competency as
physician endoscopists or other medically qualified
and trained staff. This cognitive aspect, intrinsic to
the procedure, requires the ability to make a wellreasoned decision within the context of the patient’s
full clinical picture, to take responsibility for decisions
made, to manage efficiently complications and to guide
subsequent follow-up. This is a style of thinking which
is fostered in physicians through years of training, yet
generally not taught in nursing education, which tends
to be more protocol based. On the other hand it might
be argued that these cognitive skills are not required
to perform a simple procedure, which requires a
clearly defined but limited set of skills. However, from
the perspective of the healthcare system as a whole,
one needs to examine not only the actual procedure,
but also all costs involved in its delivery, and this
necessarily includes an evaluation of cost-effectiveness
of the entire “episode of care”.
This systematic review aims to assess the current
evidence to support the provision of diagnostic or
therapeutic endoscopic services by trained nonphysicians including nurses, and the evidence
regarding cost-effective delivery of services that
meet patient needs. We specifically aim to assess:
(1) the evidence that non-physician endoscopists can
acquire the required procedural and cognitive skills
to deliver endoscopic services; (2) the cost-benefit
analysis of procedures performed by nurses and other
non-physicians as compared to medical and surgical
specialists, and (3) characterize the service models
that have been used so far.

each of the following electronic databases using each
of the above search terms individually: Cochrane
Library; MEDLINE; CINAHL; Google Scholar. The most
recent search was performed January 2014.

Eligibility and relevance

To be deemed eligible and relevant for inclusion in
the review, studies/articles must have described
or referred to non-medical personnel (i.e., nurses,
physicians assistants, technicians, non-medical
personnel or those not practicing as a doctor) being the
primary proceduralists for any form of gastrointestinal
endoscopy. Non-medical personnel needed to be
included in the review as there is discrepancy in the
terminology in literature. Studies that were solely
focused on capsule endoscopy or nurses assisting in
placing percutaneous endoscopic gastrostomy tubes
were excluded from the systematic search part of
the review. Studies were excluded if they were not
published in a peer-reviewed journal. All languages
and age ranges were included. There were no date
limits.

Data extraction

For all eligible studies, any entries that were identified
as “comments” on other articles were removed from
any analyses. The remaining articles were stratified
into “primary research measuring endoscopists’
performance” or “other”. For each primary research
study, the following information was extracted: author
names and year of publication, country of origin,
total number of procedures performed by nurses/
non-medical endoscopists, degree of supervision
of endoscopists, clinical setting, whether there was
true randomization of patients, number and type of
proceduralists, potential biases, outcome parameters
used by the study and important outcomes. If studies
referred to other pieces of research or articles that
were not discovered by the systematic search, but
were eligible and relevant, they were also included in
the review.

Statistical analysis

The number of publications (primary research or
otherwise) by year, publications by country and total
non-physician procedures reported were assessed.
The data were extracted from the identified primary
research articles independently by two of the authors
(MS and GH). These data were compared and
discrepancies assessed and agreement reached when
required. The review of the data also included an
assessment of the overall quality of the studies. For
this assessment, key criteria such as randomization,
concealment of randomization, the risk of selective
[14]
reporting and other relevant indicators of bias
and
study quality were assessed with the results tabulated
in keeping with the Cochrane Collaboration’s Risk of
Bias Assessment. A meta-analysis of the data was

Search strategy

We devised the following Boolean search terms:
nurse and endoscopist (“nurse and performed” or
“delivered”) or “nurse practitioner” and (“endoscopy”
or “colonoscopy” or “flexible sigmoidoscopy” or
“esophagogastroduodenoscopy”); (“non-medical” or
“non-physician” or “non-medical” or “non-physician” or
“physician assistant”) and “endoscopy”. We searched
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Peer reviewed entries
identified through database
searching (n = 69)

Additional peer reviewed
entries identified through
other sources (n = 5)

Comment entries excluded
from all data (n = 4)
Total entries identified (n = 74)

Screening

Non-performance primary
research entries (n = 42)

Included

Primary research entries measuring
performance of non-physician endoscopists
(n = 28)

Entries utilising same data
sets (n = 2)

Studies included in outcome
synthesis
(n = 26)

Figure 1 Flow chart of search methodology and article selection.

Publication activity and geographic distribution

not possible due to the heterogeneity of the studies.
Where original data were re-reported in second or
third publications, only the original data were included.

Publication activity was quantified using all 70
published papers and did not include “comment”
publications. Publication activity graphed by 3-year
periods (Figure 2) demonstrates a rapid increase in
publications between 1990 and 2001, peaking at 15
articles for the 3-year period 1999 to 2001. Over the
past 9 years, the rate has slowly decreased with fewer
than 10 publications in the last 3 years. This decline
is mirrored by a decline in documented procedures
performed by non-physician endoscopists (Figure 3).
Of note, 96% (2030/2080) of documented procedures,
and 75% (3/4) of original datasets in the last 3 years
have come from one (Dutch) research group. The
overall geographic distribution of publication activity is
demonstrated in Figure 4.

RESULTS
The literature search identified 74 publications, of
which 4 were identified as “comments” and removed
from any further analysis. Publications were dated
between March 1977 and September 2013. In these
70 studies, a total of 28883 non-physician endoscopies
had been documented. Twenty eight (40%) were
identified as primary research measuring endoscopists’
performance with definable outcome parameters. Two
studies re-reported original data and excluded leaving
26 studies suitable for further analysis (Figure 1 and
Table 1). Of these primary research studies there were
17476 documented non-physician endoscopies (n =
17476).

Non-physician endoscopy performance measures
and comparisons, service models and cost-efficiency
models

Quality indicators

Twenty eight articles were identified in literature
that measured the performance of non-physician
[19]
endoscopists (Table 1). Of these, Williams et al ,
[20]
[21]
Richardson et al
and Williams et al
used the
same datasets leaving 26 studies suitable for analysis.
Seventeen out of 26 original datasets related to FSs (n
= 12218), 5 to upper GI endoscopy (n = 2150) and 6
studies to colonoscopy (n = 2559). Several datasets
related to 2 types of procedures. 19% of all datasets

The key quality indicators of the studies are sum
marized in Table 2. There was a widespread lack of
randomization or blinding of concealment. In addition
some of these open, uncontrolled and unblinded
[5-7,10,12,15-18]
studies
appear to represent descriptive
“verifications” of training programs that were deve
loped. Overall the quality of these studies was very
limited.
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Setting

Metropolitan
Tertiary Centre,
United States

Metropolitan
Tertiary Centre,
United States

Metropolitan
Tertiary Centre,
United Kingdom

Metropolitan
Tertiary Centre,
United Kingdom

Metropolitan
Tertiary Centre,
United States

Metropolitan
Tertiary Centre,
United States

Metropolitan
Tertiary Centre,
United States

DiSario et al[15],
1993

Maule[7], 1994

Moshakis et
al[16], 1996

Duthie et al[6],
1998

Schoenfeld,
Cash et al[17],
1999

Schoenfeld,
Lipscomb et
al[10], 1999

Wallace et al[9],
1999

Rosevelt et al[8], Metropolitan
1984
Tertiary Centre,
United States
Schroy et al[4],
Metropolitan
1988
Tertiary Centre,
United States

Publication
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2323

151

114

205

50

1881

Yes

Yes

Yes

Not
specified

Yes

Yes

Yes

Yes

100

80

Yes

No

Yes

No

No

No

No

Yes

No

No

Potential biases

Outcome parameters

1 NE
2 PAs
15 GCs

3 NEs
4 GCs

Endoscopist selection bias
Patient selection bias
Level of assistance not documented
High threshold for detecting difference
in polyp detection rate
Endoscopist selection bias
Patient selection bias
Level of assistance not documented

Depth of insertion
Polyp detection rate
Complications

Polyp detection rate
Depth of insertion
Complications

Patient selection bias
Polyp detection rate
Endoscopist selection bias
Complications
Level of assistance not documented
1 NE
Patient selection bias
Polyp detection rate
Endoscopist selection bias
Concordance of findings
Level of assistance not documented
with expert opinion
Concordance criteria not given
5 NEs
Endoscopist selection bias
Insertion depth
5 GRs
Level of assistance not documented
Identification of anatomy
1 NE excluded due to incompetency
Complications
after training
Procedure time
Comparison of outcome groups for
Missed lesions
missed lesions not calculated
4 NEs
Endoscopist selection bias
Insertion depth
2 GCs
Complicated patient referred away
Complications
from NEs
Polyp detection rate
Level of assistance not documented
Patient satisfaction
1 NE
Endoscopist selection bias
Insertion depth
1 GC
Patient selection bias
“Quality and accuracy”
NE was compared to GC who
performed training
Level of assistance not documented
Method of quality scoring not given
1 NE
Endoscopist selection bias
Successful procedure
Patient selection bias
when compared to various
Criteria for “successful procedure” not other imaging modalities
given
1 NE
Endoscopist selection bias
Depth of insertion
3 GFs
Patient selection bias
Procedure time
3 Surgical
Level of assistance not documented
Polyp detection rate
Consultants
Patient satisfaction
Complications

1 NE

Supervision True randomization Procedurists
of patients?

825

Non-physician
proce-dures

Table 1 Summary table of all competency research regarding medical and nurse and other non-physician endoscopists

FS

FS

FS

FS

FS

FS

FS

FS

FS

Modality

GCs had significantly greater depths of
insertion compared with NE+PAs
Polyp detection rate similar between groups
(23%-27%)
No complications

Surgeons had less depth of insertion than NEs
or GFs
NEs had longer procedures than GFs or
surgeons
Polyp detection rate similar
No complications
Polyp detection rates similar between groups
(43%-45%)
GCs had much greater depth of insertion
No complications

93% of procedures considered “successful”

Insertion depth, quality and accuracy were
similar between comparison groups

GCs had significantly deeper insertion depths
Similar polyp detection rate
Similar patient satisfaction

Polyp detection rate of 36%
Video review showed k = 0.72 concordance
with GC
Nurse sensitivity = 75%, specificity = 94%
Polyp detection rate of 24%
Insertion depth, complications and procedure
time similar between groups
NEs missed more lesions and missed more
anatomy

Polyp detection rate of 8.7%
No complications

Outcome
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5000

25

1487

Metropolitan
Tertiary Centre,
United States

Jain et al[28],
2002

Meenan et al[29], Metropolitan
2003
Tertiary Centre,
United Kingdom

Smale et al[30],
2003

5061

Williams et
al[21], 2009

957

190

Meining et al[3],
Metropolitan
2007
Tertiary Centre,
United Kingdom

Nation-wide
Metropolitan
Tertiary Centres,
United Kingdom

69

Nielsen et al[12],
Metropolitan
2005
Tertiary Centre,
Denmark

Williams et
al[19], 2006

40

Metropolitan
Tertiary Centre,
United States

Wildi et al[22],
2003

488

Shapero et al[27], Metropolitan
2001
Tertiary Centre,
Canada

Metropolitan
Tertiary Centre,
United Kingdom

660

Metropolitan
Tertiary Centre,
United States

Schoen et al[26],
2000

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Not
specified

Yes

Yes

No

No

No

No

No

No

No

30 NEs
67 physicians
(not
specified)

2 NEs
Unknown
number of
physicians
2 NEs
1 GC
2 GRs
1 Physician
not specified
1 MC

1 NE
1GC

2 NEs
15 mixed
medical/
surgical
physicians

1 NE
4 GFs

Not specified
No
physicians

2 NEs

1 PE
1 GC
1 MC

Significantly higher numbers of
patients changed schedule from
physician to nurse (due

Endoscopist selection bias
Patient selection bias
Level of assistance not documented
Subjectivey, nurses tended to focus
on the entire examination whilst
physicians focused on the reason for
referral

Endoscopist selection bias
Patient selection bias
Level of assistance not documented

Endoscopist selection bias
Patient selection bias
Level of assistance not documented
Method of assessment not given

Endoscopist selection bias
Patient selection bias
Level of assistance not documented
Complicated patients excluded
Retrospective and prospective

Unknown endoscopists
Patient selection bias
Level of assistance not documented
No comparison
Endoscopist selection bias
Patient selection bias
Level of assistance not documented
Views by NE were limited to the
esophagus

Endoscopist selection bias
Patient selection bias Level of assistance
not documented

Endoscopist selection bias
Patient selection bias
Level of assistance not documented

Patient satisfaction
Adequacy of views
Depth of insertion
Endoscopic procedures
performed
Duration of examination
Complications

Adequacy of views for
entire procedure
Duration of procedure
Use of sedation

Patient satisfaction

Concordance of findings
with GC

Differences in sedation
Patient satisfaction

Adequacy of views obtain
by radial ultrasound by
endoscopy

Polyp detection rate
Complications
Depth of insertion
Procedure time
Polyp detection rate
No complications

Patient satisfaction

EGD

EGD

FS

EGD

EGD

EGD

FS

FS

FS

Patient satisfaction favoured nurses
No difference for depth of insertion
Nurses took biopsies for histology in upper
endoscopy and FS more frequently than
physicians.
There were more normal histology findings for
nurses

Nurses had twice the amount of adequate
views however took twice as long on average.
Nurses used sedation more frequently

Nurses had better patient satisfaction than
physicians

NE had sensitivity of 75% and specificity of
98% with GC as gold standard

No difference between groups for sedation or
patient satisfaction
Subjectively, nurses reporter fewer studies as
normal

NEs had consistently lower quality scores

No major complications polyp detection rate of
13.3%

Average depth of insertion 52.9 cm
8.4 min average procedure time
Polyp detection rate of 15.4%

Similar patient satisfaction between groups
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119

Metropolitan
Tertiary Centre,
HK
Metropolitan
Endoscopy
Centre, United
States

Multimetropolitan
tertiary centre,
Netherlands

Shum et al[18],
2010

de Jonge et al[33],
2012

162

50

26

Maslekar,
Metropolitan
Waudby et al[32], Tertiary Centre,
2010
United Kingdom

LimogesGonzalez et
al[44], 2011

308

Maslekar,
Metropolitan
Hughes et al[31], Tertiary Centre,
2010
United Kingdom

Not
specified

Yes

Yes

Yes

Not
specified

Yes

No (retrospective)

Yes

No

No

No

No

Endoscopist selection bias
Patient selection bias
Level of assistance not documented

1 NE
Endoscopist selection bias
Complications
1 PA/T
Patient selection bias
Patient satisfaction
Several
Level of assistance not documented
physicians NE and PA/Ts had less colonoscopies
not specified
more FS
1 Surgical
Endoscopist selection bias
Accuracy of endoscopists
Registrar
Patient selection bias
to gauge position in colon
1 PA/T
Level of assistance not documented
Patients needing resection excluded
1 NE
No comparison group
Mean procedure time
Depth of insertion
Complications
1 NE
Endoscopist selection bias
Adenoma detection rate
2 GCs
Level of assistance not documented
Caecal intubation rate
Caecal intubation time
Patient satisfaction
Sedation use
Complications
6 NEs
Data was retrospective review of
Overall caecal intubation
113 Staff not
reports
rate
specified
Adenoma detection rate
including
GCs, GFs,
surgeons,
MCs

2 NEs
1 GF
1 GC

Caecal intubation rate
Caecal intubation time
Complications
Patient satisfaction

300

Koornstra et
al[11], 2009

Metropolitan
Tertiary Centre,
Netherlands

Need for assistance
Need for subsequent
follow up and
investigation
Cost-benefit analysis

Richardson et
al[20], 2009

Col

Col

FS

FS

NEs and GFs and GCs found more adenomas
and had greater caecal intubation rates (94%)
than nongastroenterology staff, especially
surgical

9.4 min average procedure time
53.5 cm average depth of insertion
No major complications
Adenoma detection rate higher in NE (42%)
than GCs (17%)
All other parameters similar across both groups

PA/T accuracy of 70% with Registrars accuracy
of 80%, not statistically significant.

Similar caecal intubation rates/times (80%-90%)
between GF and NEs but much lower/longer
than GC after 150 procedures.
Patient satisfaction similar between GF and
NEs, less than for GC.
Similar complication rate.
Col and
No difference between all 3 groups
FS

Col

Nurses were more likely to report sedation
and procedural details whilst physicians were
more likely to report diagnosis and suggested
treatment.
Nurses took biopsies for H. pylori more
frequently
No major differences in final diagnoses
frequency between 2 groups.
No serious complications
Similar need for assistance.
Nurses had greater follow-up cost per
procedure whilst physicians had greater labor
costs per procedure.
Physicians had greater overall costs per
procedure but greater patient improvement.
Physicians were 87% more likely to be costeffective than nurse endoscopists.
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Multimetropolitan
tertiary centre,
Netherlands

Multimetropolitan
tertiary centre,
Netherlands

866

1000

Yes

Yes

No

No

7 NEs
8 GFs

10 NEs

Unassisted caecal
intubation rate
Withdrawal time
Adenoma detection rate
Assistance requirements
Patient satisfaction
Complications
Endoscopist selection bias
Unassisted caecal
NEs had significantly lower ASA scores
intubation rate
on patients
Caecal intubation time
Level of assistance not reported
Complications
Polyp detection rate

Endoscopist selection bias
Patient selection bias

Col

Col

Unassisted caecal intubation rate of 94%
23% of colonoscopies required assistance from
GC
Withdrawal time of 10 min
Adenoma detection rate of 23%
1 perforation and 1 onset of atrial fibrillation
95% of patients satisfied with procedure
Unassisted caecal intubation rate was
significantly lower 77% for NE than GFs (88%).
Polyp detection rate (45%), complications,
withdrawal and intubation times were similar
between groups.
Crude cost-analysis showed a saving of €7.61
per colonoscopy where 1 GC supervises 3 NEs.
Did not account for higher need for repeat
colonoscopies due to incomplete procedures

5063

Genuine cost-benefit analyses of non-physician endoscopists are scarce in the literature, although many articles claim non-physician endoscopists having a high
[5]
likelihood of providing a cheaper per-procedure service. A crude cost-benefit analysis by Massl et al suggested that a total saving of €7.61 (about USD10.39) per
procedure could be achieved with a model of 1 senior gastroenterologist supervising 3 active nurse endoscopists. However these costs did not account for the total
episode of care including follow-up procedures, follow-up consultations, histology and other factors. This is important given the likelihood that a procedure performed
by a nurse endoscopist will require further follow-up for disease management. Indeed, a cost-benefit analysis from the United Kingdom took most of these factors into
[19-21]
consideration in a national randomized National Health Service (NHS) based dataset
where 30 experienced nurse endoscopists performed both upper endoscopies
and FS, but not colonoscopy (957 non-physician procedures). While physicians were more expensive per hour (£1.82/min vs £0.53/min), nurse endoscopists had
significantly increased need for subsequent endoscopy, specialist follow-up and primary care follow-up at 1 year following their procedures. This lead to higher overall

Cost-efficiency

were from randomized patients (n = 1428); 64% of the original datasets were created utilizing ≤ 2 non-physician endoscopists (n = 5056). Eighty seven of the 91 (96%)
non-physician endoscopists were nurse endoscopists. All studies were from centres in metropolitan regions with nurses working under strict supervision and guidance
of gastroenterologists. It is important to note that all studies were conducted at tertiary hospitals or university centres in metropolitan locations. There are no data on
unsupervised practice outside these closely monitored and well-defined settings.
Studies varied with regard to measures of procedural competence and outcome, however most used polyp/adenoma detection rate (FS and colonoscopy), insertion
depth (FS), complications, patient satisfaction, procedure time and caecal intubation time/rate (colonoscopy). Studies attempting to measure cognitive competence
[4]
[16]
[22]
[19]
were limited to Schroy et al ; Moshakis et al and Wildi et al . Williams et al assessed post-procedural reports but not for content, only for the presence of specific
details included on the report.
The available data do not allow a direct comparison or meta-analysis of the procedural performance of medical specialist and nurse endoscopists since the
assessments were not standardized. In addition, substantial methodological limitations reduce the validity of results. For example, in studies comparing nurse and
medical or surgical endoscopists, patients were seldom randomly allocated. However, based upon the data presented it appears reasonable to conclude that after
appropriate training nurse endoscopists (and other non-medical staff) can perform specific endoscopic procedures under appropriate supervision by a medical or
surgical specialist and within well-defined settings.

Col: Colonoscopy; EGD: Esophagogastroduodenoscopy; FS: Flexible sigmoidoscopy; NE: Nurse endoscopist; GF: Gastroenterology fellow; GC: Gastroenterology consultant (attending); GR: Gastroenterology registrar/resident;
PA/T: Physician’s assistant or technician; MC: Medical (non-gastroenterology) consultant.

Massl et al[5],
2013

van Putten et
al[34], 2012
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No randomization

Maule[7], 1994
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No randomization

Schoenfeld et al[10],
Randomization of veterans referred for
1999
flexible sigmoidoscopy. Computer generated
randomization

Schoenfeld et al[17], No randomization, patients allocated to the
1999
‘first available provider’

Duthie et al[6],
1998

No randomization, no comparator

Computer generated randomization

DiSario[15], 1993

Moshakis et al[16],
1996

No randomization, review of videotape

No randomization

Sequence generation

Schroy et al[4],
1988

Rosevelt[8], 1984

Publication

No

No

No

Not
specified

Not
specified

Not
specified

No

No

Allocation
concealment

unknown

No

No

No

No

No

No

Blinding of participants,
personnel and outcome
assessors
No

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

Incomplete
outcome data

Justifies the implemented clinical
service model.

Report describes the successful
training of one (1) nurse
endoscopist
Evaluation of a training program
that was developed and
implemented by the authors
(self-fulfilling prophecy)
No evidence

Likely, report was intended to
describe a successful training
program
Report of an established service
model. Review of videotapes
Quality assurance
Aim was to demonstrate that
“.registered nurses could be
trained to perform the flexible
sigmoidoscopy in a similar to
resident physicians’
The study was done to
confirm that training of nurse
endoscopists is feasible.

Selective outcome reporting

Table 2 Assessment of the risk of bias assessments for studies included into this systematic review and key characteristics of data analysis

Not evident

Not evident

Other sources of bias

Several outcome
parameters
specified, but
no hypothesis
tested, no power
calculation for
equivalence.
Several outcome
parameters listed,
but no specific
hypothesis,
power calculation
provided
(to identify
differences, but
not targeting
equivalence)

No hypothesis, no
power calculation

Not powered
to demonstrate
equivalence, no
formal power
calculations
Hypothesis
defined (no
difference), no
power calculation
for equivalence
study, oucome
parameters not
specified a priori
No hypotheses, no
statistical analysis

No statistics

Study hypothesis
and power
calculation
No hypothesis, no
statistics
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No randomization

No randomization

Shapero et al[27],
2001

Jain et al[28], 2002

Meenan et al[29],
2003
Smale et al[30],
2003
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Koornstra et al[11],
2009

Williams et al[21],
2009
Richardson et
al[20], 2009

Williams et al[19],
2006

Nielsen et al[12],
2005
Meining et al[3],
2007

It is stated that patients were randomly
allocated, no information is given on
allocation. Proportion of inpatients lower
in the nurse group. No evidence for ethic
approval or consent of patients. Training of
nurse and medical staff was not identical

Randomization of patients to nurse or
physician endoscopy

No

No

No

No details in relation to the randomization
process are provided. Patients unequally
allocated to endoscopist or nurse

No

No

No

No

No

No

No

No

No

No

No

No

Unknown

No

No

No

No

No

No

No randomization

No randomization, part one retrospective
analysis of endoscopy data base, second part
prospective data collection
Wildi et al[22], 2003
No randomization

Schoen et al[26],
2000

No randomization, nurse-coordinator
assigned eligible patients to a physician or
non-physician endoscopists based upon
‘daily staffing assignments and patient time
preference’
No randomization

Wallace et al[9],
1999

No information
provided

No hypothesis
stated, no power
calculation

Sequential procedures Nurse
endoscopist followed by
physyician, potential effect of
sequence.
Quality assurance of existing
training program
Review and justification of
clinical practice

Review and justification of
clinical practice

Multiple endpoints reported

Only patients suitable to be serviced
by nurse endoscopists included.
Numerically more patients from the
nurse cohort were lost of follow-up
without specified reasons (286 vs 269).
A trend for more patients with weight
loss in the physicians cohort, more
patients in the physicians’’ cohort had
previously barium enema (suggesting
more chronic or relapsing symptoms)
The authors developed a training
program and with their data they aimed
to confirm that their training program
delivered (self-fulfilling prophecy).

Primary outcome parameter was
stated as “appropriate diagnosis”, this
outcome parameter was not reported.

Not powered to
verify equivalence

Authors make
reference to
required sample
sizes. Total
number of patients
completed was
below the required
sample size

Not done

Not done

Not done

Not done

Gender distribution of patients was not
No hypothesis
equivalent across examiners, and the
stated, no proper
nurse practitioner did not have trainees power calculation
working with her.
Data justify the implemented Data are generated in the setting of CRC
Not done
clinical practice
screening with flexible sigmoidoscopy,
highly selective cohort.
Justification of implemented
CRC screening utilizing flexible
Not done
clinical practice
sigmoidoscopy, selective cohort
Assessement of training progress
Not done

Study targeted to demonstrate
the good tolerability of flexible
sigmoidoscopy

Justifies the implemented clinical
service model.

Reported but
uneven numbers
of ‘Randomization
failures (33 vs
0). Considerable
number of patients
excluded (only 367
out of 641 reported)
Properly reported Primary outcome parameter not
related to endoscopic. Measured
with Gastrointestinal Symptoms
Rating scale up to one year after
procedure

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified

Not specified
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No randomizatiom, no comparator

It is stated that patients were randomly
allocated, no information is given on
allocation.

Routine quality data were used, no
randomization.

Shum et al[18], 2010

LimogesGonzalez et al[44],
2011

de Jonge et al[33],
2012
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It is stated that patients allocated by
administrative staff, endoscopists assigned to
lists randomly based on availability

No

No

No

No

No

No
information
given

No

No

Not reported

No

No

No

No

No

Incomplete
Study justifies an implemented The instrument was unlikely to detect
No power
response data
service model that aims to
group differences. Variable mixture
calculation
cited as reason for
address shortage of medical
of flexible sigmoidoiscopy and
exlusion (48/561
specialists
colonoscopy across groups
excluded), no
intention to treat
analysis
Not reported
Justifies implemented service and For flexible sigmoidoscopies the validity
No power
training model
of the endoscopists impression of
calculation
maximal extension was tested. A priori
unlikely to identify difference.
No information
Justifies the implemented
No
provided
training model
No information
Justifies the implemented service
Postprocedure questionnaire was
No power
provided
model
administered after (at least) 30 min of
calculation
recovery. Drug effects likely to blunt
potential differences
No information
Data were partly retrospective
?
No power
provided
data, partly prospective data, no
calculation
justification given.
Not specified
Justifies and implemented service Significant differences in comorbidities
No power
model
(more severe in the Gastroenterologists
calculation
group), differences in source of referral.
Outcome assessment limited to
immediate salary comparisons not total
costs including pathology and followup.
79/2025 procedures Justifies the implemented service
Patients younger than 18 years or
Power calculation
not included due to
model
referred for therapeutic procedures
done.
drop out of 1 nurse
were excluded from the nurse
Appropriate
endoscopist for
endoscopist group only. Drop out of numbers achieved.
unspecified reasons
nurse endoscopist not justified.

The role of the nurse endoscopist initially arose to meet the burgeoning demand for endoscopies in the face of a severe shortage of physician endoscopists, first in the
United States and later in the United Kingdom. To this day, the demand for endoscopic procedures continues to rise, due largely to the demographic changes associated
[23,24]
[25]
with an ageing population
and the widespread introduction of colorectal cancer screening programs . Additionally, it has been suggested that non-physician
endoscopists could contribute to the much-needed provision of endoscopic services in the underserved rural and remote locations. Thus this systematic review was

DISCUSSION

costs being calculated as £53 per procedure in the non-physician group. They also found that patients who underwent a physician procedure had on average a greater
gain of 0.0153 quality adjusted life years, based on responses from patient surveys. Their final conclusion was that at a price of £30,000 per QALY, the accepted NHS
value, physicians were 87% more likely to be cost-effective 1 year after upper endoscopy or FS compared to nurse endoscopists.

Red cell = high risk of bias, yellow cell = unclear risk of bias, green cell = low risk of bias. CRC: Colorectal cancer.

Massl et al[5], 2013

van Putten et al[34], Allocation of patients by secretatial staff, no
2012
randomization

No randomization

Patients were allocated by administrative
staff into the nurse or medical specialist
group.

Maslekar et al[32],
2010

Maslekar et al[31],
2010
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1990-92

1987-89

1984-86

Time-period

Figure 2 Number of peer reviewed publications since 1975. The number of
publications peaked in 1991-2001 and continues to decline since that time.

Figure 3 Number of procedures documented per 3 year time period.

nurse endoscopists, and 90% of these were limited
to esophagogastroduodenoscopies (EGDs) and FSs.
However, the response rate to this survey was modest
with 176 respondents from 292 (60%) surveyed
hospitals. As a consequence, the results are likely to
be subject to bias.
[36]
In the United States, Sharma et al found that nonphysician endoscopists performed 3.1% of EGDs,
2.2% of colonoscopies and 4% of FSs. Given that
their response rate was only 2%, the true rate is
likely to be much lower than this figure. The reason
for the relatively limited uptake of nurse endoscopists
remains unclear. However, considering that the nurse
endoscopist’s role was initially developed in the United
States yet they perform only a small fraction of all
endoscopies, it would appear that there are major
flaws with the application of this service model.
While reimbursement regulations may be the reason
why nurse endoscopists are not contributing more
substantially to service delivery, it appears that inferior
cost-efficiency of nurse endoscopies is the reason for
this minimal impact on service delivery.
From the data in Table 1, it is reasonable to conclude
that there is evidence to support nurse endoscopists,
and to a lesser extent, other non-physician endoscopists,
in performing these procedures. However, there are
clearly limitations. Nurses frequently had statistically
[7-10]
significant shorter depths of insertion
but without
effects on polyp or adenoma detection rates. Patient
satisfaction, procedure times and complication rates were
comparable when performed by physicians compared
to non-physicians. It should be noted however, that
complication rates of endoscopic procedures are
low and are mostly related to interventions such as
polypectomy. A recent large French study utilising
a sample of approximately 100000 colonoscopies
reported between 4.5 and 9.7 perforations per
[37]
10000 colonoscopies . Complications rates for
[38,39]
sigmoidoscopies are substantially lower
. With less
than 18000 documented non-physician endoscopies

conducted to assess the available evidence supporting
the role of nurse endoscopists.
Our analysis suggests that under supervision by
medical specialists non-physician endoscopists can
perform GI endoscopy to a satisfactory standard;
however this model of care does not seem to be cost
efficient when compared with traditional physician
service models. In addition, the studies have significant
shortcomings and biases that limit their validity and
generalizability. Most studies that addressed patient
satisfaction and other endoscopic procedural (technical)
competencies (for example, completion of procedure)
were hampered by significant limitations such as lack
of randomization, biased patient recruitment and
[4-9,11,12,16-18,22,26-34]
allocation
and other methodological
problems. With regard to potential general relevance
of the available data, it must be noted that all studies
were conducted in metropolitan centres. There
are no data supporting safety and appropriateness
of endoscopic services provided by non-medical
endoscopists without close supervision outside of
metropolitan centres. Thus, suggestions of improving
endoscopic service provision at remote or rural sites by
employing nurse endoscopists are unsubstantiated by
any published data.
In this systematic review on non-physician endoscopy
we ultimately identified 26 original datasets that
were suitable for analysis. Of note, most studies were
conducted prior to 2001 with a subsequent decline in
total publication activity (Figure 2). Further, 96% of
documented procedures performed by non-physician
endoscopists in the past 3 years originated from two
Dutch metropolitan tertiary centres. This apparent
global decline in interest is supported by various
surveys that show uptake of non-physician models
is poorer than expected in the United States and
United Kingdom, despite an increase in demand for
[35]
endoscopies. Pathmakanthan et al
found that 42%
of responding United Kingdom hospitals employed
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Providing endoscopic services is more than mastering
the technical skills required to safely advance the
scope. Lesion recognition in the context of the full
clinical picture and decision making with regard to
the overall management of the patient are critical
components of patient care. There are no good
data to support the performance of non-physician
endoscopists with regard to these cognitive aspects
of endoscopic procedures. If the detection of gross
pathology could be perceived as a measure of cognitive
[4]
competence, a study by Schroy et al showed that
nurse endoscopists performing sigmoidoscopies
had a poor sensitivity (75%) while specificity (94%)
was acceptable when compared with a consultant
gastroenterologist’s findings as the gold standard.
Further evidence is required before non-physician
endoscopists can be considered as being “competent”
in endoscopy. Recognising relevant lesions and
making clinical decisions in the context of the patient’
s full clinical picture is critical to deliver efficient and
meaningful services.
Cost-benefit analyses are a way to assess the
efficiency of services and genuine analyses on nonphysician endoscopists are scarce in the literature. A
[5]
crude cost-benefit analysis by Massl et al suggests
that a total saving of €7.61 per procedure could
be achieved with a service model of three nurse
endoscopists supervised by a gastroenterologist.
However this did not account for differences in the
costs of disease management including, follow-up
procedures, follow-up consultations, expenditure
for consumables and pathology. Indeed, nurse
endoscopists take more biopsies than physicians
(34.7% vs 26.5%, P < 0.007), with no additional
[19]
detection of pathology . Unsurprisingly, nurses had
far greater levels of normal histology results than
[19]
physicians (P < 0.0001) .
The sole genuine cost-benefit analysis in literature
[19-21]
was a randomized study in the United Kingdom
.
This study involved 30 nurse endoscopists performing
both EGD and FS. Although the physicians’ salaries
were higher (£1.82/min vs £0.53/min), patients
examined by nurse endoscopists had an increased
need for subsequent endoscopies, specialist followup and primary care follow-up after the procedure.
Thus the study concluded that at a price of £30000
per QALY, the accepted National Health Service value,
physicians were more likely to be cost-effective one
year after the procedure. This cost-benefit analysis
did not take into account expenditure and loss of
consultant time in training and supervising nurses, the
increase in follow-up non-endoscopic investigations
or increased expenditure for the required followup of biopsies. Based on the conservative estimates
from the study, and the above mentioned additional
unaccounted costs of nurse endoscopists, physician
endoscopists appear to be more cost-effective than
nurse endoscopists. While there is anecdotal evidence
from individual sites that some nurse endoscopists
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with safety data available and the majority of pub
lished studies focusing on low risk sigmoidoscopies,
firm conclusions in relation to safety of endoscopic
procedures done by nurse endoscopists cannot be
made.
With regards to colorectal cancer prevention,
[40-43]
colonoscopy is now the best endoscopic modality
.
With regards to studies focussed on colonoscopies,
there are two major Dutch studies. van Putten et
[34]
al
found that nurse endoscopists could eventually
reach an unassisted caecal intubation rate of 94%,
however 23% of procedures still required a physician’
s assistance, 10 nurse endoscopists had an adenoma
detection rate of 23%. There was 1 perforation from
the 1000 procedures. The second Dutch study (Massl et
[5]
al ) found that newly trained nurse endoscopists had
a significantly lower caecal intubation rate compared to
newly trained gastroenterology fellows (77% vs 88%,
P < 0.05), yet procedure times and complication rates
were similar. The smaller Dutch study found that nurse
endoscopists and gastroenterology fellows/consultants
had a similar overall caecal intubation rate, although
[33]
levels of assistance were not documented . The
only recent non-Dutch study came from a University[44]
based endoscopy clinic in the United States . Their
sole nurse endoscopist had an adenoma detection rate
of 42%, vs 17% for 2 gastroenterology consultants.
These findings were not replicated in any other
colonoscopy or flexible colonoscopy study, which
all demonstrated similar adenoma/polyp detection
rates between non-physicians and physicians. Given
the small number of patients and low number of
proceduralists, this study is likely an outlier from the
norm. Certainly, large trials in the United States have
shown that adenoma detection rates in Universitybased endoscopy clinics can vary between 15.7% and
[45]
46.2% .
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may work well in defined settings, the available data
from larger studies does not support the assumption
that the nurse endoscopy model is a more cost
efficient service model.
While the salary of a nurse endoscopist might be
lower as compared to a fully qualified specialist, it
could be expected that services provided by nurse
endoscopists are more cost efficient. However, the
data point to the opposite. It is evident from the
published data that the provision of endoscopic
services is a multi-step process that includes a
complex combination of patient-centred technical and
non-technical cognitive skills. So far the assessment of
endoscopic services delivered by nursing or other nonphysician staff appears to be focussed on the technical
aspects of procedures, rather than clinical gain of
the procedures. This focus on technical/procedural
aspects is appropriate to ensure safe service delivery.
However, the implementation of nurse endoscopists
to improve the delivery of endoscopy services is not
cost-effective when compared with services delivered
by specialists. This is most likely due to the cognitive
aspects of service delivery. The comprehensive training
of medical specialists appears to result in more cost
effective service delivery.
When the model of nurse endoscopists was initially
introduced in the United States and the United Kingdom
the primary aim was to address the shortage of
medical or surgical endoscopists. In most countries
this is currently not the key problem; inappropriate
funding, lack of infrastructure or issues of productivity
and quality are the capacity limiting factors. Based
upon the available evidence it is highly unlikely that
the introduction or the increased use of nurse or
other non-medical endoscopists will improve access
to quality endoscopic services and improve the cost
efficiency of delivery of endoscopic services.
Based upon the available anecdotal evidence and
the data it appears that nurse endoscopists might
be suitable to address shortages of workforce if
they are imbedded into larger teams of specialists in
metropolitan centres focusing on the delivery of less
complex procedures such as follow-up surveillance
procedures. However, before this is accepted as
the appropriate setting for nurse endoscopists, the
implications for training and overall productivity of
services need to be properly explored, particularly in
relation to colonoscopy and video capsule endoscopy
where there are only limited reports on the use
of non-physician endoscopists performing these
[46-50]
procedures
.
More data are obviously required. Besides the need
to assess and improve the ability of nurse endoscopists
to effectively contribute to the service delivery, it is
necessary to explore all potential avenues that are
suitable to provide cost efficient quality services to
patients. This may include novel models of multiprofessional teamwork, better integrated and focussed
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training of other professional groups such as General
Practitioners for non-metropolitan (rural) settings to
provide core endoscopic services to populations that
are currently not properly serviced by specialists.

CONCLUSION
Most studies assessing training and performance of nonphysician endoscopists have substantial methodological
limitations. Studies were often uncontrolled, without
random patient allocation and open to bias (selection
and reporting bias). In all studies, nurse and other
non-physician endoscopists worked only within a
multidisciplinary team with strict supervision from a
qualified physician or surgeon endoscopist.
With regard to cognitive competences in relation
to the delivery of endoscopic services, nurses appear
to perform less well than medical endoscopists. This
emphasizes the need to work in teams with close
supervision. In relation to cost-efficiency, nurse and
non-physician endoscopists are probably less costeffective than medical endoscopists. This is related to the
increased need of follow-ups and reflects the cognitive
component. More research is needed in this area.
All available data are from large and metropolitan
centres. There is no evidence to suggest that the delivery
of endoscopic services outside large metropolitan centres
with several procedure rooms running in parallel benefits
service delivery or is a safe option.
While nurse endoscopists may increase the capacity
of endoscopic services when imbedded into larger
endoscopic units, this does not appear to be a costefficient option as compared to traditional service models.
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METHODS: All randomized controlled trials of bevacizumab
for the treatment of colorectal cancer from January
2003 to June 2013 were collected by searching the
Cochrane Library, PubMed, Chinese National Knowledge
Infrastructure and Wanfang databases. The primary
endpoint was overall survival (OS), and the secondary
endpoints were progression-free survival, overall
response rate and adverse events. Two reviewers
extracted data independently. Statistical analyses were
performed with Stata 12.0. The degree of bias was
assessed using funnel plots for the effect size of OS at
the primary endpoint.
RESULTS: Following the inclusion criteria and exclusion
criteria, ten studies comprising 6977 cases were finally
included, of which nine were considered to be of
high quality (4-7 points) and one of low quality (1-3
points). Our meta-analysis revealed the efficacy of
bevacizumab in patients with colorectal cancer in terms
of OS (HR = 0.848, 95%CI: 0.747-0.963), progressionfree survival (HR = 0.617, 95%CI: 0.530-0.719),
and overall response rate (OR = 1.627, 95%CI:
1.199-2.207). Regarding safety, higher rates of grade
≥ 3 hypertension, proteinuria, bleeding, thrombosis,
and gastrointestinal perforation were observed in the
bevacizumab treatment group (P < 0.05); however, the
incidence of serious toxicity was very low. There was
no publication bias in the 10 reports included in this
meta-analysis.
CONCLUSION: The clinical application of bevacizumab
in colorectal cancer is effective with good safety.
Key words: Bevacizumab; Colorectal cancer; Clinical
application; Randomized controlled trials; Meta-analysis

Abstract

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

AIM: To assess the efficacy and safety of bevacizumab
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Core tip: Bevacizumab combined with chemotherapy
can provide a significant survival advantage in patients
with colorectal cancer. Despite the increased risk
of hypertension, proteinuria, bleeding, thrombosis,
gastrointestinal perforation and other adverse events,
bevacizumab combined with chemotherapy deserves
further promotion in future clinical work due to its low
incidence of serious adverse events, excellent overall
tolerance and good safety.

Quality evaluation of included literature

The quality of the included literature was appraised
[5]
and graded according to a modified Jadad scale
as follows: 1-3 points, low quality; 4-7 points, high
quality.

Data extraction and analysis

Hazard ratios (HRs) and odds ratios (ORs) were
selected for the combined statistics of time-toevent data and combined statistics of the selected
data, respectively. The heterogeneity analysis was
performed before combining data (heterogeneity was
2
quantitatively analyzed using I ): heterogeneity was
2
considered mild when I < 25%; moderate when 25%
≤ I2 < 50%; great when 50% ≤ I2 < 75%; and high
2
when 75% ≤ I < 100%. The combined analysis using
Stata12.0 software was performed for the data with
low to moderate heterogeneity; descriptive analysis
was performed for the data with high heterogeneity.
The degree of bias was assessed using funnel
plots for the effect size of overall survival (OS) at the
primary endpoint.
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INTRODUCTION
Bevacizumab (BV) is a monoclonal antibody specific
for recombinant humanized vascular endothelial
growth factor (VEGF). It binds to VEGF and prevents
its interaction with VEGF receptors (VEGFR-1 and
VEGFR-2), mediating inhibition of growth in a variety
of tumors. In previous large-scale clinical studies, the
survival benefit of bevacizumab therapy for colorectal
cancer has proved controversial, and increased risk
of hypertension, proteinuria, thrombosis, bleeding,
[1-4]
and gastrointestinal perforation has been found .
Therefore, we conducted this meta-analysis of data
collected on bevacizumab in the treatment of colorectal
cancer to assess its efficacy and safety.

RESULTS
Retrieval results

A total of 789 publications were retrieved. After
reading the titles and abstracts, 681 reports of nonrandomized controlled studies or those that were
unrelated to our purpose were excluded. By reading
the full texts of the remaining publications, eventually
[6-15]
10 randomized control studies
were included in
accordance with the inclusion and exclusion criteria.
Of these, nine reports were considered to be of high
[6,7,9-15]
quality (4-7 points)
and one of low quality (1-3
[8]
points) . The 10 studies comprised 6977 cases in
total, of which 3535 were from treatment groups and
3442 from control groups. The characteristics of the
included data are shown in Table 1 and the flow chart
in Figure 1.

MATERIALS AND METHODS
Inclusion and exclusion criteria

Inclusion criteria were: (1) histologically confirmed
colorectal cancer by pathology; (2) 0-2 points
according to Eastern Cooperative Oncology Group
(ECOG) score standard; (3) expected survival of
more than three months; (4) older than 18 years of
age; and (5) qualified hematology, liver and kidney
function.
Exclusion criteria were: (1) non-randomized
controlled trials; and (2) failure to comply with any of
the above inclusion criteria.

Main efficacy

Effect of bevacizumab on OS: OS data were provided
[6-15]
in 10 studies
, of which four suggested that
[8,12,13,15]
bevacizumab prolonged OS
, five suggested
[6,7,9-11]
that bevacizumab had no effect on OS
, and
one study suggested that bevacizumab treatment
[14]
was associated with shortened OS . The combined
analysis of the 10 studies suggested moderate
2
heterogeneity (I = 71.5%), and a combined HR of
0.848 (95%CI: 0.747-0.963, P = 0.011) was obtained
using a random-effects model (Figure 2).

Intervention measures

Bevacizumab + chemotherapy vs placebo (or blank
control) + chemotherapy.

Retrieval strategy

Searches were performed for data recorded between
January 2003 and June 2013 in the Cochrane Library,
PubMed, Chinese National Knowledge Infrastructure
and Wanfang databases. Additional references for the
included literature were retrieved subsequently.
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Effect of bevacizumab on progression-free survival:
progression-free survival (PFS) data were provided
[7-15]
in nine studies
, of which eight suggested that
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Table 1 Baseline characteristics of the included studies
No. of cases (control group/treatment group)

Bevacizumab treatment regimen

Modified Jadad score

Kabbinavar et al[9]
Kabbinavar et al[10]
Tebbutt et al[11]
Stathopoulos et al[6]
Saltz et al[7]

104 (36/68)
209 (105/104)
312 (156/156)
224 (108/114)
1400 (701/699)

4
5
4
4
6

Hurwitz et al[12]
Giantonio et al[8]
Guan et al[13]
de Gramont et al[14]
Bennouna et al[15]

813 (411/402)
577 (291/286)
214 (72/142)
2306 (1151/1155)
820 (411/409)

5 mg/kg or 10 mg/kg every 14 d
5 mg/kg every 14 d
7.5 mg/kg every 21 d
7.5 mg/kg every 21 d
5 mg/kg every 14 d
or 7.5 mg/kg every 21 d
5 mg/kg every 21 d
10 mg/kg every 14 d
5 mg/kg every 14 d
5 mg/kg every 14 d
5 mg/kg every 14 d or 7.5 mg/kg every 14 d

Identification

Ref.

Records identified through
database searching
(n = 789)

4
3
4
4
5

Additional records identified
through other sources
(n = 0)

Eligibility

Screening

Records after duplicates removed
(n = 789)

Records screened
(n = 789)

Records excluded
(n = 681)

Full-text articles assessed for
eligibility (n = 108)

Full-text articles excluded, with
reasons (n = 98)

Included

Studies included in qualitative
synthesis (n = 10)

Studies included in quantitative
synthesis (meta-analysis)
(n = 10)

Figure 1 Flow chart: The number of articles in each step.
[7-13,15]

[6-13,15]

bevacizumab prolonged PFS
, and one suggested
[14]
that bevacizumab treatment shortened PFS .
Combined analysis showed high heterogeneity of
2
nine studies (I = 85.2%); thus only one study using
[14]
adjuvant postoperative chemotherapy
resulting
in potential heterogeneity was eliminated. The
[7-13,15]
combined analysis of the remaining eight studies
revealed that heterogeneity fell to a moderate level
2
(I = 70.5%), and a combined HR of 0.617 (95%CI:
0.530-0.719, P < 0.001) was obtained using a
random-effects model (Figure 3).

nine studies
. Among these, the response rates
in the bevacizumab treatment and control groups
were 33.5% and 28.3%, respectively. Combined
analysis showed moderate heterogeneity for nine
2
studies (I = 73%), and a combined OR of 1.627
(95%CI: 1.199-2.207, P = 0.002) was obtained using
a random-effects model (Figure 4).

Side effects

Effect of bevacizumab on hypertension (≥ grade
3): Data for the incidence of hypertension were provided
[7-15]
in nine studies
. The incidence of hypertension in the
treatment and controls groups was 7.53%, and 1.32%,
respectively. The heterogeneity of the combined results

Effect of bevacizumab on overall response rate:
overall response rate (ORR) data were provided by

WJG|www.wjgnet.com
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Study ID

HR (95%CI)

Kabbinavar 2003

0.86 (0.51, 1.21)

Kabbinavar 2005

0.79 (0.56, 1.10)

7.44

Tubutt 2010

0.88 (0.68, 1.13)

9.63

Stathopoulos 2010

1.05 (0.81, 1.36)

9.48

Saltz 2008

0.89 (0.79, 1.00)

13.78

Hurwitz 2004

0.66 (0.59, 0.81)

12.58

Giantonio 2007

0.75 (0.63, 0.89)

12.13

Guan ZZ 2011

0.62 (0.41, 0.95)

5.77

Gramont 2012

1.27 (1.03, 1.57)

10.93

Bennouna 2013

0.81 (0.69, 0.94)

12.7

0.85 (0.75, 0.96)

100.00

2

Overall (I = 71.5%, P = 0.000)

%Weight
5.57

Note: Weights are from random effects analysis
0.5

1

1.5

HR

Figure 2 Forest plot of meta-analysis: Effect of bevacizumab on overall survival.
Study ID

HR (95%CI)

Kabbinavar 2003

0.54 (0.33, 0.88)

Kabbinavar 2005

0.50 (0.34, 0.73)

8.95

Tubutt 2010

0.63 (0.50, 0.79)

14.08

Saltz 2008

0.83 (0.74, 0.93)

18.52

Hurwitz 2004

0.54 (0.37, 0.78)

9.20

Giantonio 2007

0.61 (0.50, 0.74)

15.38

Guan ZZ 2011

0.44 (0.31, 0.63)

9.72

Bennouna 2013

0.68 (0.59, 0.78)

17.61

0.62 (0.53, 0.72)

100.00

2

Overall (I = 70.5%, P = 0.001)

%Weight
6.55

Note: Weights are from random effects analysis
0.5

1
HR

1.5

Figure 3 Forest plot of meta-analysis: Effect of bevacizumab on progression-free survival.
2

was moderate (I = 40.9%), and a combined OR of 4.982
(95%CI: 3.069-8.087, P < 0.001) was obtained using a
random-effects model (Figure 5).

using a fixed effects model (Figure 7).
Effect of bevacizumab on thrombosis (≥ grade
3): Data for the incidence of thrombosis were provided
[7-9,11,13-15]
in seven studies
. The incidence of thrombosis
in the treatment and control groups was 5.20%
and 5.83%, respectively. The meta-analysis results
indicated that the heterogeneity of the combined
2
results was high (I = 88.3%). The sensitivity analysis
was performed using the exclusion method. After
eliminating the study reported by de Gramont et
[14]
2
al , the heterogeneity fell to I = 0.0%. The high
heterogeneity of these data was due to this study
being conducted in postoperative patients; therefore,
it was impossible to exclude the effects of the use
of anticoagulants or hemostasis in the perioperative
period on incidence of thrombus. By using a fixed
effects model for the remaining six studies, the
combined OR was 1.685 (95%CI: 1.262-2.249, P <
0.001) (Figure 8).

Effect of bevacizumab on proteinuria (≥ grade
3): Data for the incidence of proteinuria were provided
[7,8,10-14]
in seven studies
. The incidence of proteinuria
in the treatment and control groups was 0.89% and
0.18%, respectively. The combined results presented
2
little heterogeneity (I = 0.0%), and a combined OR of
3.856 (95%CI: 1.681-8.848, P = 0.001) was obtained
using a fixed effects model (Figure 6).
Effect of bevacizumab on bleeding (≥ grade
3): Data for the incidence of bleeding were provided
[7-15]
in nine studies
. The incidence of bleeding in the
treatment and control groups was 1.77% and 1.04%,
respectively. The combined results presented low
2
heterogeneity (I = 15.3%), and a combined OR of
1.933 (95%CI: 1.279-2.922, P = 0.002) was obtained

WJG|www.wjgnet.com
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Study ID

OR (95%CI)

Kabbinavar 2003

2.39 (0.87, 6.59)

Kabbinavar 2005

1.95 (0.98, 3.89)

9.22

Tubutt 2010

1.42 (0.87, 2.31)

12.05

Stathopoulos 2010

1.23 (0.71, 2.11)

11.25

Saltz 2008

0.93 (0.75, 1.14)

16.12

Hurwitz 2004

1.52 (1.15, 2.02)

15.18

Giantonio 2007

3.13 (1.91, 5.13)

11.96

Guan ZZ 2011

2.62 (1.26, 5.48)

8.65

Bennouna 2013

1.46 (0.76, 2.82)

9.62

1.63 (1.20, 2.21)

100.00

2

Overall (I = 73.0%, P = 0.000)

%Weight
5.96

Note: Weights are from random effects analysis
0.152

1
Odds ratio

6.59

Figure 4 Forest plot of meta-analysis: Effect of bevacizumab on overall response rate.
Study ID

OR (95%CI)

Kabbinavar 2003

14.45 (0.83, 252.94)

2.62

Kabbinavar 2005

6.41 (1.81, 22.76)

9.94

Tubutt 2010

6.16 (0.73, 51.77)

4.44

Saltz 2008

3.25 (1.46, 7.22)

16.80

Hurwitz 2004

5.30 (2.55, 11.02)

18.13

Giantonio 2007

3.75 (1.37, 10.24)

13.28

Guan ZZ 2011

6.76 (0.38, 121.80)

2.58

Gramont 2012

11.07 (6.08, 20.15)

21.02

Bennouna 2013

1.44 (0.45, 4.56)

11.21

4.98 (3.07, 8.09)

100.00

2

Overall (I = 40.9%, P = 0.095)

%Weight

Note: Weights are from random effects analysis
0.00395

1
Odds ratio

253

Figure 5 Forest plot of meta-analysis: Effect of bevacizumab on grade ≥ 3 hypertension.

Effect of bevacizumab on gastrointestinal per
foration: Data for the incidence of gastrointestinal
[6,7,10-15]
perforation were provided in eight studies
.
The incidence of gastrointestinal perforation in the
treatment and control groups was 1.02% and 0.20%,
respectively. The combined results presented little
2
heterogeneity (I = 0.0%), and a combined OR of 3.958
(95%CI: 1.866-8.397, P < 0.001) was obtained using
a fixed effects model (Figure 9).

the digestive system, with approximately 1.2 million
[16]
new cases reported globally each year , ranking third
[17]
in terms of global cancer incidence . Approximately
25% of patients with colorectal cancer were found
to have hepatic metastasis when initially diagnosed,
and 25% of patients gradually developed liver or lung
[18]
metastasis with disease progression . Therefore, a
safe and effective therapy for patients with colorectal
cancer is urgently required. For patients in the early
stages, surgery is still the most important method of
treatment. However, for patients in advanced stage,
most of whom are not suitable for surgery, the only
remaining options are palliative therapies, such as
chemotherapy, which is the most common choice,
traditional Chinese medicine and biological target
therapy. Common combined chemotherapy regimens
[19]
[20]
include FOLFIRI , FOLFOX
and thymidylate
[21]
synthase inhibitors (e.g., capecitabine) . The
efficiency of these regimens is only 30%-40%, even
in frontline application; therefore, in order to improve
the therapeutic effect for patients with colorectal

Publication bias: Publication bias was assessed in
terms of HR for the OS at the primary endpoint. As
seen from the funnel chart shown in Figure 10, all
studies were evenly distributed on both sides, thus
presenting basic symmetry. This indicated that there
was no publication bias in the 10 reports included in
this meta-analysis (Begg’s test, P > 0.05).

DISCUSSION
Colorectal cancer is a common malignant neoplasm of
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Study ID

OR (95%CI)

Kabbinavar 2005

3.15 (0.13, 78.26)

6.83

Tubutt 2010

5.10 (0.59, 44.15)

13.72

Saltz 2008

8.80 (0.47, 163.85)

7.12

Hurwitz 2004

1.01 (0.20, 5.04)

Giantonio 2007

5.00 (0.24, 104.61)

7.03

Guan ZZ 2011

1.51 (0.06, 37.43)

9.32

Gramont 2012

9.91 (1.27, 77.56)

14.13

3.86 (1.68, 8.85)

100.00

2

Overall (I = 0.0%, P = 0.647)

0.0061

1
Odds ratio

%Weight

41.86

164

Figure 6 Forest plot of meta-analysis: Effect of bevacizumab on grade ≥ 3 proteinuria.
Study ID

OR (95%CI)

Kabbinavar 2003

3.85 (0.19, 76.72)

1.81

Kabbinavar 2005

1.77 (0.41, 7.62)

8.16

Tubutt 2010

0.49 (0.09, 2.72)

11.58

Saltz 2008

1.59 (0.66, 3.86)

23.26

Hurwitz 2004

1.22 (0.52, 2.85)

28.18

Giantonio 2007

10.25 (1.30, 80.63)

2.83

Guan ZZ 2011

0.49 (0.03, 8.00)

3.88

Gramont 2012

2.31 (0.88, 6.03)

17.46

Bennouna 2013

8.31 (1.03, 66.71)

2.84

2

Overall (I = 15.3%, P = 0.306)

1.93 (1.28, 2.92)

0.124

1
Odds ratio

%Weight

100.00

80.6

Figure 7 Forest plot of meta-analysis: Effect of bevacizumab on grade ≥ 3 bleeding.

cancer, molecularly targeted therapies have been
[22]
developed , among which, combined chemotherapy
[1]
has become an important choice .
Molecular targeted drugs exploit specific changes
in tumor cells to achieve relative target specificity.
This not only enhances the anti-cancer effect, but also
reduces the damage to normal cells. Anti-angiogenic
[23,24]
drugs have become a key to targeted therapy
.
Bevacizumab is a monoclonal antibody specific for
recombinant humanized vascular endothelial growth
factor (VEGF), which can block signal transduction via
the VEGF receptor by binding to VEGF-A. This study
assessed the efficacy and safety of bevacizumab in
the treatment of colorectal cancer through metaanalysis of 10 randomized controlled trials including
6977 cases. Following grading using a modified
Jadad scale, nine reports were deemed to be of high

WJG|www.wjgnet.com

quality ones (4-7 points), and one of low quality (1-3
points). Funnel plots of the data revealed no significant
publication bias.
OS data were provided for all 10 randomized
controlled trials, and PFS and ORR data were provided
for nine trials. The combined results suggested
that, in the overall patient population, bevacizumab
significantly increased OS (HR = 0.848, 95%CI:
0.747-0.963), prolonged PFS (HR = 0.617, 95%CI:
0.530-0.719), and improved the ORR (OR = 1.627,
95%CI: 1.199-2.207; P < 0.05 for all). These
data indicated that bevacizumab treatment offers
a significant survival advantage to patients with
colorectal cancer.
Although studies have confirmed the survival
benefit of bevacizumab, the toxic side-effects
caused by bevacizumab should also be considered.
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Study ID

OR (95%CI)

Kabbinavar 2003

3.97 (0.47, 33.62)

1.61

Tubutt 2010

1.83 (0.84, 3.98)

13.25

Saltz 2008

1.67 (1.11, 2.51)

50.34

Giantonio 2007

1.43 (0.54, 3.82)

9.30

Guan ZZ 2011

1.51 (0.06, 37.43)

0.90

Bennouna 2013

1.59 (0.89, 2.87)

24.59

1.69 (1.26, 2.25)

100.00

OR (95%CI)

%Weight

2

Overall (I = 0.0%, P = 0.977)

0.0267

1
Odds ratio

%Weight

37.4

Figure 8 Forest plot of meta-analysis: Effect of bevacizumab on grade ≥ 3 thrombosis.
Study ID
Kabbinavar 2005

5.30 (0.25, 111.87)

Tubutt 2010

3.02 (0.31, 29.35)

11.51

Stathopoulos 2010

2.87 (0.12, 71.16)

5.92

Saltz 2008

1.95 (0.36, 10.69)

23.57

Hurwitz 2004

13.34 (0.75, 237.52)

5.72

Guan ZZ 2011

1.51 (0.06, 37.43)

7.71

Gramont 2012

16.84 (0.97, 292.03)

5.85

Bennouna 2013
2

Overall (I = 0.0%, P = 0.853)

0.0342

1
Odds ratio

5.59

2.40 (0.62, 9.36)

34.12

3.96 (1.87, 8.40)

100.00

292

Figure 9 Forest plot of meta-analysis: Effect of bevacizumab on gastrointestinal perforation.

According to previous reports, the most frequent
adverse reactions to bevacizumab are hypertension
and proteinuria, with gastrointestinal perforation
being the most serious. Other side-effects include
[1-4]
thrombosis and bleeding
. The results of our
combined analysis of these adverse reaction data
are consistent with previous studies. Although the
incidence of gastrointestinal perforation caused by
bevacizumab was increased by approximately 3-fold
in the treatment group compared with that of the
control group, the incidence in the eight studies
included in this meta-analysis is relatively low
(approximately 1%), suggesting that bevacizumab is
safe and non-toxic. Compared to the control group,
the treatment group has significantly higher incidence
of hypertension, proteinuria, bleeding, and thrombosis
(P < 0.05). Although the results showed that incidence
of hypertension (≥ grade 3) in the treatment group
was approximately 5 times higher than that of the

WJG|www.wjgnet.com

control group, published studies have shown that this
side-effect can be controlled by oral antihypertensive
[10]
agents .
Although incidence of other side-effects increased,
most adverse reactions were grade 1/2, with few
adverse reactions graded 3/4. Most clinical adverse
reactions can be controlled, and no dose-limiting
[25]
toxicity has been reported . The incidence of adverse
reactions can be limited by effective monitoring and
prevention during the course of treatment.
The result of this meta-analysis suggests that
bevacizumab combined with chemotherapy can
provide a significant survival advantage by prolonging
OS and PFS in patients with colorectal cancer, thus
improving the ORRs. Despite the increased risk of
hypertension, proteinuria, bleeding, thrombosis,
gastrointestinal perforation and other adverse events,
bevacizumab combined with chemotherapy deserves
further promotion in future clinical work due to its low
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Begg’s funnel plot with pseudo 95% confidence limits

0.5

log[hr]

3

0

4
5

-0.5
0

0.1
SE of: log[hr]

6

0.2

Figure 10 Assessment of publication bias. All studies are evenly
distributed on both sides, thus presenting basic symmetry and indicating
that there was no publication bias in the 10 reports.

7

incidence of serious adverse events, excellent overall
tolerance and good safety.

8
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Colorectal cancer ranked third in terms of global cancer incidence.
Approximately 25% of patients with colorectal cancer were found to have
hepatic metastasis when initially diagnosed. Therefore, a safe and effective
therapy for patients with colorectal cancer is urgently required.
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Research frontiers

Vascular endothelial growth factor (VEGF) has been proved to be closely
related to the growth of tumors. Bevacizumab (BV) is a monoclonal antibody
specific for recombinant humanized VEGF. It binds to VEGF and prevents its
interaction with VEGF receptors (VEGFR-1 and VEGFR-2), mediating inhibition
of growth in a variety of tumors.

10

Innovations and breakthroughs

There is not inherent innovation in this meta-analysis. However, it is informative
to see the results of multiple studies compared next to each other.

11

Applications

Bevacizumab combined with chemotherapy provides a significant survival
advantage in clinical use for patients with colorectal cancer.

Terminology

VEGF mediates growth in a variety of tumors. BV is a monoclonal antibody
specific for recombinant humanized VEGF. It binds to VEGF and prevents its
interaction with VEGF receptors (VEGFR-1 and VEGFR-2), mediating inhibition
of growth in a variety of tumors.

12

Peer-review

The authors present a meta-analysis of the safety and efficacy of bevacizumab
treatment for colorectal cancer. This paper is well-written and the analysis is
thorough. The statistical methods used are appropriate, and the conclusions are
solid. The quality of English in the manuscript is also excellent, and the content
concise.
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Abstract
AIM: To evaluate the relationship between apurinic
endonuclease 1 (APE1) Asp148Glu polymorphism and
the susceptibility to gastrointestinal (GI) cancers.
METHODS: We searched PubMed, ISI Web of Knowledge,
and Chinese National Knowledge Infrastructure (CNKI)
databases updated on July 15, 2014 for relevant studies.
Only case-control studies comparing APE1 Asp148Glu
polymorphism and GI cancer risk were included. We
excluded studies reporting only standardized incidence
ratios without control groups and those without detailed
genotyping data. Meta-analysis was performed on
17 studies involving 4856 cancer patients and 6136
cancer-free controls. Review Manager version 5.1 was
used to perform the meta-analysis. The pooled odds
ratios (ORs) and 95% confidence intervals (CIs) were
estimated under the allele contrast, homozygous,
heterozygous, dominant and recessive genetic models.
We also conducted subgroup analyses stratified
by ethnicity and cancer type. Publication bias was
evaluated using Begg’s test.
RESULTS: The meta-analysis showed a significant
association between APE1 Asp148Glu polymorphism
and GI cancer risk in three genetic models in the overall
population (G vs T: OR = 1.18; 95%CI: 1.05-1.32; TG
vs TT: OR = 1.28; 95%CI: 1.08-1.52; TG + GG vs TT:
OR = 1.32; 95%CI: 1.10-1.57). Stratified analysis by
ethnicity revealed a statistically increased GI cancer risk
in Asians (G vs T: OR = 1.27; 95%CI: 1.07-1.51; GG vs
TT: OR = 1.58; 95%CI: 1.05-2.38; TG vs TT: OR = 1.30;
95%CI, 1.01- 1.67; and TG + GG vs TT: OR = 1.38;
95%CI: 1.07-1.78), but not in Caucasians. Further
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subgroup analysis by cancer type indicated that APE1
Asp148Glu polymorphism may contribute to gastric
cancer risk. However, Asp148Glu has no significant
association with colorectal or esophageal cancer risk in
any genetic model.

These nonconservative amino acid alterations have
been reported to reduce the DNA repair activity of
[8]
APE1 and consequently increase cancer risk . Our
previous study has suggested that the APE1 -141T/G
but not the Asp148Glu polymorphism may influence
the susceptibility to and progression of breast cancer
[9]
in the Chinese population . However, a recent study
reported that the APE1 148 GG genotype is associated
[10]
with an increased risk of colorectal cancer (CRC) .
It is important to summarize inconclusive results
from different studies to further validate the association
[11]
of one polymorphism with cancer risk . To clarify the
role of the APE1 Asp148Glu polymorphism in GI cancer
risk, we performed a meta-analysis on all eligible casecontrol studies to estimate the overall cancer risk
associated with the APE1 Asp148Glu polymorphism.
Furthermore, we conducted subgroup analyses
stratified by ethnicity and cancer type.

CONCLUSION: This meta-analysis suggests that the
APE1 Asp148Glu polymorphism G allele is associated
with an increased GI cancer risk, especially in gastric
cancer.
Key words: Apurinic endonuclease 1; Single nucleotide
polymorphism; Gastrointestinal cancers; Cancer risk;
Meta-analysis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Apurinic endonuclease 1 (APE1) plays an
important role in the DNA repair system and therefore
has been implicated in human carcinogenesis. Many
studies have suggested an association between the
APE1 Asp148Glu polymorphism and gastrointestinal
cancer susceptibility. However, the results remained
inconclusive. We performed a meta-analysis on pooled
data from previously published studies. The results
showed that the APE1 Asp148Glu polymorphism G
allele is associated with an increased gastrointestinal
cancer risk, especially in gastric cancer.

MATERIALS AND METHODS
Methods

The procedures performed in this meta-analysis are in
accordance with recent guidelines for the reporting of
meta-analyses (PRISMA guidelines).

Publication search

We searched the electronic databases of PubMed,
Web of Knowledge and Chinese National Knowledge
Infrastructure databases to collect articles reporting
case-control studies related to the association of APE1
Asp148Glu polymorphisms with GI cancer risk. The
keywords used for search were as follows: apurinic/
apyrimidinic endonuclease-1/APE1/APEX/HAP1/REF-1,
gastrointestinal/esophageal/gastric/colorectal, cancer/
carcinoma/tumor/neoplasm, polymorphism/genotype/
SNP/variation. The latest search was updated on July
15, 2014. Furthermore, reference lists of main reports
and review articles were also reviewed manually to
identify additional relevant publications.

Dai ZJ, Shao YP, Kang HF, Tang W, Xu D, Zhao Y, Liu D,
Wang M, Yang PT, Wang XJ. Relationship between apurinic
endonuclease 1 Asp148Glu polymorphism and gastrointestinal
cancer risk: An updated meta-analysis. World J Gastroenterol
2015; 21(16): 5081-5089 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v21/i16/5081.htm DOI: http://dx.doi.
org/10.3748/wjg.v21.i16.5081

INTRODUCTION

Selection criteria

Gastrointestinal (GI) cancers, especially esophageal,
gastric, and colorectal cancers, are the leading causes
[1]
of cancer-related death worldwide . GI cancers are
multifactorial diseases caused by complex interactions
[1,2]
between many genetic and environmental factors .
Allelic variations in oncogenes are candidate genetic
risk factors that may alter the onset and outcome of
[3]
GI cancers .
Apurinic/apyrimidinic endonuclease 1 (APE1) is
an essential enzyme in the base excision repair
[4]
pathway . APE1 plays an important role in the DNA
repair system and therefore has been implicated in
[5]
human carcinogenesis . The human APE1 is located
on chromosome 14q11.2 and consists of five exons,
[6]
spanning roughly 2.5 to 3 kb of DNA . Many single
nucleotide polymorphisms in the APE1 gene have been
reported, including the commonly occurring Asp148Glu
[7]
in the fifth exon and -141T/G in the promoter region .

WJG|www.wjgnet.com

The following criteria were used to select studies for
further meta-analysis: (1) case-control studies; (2)
studies that evaluated the associations between APE1
Asp148Glu polymorphism and GI cancer risk; (3)
studies that contained at least two comparison groups
(cancer vs control); and (4) studies that included
detailed genotyping data.

Data extraction and synthesis

Articles were reviewed independently by two reviewers
and data with discrepancies were discussed by all authors.
For each included study, the following information was
collected: first author, year of publication, country of
origin, ethnicity, source of control, total numbers of cases
and controls, genotyping methods as well as numbers
of cases and controls with the different genotypes.
Different ethnic groups were categorized as Caucasian,
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Identified studies from the databases using keywords of relevant articles n = 126
PubMed n = 114, CNKI n = 12
Excluded duplicate articles n = 11

Articles remaining after excluding duplicates n = 115
Excluded n = 51
Titles were not relevant
Abstracts selected for review by 2 reviewers n = 64
Excluded after reading abstract n = 36
Irrelevant studies n = 16
Insufficient data n = 20
Studies selected for full review by 2 reviewers n = 28
Excluded n = 12
No detailed genotyping data n = 5
Not case-control studies n = 2
Laboratory studies n = 2
Review articles n = 3
17 studies from 16 articles were finally identified in this meta-analysis

Figure 1 Flow diagram of study identification and selection.
2

Asian, African, and “mixed”. All the case and control
groups were well controlled. The non-cancer controls
had no history of gynecologic disease, and there was no
present evidence of any malignant disease.

heterogeneity; 50% < I < 75%: high heterogeneity;
2
I > 75%: extremely high heterogeneity). Publication
bias was evaluated by the funnel plot and further
assessed by the method of Egger’s linear regression
test. All statistical analyses were carried out with the
Review Manager version 5.1 (Revman; The Cochrane
Collaboration, Oxford, United Kingdom).

Statistical analysis

The associations between APE1 Asp148Glu polymorphism
and GI cancer risk were measured by odds ratio (OR)
with 95% conﬁdence interval (CI). The signiﬁcance of the
pooled OR was determined by the Z-test.
The meta-analysis assessed association by using
five different genetic models: (1) allele contrast genetic
model - A vs a (where ‘‘a’’ is the wild-type allele and ‘‘A’’
is the variant allele); (2) homozygous genetic modelcomparison between the 2 homozygous genotypes (AA
vs aa); (3) heterozygous genetic model-comparison
between the heterozygous and homozygous wildtype genotype groups (Aa vs aa); (4) dominant
genetic model-comparison between the wild-type
homozygous genotype vs the variant allele-positive
genotypes (AA + Aa vs aa); and (5) recessive genetic
model-comparison between the variant homozygous
genotype vs the rest (AA vs aa + Aa).
Statistical heterogeneity among studies was
2
assessed with the Q and I statistics. If the P-value
of heterogeneity test was more than 0.1 (P ≥ 0.1),
the pooled OR estimate of the study was calculated
using the fixed-effects model. Otherwise, the random[11]
effects model was used . The value of the I index
2
was used to assess the degree of heterogeneity (I <
2
25%: no heterogeneity; 25% < I < 50%: moderate

WJG|www.wjgnet.com

RESULTS
Characteristics of the included studies

As shown in Figure 1, a total of 126 potential publications
were initially extracted. After reading the abstracts,
we excluded 67 irrelevant studies, 20 studies with
insufficient data, and 11 duplicated studies. After
reading the full-texts, we excluded 5 articles with no
detailed genotyping data, 2 non-case-control studies,
2 laboratory studies and 3 review articles. Finally, 17
studies from 16 articles were included in this metaanalysis.
Overall, 17 studies on APE1 Asp148Glu polymorphism
[10,12-26]
and GI cancer risk were identified
, including
a total of 4856 cases and 6136 case-free controls.
The characteristics of the included studies are listed
in Table 1. Among the eligible 17 studies, nine were
carried out in Caucasians from United States, Italy,
Czech, Spain, Poland and Turkey, seven were based
on Asian background and carried out in China and
Japan, and one was based on mixed ethnic groups. All
studies were case-controlled, including 11 CRC studies,
4 gastric cancer (GC) studies and 2 esophageal
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Table 1 Characteristics of the studies included in the meta-analysis
Ref.

Year

Country

Ethnicity

Cancer type

Genotyping method

Zhang et al[10]
Li et al[12]
Canbay et al[13]
Gu et al[14]
Li et al[15]
Canbay et al[16]
Brevik et al[17]
Jelonek et al[18]
Palli et al[19]
Ye et al[20]
Kasahara et al[21]
Pardini et al[22]
Tse et al[23]
Berndt et al[24]
Berndt et al[24]
Moreno et al[25]
Hao et al[26]

2014
2013
2011
2011
2011
2010
2010
2010
2010
2010
2008
2008
2008
2007
2007
2006
2004

China
China
Turkey
China
China
Turkey
United States
Poland
Italy
China
Japan
Czech
United States
United States
United States
Spain
China

Asian
Asian
Caucasian
Asian
Asian
Caucasian
Caucasian
Caucasian
Caucasian
Asian
Asian
Caucasian
Caucasian
Caucasian
Mixed
Caucasian
Asian

CRC
CRC
CRC
GC
GC
GC
CRC
CRC
GC
CRC
CRC
CRC
EC
CRC
CRC
CRC
EC

PCR-CTPP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
PCR-RFLP
TaqMan
PCR-RFLP
TaqMan
MassARRAY
PCR-RFLP
TaqMan
TaqMan
TaqMan
TaqMan
Arrayed primer extension
PCR-RFLP

Source of controls Total sample size (cases/controls)
PB
HB
PB
PB
PB
PB
HB
PB
PB
HB
HB
HB
HB
PB
PB
PB
PB

247/300
451/631
79/247
572/547
126/156
40/247
304/359
153/273
314/548
123/158
68/121
532/532
312/454
720/725
47/48
359/312
409/478

CRC: Colorectal cancer; GC: Gastric cancer; EC: Esophageal cancer; PCR-CTPP: Polymerase chain reaction with confronting two-pair primers; PCR-RFLP:
Polymerase chain reaction-restriction fragment length polymorphism; PB: Population based; HB: Hospital based.

Table 2 Apurinic endonuclease 1 Asp148Glu polymorphism genotype distribution and allele frequency in cases and controls
Genotype (n )

Study
Cases
[10]

Zhang et al
Li et al[12]
Canbay et al[13]
Gu et al[14]
Li et al[15]
Canbay et al[16]
Brevik et al[17]
Jelonek et al[18]
Palli et al[19]
Ye et al[20]
Kasahara et al[21]
Pardini et al[22]
Tse et al[23]
Berndt et al[24]
Berndt et al[24]
Moreno et al[25]
Hao et al[26]

Allele frequency (n )
Controls

Cases

MAF

Controls

Total

TT

TG

GG

Total

TT

TG

GG

T

G

T

G

247
451
79
338
126
40
304
113
298
123
68
531
311
692
47
359
409

87
123
28
69
26
14
102
49
103
37
23
140
75
175
11
95
126

90
247
43
185
64
18
137
59
147
86
45
261
162
364
23
177
211

70
81
8
84
36
8
65
5
48
0
0
130
74
153
13
87
72

300
631
247
362
156
247
359
273
546
158
121
530
454
710
48
312
477

121
186
151
110
56
151
108
70
208
52
70
157
123
204
18
99
149

137
335
63
183
70
63
167
141
243
106
51
267
228
335
22
147
243

41
110
33
69
30
33
84
62
95
0
0
106
103
171
7
66
95

264
493
99
323
116
46
341
157
353
160
91
541
312
714
45
367
463

230
409
59
353
136
34
267
69
243
86
45
521
310
670
49
351
355

381
707
365
403
182
365
383
163
659
210
191
581
474
743
58
345
541

219
555
129
321
130
129
335
143
433
106
51
479
434
677
36
279
433

0.47
0.45
0.37
0.52
0.54
0.42
0.44
0.31
0.41
0.35
0.33
0.49
0.50
0.48
0.48
0.49
0.43

MAF: Minor allele frequency.

cancer (EC) studies. All GI cancers were confirmed by
histology or pathology. The histological type of cancers
in the included studies was adenocarcinoma except
[26]
one EC study . Moreover, controls were matched
mainly by age. Eleven studies were population-based
and six were hospital-based. Several genotyping
methods were used in the studies, including
polymerase chain reaction-restriction fragment length
polymorphism, PCR-ligase detection reaction, TaqMan,
MassARRAY, and Arrayed primer extension.

to 0.54. The average frequency of the G allele in the
overall population, Caucasian population and Asian
population was 0.47, 0.46, and 0.47, respectively.
There was no significant difference between Asians
and Caucasians (P > 0.05). The average frequency of
the G allele in CRC, GC and EC was 0.46, 0.50, and
0.46, respectively.
Overall, there was evidence of an association
between GI cancer risk and the variant genotypes
when all the eligible studies were pooled into the
meta-analysis. As show in Figure 2 and Table 3, there
was a significant association between APE1 Asp148Glu
polymorphism and GI cancer risk in three genetic
models in the overall population (G vs T: OR = 1.18,

Meta-analysis results

As shown in Table 2, the frequency of the G allele
varied widely across the 12 studies, ranging from 0.31

WJG|www.wjgnet.com
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Experimental
Study or subgroup

Events

Control

Total Events

Odds ratio

Total

Weight M-H, random, 95%CI

Odds ratio
M-H, random, 95%CI

Asian
Gu 2011
269
338
252
362 6.50%
1.70 [1.20, 2.41]
Hao 2004
283
409
338
477 7.10%
0.92 [0.69, 1.23]
Kasahara 2008
45
68
51
121 4.20%
2.69 [1.45, 4.98]
Li 2011
100
126
100
156 4.80%
2.15 [1.25, 3.70]
Li 2013
328
451
445
631 7.30%
1.11 [0.85, 1.46]
Ye 2010
86
123
106
158 5.10%
1.14 [0.69, 1.90]
Zhang 2014
160
247
178
300 6.50%
1.26 [0.89, 1.79]
Subtotal (95%CI)
1762
2205 41.50%
1.38 [1.07, 1.78]
Total events
1271
1470
2
2
2
Heterogeneity: Tau = 0.07; χ = 17.80, df = 6 (P = 0.007); I = 66%
Test for overall effect: Z = 2.51 (P = 0.01)
Caucasian
Berndt 2007
517
692
506
710 7.50%
Brevik 2010
202
304
251
359 6.70%
Canbay 2010
26
40
96
247 3.70%
Canbay 2011
51
79
96
247 4.90%
Jelonek 2010
64
113
203
273 5.50%
Moreno 2006
264
359
213
312 6.60%
Palli 2010
211
298
338
546 6.90%
Pardini 2008
391
531
373
530 7.30%
Tse 2008
236
311
331
454 6.70%
Subtotal (95%CI)
2727
3678 55.80%
Total events
1962
2407
2
2
2
Heterogeneity: Tau = 0.12; χ = 40.48, df = 8 (P < 0.00001); I =
Test for overall effect: Z = 1.61 (P = 0.11)
Mixed
Berndt 2007
36
47
29
Subtotal (95%CI)
47
Total events
36
29
Heterogeneity: Not applicable
Test for overall effect: Z = 1.68 (P = 0.09)

48
48

2.70%
2.70%

1.19
0.85
2.92
2.86
0.45
1.29
1.49
1.18
1.17
1.24

[0.94, 1.51]
[0.61, 1.18]
[1.45, 5.87]
[1.69, 4.85]
[0.28, 0.71]
[0.92, 1.80]
[1.10, 2.02]
[0.90, 1.54]
[0.84, 1.63]
[0.95, 1.61]

80%

2.14 [0.88, 5.22]
2.14 [0.88, 5.22]

Total (95%CI)
4536
5931
100%
1.32 [1.10, 1.57]
Total events
3269
3906
2
2
2
Heterogeneity: Tau = 0.09; χ = 60.29, df = 16 (P < 0.00001); I = 73%
Test for overall effect: Z = 3.05 (P = 0.002)
2
2
Test for subgroup differences: χ = 1.46, df = 2 (P = 0.48); I = 0%

0.01
0.1
1
10
Favours experimental
Favours control

100

Figure 2 Forest plot of association of apurinic endonuclease 1 Asp148Glu polymorphism with gastrointestinal cancer risk stratified by ethnicity (TG + GG
vs TT).

95%CI = 1.05-1.32, P = 0.004; TG vs TT: OR =1.28,
95%CI = 1.08-1.52, P = 0.004; TG + GG vs TT: OR =
1.32, 95%CI =1.10-1.57, P = 0.002). However, there
was no significant association in the other two genetic
models (GG vs TT: OR = 1.25, 95%CI = 0.98-1.59,
P = 0.07; GG vs TT + TG: OR = 1.10, 95%CI =
0.90-1.34, P = 0.33).
In the stratified analysis by population, as shown
in Figure 2 and Table 3, meta-analysis showed that
Asp148Glu polymorphism had no association with
GI cancer risk in Caucasians in all genetic models
(allele contrast genetic model: OR = 1.09, 95%CI =
0.94-1.26, P = 0.24; homozygote comparison: OR
= 1.25, 95%CI = 0.98-1.59, P = 0.81; heterozygote
comparison: OR = 1.26, 95%CI = 0.98- 1.63, P = 0.07;
the dominant model: OR = 1.24, 95%CI = 0.95-1.61,
P = 0.11; and the recessive model: OR = 0.95, 95%CI
= 0.75-1.20, P = 0.66).
There were 7 studies with 1587 cases and 1913
controls for assessing the relationship between

WJG|www.wjgnet.com

Asp148Glu polymorphism and GI cancer susceptibility
in Asians. As shown in Figure 2 and Table 3, Asp148Glu
polymorphism was significantly associated with GI
cancer risk in four genetic models (allele contrast
genetic model: OR = 1.27, 95%CI = 1.07-1.51, P =
0.007; homozygote comparison: OR = 1.58, 95%CI =
1.05-2038, P = 0.03; heterozygote comparison: OR =
1.30, 95%CI = 1.01-1.67, P = 0.04; and the dominant
model: OR = 1.38, 95%CI = 1.07-1.78, P = 0.01.
In the stratified analysis by cancer type, 11 studies
including 3083 cases and 3706 controls were used to
evaluate the relationship between APE1 Asp148Glu
polymorphism and CRC risk. As shown in Table 3 and
Figure 3, there was no significant association between
APE1 Asp148Glu polymorphism and CRC risk under
all genetic models (allele contrast genetic model: OR
= 1.15, 95%CI = 0.99-1.33, P = 0.06; homozygote
comparison: OR = 1.12, 95%CI = 0.79-1.59, P =
0.51; heterozygote comparison: OR = 1.23, 95%CI
= 0.98-1.54, P = 0.08; the dominant model: OR =
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Table 3 Meta-analysis results
Comparison

OR

95%CI

P value

Heterogeneity

I2
G vs T
Caucasian
Asian
Colorectal cancer
Gastric cancer
Esophageal cancer
GG vs TT
Caucasian
Asian
Colorectal cancer
Gastric cancer
Esophageal cancer
TG vs TT
Caucasian
Asian
Colorectal cancer
Gastric cancer
Esophageal cancer
GG+TG vs TT
Caucasian
Asian
Colorectal cancer
Gastric cancer
Esophageal cancer
GG vs TT+TG
Caucasian
Asian
Colorectal cancer
Gastric cancer
Esophageal cancer

1.18
1.09
1.27
1.15
1.41
1.01
1.25
1.04
1.58
1.12
1.77
1.02
1.28
1.26
1.30
1.23
1.66
1.04
1.32
1.24
1.38
1.23
1.77
1.02
1.10
0.95
1.36
1.05
1.25
0.96

1.05-1.32
0.94-1.26
1.07-1.51
0.99-1.33
1.09-1.83
0.88-1.16
0.98-1.59
0.77-1.41
1.05-2.38
0.79-1.59
1.11-2.84
0.77-1.35
1.08-1.52
0.98-1.63
1.01-1.67
0.98-1.54
1.20-2.31
0.83-1.31
1.10-1.57
0.95-1.61
1.07-1.78
0.98-1.55
1.40-2.24
0.81-1.29
0.90-1.34
0.75-1.20
0.95-1.95
0.77-1.43
0.99-1.56
0.75-1.21

0.0041
0.24
0.0071
0.06
0.0091
0.87
0.07
0.81
0.031
0.51
0.021
0.90
0.0041
0.07
0.041
0.08
0.0021
0.72
0.0021
0.11
0.011
0.08
< 0.00011
0.84
0.33
0.66
0.10
0.76
0.06
0.71

71%
72%
70%
73%
70%
0%
73%
72%
76%
79%
63%
0%
68%
76%
63%
73%
51%
0%
73%
80%
66%
75%
19%
9%
70%
64%
77%
79%
33%
0%

Effects model

P value
< 0.00001
0.0004
0.003
< 0.0001
0.02
0.40
< 0.00001
0.0003
0.002
< 0.00001
0.04
0.34
< 0.0001
<0.0001
0.01
< 0.0001
< 0.0001
0.41
< 0.00001
< 0.00001
0.007
< 0.0001
0.29
0.29
< 0.0001
0.004
0.002
< 0.00001
0.21
0.38

Random
Random
Random
Random
Random
Fixed
Random
Random
Random
Random
Random
Fixed
Random
Random
Random
Random
Random
Fixed
Random
Random
Random
Random
Fixed
Fixed
Random
Random
Random
Random
Fixed
Fixed

1

Represent a significant association between APE1 Asp148Glu polymorphism and GI cancer risk in three genetic models in the overall population.

1.23, 95%CI = 0.98-1.55, P = 0.08; and the recessive
model: OR = 1.05, 95%CI = 0.77-1.43, P = 0.76).
There were four studies including 1052 cases
and 1498 controls used to evaluate the relationship
between APE1 Asp148Glu polymorphism and GC
risk. As shown in Table 3 and Figure 3, Asp148Glu
polymorphism was significantly associated with
an increased risk of GC under all genetic models
(allele contrast genetic model: OR = 1.41, 95%CI =
1.09-1.83, P = 0.009; homozygote comparison: OR
= 1.77, 95%CI = 1.11-2.84, P = 0.02; heterozygote
comparison: OR = 1.66, 95%CI = 1.20-2.31, P =
0.002; and the dominant model: OR = 1.77, 95%CI =
1.40-2.24, P < 0.0001).
There were only two EC studies included in this
meta-analysis. As shown in Table 3 and Figure 3,
no significant association was detected between
Asp148Glu polymorphism and EC risk.

evaluate the publication bias. As shown in Figure 4, the
funnel plots failed to detect any obvious asymmetry in
all genotypes in the overall population, and the Egger’s
test revealed no publication bias (P > 0.05). Therefore,
no significant publication bias was found in this metaanalysis.

DISCUSSION
The present meta-analysis, including 4856 cases and
6136 case-free controls from 17 case-control studies,
was conducted to evaluate the association between
APE1 Asp148Glu polymorphism and GI cancer risk.
Our results indicated that the variant genotypes
were associated with an increased risk of GI cancers,
especially GC.
APE1 is a key multifunctional gene involved in the
base excision repair pathway. It was reported that APE1
is associated with aggressive tumor biology and has an
[27]
impact on survival of GC patients . The Asp148Glu
polymorphism is a common non-synonymous APE1
coding region variant. Previous studies on the association
between the APE1 Asp148Glu polymorphism and GI
[12-26]
cancer risk have shown controversial results
.
[28]
In a previous meta-analysis, Gu et al
suggested
that the APE1 Asp148Glu polymorphism may contribute

Sensitivity analysis and publication bias

The influence of any single study on the overall
estimate was analyzed by excluding one study at a
time. No significant difference was observed when any
of the studies was excluded. Therefore, our results
were statistically reliable.
Funnel plot and Egger’s test were performed to
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Experimental
Study or subgroup

Events

Total

Control
Events

Total

Weight

Colarectal cancer
Berndt 2007
517
692
506
710
7.50%
Berndt 2007
36
47
29
48
2.70%
Brevik 2010
202
304
251
359
6.70%
Canbay 2011
51
79
96
247
4.90%
Jelonek 2010
64
113
203
273
5.50%
Kasahara 2008
45
68
51
121
4.20%
Li 2013
328
451
445
631
7.30%
Moreno 2006
264
359
213
312
6.60%
Pardini 2008
391
531
373
530
7.30%
Ye 2010
86
123
106
158
5.10%
Zhang 2014
160
247
178
300
6.50%
Subtotal (95%CI)
3014
3689 64.30%
Total events
2144
2451
2
2
2
Heterogeneity: Tau = 0.10; χ = 40.56, df = 10 (P < 0.0001); I = 75%
Test for overall effect: Z = 1.77 (P = 0.08)
Gastric cancer
Canbay 2010
26
40
96
247
3.70%
Gu 2011
269
338
252
362
6.50%
Li 2011
100
126
100
156
4.80%
Palli 2010
211
298
338
546
6.90%
Subtotal (95%CI)
802
1311 22.00%
Total events
606
786
2
2
2
Heterogeneity: Tau = 0.01; χ = 3.71, df = 3 (P = 0.29); I = 19%
Test for overall effect: Z = 4.81 (P < 0.00001)
Esophageal cancer
Hao 2004
283
409
Tse 2008
236
311
Subtotal (95%CI)
720
Total events
519
2
2
Heterogeneity: Tau = 0.00; χ = 1.10, df = 1
Test for overall effect: Z = 0.20 (P = 0.84)

338
331

477
454
931

Odds ratio

Odds ratio

M-H, random, 95%CI

M-H, random, 95%CI

1.19
2.14
0.85
2.86
0.45
2.69
1.11
1.29
1.18
1.14
1.26
1.23

[0.94, 1.51]
[0.88, 5.22]
[0.61, 1.18]
[1.69, 4.85]
[0.28, 0.71]
[1.45, 4.98]
[0.85, 1.46]
[0.92, 1.80]
[0.90, 1.54]
[0.69, 1.90]
[0.89, 1.79]
[0.98, 1.55]

2.92 [1.45, 5.87]
1.70 [1.20, 2.41]
2.15 [1.25, 3.70]
1.49 [1.10, 2.02]
1.77 [1.40, 2.24]

7.10%
6.70%
13.70%

0.92 [0.69, 1.23]
1.17 [0.84, 1.63]
1.02 [0.81, 1.29]

669
2
(P = 0.29); I = 9%

Total (95%CI)
4536
5931
100%
Total events
3269
3906
2
2
2
Heterogeneity: Tau = 0.09; χ = 60.29, df = 16 (P < 0.00001); I = 73%
Test for overall effect: Z = 3.05 (P = 0.002)
2
2
Test for subgroup differences: χ = 11.18, df = 2 (P = 0.004); I = 82.1%

1.32 [1.10, 1.57]

0.01
0.1
1
10
100
Favours experimental
Favours control

Figure 3 Forest plot of association of apurinic endonuclease 1 Asp148Glu polymorphism with GI cancer risk stratified by cancer type (TG + GG vs TT).

to genetic susceptibility to cancers, especially CRC.
[29]
However, a recent meta-analysis by Shen et al failed
to detect an association between APE1 Asp148Glu
polymorphism and CRC risk. We found several
worthwhile queries in Shen’s study. First, the ethnicity
of Canbay’s study was identified as Asian in Shen’s
[29]
meta-analysis . While in the original article, the cases
and controls were both based on Caucasians but not
[13]
[24]
Asians . Second, the study by Berndt et al
was
carried out in Caucasians and a mixed non-Caucasian
population, and therefore should probably be divided
into two studies. Third, non-English literature database
such as the CNKI should also be considered for the
search of eligible case-control studies. We have found
one eligible study published in Chinese and included it
[20]
in this study .
In our study, 17 case-control studies were included.
There was a significant association between APE1
Asp148Glu polymorphism and GI cancers risk in four
genetic models in the overall population. Stratified

WJG|www.wjgnet.com

analysis by ethnicity revealed that there was a
statistically increased GI cancers risk in Asians. Further
subgroup analysis by cancer type indicated that APE1
Asp148Glu polymorphism may contribute to GC risk.
There are some limitations of this meta-analysis
that should be noted. First, this meta-analysis was
based on pooled data while no individual data were
available; thus, we could not assess the risk of cancer
based on environmental factors, age, and other risk
factors for GI cancers. Second, the small study effect,
where the effects reported in small studies are larger,
could not be avoided in some studies of a relative
small size (< 200). Third, there was no significant
association between Asp148Glu polymorphism and EC
risk in this meta-analysis. Since only two EC studies
[23,26]
with different pathological types
were included,
this negative finding may result from a lack of
statistical power. Larger scale multicenter studies are
warranted to further validate the association between
APE1 Asp148Glu polymorphism and GI cancer risk.

5087

April 28, 2015|Volume 21|Issue 16|

Dai ZJ et al . APE1 polymorphism and gastrointestinal cancer risk
100

80

SE(log [OR])

REFERENCES

Asian
Caucasian
Mixed

1
2

60

40

3

20

0

4
0.01

0.1

1
OR

10

100

5

Figure 4 Funnel plot for publication bias.

6

In conclusion, our present meta-analysis provides
evidence for the association between the APE1
Asp148Glu polymorphism and GI cancer risk. Results
suggest that the APE1 Asp148Glu G allele was
associated with an increased GI cancer risk among
Asian subjects. Furthermore, the APE1 Asp148Glu
polymorphism was associated with an increased risk
GC. Further large-population based studies are needed
to confirm the association between APE1 Asp148Glu
polymorphism and EC risk.
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Abstract
A 78-year-old male was admitted to our hospital
because of choledocholithiasis. ERC demonstrated
choledocholithiases with a maximum diameter of
13 mm, and we performed endoscopic papillary
large balloon dilation (EPLBD) with a size of 15 mm.
Immediately following the balloon deflation, spurting
hemorrhage occurred from the orifice of the duodenal
papilla. Although we performed endoscopic hemostasis
by compressing the bleeding point with the large
balloon catheter, we could not achieve hemostasis.
Therefore, we placed a 10 mm fully covered selfexpandable metallic stent (SEMS) across the duodenal
papilla, and the hemorrhage stopped immediately. After
1 wk of SEMS placement, duodenal endoscopy revealed
ulcerative lesions in both the orifice of the duodenal
papilla and the lower bile duct. A direct peroral
cholangioscopy using an ultra-slim upper endoscope
revealed a visible vessel with a longitudinal mucosal
tear in the ulceration of the lower bile duct. We believe
that the mucosal tear and subsequent ruptured vessel
were caused by the EPLBD procedure.
Key words: Endoscopic papillary large balloon dilation;
Hemorrhage; Covered self-expandable metallic stent;
Direct peroral cholangioscopy; Endoscopic hemostasis
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.
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Core tip: We present a case study of arterial hemorrhage
after endoscopic papillary large balloon dilation (EPLBD)
that was treated using a covered self-expandable metallic
stent (SEMS). After 1 wk of SEMS placement, a direct
peroral cholangioscopy revealed a visible vessel with a
longitudinal mucosal tear in the ulceration of the lower
bile duct. This image is important for understanding the
mechanism of hemorrhage after EPLBD.
Shimizu S, Naitoh I, Nakazawa T, Hayashi K, Miyabe K, Kondo
H, Nishi Y, Umemura S, Hori Y, Kato A, Ohara H, Joh T. Case
of arterial hemorrhage after endoscopic papillary large balloon
dilation for choledocholithiases using a covered self-expandable
metallic stent. World J Gastroenterol 2015; 21(16): 5090-5095
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v21/i16/5090.htm DOI: http://dx.doi.org/10.3748/wjg.v21.
i16.5090

Figure 1 Choledocholithiases with a maximum diameter of 13 mm were
identified on the cholangiogram.

in July 2014 because of a fever elevation. He had
undergone EST with a small incision in 2011 and had
experienced endoscopic removal of choledocholithiasis
several times. Laboratory findings on this admission
revealed elevated serum levels of total bilirubin,
aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase, and γ-glutamyl transpeptidase
to 5.6 mg/dL (normal range, 0.3-1.2 mg/dL), 368 U/L
(normal range, 13-33 U/L), 210 U/L (normal range,
6-30 U/L), 1583 U/L (normal range, 100-340 U/L),
and 336 U/L (normal range, 10-47 U/L), respectively.
The serum level of C-reactive protein was 0.77 mg/dL
(normal range, ≤ 0.3 mg/dL), and the white blood
3
cell count was 9600/mm (normal range, 3600-9600/
3
mm ). Computed tomography (CT) showed the
presence of high-density lesions in the common bile
duct and gallbladder with a slightly dilated biliary tract.
Therefore, we diagnosed acute cholangitis because of
the choledocholithiases and performed an emergency
endoscopic biliary drainage. The patient did not take
any anticoagulants or antiplatelet medicines. After
choledocholithiases with a maximum diameter of 13
mm were identified on the cholangiogram (Figure
1), we decided to attempt EPLBD. Because the outer
diameter of the therapeutic duodenoscope (TJF-260V;
Olympus, Tokyo, Japan) was 13.5 mm, the diameter
of the lower bile duct was estimated at 15 mm.
®
Accordingly, we performed EPLBD using a Giga wireguided balloon dilator (Century Medical, Inc., Japan)
with a maximum size of 15 mm that was placed
across the papilla of Vater. The balloon was gradually
inflated to an adequate size for stone removal with a
contrast medium under endoscopic and fluoroscopic
imaging until we confirmed the disappearance of the
notch at the papilla of Vater. Immediately following
the balloon deflation, spurting hemorrhage occurred
from the orifice of the papilla of Vater. After extraction
of the choledocholithiases, we performed endoscopic
hemostasis by immediately compressing the bleeding
point with a large balloon catheter several times;

INTRODUCTION
Arterial hemorrhagic complications following thera
peutic endoscopic retrograde cholangiopancreato
graphy (ERCP) are difficult to manage endoscopically
because of the difficulty of observing the bleeding
point and maintaining clear endoscopic vision despite
the bleeding. Surgical operations or interventional
radiology are usually performed to control hemorrhage
after the failure of endoscopic hemostasis. However,
these procedures are invasive, particularly in patients
of advanced age and those with serious underlying
diseases.
Endoscopic papillary large balloon dilation (EPLBD) is
used for difficult extractions of large choledocholithiases
because of the easy removal. The efficacy and
[1,2]
safety of EPLBD has been reported ; however, the
complications and long-term outcomes of EPLBD have
not been clarified. Post EPLBD hemorrhage is one of the
possible ERCP-related complications. Although there
have been some reports of endoscopic hemostasis with
covered self-expandable metallic stents (SEMS) against
[3-7]
post endoscopic sphincterotomy (EST) bleeding , no
post EPLBD hemorrhage cases treated with covered
SEMS have been reported. Furthermore, there have
been no direct cholangioscopic images to clarify the
mucosal tear of the bile duct after EPLBD, which is
useful for understanding the mechanism of post EPLBD
hemorrhage.
In this paper, we describe a case of endoscopic
hemostasis using a fully covered SEMS for a spurting
hemorrhage from the lower bile duct following an
EPLBD procedure with a notable cholangioscopic image
of a mucosal tear in the bile duct.

CASE REPORT
A 78-year-old male was admitted to our hospital
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Figure 5 Direct peroral cholangioscopy revealed an exposed vessel with
a laceration in the lower bile duct ulcerative area.

Figure 2 Endoscopic image of the papilla of Vater was gradually wor
sening because of the adhesion of a significant amount of coagulation.

therefore, we decided to place a covered SEMS for
the purpose of astriction. We placed a fully covered
®
Wallflex SEMS (Microvasive Endoscopy, Boston
Scientific Corporation, Natick, MA, United States) that
measured 10 mm with an 8-cm diameter across the
papilla of Vater, and hemorrhage stopped immediately
(Figure 3). The hemoglobin level dropped from 11 g/dL
to 7.5 g/dL; therefore, a blood transfusion of 2 units of
packed red cell concentrate was performed. However,
re-bleeding and early complications with respect
to the SEMS placement, such as cholecystitis and
pancreatitis, did not occur after endoscopic hemostasis
with the SEMS placement. Thus, we could avoid
surgical operation or interventional radiology (IVR) to
manage the hemorrhage. In addition, acute cholangitis
on admission improved after the therapeutic ERCP
procedure.
After 1 wk of covered SEMS placement, although
the SEMS had migrated slightly to the duodenal site,
hemorrhage was not observed in the endoscopic
findings. Re-bleeding was not observed after the
SEMS removal, and an ulcerative lesion appeared
from the orifice of the papilla of Vater to the lower
bile duct (Figure 4). Subsequently, we performed a
direct peroral cholangioscopy using an ultra-slim upper
endoscope (GIF-XP290N; Olympus, Tokyo, Japan).
The cholangioscopy revealed an exposed vessel with
a laceration in the lower bile duct ulcerative area
(Figure 5), and we believe that this lacerative lesion
was caused by mucosal damage of the lower bile duct
during the EPLBD procedure.
Because re-bleeding was not observed after
consuming a meal, the patient was safely discharged
and is currently undergoing outpatient follow-up.

Figure 3 We placed a fully covered Wallflex® self-expandable metallic
stent that was 10 mm with an 8-cm diameter across the papilla of Vater,
and hemorrhage stopped immediately.

Figure 4 Re-bleeding was not observed after the self-expandable metallic
stent removal, and an ulcerative lesion appeared from the orifice of the
papilla of Vater to the lower bile duct.

however, we could not detect the bleeding point, and
hemostasis could not be achieved. We were unable to
control the hemorrhage, and the endoscopic image of
the papilla of Vater was gradually worsening because of
the adhesion and the significant amount of coagulation
(Figure 2). We wanted to adopt a minimally invasive
treatment to control hemorrhage because of serious
dementia symptoms in this patient’s background;
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DISCUSSION
EPLBD has increasingly been performed as therapeutic
ERCP against large common bile duct stones. The
rates of hemorrhagic adverse events with EPLBD were
[8-11]
reportedly 0%-6.7%
. There are no significant
differences of hemorrhagic complication rates between
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Table 1 Reported studies of endoscopic hemostasis using covered self-expandable metallic stents for severe post- sphincterotomy
bleeding
Ref.

No. of
Patients

Previous attempted treatments

SEMS type, diameter × length (mm)

Rate of complete
hemostasis

The mean duration of
SEMS placement

Canena et al[3] (2013)

4

Endoclips: 1 case
Epinephrine injection: 4 cases
Balloon tamponade: 2 cases

100%

7.5 d

Itoi et al[5] (2011)

11

Endoclips: 7 cases
Epinephrine injection: 9 cases
Balloon tamponade: 11 cases

100%

8.2 d

Shah et al[6] (2010)

5

100%

4-5 wk

Di Pisa et al[7] (2010)

2

Endoclips: 1 case
Epinephrine injection: 2 cases
Thermal coagulation: 1 case
IVR embolization: 1 case
Balloon tamponade: 1case
Endoclips: 1 case
Epinephrine injection: 2 cases
Balloon tamponade: 2 cases

Fully covered type Hanarostent1 or
Niti-S2 or Wallflex3,
10 × 40: 1 case
10 × 60: 3 cases
Covered type
Wallstent4: 8 cases
Wallflex: 2 cases
Niti-S: 1 case
10 × 60
Fully covered Wallflex,
10 × 40: 2 cases
10 × 60: 2 cases
8 × 60: 1 case
Partially covered type Wallstent,
10 × 40

100%

3 wk

Hanarostent (M.I. Tech, Seoul, South Korea); 2Niti-S (Taewoong Medical, Seoul, South Korea); 3Wallflex (Boston Scientific, Natick, MA, United States);
Wallstent (Boston Scientific, Natick, MA, United States). SEMS: Self-expandable metallic stent; IVR: Interventional radiology.

1
4

[11,12]

EPLBD and EST in some reports
, and the rate of
hemorrhage was lower in EPLBD than EST in other
[13]
studies . In general, the rate of hemorrhage after
EPLBD is considered low. However, fatal hemorrhage
[14]
with EPLBD has also been reported . Accordingly, we
should keep in mind the possibility of life-threatening
massive bleeding with EPLBD. Furthermore, we
should understand how to manage hemorrhagic
complications.
Endoscopic interventions for bleeding complications
include conventional injection therapy using hypertonic
saline epinephrine, balloon tamponade, the application
of coagulation current during a sphincterotomy,
endoclip placement, etc. When complete endoscopic
hemostasis cannot be achieved in spite of these
procedures, invasive interventions such as surgical
operations or IVR are required. There are several
reports of endoscopic hemostasis using covered SEMS
[3-7]
for post-EST bleeding in recent years
(Table 1).
The authors placed a covered SEMS that was 10 mm
in diameter across the papilla of Vater and removed
it endoscopically 1 wk to 2 mo after successful
hemostasis. According to these reported cases,
complete hemostasis was achieved in all the patients.
Therefore, covered SEMS placement is considered
useful in selected patients with uncontrolled postEST bleeding. However, there have been no reported
cases of endoscopic hemostasis using covered SEMS
after hemorrhage during an EPLBD procedure. In
our case, we performed EPLBD with a maximum size
of 15 mm, and the size of the SEMS was 10 mm in
diameter. Therefore, theoretically, the bleeding point
was not fully compressed by a 10 mm covered SEMS.
Nevertheless, we could manage the bleeding, and
the SEMS had not migrated at the time of placement.

WJG|www.wjgnet.com

Presumably, even if we performed EPLBD with a
maximum size of 15 mm, the dilated bile duct would
become slightly smaller after deflation of the balloon
dilation, and blood clots might occur between the
bleeding point and the covered SEMS. Hence, we
succeeded in endoscopic hemostasis with a covered
SEMS 10 mm in size. The covered SEMS was removed
1 wk after the confirmation of controlled hemorrhage,
[3,5]
as in the reported cases .
EPLBD is the procedure used to dilate the lower bile
duct by randomly cutting off the sphincter of ampulla.
We performed a direct peroral cholangioscopy after
SEMS removal and confirmed a laceration with an
exposed vessel in the ulcerative lesion of the lower
bile duct. A direct cholangioscopic image after EPLBD
has not been previously reported; however, there is
literature on a linear mucosal tear after balloon dilation
[15]
[15]
in the esophagus . Adams et al
reported that
15% of treated achalasia cases were abnormal after
balloon dilation, with complications such as complete
rupture or incomplete tears of the esophageal wall
and localized outpouch or diverticulum. Moreover,
the patient had undergone EST in 2011, and we
did not perform EST before EPLBD during this
admission. Thus, we believe that the mucosal tear
and subsequent ruptured vessel were caused by the
EPLBD procedure. There is a possibility that a mucosal
tear of the duodenal papilla or lower bile duct often
occurs after EPLBD, similar to in the esophagus. This
image is important for understanding the mechanism
of hemorrhage after EPLBD. Arterial hemorrhage
after EST usually occurs from the duodenal papilla.
However, arterial hemorrhage after EPLBD might occur
not only from the duodenal papilla but also from the
lower or middle bile duct. We should consider the
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post EPLBD hemorrhage” but rather highlighting the use of fully covered stents
in this situation (i.e., for bleeding).

possibility of hemorrhage from the bile duct when
we encounter hemorrhage after EPLBD. It is difficult
to manage hemorrhage from the lower bile duct by
endoscopic hemostasis, such as through conventional
injection therapy, application of coagulation current,
or endoclip placement. In the present case, we
finally obtained hemostasis using a covered SEMS.
Endoscopic hemostasis using a covered SEMS is one
of the optional procedures for post EPLBD hemorrhage
after the failure of other endoscopic therapies. We
believe the cholangioscopic image of laceration with
an exposed vessel in an ulcerative lesion of the lower
bile duct is beneficial and educational for endoscopists
performing EPLBD because we can investigate the
mechanism of hemorrhage after EPLBD.
In summary, we have described a case of
endoscopic hemostasis using a fully covered SEMS
for arterial hemorrhage from the lower bile duct
following EPLBD. We must consider the possibility of
hemorrhage from the bile duct when we encounter
post EPLBD bleeding. Endoscopic hemostasis using a
covered SEMS might be a useful option.
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CASE REPORT

Endoscopic removal of a tablespoon lodged within the
duodenum
Takashi Watanabe, Kunihiko Aoyagi, Yoshitaka Tomioka, Hideki Ishibashi, Shotaro Sakisaka
proximal and distal parts of the handle. The doublesnare was first pulled unsuccessfully and then pulled
with simultaneous manual abdominal compression of
the bulbus from the body surface. Compression was
gently applied towards the stomach. As a result, the
head of the spoon prolapsed from the bulbus, and
was easily retracted from the stomach without any
complications. In cases of foreign body lodging within
the duodenum, the manual abdominal compression
technique may help clinicians pull out the object and
avoid surgery. The usefulness of manual compression
is dependent on the foreign body’s sharpness and the
location.
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Core tip: Here we report the case of endoscopic
removal of a tablespoon from the stomach that was
lodged within the duodenum. Only the double-snare
technique was first performed unsuccessfully and
then pulled with simultaneous manual abdominal
compression of the bulbus from the body surface.
Compression was gently applied toward the stomach.
As a result, the head of the spoon prolapsed from the
bulbus and was easily retracted from the stomach
without any complications. The usefulness of manual
compression is dependent on the foreign body’s
sharpness and location.

Abstract
Here we report the case of a 34-year-old man who
underwent endoscopic removal of a tablespoon from
the stomach that was lodged within the duodenum.
Removal required the use of a two-channel upper
endoscope and polypectomy snares. Using the doublesnare technique, the spoon was grasped at the
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INTRODUCTION
Endoscopist has often encountered cases of foreign
bodies in the gastrointestinal tract. Most foreign bodies
pass spontaneously through the body, but 10%-20%
require endoscopic removal and ≤ 1% require
[1,2]
surgery . Surgical removal can be avoided with
correct endoscopic removal.
Here we present a successful case of endoscopic
removal of a tablespoon from the stomach that had
lodged within the duodenum. This report is the first to
detail the removal of a foreign body lodged within the
duodenum using the manual abdominal compression
technique.

Figure 1 A plain radiograph of the abdomen revealing a tablespoon within
the stomach.

CASE REPORT
A 34-year-old man was admitted to our hospital for the
removal of a metal spoon from the stomach. Five days
previously, he was hospitalized with schizophrenia in
another hospital and deliberately swallowed the spoon.
Plain radiography of the abdomen revealed a large
spoon within the stomach (Figure 1). Surprisingly, only
the handle of the spoon was actually in the stomach
(Figure 2), while the head of the spoon was lodged
within the bulbus of the duodenum. The entire spoon
could not pass through the duodenum, so its handle
extended to the wall of the lower part of the greater
curvature of the stomach.
Using the double-snare technique, the spoon was
grasped at the proximal and distal parts of the handle
[3]
as described previously . The double-snare was first
pulled unsuccessfully, followed by simultaneous pulling
with manual abdominal compression of the bulbus from
the body surface (Figure 3). The compression technique
was gently performed toward the stomach. As a
result, the head of spoon prolapsed from the bulbus.
Furthermore, this patient had severe hiatal hernia,
which allowed the distal portion of the handle to be
easily retracted through the esophagocardial junction.
The spoon was 18 cm long and 4.0 cm at it’s widest
point (Figure 4). No complications such as hemorrhage
or perforation were encountered.

Figure 2 Endoscopic findings showing only the handle of the spoon in
the stomach. The head of the spoon is incarcerated in the bulbus of the
duodenum.

Manual abdominal
compression

Spoon

Bulbus

DISCUSSION

Stomach

In cases of foreign bodies in the gastrointestinal tract,
treatments are chosen according to object type and
[4]
location as well as the patient’s general condition . It
is especially necessary to confirm the foreign body’s
[5]
size, shape, and material . For example, long objects
are generally difficult to extract from the stomach,
while sharp foreign bodies present a high risk of
mucosal injury including hemorrhage or perforation.
In the present case, the tablespoon was a long
metallic object, prone to slipping and difficult to
[6]
grasp . The polypectomy snare is considered useful
[7,8]
for retrieving sharp objects . Spoon removal from
the stomach utilizing the double-snare technique has

WJG|www.wjgnet.com

Double-snare technique

Figure 3 Image of the removal technique. The spoon was successfully
removed by the combination of the double-snare technique as a pulling power
and the manual abdominal compression as a pushing power.
[3]

been reported and its usefulness has been proven .
However, since the head of the spoon was lodged in
the bulbus of the duodenum, the extraction technique
failed. Five days passed from the appearance of the
condition, and the possibility of it spontaneously
passing through the intestinal tract was low. If
endoscopic extraction was not possible, the presence
of the foreign body could cause pressure necrosis
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CASE REPORT

Oxyntic gland adenoma endoscopically mimicking a gastric
neuroendocrine tumor: A case report
Tae-In Lee, Jae-Young Jang, Seungmin Kim, Jung-Wook Kim, Young-Woon Chang, Youn-Wha Kim
Studies reporting the distinct clinicopathologic
characteristics proposed the term oxyntic gland polyp/
adenoma because of the benign nature of the GACCD. Typically, GA-CCD is a solitary mucosal lesion
that develops either in the gastric cardia or fundus.
Histologically, this lesion is characterized by tightly
clustered glands and anastomosing cords of chief
cells. Immunohistochemically, GA-CCD is diffusely
positive for mucin (MUC) 6 and negative for MUC2
and MUC5AC. However, other gastric tumors such as
a gastric neuroendocrine tumor or fundic gland polyp
have been difficult to exclude. Because GA-CCD tends
to be endoscopically misdiagnosed as a neuroendocrine
tumor or fundic gland polyp, comprehensive assess
ment and observation by an endoscopist are strongly
recommended. Herein, we report a rare case of oxyntic
gland adenoma endoscopically mimicking a gastric
neuroendocrine tumor that was successfully removed
by endoscopic mucosal resection.
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Core tip: Gastric adenocarcinoma with chief cell
differentiation is a new and rare variant of gastric
adenocarcinoma. Due to difficulty in ruling out other
gastric tumors, such as gastric neuroendocrine tumor,
fundic gland polyp, or gastric adenoma, comprehensive
examination and observation by an endoscopist are
strongly recommended. We report a rare case of
oxyntic gland adenoma endoscopically mimicking a
gastric neuroendocrine tumor that was successfully
removed by endoscopic mucosal resection.

Abstract
Gastric adenocarcinoma is one of the most common
malignancies worldwide. Histochemical and immu
nohistologic analyses classify the phenotypes of gastric
adenocarcinoma into several groups based on the
variable clinical and pathologic features. A new and
rare variant of gastric adenocarcinoma with chief cell
differentiation (GA-CCD) has recently been recognized.
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INTRODUCTION
First reported in 2007, fundic gland type with chief
cell differentiation represents a novel, rare variant
[1]
[2]
of gastric adenocarcinoma . Singhi et al recently
reported ten cases of gastric adenocarcinoma with
chief cell differentiation (GA-CCD) in patients from
multiple ethnic backgrounds. The term oxyntic gland
polyp/adenoma was proposed instead of GA-CCD, as
GA-CCD is regarded as benign based on the natural
course of the disease described in the previous studies.
GA-CCD is very rare, with unknown clinicopathologic
[1-3]
features and natural course . We herein report a
rare case of oxyntic gland adenoma endoscopically
mimicking a gastric neuroendocrine tumor that was
successfully removed by endoscopic mucosal resection
(EMR).

Figure 1 Esophagogastroduodenoscopy findings. Esophagogastroduo
denoscopy revealed a 6 mm, slightly elevated, yellowish lesion with irregular
surface vessels at the greater curvature of the upper body.

CASE REPORT
A 73-year-old man with a history of type 2 diabetes
mellitus, dyslipidemia and benign prostate hypertrophy
was admitted for evaluation of a suspected gastric
neuroendocrine tumor following an esophago
gastroduodenoscopy (EGD) screening of a gastric
lesion. The patient had no history of alcohol use or
smoking. Upon physical examination, the patient
exhibited no specific symptoms or abnormalities. Blood
test results were as follows: white blood cell count,
3
3
5.9 × 10 /µL (normal range: 4.0-10.0 × 10 /µL);
hemoglobin, 15.9 g/dL (normal range: 12.0-16.0
3
g/dL); platelet count, 162 × 10 /µL (normal range:
3
150-350 × 10 /µL). All other laboratory findings were
within normal limits. The serum gastrin level was
61.5 pg/mL (normal range: 0.0-180.0 pg/mL). EGD
showed a 6 mm, slightly elevated, yellowish lesion
with irregular surface vessels at the greater curvature
of the upper body (Figure 1). The rapid urease test
(CLO test; Delta West Pty Ltd., Bentley, Australia)
was negative. Endoscopic ultrasonography revealed
a 6.7 mm, homogeneous, hypoechoic mass invading
the submucosal layer (Figure 2) with a thick mucosa.
No specific gastric wall abnormalities or lymph node
enlargements were noted on the abdominal CT scan.
EMR was performed under conscious sedation for
the duration of the treatment in order to establish
the definitive diagnosis of the lesion. The injectlift-and-cut technique was employed through two
separate channels of a double-channel endoscope; the
grasping forceps were used to lift the lesion, and an
electrocautery snare was used to remove the lesion
(Figure 3). No complications, such as bleeding or
perforation, were observed after the procedure. The
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Figure 2 Endoscopic ultrasonography findings. Endoscopic ultrasonography
revealed a 6.7 mm, homogeneous, hypoechoic mass that appeared to invade
the submucosal layer.

patient started eating two days after EMR, and was
discharged on the third hospital day.
Sections from the stomach showed proliferation
of glands with complex architecture confined to the
mucosa and no submucosal invasion (Figure 4A).
A high-power view of the lesion showed a complex
growth of glands lined with one to two cell layers of
oxyntic epithelium containing abundant chief cells
(Figure 4B). The lining cells showed moderate nuclear
pleomorphism with no identifiable mitotic figures.
Immunohistochemical analysis showed most of the
glandular cells were positive for mucin (MUC) 6 (Figure
5) and negative for MUC2, MUC5AC and α-fetoprotein.
Ki-67 index was < 1% (Figure 5E). Consequently, the
patient was diagnosed with oxyntic gland adenoma
with high-grade dysplasia that correlated with
immunohistochemical staining. A follow-up EGD,
performed two months after the EMR, showed a
whitish scar with no recurrence.

DISCUSSION
Gastric adenocarcinoma is defined as a malignant
epithelial tumor, originating from glandular epithelium
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A

B

Figure 3 Endoscopic mucosal resection findings. A: The inject-lift-and-cut technique was performed; B: Pathologic specimen.

A

B

Figure 4 Pathologic examinations. A: Hematoxylin and eosin staining showed proliferation of glands with complex architecture, situated deep in the mucosal layer
with surface involvement (× 40); B: A higher magnification showed complex growth of glands lined with one to two layers of oxyntic epithelium with abundant chief
cells. The lining cells showed moderate nuclear pleomorphism, but no mitotic figures were identified (× 200).

Table 1 Recently published literature on oxyntic gland polyp/adenoma cases
Ref.

Journal

Year

Number of cases

Title

Tsukamoto et al[1]
Ueyama et al[3]

Pathol Int
Am J Surg Pathol

2007
2010

1
10

Park et al[4]
Singhi et al[2]

Korean J Pathol
Am J Surg Pathol

2012
2012

3
10

Endosc

2014

10

Gastric adenocarcinoma with chief cell differentiation
Gastric adenocarcinoma of fundic gland type (chief cell predominant type):
proposal for a new entity of gastric adenocarcinoma
Gastric adenocarcinoma of fundic gland type: report of three cases
Gastric adenocarcinoma with chief cell differentiation: a proposal for
reclassification as oxyntic gland polyp/adenoma
Gastric adenocarcinoma of the fundic gland type
(chief cell predominant type)

Ueyama et al[9]

[2]

of the gastric mucosa . Using previous histochemical
and immunohistologic analyses for MUC, the phenotype
of gastric adenocarcinoma can be classified into
[1]
various subtypes . The gastric phenotypes include
[4]
the foveolar, pyloric gland, and fundic gland types .
Currently, little information is available concerning
gastric adenocarcinoma featuring fundic gland cell
[1]
types . GA-CCD is a recently reported rare variant
[2]
of gastric adenocarcinoma . After the initial report
[1]
on GA-CCD , the subsequent follow-up study of ten
GA-CCD cases expanded on the clinicopathologic
[3]
[4]
features of this disease . Park et al reported
three cases of GA-CCD among Koreans (Table 1).
[2]
Interestingly, Singhi et al noted that the use of the
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term GA-CCD seemed to overemphasize the biologic
potential of these lesions, which have not been reported
to metastasize and display a lower proliferative index
compared to fundic gland polyps. Considering the
benign feature of GA-CCD, these authors proposed the
term oxyntic gland polyp/adenoma to be used until
further studies could clarify the pathogenesis of these
[2]
lesions and their natural history . In our case, a lesion
endoscopically mimicking a gastric neuroendocrine
tumor was diagnosed as oxyntic gland adenoma. Initial
biopsy findings were chronic gastritis with intestinal
metaplasia. However, EMR allowed for a definitive
diagnosis and treatment of an oxyntic gland adenoma
with high grade-dysplasia. The previously reported
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A

B

C

D

E

Figure 5 Immunohistochemical staining for mucin, α-fetoprotein, and Ki-67. A: Most of the glandular cells were positive for mucin (MUC) 6; B: Most of the
glandular cells were negative for MUC2; C: Most of the glandular cells were negative for MUC5AC; D: Most of the glandular cells were negative for alpha fetal protein;
E: Ki-67 immunolabeling demonstrates a low proliferation index (< 1%).

mucosa and consists of clustered glands and irregular
[1]
anastomosing cords of predominantly chief cells . In
our present case, no lymphovascular or submucosal
invasion, geographic necrosis or mitotic figures were
identified, which helped exclude malignancy despite
the striking architectural disturbance. MUCs are
high-molecular-weight glycoproteins synthesized
by secretory epithelial cells as membrane-bound or
[6]
[7]
secreted products . Pinto-de-Sousa et al showed
the MUC phenotype associated with the tumor
site. Normal gastric mucosa express MUC1, MUC4,
[6]
MUC5AC, and MUC6 . According to the previous
reports, GA-CCD is diffusely positive for MUC6, but
[1-4,8]
negative for MUC2 and MUC5AC
. In our present
case, immunohistochemical analysis revealed the lesion
positive for MUC6 and negative for MUC2, MUC5AC,
and α-fetoprotein with a low Ki-67 proliferative index,

cases of oxyntic gland adenoma have had favorable
[1-4]
prognoses . Similarly, the present case was expected
to have a good prognosis despite the presence of highgrade dysplasia. However, a more prolonged followup investigation of the patient is needed. Some studies
have reported the presence of histologic variants of
gastric adenocarcinoma featuring specific cell types
based on MUC immunohistochemistry or electron
microscopy, including choriocarcinoma, hepatoid
carcinoma, carcinoma with lymphoid stroma, Paneth
cell carcinoma, small cell carcinoma, and parietal cell
[5]
carcinoma . Depending on the variant, the prognosis
was either better or worse than the typical gastric
[5]
adenocarcinoma .
Histologically, GA-CCD is a well-differentiated
adenocarcinoma composed primarily of cells resembling
[1-4]
chief cells . GA-CCD is typically centered in the deep
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gastric lesion.

excluding a neuroendocrine tumor and confirming the
diagnosis.
In several studies, GA-CCD was located in the upper
third of the stomach and arose from a deeper area
[1-3]
of the gastric mucosa . For this reason, endoscopic
findings of GA-CCD may resemble those of fundic gland
[4]
polyp or gastric neuroendocrine tumor . Recently,
[9]
Ueyama et al analyzed the endoscopic findings of
ten GA-CCD cases including the shape, color, vessels
and background mucosa using the Sydney system to
[10]
elucidate the endoscopic characteristics . In terms of
gross appearance, all of the lesions were classified into
two subtypes: the submucosal tumor-shape type (60%)
[9]
and a flat and depressed type (40%) . Therefore,
it was suggested that the submucosal tumorshape type is needed to rule out other submucosal
tumors. Consequently, the authors proposed that the
discriminating characteristics for gastric neuroendocrine
tumor were related to color tone, vessels, and
hardness. Gastric neuroendocrine tumors have a
yellow tone, few vessels on the surface, and a hard
appearance, whereas GA-CCD are faded or whitish,
have a soft appearance, and have more branched
[9]
vessels on the surface . Endoscopically, the four
most frequent features of GA-CCD were submucosal
tumor shape, whitish color, dilated vessels with branch
architecture, and background mucosa without atrophic
[9]
change . In our present case, endoscopic findings
showed that the lesion was hard, movable, and a
submucosal tumor shape, with irregular and dilated
vessels on the surface, consistent with two of the four
most frequent features of GA-CCD. Further research
is necessary to better our understanding of the
endoscopic characteristics of GA-CCD.
Helicobacter pylori (H. pylori) plays an important
role in gastric carcinogenesis, as the majority of noncardia gastric cancers develop from H. pylori-infected
[11]
mucosa . Literature research did not yield any
references describing a relationship between H. pylori
infection and oxyntic gland adenoma. In the case of
our patient, the rapid urease test was negative. Further
research is necessary to elucidate the relationship
between H. pylori infection and oxyntic gland adenoma.
In conclusion, the lesion was diagnosed as GA-CCD
based on the fact that the lesion endoscopically
mimicked a gastric neuroendocrine tumor with
shared characteristics of chief cells, was positive
for unique histopathologic features, and expressed
MUC6. Because GA-CCD tends to be endoscopically
misdiagnosed as a neuroendocrine tumor or fundic
gland polyp, a tailored examination and observation by
an endoscopist are strongly recommended.

Clinical diagnosis

On physical examination, the patient exhibited no specific symptoms or
abnormalities.

Differential diagnosis

Gastric adenocarcinoma; gastric neuroendocrine tumor; gastric polyp.

Laboratory diagnosis

White blood cell, 5.85 × 103/µL; hemoglobin, 15.90 gm/dL; platelet, 162 ×
103/µL; serum gastrin level, 61.5 pg/mL; metabolic panel and liver function test
were within normal limits.

Imaging diagnosis

Endoscopic gastroduodenoscopy revealed a 6 mm, slightly elevated, yellowish
lesion with irregular surface vessels at the greater curvature of the gastric upper
body.

Pathological diagnosis

Biopsy revealed oxyntic gland adenoma with high-grade dysplasia, positive for
mucin (MUC) 6, and negative for MUC2, MUC5AC, and α-fetoprotein.

Treatment

The patient was treated with endoscopic mucosal resection without com
plications.

Related reports

There was a clear margin of endoscopically resected lesion with no lympho
vascular invasion.

Experiences and lessons

Because gastric adenocarcinoma with chief cell differentiation tends to be
endoscopically misdiagnosed as a neuroendocrine tumor or fundic gland polyp,
a comprehensive examination and observation by an endoscopist are strongly
recommended.

Peer-review

This case report is of great interest as the authors describe a rare case of
oxyntic gland adenoma endoscopically mimicking gastric neuroendocrine tumor
that was successfully removed by endoscopic mucosal resection.
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condition and its various clinical phenomena and on our
inadequate insight into the intrinsic pathophysiological
processes. Despite nonconvulsive status epilepticus
being a situation that requires immediate treatment,
this disorder may not be appreciated as the cause of
mental status impairment. Although the pathophy
siology of nonconvulsive status epilepticus remains
unknown, this disorder is thought to lead to neuronal
damage, so its identification and treatment are
important. Nonconvulsive status epilepticus should be
considered in the differential diagnosis of patients with
liver cirrhosis presenting an altered mental status. We
report a case of a 52-year-old male with liver cirrhosis
presenting an altered mental status. He was initially
diagnosed with hepatic encephalopathy but ultimately
diagnosed with nonconvulsive status epilepticus by
electroencephalogram.

Abstract

Jo YM, Lee SW, Han SY, Baek YH, Ahn JH, Choi WJ, Lee JY,
Kim SH, Yoon BA. Nonconvulsive status epilepticus disguising
as hepatic encephalopathy. World J Gastroenterol 2015;
21(16): 5105-5109 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v21/i16/5105.htm DOI: http://dx.doi.

Key words: Liver cirrhosis; Hepatic encephalopathy;
Nonconvulsive status epilepticus; Electroencephalogram
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This case highlights the probability of
nonconvulsive status epilepticus in patient with liver
cirrhosis and the utility of electroencephalogram to
evaluate for patient with liver cirrhosis who presents
an altered mental status. It is important to consider
the possibility of nonconvulsive status epilepticus,
evaluating for patient with liver cirrhosis who presents
with an altered mental status, especially who do not
respond to empirical treatment.

Nonconvulsive status epilepticus has become an
important issue in modern neurology and epileptology.
This is based on difficulty in definitively elucidating the
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Physical examination revealed hepatosplenomegaly
with ascites. The patient’s Glasgow Coma Scale score
was 11 (eyes, 3; verbal, 4; motor, 4). There were
no signs of traumatic injury anywhere on his body.
His pupils were equally round and reactive to light,
and his neck was soft, without the Brudzinski sign.
Cardiopulmonary and abdominal examinations were
unremarkable. The patient could move all extremities
equally but showed shaking in both hands. The
Babinski sign was normal in both feet.
Chest radiography did not reveal any pathologic
lesion. Laboratory tests revealed a white blood
3
cell count of 4830/mm , with 64% neutrophils,
hemoglobin of 14.4 g/dL, hematocrit of 39.8%,
3
and platelets at 77000/mm . The electrolyte and
liver function test results are as follows: sodium,
137 mmol/L; potassium, 3.9 mmol/L; chloride, 105
mmol/L; bicarbonate, 21 mEq/L; calcium, 8.3 mg/dL;
blood urea nitrogen, 11 mg/dL; creatinine, 1.0 mg/dL;
total bilirubin, 3.7 mg/dL; aspartate aminotransferase,
86 IU/L; alanine aminotransferase 22 IU/L; alkaline
phosphatase, 374 IU/L; albumin, 3.5 g/dL; lipase, 56
IU/L; prothrombin time (INR), 1.33; and ammonia, 88
μmol/L (reference range, 10-47 μmol/L). The random
blood glucose level was 92 mg/dL. The arterial blood
gas was pH 7.45.
According to the history and the laboratory data,
hepatic encephalopathy grade Ⅲ was suspected.
Rifaximin 400 mg was administered to the patient via
a nasogastric tube every eight hours, and lactulose
30 mL was administered via a nasogastric tube every
six hours to induce three to four bowel movements
daily. Despite the patient immediately improving
neurologically during the emergency department stay,
with a Glasgow Coma Scale score of 15 (eyes, 4;
verbal, 5; motor, 6), physical examination still showed
shaking in both hands, even when the ammonia levels
had decreased to 63 μmol/L.
The patient was admitted to the general ward.
Administration of empirical antibiotics was initiated
in the emergency department but was interrupted
because an infectious etiology was not demonstrated
and because the culture results were negative.
On the second day of his hospitalization, the patient
suddenly entered a stupor, could not respond to simple
commands and showed a decerebrate response to
painful stimuli. At that time, his Glasgow Coma Scale
score was 4 (eyes, 1; verbal, 1; motor, 2), and his
ammonia levels had increased to 112 μmol/L.
Despite continuation of empirical treatment
for hepatic encephalopathy, the mental status of
the patient remained comatose. A neurologist was
consulted. The results of a magnetic resonance
imaging brain scan exhibited symmetrical high-signal
abnormalities in the basal ganglia on T1-weighted
images (Figure 1).
An electroencephalogram revealed generalized
sequential rhythmic delta to theta activity, with

INTRODUCTION
Hepatic encephalopathy is defined as a reversible
disturbance in central nervous system function that
is observed in patients with chronic or acute liver
failure. This complex neuropsychiatric disorder is
mainly caused by biochemical disturbance and is a
commonly diagnosed and well-recognized disorder
that has been studied for many years. However, this
disorder still continues to be a primary clinical problem
and should be considered in any patient with liver
cirrhosis who has neuropsychiatric symptoms but no
brain abnormalities. Treatment depends on immediate
awareness of the precipitating factors and initiation of
empirical treatment.
Status epilepticus is a life-threatening condition
involving constant seizures. This disorder is a wellrecognized medical emergency requiring immediate
treatment to prevent morbidity and mortality.
However, nonconvulsive status epilepticus may not
be recognized as the cause of a mental status change
without obvious convulsions, so treatment can be
delayed. This underdiagnosis may lead to injurious
results. Nonconvulsive status epilepticus, such as the
easily recognized convulsive status epilepticus, is a
fatal condition requiring immediate treatment. It is
often difficult to make a diagnosis, as many other
conditions can cause an altered mental status in
patients with liver cirrhosis.
It is important to understand the possibility of
nonconvulsive status epilepticus being disguised as
hepatic encephalopathy, especially when evaluating
a patient with liver cirrhosis who presents an altered
mental status.
Herein, we report the case of a patient with a high
clinical suspicion of hepatic encephalopathy who was
ultimately diagnosed as having nonconvulsive status
epilepticus. To the best of our knowledge, this is the
first reported case of such a presentation in Korea.

CASE REPORT
A 52-year-old man with liver cirrhosis secondary to
hepatitis B and a 2 cm-sized hepatocellular carcinoma
in the S4 segment of the liver was brought into the
emergency department by ambulance for a confused
and lethargic mental status.
On arrival, the patient had a blood pressure of
130/80 mmHg, a pulse of 65 beats per minute,
a temperature of 36.5 ℃, a respiratory rate of 20
breaths per minute, and oxygen saturation of 97% in
room air. The patient did not have a history of hepatic
encephalopathy. Additionally, the patient did not have
a history of seizures, brain trauma or other brain
diseases.
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Figure 1 Magnetic resonance imaging. Results of a magnetic resonance imaging brain scan exhibited symmetrical high-signal abnormalities in the basal ganglia on
T1-weighted images, consistent with liver cirrhosis (A and B).

decreasing termination and increasing onset (Figure
2A). After administration of intravenous lorazepam
4 mg, the electroencephalogram showed that the
epileptiform discharge had resolved (Figure 2B and C).
Because the patient had no obvious convulsions, he
was diagnosed with nonconvulsive status epilepticus
according to Young’s criteria for electrographic status
epilepticus. Levetiracetam was administered, ultimately
leading to resolution of status epilepticus, as revealed
by an electroencephalogram. Despite the patient
being treated with levetiracetam for 4 d, he did not
improve neurologically. He was transferred to another
facility for constant treatment at the family’s request.
Unfortunately, the patient expired five days after
the transfer because of multiple organ dysfunction,
including hepatorenal syndrome.

status epilepticus can be difficult to diagnose because
[6]
of the absence of overt convulsive activity .
Despite the lack of convulsive activity, this disorder
is thought to result in neuronal damage, so awareness
[7]
about it and treatment are critical . This disorder
should be treated rapidly to prevent serious neuronal
damage. In intensive care units, nonconvulsive status
epilepticus may be provoked by diverse conditions,
such as infections, sleep deprivation, severe electrolyte
imbalance, toxic or metabolic disturbances, antiepileptic
drug or alcohol withdrawal and acute or remote
[5,8]
structural brain injury . Because nonconvulsive status
epilepticus cannot be easily distinguished from other,
similar conditions, diagnosis and awareness of the
[9]
precipitating factors is important .
The present case involved a patient with a high
clinical suspicion of hepatic encephalopathy who
was ultimately diagnosed with nonconvulsive status
epilepticus. The patient was initially diagnosed with
hepatic encephalopathy grade Ⅲ. Empirical treatment of
hepatic encephalopathy was initiated, but the condition
did not ultimately improve. The clinical features, the
results of a magnetic resonance imaging brain scan
and an electroencephalogram were suggestive of
nonconvulsive status epilepticus on the basis of Young’s
criteria for electrographic status epilepticus.
Reports of nonconvulsive status epilepticus in
patients with liver cirrhosis are very rare. Additionally,
the pathophysiology of nonconvulsive status epilepticus
in patients with liver cirrhosis remains unknown. Various
metabolic factors may be suggested as the cause.
Plasma ammonium levels are consistently elevated,
and other factors, such as short-chain free fatty acids,
phenols, mercaptans and false neurotransmitters, have
also been implicated.
This case emphasizes the reality of nonconvulsive
status epilepticus in patients with liver cirrhosis and
the utility of an electroencephalogram to evaluate the
patient with liver cirrhosis who presents an altered
level of consciousness. It is important to consider
the possibility of nonconvulsive status epilepticus,
evaluating the patient with liver cirrhosis who presents

DISCUSSION
Hepatic encephalopathy is often diagnosed when a
patient with liver cirrhosis presents an altered mental
status. The symptoms of hepatic encephalopathy
generally include personality changes, poor
concentration, poor judgment, disorientation and
[1]
confusion . Although not clearly defined, the common
pathophysiological hallmark of the disorder is a
synergic interaction between high ammonemia and
an inflammatory response, causing astrocyte swelling
and ultimately cerebral edema. Additionally, diverse
metabolic components may be involved, including
short-chain fatty acids, mercaptans, phenols, and
[2]
false neurotransmitters . An electroencephalogram
can be a useful diagnostic tool for hepatic encephalo
pathy. Electroencephalographic findings in hepatic
encephalopathy show high-amplitude, low-frequency
waves and triphasic waves. Hyperammonemia has
been well investigated as a contributing factor to
triphasic waves on electroencephalogram in hepatic
[3-5]
encephalopathy .
Nonconvulsive status epilepticus is a clinical
disorder defined as prolonged seizure activity without
major motor signs for at least 30 min. Nonconvulsive
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Figure 2 Electroencephalogram. An electroencephalogram revealed generalized rhythmic delta to theta activity with decreasing termination (single asterisk) and
increasing onset (double asterisk) (Figure 2A). After administration of intravenous lorazepam (black arrow), the electroencephalogram showed that the epileptiform
discharge had resolved (red arrow from Figure 2B to C).
sized hepatocellular carcinoma in the S4 segment of the liver was brought into
the emergency department by ambulance for a confused and lethargic mental
status.

with an altered mental status, and especially the
patient who does not respond to empirical treatment.
An emergent electroencephalogram can be useful in
the evaluation of patients with hepatic encephalopathy
who have alterations in their level of consciousness.

Clinical diagnosis

He was diagnosed with nonconvulsive status epilepticus on the basis of
Young’s criteria for electrographic status epilepticus.

Differential diagnosis

Hepatic encepathopathy, Infectious meningoencephalitis, Central nervous
system hemorrhage, Central venous system infarction.

COMMENTS
COMMENTS
Case characteristics

Laboratory diagnosis

A 52-year-old man with liver cirrhosis secondary to hepatitis B and a 2 cm-
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Imaging diagnosis

2

The results of a magnetic resonance imaging brain scan exhibited symmetrical
high-signal abnormalities in the basal ganglia on T1-weighted images,
consistent with liver cirrhosis.

3

Despite the patient being treated with levetiracetam for 4 d, he did not improve
neurologically.

4

To the best of the authors’ knowledge, this is the first reported case of such a
presentation in Korea.

5

Treatment

Related reports

Term explanation

Nonconvulsive status epilepticus is an approximately clinical disorder defined
as prolonged seizure activity without major motor signs for at least 30 min.

Experiences and lessons

6

It is important to consider the possibility of nonconvulsive status epilepticus,
evaluating the patient with liver cirrhosis who presents with an altered mental
status, and especially the patient who does not respond to empirical treatment.

7

Peer-review

It is important to understand the possibility of nonconvulsive status epilepticus
disguising as hepatic encephalopathy in evaluating for especially patient with
liver cirrhosis who presents an altered mental status.
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Abstract
Post-gastrectomy anastomosis site obstruction is a
relatively rare complication after a subtotal gastrectomy.
We present a case of a 75-year-old man who underwent
a truncal vagotomy, omental patch, gastrojejunostomy,
and Braun anastomosis for duodenal ulcer perfora
tion and a gastric outlet obstruction. Following the
th
10 postoperative day, the patient complained of
abdominal discomfort and vomiting. We diagnosed
post-gastrectomy anastomosis site obstruction by an
upper gastrointestinal series and an upper endoscopic
examination. We inserted a self-expandable metallic
stent (SEMS) at the anastomosis site. The stent
was fully expanded after deployment. On the day
following the stent insertion, the patient began to
eat, and his abdominal discomfort was resolved.
This paper describes the successful management of
post-gastrectomy anastomosis site obstruction with
temporary placement of a SEMS.
Key words: Efferent loop syndrome; Postgastrectomy
syndrome; self-expandable metallic stent
© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Post-gastrectomy anastomosis site obstruction
is a relatively rare complication in patients following
gastric surgery; however, it could cause serious
discomfort and carries a risk of deterioration of the
condition of the patient if a re-operation is required. We
report successful management for post-gastrectomy
anastomosis site obstruction with temporary placement
of a self-expandable metallic stent.
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Perforation site

Gastric outlet stricture

INTRODUCTION
Post-gastrectomy anastomosis site obstruction is a
relatively rare complication following gastric surgery;
it can cause serious discomfort and carries a risk of
deterioration of the condition of the patient resulting
from a re-operation. We present a case of postgastrectomy anastomosis site obstruction after a
truncal vagotomy, omental patch, gastrojejunostomy,
and Braun anastomosis, and successful management
with temporary placement of a self-expandable
metallic stent (SEMS).

B
Truncal vagotomy
Primary repair with omental patch

Gastrojejunostomy

CASE REPORT
A 75-year-old man was referred to our hospital
with hematemesis with epigastric pain the previous
day. He had been admitted to our hospital several
times for a gastric ulcer, duodenal ulcer, and gastric
outlet obstruction. He had a history of smoking and
daily alcohol use. On this admission, the physical
examination revealed whole abdominal tenderness and
rebound tenderness with rigidity. The patient presented
with a fever (38.3 ℃), tachycardia (100 beats/min),
and an elevated white blood cell count (12100/µL). The
serum glucose was 222 mg/dL (normal range: 70-110
mg/dL), and the levels of total protein, albumin, and
C-reactive protein were 5.5 g/dL (normal range:
6.4-8.3 g/dL), 3.0 g/dL (normal range: 3.4-4.8 g/dL),
and 242 mg/L (normal range: 0-5 mg/L), respectively;
there were no remarkable abnormalities in the other
biochemical tests including the renal and hepatic
function tests. The abdominal CT scans demonstrated
fluid collection and pneumoperitoneum around the
pylorus.
The patient underwent an emergency operation
(truncal vagotomy, omental patch, gastrojejunostomy,
and small-size Braun anastomosis) for the duodenal
ulcer perforation and gastric outlet obstruction
th
(Figure 1). After the 5 postoperative day, he began
th
to eat. However, after the 10 postoperative day, he
complained of abdominal discomfort and vomiting
without bilious. An upper gastrointestinal series (UGIS)
showed decreased peristalsis and severe distension of
the stomach with no visible contrast passage to the
gastrojejunostomy, and an endoscopy was performed
(Figure 2). The endoscopy revealed extensive food
material and anastomosis site obstruction. We diagnosed
anastomosis site stricture of the gastrojejunostomy
from postoperative stricture or torsion of the efferent
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Braun anastomosis

Figure 1 Schematic model of the operation. A: Before the operation; B:
The primary repair and omental patch, truncal vagotomy, gastrojejunostomy,
and Braun anastomosis for the duodenal ulcer perforation and gastric outlet
stricture.

Gastric outlet stricture

Fundus

Duodenum

Gastrojejunostomy site

Figure 2 upper gastrointestinal series finding on the 10th postoperative
day. Decreased peristalsis and severe distension of the stomach were
observed as well as stricture on the duodenal perforation site. There was no
visible contrast passage to the gastrojejunostomy.
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Figure 3 Endoscopic findings. A,B: A self-expandable metallic stent was inserted at the gastrojejunostomy anastomosis site over a guide wire; C: Schematic model
of the post-insertion state; D: The upper gastrointestinal series finding after the stent insertion showing good passage of the contrast material from the esophagus to
the jejunum, with no evidence of leakage at the anastomosis site. A-loop: Afferent loop; E-loop: Efferent loop.

A

B
Fundus

E-loop

Figure 4 Follow-up upper gastrointestinal series. A: Removal of the self-expandable metallic stent; B: The upper gastrointestinal series finding showed good
passage of the contrast material to efferent loop (E-loop).

loop of the gastrojejunostomy. We inserted a SEMS (a
duodenal/pyloric non-covered stent; Sewoon Medical
Co., Ltd., Chungcheongnam-Do, South Korea) at the
anastomosis site (Figure 3A and B). Because the patient
was older and did not have good general health, a
reoperation was not advisable. The stent was introduced
and inserted over a guide wire. The length of the stent
body was 60 mm, with a diameter of 20 mm. The stent
was fully expanded after deployment (Figure 3C). The
UGIS showed good passage of the contrast material
from the esophagus to the jejunum and no evidence of
leakage at the anastomosis site (Figure 3D). On the day
following the stent insertion, the patient began to eat,

WJG|www.wjgnet.com

and his abdominal discomfort was resolved. The patient
subsequently recovered, and there were no abdominal
pain episodes. At the one-year follow-up, the stent had
migrated into the stomach and was removed using
alligator forceps with endoscopy. The UGIS revealed
that the contrast dye passed the anastomosis site well.
The patient survived, without other complications (Figure
4).

DISCUSSION
Post-gastrectomy anastomosis site obstruction is a rare
[1]
complication (approximately 0.3%-1.0%) , and a re-
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operation is typically performed to resolve a gastric
outlet obstruction; however, re-operations cause
deterioration of the patient’s condition, and can be
limited in elderly patients.
Two mechanical problems in post-gastric surgery
complications are leakage and obstruction. First,
anastomotic leakage is a life-threatening complication
[2]
that requires prompt recognition and treatment .
Recent reports of successful endoscopic closure of
anastomotic leakage suggest that endoscopic techniques
[3]
might be a feasible alternative to surgical approaches .
Second, two loop syndromes of obstruction might occur
after certain types of gastrectomies. Afferent or efferent
loop syndrome is a purely mechanical problem caused
by the obstruction of gastric emptying at or near the
[4]
site of a gastrectomy . Less invasive non-surgical
procedures, such as insertion of gastrointestinal stents
under endoscopy, percutaneous transhepatic biliary
drainage, and percutaneous enterostomies have
been used as a palliative option for post-gastrectomy
[5,6]
obstruction .
Efferent loop syndrome is a rare post-gastrectomy
complication. The major cause of the syndrome is
an intestinal hernia, and minor causes include an
[7,8]
adhesive band and kinking . The clinical symptoms
of efferent loop syndrome are characterized by
[7]
abdominal cramps and bilious vomiting . The
treatment of efferent loop syndrome varies depending
on the cause of the syndrome. Complete loop
obstruction with a mechanical cause requires surgical
intervention. Because of recent advances in endoscopic
intervention, various treatment methods have been
attempted. However, treatment has predominantly
been reported in afferent loop syndrome, and very
little documentation of the treatment of efferent
loop syndrome exists. In several cases, endoscopic
stent insertion was reported for the treatment of an
obstruction caused by tumor recurrence or peritoneal
[8]
seeding . In this case, we used SEMS insertion to
treat a patient with anastomosis site stricture in
efferent loop syndrome caused by a benign stricture.
Recently, SEMS insertion has been used for
palliative treatment of malignant gastric and duodenal
obstructions because it requires a shorter procedure
time and provides more prompt restoration of oral
intake than surgical treatment. Some cases of SEMS
insertion have been reported for the treatment of
[9]
postoperative gastric outlet obstruction . Most of
these cases were for recurrent malignant gastric outlet
obstruction; however, there are a few cases for benign
gastric outlet obstruction. In our case, the patient
underwent surgery for benign diseases including
a gastric ulcer, duodenal ulcer, and gastric outlet
obstruction. Temporary placement of a SEMS might
be effective for symptomatic improvement in benign
pyloric stenosis as well as for malignant stricture,
although an inserted stent could migrate. A successful
insertion of a SEMS in patients with post-gastrectomy
anastomosis site obstruction is reported herein for
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the first time. For patients with post-gastrectomy
anastomosis site obstruction who are poor candidates
for surgery, the placement of SEMS might be an
effective treatment method. The risk of anastomosis
leakage could increase at the anastomosis site as a
result of SEMS insertion. This procedure should be
performed in selected cases in which the obstruction
results from torsion instead of in cases of pure
anastomosis site stricture.
In conclusion, placement of SEMS in selected
patients with post-gastrectomy anastomosis site
obstruction is a technically feasible and clinically
effective procedure.
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Case characteristics

A 75-year-old man who underwent a truncal vagotomy, omental patch,
gastrojejunostomy, and Braun anastomosis for duodenal ulcer perforation and a
gastric outlet obstruction.

Clinical diagnosis

Anastomosis site torsion of the efferent loop of the gastrojejunostomy.

Differential diagnosis

Anastomosis site stricture of the gastrojejunostomy from postoperative stricture.

Imaging diagnosis

An upper gastrointestinal series showed decreased peristalsis and
severe distension of the stomach, with no visible contrast passage to the
gastrojejunostomy, and an endoscopy revealed extensive food material and
anastomosis site obstruction.

Treatment

The authors inserted a self-expandable metallic stent (SEMS) at the
anastomosis site.

Related reports

Insertion of SEMSs has been used for palliative treatment of malignant gastric
and duodenal obstructions.

Experiences and lessons

Placement of SEMSs in selected patients with post-gastrectomy anastomosis
site obstruction is a technically feasible and clinically effective procedure.

Peer-review

The authors report a rare case of a successful management for postgastrectomy anastomosis site obstruction with temporary placement of a SEMS.
The topic is interesting and this procedure could be an effective treatment for
older patients who suffer anastomosis site obstruction after gastrointestinal
anastomosis who are not suitable for reoperation.
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